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3. Introduction 
 
Work Package 2 (WP2) “Innovation for the energy transition” of the INNOPATHS 
project has the main objective of providing novel evidence on the effectiveness (or lack 
thereof) of the recent EU experience in decarbonisation.  

Within this context, Task 2.1 (T2.1) “Case Studies of National and EU Innovation 
Systems” contributes to the overall WP2 objective by analyzing how four EU member 
states (the UK, Germany, Poland and Italy) and the EU in general have addressed key 
energy transition challenges in six key decarbonization sectors (Power, Industry, 
Buildings, ICT, Transport, Agriculture).  

Specifically, this task adopts a case-study approach to analyse the key features, 
actors, barriers and policies of the innovation system regarding key technologies in 
each of the six sectors. It does so by developing a common framework for case study 
analysis which allows a comparative approach, while providing the flexibility required to 
study different technologies in different sectors. This task results in a mapping of 
actors, policies and institutions within each innovation system, and allows identification 
of the major technical and non-technical challenges to decarbonisation. The task 
highlights a series of important policy-relevant insights regarding more or less 
successful solutions to energy transition challenges, which are detailed in the results 
section of this deliverable. 

Before we describe in detail the work carried out in T2.1, the results of the single case 
studies and the major lessons learned from this loosely comparative approach, it is 
important to define a few key concepts, and to situate the contribution of T2.1 within the 
broader academic literature on innovation and technological change.  

A technology comprises the subset of knowledge about the full range of devices, 
methods, practices and processes that enable the fulfillment of human purposes in a 
“specifiable and reproducible way” (Brooks, 1980).  Further, innovation is the process 
by which technology is conceived, developed, codified and deployed (Brooks, 1980). 
Such processes take place in multifaceted innovation systems, which “can usefully be 
thought as the connected set of actors and institutions that shape innovation 
processes” (Anadon et al., 2016). Innovation systems are extremely complex given that 
connections among actors and institution occur at many stages of the innovation 
process, in multiple sectors and countries, and at different scales.  

Because of this complexity of innovation systems, the innovation process (also referred 
to as “technological change”) cannot be understood by solely focusing on economic 
variables, such as prices and quantities, which may be more easily measurable. 
Understanding technological change dynamics requires the exploration and 
characterization of the social fabric in which the innovative activities take place, namely 
the interactions of a wide range of actors and institutions (Archibugi and Michie, 1997). 

The actors within an innovation system “typically include individuals and organizations 
operating at multiple scales (e.g., central governments, local authorities, universities, 
private firms, nonprofits, entrepreneurs, and technology users)” (Geels 2002). 
Conversely, institutions are defined as the set of formal and informal rules, norms, 
decision-making procedures, beliefs, incentives, and expectations that guide the 
interactions and behavior of actors in an innovation system (Lundvall 1992).  
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The literature on the analysis of innovation systems is extremely rich and well-
developed. While this results in a wealth of concepts and evidence, it also makes it 
hard to extract insights from the available studies taken as a whole due to lack of 
comparability. On the one hand, there are several approaches to the study of 
innovation systems, which often lead to different definitions of what is included in an 
innovation system and to focusing attention on specific aspects, while overlooking 
others (Bergek et al 2008). This heterogeneity of approaches is compounded by the 
fact that each methodological approach has been applied only to a few specific sectors, 
industries, technologies or countries (Cherp et al 2016).  

Furthermore, traditional innovation system analyses were developed without a specific 
focus on reflecting sustainability or energy transition considerations. A few recent 
contributions have embedded considerations in these respects (Twomey and 
Gaziulusoy 2014). Indeed, the transition toward a clean, sustainable energy system 
entails a disruptive system change (Anadon et al 2016). If a set of innovation system 
case studies is going to inform policies or activities needed to harness a cost-effective 
and equitable transition to a more sustainable energy system, they have to, by design, 
specifically account for issues of sustainability and environmental stress.  This cannot 
be expected to be driven only by scientists and policy makers, rather, it will need to be 
the outcome of a large set of actors (public and private) interacting on multiple levels 
and operating under a web of multiple technological, economic and social dynamics 
(Twomey and Gaziulusoy 2014). 

T2.1 within the INNOPATHS project aims at taking a first step towards overcoming 
these limitations. T2.1 provides a collection of case studies analysing innovation 
systems and their dynamics using a consistent framework. The task has been 
designed to cover 6 sectors (agriculture, energy, buildings, industry, ICT, and transport) 
in 4 countries (Germany, Italy, Poland and the UK), with attention also paid to the 
description and analysis of the overall EU innovation system at a supra-national level 
for each sector. Therefore, the work carried out under T2.1 is a prime example of what 
Malerba (2002) calls a “multidimensional integrated and dynamic view of sectors” 
through the development of a framework for the analysis of sectoral systems of 
innovation and production which is embedded in a broader national and supranational 
context.  

 

4. Activities carried out and results 

 
Activities carried out 
 
The activities of this deliverable started in month 1 (December 2016) and ended in 
Month 34 (September 2019). Activities were organized in three main phases.  
 
Phase 1 [month 1 to month 8]: Drafting of the case study framework 
During the first phase, CMCC, UCAM and UCL developed a common framework for 
case study analysis. This framework was inspired by the innovation system literature 
and was meant to provide a relatively common approach to case study analysis which 
could be used by case studies focusing on different technologies at different levels of 
details.  
 
The general purpose of the framework for analysis presented below is to draw on 
different approaches to the study of innovation dynamics specifically aimed at 
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transitioning the EU to a more sustainable path. Indeed, we need to combine insights 
from a sectoral analysis of innovation systems (Malerba 2002) with the functions of 
innovation approaches stemming from the technology innovation system perspective, 
while accounting for crucial national characteristics (Freeman 1987, Hughes 1984), and 
more general consideration of the specific literature on sustainability transitions 
(Twomey and Gaziulusoy 2014) and moving towards sustainable development 
(Anadon et al 2016).  
 
In general, the proposed framework aims to: 

 Identify the key elements of the innovation system 
 Study the functioning of such systems as a basis to draft recommendations for 

the energy transition in Europe and elsewhere. This implies that the systems 
should be studies “as they are” in this present time. Further, given the focus of 
the INNOPATHS project, this analysis has to embed considerations of 
sustainability (which include environmental, equity and competitiveness 
perspectives); 

 Summarize the lessons learned across a wide range of countries and sectors to 
provide solid policy insights.  

 
Details on the framework for analysis of innovation systems developed by CMCC, 
UCAM and UCL within T2.1 are presented in Annex 1. Broadly speaking, the 
framework is composed of 3 parts.  
 

A. PART A sets the boundaries of analysis, and describes the specific case 
studies by sectors to be analyzed using the T2.1 framework. This part was 
carried out by every case study leader to select the specific case study for each 
sector as their very first activity on T2.1, as described below in the second 
phase of the task-related work. 

B. PART B identifies of the key elements of the innovation system, and 
characterizes their interaction based on a set of key questions/aspects loosely 
inspired by the functions of innovation’ approach proposed by Hekkert et al. 
(2007). Specifically, the elements of the innovation system identified in Part B 
are (i) technologies, infrastructures and knowledge; (ii) actors and networks and 
(iii) institutions and policies. Part B also contains a specific set of questions 
regarding the functioning of such elements within the system (see Annex 1 for 
details). This part constituted the core of the activities of each case study 
leader, supported by the national case study leaders. It was carried out as 
described below in the second phase of the task-related work. 

C. Part C of the framework is the summary of lessons learned across different 
sectors and countries, and the identification and discussion of enablers and 
barriers to the energy transition.  The task leader of T2.1 (CMCC) had the role 
of guiding the process of summarizing lessons learned and highlighting key 
policy implications. CMCC as the task leader carried out this role in the 3rd 
phase of the project (described in detailed below).   

  
Figure 1 below summarizes the choice of the specific case studies by sector and by 
country.  
 
It is very important to note that the framework for case study analysis was developed 
on the basis of up-to-date theories of innovation system analysis. CMCC, UCAM and 
UCL took the lead in the process, but sectoral case study leaders and national case 
study leaders, as well as other researchers in the INNOPATHS consortium, were 
involved in the process and asked to provide feedback on the framework in several 
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occasions (e.g. periodic task calls, periodic WP leader calls, project meetings). Also, 
given the strong stakeholder involvement component of the INNOPATHS project, the 
framework was submitted to several stakeholders for comments. In particular, the 
framework was presented during the INNOPATHS First partner meeting and 
Stakeholder events held in Venice in May 2017. On that occasion, the framework was 
discussed within sector-specific workshops with stakeholders both in person and 
participating remotely. The final version of the framework presented in ANNEX 1 is thus 
the result of a very intense consultation and co-design process.  
 
Figure 1: Chosen case studies, by sector and country 
 

 
 
 
Phase 2 [month 9 to month 32]: Case studies carried out 
During the second phase of the task, case study leaders carried out the case-related 
research work. To this end, case study leaders were provided a case study sample 
document (see Annex 2) which was meant to provide guidance and possible 
suggestions for the organization of the case studies. Case study leaders were also free 
to organize their case study in a different way, provided that in the final document they 
address all of the questions and aspects which are suggested in the framework for 
analysis (Annex 1) which are relevant for the specific case study.  
 
Given the heterogeneity of sectors considered, as well as the different research 
approaches and focus which characterizes the participants in task 2.1, case study 
leaders choose technological systems of very different granularity. SPRU and EUI, for 
example focused on very specific case studies for the transport sector and agriculture, 
respectively. SPRU analyzed the innovation system surrounding the BMW i3 
(Germany) and the FIAT 500e (Italy), on the one hand, and two specific examples of 
light rail, the DLR (United Kingdom) and the PRT (Poland), on the other. EUI focused 
on biochar systems, an important negative emission option for the agricultural sector, 
and livestock feeding as a technology to reduce GHG emissions. Conversely, UCL and 
WUT focused on much broader case studies, analyzing for instance the innovation 
system around solar and wind electricity for the energy sector and energy management 
for industry, respectively.   
 
The case studies are presented as Annexes to this Deliverable as follows (case study 
leader is indicated in parenthesis:  
 
Annex 3 - Agriculture case study part 1 [EUI, covering Italy and Poland, plus details on 
the EU innovation system]: “The biochar system for climate mitigation in the EU: an 
innovation system perspective”, by Stefano F. Verde and Isabella Alloisio 
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Annex 4 - Agriculture case study part 2 [EUI, covering Germany and the UK, plus 
details on the EU innovation system]: “Low-carbon innovation in European agriculture: 
what role for livestock feed type and management innovations? – An overview, by M. 
Bozzola, T. Zhu and S. Verde 
 
Annex 5 - Buildings case study [UCL, covering all countries plus details on the EU 
innovation system] “High-efficiency envelopes in new residential buildings: Examining 
the innovation system in Germany, Italy, Poland and the UK, by P. Drummond 
 
Annex 6 - Energy (electricity) case study: [UCL, covering all countries, plus details on 
the EU innovation system]: “National innovation systems in a global context: 
comparison of the impacts of innovation in wind power and solar PV in four European 
countries”, by N. Hughes, É. Goudouneix, D. Calbay and S. Küfeoğlu 
 
Annex 7 - ICT case study [WUT, covering all countries, plus details on the EU 
innovation system]: “Low carbon innovation in ICT: the EU, Germany, Italy, Poland, 
and the UK, by M. Kochanski and K. Korczak 
 
Annex 8 - Industry case study [WUT, covering all countries, plus details on the EU 
innovation system]: “Energy Management practices and energy-related innovation in 
Industry”, by T. Skoczkowski, S. Bielecki, P. Gutowski 
 
Annex 9 - Transport case study part 1: [SPRU, covering Italy and Germany, plus 
details on the EU innovation system] Low carbon innovation in electric vehicle 
automotive manufacturing: Insights from BMW (Germany) and Fiat (Italy), by B. K. 
Sovacool, C. Saleta, and E. Masterson-Cox 
 
Annex 10 - Transport case study part 2: [SPRU, covering the UK and Poland, plus 
details on the EU innovation system] Low carbon innovation in automated light rail: 
Insights from Poland and the United Kingdom, by B. K. Sovacool and A. H. Yazdi 
 
Each case study leader completed Part A of the framework by September 2017 (M10) 
providing the details on the choice of the case study focus and the reasons for 
choosing it (see timeline in Annex 1). During the case study preparation and research, 
the case study leaders were supported by the task coordinator (CMCC) through 
periodic phone calls to provide common updates on the status of the respective case 
studies, and foster discussion regarding any barrier to research any team may have 
encountered, and any solution that any of the other task members could suggest/had 
implemented for similar problems. In addition to this period calls, the task coordinator 
met either remotely or in person with each of the teams periodically to provide 
feedback and support to the research effort. An advanced draft version of the case 
studies was submitted by all partners to the task leader (CMCC) in December 2018 
(M25). By April 2018 (M29), the case study leader and two reviewers (Yeong Jae Kim 
from CMCC and Oliver Tietjen from PIK) had extensively commented on all case 
studies, providing inputs for a final round of revisions, while at the same time collecting 
insights to inform the drafting of Part C of the framework (“lessons learned”, see 
below). At that time, it became clear that the case studies would have benefited from 
some extra time to include the feedback of the reviewers and polish the products. A 
final version of the case studies (Part A and Part B) was submitted by all partners in 
M32 (July 2019). 
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Phase 3 [month 25 to month 33]: Summary of results (including preparatory 
scoping and work) and drafting of the deliverable.  
The task leader CMCC was in charge not only of drafting the framework, but also to 
summarize key lessons learned by comparing and contrasting the research presented 
in the different case studies. This process started with the revision of the first complete 
version of the case studies from December 2019 (M25) and ends with the drafting of 
this deliverable (M33). To allow a more straightforward identification of common 
themes, enablers or barriers across the different case studies, the task coordinator 
asked case study leaders to provide answers to 11 key questions, which were selected 
from those presented in the framework. The task leader selected the 11 questions 
based on (1) an initial reading of the case studies, and identification of common or 
contrasting themes among them; (2) an interaction with the modelers in charge of the 
activities of WP3, in order to distill insights which could be relevant for the improvement 
of the modelling approach of innovation pathways in the remainder of this project and 
(3) key issues which are of interest for/often discussed in the policy debate surrounding 
decarbonization. The list of questions is presented in Annex 11, while Annex 12 to 
Annex 18 contain the questions and answers for each case study. Such material was 
the basis for the summary effort presented in the results section of this deliverable 
below.  
 
Link with other research tasks in INNOPATHS 
T2.1 was designed to be closely intertwined with a few other research tasks within the 
INNOPATHS project. Compatibility with the Decarbonization Policy Evaluation Tool 
developed in Task 2.5 was ensured by asking case study leaders to rely on the policy 
instrument classification developed within T2.5 when analyzing and characterizing 
policy support for low-carbon technologies in their specific case studies (see Annex 1). 
Links and feedback with all the modelling tasks in WP3 and WP4 were fostered by 
involving all the modelling teams in the case study discussion at project meeting, and 
ensuring that modelers contributed to the drafting of summary questions for the case 
study leaders. Inputs in this respect were received by Robert Robert Pietzcker, leader 
of WP3, and Panagiotis Fragkos, leader of WP4.  
 
Results 
This deliverable collects the work of a total of 6 case studies spanning six sectors and 
four countries. Each of the case studies contains a wealth of results which are of 
interest with respect to specific innovation system/sectoral dynamics in key 
decarbonization technologies. The reader interested in case study specifics should 
consult the documents in Annex 3 to Annex 10. 
 
The value added of the comparative case study approach implemented in T2.1 is 
however to identify key common lessons learned and propose policy-relevant 
messages. The remainder of this section present such high-level summary synthesis 
with respect to the main components of the Part B of the framework, namely (i) 
technologies, infrastructures and knowledge; (ii) actors and networks and (iii) 
institutions and policies, as well as (iv) more general insights linked to the functioning of 
such elements within the innovation system.  
 

Insights on technologies, infrastructure and knowledge 
 
A. R&D investments are a key component of successful strategies to promote 

low-carbon innovation systems. This is apparent from all case studies, and 
characterize all the sectors analyzed. For instance, the UK and Germany, which are 
European leaders in terms of livestock management technologies and approaches, 
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invested heavily in fostering research (as well as international collaborations) to 
study feed type and management as a promising way to reduce GHG emissions 
from the agricultural sector. With respect to biochar as a mitigation option, the first 
and foremost reason for which more attention is currently granted is the years of 
research undertaken primarily by agronomists and engineers based in developed 
economies, which has intensified over the past decade. This research has not 
remained within university labs, but to the contrary we have observed fruitful 
synergies between academia and the entrepreneurial sector. Technological 
progress played an important role in promoting diffusion of EV cars both in the case 
of BMW and FIAT: in addition to a general push to promote decarbonization of the 
transportation sector, increasing vehicle range, lowering price, and improved 
performance all made a drastic difference in the ability to market the two EV 
models. Large scale (public) R&D investment contributed to the development of PV 
and Wind technologies in the early stages of technology development. More 
recently, learning-by-doing and decreases in material costs drove costs reductions 
in more mature configurations of these technologies, while (private and public) R&D 
remains crucial for novel sub-technologies. For instance, Germany’s Fraunhofer 
ISE has been focusing on increasing the efficiency of silicon cells, as well as 
developing novel ‘multi-junction’ solar cells of semiconductors and silicon, which 
can surpass the maximum theoretical efficiency of silicon only cells. The energy 
systems division is working on balance of plant components such as inverters, 
energy monitoring platforms and battery storage technologies. In Italy, 3SUN-ENEL 
are developing bifacial heterojunction silicon technology, which promises 
efficiencies of 20%, and a lifespan of 30 years. ‘Glass to Power’, which was 
founded at the University of Milan Biocca, has been developing transparent solar 
PV windows. These have lower efficiencies of 5%, but would be marketed for 
integration within buildings to maximise area coverage (Beetz, 2018). Conversely, 
where R&D investments are low, rates of innovation and technology diffusion 
are apparent, and the support of different actors within the low-carbon 
innovation system is lacking. This is clearly shown in the energy management 
case study, which argues that low R&D investment in energy-savings characterize 
the iron and steel industry with respect to other sectors of manufacturing, on the 
one hand, and of energy, on the other, where public pressure and policies have 
been more stringent. 

 
B. The availability of low carbon technologies at relatively low cost favors 

technology diffusion, but it does not guarantee it. In Italy and Germany, 
technology cost had a major impact in promoting the deployment of PV, as its 
sudden drop due to learning-by-doing, new entrants and lower material costs 
caused an upsurge in installations but also created pressures on domestic 
manufacturers. This reduced the cost barrier from a consumer perspective because 
cheaper solar panels were available. This, as discussed more at length below, also 
created new barriers and challenges for domestic manufacturers, as the cheaper 
solar panels were produced abroad. In contrast with the relative success of 
Germany and Italy, notwithstanding lower technology costs, the diffusion of solar 
installation in other European countries is not currently comparable to that of 
Germany or Italy, and is far from being line with what would be needed to reach 
stated mitigation objectives. Cost reductions were also a key factor in the case of 
wind. In this case, however, the apparent substantial reductions in costs were to 
not so much to lower material costs or learning-by-doing, but rather to policy 
learning leading to the use of auctions to allocate contracts, as had been pioneered 
in countries including Brazil and Mexico. This can be seen as a successful example 
of overcoming a knowledge barrier in terms of successful design of policies. Smart 
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meters, along with the surrounding metering infrastructure, have reached a 
stabilization phase – both the technology of semiconductor meters and its 
technological surroundings (data transmission and processing, communication 
technologies etc.) is mastered. But while the European Smart Metering market is 
growing, the old (traditional) metering solutions are still dominating majority of 
national markets. Indeed, the diffusion of smart meter systems has been 
progressing at various rates across the Member States since 2001, when the large-
scale roll-out started in Italy. At the end of 2017 there were 9 Member States where 
the smart meter roll-out has reached more than 50 percent of household 
consumers. Still, there were 5 Member States with no smart meters introduced in 
mass-scale. Similarly, several high efficiency building envelops are available and 
demonstrated, some of which at relatively low cost. Yet, among the countries 
analyzed only Germany and, partly and more recently, Poland, are witnessing 
increased diffusion of these technologies. This clearly illustrates that technology 
cost is not the sole driver of technology diffusion, and does not guarantee success 
in the development and strengthening of low-carbon innovation systems. 
 

C. The cost of supporting technologies and inherited infrastructure can also be 
barriers, and should therefore be the focus of investment in research and 
development. For example, the intermittency of solar and wind have so far created 
challenges for grid balancing, and if storage technologies are high cost this can 
additionally curb the growth of renewables. In this specific case, barriers may be 
starting to reduce, as GTAI (2019a) claims that the levelised cost of electricity from 
a home PV-battery system in Germany has fallen below the average retail price of 
grid electricity, creating an economic incentive for users to store excess electricity 
for their own use at a later stage. Infrastructure barriers are also important in 
preventing high rates of technology diffusion, which affect particularly the case of 
the energy sector (and electricity in particular) as renewable resources can be 
geographically clustered, which creates challenges for bulk transfer of power. The 
UK’s focus on offshore wind could lead to transmission challenges if large 
quantities of power connect with the onshore network at a small number of specific 
points. However, there are opportunities for sharing and coordination of 
infrastructure planning with other northern European countries, that may enable 
more efficient use of infrastructure and smoothing of renewables output. 
Technology of smart metering is mastered and therefore it does not have any 
impact on the success or failure of the smart metering roll-out. On the other hand, 
telecommunication technology, a pool in which smart metering operates, is 
challenging in some cases. In Germany, a main barrier and a failure factor, is 
related to the certification of the smart meter gateway, which shall enable in-house 
communication with other meters and smart devices as well as communication with 
external eligible third parties, such as grid operators, utilities, parties responsible for 
grid balancing, or any other third party that has requires consumers´ consent. The 
main challenge seems to be the high data security standard. Similarly, in the UK, 
due to prolonged development of common communication standards and central 
data management system, until 2017 suppliers were unable to provide customers 
with smart meters which would stay in a smart mode when the supplier changes. 
As a result, 70% of smart meters already installed will not be smart when 
customers change their energy supplier and will have to be replaced again or at 
least updated. In Italy there were no major technological, infrastructure and 
knowledge barriers, and Poland is still in too early stage of roll-out to have such 
challenges. Lastly, behavioral barriers, consumers’ preferences, and 
institutional settings may prevent low-cost low-carbon technologies from 
entering the market or diffusing widely, as further discussed below. 
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D. In most sectors, several technological configurations are available. For 

instance, several livestock feeding mitigation options are available, all of which are 
at different level of maturity in terms of Technology Readiness Level. Such 
strategies range from ensuring forage quality and precision feeding, which are 
considered a best practice, the use of essential oils and tannins as additives to 
forage, which is past the pilot phase but not yet widely diffused. This is also the 
case for different type of solar and wind sub-technologies, which are considered 
relatively more mature due to their higher current deployment. Yet, some 
configurations and sub-technologies are extremely novel also in this sector, such 
as the case of off-shore wind farms or bifacial or heterojunction solar cells 
configuration. Also, with respect to smart meters, several configurations are 
available on the market. In at least one specific case (Poland), the roll out of smart 
meters is driven by voluntary bottom-up initiatives of Distribution System Operators 
(DSOs). This raises concerns regarding interoperability of the different 
technological solutions. As such, different technological configurations need to 
be adapted to the different geographical, social, economic, institutional 
environments which characterize the different EU member countries. For 
instance, certain approaches and technologies for livestock management which are 
deployed in countries like Australia are not directly relevant for European countries, 
in which the majority of livestock does not graze in large and dispersed pastures. 
Similarly, high-efficiency building envelopes and their varied designs have been 
demonstrated and applied for several years. However, the level of diffusion varies. 
In Germany, their status may broadly be classified as in early diffusion. In Italy, 
Poland and the UK, they may be largely considered in demonstration stage. This is 
partly due to the nature of building envelopes being a collection of technologies that 
may applied in varied configurations and specifications, rather than a single ‘plug 
and play’, discrete technology with a clear set of characteristics, and relies on a 
broader set of contextual factors. In this specific case, two principal barriers for 
deployment can be identified. First, a lack of economic (or regulatory) incentive; 
high-efficiency building envelopes typically available only at (sometimes 
substantially) higher cost than low-efficiency envelopes. Second, a general lack of 
knowledge and skills within the various elements of the construction industry, 
alongside knowledge and demand from building owners and/or occupiers. In the 
case of ICT, several different smart meters are available in different European 
markets. 
 

Insights on actors and networks 
 
A. Behavioral aspects, consumer acceptance, value systems and the active role 

of users in the innovation system, are crucial factors which determine the 
“success” or “failure” of actions promoting a specific low-carbon technology 
or the decarbonization of a specific sector, and may significantly slow the 
diffusion of technologies, even if they are market-ready and low cost. In the 
case of livestock feeding, the acceptance of certain technologies and feeding 
strategies, such as additives, or vaccination, is far from being well-established, and 
may indeed prove to be a particularly hard-to-overcome barrier, as it would require 
widespread education and information campaigns. In order words, even if the 
technologies were available, cheap (or subsidized) and ready-to-deploy, the public 
may still refuse to select the final product (in this specific case, meat and, most 
likely, dairy products) from treated animals due to (perceived) health concerns. 
Along similar lines, in the case study of the transport sector, one of the key factors 
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for the success of the Docklands Light Railway (DLR) in London was high levels of 
travel and mobility demand, with a Light Rail Transit (LRT) system being far 
superior to cars in the congested area of the Docklands development zone. Value 
systems also play a strong role in the way energy policy objectives and priorities 
are framed. This is clearly evident in the case of Poland and the UK. In Poland, 
national histories dating back to the period of the Soviet Union have created a 
certain national pride and sense of independence, which is being drawn on by the 
governing Law and Justice (Prawo i Sprawiedliwosc, PiS) party, through economic 
strategies such as ‘Repolonisation’ and the framing of wind farms as ‘alien’ to 
Polish heritage. Similarly, the UK’s history gives it a particular perspective on 
Europe, and there is a strain of national culture that is sensitive to the notion that 
being within Europe carries an implication that the UK could not survive on its own. 
This was vividly displayed in Boris Johnson’s first speech as Prime Minister in 
which he decried those who would ‘bet against’ Britain – implying that being in 
favour of the UK being part of the EU was equivalent to undermining the UK. All of 
these emotive framings can potentially feed into discussions on energy. Energy has 
a long history of being framed in terms of national autonomy and self-
determination. This resurfaced in the Polish debate around onshore wind, although 
there are initial signs that offshore wind may be treated differently, with state-owned 
PGE moving to claim high shares in the nascent industry. However, in the UK’s 
case, offshore wind is frequently portrayed as a UK success story, despite the 
relatively small domestic supply chain. As a result, this kind of framing may be 
vulnerable in the long term. 
  

B. If many actors share a low-carbon vision for a given sector, technology 
diffusion and deployment are more likely to succeed. Commitment by several 
actors and local bodies to light rail mobility was one of the key success factors in 
the DLR case study as well as in the successful diffusion of EV cars. This is even 
more apparent in the case of high building envelops in Germany:  the vision and 
expectations for the Energy Concept, and their implications for the buildings sector 
– including the need for high-efficiency envelopes for new buildings – were shared 
by all key actors. The Federal and regional (Länder) governments both played 
important (and potentially decisive) roles in a variety of ways, alongside other public 
bodies, such public research institutions and the KfW, a national public interest 
bank (and more local iterations, the Länderbanks). Independent research and 
advocacy institutions – such as the Passive House Institute – have also played a 
role. Germany has a strong network of public research institutions, including the 
Helmholtz Association and Fraunhofer Society, both of which have strong themes 
of energy and energy efficiency (both broadly, and with a focus on buildings) in 
their (basic and applied) research portfolios, and which engage in collaboration with 
the private sector for research, knowledge exchange and education. The KfW 
appears to have been crucial in encouraging the diffusion of high-efficiency 
envelopes for new buildings, through the provision of various well-designed 
subsidies (discussed below). The three principal German trade associations for the 
construction industry are in favour of stringent energy-efficiency requirements for 
new buildings and actively works to encourage high-efficiency construction, whilst 
the Federal Chamber of Architects are in favour of efforts to further extend the 
stringency of such regulations. Trade associations for skilled building crafts offer a 
range of training and education courses on energy-efficient construction, often in 
collaboration of a network of training centres and universities, contributing to a 
relatively strong and reliable supply chain and skills base. Social and professional 
landlords, which own around 35% of the housing stock in Germany, along with 
representatives for tenants, are also publicly in favour of high-efficiency buildings 
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(both new and existing). Public support for the Energy Concept is strong, as is 
awareness of climate and energy-related issues. All such actors appear to have 
contributed to produce a relatively successful diffusion of high-efficiency building 
envelopes in Germany. Similarly, around 800 Photovoltaic Energy Cooperatives 
(“Photovoltaik-Genossenschaften”) in Germany have also played an important role 
in supporting PV from the community level because they enable ‘like-minded 
people’ to ‘come together to initiate solar power plant projects, often together with 
municipal decision-makers, public institutions and regional banks. Investment risk 
and operator know-how are bundled through the cooperative’ (Genossenschaften, 
2019).  In the case of biochar systems, a central is the role of several national or 
regional biochar associations, the most well-known of which is the International 
Biochar Initiative (North America), in bringing together different stakeholders, act as 
a knowledge hub and, in a very concrete way, develop and administer voluntary 
certification schemes that will greatly facilitate future biochar legislation. 
 

C. If a given innovation system lacks a strong “champion” supporting low-
carbon technology development, low-carbon technology diffusion will likely 
be extremely slow or, worse, fail. This is evident in the case of high-efficiency 
buildings envelops in Italy and Poland, there is relatively little focus in public 
institutions on energy efficiency in new buildings (with the exception of few Italian 
regional governments). There is also little apparent focus on energy efficiency in 
new buildings in other actors concerned with the construction of new residential 
properties, although some actors are involved with associated EU-instituted 
research projects and initiatives, particularly concerning construction-related skills. 
In Poland, trade associations for construction materials and envelope components 
principally focus on opportunities for export. In the UK, there is a substantial focus 
in public institutions regarding decarbonization of the economy, with some focus on 
energy efficiency in the buildings and other sectors. This is driven by the unilateral 
legally-binding emission reduction targets set by the 2008 Climate Change Act. 
There is relatively little focus on energy efficiency matters across the various 
elements of the construction industry, from architects to tradespeople (except from 
construction products and component manufacturers). In the UK, a high proportion 
of new residential properties are built speculatively by large developers, which have 
a focus on reducing ‘red tape’ (i.e. regulation) to encourage an increased rate of 
housebuilding, and often actively lobby against stringent energy efficiency 
regulations (and see regulations that do exist as maximum, rather than minimum 
standards). Comparing the diffusion dynamics of smart meters across the four 
countries analyzed also supports this conclusion: the role of Enel in the Italian case 
was instrumental in starting the smart meters roll-out (for reasons unrelated to 
climate concerns) and to rally others actors to support this novel technological 
development. Furthermore, entrenched opposing interest and lobbies slow the 
progress of low-carbon innovation systems. For instance, industry lobbies play 
a key role in slowing the diffusion of carbon-free electricity. In Poland the high level 
of state ownership in the coal sector means the government of any party is 
particularly entwined with this sector. In both cases, these factors give this 
incumbent technology a strength which is hard for renewables to shift. Even in 
Germany, which has been characterized by widespread support for renewables, 
the coal sector has considerable influence due to the high level of employment 
which is dependent on it. Large incumbent energy companies are still significant in 
all four countries analyzed, being responsible for the vast majority of supplied 
electricity. Yet, in Germany the share of the top four companies in the electricity 
sector dropped from 95% in 2004 to 76% in 2015 due to an increase in small size 
producers and new entrants (BNetzA, 2016).  In Poland, five companies supply 



D2.4 Report on the sectoral and national (plus EU) innovation system case studies 

 

PU Page 17  Version 0.1 
 

“This project has received funding from the European Union’s Horizon 2020 research and innovation 
programme under the Grant Agreement No 730403“ 

 

74% of generation; but within the onshore wind sector state owned utilities own 
only 19% of capacity (Dawid, 2017). Campaigning groups have a role, including 
those who campaign against wind turbines. Such groups have had substantial 
impacts on policies in both UK and Poland. Whereas in the UK the focus of the 
objections was typically on the aesthetic impacts on the landscape, in Poland there 
were additional layers in that the turbines were sometimes associated with money-
making schemes of corrupt land owners (Szulecki, 2017), or with non-national 
elements (Harper, 2016).  

 

Insights on institutions and policies 
 
 To successfully promote low-carbon, novel technologies, local and national 

policies need to be in place. Such policies must provide clear financial 
incentives for actors in the innovation system and be predictable, yet 
adjustable. The electricity case study on solar and wind clearly show this point in 
the cases of Germany and Italy. These countries saw substantial success in the 
creation of domestic markets for solar PV, leading to very rapid rates of installation, 
especially during the years 2008-2012. In both cases, the market was stimulated by 
feed in tariff-type instruments that guaranteed an attractive price per unit of energy 
produced over a period of typically 15-20 years. Yet, the strength of the market 
resulting from these generous policies encouraged international producers, 
especially in China, to invest in mass production of solar panels. This contributed to 
driving down the costs very rapidly, rendering the subsidies over-generous by the 
falling prices. Notwithstanding this broad picture, some degree of policy learning 
has been achieved. The use of degression rates that ratchet down the subsidy level 
as a function of deployment are now increasingly used in conjunction with feed-in 
tariff type subsidies. These are able to keep subsidies in check with expected falls 
in cost that occur with increased production, but in a manner that avoids sudden 
shocks and the resulting boom and bust dynamic. The Polish wind case study very 
clearly demonstrates the importance of market formation policies on renewable 
energy deployment. From the perspective of policy consistency and clarity towards 
the support of wind power it is primarily a failure case – although from the 
perspective of Poland’s governing PiS party, these outcomes are successful in 
terms of the defined objectives of the party, which was allied with anti-wind farm 
protest groups, partly as a means of demonstrating support for the coal industry, 
and also framing their objection to wind within a broader nationalist-populist 
narrative. Similarly, the success of the two EV case studies considered shows the 
key role of policies in support of decarbonization efforts. Also in the case studies on 
the transport sector and on high-efficiency building envelops the role of national 
and local policies emerges strongly. The California’s Zero Emission Vehicle 
mandate played a key role in promoting sales of both electric vehicles, as did the 
master transport planning strategies for London for the Docklands. Similarly, the 
Energy Concept is supported by all main political parties in Germany, helping 
maintain stability and continuity of overall strategy and associated policy. 
Furthermore, the regional Länder governments also appear to have played a key 
role, with many using their ability to set policy targets, strategies and policy details, 
such as building regulations, to a higher ambition than national requirements. 
When financial incentives are not apparent, and policies do not provide them, 
innovation is slow. In the case of livestock feeding, for instance, there is large 
potential for methane reduction from improved new feed additives, but overall 
mitigation capacity and technology deployment will be limited if farmers do not 
realize the potential in terms of economics benefits. Without financial incentives, 
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mitigation potential is not a strong-enough motivation for farmers to change their 
behaviors and incur in (what they perceive to be) extra costs. Financial incentives 
are not fully perceived also in the case of energy management in the steel and iron 
sector. This is one of the cases where significant benefits may be left unexplored 
because businesses are not aware of the potential savings available through the 
application of these technologies and practices. Conversely, when incentives are 
present, innovation speed up even in absence of strong policies. In Italy, the 
successful roll-out started by ENEL (DSO) in 2001 showed benefits of the new 
system. This resulted in introduction in 2006 a mandatory requirement by the Italian 
regulatory authority for all DSOs to reach 95% smart meters penetration among low 
voltage customers by 2011. In Italy, smart metering started when no instrument 
existed on the market. It was a voluntary action of the largest DSO, motivated by 
revenue protection. Then, after collecting positive experience, it was an obligation 
scheme, set by the regulatory authority.  

 
B. Responsibilities for setting standards and for monitoring need to be clearly 

assigned to given actors in the innovation system. This is the case, for 
instance, for the German experience with high-efficiency envelops for buildings. 
Responsibility for housing construction at the national level, including explicit 
mention of energy-efficient construction, is clearly vested in the Federal Ministry of 
the Interior, Building and Homeland (BMI) (since March 2018, and the BMU 
beforehand), with responsibility for delivering different aspects of the Energy 
Concept (including those related to buildings) clearly delineated between certain 
federal agencies, with co-ordination delivered through dedicated fora. If 
responsibilities are not clearly assigned, even polices which have a stable 
and adjustable design may not be effective. This is the case, for instance, for 
the Italian experience with high-efficiency envelops for buildings. For 
instance, the lack of clearly assigned responsibilities played an important role in 
limiting the diffusion of high-efficiency building envelops in Italy and in the UK. At 
the national level in Italy, primary responsibility for housing is with the Ministry of 
Infrastructure and Transport, however many aspects of housing policy are under 
the jurisdiction of regional governments. Energy efficiency policy, however, is 
largely the responsibility of the Ministry of Economic Development, via the National 
Agency for New Technologies, Energy and Sustainable Economic Development 
(ENEA), and its sub-agency the National Agency for Energy Efficiency (ANEE), 
which primarily focusses on (and was originally founded with a purpose for) 
providing technical assistance to the government in implementing EU regulations.  
Public research institutions and funds have some focus on energy efficiency issues, 
but relatively little, and with a general focus on energy efficiency in industry 
(however, some public research, knowledge exchange and education efforts on 
energy efficiency in buildings and construction are present). Responsibilities for 
energy-related matters are divided between the national and regional governments, 
with regional governments able to introduce policies and mechanisms 
autonomously, but within guidelines set at the national level. Some regional 
governments contribute to encouraging energy-efficiency in new residential 
construction, such as early application of the Italian Nearly Zero Energy Buildings 
(ZNEB) definition, but this is relatively uncommon. In the UK case, the 2008 
Climate Change Act, discussed above, was introduced with (and largely maintains) 
substantial cross-party support in Parliament. The Climate Change Act also 
established the statutory advisory body the Committee on Climate Change, which 
has a duty to advise and make policy recommendations to the government on 
achieving emission reductions to achieve legislated targets (including a recent 
recommendation to, inter alia, increase minimum energy performance standards for 
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new buildings to ultra-high levels by 2025), however the government is not bound 
to adopt such recommendations. Housing policy in the UK is the responsibility of 
the Ministry of Housing, Communities and Local Government, with energy 
(including energy efficiency policy) the remit of the Department for Business, 
Energy and Industrial Strategy. Local governments are responsible for enforcing 
building regulations (including minimum energy performance standards) for new 
buildings. Local authorities have the ability to set local energy efficiency 
requirements (discussed below), however there has been confusion and a lack of 
clarity over the extent to which that has been and will remain the case. Various 
energy-related publicly-funded research bodies, institutions and consortia exist, 
however there has been relatively little focus on the efficiency of new residential 
building envelopes 
 

C. Governing parties and coalitions hostile to the decarbonization process have 
significantly limited the effectiveness of climate-related and decarbonization 
efforts. The present government in Italy is largely hostile to ambitious climate and 
energy policy. This translated into weak efforts to implement and monitor an 
otherwise relatively advanced national regulation in the case, for instance, of 
increasing energy efficiency. In terms of design and content, the overarching 
energy and climate policy framework in Italy is provided by the National Energy 
Strategy, which sets actions to 2030 in line with the EU’s long term 2050 ambitions, 
and largely seeks to implement EU requirements. Minimum energy performance 
requirements for new buildings include maximum u-values for envelope 
components, which vary according to climatic zone (from relatively low stringency in 
the warmest climatic zone, to relatively high stringency in the coolest, re-enforced 
by other elements of the calculation to meet wider energy performance 
requirements). Yet, few regional governments implement more stringent 
requirements, and some had no minimum requirements prior to 2005, when the 
initial Energy Performance of Buildings Directive came into force in Italy. No 
subsidies for energy efficient construction are available at the national level (except 
briefly in 2010), and few are available from regional governments. A similar insight 
is also presented in the case study of light transport in Poland: where reality of the 
matter is that policy support does exist, but only on paper, while reality shows that 
implementation and policy push for change are weak.  

 
D. Failing to monitor a well-designed policy will lower the changes of 

successfully promoting low-carbon innovation systems and their functioning. 
One clear example of the negative impact of lack of monitoring on the success of 
low-carbon innovation systems is provided by the case study of high-efficiency 
building envelopes in Poland, where diffusion of these novel technologies is largely 
driven by bottom up efforts. Overarching energy policy in Poland is set by a policy 
document published every four years since 1997, the current (adopted) edition of 
which covers policy strategy to 2030, and a strategy document published in 2014 
on energy security and the environment. With respect to energy efficiency of new 
residential buildings, its ambitions largely reflect requirements set by EU policy. In 
fact, minimum energy performance standards for new residential buildings are 
relatively stringent, and become more so by 2021 in order to meet Poland’s defined 
NZEB definition (although, local authorities are not able to impose more stringent 
requirements). Regional governments are responsible for enforcing high-efficiency 
buildings envelops regulations and those for Energy Performance Certification 
(EPCs). However, compliance (via EPCs) is not routinely checked, and very few 
have been requested for validation (many of which were found to be incorrect, 
resulting in the experts producing them losing their authorization to do so in future). 
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Similarly, in the UK, local authorities are required to monitor compliance for 
buildings energy efficiency, but no central record of compliance rates kept. 
Evidence suggests there is a relatively high rate of non-compliance with energy 
efficiency regulations, due to poor understanding of regulations and a lack of 
appropriate skills.  
 

E. EU policies provide a strong framework within with to foster low-carbon 
innovation system. This role is particularly crucial when (a) not all the 
elements of the innovation system are present or support the transition or (b) 
national policy is too weak.  In the case of high-efficiency buildings envelopes, for 
instance, EU regulation has played a relatively strong role in Italy and Poland with 
regard to improving the energy efficiency of new residential buildings, in particular 
the requirement and criteria for setting (increasingly ambitious) minimum energy 
performance requirements under the Energy Performance of Buildings Directive 
(and its recasts), but also the broader framework of GHG emission reduction and 
economy-wide energy efficiency targets. EU-funded initiatives such as BUILD UP 
Skills, and other energy-related research funding, are also relatively prominent in 
these countries. However, Italy and Poland remain unsuccessful in deploying high-
efficiency building envelopes due to a general lack of national-level commitment. In 
this context, the role of EU level policy has been of pushing national government 
towards actions that they would otherwise not have undertaken. In the UK, the level 
of minimum energy performance standards for new buildings are likely driven by 
EU requirements, despite issues with compliance in-practice. Conversely, EU 
regulation played a much smaller role in Germany. There, domestic ambitions, 
requirements, incentives and investment in the Germany largely exceed those 
required by EU membership. Success was in significant part due to the provision of 
subsidies and ancillary factors, such as relatively high domestic energy prices, but 
also a long history of public investment in basic and applied research in order to 
develop and reduce the cost of the component technologies and techniques. 
Furthermore, the lack of knowledge and skills within the various elements of the 
construction industry has also been targeted and addressed to a significant degree 
by the mechanisms for knowledge exchange between research and industry, 
widespread provision of appropriate training and skills development (delivered by 
both public and private organisations), and industry experience. Public awareness 
of climate, energy and energy-efficiency issues, and demand for action to address 
these issues, is high amongst the German public. In the case of biochar systems, 
lack of regulation and policies (rather than wrong regulation and policies) has been 
holding back the development of strong innovation systems. Yet, EU level policies 
are expected to have significant more impact in the years to come. To begin with, 
the new Fertiliser Regulation, in which biochar is mentioned, holds the promise that 
in three years’ time we will have a clear regulatory framework for biochar at the EU 
level. To kick-start the biochar system, there is wide consensus that the EU (as well 
as national governments) will need to put in place appropriate policy support.  
Furthermore, carbon pricing is expected to play a crucial role in the upscale of 
biochar technologies, which are known, but used at too small a scale to be 
meaningful in terms of decarbonization efforts. There are market niches where 
different types of biochar are used, as for example in gardening or occasionally 
organic farming. For the sake of climate mitigation, however, the biochar systems 
are only meaningful if used on a much larger scale. In this respect, the BS has not 
yet taken off. But there are signs and trends suggesting that things may quickly 
change. It has been estimated that the global market for biochar will grow from less 
than $0.5m, in 2016, to over $15m, in 2025. Progressively greater diffusion, also in 
consideration of carbon prices in the future, can be expected for later years. In any 
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case, we would not expect biochar to replace in full any other pre-existing soil 
improver or material. In other words, it will probably penetrate the market, but not at 
the full expense of other products. In the case of energy, the Renewable Energy 
Directive (RED, 2009/28/EC) is the basis for the EU’s 20% renewable target. This 
has provided a clear driver for all countries to promote renewable energy in order to 
remain in compliance. MS are required to produce National Renewable Energy 
Action Plans (NREAP) to set out how they will achieve compliance. These have 
undoubtedly had a strong impact on the rapid deployment of renewables, especially 
in Poland and Italy.  However, for some countries, longer term national level 
instruments – such as the UK’s Climate Change Act and Germany’s Energiewende 
– would likely have driven these levels of deployment even without the RED. Yet, 
as Poland and Italy reached the targets early, this was used as a justification for the 
removal of subsidy mechanisms, after the target had been reached. This is 
potentially problematic as it can result in member states creating stop-start 
dynamics, which are not helpful for the longer term. Possible alternatives could be 
for the EU to try and move towards longer term targets or objectives, to help 
cement near-term targets, such as the 2020 renewables targets, within a much 
bigger transition. For example, modelling suggests that Europe must ultimately 
achieve zero carbon electricity, potentially by the 2040s, depending on the scale of 
ambition. If this was translated into a longer-term requirement for all member 
states, it would give them a reason to develop appropriate policy frameworks, and 
discourage the cutting of policies once short-term goals had been met. Another 
significant EU-level activity for the energy sector is the Energy Union agenda. One 
of the outcomes of this agenda could be increased integration of markets, and 
harmonisation of pricing. This could facilitate more bulk flows of energy across 
borders, and also open up the increased incentivisation of local energy and peer to 
peer trading. Both case studies for agriculture and the case study of ICT show 
substantial inertia in innovation systems when there is no EU policy to 
provide a common framework. As argued in both case studies on the agricultural 
sector, EU climate policy has focused on many sectors (including most notably 
energy, and industry, transport, or buildings), but not on the Land Use, Land Use 
Change and Foresty (LULUCF) sector. In very practical terms, the authors argue, 
DG CLIMA and DG AGRI need to cooperate closely to come up with a consistent 
climate mitigation policy covering all sectors including agriculture and the LULUCF 
sector. An additional layer of complexity stems from the fact that the EU Common 
Agricultural Policy gives MSs much discretion in the implementation of policies, so 
cooperation between the relevant national authorities is needed too. It also 
important to note that efforts to reduce greenhouse gas emissions in a single 
country will usually lead to increased emissions in other countries (carbon leakage), 
hence it is important that the CAP continues to look at questions related to 
sustainability and reduction of emissions in the agricultural sector, not solely 
leaving initiatives to single MS. In this respect, the various reforms of the CAP have 
increasingly considered sustainability in the agricultural sector. Finally, while 
agriculture is a non-ETS sector, it is one of the sectors covered by the Effort 
Sharing Regulation (ESR) which foresees a reduction of 30% in ESR emissions by 
2030 compared to 2005.  Furthermore, the EU plays a crucial role especially in 
term of fostering and funding large research collaboration across European 
Institutions. In the case of smart meters, the EU level innovation system and its 
regulations played a positive role in terms of providing an impulse for the 
development of a technological innovation system at national level. However, these 
impulses from the EU have not ensured that the national regulations for smart 
metering systems are revised in such a way that a clear and consistent regulatory 
framework is created, which would set interoperability, data protection and security 
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standards as well as competition for the best solutions. In Germany, the lack of a 
precise EU-level standardisation framework encouraged the regulators to introduce 
their own set of regulations, which in turn has contributed to significant delay of the 
roll-out. However, there is no evidence concerning the impact of these strategic 
decisions on the success of actual operation of the smart meter TIS in Germany. In 
Poland, the lack of detailed EU-level regulations concerning obligation schemes for 
DSOs has resulted in delays in finalisation of design and implementation of such 
regulations. On the other hand, the EU-level regulations and the positive Cost 
Benefit Analysis result for the smart meter roll-out in Poland have directly 
contributed to the development of bottom-up initiatives of DSOs in the area of smart 
metering deployments. In the UK, lack of the precise EU-level standardisation 
framework encouraged the regulators to introduce their own set of regulations 
covering only a part of the innovation system, with limited consideration for 
ensuring interoperability. This in turn has contributed to significant technical 
difficulties of the roll-out. In Italy, the EU level regulations did not play a major role 
in success of the smart metering large-scale deployment. Conversely, to the case 
of the transport sector, and especially the EV case studies which pertain more 
global car markets, EU policy and regulation did appear to have a central role, yet it 
was supportive of the change promoted by the other elements of the innovation 
system and acted more as a further support element rather than a driver. Yet, these 
case studies showed how successful innovation systems were polycentric, as 
discussed more in detail below. This may help explain why in this case EU policy 
and actions played more of a secondary, rather than a primary, role in pushing for 
low carbon innovation.  

 
F. The presence of “countervailing” policies and pressure threatens the 

development of low carbon innovation systems. This is clearly testified in the 
case study on light rail transport in Poland, in which the institutional approach to 
transport and mobility from policy makers and local authorities is to encourage cars 
and road-based passenger mobility. For Poland, policies promoting cars and roads 
erode the viability of light rail transport. This is also the case for the deployment and 
high-efficiency envelops for new buildings. Housing policy in Poland is governed by 
the Ministry of Investment and Development, with energy efficiency policy largely 
the remit of the Ministry of Energy. Although local authorities are responsible for 
granting construction permits and ensuring compliance with buildings regulations, 
they are not permitted to set standards that exceed national requirements (except 
with regard to heating technology, as they pertain to local air quality). Similar to 
Germany, Poland has a national public interest fund (NFOSiGW), but with a focus 
on environmental protection. However, no funds are allocated to the construction of 
energy-efficient envelopes for new residential buildings (any longer). Various 
national institutes focus on building-related research, with a substantial focus on 
technical testing (often with the aid of EU grants). As with Italy, the current Polish 
government is hostile to ambitious climate and energy policy. Along similar lines, 
regulations restricting the siting conditions of onshore wind farm were effective in 
substantially curtailing the installation of onshore wind in Poland. In the case of 
livestock feeding, for instance, the uncertainty around Brexit and the prospect of 
trade tariffs are managing the progress of British farmers in this respect. First, 
exiting the EU would add transaction costs on the feed sector for both farmers in 
the UK and in the rest of the EU, and particularly Irish farmers. It could also 
undermine future collaborations with other EU countries, which are significantly 
behind in this respect. 
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Broader insights on the functioning of the innovation 
system 
 
A. If all the components of the innovation system are present and work together 

towards a specific goal, low carbon innovation deploys successfully. The 
case studies on the transport sector argue that innovation takes place successfully 
in the presence of polycentrism; the push for decarbonization at different levels: 
global, technological and corporate. For example, the success in the diffusion of 
BMW and FIAT EV cars can be ascribed to a supportive policy and institutional 
environment, the availability of EV technologies, and the commitment of two firms 
who decided to strongly invest resources in manufacturing EVs, even if the 500e 
began as a compliance car. Similar considerations emerge from the case study on 
high-efficiency envelopes for new residential buildings in Germany, which 
represents a relative success as compared to the other three national case studies. 
In Germany we observe a wide range of factors supporting decarbonization and 
technology deployment, including (a) the presence of a clear overarching, long-
term, economy-wide strategy, with sectoral implementation, and clear and long-
term political commitment and credibility; (b) strong public investment in research 
infrastructure and energy-efficiency and related topics (c) highly supportive and 
well-functioning regulatory standards; (d) clear and facilitative governance 
arrangements and mechanism (e) the provision of well-designed subsidy 
mechanisms (and other incentives, such as high domestic energy prices); (f) the 
clear support and buy-in from different elements of the construction industry; (g) 
high public support, awareness and demand for energy efficiency. Conversely, 
when two out of the three components are not present, or strong enough, 
low-carbon innovation does not deploy successfully. Polycentrism is clearly 
lacking in the case of the light rail transport in Poland, which lacks any real support 
beyond a single pilot project, but also in the case of the deployment of high-
efficiency envelops for new residential buildings in Italy, Poland and the UK, which 
are considered to be largely failures due to the absence, or relatively weak 
presence or functioning of key elements of the innovation system. Similarly, in 
Germany, the major push for the smart meter innovation system development 
comes from the federal government and its agencies.  Yet, the prolonging 
certification process of smart metering gateways by BSI – required by law to 
greenlight the mass roll-out of smart meters – plays a crucial role in the delay of 
smart meter implementation in Germany. Over-regulation is thus the main reason 
for failure in this case: the market faces delays in certification of smart meter 
gateways and cannot start the roll-out. Also, in Poland, lack of an obligation 
scheme as well as a legally adopted product standard results in a failure of the 
smart meter rollout. In this case, failure in the deployment of smart meters can be 
ascribed to the lack of obligation scheme, resulting from non-existing management 
from the government. The Polish market is driven by voluntary bottom-up initiatives 
of DSOs, which are however limited in their scope. Despite the positive results of 
the cost-benefit analysis, the Ministry have not set any plan that would push other 
actors to the full-scale roll-out or would ensure interoperability of technological 
solutions and their cybersecurity. In the UK, the improper sectoral standards 
resulted in lack of interoperability between meters installed by different suppliers. 
As a result, 70% of smart meters already installed will not be smart when 
customers change their energy supplier and will have to be replaced again or at 
least updated (National Audit Office, 2018). Italy represents at clear success in the 
deployment of smart meters. In this case, a market-based motivation (revenue 
protection by the largest DSO) was enough to start the roll-out, without any other 
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policy measure existing. Yet, overall, the other elements of the innovation system 
did not counteract such market-based motivation, rather they reacted relatively fast 
to help build a supportive environment.  
 

B. The deployment of low-carbon technologies, even if successful, may entail 
significant transitional costs, or trade-off with other societal goals. In the case 
of PV deployment, the success in creating a European market demand stimulated 
production in the global supply chain. As already discussed, the strength of the 
market in countries such as Germany and Italy encouraged international producers, 
especially in China, to invest in mass production of solar panels, which contributed 
to driving down the costs very rapidly. In addition to making German and Italian 
subsidies over-generous due to rapidly falling costs, this also meant that the 
domestic manufacturers that had hitherto been supported by market creation 
policies, began to lose out, with many going out of business. Thus, a success in 
market creation led to a failure in the attempt to stimulate a domestic industry, due 
to international dynamics. Hence, in both Germany and Italy the impacts of these 
market dynamics had significant implications for domestic manufacturing industries. 
In addition, one aspect of good governance is fairness, and the issue of a fair 
distribution of costs is of great significance, whether between industry or domestic 
users, or between the more affluent who can afford solar panels, and the less 
affluent who cannot. For instance, in Germany, industrial users are given certain 
exemptions to the added energy costs of renewable support policies, in order to 
support German industry; however, this leaves the small domestic consumer with a 
greater share of the burden. Objections to rising energy costs may be a cultural 
issue that German policy makers will need to face (IEA, 2013). The insights 
emerging from these case studies are generally in line with those which are 
emerging from other ongoing research in the INNOPATHS project, and specifically 
the work around the Decarbonization Policy Evaluation Tool of T2.5, whose 
delivery date is M36. A clear matter of concerns should therefore be provisions to 
lower the transitional costs of decarbonization for European societies and 
economies, and in particular for those sectors which are highly exposed to the 
international market, competition and dynamics. Indeed, an important finding from 
the case studies is that innovation is an international process, and that relevant 
actors are not confined to those within the borders of the nation state under study. 
For instance, the dynamics unveiled in the EV case studies clearly go beyond 
national and European burdens. Some of the heaviest experimentation with 
livestock feeding is being carried out outside the EU, and particularly in Australia. 
International actors are key in the renewables case studies, both in terms of 
manufacturers of renewable technologies and in terms of countries investing in 
supporting technologies such as large-scale batteries. In the case of solar PV, for 
instance, highly significant actors are Chinese manufacturing companies, as 8 of 
the top 10 global Solar PV companies are Chinese, along with one Canadian and 
one South Korean company (Hutchins, 2018). In the case of wind, European 
companies remain more prominent in the international innovation system. The top 
10 global onshore wind manufacturers include 5 European companies, although 
the list of top 10 offshore wind manufacturers includes only 2 European examples. 
However, at present both on and offshore wind manufacturers are more linked to 
their sales regions than in the case of PV, with European companies relatively 
dominant in European sales (BloombergNEF, 2017). In the case of the two wind 
case studies, their own domestic manufacturing supply chains are not strong, 
hence European international actors such as Vestas, Innogy and Siemens, again 
play a key role. 
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5 Conclusions  

Task 2.1 (T2.1) “Case Studies of National and EU Innovation Systems” adopts a case-
study approach to analyse the key features, actors, barriers and policies of the 
innovation system regarding key technologies in each of the six sectors. It does so by 
developing a common framework for case study analysis which allows a comparative 
approach, while providing the flexibility required to study different technologies in 
different sectors. This task results in a mapping of actors, policies and institutions 
within each innovation system, and allows identification of the major technical and non-
technical challenges to decarbonisation. The task highlights a series of important 
policy-relevant insights regarding more or less successful solutions to energy transition 
challenges, which are detailed in the results section of this deliverable. Among the key 
insights emerging from the analyses, a clear role for the EU stands out with respect to 
the support and fostering of low-carbon innovation systems. Sectoral and global EU 
decarbonization policies are necessary to provide a coordinated approach to selective 
innovation investment in areas where potential for comparative advantage still exists. 
Finally, a major EU contribution is more generally that of making the political argument 
for overall benefits of coordination and cooperation of countries within Europe, in spite 
of rising trends of political nationalism of which Brexit is one of several examples.  
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INTRODUCTION 

 

EXECUTIVE SUMMARY 

This document presents the REVISED draft framework created for the analysis 
of National and EU Innovation Systems case studies to be conducted as part of 
Task 2.1 (T2.1) of the INNOPATHS project. A first round of revisions was 
implemented on the original document following the First INNOPATHS All Partner 
Meeting and the Stakeholder meetings which took place on May 2nd-4th, 2017 at 
the CMCC Office in Venice. A second set of revisions was implemented after 
discussions among partners on the possibility to streamline the case study 
approach, making it more relevant and comparable as well as to ensure the 
compatibility with the policy assessment framework developed under T2.5.  

 

The document is organized as follows:  

Before outlining the draft framework developed to guide the individual case 
studies and its justification, we briefly discuss: 

 Timeline [NB: updated to reflect request of delay in the deliverable in April 
2019] 

 Discussion of the challenges of developing such framework within the 
broader context of the INNOPATHS project;  

 General guidelines (practical steps) for sectoral and national case studies 

 

Note that in order to implement the framework and decline it for each case 
study, case study leaders should refer to the “Sample_draft_case_study” 
document which was prepared by E. Verdolini and P. Drummond in January 
2018 [NB: see Annex 2]. This is meant to provide an example of how the case 
study can be structured, and point to all the relevant aspects and questions 
that need to be addressed. The sample draft case study document has been 
developed to operationalize the framework discussed below, while still 
leaving a significant amount of flexibility to sectoral case study leaders. 

 

Any questions or comments to this document should be addressed to 
elena.verdolini@cmcc.it, who leads T2.1. 
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TIMELINE 
 
M04 (Mar2017): Framework for innovation system case studies circulated to partners 

in T2.1 (responsibility: CMCC, in consultation with other partners) 
 
M06 (May2017): All partners in T2.1 to provide comments and check consistency of 

framework for their specific case study by end of M6. Framework for 
innovation system case studies discussed with stakeholders (at the 
Venice Project and Stakeholder Meeting).  

 
M08 (Jul2017): CMCC to update framework for innovation system case studies based on 

feedback from partners and stakeholders.  
 
M10 (Sep2017): LEADERS OF SECTORAL CASE STUDIES (Specifically: UCL Nick Hughes 

for electricity, WUT Tadeusz Skoczkowski for industry and ICT, EUI 
Stefano Verde for Agriculture, SPRU Benjamin Sovacool for transport, 
UCL Paul Drummond for buildings) to provide to ELENA VERDOLINI 
the list of answers to the three challenges described in the section 
PART A: “SETTING THE BOUNDARIES OF THE ANALYSIS” (please see 
below for details).  

 
M11 (Oct2017): ELENA VERDOLINI and LEADERS OF NATIONAL CASE STUDIES 

Specifically: CMCC Elena Verdolini for Italy, WUT Tadeusz Skoczkowski 
for Poland, PIK Michael Pahle for Germany, UCL Nich Hughes for the 
UK.) to provide comments/feedback to sectoral case study leaders on 
draft of Section 0. 

 
M16 (Mar2018): First draft of case study circulated from sectoral case study leaders to 

national/EU case study leaders and other partners for comments. This 
should focus on the mapping of policies within each sector, 
following the categorization presented in Appendix B.  

 
M17 (Apr2018): Partners’ comments and feedback to draft of technologies and 

infrastructure provided to leaders of sectoral studies. 
MILESTONE:  
M18 (May2018): Draft version of sectoral and national case studies circulated to 

INNOPATHS consortium.  
 
M26 (Jan2019): Sectoral and national case studies finalized and handed over to CMCC 

for second round of reviews on almost final version of the case studies 
 
M29 (Apr2019): feedback and comments by CMCC provided to sectoral case study 

leaders, which need to implement changes and finalize documents. Due 
to large amount of material collected and prepared, extension for 
deliverable was required. New due date for deliverable is Sept. 1st, 2019 

 
M32 (July2019): Final version of case studies uploaded to EC website 
 
M34 (Sept. 1st, 2019): Deliverable D.2.5  submitted 
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TECHNOLOGIES, INNOVATION AND INNOVATION SYSTEMS 
 

A technology comprises the subset of knowledge about the full range of devices, 
methods, practices and processes that enable the fulfillment of human purposes 
in a “specifiable and reproducible way” (Brooks, 1980).  Further, innovation is the 
process by which technology is conceived, developed, codified and deployed 
(Brooks, 1980). Such processes take place in multifaceted innovation systems, 
which “can usefully be thought as the connected set of actors and institutions that 
shape innovation processes” (Anadon et al., 2016). Innovation systems are 
extremely complex given that connections among actors and institution occur at 
many stages of the innovation process, in multiple sectors and countries, and at 
different scales .  

Because of this complexity of innovation systems, the innovation process (also 
referred to as “technological change”) cannot be understood by solely focusing on 
economic variables, such as prices and quantities, which may be more easily 
measurable. Understanding technological change dynamics requires the 
exploration and characterization of the social fabric in which the innovative 
activities take place, namely the interactions of a wide range of actors and 
institutions (Archibugi and Michie, 1997). 

The actors within an innovation system “typically include individuals and 
organizations operating at multiple scales (e.g., central governments, local 
authorities, universities, private firms, nonprofits, entrepreneurs, and technology 
users)” (Geels 2002). Conversely, institutions are defined as the set of formal and 
informal rules, norms, decision-making procedures, beliefs, incentives, and 
expectations that guide the interactions and behavior of actors in an innovation 
system (Lundvall 1992).  

The literature on the analysis of innovation systems is extremely rich and well-
developed. While this results in a wealth of concepts and evidence, it also makes 
it hard to extract insights from the available studies taken as a whole due to lack 
of comparability. On the one hand, there are several approaches to the study of 
innovation systems, which often lead to different definitions of what is included in 
an innovation system and to focusing attention on specific aspects, while 
overlooking others (Bergek et al 2008). This heterogeneity of approaches is 
compounded by the fact that each methodological approach has been applied only 
to a few specific sectors, industries, technologies or countries (Cherp et al 2016).  

Furthermore, traditional innovation system analyses were developed without a 
specific focus on reflecting sustainability or energy transition considerations. A 
few recent contributions have embedded considerations in these respects 
(Twomey and Gaziulusoy 2014). Indeed, the transition toward a clean, sustainable 
energy system entails a disruptive system change (Anadon et al 2016). If a set of 
innovation system case studies is going to inform policies or activities needed to 
harness a cost-effective and equitable transition to a more sustainable energy 
system, they have to, by design, specifically account for issues of sustainability and 
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environmental stress.  This cannot be expected to be driven only by scientists and 
policy makers, rather, it will need to be the outcome of a large set of actors (public 
and private) interacting on multiple levels and operating under a web of multiple 
technological, economic and social dynamics (Twomey and Gaziulusoy 2014). 

T2.1 within the INNOPATHS project aims at taking a first step towards overcoming 
these limitations. T2.1 will provide a collection of case studies analysing 
innovation systems and their dynamics using a consistent framework. The task 
has been designed to cover 6 sectors (agriculture, energy, buildings, industry,1 
ICT, and transport) in 4 countries (Germany, Italy, Poland and the UK) plus an 
overall study of the EU innovation system at a supra-national level. The work to 
be carried out under T2.1 is an excellent opportunity to pursue research to show 
what Malerba (2002) calls the “multidimensional integrated and dynamic view of 
sectors” through the development of a framework for the analysis of sectoral 
systems of innovation and production which is embedded in a broader national 
and supranational framework. 

 

  

                                                        
1 Note: “Industry” is a very general term, which is of little use for our purpose. It will be necessary 
to specify which “industry” to cover, as an overall comprehensive assessment of all sectors is 
impossible. A reasonable approach would be to cover one key sector in each country (e.g. 
chemicals in Germany?).  
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FRAMEWORK FOR ANALYSIS 
 
The general purpose of the framework for analysis presented below is to draw on 
different approaches to the study of innovation dynamics specifically aimed at 
transitioning the EU on a more sustainable path. Indeed, we need to combine 
insights from a sectoral analysis of innovation systems (Malerba 2002) with the 
functions of innovation approaches stemming from the technology innovation 
system perspective, while accounting for crucial national characteristics 
(Freeman 1987, Hughes 1984), and more general consideration of the specific 
literature on sustainability transitions (Twomey and Gaziulusoy 2014) and 
moving towards sustainable development (Anadon et al 2016).  

In general, the proposed framework aim to: 

1. Identify the key elements of the innovation system 
2. Study the functioning of such systems as a basis to draft recommendations for 

the energy transition in Europe and elsewhere. This implies that the systems 
should be studies “as they are” in this present time. Further, given the focus of 
the INNOPATHS project, this analysis has to embed considerations of 
sustainability (which include environmental, equity and competitiveness 
perspectives); 

3. Summarize the lessons learned across a wide range of countries and sectors to 
provide solid policy insights.  

The T2.1 framework for analysis of innovation systems is composed of 3 parts.  

PART A sets the boundaries of analysis, and describes the specific case studies by 
sectors to be analyzed using the T2.1 framework.  

PART B identifies of the key elements of the innovation system, and 
charachterizes their interaction based on a set of key questions/aspects loosely 
inspired by the functions of innovation’ approach proposed by Hekkert et al. 
(2007) 

Part C of the framework is the summary of lessons learned across different sectors 
and countries, and the identification and discussion of enablers and barriers to the 
energy transition.  The task leader of T2.1 (CMCC) will guide the process of 
summarizing lessons learned and highlighting key policy implications, which will 
constitute the core part of the deliverable. Indeed, applying the proposed 
framework consistently across sectors and countries, we will produce a wealth of 
information and knowledge regarding innovation system characteristics, 
dynamics and interactions.   

We discuss each of the three parts in turn below.  
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A. SETTING THE BOUNDARIES OF THE ANALYSIS 

T2.1 is the first endeavor in the literature that will study innovation systems 
across so many countries/geographies (4 plus the EU) and sectors (6). 

A natural point of departure for our framework is the concept sectoral innovation 
system as defined in Malerba (2002). Adapting the definition of ‘sector’ presented 
therein, a sector is defined as a “set of new and established products and 
technologies for specific uses, and the set of agents carrying out market and non-
market interactions for the creation, production and sale of those products and 
technologies”. The concept of sectoral systems of innovation describes the web of 
relationships between heterogeneous agents characterized by different beliefs, 
competencies and behaviors, which affects and constrains their behavior.  

The first trade off we face when taking the sector as a starting point of the analysis 
is to balance the width of each case study with the ability to provide an in depth 
and meaningful analysis of the innovation systems. Indeed, analyzing in depth the 
workings of a full sector is challenging because of the heterogeneity of 
technologies, actors, institutions and policies. The six sectors we identified are 
rather broad, and are composed of several products and technologies. Some of 
those technologies share similar characteristics, and can be clustered, but others 
are very heterogeneous. Therefore, while analyzing each sector, attention should 
be devoted to the more specific technological innovation systems that may exist 
within such sectors. In this respect, insights from Technological Innovation 
Systems (TIS) literature, as proposed in Bergek et al. (2008) and Hekkert et al. 
(2011) are extremely useful (see the framework below).  

->> To this end, sectoral case studies leaders are asked to clearly specify the 
boundaries of the analysis in each sectoral case studies in terms of 
technologies in each of the countries under consideration. Each case 
study should select those technologies that are determined through 
interviews and the literature to be most important for the transition 
within each sector (Bergek et al. 2008). Each sectoral case study leader 
will have to specific the knowledge field or a product/artefact focus of 
the analysis. For example, the case study leader of the energy sector can 
decide to focus on renewables rather than gas technologies, and may 
decide to specifically study the development/deployment of solar 
panels in Germany and Poland, and of wind turbines in Italy and the UK, 
and the general deployment of renewables at the EU level.  Note that the 
focus can be the same across all geographical dimensions. 

A second challenge is to reconcile the national and sectoral/technology 
dimensions of analysis. The trade-off here is as follows: geographical boundaries 
(and in particular national and sub-national entities) are an important element of 
innovation systems. Indeed, national institutions, policies, politics, and networks 
can contribute to shaping the evolution of particular technology, sector or 
industry; at the same time, technology innovation systems or sectoral innovation 
systems are often not easily contained within specific relevant geographical 
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entities such as regions or countries. Further, given the global nature of some of 
the technologies included in some of the selected sectors, the analysis will 
necessarily have to reflect and include considerations of the international 
elements of the supply chain and markets, as already noted.  Supply chains imply 
that the development of a sector in a particular location depends in various 
upstream or downstream sectoral developments elsewhere. This aspect is crucial 
for T2.1, which is designed to span the 6 aforementioned sectors but 
contemporarily focus on 4 geographical realities: 4 EU member countries (Italy, 
Germany, Poland and the UK) and the EU-level landscape more broadly. Moreover, 
within the larger focus of INNOPATHS on a holistic understanding of impacts, 
shedding light on the supply-chain characteristics of a sector will help extract 
insights about trade and competitiveness that are valuable for policy makers and 
other stakeholders. 

->> To this end, sectoral case studies leaders will be responsible of drafting 
a first version of the sectoral/technology case studies. These will be then 
reviewed by the national/EU case study leaders with the aim of 
highlighting any national specificities or any commonality between 
different countries.  

The third challenge is that an insightful analysis is one that not only identifies 
success cases, namely that studies innovation systems which are able to support 
the transition to a low carbon economy, but also examples of “failed” transitions, 
in which the system was not able to overcome the specific barriers it was facing. 
This includes the possible impacts of particular transitions on economic 
competitiveness for different parts of the value chain in a particular sector.  

->> To this end, sectoral case studies leaders are asked to pick the focus of 
analysis (as explained in challenge 1) keeping in mind they should have 
two cases of success and two cases of failure in their analysis.  
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B. IDENTIFICATION OF KEY ELEMENTS OF THE CASE STUDIES AND 
DESCRIPTION OF THEIR FUNCTIONING 

This part of the analysis will identify the key elements of innovation systems for 
the specific case studies selected in Part A. Key elements include actors and 
institutions, but also networks and infrastructure (Nelson 1993 Freeman,  
Lundvall 2010). A particular requirement for T2.1 will be to identify whether 
there are actors and institutions shaping the sectoral innovation system with the 
specific aim of improving sustainability, and what these actors, institutions and 
more specific sustainability goals are. 

The analysis will be carried out starting from the sectoral level, and it will 
therefore be the responsibility of sectoral case study leads. However, the exercise 
of mapping and analyzing key elements of the innovation system will require deep 
knowledge of the regional and (supra-)national frameworks in which each sector 
is embedded. Therefore, country case study leads will be responsible to 
complement the sectoral analysis with information regarding broader aspects 
reflecting national/EU-level considerations. For instance, the identification of key 
elements of the system, which, as explained above, will be initially carried out by 
the sectoral case study leaders, will need to be checked by, and complemented, by 
the national case study leaders, to ensure that indeed all actors/technologies and 
institutions have been indeed identified.  

Relying on insights from sectoral innovation studies, and technological innovation 
studies, but aware of the wide range of sectors and countries covered in T2.1, we 
identify 3 key elements to be identified and described: (A.1) technologies, 
technological infrastructure and knowledge, (A.2) actors and networks, and (A.3) 
institutions and policies.  

1. Technologies, infrastructures and knowledge.  
The set of existing (and future) technologies as well as technological 
infrastructures within a given sector and country affects what kinds of 
innovations are needed or can be accommodated. For instance, in the electricity 
sector it is necessary to identify and describe the types of renewables and non-
renewable electricity generation technologies, but also the potential for future 
(breakthrough) technologies (such as third generation solar panels or CCS), as 
well as the presence and characteristic of the high and/or low voltage 
transmission/distribution system. Furthermore, note that some technologies may 
be relevant for more than one sector. For instance, the penetration or type of 
domestic meters (smart, traditional) or household appliances has key 
implications both for the building sector and for the energy sector. In this respect, 
if similar overlaps emerge, there will be the need for careful co-ordination 
between sectoral case study leaders to define the boundaries of the analysis.  

In this respect, it is crucial to fully describe not only the technologies, but also the 
stage of development in which they are. Indeed, considerations on the stage of 
development are key to identify, describe and handle both enablers and barriers 
to transitions as discussed in Step C. In this respect, five phases of development 
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can be defined: the pre-development phase occurs when a prototype is produced, 
i.e. there is some first evidence that the new technology works. The development 
phase begins with the first commercial application of the new technology or when 
a given product is sold for the first time and enters the market without subsidy. 
The take-off phase occurs as the technology or product will is diffused on a larger 
extent. The acceleration phase indicates that the market grows, and the 
stabilization phase occurs when saturation is reached (Hekkert et al 2011) .  

Finally, the energy transition will not only require novel technologies, but also 
significant changes in business practices, non-tangible, tacit knowledge. 
Consideration regarding this type of innovations is crucial (Archibugi and Michie 
1997). Indeed, each technology is characterized by a specific type of knowledge 
(tacit or codified; process or product; general purpose or specific, and such). 
Similar considerations apply to all the sectors under consideration. 

2. Actors and networks  
Actors within a given innovation system are defined as the people, companies, or 
organizations that make decisions according to their own internal logic, as well as 
due to external pressures and factors, that lead (or do not lead) to innovation. 
Different type of actors within different sectors have different characteristics, 
motivations and strategies, which have to be appropriately described and 
understood (Malerba 2002). Examples of how actors within innovation systems 
differ are: Incumbent multinational companies; Small, niche entrepreneurs; 
Government departments or regulators; Consumers or citizens.  

NB: Note that institutions are also actors within an innovation. However, 
Institutions and Policies are discussed below in a different category. Provided 
they are described appropriately, institutions could potentially be included 
also in this part.  

An understanding of actors within a given innovation system can be gained 
through different means, for instance by engaging with industry associations, 
considering company directories and catalogues, as well as through an analysis of 
patent inventors and applicants and of patenting volumes/areas for each of the 
relevant actors/firms, bibliometric analysis to identify sources of knowledge, or 
interviews and discussions with technology or industry experts.  

Furthermore, the formal and informal networks, in which actors are organized, 
need to be described. While formal networks, such as trade, can generally be 
identified, informal networks may be harder to discover and describe. Interaction 
and semi-structured interviews with key actors in the innovation system may 
prove instrumental in this respect.    
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MAPPING TECHNOLOGIES AND INFRASTRUCTURE 
 

A. This step will require high coordination with T1.1 of INNOPAHTS 
B. The mapping of technologies and infrastructure for each sector will 

need to consider at least the four different countries selected for case 
studies (Italy, Germany, Poland and the UK) as well as the broader EU 
context.  

C. This step will be the responsibility of the sector-level case study 
leader, which will be required to share with other participants in T2.1 
the preliminary mapping of technologies and infrastructure by the 
end of month 10 (September 2017) 

 
Mapping the technologies in a given innovation system will require to:  
 Identify the key incumbent and novel technologies. Indeed, it will not only be necessary 

to highlight the technologies needed for the energy transition, but also those that will 
need to become obsolete. This is of paramount importance to identify winners and 
losers (producers and consumers) and to appropriately understand the challenges to 
the energy transition (Step D). 

 Describe technological trajectories. A technological trajectory is a single branch in the 
evolution of the technological design of a product/service. It is a set of technologies 
that consistently develop over time in certain direction through accumulation of 
knowledge takes place. Many different (and competing) technological trajectories can 
exist in a given sector. Each main technological trajectory should be described with 
respect to its maturity – experimentation, research, development, demonstration - 
(Hekkert et al. 2011). Of great importance if the extent to which a given technological 
trajectory is characterized by product and/or process innovation, and the 
combination of general purpose versus specialized knowledge for a given technology 
(Pavitt 1984, see Appendix A1). Note that this step is closely linked with the work 
included in the Technology Matrix (Task 1.1. in INNOPATHS) and is related to the 
concept of Technology Readiness Levels.  

 Identify complementary and substitute technologies, if any.   
 Describe the infrastructure in which technologies operate (or would need to be feasible) 

and in which they interact with other technologies. This includes, for instance, issues 
such as the need for generating back up technologies to support the penetration of 
variable renewable energy sources. 

 Describe the level of technology and market development (for each key technology or 
technology cluster): pre-development,  development,  take-off, acceleration or 
stabilization? 

 Evaluate the level of uncertainty around future technology outcomes. Does the 
literature provide consistent evaluation of future technological trajectories, or are 
there dissenting estimates? Is there any information about uncertainty about future 
technology development and costs? (note links to Task 1.1. in INNOPATHS).   
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MAPPING ACTORS AND NETWORKS 
Mapping actors and networks in a given innovation system qualitatively will require 
to  
 Focus on four key areas: demand (consumers, or firms requiring technology 

and/or inputs); supply (firms, innovators); research and education (including 
university, labs, etc); supporting institutions (banks, venture capital, business 
angels, innovation and company support) (Hekkert et al. 2011, Malerba 2002, 
Nelson 1993). 

 Consider the characteristics of each actor. For instance, in the case of innovating 
firms, it is crucial to characterize their size and technological diversification 
(Pavitt 1984), their innovation intensity (low, medium, high) and whether they 
are incumbent and newcomers, as well as potential winners and losers in light of 
the energy transition.  

 Identify the most consequential formal and informal networks in which the actors 
are organized. A key issue to be addressed is the geography of actors, namely 
paying attention to regional concentration, or to the internationalization of a given 
sector/technology. 

 Understand the extent to which the technology used in a sector is produced within 
the sector or sourced from another sector; the relative importance of intra-mural/ 
intra-sectoral versus extramural/extra-sectoral R&D  and knowledge, including 
cooperation with public research labs and universities (Pavitt 1984). 

 Describe each actor’s positioning within the value chain, when appropriate.  
 Focus not only to actors within a given technological system, but also to 

international actors able to shape the innovation trajectory. 
 Identify the presence of “niches”, namely ‘protected spaces’ such as R&D 

laboratories, subsidised demonstration projects, or small market niches where 
users have special demands and are willing to support emerging innovations. 
Niche actors (such as entrepreneurs, start-ups, spinoffs) work on radical 
innovations that deviate from existing regimes (Geels 2011). 
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3. Institutions and Policies.  
Within an innovation system, institutions are defined as the "rules of the game". 
Institutions can be formal (laws, regulations, policy incentives) or informal 
(habits, cultural practices/ expectations) (Lundvall 1992). Overall, institutions 
define and make up the framework that governs how the various actors interact 
with each other.  

In addition, the analysis should identify and describe the goals of institutions and 
policies, and the development of such goals over time. Institutional and policy 
goals are the vision of the institution/government/policy with respect to the 
societal contribution of specific technologies. These can be short- or long-term 
goals, and can be of very different nature: environmental goals, energy goal, 
economic goals, distributional goals (Hekkert et al 2011).  

For instance, the policy goals with respect to renewable energy technologies can 
be to contribute to CO2 emission reductions (environmental), to guarantee energy 
supply and reduction of fossil fuel dependency (energy) and to develop the value 
and promote the economic contribution emerging sectors in the economy 
(economic goal). One goal does not exclude the other but they can be different and 
they necessarily will have an effect on the evaluation of the functioning of the 
innovation system as well as on the identification of barriers to the energy 
transition. 

Only understanding the (stated or tacit) goal of institutions and policies it is 
possible to  (i) identify barriers to achieving this goal; (ii) understand if current 
institutions and policies indeed are in line with and operating towards sustainable 
development; and (iii) identify the changes necessary to align existing institutions 
and policies with sustainability goals.  

To ensure the compatibility of T2.1 with T2.5 (Policy Assessment Framework) 
in INNOPATHS, the analysis of different policies within each sector should be 
based on the framework developed under  T2.5, which is implemented to 
assess policy instruments within the INNOPATHS project. (See Appendix B as 
well as the T2.5 draft, available from L.D. Anadon.) 
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  MAPPING INSTITUTIONS 
As argued above, this part of the analysis of the elements of the innovation system should 
always be concerned with identifying the goals of institutions and policies. Having said 
this, two type of institutions can be identified. 
Formal (hard):  
 State capacities and institutions (Cherp et al. 2016). Each member state is 

characterized by a different institutional set up, with some institutional bodies 
having more power than others (for instance, the German political system with a 
Chancellor, as opposed to the French presidential system, or the Italian 
parliamentary system). This includes also the bureaucracy of a given state, its 
functioning, as well as a consideration of how responsibilities are shared across 
different local, regional and national bodies.   

 General R&D grants and programmes. These include, for instance, EU roadmaps or 
technology investment strategies. These are generally broad arrangements which 
are later implemented through specific policy mechanisms 

 Specific policy mechanisms. This includes a classification of policy instrument by 
type (based on the criteria put forward in Task 2.5 Policy Assessment Framework, 
see Appendix B) for each sector, a categorization and description of policy 
instruments along this classification.  

 Market arrangement. These are defined as the structures that incentivize the 
production and sale of the product concerned, how these are operated and regulated. 

Informal (soft):  
 Overarching national and supra-national strategies. In the EU case, this includes not 

only the overall national strategy of each member state, but also the constraints on 
each members due to their belonging to the EU and the need to coordinate their 
policies with those of other members 

 Sustainability considerations. Note that, as argued in Stirling (2009) and Geels 
(2011), sustainability is an ambiguous and contested concept. There will therefore 
be wide disagreement on the directionality of sustainability transitions and on the 
(dis)advantages of particular solutions and the most appropriate policy instruments 
or packages. 

 Cultural values and expectations by the public. These are culturally learned 
expectations of what a given technological system/sector or country is supposed to 
deliver, as well as ideologies of what the "correct" way of operating the sector is (e.g. 
lowest cost, on-demand electricity; large choice of food from the agricultural sectors 
through to local stores or direct home delivery) 

 Specific vested interests by actors within the system. This includes political 
“ideologies”, political acceptability and lobbying. In addition to overall, widely-
accepted values, different technologies/sectors or countries often take choices 
regarding the innovation system under pressure from overall political acceptability 
not only of a given level of regulation and government intervention (e.g. if political 
choices should be taken at the local, regional or national level) but also of the types 
of acceptable technologies (e.g. the choice of Italian citizens to make the use of 
nuclear power illegal in Italy), as well as by specific groups and interest which want 
to shape coordination or ownership within a given sector/country (whether the 
transport system should be public or privatized). 
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4. Describing the functioning of the different actors in the innovation system  
The elements identified in the innovation system (Technologies, infrastructures 
and knowledge, Actors and networks, Institutions and Policies) interact and co-
exist, shaping the innovation system within each technology, sector and country. 
In order to analyze their interactions, we propose a set of diagnostic questions 
which are loosely based on the insights from the functions of innovation approach 
proposed by Hekkert et al. (2011).  

This set of key questions/aspects should be addressed in each of the case study 
(sectoral and national) using a combination of desk research and stakeholder 
interaction, relying on experts in the field through communication and interviews.  

Questions/aspects for consideration: 
 
INNOVATING ACTORS: Are there sufficient industrial actors in the innovation 
system? Do they focus sufficiently on large scale production? Do these actors act as 
barriers for further developments of the Innovation System?  
 
KNOWLEDGE DEVELOPMENT AND EXCHANGE: Is there sufficient innovation? Is the 
quality of knowledge sufficient? Does it fit the needs of the innovation system? Is 
there enough knowledge exchange between science, industry and users? Are there 
bottlenecks to knowledge exchange?  
 
ACTORS’ VISION AND EXPECTATION: Is there a clear vision for this 
technology/sectors in terms of both industrial design and goals? Are the different 
actors within the innovation system aligned? What are the overall expectations of 
development? Are the specific policy goals? [RECALL THAT ACTORS INCLUDE 
demand (consumers, or firms requiring technology and/or inputs); supply (firms, 
innovators); research and education (including university, labs, etc); supporting 
institutions (banks, venture capital, business angels, innovation and company 
support)] . 
  
MARKET FORMATION AND GOVERNANCE PROCESSES: is the (potential) market 
sufficiently large? Are there principal drivers or barriers in the policy instruments 
landscape? Are there administrative barriers? 
 
RESOURCES AND SUSTAINABILITY: Is there a sufficient amount of material, human 
(labor) and financial resources? Is the infrastructure developed enough or does it 
represent a barrier? Comment on aspects related to sustainability and sustainable 
development.  
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C. SUMMARIZING LESSONS LEARNED AND DRAFTING KEY POLICY 
IMPLICATIONS 

 
The analysis of the major elements of the innovation system and their functioning 
should give rise to the identification of key enablers and barriers of technology 
development. These can emerge because one of the key elements of the innovation 
system is missing or not adequate to support the transition, or because the various 
actors are not functioning appropriately (Hekkert et al. 2011). Further, in the 
context of T2.1, barriers and enables could emerge because a given sector, and its 
value chain, spans several countries.  
 
Note that many of the technologies/sectors under analysis are built as 
unsustainable systems that are grounded in various lock-in mechanisms (e.g. scale 
economies, sunk investments in machines, infrastructures and competencies) and 
embedded in institutional commitments, shared beliefs and discourses, power 
relations, and political lobbying by incumbents (Unruh, 2010) as well as consumer 
lifestyles and preferences which are adjusted to existing technical systems (Geels 
2011). These mechanisms give rise to strong path dependencies and make it 
difficult to transition to more sustainable systems. So, as Geels (2011) argues, “the 
core analytical puzzle is to understand how environmental innovations can 
emerge and how these can replace, transform or reconfigure existing systems”. 

By identifying where the problems are within the system the barriers can be 
removed. By identifying the major enables, policy recommendations which 
capitalize on such enablers can be drafted. Enablers and barriers can be sector- or 
country-specific, or common to several sectors and countries (e.g. EU-level and 
supranational).  

The list of barriers will be compiled within each case study, and will successively 
be reviewed jointly with the task leader and the leads of all other case studies. 
Further, given that INNOPATHS is strongly grounded in co-design, the interaction 
with stakeholders at each partner meeting as well as during the life of the project 
will allow to collect feedback from stakeholders. Thus, cross-case analysis will be 
used to extract barriers specific to countries or sectors, or crosscutting. 
 
After the sectoral and country case studies have been carried out, CMCC will 
summarize the results of the research with the aim of comparing the different 
sectors and countries. Identification of similarities and differences across case 
studies will highlighting the major enablers and barriers to the energy transition, 
and will provide important insights to develop policy recommendations.  
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Illustrative example.  
 
Suppose that the case studies in the energy sector are: solar panels in Germany and 
Poland, Wind turbines in Italy and the UK.  

In part A, researchers will argue that these technologies are interested, deserved to 
be studied, and are important for the decarbonization of the EU.  

In part B, researchers will help identify the key (sub) technologies in these system 
(for solar: solar PV versus CSP versus solar heating), they key actors (for solar: solar 
panel producers, customers/consumers, lobbying associations, developers of solar 
panels, developers of competing technologies – eg. gas based technologies, etc. ), the 
key institutions and policies (feed-in-tariffs versus green certificates or renewable 
energy standards, national and EU level legislations, national development agencies, 
Ministry of the Energy and the Environment, etc). The y will also describe how they 
different elements of the innovation system interact using the set of questions 
presented above.  

In part C, the reserachers will summarize lessons learned and the major enables and 
barriers.  

Then, CMCC will summarise the results from all case studies.  

In order to support the drafting of the case studies, leaders should refer to the 
document SAMPLE_DRAFT_CASE_STUDY, which was developed to help them ensure 
all the necessary aspects are addressed. While this document is not binding in terms 
of formatting, it includes mention to all the key aspects that need to be analyzed and 
for which evidence needs to be discussed.  
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Appendix A. 

A1. The Pavitt’s (1984) taxonomy 

 

 
 
 
Source: Pavitt (1984) 
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Appendix B. 

B1. Classification of policy instruments from T2.5 of INNOPATHS  

Source: draft of T2.5 within INNOPATHS (please make sure to cite source!!!) 
 

 



Suggested text for T2.1 sectoral leaders 
 

Dear T2.1 sectoral and national (EU) leaders,  

Below the overdue response to the proposal of scrapping part C from the current T2.1 Framework (where Part 
C is the one that uses the functions of innovation approach to describe the functioning of the system). 

Paul Drummond and I have worked to revise the framework to take into account Benjamin’s comment and to 
streamline it a little. To do so, we have deleted Part C which was based on the functions of innovation 
approach. We have however enriched part B (“mapping”) with an extra sub-section, where you are required to 
describe how the different parts of the innovation system interact together. To do so, we have provided a set 
of “diagnostic” questions that are loosely based on/inspired by the functions of innovation approach, but which 
are much more flexible.  

We hope you will find, as we do, that this improves the framework and that it will be more easily 
implementable from your side. Also, to support you in developing the case study, we have provided you with a 
document called “Sample_Draft_Case_Study”. This is a proposal on how you could possibly structure the case 
study. While it is not binding (you can surely organize your work and output as you please) note that the 
document highlights specifically the guiding questions/issues to be addressed in each section. All these will 
have to be considered in the final analysis.  So, please, if you choose to give the case study your own 
structure, please make sure to consider all the aspects you are required to analyze/comment on.  

Please also remember that the case studies should include both desk research as well as primary research, and 
the interaction with/collection of information from stakeholders is highly recommended.  

Do not hesitate to let me know if you see any issue with this new revised framework. It is supposed to make 
your life easier, please point out any difficulties that you see. However, since we now need to start the analysis, 
please provide me your feedback by January 30th at the latest. After this date, we will not be able to 
incorporate changes, and the framework will be considered almost “set in stone”.  

Finally, let me also remind you that, according to the timeline we agreed on, you need to circulate a first draft 
of the case study to the national leaders by the beginning of April. To this end, you are all asked to provide me 
with a draft of Part A (see attached sample doc) as well as a draft mapping of the Policies and Institutions, 
with a particular emphasis on policies, by March 30th. The simple mapping of policies should be done following 
the classification that is provided by T2.5 (included in both documents I am circulating).  

I will be also setting up a doodle for the next Task phone call.  

Thank you, and I am looking forward to hearing from you on this.  

Best, 

e 

 

 



Sample case study 
 

 

Low carbon innovation 

in [the Electricity  Sector]: 
 

 

A. PART A (i.e. Introduction) 
This section should cover the following 

• A clear definition of the boundaries of research for the case study. Specifically, each sectoral case study 
cannot be expected to cover a full sector. Therefore, in the introduction, the specific focus of research. 
Example: for the energy sector, the case study leader can decide to focus on renewables, or low carbon energy 
production (renewables plus CCS plus nuclear) or only solar, or wind. This should be justified (for instance, 
based on potential in terms of carbon emission reductions, or presence of particularly though challenges, or 
the fact that a given part of the sector is crucial and little studies in other literature. (Minimum length: 1 to 2 
paragraphs) 

• A description of the importance of the sector for decarbonisation. This includes energy consumption 
and carbon emissions, as well as a summary of the role this sector is expected to play in the decarbonisation 
(based, for instance, on EU roadmaps, or IEA predictions, or other similar info. It is important to focus on the 
sector as a whole, but also to provide information regarding the four countries for case studies and at the EU 
level. (Minimum length: 3 to 4 paragraphs) 

 

B. PART B (Case study)  
In the case of the Electricity Sector, two technologies will be explored: solar PV (Germany and Italy) and Wind 
(Poland and the UK). In drafting the case study, explicit consideration should be given to the following 
aspects/questions using a combination of desk research and interaction with stakeholders (interviews, etc.) 

 

1. SOLAR PV: Germany 

i. Identification of key elements of the innovation system in the [electricity sector] 
 

Technologies and infrastructure 

Which are the incumbent and novel technologies in this specific case? Which technologies will become 
obsolete? Which ones are complementary  

Can specific technological trajectories be described? What is their level of maturity (i.e. experimentation, 
research, development, demonstration)? Is there significant innovation activity (including patenting/product or 



process innovation, etc.)[Note that this step is closely linked with the work included in the Technology Matrix 
(Task 1.1. in INNOPATHS) and is related to the concept of Technology Readiness Levels.] 

Should any relevant infrastructure be considered in the case study?   

What is the level of technology and market development (for each key technology or technology cluster): pre-
development,  development,  take-off, acceleration or stabilization? 

Are there estimates of the level of uncertainty around future technology outcomes?. Does the literature provide 
consistent evaluation of future technological trajectories, or are there dissenting estimates? Is there any 
information about uncertainty about future technology development and costs? (note links to Task 1.1. in 
INNOPATHS).   

Actors and networks 

Case studies should consider four key different types of actors and networks: demand (consumers, or firms 
requiring technology and/or inputs); supply (firms, innovators); research and education (including university, 
labs, etc); supporting institutions (banks, venture capital, business angels, innovation and company support) 
(Hekkert et al. 2011, Malerba 2002, Nelson 1993). 
 
For each actor, specific characteristics should be considered. For instance, in the case of innovating firms, it is 
crucial to characterize their size and technological diversification (Pavitt 1984), their innovation intensity (low, 
medium, high) and whether they are incumbent and newcomers, as well as potential winners and losers in light 
of the energy transition.  
 
What are the most consequential formal and informal networks in which the actors are organized? A key issue 
to be addressed is the geography of actors, namely paying attention to regional concentration, or to the 
internationalization of a given sector/technology. 
 
To what extent is the technology used in a sector is produced within the sector or sourced from another sector? 
What is the relative importance of intra-mural/ intra-sectoral versus extramural/extra-sectoral R&D  and 
knowledge, including cooperation with public research labs and universities (Pavitt 1984)?. 
 
What is each actor’s positioning within the value chain? 
 
Are there key international actors who shape the innovation trajectory? 
 
Are there “niches”, namely ‘protected spaces’ such as R&D laboratories, subsidized demonstration projects, or 
small market niches where users have special demands and are willing to support emerging innovations? Niche 
actors (such as entrepreneurs, start-ups, spinoffs) work on radical innovations that deviate from existing 
regimes (Geels 2011). 
 

Policies and Institutions  

The goals of institutions and policies should be identified. Specifically, the case study should consider both formal 
(hard) and informal (soft) institutions. 

Capacities and institutions should be described (Cherp et al. 2016). Each member state is characterized by a 
different institutional set up, with some institutional bodies having more power than others (for instance, the 
German political system with a Chancellor, as opposed to the French presidential system, or the Italian 



parliamentary system). This includes also the bureaucracy of a given state, its functioning, as well as a 
consideration of how responsibilities are shared across different local, regional and national bodies.   
 
Are there general R&D grants and programmes? These include, for instance, EU roadmaps or technology 
investment strategies. These are generally broad arrangements which are later implemented through specific 
policy mechanisms 
 
Can specific policy mechanisms be identified? PLEASE REFER TO THE CATEGORIZATION OF POLICY 
INSTRUMENTS AS PRESENTED IN THE T2.5 DOCUMENT, ALSO REPORTED HERE IN APPENDIX B. 
 
The market arrangements should be described. These are defined as the structures that incentivize the production 
and sale of the product concerned, how these are operated and regulated. 
 
Are there overarching national and supra-national strategies. In the EU case, this includes not only the overall 
national strategy of each member state, but also the constraints on each members due to their belonging to the 
EU and the need to coordinate their policies with those of other members. 
 
Are sustainability considerations addressed? Note that, as argued in Stirling (2009) and Geels (2011), 
sustainability is an ambiguous and contested concept. There will therefore be wide disagreement on the 
directionality of sustainability transitions and on the (dis)advantages of particular solutions and the most 
appropriate policy instruments or packages. 
 
Cultural values and expectations by the public should be described/analyzed. These are culturally learned 
expectations of what a given technological system/sector or country is supposed to deliver, as well as ideologies 
of what the "correct" way of operating the sector is (e.g. lowest cost, on-demand electricity; large choice of food 
from the agricultural sectors through to local stores or direct home delivery) 
 
Can specific vested interests by actors within the system be identified? This includes political “ideologies”, political 
acceptability and lobbying. In addition to overall, widely-accepted values, different technologies/sectors or 
countries often take choices regarding the innovation system under pressure from overall political acceptability 
not only of a given level of regulation and government intervention (e.g. if political choices should be taken at the 
local, regional or national level) but also of the types of acceptable technologies (e.g. the choice of Italian citizens 
to make the use of nuclear power illegal in Italy), as well as by specific groups and interest which want to shape 
coordination or ownership within a given sector/country (whether the transport system should be public or 
privatized). 
 
 

ii. Description of how the different element interact/work together.  
 

Each  case study should address the following points and related diagnostics questions [PLEASE BE SURE TO 
ADDRESS EACH OF THIS POINTS TO SOME LEVEL]: 

INNOVATING ACTORS: Are there sufficient industrial actors in the innovation system? Do they focus sufficiently 
on large scale production? Do these actors act as barriers for further developments of the Innovation System? 
[RECALL THAT ACTORS INCLUDE demand (consumers, or firms requiring technology and/or inputs); supply 
(firms, innovators); research and education (including university, labs, etc); supporting institutions (banks, 
venture capital, business angels, innovation and company support)] . 
 



KNOWLEDGE DEVELOPMENT AND EXCHANGE: Is there sufficient innovation? Is the quality of knowledge 
sufficient? Does it fit the needs of the innovation system? Is there enough knowledge exchange between 
science, industry and users? Are there bottlenecks to knowledge exchange? Is the innovation system 
characterized by experimental and learning-oriented innovation & entrepreneurship, or rather (low-risk) 
incremental innovation? Please comment on the 'direction' of innovative activities within the sector/technology 
field (for instance, an extremely simple measure of this would, but not the only one, be the share of patents in 
that sector/technology field that are "green")? 
 
ACTORS’ VISION AND EXPECTATIONS: Is there a clear vision for this technology/sectors in terms of both 
industrial design and goals? Are the different actors within the innovation system aligned? What are the overall 
expectations of development? Are the specific policy goals? Describe (if any) the political activities associated 
with the emerging innovation system - i.e. the extent to which the system can lobby and overcome resistance to 
change. Do sustainability concerns play a role?  [RECALL THAT ACTORS INCLUDE demand (consumers, or firms 
requiring technology and/or inputs); supply (firms, innovators); research and education (including university, 
labs, etc); supporting institutions (banks, venture capital, business angels, innovation and company support)] . 
  
MARKET FORMATION AND GOVERNANCE PROCESSES: is the (potential) market sufficiently large? Are there 
principal drivers or barriers in the policy instruments landscape? Are there administrative barriers? 

RESOURCES: Is there a sufficient amount of material, human (labor) and financial resources? Is the 
infrastructure developed enough or does it represent a barrier? 

 

iii. Main lessons: barriers and enablers 
 

Please identify and discuss the key enables and the main barriers with in the innovation system in each specific 
case.  

  

2. SOLAR PV: Italy 

[the structure outlined above should be reproduced] 

3. Wind: Poland 
[the structure outlined above should be reproduced] 

4. Wind: the UK 
[the structure outlined above should be reproduced] 

5. The EU case study 
[the structure outlined above should be reproduced] 

 

C. Cross cutting lessons for sector/technology 
 

Please identify and discuss the key enables and the main barriers common to all the countries you analyzed (if 
applicable) 
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1 Introduction 

To stabilise the global climate, large-scale deployment of negative emissions technologies (NETs) is needed. 

Indeed, most scenarios for which the global atmospheric temperature increase is kept within 2°C from pre-

industrial levels – the goal of the Paris Agreement – assume deep CO2 removals in the second half of this century. 

CO2 removals will be necessary to compensate for residual emissions from sectors where mitigation is costlier and 

to recover from an overshoot of greenhouse gas (GHG) emissions (Minx et al., 2018, Smith et al., 2016, Woolf et 

al., 2016).1 Different categories of NETs exist: industrial processes, such as bioenergy with carbon capture and 

storage (BECCS), direct air carbon capture and storage, and ecosystem management approaches. The biochar 

system for climate mitigation (BS) belongs to the last category, which also includes afforestation and reforestation, 

soil carbon sequestration via farming practices (e.g., minimum-tillage, permanent soil cover), blue carbon, 

enhanced weathering and ocean fertilization, among others (Nemet et al., 2018). Over the past dozen years the BS 

has received ever increasing attention. Consistent with this trend, in 2018, the Intergovernmental Panel on Climate 

Change (IPCC) indicated for the first time biochar – the BS – as a promising NET (IPCC, 2018).2 

Biochar is a solid carbon-rich material obtained from the heating of biomass in the (near) absence of oxygen 

– and hence without generation of CO2 emissions – in a process called pyrolysis. It can be made from different 

                                                 
1 In the IPCC’s Fifth Assessment Report, of the 116 scenarios (out of about 900) with a 66% or higher chance of limiting 
global warming to 2°C b, 101 include NETs, mostly BECCS, in the technology mix for the second half of the 21st century. 
Across these scenarios, the median commitment to CO2 removals from BECCS in 2100 is about 12 billion tons of CO2 per 
year, equivalent to over one fourth of current CO2 emissions (Field and Mach, 2107). 
2 Apart from afforestation, BECCS was the only NET included in the mitigation scenarios in the IPCC’s Fifth Assessment 
Report (IPCC, 2014).  



feedstocks, such as wood, straw, green waste, the organic fraction of municipal solid waste, sewage sludge, animal 

manure, digestates. When obtained from wood biomass, biochar is indistinguishable from charcoal.3 The 

difference essentially is in the use of the two: while charcoal is made to be burnt as a fuel, the typical use of biochar 

is as a soil amendment (/ improver / enhancer). Crucially, when applied to soil, most of the biochar remains there 

in a stable form for hundreds or even thousands of years.4 The BS thus refers to the cycle in which carbon is first 

captured from biomass through the biochar production process and, then, the same biochar is used for improving 

agricultural soil, or for any other purpose that does not involve its rapid mineralisation to CO2
5. Since the result of 

this capture-and-storage cycle is a long-term removal of CO2 from the atmosphere, the BS qualifies as a NET.6 

Two key aspects of both the BS concept and its economics are the following. First, syngas, bio-oil and process 

heat are three biochar co-products which can be used as renewable energy sources. If so, in addition to carbon 

storage, realised through biochar use, these co-products can reduce CO2 emissions by displacing fossil fuels in 

energy generation. Second, the economic value of biochar extends beyond carbon storage. The value of biochar 

also includes that of improved soil conditions and of resulting greater agricultural yields as well as the value of 

possible additional or alternative uses. 

 

                                                 
3 Pyrolysis of non-woody feedstocks typically produces a material that is not comparable to charcoal but can be defined as 
biochar. 
4 Precise estimates of mean residence time in soil are difficult to make and, as yet, there is no agreed-upon methodology for 
calculating the long-term stability of biochar (Bruun et al., 2016). 
5 The process by which carbon locked in organic molecules is converted into CO2 gas is called mineralisation. The speed of 
mineralisation varies greatly depending on soil temperature – a higher temperature is more conducive to microbial growth 
than the lower temperatures in temperate climates. This is the main reason why soil organic carbon levels are generally 
higher in cooler climates. 
6 In addition to long-term carbon sequestration, biochar application to soils has been shown to reduce GHG soil emissions 
of nitrous dioxide (N2O) and methane (CH4) (Bruun et al., 2016). 



Figure 1 – Overview of the BS concept. 

 
Source: Woolf et al. (2010). 

 

Figure 2 – Main impacts of the BS on GHG fluxes. 

 
Source: Woolf et al. (2018). 

 

Soils are central in the BS, as being the canonical place for captured carbon to be eventually stored. In 

general, soils can be regarded as a sort of double-edged sword for climate mitigation. That is, they can be positive 

or negative contributors to GHG atmospheric concentrations, depending on the direction of the variations in their 

carbon content. Soil organic carbon is one important element of the carbon cycle, through the soil, vegetation, 



ocean and the atmosphere.7 There is more carbon in the first meter of soil than in the atmosphere and terrestrial 

vegetation combined. Therefore, an increase in soil organic carbon content as low as a few percentage units can 

constitute an important sink for atmospheric CO2. By the same token, however, a small percentage loss of carbon 

from soils can be an obstacle to achieving ambitious climate mitigation targets (FAO, 2017). Accordingly, climate 

mitigation strategies increasingly consider soil organic carbon. The first preoccupation regards the reduction of 

carbon losses from soils due to agriculture, which is a historical trend (Sanderman et al., 2017). At the same time, 

however, there is increasing interest in the possible future contribution of soils to realising negative CO2 emissions 

(Paustian et al., 2016), which is the promise of the BS. 

At the global level, the negative emission potential of the BS, the biochar being used sustainably as a soil 

improver, has been estimated to be between 0.7 and 1.8 GtC-eq per year (Woolf et al., 2010; Smith, 2016), which 

corresponds to about 4-8% of current global GHG emissions.8 At the EU level, the estimated carbon sequestration 

potential of the BS is substantially smaller in relative terms, but still significant. Estimates carried out under the 

EUROCHAR project indicate levels equal to 5-6% of EU-28 transport emissions (reference year 2012).9 

Moreover, most important, the BS is a potentially attractive option not only for climate mitigation but also for its 

contribution to other multiple sustainable development objectives. 

While awareness seems to be rapidly increasing about the potential offered by the BS for climate mitigation 

and more generally for sustainable development, current institutional frameworks and hence policies throughout 

the world lag behind. This delay is salient for the EU, given its ambition to be leader in the global fight against 

climate change. It is an issue that concerns NETs in general (Geden et al., 2018), but arguably it is particularly 

relevant in the case of the BS considering the maturity level of the technology. On the other hand, we do observe 

that more concrete steps have recently been taken at the EU level which go in the direction of accommodating and 

probably supporting the future uptake of the BS. Related to this, to give an idea of current expectations about the 

development of the biochar industry, it has been estimated that globally the market for biochar will grow from less 

than $0.5m, in 2016, to over $15m, in 2025 (TMR, 2017). 

  

2. Elements of the innovation system  

2.1 Technologies and infrastructures 

Incumbent and novel technologies 

Biomass pyrolysis is the basic technology to produce biochar. Slow pyrolysis, characterised by slow heating rates 

(up to 100°C/min) for heating the feedstock to peak temperature (250-700°C), is the pyrolysis mode that maximises 

                                                 
7 Soil organic carbon is a measureable component of soil organic matter. Soil organic matter makes up just 2-10% of most 
soil's mass and has an important role in the physical, chemical and biological function of agricultural soils. Soil organic 
matter contributes to nutrient retention and turnover, soil structure, moisture retention and availability, degradation of 
pollutants, carbon sequestration and soil resilience. 
8 Larger industrial-scale biochar carbon storage is conceivable, but its environmental impacts and costs require scrutiny 
(Hansen et al., 2017). 
9 https://cordis.europa.eu/project/rcn/97271/reporting/en. 

https://cordis.europa.eu/project/rcn/97271/reporting/en


the biochar yield.10 Crucially, biochar production offers valuable co-products, namely syngas, bio-oil and process 

heat. Used in substitution of fossil fuels, they add value to biochar production and more generally to the BS. Other 

mature technologies, most notably fast pyrolysis and biomass gasification can be used to produce biochar and its 

co-products in differing proportions.11 The resulting wide range of options implies that the economically optimal 

choice of a technology, including the scale and sophistication level of the plant, critically depends on how the uses 

of biochar and its co-products are valued. For this reason, the choice of a biochar production process is very much 

context dependent (Masek et al., 2016; Joseph et al., 2015). 

While biomass pyrolysis is well understood, there are still unknowns when it comes to production of 

bespoke biochar. The main challenges relate to producing biochar with exact desirable properties and stability, as 

an integral part of systems for co-production of biochar, energy and/or chemicals. Making biochar a useful material 

for agriculture, or for other specific purposes, requires a detailed understanding of the relationship between 

feedstock properties, conversion process parameters and the end use of the resulting biochar. Future R&D needs 

to focus on production of biochar with properties specifically suited for its intended application, in a way that is 

environmentally sustainable and economically viable. 

 

Figure 3 – Co-products of biomass pyrolysis and their uses. 

 
Source: Schmidt (2018). 

 

 

Which technologies will become obsolete or complementary?  

                                                 
10 Slow pyrolysis has been utilised for various outcomes, such as charcoal or wood vinegar production, for thousands of 
years. Fast pyrolysis, which uses fast heating rates (10-200°C/second) to maximise the yield of liquid products, was 
introduced only in the second half of the twentieth century.  
11 Fast pyrolysis and gasification are mature technologies that can be used to produce biochar. A number of other pyrolysis 
technologies have been proposed for biochar production (Masek et al., 2016). 



It cannot be clearly anticipated that the diffusion of the BS would entail the replacement of any technology 

currently in use. It is not unconceivable that one or more of the possible uses of biochar may make a pre-existing 

technology obsolete, but at present these biochar applications are still far from wide diffusion. Also, it seems more 

plausible that future uses of biochar in different sectors would only partially replace older technologies. This 

applies to the primary use of biochar as a soil amendment too. That is, biochar would only partially replace other 

soil improvers or fertilisers. Rather, new technologies may be introduced with the diffusion of the BS. For example, 

technological developments can be expected for optimising control of biochar characteristics.12 Further, new 

technologies or methods will most likely be developed for measuring sequestered carbon in soils in more accurate 

or efficient ways (Rumpel et al., 2018). 

On a different level, the BS may become a competitor of other NETs, most notably BECCS. Compared to 

BECCS, which involves energy production from biomass coupled with CCS, the BS, while also producing energy 

as a co-product, primarily produces biochar for carbon farming and possibly for other purposes preventing its rapid 

mineralisation. While partially differing in the transformation of biomass and its ultimate uses, both BECCS and 

the BS rely on biomass as their basic raw material. Therefore, the two technologies may compete for biomass 

resources.13 From a purely economic perspective, “who wins” in this competition depends on the remuneration of 

the respective outcomes. Using numerical simulations, Woolf et al. (2016) assess the average relative 

competitiveness of BECCS, BS and simple bioenergy (BE) (i.e., biomass energy without CCS) as a function of 

the carbon price level (and other relevant variables) for large-scale deployment scenarios. The authors show that, 

despite BECCS offering twice the carbon sequestration and bioenergy per unit biomass, the BS may allow earlier 

deployment of CO2 removals at lower carbon prices when –this is key – long-term improvements in soil fertility 

offset biochar production costs. For carbon prices above $272/tCO2 (approx.), BECCS is most frequently the most 

economic biomass-based technology for climate mitigation. For carbon prices below $272/tCO2, the BS is the 

most cost-effective technology only where biochar significantly improves agricultural yields, with BE being 

otherwise preferred. Important insights of these results are: first, the value of soil fertilisation, which however is 

highly variable across lands and crops, can be decisive; second, the BS could play an important role especially in 

the earlier phase of climate stabilisation.14 

 

                                                 
12 The liquid and gaseous co-products of pyrolysis present both challenges and opportunities for the successful development 
and operation of biochar production technologies. Not only does the type of pyrolysis technology selected for biomass 
processing have a significant impact on the product distribution, but it also impacts the quality and potential value of the 
product streams. In general terms, when a pyrolysis process is optimised for biochar production, as with slow pyrolysis, the 
liquid and gas co-products suffer in quality and pose special extraction and/or handling problems. 
13 The importance of BECCS in climate change mitigation scenarios has raised questions about the technical feasibility of 
large-scale deployment. In a recent study, Heck et al. (2018) show that large-scale BECCS would most likely steer the 
Earth system closer to the planetary boundary for freshwater use and lead to further transgression of the planetary 
boundaries for land-system change, biosphere integrity and biogeochemical flows. 
14 Moreover, because biochar removes carbon for hundreds but probably not for many thousands of years, some regard it as 
part of the “bridge” that takes us to a sustainable low-carbon energy future based upon renewable energy or other low-
carbon energy supply options over the next 30 to 100 years (Fuss et al., 2018). 



Technological trajectories, innovation activity 

Slow biomass pyrolysis is a simple and literally ancient technology. Indeed, it has been discovered that still very 

well visible carbon-rich soils (‘Terra preta’, in Portuguese) in areas of the Amazon region are the result of 

pyrolysed biomass applied to soils as a fertiliser for centuries, starting over two thousand years ago (Glaser and 

Woods, 2004). In this sense, the basic technology to produce biochar is more than mature… However, today, of 

course, many standards that certify the composition and safety of biochar produce need to be met. Thus, achieving 

perfect control of the feedstock selection, the production process and the resulting output (as well as perfect 

understanding of the wider implications of the BS) is central. 

As already said, slow pyrolysis is not the only technology that can be used to produce biochar. Other mature 

technologies, most notably fast pyrolysis and gasification can be used to produce biochar and its co-products in 

differing proportions. Common biomass gasifiers already produce char as a co-product (the main product being 

syngas in this case), with very limited production of CO2 emissions. In the absence of specific regulation for its 

uses, however, this char is waste to dispose. While biomass gasifiers maximise the yield of gas and minimise the 

char residue, pyrolysis plants can produce char, gas and oil. Both optimisation of the proportions of the three 

products (depending on the market value of each) and perfect control of the chemical properties of the char in the 

pyrolysis process are the areas where technological advancement is most needed. Progress in these areas has been 

taking place, as proved also by the increasing number of patents (Lehmann and Joseph, 2015). Still, according to 

Shackley (2016), significantly more R&D will be required to design and manufacture efficient, affordable 

equipment which can generate biochar and its energy by-products. 

Pyrolysis and gasification systems vary from small bench-top batch systems to large-scale continuous 

facilities with feedstock input rates between 1 and 10 tonnes per hour. In general, a dominant design for the 

technology of biochar production has yet to be established (Shackley et al., 2015).15 Also, because many different 

types and variants of biochar production systems exist, taken together they span almost the entire Technology 

Readiness Level (TRL) range (Sesko et al., 2015).16 Importantly, however, some models have reached the stage 

of commercialisation, in the sense that several units have already been sold to buyers who then use biochar and 

the co-products that they self-produce. For example, names of companies producing units for large-scale biochar 

production are Carbon Terra (Germany), Black is Green (Australia), Pyreg (Germany), Fluid S.A. (Poland), among 

others.  

 

Infrastructures  

                                                 
15 Here, Shackley et al. (2015) assume that traditional technologies of charcoal production are not the appropriate reference 
point for considering biochar production costs. 
16 As a concept originally developed by NASA, the TRL stands for a systematic measurement system to assess the maturity 
of a technology. Such method is set on a scale from 1 to 9 (1 being the lowest readiness level, while 9 being the highest 
one), pointing out whether a technology is still at an early-stage kind of development or it is ready to be commercialised. 



Transport infrastructure is the most relevant type of physical infrastructure for the BS. The BS necessarily needs 

a transport infrastructure connecting the source location of biomass feedstocks and the places where biochar is 

produced and then used. Transport costs are an important variable in cost-benefit analyses of the BS (e.g., Ahmed 

et al., 2012). However, the construction of new transport infrastructure for the specific purpose of expanding the 

BS is generally not considered. In fact, some of the literature stresses that the BS will be most economically viable 

as a distributed system with low transportation requirements (Roberts et al., 2010). 

 

Uncertainty about future technology development and costs 

The main technology-related uncertainties of the BS appear to regard a) optimisation of production of biochar and 

its co-products, b) perfect control of biochar characteristics, and c) the effectiveness of different types of biochar 

in boosting the yield of different crops under different local conditions (more on this below). Valorisation of 

biochar through additional or alternative uses to soil amendment is a fourth area where more research is needed. 

Furthermore, according to Shackley et al. (2015), some of the greatest uncertainties in biochar cost-benefit 

analyses arise in the specification of capital and operating costs of pyrolysis equipment. Not surprisingly, 

companies are generally reluctant to share information on their production costs. There is a very wide range of 

values, arising from different scales, conversion efficiencies, designs and materials. More specifically, concerning 

trajectories of future technology costs, authors are cautious. Shackley et al. (2015) do not subscribe to the general 

rule whereby capital costs would be reduced by 20% for every doubling of the number of plants constructed. They 

simply say that capital costs will probably decrease as the technology becomes more mature.  

Significant uncertainty still exists about the value of biochar as a soil amendment, which is generally the 

primary intended use of biochar. The shortage of long-term well-designed field studies on the efficacy of biochar 

and biochar-compost mixtures on different soil types and agro-climatic zones still limits the understanding of 

biochar’s potential to enhance crop production.17 Though quite an active international network already exists, 

greater collaboration between researchers, biochar producers, and policymakers is needed to further advance the 

research and uptake of the BS at a global scale (Agegnehu et al., 2017). Finally, related to the question of the 

effectiveness of biochar as a soil improver, R&D is under way to produce mineral and organic-enriched biochars 

that can provide similar or greater benefits than existing chemical and organic fertilisers.  

 

2.2 Actors and networks  

Demand, supply, research and education, supporting institutions  

                                                 
17 “In order to use biochar as an agronomic input its agricultural value must outweigh its energy value. Overall, the expected 
economic gains through yield increases and avoided agricultural inputs are some of the most uncertain benefits within a BS, 
and yet they are often the most crucial in determining whether biochar is a desirable agricultural input from a farmer’s point 
of view. Studies comparing biochar’s yield gains and fertilizer use efficiency benefits to other available agricultural 
technologies are scarce and will be essential in future to informing farmers of the relative costs and benefits of biochar” 
(Shackley et al., 2015). 



In the BS, the supply side is represented by the producers of biochar and of biochar production technologies. The 

demand side is represented by the users of biochar, that is, the agents who apply biochar to soil or use it for other 

purposes that equally result in long-term carbon sequestration. Today, biochar producers are probably mainly 

producers of biogas from biomass gasification, who de facto produce biochar as a biogas production residue. This 

is to say that, today, biochar is not the main product of a business activity. A biochar business will only emerge if 

and when there will be a significant demand for biochar.  

Current demand for biochar is still very limited. In Europe, this is the case because it is usually not profitable 

for farmers to purchase – or to directly produce – and apply biochar, without additional economic incentives. There 

are exceptions of bolder innovators18, but in most situations at least, the effectiveness of biochar in improving soil 

quality and crop yields alone is deemed not sufficient to justify the cost. A key element for the development of a 

large market for biochar is the valorisation of biochar use as a form of carbon sequestration (i.e., as a NET). It will 

then become convenient for farmers to buy biochar, or to produce biochar by themselves if they own biomass, and 

to apply it to soil or use it for other purposes preventing its rapid mineralisation to CO2.19 

A lot of research relevant to the BS is carried out around the world, primarily in advanced economies. 

Mainly universities and research centres conduct it, availing of publicly-funded programs.20 Part of this research 

is directed towards field experiments testing biochar as a soil amendment under different conditions.21 Currently, 

the most active actors in the BS are researchers (agronomists, engineers and, increasingly, social scientists) and 

small biochar producers. Consumers, most notably farmers, and policymakers are less present. Both researchers 

and producers seem to be more concentrated in Europe and North America. Researchers participate in joint 

research projects, gather in dedicated national and international scientific conferences and contribute to the 

activities of organisations such as the International Biochar Initiative22. The latter and regional or national biochar 

associations see the participation mainly of researchers and practitioners. In general, it seems to us that there is 

continuity and good synergy between applied research taking place in universities or publicly funded laboratories 

and practice of biochar producers. On the other hand, good statistics on the biochar industry available for free 

hardly exist.23  

 

                                                 
18 For example, https://www.frescobaldi.com/wp-content/uploads/2019/02/EN_Ecosostenibilita.pdf. 
19 With reference to the US, Pourhashem et al. (2019) state that “most biochar producers operate at a very small scale and 
often seek support for capital investment and growth. Policy programs that provide financial support during this stage can 
allow the industry grow at a steady pace.” In the absence of targeted policies, the market outlook in Europe and in the US 
seems quite similar. 
20 For example, in Europe, the University of Edinburgh and the connected UK Biochar Research Centre are among the most 
active actors. In the US, the same is true for Cornell University. 
21 Of course, research efforts are even stronger if the broader domain of soil carbon sequestration is considered. CIRCASA 
is an example of an EU project (under way) on soil carbons sequestration, involving institutions from all continents 
(https://www.ecologic.eu/15168). 
22 https://biochar-international.org/ 
23 The ‘State of the biochar industry’, an annual report by the International Biochar Initiative, is only available in its full 
version to the members of the association. 

https://www.frescobaldi.com/wp-content/uploads/2019/02/EN_Ecosostenibilita.pdf
https://www.ecologic.eu/15168
https://biochar-international.org/


Value chain 

According to Sesko et al. (2015), the biochar industry currently suffers from a fragmented value chain. This means 

that the industry lacks the necessary critical mass, scale and integration with exogenous value chains to effectively 

transact business in a way that offers consistent pricing and returns for buyers and sellers. This often results in 

volatile pricing, variable product quality and erratic service levels that lead to limited customer adoption and 

investment. As a result, many companies in the industry are forced to prematurely integrate a number of links 

rather than specialize and build competitive advantage at one point in the chain. This can be both beneficial and 

costly at the same time because while the economics of integration can be favourable, it requires significant 

resources to specialise across a number of links, plus most early stage companies do not have the necessary breadth 

of experience. 

Sesko et al. (2015) also observe that in the future tension in the biochar value chain may arise around 

commodification of biochar products (plausible with the diffusion of the BS) versus premiums associated with 

niche products. In developed countries biochar RD&D is currently driven by companies operating in niche markets 

with an appetite to try out innovative products that can give them an edge over competitors, thus increasing the 

willingness to pay a good price, for example, for quality composts and growth media. This is particularly true of 

the organic food sector, which is now well embedded, with an appreciable proportion of the market in countries 

where biochar enterprises are most active such as Austria and Switzerland, creating a supply chain pull of high 

value organic soil amendments such as biochar-compost and manure mixes (Joseph et al., 2015). 

 

2.3 Policies and institutions 

Strategies 

Today the EU still lacks a comprehensive strategy for the protection and use of soils. In 2007, the proposal for a 

Soil Framework Directive (European Commission, 2006) was blocked by a minority of Member States and 

eventually withdrawn in 2014. This felt very much as a missed opportunity, but it does not mean that the topic 

dropped off the EU policy agenda entirely. The European Commission has remained committed to soil protection, 

most notably through the Soil Thematic Strategy, which includes the above-said Directive proposal, and the 7th 

Environment Action Programme (European Parliament and Council, 2013a). Soil has been reflected in many 

policy documents, though usually lacking formal targets or obligations24. Moreover, many are the research projects 

related to soil carbon sequestration, and more specifically to biochar as well, that the EU has funded over the years.  

Though not an initiative of the European Union, but of the French government instead, the ‘4 per 1000 soils 

for food security and the climate’ is worth mentioning. It is today the most significant voluntary project on soil 

carbon sequestration at the global level.25 Its stated goal is to increase the storage of carbon by 0.4% per year in 

                                                 
24 https://ec.europa.eu/jrc/en/science-update/climate-change-soil-missing-link  
25 https://www.4p1000.org/ 
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the top 30-40 cm of the soil. To prove the relevance of such undertaking, if it was carried out worldwide, it would 

be sufficient to stop the increase of CO2 in the atmosphere. 

 

EU funding 

In the past few years, substantial EU funding has been provided to several projects related to soil carbon 

sequestration, or to biochar itself, through various channels. These include, among others, the 7th Framework 

Programme (2007-2013) and Horizon 2020 (2014-2020), the LIFE programme for the environment and climate 

action, and the INTERREG programme for intra-EU cooperation projects. EUROCHAR26 and REFERTIL27 are, 

for example, two important projects funded through the 7th Framework Programme. Examples of more recent ones 

funded through Horizon 2020 include CARBOPLEX28, CIRCASA29, LANDMARK30, iSQAPER31 and 

VERIFY32. An example of LIFE-funded project is RESAFE33. Another important project for learning about the 

BS was financed under the Interreg IVB North Sea Region Programme (2007-2013). The Biochar project34 , which 

specifically addresses biochar as a carbon sink, has successfully executed innovative field trials in seven countries 

of the North Sea Region. It has identified niche markets for new innovative biochar applications as well as analysed 

the possibilities to use biochar as a method for large-scale carbon sequestration. 

 

Policy framework (climate mitigation targets) 

So far, EU climate policy has effectively ignored soil carbon sequestration (and hence the BS) as an option for 

climate mitigation. However, while this holds true for the 2020 policy framework currently in operation, it does 

not for the forthcoming 2030 framework. Crucially, while the EU’s emissions reduction target for 2020 (20% 

reduction below 1990 levels) does not consider land use, land-use change and forestry (LULUCF), the 2030 target 

(40% reduction) does.35 Of course, the simple fact that net emission removals in the LULUCF sector will count 

towards the achievement of the 2030 target introduces an incentive for implementing policies that promote soil 

carbon sequestration. 

Under the 2020 policy framework, the Effort Sharing Decision (ESD) (European Parliament and Council, 

2009) sets national emissions reduction targets for Member States for each year between 2013 and 2020 in the 

sectors of the economy not covered by the EU Emissions Trading System (EU ETS). The residential sector, 

                                                 
26 https://cordis.europa.eu/project/rcn/97271/factsheet/en 
27 http://www.refertil.info/project  
28 https://cordis.europa.eu/project/rcn/196080/factsheet/en  
29 https://www.circasa-project.eu/  
30 http://landmark2020.eu/  
31 http://www.isqaper-project.eu/  
32 http://verify.lsce.ipsl.fr/  
33 http://www.liferesafe.com/  
34 http://archive.northsearegion.eu/ivb/projects/details/&tid=117  
35 Historically, the inclusion of LULUCF into climate targets has been complex and fragmented, mainly due to the 
methodological difficulties of this sector.  
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agriculture and transport are the main sectors not covered by the EU ETS and, therefore, also the main sectors 

falling under the ESD.36 As concerns emissions and removals in the LULUCF sector, Member States are only 

required to report their relevant current and future actions to the European Commission. They do not have to keep 

track of emissions and removals from cropland and grassland until 2021 (European Parliament and Council, 

2013b). 

Under the 2030 policy framework, the Effort Sharing Regulation (ESR) (European Parliament and Council, 

2018a) is the follower of the ESD. As with the ESD, the ESR sets national emissions reduction targets for the non-

ETS sector, over 2021-2030. The ESR introduces two new flexible mechanisms (in addition to those already 

provided for by the ESD, namely banking and borrowing over time and buying and selling between Member 

States). One allows eligible Member States to achieve their national targets by using EU ETS allowances that 

otherwise would have been auctioned.37 The second flexibility – the one directly relevant to soil carbon 

sequestration – allows Member States to collectively offset up to 280 million tonnes of CO2-eq, over the entire 

period 2021-2030, with net removals in the LULUCF sector to comply with their national targets.38 

The ESR is accompanied by the LULUCF Regulation (European Parliament and Council, 2018b). Among 

other things, this Regulation sets a binding commitment for each Member State to ensure that accounted emissions 

from land use are entirely compensated by an equivalent removal of CO₂ from the atmosphere through action in 

the sector. This is known as the “no debit” rule. However, a Member State may choose to actually enhance 

removals or reduce emissions in the LULUCF sector, thereby helping compliance of the agriculture sector with 

the ESR where emissions from fertilisers and livestock are accounted. 

 

Common Agricultural Policy 

Today, the primary channel for providing policy support to soil carbon sequestration is the EU Common 

Agricultural Policy (CAP). Under the current 2014-2020 CAP, incentives for soil carbon sequestration are very 

limited. Understandably so, given that emission removals in the LULUCF sector do not count towards the 2020 

emissions reduction target. However, because the LULUCF sector will count towards the 2030 target, the same 

incentives can be expected to be strengthened under the next seven-year CAP round. Indeed, the 2021-2027 CAP, 

which is currently being negotiated, could be an effective policy tool for supporting soil carbon sequestration, and 

the BS more specifically, as needed. 

The CAP has a three-pillar structure: direct payments to farmers (first pillar), subsidies for rural development 

(second pillar), and the cross-compliance mechanism (third pillar). It is financed by the EU budget through two 

distinct funds: the European Agricultural Guarantee Fund (EAGF), for direct payments and market measures, and 

the European Agricultural Fund for Rural Development (EAFRD), for rural development. The 2014-2020 CAP 

                                                 
36 Emissions from agriculture do not include LULUCF emissions and removals. 
37 The flexibility is limited in volume: EU-wide it cannot exceed 100 million tonnes of CO2 over the period 2021-2030. 
38 Each Member State has specific limits, indicated in Annex III of the ESR Regulation.  
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allocates €308.7b to direct payments and the remaining €99.6b to rural development. This makes up about 38% of 

the whole EU budget. A substantial amount of €104b or 25% of the 2014-2020 CAP allocation is estimated to be 

related to climate.39  

Again with reference to the 2014-2020 CAP, the following provisions are relevant to soil carbon 

sequestration. According to the rules for direct payments (first pillar), Member States are not allowed to reduce 

the size of permanent grassland area by more than 5% relative to 2015 levels (European Parliament and Council, 

2013c). Maintaining permanent grassland is indeed one of the most important measures for soil carbon 

sequestration. As regards the subsidies for rural development (second pillar), they can be granted to farmers 

carrying out substantial changes in their operations aimed at soil carbon sequestration for a period of at least five 

years. Such projects can be funded through the subsidies for rural development, as two of the six priorities are 

relevant to soil carbon sequestration and adaptation, namely “restoring ecosystems, including improving soil 

management” (priority 4), and “promoting a shift towards a climate-resilient agriculture, including fostering 

carbon conservation and sequestration” (priority 5) (European Parliament and Council, 2013d). Moreover, by the 

cross-compliance mechanism (third pillar), farmers benefiting from the CAP must comply with rules aimed at 

keeping land in good agricultural and environmental conditions (GAEC) (European Parliament and Council, 

2013e). Three standards beneficial to soil carbon sequestration are contemplated: a) minimum soil cover; b) 

minimum land management reflecting site-specific conditions to limit soil erosion; and c) maintenance of soil 

organic matter levels, including a ban on burning arable stubble. Member States, however, are given considerable 

flexibility in interpreting the implementation of the GAEC standards. 

The environmental benefits of direct payments depend on the willingness of farmers to apply for payments 

for soil carbon sequestration activities, and on the way in which Member States comply with the relevant 

Regulation. As Allen and Maréchal (2017) explain, the separation of the greening component from the basic 

payment turns it into a voluntary measure. This voluntary approach has weakened the protection of carbon-rich 

soils. According to a review conducted after one year of the 2014-2020 CAP, “the current system of direct 

payments is neither sustainable in the long run nor designed to address the challenges facing farmers and land 

managers in Europe today and in the future” (Matthews, 2016). The review shows that of the total area designated 

as ecological focus areas as part of the greening obligations (around 68% of EU arable land is affected by 

ecological focus area obligations) only 26.9% was actually devoted to the most beneficial environmental uses.  

 

Figure 4: 2014-2020 EAFRD funding by Member State. 

                                                 
39 https://ec.europa.eu/agriculture/sites/agriculture/files/climate-change/pdf/cop21-what-eu-agricultural-policy-does-for-
climate_en.pdf  
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Source: EAFRD Regulation 

 

Climate action is also an important aspect of the EU rural development policy, which supports farm 

modernisation in order to cut energy consumption, produce renewable energy, improve input efficiency and reduce 

emissions. Each Member State has its own Rural Development Programme (RDP) and, in some cases, regional 

RDPs too.40 In general, the main criticism moved to the CAP with regard to soil carbon sequestration projects 

refers to the fact that payment is not based on the amount of sequestered carbon but is a fixed amount per hectare 

(per year).  

In November 2017, the European Commission proposed a number of changes to the CAP with the aim of 

making it more cost-efficient (European Commission, 2017). The Communication outlines the priority areas that 

the future CAP should address and proposes a more flexible approach for implementing the policy in order to 

guarantee more effective results. It also proposes greater subsidiarity, meaning that each Member State will 

develop its own strategic plan, while EU-wide stringent new goals will be set to ensure farmers contribute 

effectively to climate change international commitments. The policy will move from a one-size-fits-all to a tailor-

made one to be closer to the needs of those who implement it on the ground, i.e. farmers. The Communication 

states that the new CAP “should reflect higher ambition and focus more on results as regards resource efficiency, 

environmental care and climate action”.  

In June 2018, the European Commission presented a suite of legislative proposals on the CAP beyond 2020. 

These proposals comprise a set or regulations for the new CAP legislative framework for the period 2021-2027. 

While continuing to support European farmers for a sustainable agricultural sector, the proposals aim to make the 

CAP more responsive to climate change. Since the last CAP revision, in 2013, the scenario has changed: the Paris 

Agreement has been signed, the EU NDC commitment has been undertaken and needs to be updated and enhanced 

by 2020. The new CAP will need to trigger environmental and climate action in line with the respective EU policies 

and climate international commitments. Further, the Proposal for a Regulation establishing rules on support for 

strategic plans to be drawn up by Member States under the CAP Strategic Plans states that they can choose, among 

                                                 
40 Overall, there are 118 RDPs. 



other types of intervention, to invest in actions for “soil conservation, including the enhancement of soil carbon” 

(European Commission, 2018). 

 

Other relevant legislation 

Only very recently has the term biochar made its first appearance in EU legislation. It is the new Regulation on 

fertilisers (European Parliament and Council, 2019) that, for the first time, makes explicit reference to biochar. 

The new Regulation harmonises definitions and quality standards for all types of fertilising material that can be 

traded across the EU, including, for the first time, organic and organo-mineral products, liming materials, soil 

improvers, growing media, agronomic additives, plant bio-stimulants and fertilizing product blends. Before, their 

access to the EU market depended on mutual recognition between Member States, which often posed difficulties 

because of diverging national rules on their definition and make-up. The new Regulation is intended to create a 

level playing field for all fertilising materials in Europe. It also addresses their environmental impact by defining 

common quality, safety and labelling requirements, including limits on undesirable elements. 

The new Regulation will apply three years from its entry into force (i.e., July 2022). Thus, as far as biochar 

is concerned, the next three years will be key for the relevant public authorities and stakeholders across the Member 

States to come to agree on a common exact definition of biochar. Indeed, currently different orientations prevail 

in some countries. Notably, in some cases, the orientation seems to reflect greater attention to the quality of biochar 

for agricultural uses, in others, the willingness to widen waste treatment opportunities. So far, Italy is the only 

country in the EU to have adopted specific legislation for biochar and, thus, to have a legal definition of biochar 

(more details are given in Section 5). This does not mean that in other Member States biochar use is illegal. Still 

today, regulations concerning both waste and fertilising materials are to large extent determined at the national 

level. For an overview of the legal arrangements relevant to biochar in different Member States, see Hammond et 

al. (2016). 

 

Market arrangements 

With the exception of Italy (more details below), a bespoke process of regulating and monitoring of biochar 

production, use and disposal is still missing in the EU. This is an important missing piece for the uptake of the BS 

as it is of course necessary to agree on what biochar is and to come up with a minimum set of desired properties 

and acceptable limits to avoid unintended harmful effects. Proponents of the BS have produced voluntary sets of 

standards to ensure safe production and use of biochar. These standards may or may not inform legislation and 

mandatory regulation as it develops. For the time being, they are the only comprehensive assessment suites 

designed especially for biochar (Meyer et al., 2016).41 

                                                 
41 Provided that biochars are produced from materials which are not contaminated with high levels of heavy metals or 
plastics, they are likely to meet the requirements of existing voluntary certification schemes, and as such are likely to meet 
approval from local regulatory authorities (Hammond et al., 2016). 



Voluntary schemes, labels and certificates, exist to assess biochar products, ensuring verifiable monitoring 

on the quality of biochar and biochar-based products, as well as providing analytical methods on how to measure 

the properties of biochar materials and products. The three main voluntary schemes for assessment of biochar 

products are the International Biochar Initiative (IBI) Certification Program, the European Biochar Certificate 

(EBC) and the UK Biochar Quality Mandate (BQM). The Biochar Testing Protocol (BTP) collects information 

provided by the three schemes and gives support on the analytical methods for measuring the properties of biochar 

materials and biochar products (Shackley et al., 2016). 

The IBI Biochar Certification Program is a voluntary scheme administered by the International Biochar 

Initiative (IBI) and is focused only on implementation in North America. The European Biochar Certificate (EBC), 

is a voluntary European industrial scheme. The two biochar labels associated with voluntary standards are two: 

the IBI Guidelines and the EBC. Biochar labels reflect material properties but are not related to the effects of 

biochar on soil properties for agriculture. However, the IBI Guidelines include some analysis of optional property 

testing for the use of biochar as a soil amendment. They are divided into three different biochar categories based 

on the level of organic carbon content. The EBC has two biochar categories, basic and premium, differing by the 

level of contamination. Biochar properties depend on the production process and on the quality of feedstock. The 

EBC has approved a specific list of feedstocks. The pyrolysis material can be certified in keeping with the 

conditions of EBC and UK Biochar Quality Mandate. By the end of 2015, twelve industrial producers from 

Germany, Austria, Switzerland, Italy and Belgium were EBC certified (Meyer et al., 2016). 

 

Sustainability considerations 

Though more research and data are needed before the role of biochar in complying with Agenda 2030 for 

Sustainable Development can be fully understood, the BS can certainly have positive effects relevant to multiple 

SDGs. In addition to climate mitigation (corresponding to SDG13 ‘Climate action’), the BS can improve land 

productivity, thus having a positive impact on SDG2 ‘Zero hunger’. Biochar can also act as a sink for 

anthropogenic soil pollutant chemicals, thus having a positive impact on SDG15 ‘Life on land’, and more 

specifically on Target 15.3, which refers to restoration of degrading land and soil. Furthermore, biochar enables 

greater water retention, thus improving water management. Also, biochar can have a positive impact on SDG6 

‘Clean water and sanitation’. For example, biochar can be used as a means for cleaning up waters contaminated 

by fracking in the shale gas production. This is a potentially highly-value application of biochar that would drive 

its technological development and expansion of its use. Last but not least, biochar production processes can 

produce gaseous and oil products as forms of renewable energy, thus having a positive impact on SDG7 

‘Sustainable energy’. 

On the other hand, any possible contamination of the environment caused by production or use of biochar 

must – and can – be avoided. Gaseous emissions from biochar production can contain numerous pollutants and 

even toxic gases and vapours, especially from traditional production units where pyrolysis gases are often released 



directly without combustion/thermal oxidation. However, even simple kilns can adopt effective measures to reduce 

emissions (Mašek et al., 2016). As to biochar use, first and foremost possible negative effects on the environment 

from biochar addition to soil must be considered. These might arise from the presence of toxic substances such as 

heavy metals, polycyclic aromatic hydrocarbons or dioxins. While the origin of heavy metals is restricted to the 

feedstock, polycyclic aromatic hydrocarbons and dioxins can be produced during biochar production as by-

products of incomplete combustion processes. Therefore, they need to be measured and controlled. 

 

Expectations by the public and vested interests 

The general public does not have expectations on the BS simply because the concept has not yet reached the 

masses. Focusing on farmers – in principle the main users of biochar – most of them are new to the concept too. 

Besides, just as with any technological novelty in the agricultural sector, farmers need to perceive the economic 

benefit of adopting the new technology. Farmers in organic agriculture are usually more sympathetic to biochar 

(Latawiec et al., 2017). According to the potentially large difference between the properties of biochar and soil 

organic matter implies that in some situations the effects of biochar application will not be the same as that of 

compost, animal manure or crop residues (the classical methods for increasing soil organic matter). Thus, the 

potential benefits of biochar applications need to be carefully communicated to farmers, particularly when 

considering comparisons with soil organic matter. The task is not trivial, however. The large variations in biochar 

properties, and their effects on crop productivity, make it difficult to give advice on the effects of biochar with 

anywhere near the same level of accuracy associated with fertiliser applications. Apart from the fact that biochar 

is inherently stable and will increase the carbon content of soils, there are very few general effects that will be the 

same under all circumstances (Cross et al., 2016).  

As regards active opposition to the BS, to our knowledge it has been limited to only very few voices. 

Notably, strong criticism has been expressed by Biofuelwatch, a non-governmental organisation. Biofuelwatch 

warned against the risk of large-scale biochar land grabs in developing countries, while also questioning the 

effectiveness of biochar as a long-term carbon sink (Biofuelwatch, 2011; Leach et al., 2012). As to vested interests, 

one could imagine that in the future some form of opposition may come from fertiliser producers in response to 

market competition. However, at present, this is only speculation. 

 

3 How the different elements work together 

Innovating actors, knowledge development and exchange  

Existing biochar producers and producers of biochar production units tend to be small or medium enterprises. One 

can expect that they will increase in number as well as size if and when the BS will be implemented on a significant 

scale. Ultimately, the main barrier to the uptake of the BS, and hence also to accelerated relevant innovation, is 

the lack of a consistent supporting policy framework. In this regard, once biochar production and use are 



adequately regulated, the single most important element of the policy framework is the recognition of a monetary 

value to carbon storage and the other ecosystem services provided by the BS. 

According to Sesko et al. (2015), there has been a significant yet unquantifiable amount of resources – both 

time and money – that have already gone into the commercialisation of the biochar sector. Some have focused on 

decentralised production systems while others have gone after larger centralised systems. Some have focused on 

the low-hanging fruit to jumpstart demand while others have invested in developing the bigger, harder markets. 

While the success of different models will largely be dependent on the relative market need, these successes and 

failures must be iterated and continually scrutinised to reduce industry risk and drive the future development of 

smarter and more sophisticated biochar business models. Yet, while a significant amount of progress exists on this 

front, it has been difficult to document and analyse. Data on the biochar industry are insufficient for two main 

reasons: first, the industry is still in the early stages; and, second, all of the companies operating in the area are 

private companies and so for competitive reasons they typically do not publicly share information. 

 

Actors’ vision, market formation and governance processes 

Reflecting on the outlook of the biochar industry and its possible development, without carbon financing (i.e., 

without payments or emission credits issued to biochar users for their carbon storage service), Sesko et al. (2015) 

ask the questions: how can one develop a mature value chain, if there is insufficient market pull to develop all the 

value chain links simultaneously? And how can one develop market pull if there is a fragmented value chain? 

Some industries begin with a few vertically integrated companies that eventually develop into specialists with 

significant market share. Other industries begin with specialists that are forced to accumulate other value chain 

links as the industry grows, shrinking margins but presenting opportunities for sales growth and margin expansion 

through vertical integration. For the authors, the biochar industry will likely succeed under a hybrid model. 

Because there are a number of tangential value chains that biochar systems interact with, it makes strategic sense 

to partner with these firms. This will allow biochar companies to focus on those value chain links that are unique 

to the biochar value chain and currently immature. This is where the opportunity lies. Biochar companies should 

also understand how their products and services can best integrate into these existing industries. By selling 

pyrolysis or biochar as a value add to existing industries, biochar companies can use the scale and stability of these 

industries to accelerate customer adoption and investment. 

Valorising biochar, by finding economically and environmentally meaningful uses, is the best way for 

incentivising its production. To unleash the climate mitigation potential of the BS, a strong demand for biochar is 

needed. The effectiveness of biochar as a soil amendment can be highly satisfactory in degraded soils that are more 

often found in developing countries and to a lesser extent in Europe, though the extension of marginal lands in 

Europe, which also would benefit from biochar application, is very substantial too (Chiaramonti and Panoutsou, 

2019). Yet, according to Shackley (2016), if the cost of biochar is about €300 and €1000 per tonne, the evidence 



from the majority of the field trials undertaken in Europe is that no farmer would be anywhere close to realising a 

good return from investing in pure biochar as a soil amendment.  

A way to create a strong demand for biochar would be to issue tradable carbon credits to any use of biochar, 

including its use as a soil amendment, that can be certified as a form of durable carbon sequestration. Ideally, these 

credits generated in the LULUCF sector would be usable for regulatory compliance, as emission offsets, in existing 

emissions trading systems (ETSs), such as the EU ETS or others outside Europe (Verschuuren, 2018). This has 

not yet happened because ETSs, especially mandatory ones, require high standards for the environmental integrity 

of offsets, which must represent permanent emission reductions. Carbon credits specifically for the use of biochar 

in agriculture have been issued in voluntary carbon markets, however. In the last few years, Australia has been 

experimenting protocols for the certification of permanent emission reductions for biochar use in agriculture. 

Australia is indeed an interesting case for this reason (Thamo and Pannell, 2016). An alternative way to give 

farmers the social value of the carbon that they sequester would be through ad-hoc direct payments. In the EU, it 

would be natural that such payments would be part of the CAP. As Shackley (2016) explains, – yes – carbon 

financing could make a difference, but it would have to be set at a significantly higher level than is currently 

envisaged. If €40/tCO2 is considered42, and assuming one tonne of biochar abates on average one tonne of CO2, 

then carbon financing adds a further €40 per tonne of biochar on top of its agronomic value, which he assumes to 

range between €5 and €85. The total value of biochar would then range from €45 to €125, but this is still well 

below its cost. Shackley (2016) concludes that, based on agronomic findings, carbon financing would need to be 

more like €200/tCO2 before it could begin to drive biochar projects.  

Other routes for making biochar production economically viable, alternative or complementary to carbon 

financing, are using cheaper organic waste materials as feedstock and valorising biochar through different uses. 

Regarding the second option, there are numerous suggestions – and related research emerging – on how to valorise 

biochar and these mostly fall into the following three categories: a) creation of synergies between biochar and 

other organic or synthetic fertilisers and amendments; b) adding value by using the same biochar for different 

purposes in a sequential way, in a variety of on-farm applications prior to its deposition to soil, a.k.a. value cascade 

approach (Schmidt, 2012); and c) identifying new applications for biochar that are higher-value per unit weight, 

such as: building material (plaster); a replacement for expensive activated carbon substances used as industrial 

filters or adsorbents; and animal feed additive (O’Toole et al., 2016). Still, in our view, adequate carbon financing 

levels are required for large-scale deployment of the BS for climate mitigation. 

 

                                                 
42 At the time of writing (July 2019), carbon prices in the EU ETS are just below €30/tCO2. 



4 Barriers and enablers 

So far, the uptake of the BS in the EU, just as in almost all other developed economies (Australia seeming to be 

the most significant exception, as far as we know), has been hindered by multiple barriers.43 The lack of a suitable 

EU regulatory and policy framework has been the crux of the problem: there have been basically no incentives for 

Member States to invest in the BS, as soil carbon sequestration does not count towards the 2020 national emissions 

reduction targets. Besides, apart from few market niches or specific situations where biochar use can be profitable, 

the literature shows that any more extensive use of biochar necessitates economic policy support. Whether through 

emission credits or simple payments for ecosystem services, monetising the social value of carbon sequestration 

has been the key missing factor. Why has this gap not been filled (yet)? National emissions targets for 2020 were 

set ten years ago, when the BS concept had just started to gain some popularity within society. Also, much valuable 

research, including EU funded research, has been carried out over the past decade, providing evidence that the 

policy support in question needs for its own justification. We have also seen that a new EU regulatory and policy 

framework, one that enables the provision of economic incentives for the BS, is now taking form. In this regard, 

the subsidies given to farmers under the new CAP (2021-2027) will be the obvious channel to support the BS. 

However, it will be up to national (or regional) governments to decide whether and how these subsidies will be 

provided.  

In our view, economic viability of the BS, possible under the new regulatory and policy framework, would 

be the single most important enabler of the BS. Economic viability, however, also considers the agronomic value 

of biochar as well as the value of any other additional use or ancillary benefit. It is therefore central that farmers 

perceive the full value of their using biochar (otherwise economic policy support may well not suffice). Some 

literature does emphasise the relevance of sociological and cultural aspects in technology adoption decisions, 

especially in the agricultural sector (e.g., Latawiec et al., 2017; Dumbrell et al., 2016). It is then particularly 

important that farmers’ expectations about the benefits of their using biochar are correctly informed through clear 

communication.      

 

5  Focus on two Member States 

Italy 

In the EU, Italy is one of the countries where the BS has received significant consideration and, above all, it is the 

first Member State to have adopted specific legislation for biochar.44 In this sense, it is a frontrunner for the BS in 

the EU. Specifically, since August 2016 biochar is officially on the list of soil amendments allowed for use in 

agriculture (amendment to Legge 75/2010). This has been a key initial step for the diffusion of the BS, thanks to 

which biochar – or rather, biochar with certain characteristics – has passed from being waste to dispose to being a 

                                                 
43 For an analysis of the barriers to the diffusion of soil carbon sequestration practices in developing countries, see FAO 
(2017b).  
44 In 2013, Switzerland, which however is not part of the EU, preceded Italy in adopting specific legislation for biochar.  



marketable good. It has been a crucial step also because it required a legal definition of biochar, specifying what 

biochar is and how it is obtained. In concrete terms, this means setting restrictions on the feedstocks that can be 

used and on the chemical properties of the biochar product. By the Italian regulation, the feedstocks admitted are 

limited to vegetal biomasses from agriculture (hence, for example, urban organic waste is excluded). Three quality 

classes of biochar are defined according to the content of organic carbon: between 20 and 30%, between 30 and 

60%, and over 60%. For each of these, the chemical composition is further detailed, and limits on pollutants are 

set. 

The definition and legal recognition of biochar as a soil amendment in Italy is an achievement of the Italian 

Biochar Association (ICHAR). ICHAR aims to promote solutions, technologies, advanced studies, demonstration 

activities and educational projects related to the production and use of biochar. ICHAR is a national network of 

individuals, institutions and companies that operates to support the role of agriculture in reducing emissions of 

greenhouse gases and agricultural inputs, acting as the Italian equivalent of the International Biochar Initiative 

(IBI) in North America. It counts over a hundred members belonging to different categories: researchers, private 

business, public administrators, gardeners, farmers, environmental associations, students. Among the different 

activities, ICHAR organizes at least one yearly meeting to promote and raise awareness on the benefits of using 

biochar to sequester carbon in soils and to improve soil quality and fertility with a particular emphasis on 

technologies that produce biochar but also energy. Importantly, ICHAR has created and administers a voluntary 

certification scheme for biochar in Italy. The scheme is similar to others in the world, except it is backed by the 

national legislation previously mentioned. In other words, the certification scheme is not based on what may seem 

arbitrary parameters.   

In Italy, at present, biochar can be used in various situations, but biochar production is still very limited – 

ICHAR estimates it to be only a few hundred tons per year – and prices are generally high. While the normative 

framework is clear as concerns the definition of biochar (admitted product and process characteristics are legally 

defined), it is not exhaustive as concerns its use in agriculture. Notably, it is still not recognised as cultivation 

substrate or as factor that can be used in organic agriculture specifically. The inclusion of biochar in the list of 

amendments allowed in organic agriculture has been requested by ICHAR and is currently under the evaluation 

of the Ministry of Agriculture, Food and Forestry. While not fully exhaustive, the existing legal framework allows 

the use of biochar in agriculture. There are encouraging signs45, but again, biochar production and use are still very 

limited. In this regard, none of the CAP (2014-2020) Rural Development Programs (RDPs) has offered incentives 

for the use of biochar.46 To our knowledge, two regional RDPs offer subsidies for farming practices resulting in 

soil carbon sequestration, such as minimum-tillage, but not for biochar specifically. However, as they study by 

                                                 
45 In 2016, only one type of biochar fertiliser was on the registry. The following year, six more were registered.  
46 The rural development in Italy is implemented through 23 Rural Development Programmes (RDPs) — two national and 
21 regional RDPs. In addition, a national rural network programme supports activities of pooling and transfer of knowledge 
between the different actors of rural development in Italy.  



Chiaramonti and Panoutsou (2019) shows, there is certainly scope for profitable deployment of biochar in the 

Italian agricultural sector. 

 

Poland 

In Poland, the BS concept has reached the attention of a more significant number of researchers and stakeholders 

only in recent years. Consistent with the late diffusion of an interest in the BS concept, a local (national) biochar 

association does not yet exist. A fortiori legislation regulating the use of biochar as a fertiliser does not yet exist 

either.47 Since 2018, however, biochar is legally recognised as a source of renewable energy (Renewable Energy 

Act). Employed in the generation of electricity and heat/cooling, biochar already reduces CO2 emissions by 

displacing fossil fuels which still dominate the Polish generation mix. Renewable energy production from biochar 

is still very limited, however, as still very few are the biochar plants in operation. The main company in the sector 

is FLUID S.A., which is a first mover thanks to its own technology (patented and also exported) using autothermal 

biomass carbonisation.48  

Looking into the future, ever growing interest in the BS can be expected in a country such as Poland, which 

still heavily rests on hard coal and also seems to have much to gain from the use of biochar in agriculture, by 

increasing sectoral productivity, by lowering GHG emissions (agriculture makes up 10% of Poland’s emissions) 

as well as by addressing local pollution problems. Poland is a major agricultural producer and exporter, with 

agricultural land occupying about 50% of the territory and almost 40% of the population living in rural areas. 

However, low productivity characterises Poland’s agricultural sector. The average yield of wheat (with rye, the 

main crop) is only half of its potential, low soil quality being one the factors. Thus, biochar could help increase 

agricultural productivity in a sustainable way. On top of sequestering carbon, to the extent that biochar use would 

reduce that of nitrogen-rich chemical fertilisers, it would also contribute to reduce GHG emissions and to address 

Baltic Sea’s eutrophication problem.  

In general, growing interest in the BS does not automatically translate into its actual diffusion. As discussed 

in the previous section (Section 4), also based on the evidence of a Polish study, different barriers are in the way, 

including cultural reluctance to change at all levels, probably all the more if the new technology and logic are 

systemic in nature.    

 

6 Conclusions 

Our investigation highlights the complexity of the BS as well as the inadequacy of the current EU regulatory and 

policy framework for its uptake and diffusion. The BS per se is complex for the combination of its multiple possible 

benefits (such as carbon sequestration, healthier and more productive soils, renewable energy, alternative uses) 

                                                 
47 The process for the regulation of biochar as a fertiliser has started, but we do not know whether it is close to its 
completion. 
48 http://www.fluid.pl/  

http://www.fluid.pl/


and the related uncertainties and constraints. Indeed, many different outcomes can be imagined depending on 

different configurations of feedstock, technology, processing, soil, crop, land management, or alternative biochar 

uses. On the other hand, the EU regulatory and policy framework has been so far unhelpful for the uptake and 

diffusion of the BS because biochar itself was ignored by EU legislation (until very recently) nor has it been 

incentivised or supported outside specific research projects.  

However, there are clear signs suggesting that things may rapidly change. The way the new framework 

governing the post-2020 years is taking form is creating conditions that may allow the BS to develop in the future. 

Notably: a) soil carbon sequestration will count towards the achievement of national emissions reduction targets; 

b) biochar as a fertiliser has been recognised by EU legislation (though it will probably take some time for its 

technical definition to be agreed on); and c) offering more effective support to climate mitigation, including via 

carbon sequestration, is central in the current debate over the new CAP (2021-2027). In an ideal scenario, soon we 

would have both a clear and exhaustive regulatory framework for the BS and economic policy support to farmers 

reflecting the social value of soil carbon sequestration. It is plausible that both results will be achieved. The 

question is more how long that will take.  

Finally, as mere economists informed on the topic (that is, not as agronomists or engineers), our 

understanding of the BS state of play leads us to trust operators’ view that, today, pyrolysis technology is already 

well established and that biochar sequestration in soils does not present ecological hazards if – if – produced and 

controlled properly.  
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Annex 4 – Agricultural Case Study part 2  

Low-carbon innovation in European agriculture: 

what role for livestock feed type and management 

innovations? – An overview 

M. Bozzola, T. Zhu and S. Verde 

 

 

1. Introduction 

The agricultural sector produced about 440,000 Tg of CO2 equivalent of greenhouse gases (GHG) in 

2016, which is about 10% of the EU-28's total GHG emissions.1 This share remained stable in 2016 and 

makes agriculture the third largest greenhouse gases emitting sector in the EU-28, although there are 

significant variation across Member States.2  

EU-28’s GHG emissions from the agricultural sector declined by about 20% between 1990 and 2016. 

Although this negative trend is a promising starting point to promote further mitigation strategies, 

agricultural emissions have stabilized in recent years (Westhoek et al., 2012; Solazzo et al., 2016) and 

agriculture performed worse than other sectors in term of declining emissions pathways. The footprint 

of agriculture as a share of the total EU-28 GHG emissions even increased slightly, from 9% of in 1990 

to 10% in 2016. Differently from the other main sectors of the economy, the main GHG in terms of 

volumes is not carbon dioxide (CO2), but methane (CH4) and nitrous oxide (N2O).3 About 90% of the 

overall emissions in the sector are from these two gasses and come from three main sources: about one 

third comes from enteric fermentation (CH4), about one sixth from manure management (CH4 and N2O) 

and about one half from agricultural soils (N2O).  

                                                           
1  Source: European Environmental Agency (EEA) database. https://www.eea.europa.eu/data-and-maps/data/data-
viewers/greenhouse-gases-viewer. Last accessed: 29.03.2019. 
2 This statistic excludes Land Use, Land Use Change and Forestry (LULUCF) net removals. 
3 For reasons of comparability, emissions of CH4 and N2O are in general reported in million tonnes of CO2 equivalents. 

https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Glossary:Greenhouse_gas_(GHG)
https://www.eea.europa.eu/data-and-maps/data/data-viewers/greenhouse-gases-viewer
https://www.eea.europa.eu/data-and-maps/data/data-viewers/greenhouse-gases-viewer
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The agricultural sector is not covered by the EU Emissions Trading System (EU ETS), which is the 

cornerstone of the EU's policy to combat climate change. Yet, increasing the carbon efficiency of the EU 

agricultural sector is a key priority, and a necessary step to ensure that Europe meets the ambitious 

climate targets of the Paris Agreement, to cut GHGs emissions by at least 40% by 2030 compared to 

1990 levels. Notably, the agricultural sector is included in the Effort Sharing legislation, which institutes 

binding annual GHG emission targets for Member States for the periods 2013-2020 and 2021-2030 for 

this and other sectors not included in the EU ETS, such as transport, buildings, and waste. In practical 

term the Effort Sharing Regulation establishes that overall the sectors of the economy not covered by the 

EU ETS must reduce GHGs emissions by 30% by 2030 compared to 2005, to contribute to a successful 

achievement of the overall targets. 

To date, the main factor behind the absolute reduction in emissions between 1990 and 2015 has been the 

reduced numbers of ruminant livestock, which in turn reduced emissions from enteric fermentation and 

manure management (a decrease of roughly 22% and 17% respectively). Yet, focusing only on further 

reductions of livestock units is not a viable solution in the years to come for several reasons. First, 

emission reduction targets for the agricultural sector are ambitious, and all possible strategies to support 

that should be embraced. Second, ruminant livestock made across Europe since the 90s has already 

considerably decreased, and the political feasibility and acceptance by the farming sector to cut emissions 

by reducing even further livestock is decreasing. Third, at some threshold level, reduction of emissions 

via further reductions of livestock units would require changes in consumption patterns and/or some 

changes in trade patterns. Considering the management of livestock in Europe as an emission reduction 

strategy will ensure to avoid perverse mechanisms such as limiting livestock husbandry in Europe while 

increasing imports from other countries, with clearly little impact on emissions reductions globally. 

Fourth, decarbonization strategies in Europe are embed in the more general drive to promote sustainable, 

circular economies, and this will require to change not only the size of the livestock, but also the 

managing practice.  

Against this background, supporting low-carbon innovation pathways in agriculture through innovation 

in livestock feeding rather than counting only on livestock number reductions, is an increasingly 

attractive complementary option for achieving cost-effective emission reductions over the long term, in 

developing countries as well as for intensive production systems in developed countries (Hristov et al., 

2013). In this study we analyse how GHG emissions reductions from livestock has been and can be 

achieved through innovations in feed type and management. According to Buckwell et al., (2018) four 

key strategies that can lead to further progresses in feed type and management are: improving feed 

https://ec.europa.eu/clima/policies/ets_en
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conversion ratios4, introducing novel feeds, manipulating microbial action in the rumen perhaps with 

feed additives to reduce methane production, and indirectly reducing emissions from the feeds 

themselves. We focus on the first three options, which are more directly related to the decisions taken by 

livestock farms. 

2. Livestock feed innovations 

Enteric fermentation of feed in the stomachs of livestock (particularly cattle) is the largest single source 

of CH4 in the EU-28, with approximately 194,800 Tg of CO2 equivalent of greenhouse gases (GHG) in 

2016 (EEA, 2017). In ruminants, methane originates from the anaerobic microbial fermentation process 

in the gastrointestinal tract (during the digestive process of livestock) when microbes are breaking down 

carbohydrates for further uptake into the bloodstream. This mechanism produces methane (Tubiello et 

al., 2014).5 A single cow can produce up to 500 litres of methane per day, mostly through belching the 

gas (Wood et al., 2009). To date, however, the microbial genomics of the rumen are still not well 

understood and require further research (Buckwell, and Nadeu, 2018). A small amount of methane is 

also emitted with the excretion and decomposition of manure. The main source of CH4 emissions from 

enteric fermentation are ruminant livestock, mostly cattle (accounting for over 80% of livestock 

emissions), with the remaining coming from other ruminants, such as sheep and non-ruminant livestock, 

such as horses, and monogastric livestock, such as poultry and swine.  

The emission of methane from livestock represents a direct loss of energy to the ruminant, as between 

4% and 10% of all ingested energy is excreted as methane (Johnson et al. 1997), and such loss can be 

attributed to both animal and dietary factors (Ellis et al., 2007; Yan, 2009). Hence, emissions in enteric 

methane (CH4) and nitrous oxide (N2O) are inversely related to animal productivity. A linked important 

aspect to be considered when assessing innovative solutions in animal feed is to distinguish between 

absolute amount of GHGs and emissions “per unit of animal product”. Livestock from which higher “per 

unit of animal product” are obtained (i.e. higher-producing animals) consume more feed, produce more 

manure, and emit greater absolute amounts of GHG from enteric fermentation or during manure storage 

                                                           
4 The Feed Conversion Ratio indicates the amount of feed needed to increase the animal’s bodyweight by one kilogram. A 
more efficient use of feed has the potential to increase productivity and reduce GHG intensity. Hence, this measure is 
sometimes used as a proxy measure for the intensity of on-farm GHG emissions. 
5 As feed is ingested by ruminants, the proteins, starch and plant cell-wall polymers of the feed is hydrolysed into amino acids 
and simple sugars by the bacteria, protozoa and fungi that reside in the rumen.  Primary and secondary digestive micro-
organisms further ferment the amino acids and sugars into volatile fatty acids, hydrogen, carbon dioxide and other end 
products. Methanogen micro-organisms then reduce the carbon dioxide to methane so as to prevent the accumulation of 
hydrogen in the rumen (McAllister et al., 1996). 

https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Glossary:Greenhouse_gas_(GHG)
https://www.sciencedirect.com/science/article/pii/S0022030210002675#bib9
https://www.sciencedirect.com/science/article/pii/S0022030210002675#bib23
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and application or deposition than low-producing animals. Converted per unit of animal product, 

however, higher-producing animals usually have lower GHG emissions than low-producing animals 

(Hristov et al., 2013). Enhancing animal productivity is thus an attractive strategy for mitigating GHG 

emissions from livestock production systems. To address energy losses and methane emissions from 

enteric digestion European farmers, researchers and policymakers are increasingly looking at technical 

approaches, such as feed selection, feed additives, precision feeding (getting the right nutrient to the 

animal at the right time), genetic selection and antibiotics. A systematic approach to understanding the 

benefits, potential (animal and human health) implications, and acceptability by the farmers as well as 

the end-consumer of each of these strategies is, however, still missing.  

Technologies allowing feed productivity increase are generally perceived as an important research 

avenue that can promote a rather significant and effective mitigation option (Wirsenius, Azar and 

Berndes, 2010; Valin et al., 2013). As mentioned, aside feed productivity, some researchers are also 

looking at specific add-on technologies such as anti-methanogens and digesters. The digestibility of 

animals’ diet can be changed by feeding livestock with additives such as fats, condensed tannins and 

ionophores. Promising additives include also those based on seaweed (microalgae) and garlic (Kinley et 

al., 2016; Patra, 2012), but many other substrates are being tested (Buckwell and Nadeu, 2018).  

Figure 1 provides an overview of abatement strategies that can lead to potential reductions in GHG 

equivalent emissions in livestock production. These include examples of abatement strategies that are 

currently unavailable for European farmers to adopt. For example, to the authors knowledge, vaccines to 

reduce methane production, have not been released in Europe yet, but are under study in other part of the 

world (e.g. Australia and New Zeeland). In Europe, vaccination is discussed as a tool to promote 

biosecurity (reducing the risk of disease occurring or spreading to other animals), and the general health 

of animals against certain diseases (provided that only authorized veterinary medicinal products, 

including vaccines, are used) but not as a tool to reduce GHGs emissions. Anti-methane vaccines are 

also particularly under-debated in the EU, especially compared to Australia and New Zeeland. The 

practice to routinely add antibiotics to animal feed as growth promoters was even banned in the EU in 

2006 (Castanon, 2007; EC, 2005) and the latest final report of the “EU Focus Group on reducing 

emissions from cattle farming”, coordinated by the Agricultural European Innovation Partnership (EIP-

AGRI), explores several options for mitigating emissions of methane and ammonia from cattle, but it 

does not mention even once vaccines (EIP-AGRI, 2017).) 
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Fig. 1 Abatement strategies example for potential reduction in enteric methane and nitrous oxide. Source: 

adapted from Christie, Rawnsley, and Donaghy, (2008). 

The different mitigation options can be grouped into different ‘levels of maturity’ (GRA, 2014), 

indicating the readiness of the measure for implementation based on experiences in diverse settings 

(Table 1). 

  

Fertiliser management-rate/ timing/ formulation 

GHG emissions 

Enteric Methane CH4 Nitrous oxide N2O 

Extended lactations 

Reduced herd size 

Extended longevity in the herd 

Higher feed conversion efficiency 

Feeding fats & oils 

Feeding condensed tannins 

Feeding ionophores 

Condensed tannins 

Nitrification inhibitors in urine 

Higher feed conversion efficiency 

Balance crude protein in the diet 

Herd based strategies 

Soil based strategies 

Nitrification inhibitors 

Improved drainage  
Stand-off pads during winter 

Improved irrigation management 

Herd based strategies 

Feed based strategies 

Maximise diet digestibility 

Vaccination  

Protein rich insects-based feeds 
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Table 1: Selected feeding strategies to reduce CH4 and NH3 emissions and level of Maturity in the EU 

Mitigation strategy Readiness* 
Main constraints for 
implementation 

Forage quality Best practice 

Farmers awareness and 
appropriate training (extension 
service) or social environment 
Reluctant to change from 
traditional practices Commercial 
availability of appropriate genetic 
varieties for a given environment 

Dietary ingredients Best practice Economic constraints (e.g. lipids) 

Precision feeding Best practice (intensive) 
Economic costs of technology 
(animal id, feed supply) 

Grass management 
Best practice, Pilot (still 
knowledge gaps on some novel 
grass, mob grazing) 

Dependency on weather 
conditions, knowledge gaps, 
Farmers awareness and 
appropriate training (extension 
service) or social environment 
Reluctant to change from 
traditional practices 

Additives, plant compounds 
Improving rumen function 
(essential oils, tannins) 

Between Best practice and pilot 

Consistency in effectiveness, lack 
of knowledge on mode of action 
(diet depending), lack of clarity in 
the market 

Specific Methane inhibitors (3nop, 
nitrate) 

Pilot 
Safety, toxicology, commercial 
availability 

Protected Amino Acid (AA) Best Practice 
Cost, applicable to high-producing 
herds or individual animals at 
particular periods 

*Notes: Best practice: measure has been successfully implemented in diverse contexts, next step is 

scaling up. • Pilot: pilot project has been carried out, next step is commercial development • Proof of 

concept: the measure has been demonstrated in an experimental setting, next step is a pilot. • Discovery: 

exploring promising concepts for future proof of concept.                       Source: Yáñez-Ruiz et al., 2017 

2.1 Elements of the innovation system  

2.1.1 Technologies and infrastructures 

European research is focusing on two complementary research venues:  

i. genetic selection of low methane emitting animals, (see e.g. Roehe et al., 2016 and the outputs from 

the EU FP7 Research Programme RUMINOMICS (www.ruminomics.eu)) and  

ii. innovation in animal feed that could reduce methane emissions in ruminants, along with meeting the 

traditional desired characteristics for livestock feed, such as a good nutrient content or a low (or no) 

http://www.ruminomics.eu)/
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presence of ergot6 or other antiquity factors in the grains or byproducts. An example of additive under 

study is the fumaric acid (C2H2(CO2H)2), which effectively reduces the production of methane by 

trapping hydrogen before methanogenic microbes are able to turn it into methane. Another example 

is the development of new forage cultivars that contain adequate levels of condensed tannins to assist 

in improving protein absorption, such as the new lucerne (Medicago sativa) (Grabber et al., 2002) and 

the use of microalgae as supplements for animal nutrition  

Other innovations under development and even marketed in other non-EU OECD countries, such as 

animal drugs or vaccines, have to date a less prominent, decreasing, or no role in European research. This 

is due to different factors ranging from differences in consumers and their associations preferences, 

different legislative frameworks and standards as well as different dominant farming systems (i.e. 

extensive versus intensive livestock grazing). For example, in the USA, The U.S. Food and Drug 

Administration (FDA) announced in November 2018 the approval of the first animal drug (Experior) 

that when fed to beef cattle under specific conditions results in less ammonia gas released as a by-product 

of their waste. Researchers in Australia and New Zealand, which are systems characterized by extensive 

grazing, have moved the research frontier even further, supported to a large extent by government 

funding, and are studying vaccinations against rumen methanogens as a practical approach to reduce 

methane emissions in livestock. This vaccine is foreseen to be particularly effective in ruminants grazing 

on pasture (see also William et al., 2009 whose study confirmed the effects of vaccine treatment on 

methane output in sheep). Examples of research institutes currently investigating these types of options 

are the CSIRO Livestock Industries in Australia, the New Zealand Agricultural Greenhouse Gas 

Research Centre (NZAGRC), the Pastoral Greenhouse Gas Research Consortium (PGgRc) and the 

AgResearch Institute in New Zealand. 

Aside the need for more technical innovation, research in Europe and elsewhere needs to strengthen its 

capacity to address comparability of options, already feasible or needing further research efforts. For 

example, researchers need to able to assess and communicate to other stakeholders (policymakers, civil 

society, farmers etc.) what are the most effective mitigation options, their pro & cons and their mitigation 

potentials. An example of such studies is Valin et al., (2013) that investigates the effects of crop yield 

                                                           
6 Ergot is a fungus that grows on the seed head of cereal grains and grasses and poses health threats to both human and 

animals. Several countries have established legislative maximum limits for concentrations of ergot sclerotia in grain for 

humans and animal feed. Interesting the EU and the UK have the lowest limits compare to most OECD countries for ergot 

in animal feed at 0.1% and 0.001%, respectively (Thompson, 2016). 

 

https://www.fda.gov/AnimalVeterinary/NewsEvents/CVMUpdates/ucm625193.htm
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and livestock feed efficiency scenarios on GHG emissions from agriculture and land use change in 

developing countries, using a global partial equilibrium model. These research outcome, complementing 

technical innovation, will encourage public support, and the targeted investments and research efforts in 

the most effective direction and adoption of the new technologies by farmers. Even when researchers 

find suitable feed solutions, and release scientific evidence of the need to develop a given option as a 

suitable mitigation strategy in agriculture, such innovations need to be adopted by the farming sector to 

unleash the climate mitigation potential of such innovation, that is, it is necessary to create a strong 

demand for it. Diffusion of the new technologies is also an important component of the innovation 

pathways and well-designed programs should take into account the need to reach out farmers and their 

advisors. Also, livestock nutrients management programs may be tailored to specific agro-climatic 

conditions and research developed under certain conditions / assumptions may perform poorly in diverse 

agro-ecological zones. In this regard, some institutions have developed practical information guides, ad 

hoc training opportunities and sponsored and implemented media campaigns such as the one funded by 

the Scottish Government as part of their Climate Change Advisory Activity (see UK case study below 

and Appendix 1). Furthermore, some strategies that work in a research setting may only properly work 

under certain conditions (e.g. in term of mode or frequency in which the strategy is implemented) would 

be very tedious and time consuming in the context of a commercially operated dairy farm. Australian 

researchers have discussed this specific problem when administering feeding condensed tannins to dairy 

cows (see e.g. Grainger et al. 2009). 

In term of infrastructure, innovation related to livestock feeding relies on transport infrastructure for the 

transportation of the feeding stocks to (intensive) production systems. Bringing the needed feed to the 

farm needs a transport infrastructure connecting the places where feeding is produced those where 

livestock farms are located. However, not only new feed types would not require new of special 

investments in such already existing transport network, but they would also enhance on-farm economic 

benefits related to reduced transports-related emissions and costs.7 

2.1.2 Actors and networks 

Four different types of actors and networks play key roles in the innovation system of livestock feed 

technologies: 1. demand, which can be “direct” - farmers requiring technology and/or inputs, and 

“indirect” - (associations of) consumers of livestock meat and dairy products, which are also essential 

                                                           
7 This analysis focuses on on-farm measures and strategies. Hence indirect aspects such as changes in trade patterns and 
transport costs for feed are beyond the main purpose of this study. However, they will be briefly discussed in contexts where 
they need particular consideration. See e.g. Section 3.1 (UK case study). 
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actors because their (lack of) acceptability of given options may hinder or foster the success and 

economic viability of alternative solutions; 2. research and education (including university, labs,  

extension services etc.); 3. supply (firms, innovators); 4. supporting institutions such as banks, venture 

capital, innovation and company support (Hekkert et al. 2011, Malerba 2002, Nelson 1993).  

 

Demand 

Farmers play a fundamental role in livestock production and relevant technology adoption. Technologies 

need to promote sustainable as well as economically efficient livestock production. Improving animal 

welfare and reducing GHGs emissions while maintain or increase livestock production per farmer is a 

worldwide challenge. Increasingly awareness on various environmental issues has led a shift in the way 

consumers choose to purchase. Now, more than ever, rising attention has been devoted to sustainable 

products with relatively low emissions. Growing demand for eco-friendly products will contribute to 

environmental wellbeing as it drives industry to produce more eco-friendly products. A series of recent 

studies has indicated that “green labelling”, or “carbon labelling”, “eco labelling”, has the potential to 

reduce market-wide emissions, although the effect varies depending on other factors such as market 

structure (e.g. Ibanez and Grolleau 2008, Cohen and Vandenbergh 2012, Onozaka et al. 2016).   

Meanwhile, concerns about animal health in relation to food safety and human health are increasing also 

among consumers and their associations. In this regards, consumers may also require technology and/or 

inputs that influence and improve the process of livestock production, or challenge the adoptions of given 

solutions because of ethical or health related concerns. For example, the use of antibiotics or vaccinations 

as a tool to reduce livestock emissions may hinder consumer preferences due to uncertainty, mistrusts 

and-or lack of information regarding the impacts of such options to animal welfare and indirectly to 

human health. In some cases consumers’ association may also be concerned about the impact on meat 

taste and quality, also for solutions better accepted, such as the use of seaweeds as source of protein. To 

sum up, on one side new feeding solution should be win-win strategies, able to bring farmers both 

environmental and economic benefits. On the other side, also the end-consumers should be recognized 

as important stakeholders in the process of innovation, and play a crucial role in initiating, accelerating 

and stabilizing sustainability transition (Schot et al., 2016).  

 

Research & Innovations 

The European Commission has played a pivot role in the EU-28 to foster research & innovation in 

livestock feeding by funding several research groups and consortia to assess the potential of 
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decarbonizing the European agricultural sector. Particularly, the Joint Research Centre (JRC) acts as a 

key science and knowledge hub, with the declared intent to provide evidence-based scientific support to 

the European policymaking. Relevant research streams include evaluating the environmental impact of 

livestock production and so on (Fiore, 2017). 

Large, international collaborations have the benefit to facilitate more holistic and integrated approaches, 

that look in a complementary manner to both innovations in animal feed and in breeding livestock with 

low GHG emissions and high feed conversion efficiency. The EU examples identified in this study have 

been in many instances supported by EU-Funded programs. Examples of innovative research consortia 

in these domain  are the FP7 funded projects ROBUSTMILK, GREENHOUSEMILK and SEQSEL.8 

In some instances, European research has also led to the submissions of patents. For example, in the UK 

the Rowett Research Institute patented a commercial feed, after conducting a research on reducing 

livestock methane gas emissions with funding from the EU's 5th and 6th Framework Programme.  

Supply 

In order to translate successful innovations in the lab into adopted innovations in the fields more efforts 

need to be undertaken to foster collaboration between researchers, intermediaries (e.g. large and SMEs 

input sellers), to reach out, supply and inform farmers. To this end, some local governments have 

organized ad hoc training for farmers and at higher level the EU has released funding to provide SMEs 

with scientific and technological knowledge to advance the development of animal nutritional additives 

that will reduce methane emissions and improve animal productivity (see e.g. SMEthane 

http://www.smethane.eu, sponsored under the EU 7th Framework Programme). 

Interdisciplinary cooperation and communication among animal scientists, engineers, and economists 

will increasingly provide farmers with the information needed to evaluate the economic and 

environmental advantages of adopting new livestock feeding strategies.  

More efforts need also to be undertaken to foster collaboration between researchers and SMEs. To this 

end, some local governments have organized ad hoc training for farmers and at higher level the EU has 

released funding to provide SMEs with scientific and technological knowledge to advance the 

development of animal nutritional additives that will reduce methane emissions and improve animal 

                                                           
8 The full titles and web link of these European projects are: Innovative and practical breeding tools for improved dairy 

products from more robust dairy cattle (ROBUSTMILK: www.robustmilk.eu); Developing Genetic Tools to Mitigate the 

Environmental Impact of Dairy Systems (GREENHOUSEMILK: https://cordis.europa.eu/project/rcn/92792/); Global 

cooperation to develop next generation whole genome SEQuence SELection tools for novel traits (SEQSEL: 

https://cordis.europa.eu/project/rcn/106635/).  

http://www.smethane.eu/
http://www.robustmilk.eu/
https://cordis.europa.eu/project/rcn/92792/factsheet/en
https://cordis.europa.eu/project/rcn/106635/
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productivity (see e.g. SMEthane http://www.smethane.eu, sponsored under the EU 7th Framework 

Programme). 

Supporting 

The rising awareness of agriculture decarbonization triggered the interest and engagement of multiple 

stakeholders in the process of agri-decarbonization. In recent years producers and suppliers of livestock 

products have come to realize that climate change may well shape the agricultural sector’s future and 

they started to address its environmental impact. As a result of such concerns, a wide range of partners 

are engaged in promoting sustainable farming at the EU level. Information diffusion that promotes better 

knowledge and growing willingness to act creates a momentum to tackle climate change regarding 

livestock sector. Across Europe, there are several organization working to support innovative practices 

in livestock feeding. An example is the AgriFood Training Partnership programme (AFTP), which, is 

helping to realise opportunities for new knowledge and technology to transform the agrifood industry.9 

Covering the full agri-food chain, the AFTP is an example of partnership designed to bring leading UK 

institutions in agricultural and food research together with industry practitioners. It provides specialist 

high-level skills training which will help exchange cutting-edge knowledge from the research base to 

industry, enabling the UK agri-food sector to respond resiliently to food security challenges. 

Another partnership example is the Livestock Environmental Assessment and Performance (LEAP) 

Partnership, which focuses on the development of broadly recognized sector-specific guidelines and 

metrics for assessing and monitoring the environmental performance of the sector. Supported by the 

Biotechnology and Biological Sciences Research Council (BBSRC), Rothamsted Research Institute is a 

UK research centre conducts research to improve productivity and nutrient value of livestock systems 

while also reduce environmental impacts and ensuring economic viability. Agri-Tech East is an 

independent, business-focused cluster organization in the UK, to improve the international 

competitiveness and sustainability of plant-based agriculture and horticulture. It brings together farmers 

and growers with scientists, technologists and entrepreneurs to create a global innovation hub in agri-

tech. The Roslin Innovation Centre is a new development in partnership between the University of 

Edinburgh, Scottish Government and BBSRC. It will enable opportunities to develop and adopt new and 

existing technologies, products and services to increase agricultural productivity 

In 2001 the European Initiative for Sustainable Development in Agriculture (EISA) was also founded. 

EISA is an alliance of national agricultural associations from six European Countries (France, 

                                                           
9 See: https://www.aftp.co.uk/ (last accessed 30.07.2019). 

http://www.smethane.eu/
https://www.aftp.co.uk/
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Luxemburg, Hungary, UK, Sweden, The Netherland), with the aim to catalyze and guide stakeholder 

action towards the improvement of practices for a more efficient use of natural resources. Other pan-

European and sector organizations include:  

- The European Innovation Partnership (EIP), which is an initiative that started in 2012 under the EU 

Rural Development Programme. The EIP aim is to contribute to the European Union's strategy 

'Europe 2020' for smart, sustainable and inclusive growth. Under the EIP total funding of 59 Euro 

million is available for funding during 2014-2020 to implement innovative projects that contribute 

to Rural Development Priorities which include promoting innovative farming technologies. 

Biotechnology and Biological Sciences Research Council (BBSRC) is the largest UK public funder 

of non-medical bioscience. It predominantly funds scientific research institutes and university 

research departments in the UK. Another UK funding body is the Lawes Agricultural Trust (LAT) 

that aids the advancement of agricultural science through providing support for Rothamsted 

Research and RoCRE, including ownership of land and building on the Harpenden site. 

- The EIT Food, which is a pan-European consortium that focuses on entrepreneurship and innovation 

in the food sector, with the overarching aim to connect businesses, research centres, universities and 

consumers;  

- the European Forum of Farm Animal Breeders (EFFAB) and  

- the European Association for Animal Production (EAAP), both of which are multi-national 

organizations at the EU level.  

Moreover, animal welfare groups such as The Royal Society for the Prevention of Cruelty Against 

Animals (RSPCA) in the UK also play a role in terms of appealing technologies such as precision 

livestock management as it helps achieve high-quality, sustainable and safe meat production (Berckmans 

2014). 

 

2.1.3 Policies and institutions 

Our case study focuses on Germany and the United Kingdom, which are the first and second largest 

emitters of GHG among EU-28 Member States, and also ranked as second and third for methane 

emissions from enteric fermentation in 2015. 

Before analyzing country-specific dynamics, it is however important to describe the innovation system 

around animal feeding innovation at the EU level because of the centrality of the EU’s Common 
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Agricultural Policy (CAP) for this specific set of technologies, and the potential role of agriculture to 

play an increasing relevant role in EU-level climate change mitigation targets. 

As in the case of other innovations in the agricultural sector, such as biochair, a promising way to create 

a strong demand in the EU for novel feed trials reducing methane production in livestock could be to 

issue tradable carbon credits. Ideally, these credits would be usable for regulatory compliance (as 

“offsets”) in existing cap-and-trade systems (such as the EU Emissions Trading System, in which the 

agricultural sector is currently not covered). This has not yet happened because cap-and-trade systems 

demand very high standards for the environmental integrity of offsets, which must represent permanent 

emission reductions.  

The Common Agricultural Policy (CAP) is the key institutional instrument to govern and promote 

environmentally and climate friendly practices in agriculture at the European level. Aside the CAP, the 

EU has and can continue fostering innovation pathways by supporting tailored research and actives, for 

example through the European framework programme for research and innovation. Indeed the relevant 

innovation systems at the local level (national and subnational) are to a large extent promoted or even 

determined at the EU level.  Yet, in the EU, different countries are at different stages of researching, 

promoting and adopting these mitigation strategies.  

The CAP is in charge of responding to the new environmental challenges by better integrating its 

objectives with other EU policies. Currently, among the most important objectives at the EU level lies 

the “Europe 2020” strategy”. Notably, this strategy establishes the reduction of greenhouse gases as one 

of the EU's five headline targets (European Commission, 2010b). Within this framework, the 2050 target 

for agriculture provides a reduction in greenhouse gases of between 42% and 49%, compared to the level 

of 1990, which corresponds to a reduction of around 30% compared to emission levels in 2005 (European 

Commission, 2011a; Westhoek et al., 2012). 

Since its inception in sixties, the CAP went through several waves of reforms. Initially, environmental 

requirements were not included in the CAPs, which focused on the modernization of agriculture, fair and 

more stable incomes for farmers, price stability and availability of food at affordable prices (Erjavec et 

al., 2015; Garzon, 2006). Up to 2015, the main tools to reduce environmental impact of agriculture were 

the rural development programs. However, since 2005, environmental requirements were included into 

CAP direct payments (the First Pillar of the CAP) through cross-compliance: all farmers receiving direct 

payments were subject to compulsory rules in the areas of environment, health and animal welfare. 

However, these rules were relatively mild and many of them were already either good practice 

recommendations or separate legal requirements regulating farm activities. The recent CAP reform 
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2014–2020 made a further step, making a large part of direct payments conditional on new environmental 

measures (Sollazzo et al., 2016). The main policy step was the introduction of a share of 30% of the 

direct payments, explicitly linked to payment for agricultural practices beneficial for the climate and the 

environment for the production of public goods. This was called “greening”. Greening is however 

expected to have only limited impacts on the dairy sector, despise this being one of the highest GHG 

emitting types of production. Some reason of this he main challenge during the reform process was how 

to design greening so as to reap environmental and climate change benefits and ensure the sustainable 

use of natural resources, without undermining either territorial balance throughout the EU or the long-

term competitiveness of the agricultural sector (European Commission, 2010b). During the negotiation 

process, following the initial CAP proposal of the European Commission in 2011, greening was one of 

the major areas of discussion between the Commission, the Parliament and the Council (Matthews, 

2013). The reform faced unfavourable circumstances that resulted in a watering down of the 

environmental aspects. Moreover, it was subject to intense lobbying by interest groups and to severe 

expost critiques (Swinnen, 2015). During the negotiation process, key actors in EU agricultural politics 

used ‘greening’ vocabulary to justify specific policies, including the popular environmental element in 

all discourses, but it was not proportionately integrated into measures (Erjavec and Erjavec, 2015). In the 

final CAP agreement, the three greening requirements, significantly weaker than those in the initial 

Commission proposal, provided for: i) crop diversification; ii) maintenance of permanent grassland; iii) 

allocation of arable land to Ecological Focus Area (EFA) 

2.2 How do the different elements of the innovation system work together? 

Innovations regarding livestock feeding requires collaboration between a number of scientific disciplines 

and strong engagement from the industry, including SMEs, in order to implement innovative technology 

suitable for operation in the livestock field (Teagasc. 2015).  

Policies that support more ambitious mitigation need to take into account the importance to improve the 

reach of technical assistance for farmers on locally relevant mitigation options, for example through cell-

phone and web-based information portals. Large EU-level initiatives such as EIT Food, connecting 

businesses, research centres, universities and consumers within and across countries can play a majoy 

role in ensuring the diffusion of innovative solutions, once those are found. It is also important to enhance 

communication across research institutions to leverage on existing projects and build upon results in an 

incremental way: for example, innovations pathways may involve studying how successful results in 

developing feed additive which cuts the quantity of methane produced by a given animal (e.g. sheep) can 
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be replicated in other animals (e.g. cows). It remains however important to recognize that some strategies 

that work in a research setting may only properly work under certain conditions (e.g. in term of mode or 

frequency in which the strategy is implemented) would be very tedious and time consuming in the context 

of a commercially operated dairy farm. Australian researchers have discussed this problem when 

administering feeding condensed tannins to dairy cows (Grainger et al. 2008). For example, the 

development and diffusion of new livestock feed should take into account that livestock nutrients 

management programs may be tailored to specific agro-climatic conditions, which vary substantially 

across Europe.  

Finally, the impact of new feeding technologies on consumer perception and willingness to pay may go 

both ways: on one side EU consumer may enhance their willingness to pay for products coming from 

production with lower emissions footprint. On the other side concern may arise in term of the impact that 

new feeding technologies have on the livestock and human health. 

2.3 Barriers and enablers 

Previous research shows that large-scale deployment of GHG mitigation technologies in agriculture tends 

to experience common barriers and enablers.  In this section we identify challenges and aids met by 

general mitigation technologies in livestock production as well as specifically by the uptake of feed type 

and management innovation.  

Barriers 

- Financial factor: 

Adoption by farmers will in turn depend on the capability of researchers to develop feed that not only 

reduces livestock methane gas emissions but also allow with a better feed conversion rate, allowing the 

animals to grow more efficiently. On average a high percentage of EU farmers’ income come from direct 

payments and other subsidies. 10  Initial investment and following-up operational costs of new 

technologies pose substantial challenge to large-scale deployment of technologies. On the other hand, a 

very small proportion of climate finance has been allocated to agriculture sector (Hodas, 2012). 

Consequently, although feed additives have large technical potential to reduce methane emission, the 

overall mitigation capacity will be limited if farmers to not realize the potential in term of economic 

benefits of new feed additives.   

 

 

                                                           
10 http://capreform.eu/the-dependence-of-eu-farm-income-on-public-support/ 

http://capreform.eu/the-dependence-of-eu-farm-income-on-public-support/
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- Behavioral factor:  

In general, it is difficult to show the benefits of emissions reduction to farmers as the outcome of 

mitigation tend to be visible only over a long-time span (EIP-AGRI, 2017a). On the other hand, effective 

emissions mitigation requires long-term investment and effort in adopting advanced technologies and 

changing farming practices. Therefore, emission mitigation itself is not a good, or strong enough, 

incentive for farmers to adopt mitigation measures. In theory, innovation in feed type and management 

has the potential to improve livestock productivity, which could be an attraction to farmers. A clear 

demonstration of improved productivity is desired through, for example, demonstration projects. 

Behavioural factors shall also be considered from the perspective of the end-consumer and specific 

technical solutions should also be assessed in term of predicted acceptance (present and future) by the 

consumer.   

- Lack of overarching concept and implementation outline 

Historically GHG emissions mitigation in agriculture tends to receive less attention compared to other 

sectors. FAO (2013)11 reviews national mitigation plans in agriculture sector in 34 countries and suggest 

limited awareness among politicians and officials of the financial situation and support mechanisms 

regarding GHG emissions mitigation in agriculture. Furthermore, mitigation goals are usually made in 

absolute terms on a national basis, without specific mechanisms through which reduction is achieved. 

There exists a gap between overall targets and implementation measures exists which could slow down 

the progress in promoting mitigation innovation in agricultural sector.  

- Interaction with other policy domains 

For many countries the primary concerns regarding agriculture relate to food security, rural development, 

and adaptation to the impacts of climate change. Prioritizing GHG mitigation in agriculture depends 

largely on national circumstances. There might be conflict between the use of feed additives and other 

policy domains, such as food safety. Laboratory experiments show that some chemical compounds could 

reduce methane emissions effectively, up to 100% methane removal under certain circumstance (EIP-

AGRI, 2017b). However, some feed additives or vaccines may not commercially practicable because of 

animal health and food safety concerns (for both animal and human health). Feed type innovation is 

excepted to focus on natural or synthetic compounds that can deliver long-term efficacy as well as 

maintaining food and animal safety standards.  

 

                                                           
11 http://indiaenvironmentportal.org.in/files/file/national%20integrated%20mitigation%20plan%20in%20agriculture.pdf 

http://indiaenvironmentportal.org.in/files/file/national%20integrated%20mitigation%20plan%20in%20agriculture.pdf
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Enablers 

- Decreasing methanogenesis in ruminants can constitute a win-win strategy to increase 

environmental and economic sustainability in the agricultural sector.  

Global analyses have clearly shown that non-CO2 GHG emissions such as enteric methane (CH4) and 

nitrous oxide (N2O) are inversely related to animal productivity (Gerber et al., 2011). The emission of 

methane from livestock represents a direct loss of energy to the ruminant, as between 4% and 10% of all 

ingested energy is excreted as methane (Johnson et al. 1997). Previous research has found that the large 

range in proportional CH4 emissions can be attributed to both animal and dietary factors (Ellis et al., 

2007; Yan, 2009). Notably, feeding that decreases methanogenesis in ruminants leads to lower energy 

losses from the animals, hence on-farm economic benefits related to productivity gains and farm-level 

costs reduction, through reduced transports-related emissions and costs12, as well as being beneficial for 

the environment, through decreased emissions of methane. Aside the environmental impact of methane, 

the significant loss of energy from the production system causes an economic loss to farmers, as it could 

be redirected to produce more milk (Eckard, 2006) and increase animal body weight. Reduced feed 

consumption per herd is beneficial especially for farmer in remote area, such as in some Scottish island, 

as transportation accounts for a large part in the operational costs. 

Enhanced information to farmers about the fact that decreasing methanogenesis in ruminants can 

constitute a win-win strategy to increase sustainability in the agricultural sector should be promoted as a 

key enabler of adoption of new feed strategies by livestock farmers.  

- Decreasing competition for land-use 

Livestock production accounts for 70% of global agricultural land and the area dedicated to feed-crop 

production represents 33% of total arable land (Steinfeld et al., 2006). The feeding of crops to livestock 

is in direct competition with producing crops for human consumption (food security) and climate 

mitigation (bioenergy production or carbon sequestration) (Smith et al., 2013; Ripple et al., 2014). 

Livestock farming has been associated in many parts of the world to deforestation, especially in tropical 

areas, where expansion of pasture and arable land for animal feed crops occurs primarily at the expense 

of native forests, and solutions that could decrease pressure on land use are particularly appealing to both 

farmers and policymakers. In many areas of Europe there has been an increasing interest to explore 

                                                           
12 This analysis focuses on on-farm measures and strategies. Hence indirect aspects such as changes in trade patterns and 
transport costs for feed are beyond the main purpose of this study. However, they will be briefly discussed in contexts where 
they need particular consideration. See e.g. Section 3.1 (UK case study). 

https://www.sciencedirect.com/science/article/pii/S0022030210002675#bib9
https://www.sciencedirect.com/science/article/pii/S0022030210002675#bib9
https://www.sciencedirect.com/science/article/pii/S0022030210002675#bib23
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solutions that could reduce land coverage dedicated for feed-crop. For example, seaweed feed additives, 

which do not directly compete with cropland for their production, have been demonstrated to 

significantly reduce methane emissions and has potential to increase livestock productivity, while not 

competing with croplands. 

- Compatibility with existing farming practices 

For many GHG mitigation actions, the actual effectiveness of emission reduction depends highly on the 

compatibility with indigenous farming practice. Using feed additives in ruminant diets is found to be 

compatible with most farming systems in Europe (European Commission, 2016). On the contrary, 

mitigation options that require changes in land use are less compatible with practices typical of the main 

farming systems in the EU, and therefore may deliver lower mitigation effect than expected.  

- Training and farmers networks 

Ad hoc training and extension services offered to individual farmers and their network are essential 

enablers for the diffusion of new technologies. Farmers need to access information regarding the new 

feed, for example in term of quantities, timing of feeding etc. The creation of effective networks and 

training, for example through public extension services, as well as trained private sector suppliers, would 

reduce the costs and risks associated to the “learning-by-doing” process involved in adopting new feeds, 

where farmers would need to experiment before realizing productivity gains. Large-scale pilot projects 

could be particularly beneficial in this respect, although the critical question on how to effectively 

monitor outcomes and savings remains a challenge. 

This aspect should be one of the key training component of future effective knowledge dissemination 

and training to farmers and their communities. Particularly, farmer networks at different levels (from 

smaller farmers’ communities in remote area to larger farmers union) can play an important role in mutual 

learning and technology diffusion, as farmers tend to be most influenced by farming methods 

demonstrated by their peers. Small farmer community could thus play an important role in technology 

diffusion. Literature suggest that demonstration activities hosted by farmers on their own and research 

farms are effective in supporting farmer-to-farmer learning.  Online knowledge hubs could also serve a 

similar function. For example, FarmDemo is an EU-wide demonstration network with online platform 

enabling wide spread sharing of knowledge and experiences through a set of media.13 

                                                           
13 https://nefertiti-h2020.eu/ 



19 

3. Case Studies 

Our case study focuses on Germany and the United Kingdom, which are the first and second largest 

emitters of GHG among EU-28 Member States, and also ranked as second and third for methane 

emissions from enteric fermentation in 2015. Looking at total emissions, Germany is the highest emitter, 

as it emits 21% of the EU-28 total or 936 million tonnes of CO2-equivalents in 2016. When we look at 

emissions from enteric fermentation France is the first emitter, accounting for 18% of all EU-28 

emissions. Germany and the UK account for 13% each.14 

3.1 The United Kingdom 

The UK Greenhouse Gas Action Plan (GHGAP) sets out how the agriculture industry in England should 

contribute to reducing British greenhouse gas emissions by three million tonnes of CO2 equivalent per 

year from 2018-2022. The GHGAP is a voluntary industry-led mechanism, that was launched in 2011 

and it is developed by the Climate Change Task Force in consultation with industry partnerships.15 In 

December 2007, the Task Force report “Part of the Solution: climate change, agriculture and land 

management” discussed how the agricultural industry was taking the initiative on reducing greenhouse 

gases from this sector. The 2016 GHGAP revision commits to a reduction target of at least 3 million 

tonnes of carbon dioxide equivalent per year (3MtCO2e) by the end of the third carbon budget period 

2022 (DEFRA, 2017). 

Livestock nutrition is one of the specific six priority areas of the GHGAP plan, notably: management 

skills and advice; crop nutrient management; soil and land management; livestock nutrition; livestock 

health, fertility and genetics; and energy efficiency and renewable generation. Progresses on each of 

these areas are summarized progress reports released by DEFRA in 2012 and 2017 (DEFRA, 2012; 

DEFRA, 2017). Overall the GHGAP is considered to be effective in terms of driving the uptake of 

mitigation methods (DEFRA, 2017).  It is considered to contribute to nearly a third of the target reduction 

in emissions. While to achieve the target of 3MtCO2e by 2022 the GHGAP has to drive further the uptake 

of mitigation methods that are proved to be effective. 

                                                           
14 Source: European Environment Agency, online data code: env_air_gge (last accessed: 8th February 2019). 
15 The Climate Change Task Force was launched by the National Farmers’ Union of England and Wales (NFU), the Country 
Land and Business Association (CLA), and the Agricultural Industries Confederation (AIC) in January 2007 to present a 
united stance against the serious threat that climate change poses to agricultural production and the rural sector. Industry 
consultant partnerships with GHGAP include: AHDB and its Sectors (BPEX, Dairy Co, EBLEX, HDC, HGCA, Potato Council); 
AIC member companies, AICC, TAG, NIAB, LEAF, FWAG, AEA and Farming Futures (CFE, 2010).  

http://ec.europa.eu/eurostat/product?code=env_air_gge&language=en&mode=view
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GHGAP livestock nutrition activities focus on improving feeding efficiency through the industry 

standard Ruminant Plan. Due to the GHGAP 70% of the dairy herd is fed according to diet formulation 

and advice specific to species/age/other requirements. In dairy herds which rely on a mix of home grown 

forages and purchased feeds for their nutrition, there has been a reduction in dietary protein levels, despite 

increases in milk yields, which will have resulted in lower nitrogen emissions and CO2e reduction. As 

for pig and poultry systems, 95% of the pig herd and 95% of the poultry flock receive complete tailored 

diets formulated specifically for the age profile of the herd/flock (DEFRA, 2017). The review emphasizes 

mainly the increasing coverage of ration plans and expert advices promoting feeding efficiency while 

quantitative emission reduction analysis is generally missing.  

As a complement to the voluntary GHGAP, the UK government contributes to emission reduction in 

agriculture through a range of initiatives including the Agricultural Technologies (Agri-Tech) strategy. 

This was launched in July 2013 aiming to facilitate the development of agricultural technology, 

innovation and sustainability (HM, 2013).  The strategy provides project funding to agri-tech research, 

and established Centres for Agricultural Innovation, among which there is the Centre for Innovation 

Excellence in Livestock (CIEL) to improve livestock farming innovation and practices.16  

Other mitigation forces in England include the Woodland Carbon Task Force. It is a joint force brought 

together by Forestry Commission England to establish the conditions for: more woodland creation via 

significant private sector investment to complement public funding; and increased supply and demand 

of woodfuel leading to greater uptake of sustainable forest management practice. It works with investors 

to develop business models and mechanisms to increase income going into woodland creation, supports 

the development of woodfuel businesses and local timber markets. Ultimately they improve the 

economics of woodland creation and bring more woodland into sustainable management. 

Regional policies and initiatives are also very important. For example, around 73% of Scotland’s land 

area is designated as agricultural, making its contribution to climate change mitigation crucial.17 Between 

1990 and 2015 the agriculture and related land use sector in Scotland has seen a fall of 3.8 MtCO2e 

(25.8%) in emissions (the Scottish Government, 2018). This fall is mostly attributable to four factors: 

efficiency improvements in farming, such as higher milk yields per cow; fewer cattle and sheep; a 

                                                           
16 https://www.gov.uk/government/publications/centres-for-agricultural-innovation/centres-for-agricultural-innovation 
17 The total area of agricultural holdings in Scotland is 5.7 million hectares, equating to 73 per cent of Scotland's total land 
area (7.8 million hectares). Just over half of the agricultural land comprised of rough grazing, with about a quarter taken up 
by grass, and about ten per cent used for crops or left fallow. The remaining land consisted of woodland, ponds, yards or 
other uses. Additionally, almost 0.6 million hectares of land is used for the common grazing of livestock 
(https://www.gov.scot/Topics/Statistics/Browse/Agriculture-Fisheries/agritopics/LandUseAll). 

https://www.gov.scot/Topics/Statistics/Browse/Agriculture-Fisheries/agritopics/LandUseAll
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reduction in the amount of nitrogen fertilizer being applied; and a reduction in grassland being ploughed 

for arable production. Scotland is an example of a region that has undertaken a number of initiatives 

including showcasing different mitigation activities (i.e. ‘Farming for a Better Climate’), and nutrient 

management planning for permanent pastures/soils. Farming for a Better Climate (FFBC) is a program 

delivered as part of Scotland’s Farm Advisory Service. It works with farmers to find practical ways to 

move towards a more profitable and low carbon farming. It provides free nutrient management 

programme tailored to Scottish Conditions, and advice on soils, fertilizers and manures. Evidence on the 

impact of the policy suggests that farmers who engage with it find it valuable, but not enough are aware 

of it (the Scottish Government, 2018). Two new measures were recently announced to promote the GHG 

emission mitigation in agriculture. These comprise of compulsory soil testing on all improved 

agricultural land, and new action to reduce wastage by improving livestock health.  

Wales is also actively engaged in developing actions and strategies putting climate change at the core of 

mainstream agriculture and food initiatives development. The Environment (Wales) Act is a newly 

introduced legislative framework promoting emission reduction for Wales since 2016. It places a duty 

on the Welsh Ministers to ensure that in 2050 net emissions are at least 80% lower than the baseline set 

in legislation. This will be achieved through the setting of interim targets for 2020, 2030 and 2040 and 

five yearly carbon budgets up until to 2050. The Sustainable Production Grant (SPG) is an initiative 

supported by the EU Rural Development Programme. It is designed to help farmers improve the 

economic and environmental performance of their agricultural holding for more sustainable, profitable 

and resilient farm businesses. The maximum grant rate for any individual investment project is 40% of 

the total investment cost. The items supported include facilities and equipment that relate to: animal 

health and welfare; crop storage; production housing and handling; renewable energy production; soil 

and crop management. 

Northern Ireland has a well-established voluntary partnership, the Agriculture and Forestry Greenhouse 

Gas Implementation Partnership (AFGHGIP) because of the fundamental role of agriculture to its 

economy.18 To date the AFGHGIP has issued two implementation plans for the period 2011-2015 and 

2016-2020 (AFGHGIP, 2011; AFGHGIP, 2016). AFGHGIP (2016) suggests that during the first 

implementation period considerable progresses have been achieved against the key objectives including 

raising awareness of on-farm mitigation and efficiency measures, and establishing a robust research and 

                                                           
18 The agri-food sector is essential to the economic prosperity of Northern Ireland in terms of value, exports and 
employment. The land use in agriculture accounts for almost 70% of overall land use in Northern Ireland and the food and 
drinks manufacturing delivers over 70% of sales exported (AFGHGIP, 2016).   
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evidence base on which local action can be taken. The AFGHGIP has contributed to a reduction in 

greenhouse gases of 11% from peak agricultural emissions in 1998, and the carbon intensity of milk 

production has reduced of 25% since 1990 (AFGHGIP, 2016). There are four key action themes during 

the first phase of the AFGHGIP (Table 1) and better livestock management is one of them. Livestock 

efficiency can improve the technical performance of livestock systems, lower the cost of production and 

reduce carbon emissions per kilogramme of meat or litre of milk. Particularly, feed analysis and additives 

can identify nutritional content and meet precise requirements, thereby reducing waste and contributing 

to improved carbon efficiency. 

Table 2: On-farm actions and key themes in the Northern Ireland  

Themes On-farm actions 
Better nutrient management Nutrient management planning based on crop need; 

Efficient slurry spreading techniques; 
Timing and rate of fertilizer application; 
Nitrogen fixation by clover/sward; 
Fertilizer type: urea based fertilizer with urease inhibitor 

Better livestock management Health and welfare; 
Feed and nutrition; 
Genetics and fertility; 
Manure management 

Improving land and carbon management Locking in carbon: 
in grass and soil, through improved land management; 
through restoration and management of peatlands; 
through creation of new, and management of existing, 
woodlands and hedgerows. 

Increasing energy efficiency Increasing energy and fuel efficiency on farm; 
Installation of renewable energy technologies; 
Energy crops 

Source: Author summarized from AFGHGIP (2016). 

 

The UK has been one of the academic systems receiving EU funding support to work at the development 

of feed additives that cuts the quantity of methane produced by the animals, such as the fumaric 

acid (C2H2(CO2H)2), whose benefit were discussed in section 2,1. For example, the Scottish Rowett 

Research Institute has carried out research on reducing livestock methane gas emissions supported by 

two EU Framework Programmes for Research and Technological Development (See: 

https://cordis.europa.eu/news/rcn/25009_en.html)19 

                                                           
19 In particular the FP5-LIFE QUALITY - Specific Programme for research, technological development and demonstration on 
"Quality of life and management of living resources", 1998-2002 and the FP6-LIFESCIHEALTH - Life sciences, genomics and 
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The Project developed by the Rowett Research Institute, is a successful example on how targeted EU 

funding can foster innovation pathways in the sector, as it resulted in the submission of a patent for a 

commercial feed reducing livestock methane gas emissions. 

Several advisory services are mandated to inform and support farmers in adopting practical and profitable 

ideas that could help them to cut their carbon footprint, improve farm efficiency and profitability, whilst 

also improving their farms environmental performance. An example is the Scotland’s Farm Advisory 

Service (FAS) which is part of the Scottish Rural Development Programme (SRDP). FAS organizes 

training workshop, releases information sheets and provide support through an advice line. Through a 

guide released in 2016, for example FAS promotes practical methods to feed Digestible Undegradable 

Protein (DUP) to sheep highlighting that these allow farmers to cut emissions and transport costs in 

remote areas because of the lower amounts of compound needed. 

As of July 2019, one of the main concerns surrounding British agriculture and innovations pathways in 

the sector pertain to the uncertainty around Brexit and the prospect of trade tariffs that would cripple 

British farming businesses. The first obvious impact of Brexit on the feed sector will be the addition of 

extra transaction costs. These extra costs will affect both British farmers as well as farmers in other EU 

countries, particularly Irish farmers. It is estimated that a ‘no-deal’ scenario, where the WTO most 

favoured nations duty is applied, could add approximately €55/t onto the cost of a typical cattle 

compound in Ireland. 20  Brexit could also discourage and undermine future collaborations between 

farmers networks and scientists, which has been so far an enabler of the development of innovations and 

their diffusions. 

3.2 Germany 

The share of non-ETS emissions from agriculture in Germany is relatively low and the ESR target is 

likely to be reached through emissions reduction in non-ETS sectors other than agriculture.21 However, 

considering the ambitious 80 to 95% emissions cut by 2050, the agriculture sector ought to be integrated 

into the comprehensive GHG mitigation strategy in Germany (BMUB, 2016). Historically a considerable 

fraction of emissions reduction achieved in Germany is through the energy sector, which is also the major 

                                                           
biotechnology for health: Thematic Priority 1 under the Focusing and Integrating Community Research programme 2002-
2006. 
 
20 https://www.agriland.ie/farming-news/how-will-brexit-impact-on-animal-feed/ Last Accessed: 30 July 2019. 
21 In the meanwhile an evaluation study based on scenario analysis provided be the German Climate Action Plan 2050 
shows that the long-term emission reduction potential is much greater in energy-related emissions than non-energy 
related emissions, which come primarily from agriculture (BMUB, 2016). 

https://www.agriland.ie/farming-news/how-will-brexit-impact-on-animal-feed/
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contributor to German GHG emissions (approximately 40%). Between 1990 and 2015 German energy 

sector has witnessed a 21 percent emissions reduction. Even bigger reductions were achieved by 

households (35 percent) and industry (36 percent). While during the same period emissions from 

agriculture fell by only 16 percent.22 A substantial amount of reduction was primarily due to the reduction 

in livestock farming following structural changes in the former East (WWF, 2007, BMUB, 2016).  

As a matter of fact, there has been some long-standing environment actions in agricultural sector in 

Germany. The most prominent one is the agricultural transition Agrarwende. It has emerged as a food 

safety policy at the beginning of twenty-first century when the ‘mad-cow-disease’ plagued Germany 

(Paul, 2007). Nowadays it features with a similar paradigm shift as the Energiewende, calling for a 

structural reorganization of agricultural policy to make the sector more sustainable (Sharma et al., 2016). 

Besides traditional topics such as human health, loss of biodiversity and over-fertilization, the current 

Agrarwende acknowledges the importance for climate friendly developments in agriculture, and 

emphasizes increasingly the need of GHG emissions reduction in agriculture (Greenpeace, 2017).  

After 1957, with the creation of the CAP, coordination of German agricultural policy was increasingly 

shifted to the European level. Thanks to the CAP reform in the early 1990s, agricultural markets became 

more liberal and more emphasis was placed on environmental issues. Both have led to reduced input use 

and lower production which resulted in lower emission in German agriculture (WWF, 2007). In order to 

improve the usage of fertilizer, German government has implemented strict fertilization regulation 

(Düngeverordnung). It spells out in fine detail which type of manure or synthetic fertilizer may be applied 

at which time of the year, in what type of weather conditions, in which amount, and so on. Failure to 

meet these requirements may result in the loss of the direct payments from the European Union. The 

fertilization regulation is considered as one of the most important instruments in operation for reducing 

nitrogen emissions, and other effective options include the implementation of the CAP and the Water 

Framework Directive (German Advisory Council on the Environment (SRU), 2015). 

Corresponding to the coalition on Paris Agreement, German government agreed on its Climate Action 

Plan 2050 in November 2016. The reduction target for agriculture is between 31 and 34 percent by 2030 

compared to the 1990 level (BUMB, 2016). Reduction measures in agriculture include the financial 

supports under the CAP, full implementation and consistent enforcement of legislation on fertilizer, 

increasing the percentage of land used for organic farming, increasing the fermentation of farm manure 

                                                           
22 https://www.cleanenergywire.org/factsheets/germanys-greenhouse-gas-emissions-and-climate-targets. 

https://www.cleanenergywire.org/factsheets/germanys-greenhouse-gas-emissions-and-climate-targets
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and agricultural residues, reducing emissions from livestock farming, avoiding waste and developing 

innovative climate action concepts in the agricultural sector.  Regarding to the specific livestock farming 

aspect, the plan stresses that research on the development of more climate-compatible livestock farming 

is needed, for example in the areas of feed, breeding and farm management. In the meanwhile, the plan 

stresses that most agricultural greenhouse gas emissions are caused by natural physiological processes, 

so the ability of technical measures to reduce them is limited (BMUB, 2016).  WWF (2017) expresses 

concerns that the agricultural chapter of the Climate Action Plan 2050 is written insufficiently and 

vaguely. Quantifiable reduction measures and timelines are seems to be missing and this issue tends to 

be long-standing in German agri-environmental policy framework. SRU (2016) considers that in its 

agricultural politics, Germany has set negative examples by working to weaken the European 

Commission’s efforts to bring about ecological reform, by failing to leverage the room for manoeuver 

that was available domestically for a more ambitious implementation. A broad consensus for an 

environmentally just and sustainable agriculture is lacking. 

As the rest of Europe, Germany has also been already affected by the uncertainties surrounding Brexit. 

The German Farmers’ Association (DBV) and other German agricultural industry bodies are very 

concerned about the expected economic as well as political insecurities caused by Brexit negotiations (or 

lack of) and Britain’s decision to leave the EU. The German Association for Animal Nutrition 

(DVT) represents the interests of the companies which produce, store and trade feedstuffs, such as 

compound feed, mineral feed, single feed and premixes as well as additives for livestock and pets. This 

association has also expressed concerns over the Brexit and its consequences. 

 

5. Conclusions 

To date, the main factor behind the absolute reduction in emissions in agriculture between 1990 and 2015 

has been the reduced numbers of ruminant livestock. Beef and dairy cattle husbandry are the major 

sources of methane and ammonia (a GHG and an atmospheric pollutant) to the environment from the 

agricultural sector (IPCC, 2006). Yet, we argued in this study that focusing only on further reductions of 

livestock units is not a viable solution in the years to come for several reasons. Methane is largely affected 

by the diet composition and intake by ruminants. Ruminant fed forages rich in structural carbohydrates 

produce more methane than those fed mixed diets containing higher levels of non-structural 

carbohydrates per unit of fermented material in the rumen (Sauvant and Giger-Reverdin, 2009; Yáñez-

Ruiz et al., 2017). Hence, supporting low-carbon innovation pathways in agriculture through innovation 
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related to livestock feeding rather than counting only on livestock number reductions, is an increasingly 

attractive complementary option for achieving cost-effective emission reductions over the long term. 

Non-CO2 GHG emissions are inversely related to animal productivity: decreasing methanogenesis in 

ruminants can constitute a win-win strategy to increase environmental and economic sustainability in 

the agricultural sector, but each option needs to be assesses not only in term of technical feasibility, but 

also in term of acceptability, as a farming practice by the farmers and more in general by the end-

consumers. 

This report focuses on farm-level emissions however, this approach fails to appreciate that there may be 

larger positive and or negative effects on climate gas emissions if the consequences are evaluated in a 

larger perspective. For example, the use of agro-industrial by-products or the development of locally 

sourced proteins for feed would lead to further emission reductions while these mitigation measures may 

also have a negative effect in term of emissions. 

Farmers are particularly vulnerable to climate change. The pace and scale of emissions mitigation should 

be promoted across all sectors. There are several common themes that exist throughout the discussions 

of barriers faced by mitigation technologies in agriculture.  
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Appendix 1: Example of Informative Factsheet for Farmers

Livestock 
 Nutrition 

Practical Guide 
The impact of livestock farming on 

climate change comes from: 

 emissions arising from the 

fermentation of feeds in the gut of 

animals 

 emissions from stored manures 

Greenhouse Gas (GHG) emissions 

from gut fermentation are in the 

form of methane (CH4) and from 

manure are CH4 and nitrous oxide 

(N2O). 

 Methane – this gas is 21x 

more potent than carbon 

dioxide (CO2) and is 

produced by certain types of 

bacteria in the gut. The major 

source of CH4 is associated 

with the fermentation in the 

rumen of cattle and sheep 

with a smaller contribution 

from the hindgut of horses 

and other 

forage utilisers. CH4 is also 

produced when bacteria 

break down undigested 

nutrients that are excreted in 

manure. 

 Nitrous oxide – is 312x more 

potent than CO2 and is 

produced by the action of 

bacteria on manure. 

 Carbon dioxide(CO2) – is 

produced by animals during 

respiration and is 

unavoidable. 

 Ammonia (NH3) – is 

released from manure and, 

although it is not a GHG, it 

accelerates the greenhouse 

effect. 

 

 
 

Risk Factors 
 

 

 Poor diet formulation. 
 Inappropriate use of feeds. 
 Carrying unproductive stock 

(eg barren cows). 

 Overfeeding protein. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Websites 
 

www.farmingforabetterclimate.org 

www.farmingfutures.org.uk 

www.ipcc.ch 

www.dairyco.org.uk 

www.agrecalc.com 

www2.cplan.org.uk 

www.calm.cla.org.uk 

www.planet4farmers.co.uk 

www.soilassociation.org.uk 

 

   

This Practical Guide concentrates on 

how farmers can manage the feeding 

of livestock to help reduce GHG 

emissions. 

Top tips for livestock farms... 

 Analyse forages to determine 

supplementation requirements. 

 Get advice on diet formulation and 

feeding to optimise productivity. 

 Maintain equipment used for 

weighing and mixing so that you are 

actually feeding what you think you 

are feeding. 

 Follow guidelines on manure 

management. 

 Apply an effective grazing strategy to 

make best use of pasture. 

http://wwwfarmingforabetterclimate.org/
http://www.farmingfutures.org.uk/
http://www.ipcc.ch/
http://www.dairyco.org.uk/
http://www.agrecalc.com/
http://www2.cplan.org.uk/
http://www.calm.cla.org.uk/
http://www.planet4farmers.co.uk/
http://www.soilassociation.org.uk/
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Livestock Nutrition 
 
 
 

 

Maximise use of feeds by: 
 

 

 planning winter feeding to 

achieve target production 

efficiency 

 analysing forages so that 

they can be supplemented 

appropriately 

 using distillery co-products 

which produce less CH4 

 paying attention to grazing 

management to obtain 

maximum livestock 

production from the potential 

grass growth 

 formulating diets for pigs and 

poultry so that protein is not 

wasted 

 calibrating weighing 

equipment so that quantities 

of feeds are correct 

 ensuring mixing equipment is 

well-maintained and delivers 

a uniform product 

Grazing Management 

The digestive system of ruminants, 

with microbial fermentation in the 

rumen, allows them to use the fibre in 

grass very effectively, providing it is 

not too mature. To ensure that grass 

use is as effective as possible 

attention to pasture and grazing 

management is essential. 

 
Selection of the appropriate grass 

varieties and re-seeding old pastures 

to match animal requirements both 

for grazing and forage conservation 

will improve the supply of nutrients to 

the animal. 

 

Winter Feeding of Ruminants 

During the winter cattle and sheep 

are usually given roughage (hay, 

silage or straw) supplemented with 

energy and protein concentrates. 

 
Hay and particularly silage vary 

widely in their composition and using 

average values can lead to 

inappropriate supplementation with 

production targets missed or 

nutrients wasted. So it is essential 

that forages are analysed at the start 

of the winter to allow the formulation 

of appropriate rations. 

 
Pigs and Poultry 

Unlike ruminants, pigs and poultry 

require their protein (amino acid) 

needs to be met directly from the diet. 

 
In order to avoid wastage of dietary 

amino acids, they should be supplied 

from feeds with a high digestibility 

and in the proportions that are 

required by the animal. 

 
Any excesses due to imbalance will 

be wasted as nitrogen in the urine, a 

process which requires energy and 

 
 

It is important that good quality grass 

is available and this can be achieved 

by carefully managing the grazing. 

Graze at a target grass height to 

supply sufficient dry matter but not so 

high that the grass has become 

mature and of lower digestibility. 

 
Dairy farmers are now using a closely 

controlled system with small 

paddocks used in rotation to achieve 

optimum nutrient supply and this has 

potential for beef cattle. 

 
 
 
 
 
 
Beef cattle producers could consider 

intensive finishing since high 

concentrate diets reduce the amount 

of CH4 produced per kg of product. 

However, be aware that this can use 

a large quantity of cereals that could 

be used directly by man or non- 

ruminants. 

 
High quality co-products from the 

human food industry can make a 

significant contribution to such diets. 

 
 
 
 

 
is thus a double waste of nutrients, as 

well as raising the potential for 

ammonia emissions. 

 

 

 

 

 

Source: 

www.farmingforabetterclimate.org 

Last accessed: 15 December 2018

Key Fact 

Ruminants produce most 
of the CH4 arising from 
livestock yet this is a 
necessary part of their  
utilisation of fibrous 
forages – feeds that 
cannot be used by man or 
non-ruminants. So 
ensuring the maximum 
production from each 
animal is essential. Of 
course, this also ensures 
the maximum return to 
the farmer.  

WIN + WIN 

http://www.farmingforabetterclimate.org/
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Annex 5 - Building sector case study 
 

High-efficiency envelopes in new residential 
buildings: Examining the innovation system in 

Germany, Italy, Poland and the UK 
 

P. Drummond, UCL 

 
 

1. Introduction 
 

The buildings sector accounts for around 40% of total final energy consumption in the European 
Union (EU), and for 36% of CO2 emissions1 (EC, 2016a). The residential sector alone accounted for 
over 25% of total final energy consumption in 2016, and over 16% of CO2 emissions in 20152. As 
such, it is on this sector this chapter will focus. 
 
As with all sectors in the energy system, in order to achieve the stated ambition of a reduction in 
CO2 emissions of at least 80% below 1990 levels across the EU, the residential sector must become 
more energy efficient, with a reduced CO2 intensity of the energy consumption that remains. From 
the results of four low-carbon pathway studies, and recognising the substantial variation in the 
extent to which the profile of energy consumption and CO2 emissions associated with the sector 
must change, Drummond & Ekins (2016) conclude that CO2 emissions from the residential building 
sector in the EU must reduce by at least 30% by 2030 and 50% by 2050 from 1990 levels, with 
average energy intensity of the residential building stock reducing from around 185 kWh/m2 in 2012 
(Gynther, Lapilonne & Pollier, 2015), to a maximum of 150 kWh/m2 by 2030 and 100 kWh/m2 by 
2050.3 
 
Around 65% of energy consumption in the residential building stock in 2015 was for space heating, 
with the majority of this demand satisfied by primary, non-renewable fuel consumption (largely 
natural gas) (Eurostat, 2019). Improving the energy efficiency of building envelopes in order to 
reduce the final energy demand for space heating (and cooling, however this accounts for just 0.3% 
of energy consumption in EU households (ibid)), is therefore essential to achieve the objectives 
outlined above, and a substantial component of the estimated 150 Mtoe (>50% of residential energy 
demand in 2016) of efficiency savings that Wesselink, Harmsen & Eichhammer (2010) estimate may 
be cost-effectively achieved in the sector in the EU by 2030. 
 
Around 75% of the residential building stock that will be present in 2050 has already been built 
(Lewis et al, 2013), meaning that improving the efficiency of building envelopes in the current stock 
is of particular importance. However, ensuring the envelopes of the remaining 25% are constructed 
and operate at high efficiency levels, in order to avoid further low-efficiency lock-in, is also key. 

                                                 
1 Scope 1 and Scope 2. 
2 Eurostat data states that the residential sector was responsible for 9% of primary fuel consumption in the 
EU28 in 2016, and 29% of final electricity consumption in 2015, and thus around 7% of total Scope 2 CO2 
emissions. 
3 Floor area growth assumptions as applied by IEA (2012). 
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Innovation and learning for new technologies, techniques and practices that may be developed 
during new construction may also be applied to improve the efficiency of existing buildings. 
 
This case study will map and examine the innovation system for high-efficiency envelopes for new 
residential buildings in four EU member states; Germany, Italy, Poland and the United Kingdom (UK), 
in order to distil the key drivers and barriers to their development and deployment in these 
countries, and draw lessons for policy attention. Section 2 first provides definitions. Section 3 then 
provides an overview of the key elements of the innovation system operating at the EU level. 
Sections 4 to 7 then present and discuss the innovation systems for the four countries outlined 
above, respectively. Section 8 concludes. 
 
 
 
2. Definitions 
 
High Efficiency Building Envelope 
 
The building envelope (also known to as the building shell, fabric or enclosure), is the boundary 
between the conditioned interior of a building and the outdoors, and includes external walls, floors, 
roofs, windows and doors as its components. As the primary thermal barrier between the interior 
and exterior, the building envelope, incorporating all of its individual components and the manner in 
which they are combined, is crucial in determining the heating and cooling requirements of a 
building (IEA, 2013a). 
 
In this study the full building envelope, rather than individual envelope components or technologies, 
is examined in order to include the role of a wide range of different specific components and 
technologies, but also broader elements such overall building design and construction quality and 
technique, that interact together to produce similar or divergent outcomes on overall building 
envelope efficiencies across different geographies. However, the scope remains limited enough to 
be instructive, as it excludes other elements – such as heating systems, appliances and lighting 
technologies, along with varied patterns of climate and occupant behaviour - that affect total energy 
consumption or intensity of a building. 
 
The energy efficiency of a building envelope and its components is represented by their rate of 
thermal transmittance, or ‘U-value’; defined as the rate of heat transfer (in watts) through one 
square metre of envelope, per 1°K (or 1°C) temperature differential. A high value indicates high 
thermal transmittance, and vice versa. A building envelope or envelope component with a low U-
value (area-weighted, for the full envelope) is thus desirable if the energy required for space heating 
(and cooling) is to be minimised (and energy efficiency maximised). According to the EU Buildings 
Database (EC, 2018a), the average U-value of all existing residential building envelopes across EU 
member states in 2014 was 1.69 W/m2°C, ranging from 0.58 W/m2°C in Estonia to 2.95 W/m2°C in 
Malta. 
 
There is no single definition for a high-efficiency building envelope (measured, for example, as the 
maximum area-weighted u-value). However, for a building to be certified as ‘Passive’, all opaque 
elements of the exterior envelope must have a maximum u-value of 0.15 W/m2°C (with lower values 
for windows) (PHI, 2018b). A maximum area-weighted u-value of 0.15 W/m2°C may be therefore be 
taken as an approximate definition of a ‘high-efficiency’ building envelope. 
 
3. European Union 
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i. Identification of key elements of the innovation system 
 

a) Technologies and Infrastructure 
 
Figure 1 illustrates the total final energy consumption for space heating, and total construction of 
new dwellings in the EU28, from 1990 to 2015 (with climatic corrections).4  An average of 2.15 
million new dwellings were constructed each year between 1990 and 2015, peaking at 2.91 million 
in 2007. Average floor area per dwelling has increased from 81.7 m2 to 91.4.m2 (with average floor 
area of new dwellings increasing from 105 m2 in 19915, to 108.1 m2 in 2015). Despite this, total 
(climatically adjusted) final energy consumption for domestic space heating has decreased from 
2,405 TWh in 1990, to 2,295 TWh in 2015 (peaking at 2,570 TWh in 2000). Around 70% of the 
population are owner-occupiers in the EU, with 46% residing in flats, and 35% in detached houses.6 

 
 
Figure 1 – New construction and space heating energy demand in the EU (Source: ODYSEE Database and Author's 
calculations) 

Reliable, accurate data on ‘as built’ u-values (for the building envelope as a whole, or for 
components thereof) does not appear to be widely (or publicly) available, either at EU or individual 
country level. As such, establishing a firm baseline for the diffusion of high-efficient envelopes for 
new buildings, regardless of the specific definition employed, is not possible. 

 
b) Actors and Networks 
 

- Build Europe. Originally founded in 1958, Build Europe is the umbrella organisation for national 
federations of developers and housebuilders, representing more than 30,000 developers and 
housebuilders affiliated to 10 countries (including BfW in Germany, PZFD in Poland, and the HBF 
in the UK). Its manifesto states that it ‘warmly welcomed the Energy Performance of Buildings 
Directive’ (Build Europe, 2019, p.27). However, it also notes that the potential high cost of 
achieving increasing efficiency, and of particularly of pursuing energy-positive housing, is an 
important factor. 

 
- European Construction Industry Federation (FIEC). Established in 1905, FIEC represents 

construction enterprises of all sizes, of all building and civil engineering specialties, and engaged 

                                                 
4 Energy consumption for residential space cooling at the EU level is minor. 
5 1990 data is unavailable. 
6 Source: Eurostat, Tables  Lic_lvho01 and Lic_lvho02. 
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in all kinds of working methods. It has 31 members across EU Member States plus 2 EFTA 
countries and Turkey (including HDB and ZDB in Germany and ANCE in Italy, but no members 
from Poland or the UK). FIEC welcomed the 2018 recast of the Energy Performance of Buildings 
Directive (EPBD, discussed below), and particularly its increasing focus on the renovation of the 
existing building stock in Europe. It also published a position paper in June 2019, along with EBC, 
EFBWW, UIPI, Eurima, Build Europe, CEMBUREAU, ECCA and others, calling for the European 
Commission to create a new vision for the built environment called ‘Construction 2050: Building 
tomorrow’s Europe Today’, which includes policies to boost demand for sustainable and energy 
efficient buildings to ensure the growth of construction skills for digitalisation, circular economy 
and energy efficiency (FIEC et al., 2019). 

 
- European Builders Confederation (EBC). Established in 1990, the EBC represents, defends and 

promotes the interests of the building sector’s micro, small and medium-sized entrepreneurs, in 
co-ordination with national member organisations (including ANAEPA and CNA in Italy, and ZRP 
in Poland, with no representation from Germany or the UK). Its mission is to ensure that 
construction SMEs’ specific needs are taken into consideration during the European legislative 
process in order to create a business environment that enables construction SMEs to be the 
driver of sustainable economic growth in Europe to increase the understanding of the role 
construction SMEs can play in helping the European Union respond to challenges such as, inter 
alia, energy efficiency, and express the views of construction SMEs in European policy making on 
issues such as, inter alia, energy efficiency. EBC believes there are substantial benefits in 
ensuring ‘that the objectives of the EUs Climate and Energy Policy Framework are met and 
international commitments are achieved’, and is a strong advocate to further promote the 
social, economic and environmental benefits of sustainable buildings and to improve access and 
availability of public and private finances so that people are able to cover the costs of renovation 
works’ (EBC, 2019) 
 

- Architects’ Council of Europe (ACE). Established in 1990 by the merger of the former Liaison 
Committee of the Architects of the United Europe (CLAEU) and the former Council of European 
Architects (CEA), ACE seeks to promote and act as the single voice for architecture in Europe, 
advance architectural quality and support sustainable development in the built environment, 
ensure high standards for architects, foster cross-border co-operation and facilitate European 
practice. It has 43 member organisations (including BAK and BDA in Germany, CNAPPC in Italy, 
IARP in Poland, and RIBA and the ARB in the UK), representing over 600,000 architects from 31 
countries in Europe. ACE has an ‘Environment Sustainable Architecture’ working group which 
seeks to, inter alia, disseminate the results of all EU-funded projects related to energy efficiency 
in buildings. In response to the 2018 EPBD revision, ACE stated that they advocate for ‘an 
ambitious and clearly defined long-term 2050 vision for the EU buildings stock, with key 
milestones in 2030 and 2040, in order create a stable regulatory framework, conducive to 
investment decisions’. They also recommend the adoption of the following guiding principles: (1) 
Incorporate the validation of calculated energy performance certificates (EPCs) with measured 
operational performance data; (2) energy retrofits need to be incentivised and regulated as part 
of overall functional and aesthetic upgrades of buildings; (3) recognise the need to target 
improvements across consumption of natural resources, indoor environmental quality, occupant 
satisfaction and value over the life-cycle of a building; (4) energy efficiency of buildings needs to 
be defined in a lifecycle perspective; and (5) harmonise reporting metrics across nation states 
and between calculated and achieved performance, and put in place disclosure requirements to 
ensure the rapid and continuous improvement of energy efficiency measures and technologies 
(ACE, 2017). 
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- European Council of Civil Engineers (ECCE). Established in 1985, ECCE ‘aims to promote the 
highest technical and ethical standards, to provide a source of impartial advice, and promote co-
operation with other pan-European organisations in the construction industry. ECCE also advises 
and influences individual governments and professional institutions, formulates standards and 
achieves a mutual compatibility of different regulations controlling the profession’ (ECCE, 2019). 
Its members include PIIB in Poland, and ICE in the UK (with no representation from Germany or 
Italy). 

 
- European Federation of Building and Woodworkers (EFBWW). EFBWW is the European 

Industry Federation for the construction industry, the building materials industry, the wood and 
furniture industry and the forestry industry. The EFBWW has 76 affiliated unions in 34 countries 
and represents a total of 2,000,000 members…the Federation's main task is to represent its 
affiliates in Europe and help them defend the rights and interests of the workers in the 
industries it covers’ (EFBWW, 2019). 

 
- Association of European Building Surveyors and Construction Experts (AEEBC). AEEBC 

‘members include construction experts from all of Europe. Comprising of Professional 
Organisations, Academic Bodies and individuals they share a common goal to share knowledge 
and expertise for the benefit of the construction industry’ (AEEBC, 2019).  

 
- Construction Products Europe (CPE). CPE ‘is the European Association that represents the 

interests of all construction products manufacturers throughout Europe..[and which strives] to 
facilitate sustainable competitive growth of the European construction products industry by 
promoting efficient housing and infrastructure solutions through consensus and dialogue with 
the European Institutions and societal stakeholders’ (CPE, 2019). In June 2016, the CPE 
published a position paper on the proposed revision of the EPBD, which stated, inter alia, that 
‘the EPBD should promote integrated approaches that enable to optimise of all the factors that 
contribute to a high energy performance, including requirements for highly performant building 
envelopes’ (CPE, 2016). 

 
- European Insulation Manufacturers Association (Eurima). Established in 1959, Eurima is the 

European Insulation Manufacturers Association and represents the interests of all major mineral 
wool producers throughout Europe. Initially established  to promote improved standards and 
regulations for the use of insulation materials, ‘more recently it has developed to reflect the 
growing environmental concerns of society’ (Eurima, 2019a). Regarding the EPBD, Eurima’s view 
is that it ‘sets the path towards nearly zero energy buildings in the future. It represents a 
milestone for the EU as regards world leadership in building-related legislation. It is essential to 
ensure that Member States effectively implement the EPBD in a timely manner. The Commission 
should closely monitor this’ (Eurima, 2019b). 
 

- European Association for External Thermal Insulation Composite Systems (EAE). Founded in 
2008, EAE ‘has been working towards a “culture of sustainability” in the construction sector. The 
members of the EAE include 12 national ETICS associations, six major European supplying 
materials‘ associations and nine supporting members, which include ETICS manufacturers as 
well as research institutes. The EAE represents about 80 per cent of Europe‘s revenue from 
ETICS. Their common aim is to improve the energy efficiency of the European building stock. This 
comes about through continuing technical developments in materials, construction materials 
and technologies, and through ongoing dialogue with politicians’ (EAE, 2019). 

 
- PU Europe. Founded in 1981, ‘PU Europe’s mission is to demonstrate the benefits and support 

the introduction of low energy building solutions for new constructions and renovation projects 
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across Europe, and develop sustainable and cost efficient solutions using PUR/PIR high 
performance insulation to support the societal shift towards the 2050 goal…to this end, the 
association proactively contributes to the European political and technical decision making 
process in areas such as energy efficiency, sustainable construction and health & environment. 
Messages are underpinned by independent research to which PU Europe dedicates a substantial 
part of its overall budget’ (PU Europe, 2019). 

 
- Association for European Manufacturers of Expanded Polystyrene (EUMEPS). EUMEPS ‘is the 

voice of the Expanded Polystyrene (EPS) industry. Our members are 23 National Associations of 
Expanded Polystyrene (EPS) in Europe. They represent local EPS converters, raw material 
suppliers, additive suppliers, EPS recyclers, and machinery provider companies. Besides these 
institutional members, EUMEPS also provides a platform for private companies related to the 
EPS industry. Altogether our membership represent 1.000 companies, most of them small and 
medium sized companies (SMEs), which employ around 60.000 people in Europe’ (EUMEPS, 
2019). 

 
- European Cement Association (CEMBUREAU). The Association acts as spokesperson for the 

cement industry before the EU institutions and other public authorities, and 
communicates the industry’s views on all issues and policy developments regarding 
technical, environmental, energy, employee health and safety and sustainability issues 
(CEMBUREAU, 2019a). CEMBUREAU fully supports the recognition, under the proposed 
revision of the EPBD, of the contribution of structural building materials with a high 
thermal mass as in the stipulation in the proposed revision of the EPBD that thermal 
capacity should be considered when calculating the energy performance of a building 
(CEMBUREAU, 2019b). 

 
- Tiles and Bricks Europe (TBE). Founded in 1952, ‘membership currently consists of 22 

European Union member states plus Norway, Russia and Switzerland. The association 
promotes the interests of the clay brick and tile industry in Europe. It provides a forum 
for its members to exchange information on technical development, sustainable 
construction, climate change, resource efficiency and other emerging issues’ (TBE, 
2019a). In September 2017, TBE published a position paper on the revision of the EPBD, 
stating that ‘EPBD is the opportunity to continue and improve the legal framework for the 
promotion of energy efficient buildings, taking into account the learnings from the last years, 
and that ‘the calculation of the energy performance of new buildings shall take into account a 
combination of a very good standard of insulation with modern heating/cooling technology 
and supply of the building with renewable energy. This normally leads to the most 
economically and ecologically optimal solution for new buildings’ (TPE, 2019b). 

 
- European Cool Roof Council (ECRC). Established in 2011, the ECRC is a non-profit European 

association whose initiatives are driven and paid for by its members. It is a voluntary 
organisation that brings value by promoting the benefits of cool roofing products to regulators, 
policy makers, consumers and other stakeholders. The ECRC also intends to enable cool roof 
products to be identified through the creation of an accreditation scheme’ (ECRC, 2019). The 
accreditation scheme is a ‘program for the radiative properties (i.e. the solar reflectance and the 
infrared emittance) of roofing products. The purpose of the ECRC product rating program is to 
provide a uniform and credible system for rating and reporting the radiative properties of 
roofing materials. In the framework of this program, manufacturers and sellers have the 
opportunity to label roofing products with the measured values of their Initial Radiative 
Properties. These properties are determined and verified through testing by 
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accredited/approved testing laboratories and a process of random testing of rated products’ 
(ibid). 

 
- Glass for Europe (GFE). GFE ‘supports and enables a dynamic, influential and valued flat glass 

industry in the European Union, by way of advocacy and targeted communication activities 
meant to dissemination the vision of the flat glass industry to opinion leaders…; to explain and 
promote the values and contributions of the industry and its products to Europe’s society, 
economy and the environment; to represent the interests of our members in the EU policy-
making process; [and] to contribute to the development of EU and international product 
standards adapted to market needs and legal obligations’ (GFE, 2019a). GFE has published 
position papers on a range of energy-related issues concerning windows, including proposing for 
the implementation of the EPBD requirements that ‘Member States should consider using the 
‘energy balance’ methodology for determining cost-optimal solutions for windows and glazed 
areas. The energy balance equation is the balance between the heat gains and heat losses that 
determines the most appropriate glazing solution for a given building’ (GFE, 2019b). 

 
- European PVC Window Profile and related Building Products Association (EPPA). The EPPA is a 

trade association that ‘represents the manufacturers of plastic window systems and related 
building products in Europe. About 25,000 employees create a turnover of €4bn and produce 
systems for nearly 80 million windows per year. EPPA represents 90% of the European PVC 
window profiles market’ (EPPA, 2019a). Regarding EU legislation, the EPPA state that windows 
are currently covered by more than one piece…next to the [Construction Products Regulation, 
discussed below] window manufacturers also need to comply with requirements 
under…Ecodesign (discussed below) and others. EPPA‘s members believe that all legal 
requirements relevant to their products should ideally be included in only one piece of 
legislation in order to decrease the administrative burden and to increase legal certainty’ (EPPA, 
2019b). 

 
- European Construction Forum (ECF). The ECF is a platform for cooperation on issues of common 

interest between independent organisations representing key players in the construction sector 
and participating on a voluntary basis…the principal aim of the ECF is the establishment and 
recognition of a single comprehensive policy approach for the European construction sector 
through raising the awareness of decision makers at European level to the specific issues 
affecting the sector as a whole. To this end, the participating organisations strive to arrive at 
consensual views on issues of common interest’ (ECF, 2019). 

 
- European Association of Real Estate Professions (CEPI). Established in 1990, CEPI’s members 

are national associations based in Europe representing estate agents and property 
managers…[it] aims to raise standards in the real estate professions, promoting that real estate 
brokerage and property management be conducted by qualified professionals with high ethical 
standards. As the European Union and its rules and regulations continue to impact further on 
the real estate market and the activities of real estate professionals, CEPI also aims to use its 
combined strength to bring the views of real estate professionals to the attention of policy-
makers in the EU, and to address and find solutions for their practical concerns in dealing with 
the implementation of EU policy and legislation. Therefore its work has an emphasis on 
European policy, lobbying and having an active presence in Brussels (CEPI, 2019a). CEPI has 
three priority policy areas, including ‘energy and the environment’, for which it focusses on, 
inter alia, ‘implementation of the Energy Performance of Buildings Directive and the practical 
use of energy performance certificates [and]  implementation of the Energy Efficiency Directive’ 
(CEPI, 2019b). 
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- International Union of Property Owners (UIPI). UIPI is a pan-European non-profit association 
comprising of 29 organisations from 28 countries representing more than 5 million private 
property owners of some 20 to 25 million dwellings in Europe. It’s aim is to promote the 
development, de facto and de jure, of private real estate property all around the world, promote 
favourable economic, legal and fiscal conditions for the private real estate sector, access to 
home-ownership and the private rented sector, and demonstrate the role of private real estate 
property and private property ownership in the economy and society (UIPI, 2019a). UIPI states 
that ‘in the last decade, climate, environmental and energy policies have increasingly become 
top policy priorities at EU level. The European building stock has been thus called upon to be 
part of the change and to contribute to the fight against climate change as well as to the 
reduction of GHG emissions. UIPI represents the interests of its members in this debate, 
acknowledging the utmost importance of environmental concerns for the preservation of our 
planet, whilst deeming it crucial to promote a fair balance among all the actors involved’ (UIPI, 
2019b). 
 

- Housing Europe. Established in 1988, Housing Europe is the European Federation of Public, Co-
operative and Social housing. it is a network of 45 national and regional federations with 
members totalling around 43,000 public, social and cooperative housing providers in 24 
countries, managing  over 26 million homes (about 11% of existing dwellings in the EU). Housing 
Europe work for ‘higher levels of energy efficiency both in new and refurbished buildings, in 
order to tackle energy poverty, one of the most alarming issues of our time’ (Housing Europe, 
2019). It conducts various policy and advocacy work, and participates in EU research projects. 

 
- Buildings Performance Institute Europe (BPIE). BPIE ‘is a not-for-profit think tank with a focus 

on independent analysis and knowledge dissemination, supporting evidence-based policy 
making in the field of energy performance in buildings. [As] a centre of expertise on all aspects 
of energy efficiency, renewable energy and energy performance of European buildings, the 
Institute focuses on policy analysis and advice and shares knowledge through studies, policy 
briefs, presentations and events…BPIE also supports evidence-based policy making by providing 
data and knowledge through its reports, as well as partnering in several European projects (BPIE, 
2019). 

 
- European Council for an Energy Efficient Economy (ECEEE). ECEEE is a non-profit, independent 

organisation that offers governments, industry, research institutes and citizen organisations a 
unique resource of evidence-based knowledge and reliable information, [and] promotes the 
understanding and application of energy efficiency in society and assists its target groups – from 
policy makers to programme designers to practitioners – with making energy efficiency happen’. 
It also ‘participates in a number of EU policy making and advisory fora, and frequently comments 
on European energy policy through position papers and responses to public consultations…[and] 
holds expert workshops and briefings for policy makers. It has co-operated with the European 
Commission, the Parliament and the EU presidency, to hold expert seminars’ (ECEEE, 2019). 

 
(3) Policies and Institutions 

 
Institutions 
 
There are four principal institutions in the European Union (EU, 2019a): 
 
- The European Council. The European Council comprises the heads of state or government of all 

EU Member States, along with the European Council President who Chairs meetings (elected by 
the European Council itself for a two-and-a-half-year term, and who represents the EU to the 
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outside world), and the European Commission President (discussed below). It decides on the 
EU’s overall direction and political priorities, but does not pass legislation. It usually meets four 
times a year, and generally decides matters by consensus (or on qualified majority on some 
issues). On any given issue it can either direct the European Commission to make a proposal to 
address it, or pass it to the Council of the EU for further discussion. 

 
- Council of the European Union. The Council comprises government ministers from each EU 

country, and its role is to negotiate and adopt EU laws, alongside the European Parliament, 
based on proposals from the European Commission. It also seeks to co-ordinate Member State 
policies, concludes agreements between the EU and other countries or international 
organisations, and adopts the annual EU budget. The Council meets in ten different 
configurations7, corresponding to the policy area under discussion. For a decision to pass, a 
qualified majority is usually required (55% of countries, representing at least 65% of the EU 
population), with four member states representing at least 35% of the EU population able to 
block a decision in most policy areas. Council meetings are Chaired by the relevant minister from 
the country that holds the six-monthly rotating EU Presidency. 

 
- European Parliament. The Parliament consists of 751 MEPS, directly elected by the citizens of 

the EU every five years, with MEPS per country approximately proportional to population 
(however members are grouped by political affiliation). The Parliament has three main roles. The 
first is legislative, in passing EU law together with the Council of the EU, based on European 
Commission proposals, reviewing the Commission’s work programme and asking it to propose 
legislation, and deciding on international agreements. The second is supervisory, in electing the 
Commission President and approving the Commission as a body, questioning the Commission 
and Council, and setting up enquiries. The third role is budgetary, in establishing the EU budget, 
together with the Council. The Parliament has 20 committees and two sub-committees, for 
different areas of legislation (including one for Industry, Research and Energy). The Parliament 
President is directly elected by MEPs for two-and-a-half-year terms, and represents parliament 
to other EU Institutions, and the outside world. 

 
- European Commission. The Commission is the EU’s politically independent executive arm. It has 

four principal roles: (1) it has sole responsibility for tabling laws for adoption by the Parliament 
and Council; (2) setting EU spending priorities, together with the Council and Parliament, and 
drawing up annual budgets for approval by the Council and Parliament; (3) enforcing EU law, 
together with the Court of Justice; and (4) representing the EU internationally. Political 
leadership is provided by a team of 28 Commissioners (one from each Member State), each 
responsible for a different policy portfolio, led by the Commission President. The day-to-day 
operation of the Commission is performed by staff in its departments, known as Directorate-
Generals, each responsible for a different policy area (headed by a Director-General, answerable 
to the relevant Commissioner). Decisions in the Commission are taken based on collective 
responsibility. The President , who defines the overall policy direction for the Commission, is put 
forward by the European Council and requires majority support in the Parliament to be elected. 

 
Directorate-Generals 
 
- DG CLIMA. Established in 2010, DG CLIMA formulates and implements climate policies and 

strategies, takes a leading role in international negotiations on climate, implements the EU’s 
Emissions Trading System (EU ETS), monitors national emissions by EU Member States, and 

                                                 
7 Agriculture and fisheries; competitiveness; economic and financial affairs; environment; employment, social 
policy, health and consumer affairs; education, youth, culture and sport; foreign affairs; general affairs; justice 
and home affairs; transport, telecommunications and energy. 
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promotes low-carbon technologies and adaptation measures. Previously, such responsibilities 
were with DG Environment (EC, 2019c). 

 
- DG ENER. DG ENER is responsible for developing and implementing the Energy Union (described 

below), focussing on five key dimensions: (1) energy security, built on solidarity and trust 
between EI countries; (2) a fully functional internal energy market; (3) energy efficiency as a 
contribution to moderation of energy demand; (4) decarbonisation of the economy; (5) 
research, innovation and competitiveness (EC, 2016c). 

 
- DG GROW. The DG for Internal Market, Industry, Entrepreneurship and SMEs is responsible for, 

inter alia, completing the internal market for goods and services, and helping turn the EU into a 
smart sustainable, and inclusive economy by implementing the industrial and sectoral policies of 
the flagship Europe 2020 initiative (discussed below). It is responsible for ensuring the full 
implementation of the Construction Products Regulation (discussed below), consolidating the 
internal market for construction products by developing a common technical language for such 
products, following up on the Construction 2020 Strategy (discussed below) (EC, 2019d). 

 
- DG RTD. DG Research and Innovation defines and implements European research and 

innovation policy to reinforce the European science and technology base, spur innovation, and 
turn societal challenges into innovation opportunities to help deliver on European Commission 
priorities. It also seeks to establish framework conditions that foster and support research and 
innovation, contributes to resolving specific challenges facing society, especially in realising the 
full potential of digital technologies and energy and climate change, and manages funding 
programmes (including Horizon 2020, discussed below). 

 
- Joint Research Centre (JRC). The JRC is the Commission’s science and knowledge service, and 

provides independent scientific advice and support to EU policy. It is responsible for creating, 
managing and making sense of knowledge to support European policies with independent 
evidence, anticipating emerging issues that need to be addressed at EU level and understand 
policy environments, sharing ‘know-how’ with EU countries, the scientific community and 
international partners, and contributing to the overall objective of Horizon 2020 (discussed 
below) (EC, 2019e). 

 
Decentralised & Executive Agencies, Independent Bodies and Other Institutions 
 
- European Research Council (ERC). The ERC’s mission is to ‘encourage the highest quality 

research in Europe through competitive funding and to support investigator-driven frontier8 
research across all fields, on the basis of scientific excellence.’ It is a flagship component of 
Horizon 2020 (discussed below), and also seeks to complement other funding activities such as 
those of the national research funding agencies (ERC, 2019). 
 

- Research Executive Agency (REA). The REA is mandated by the Commission to support EU R&I 
policy. It, inter alia, manages €14.3 billion worth of Horizon 2020 research (discussed below), 
and the Commission’s Research Enquiry Service (which provides answers to research grant 
applicants, EU-funded researchers and the general public). Under Horizon 2020, it manages 
various strands of research, including ‘future and emerging technologies’, including those with a 

                                                 
8 ‘Today the distinction between 'basic' and 'applied' research has become blurred, due to the fact that 
emerging areas of science and technology often cover substantial elements of both. As a result, the term 
'frontier research' was coined for ERC activities since they will be directed towards fundamental advances at 
and beyond the 'frontier' of knowledge’ (ERC, 2019). 
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focus on ‘green technologies’, covering four projects at present (focussed on sustainable water 
and agriculture, and renewable energy and other resources) (REA, 2019). 

 
- Innovation and Networks Executive Agency (INEA). INEA was launched in 2014 to implement, 

inter alia, elements of Horizon 2020, including ‘secure, clean and efficient energy and ‘smart 
cities and communities’ (INEA, 2019). 

 
- Executive Agency for Small and Medium-Sized Enterprises (EASME). EASME ‘manages ‘several 

programmes in the fields of SME support and innovation, environment, climate action, energy 
and maritime affairs’ (EC, 2019r). This includes energy efficiency research funding under Horizon 
2020, and the BUILD UP initiative (discussed below). 

 
- European Energy Research Alliance (EERA). EERA ‘is an association of European public research 

centres and universities active in low-carbon energy research. Bringing together more than 250 
organisations and around 50,000 researchers from 30 countries, EERA represents Europe’s 
largest energy research community’ Its official mission is to catalyze European energy research 
for achieving the Paris Agreement target, [and to] help streamline regional, national and 
European research efforts…and ensure efficient transfer to industry and market’. EERA is ‘the 
research pillar in the European Union’s Strategic Energy Technology Plan (discussed below), 
which aims to accelerate the development and deployment of low-carbon technologies’ (EERA, 
2019). 

 
- European Partnership on smart cities and communities (EIP-SCC). The ‘EIP-SCC is an initiative 

supported by the European Commission that brings together cities, industry, small business 
(SMEs), banks, research and others…it aims to improve urban life through more sustainable 
integrated solutions and addresses city-specific challenges from different policy areas such as 
energy, mobility and transport, and ICT…[and] builds on the engagement of the public, industry 
and other interested groups to develop innovative solutions and participate in city governance’ 
(EC, 2019q). 

 
- The European Construction, built environment and energy efficient building Technology 

Platform (ECTP). Founded in 2004, ECTP is one of 38 European Technology Platforms (ETPs), and 
‘brings together the collective vision for a leading edge European Built Environment on behalf of 
our Members. ECTP gathers around 150 Member organisations from across the construction 
sector and other sectors from the whole supply chain of the Built Environment. Our diverse 
membership across 26 countries, large enterprises, SME’s, universities, research organisations 
and professional associations allows us to take an integrated approach to tackling all relevant 
issues. We connect people and organisations from across the supply chain, helping us work 
collectively to improve our position on many societal and industrial issues including energy, 
climate change, efficiency and infrastructure’ (ECPT, 2019a). The ECPT has five areas of focus, 
including Energy Efficient Buildings, overseen by the E2B committee. The aims of the committee, 
via projects funded by Horizon 2020, are to (i) develop technologies and solutions enabling to 
speed up the reduction in energy use and GHG emission in line with the 2020 goals, e.g. through 
a higher renovation rate of the building stock at lower cost and to meet regulatory needs; (2) 

Develop energy efficiency solutions in order to turn the building industry into a knowledge-
driven sustainable business, with higher productivity and higher skilled employees; (3) develop 
innovative and smart systemic approaches for green buildings and districts, helping to improve 
the competitiveness of EU building industry by providing cost-effective, user-friendly, healthy 
and safe products for smart cities (ECPT, 20190b). 

 
Overall Strategies 
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2020 Climate and Energy Package 
 
First proposed in 2007, but fully adopted by the European Council and European Parliament in 2008, 
the Package sets three binding targets for 2020; a 20% reduction in GHG emissions (below 1990 
levels), 20% of final energy consumption to be sourced from renewables, and a 20% improvement in 
energy efficiency (from ‘business as usual’ primary energy consumption projections). Collectively, 
these became known as the ’20-20’20’ targets. Each Member State was set legally-binding targets 
across each theme (based largely on national wealth), which would collectively achieve these 
overarching targets. The targets themselves are supplemented by EU level strategies and policies, 
and national action. Subsequently, in October 2008, the European Council formally adopted the 
target to achieve 80-95% GHG reductions (from 1990 levels) by 2050. 
 
Strategic Energy Technology (SET) Plan 
 
The SET Plan, adopted in November 2007, was introduced ‘as a dedicated policy to accelerate the 
development and deployment of cost-effective low carbon technologies’ (EC, 2007, p.2). The Plan 
states that ‘first and foremost, we need a step change in efficiency in energy conversion, supply and 
end use. In transport, buildings and industry, available technology opportunities must be turned into 
business opportunities’ (ibid, p.4). It also states that For 2020, the technologies that will contribute 
to achieving the targets are available today or in the final stages of development. Low-carbon 
technologies in general remain expensive and face market penetration obstacles. Energy efficient 
technologies tend to have high upfront costs which deter market take-up. A twin-track approach is 
therefore needed: reinforced research to lower costs and improve performance; and pro-active 
support measures to create business opportunities, stimulate market development and address the 
non-technological barriers that discourage innovation and the market deployment of efficient and 
low carbon technologies’ (ibid, p.5). For the latter element, with respect to energy efficiency, the 
Plan refers to existing EU-level instruments (e.g. the Energy Performance of Buildings Directive). 
 
The Plan presents 7 key technology challenges for the following 10 years to meet the 2020 targets 
outlined above, including ‘bring to mass market more efficient energy conversion and end-use 
devices and systems, in buildings, transport and industry, such as poly-generation and fuel cells’. The 
Plan also presents 7 key technology challenges to achieve a 2050 vision toward complete 
decarbonisation, including ‘achieve breakthroughs in enabling research for energy efficiency: e.g. 
materials, nanoscience, information and communication technologies, bio-science and 
computation’. 
 
To advance achieve advances in the above challenges, the SET-Plan proposes to deliver the following 
results: (i) a new joint strategic planning, (ii) a more effective implementation, (iii) an increase in 
resources, and (iv) a new and reinforced approach to international cooperation. 
 
Regarding point (i), a European Community Steering Group on Strategic Energy Technologies, to 
steer the implementation of the SET-Plan, reinforcing the coherence between national, European 
and international efforts, would be established, alongside a European Energy Technology 
Information System9. Regarding point (ii) various ‘industrial initiatives’ would be established, largely 

                                                 
9 ‘The EU's SET Plan Information System (SETIS) provides information on the state of low-carbon technologies. 
It also assesses the impact of energy technology policies, reviews the costs and benefits of various 
technological options, and estimates implementation costs. This information is useful for the European 
Industrial Initiatives, private companies, trade associations, the European Energy Research Alliance, 
international organisations, and financial institutions’ (EC, 2019n). 
 



 13

focussed on energy production and generation technologies (although not proposed in the original 
Plan, a European Innovation Partnership on smart cities and communities was later established, 
focussed on ICT-based solutions to urban energy problems), along with the creation of a European 
Energy Research Alliance (discussed above). Regarding point (iii), the Plan notes the importance of 
increased budget for the EU Research Framework Programmes in particular, but also the role of 
increasing national budgets and human resource bases (EC, 2007), 
 
Europe 2020 
 
Published by the Commission in 2010, Europe 2020 is a ten-year strategy for jobs and growth, 
emphasising ‘smart, sustainable and inclusive growth as a way to overcome the structural 
weaknesses in Europe’s economy, improve its competitiveness and productivity and underpin a 
sustainable social market economy’ (EC, 2019f). The strategy sets five targets, one of which are the 
collective 20-20-20 targets, discussed above, and another of which is to achieve 3% of GDP invested 
in R&D (the remaining three concern employment, school leavers and poverty). These targets are 
implemented by seven ‘flagship initiatives’, including the Innovation Union, and Resource Efficient 
Europe. 
 
The Innovation Union had three key aims: (1) to make Europe into a world-class science performer; 
(2) to remove obstacles to innovation like expensive patenting, market fragmentation, slow 
standard-setting and skills shortages; (3) revolutionise the way public and private sectors work 
together, notably through Innovation Partnerships between European Institutions, national and 
regional authorities and businesses. 34 commitments were made to achieve these aims, clustered 
into six groups. The six groups, with key examples of these commitments, are as follows (EC, 2010)). 
Horizon 2020, discussed below, is the financial instrument for implementing the Innovation Union: 
 
(1) Strengthening the knowledge base and reducing fragmentation. This include commitments to 

train researchers and promote attractive employment conditions, establish an independent 
international university ranking system, and promote e-skills and competitiveness, Delivering 
the European Research Area through supporting measures to remove obstacles to mobility and 
cross-border co-operation, a commitment by Member States in collaboration with the 
Commission to have at least begun construction of Priority European Research Infrastructures10 
by 2015, focus future EU research and innovation programmes on the objectives of Europe 2020 
and sectoral challenges, and strengthen the science base through the JRC, and promoting the 
European Institute of Innovation and Technology (EIT) with the establishment of a new Strategic 
Innovation Agenda, including the creation of new KICs. 

(2) Getting good ideas to market. This includes putting in place instruments to attract private 
investment in innovation, creating a single innovation market through undertaking screenings of 
regulatory frameworks in key areas to drive innovation and speeding up and modernising 
standard setting, and promoting openness through promoting open access to the results of 
publicly-funded research and supporting the development of smart research information 
services, and facilitating collaborative research and knowledge transfer within research 
Framework Programmes (discussed below), and beyond. 

(3) Maximising social and territorial cohesion. This includes a commitment for member states to 
improve their use of structural funds for research and innovation projects, through the 
development and implementation of ‘Smart Specialisation Strategies’11 (the existence and 

                                                 
10 ‘Research Infrastructures are facilities that provide resources and services for research communities to 
conduct research and foster innovation. They can be used beyond research e.g. for education or public 
services and they may be single-sited, distributed, or virtual’ (EC, 2019l) 
11 Smart specialisation is an innovative approach that aims to boost growth and jobs in Europe, by enabling 
each region to identify and develop its own competitive advantages. Through its partnership and bottom-up 
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contents of which became the ex-ante conditionality for research and innovation investments 
under the European Regional Development Fund for 2014-202012), and an increasing focus on 
social innovation. 

(4) Pooling forces to achieve breakthroughs: European Innovation Partnerships. This includes a 
commitment by various EU institutions, member states and other stakeholders to advance the 
European Innovation Partnership concept, and for the Commission to prepare to launch a pilot 
partnership on active an healthy aging. 

(5) Leveraging our policies externally. This includes commitments to put into place integrated 
policies to ensure leading researchers and innovators reside in Europe and attract a high number 
of highly skilled third country nationals, and to treat scientific co-operation with third countries 
as an issue of common concern. 

(6) Making it happen. This includes a commitment by Member States to carry out self-assessments 
and identify appropriate reforms as part of their National Reform Programmes (discussed 
below), and for the Commission to monitor overall progress on innovation performance using 
the Research and Innovation Union Scoreboard13. 

 
The Resource Efficient Europe flagship initiative ‘aims to create a framework for policies to support 
the shift towards a resource-efficient and low-carbon economy which will help us to boost economic 
performance while reducing resource use; identify and create new opportunities for economic 
growth and greater innovation and boost the EU's competitiveness; ensure security of supply of 
essential resources; and fight against climate change and limit the environmental impacts of 
resource use’ (EC, 2011). Both the ‘Roadmap for Moving to a Low-Carbon Economy in 2050’ and the 
‘Energy Efficiency Plan’, discussed below, were published as part of this initiative. 
 
Roadmap for Moving to a Low-Carbon Economy in 2050 
 
Published in March 2011 as a requirement of the Resource Efficient Europe flagship initiative, the 
Roadmap ‘presents a Roadmap for possible action up to 2050 which could enable the EU to deliver 
greenhouse gas reductions in line with the 80 to 95% target agreed. It outlines milestones which 
would show whether the EU is on course for reaching its target, policy challenges, investment needs 
and opportunities in different sectors’ (EC, 2011a). Analysis completed for the Roadmap indicated 
that emissions from the built environment could be reduced by 90% by 2050, underlying the 
importance of Nearly-Zero Energy buildings under the recast Energy Performance of Buildings 
Directive, discussed below. 
 
Energy Efficiency Plan 
 
Published in March 2011, alongside the Roadmap discussed above, also as a requirement of the 
Resource Efficient Europe flagship initiative, the Plan aims to ‘respond to the call of the European 
Council of February 2011 to take 'determined action to tap the considerable potential for higher 
energy savings of buildings, transport and products and processes’’ (EC, 2011b), with a substantial 
focus on public sector buildings and renovation of existing buildings. However, the Plan states that 

                                                                                                                                                        
approach, smart specialisation brings together local authorities, academia, business spheres and the civil 
society, working for the implementation of long-term growth strategies supported by EU funds (EC, n.d.). 
12 The ERDF is an EU fund that aims to ‘strengthen economic and social cohesion in the European Union by 
correcting imbalances between its regions’ (EC, 2019). It currently focusses on four priority areas (innovation 
and research, the digital agenda, support for SMEs and the low-carbon economy), in which at least 80% of the 
funds must be concentrated (ibid). 
13 ‘The European innovation scoreboard provides a comparative analysis of innovation performance in EU 
countries, other European countries, and regional neighbours. It assesses relative strengths and weaknesses of 
national innovation systems and helps countries identify areas they need to address’ (EC, 2019k). 
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‘energy efficient building solutions are often technically demanding. There is a lack of appropriate 
training for architects, engineers, auditors, craftsmen, technicians and installers…the Commission is 
therefore launching the 'BUILD UP Skills: Sustainable Building Workforce Initiative' to support 
Member States in assessing training needs for the construction sector, developing strategies to meet 
them, and fostering effective training schemes. This may lead to recommendations for the 
certification, qualification or training of craftsmen. The Commission will also work with the Member 
States to adapt their professional and university training curricula to reflect the new qualification 
needs’ (discussed below) (EC, 2011b). 
 
Construction 2020 Strategy 
 
Published in July 2012, the Construction 2020 Strategy for the sustainable competitiveness of the 
construction sector and its enterprises ‘identifies the main challenges that the sector faces today 
and up to 2020 in terms of investment, human capital, environmental requirements, regulation and 
access to markets, and proposes initiatives to support the sector for this purpose’ (EC, 2012b). 
 
The Strategy presents a number of actions for the Commission, and invitations for Member States to 
take action. With regards to the envelope efficiency of new buildings, actions for the Commission 
includes the presentation of an analysis of various EU and national financial instruments supporting 
energy efficiency in buildings by the end of 2012, to organise a conference in spring 2013 on 
innovation in the construction sector to identify technological gaps and to define an action plan to 
address them, to carry out an evaluation of the BUILD UP Skills initiative (discussed below) and in 
particular asses extending its scope, promote initiatives aimed at adapting vocational education and 
training to the future qualifications and skills needs of the construction sector, support the creation 
of a European Sector Skills Council for the construction sector14 , and undertake ‘fitness checks’ of 
EU legislation. Member states are invited to, inter alia, negotiate collective agreements to support 
skill development in relation to the BUILD UP Skill initiative or similar schemes, and to establish 
partnerships for supporting vocational education and training schemes at national and regional 
levels (EC, 2012b). 

 
Energy Security Strategy 
 
Published in May 2014, the Strategy is ‘based on eight key pillars that together promote closer 
cooperation beneficial for all Member States while respecting national energy choices’. These pillars 
are: (1) Immediate actions aimed at increasing the EU’s capacity to overcome a major disruption 
during the winter 2014/2014; (2) strengthening emergency/solidarity mechanisms including co-
ordination of risk assessments and contingency plans; and protecting strategic infrastructure; (3) 
moderating energy demand; (4) building a well-functioning and fully integrated internal market; (5) 
increasing energy production in the European Union; (6) further developing energy technologies; (7) 
diversifying external supplies and related infrastructure; (8) improving coordination of national 
energy policies and speaking with one voice in external energy policy. 
 
Regarding pillar (3), the Strategy urges Member States to speed up measures to achieve the 2020 
efficiency target, focussing on heating and insulation in particular in buildings and industry, notably 
through, inter alia, ambitious implementation of the Energy Efficiency and the Energy Performance 
of Buildings Directives (both discussed below). Regarding pillar (8), the ‘Commission welcomes the 
calls made by certain Member States in favour of an Energy Union’ (EC, 2014a). 
 
2030 Climate and Energy Framework 

                                                 
14 Although consultations and feasibility studies regarding the establishment of this Council were conducted, it 
has yet to be established. 
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Adopted by the European Council in October 2014, the 2030 Climate and Energy Framework builds 
upon the 20-20-20 targets discussed above, and set three principal targets for 2030: a 40% reduction 
in GHG emissions from 1990, at least 27% of energy consumption to come from renewable sources, 
and at least a 27% improvement in energy efficiency (to be reviewed by 2020, with a view to 
increasing this to 30%). Unlike the 20-20-20 targets, these targets are binding at the EU level only. 
 
Energy Union Strategy 
 
In June 2014, the European Council set the creation of an Energy Union as one of the five main 
strategic objectives for the coming years, with the objectives of providing affordable energy for 
businesses and consumers, secure energy for all EU countries by reducing the EU’s energy 
dependency, and generating more green energy and continuing the fight against climate change. 
This objective was repeated with the adoption of the 2030 Framework described above, and in 
December 2014 the Council requested the Commission to issue a proposal for the Energy Union.  
 
The proposal, published in February 2015, has five dimensions: (1) energy security, solidarity and 
trust, (2) a fully integrated European energy market; (3) energy efficiency contributing to 
moderation of demand; (4) decarbonising the economy; and (5) research, innovation and 
competitiveness. 
 
Regarding dimension (3), the Strategy states that ‘most of the work has to be done at national, 
regional and local level, but the Commission can play a strong role creating the appropriate 
framework for progress. The Commission will, therefore, encourage Member States to give energy 
efficiency primary consideration in their policies.’ An associated action, however, is for the 
Commission to, in 2015 and 2016, ‘review all relevant energy efficiency legislation and…propose 
revisions, where needed, to underpin the 2030 [energy efficiency] target’.  Regarding Objective (5), 
the Strategy states that ‘a new European energy R&I approach should accelerate energy system 
transformation...this should build on Horizon 2020’ (discussed below), and actions should be 
grouped around four core priorities, including ‘Efficient energy systems, and harnessing technology 
to make the building stock energy neutral’. An associated action is for the commission to propose a 
new EU ‘R&I approach comprising an upgraded Strategic Energy Technology Plan…with a limited 
number of essential priorities and clear objectives, in 2015-2016.’ 
 
Other actions proposed in the Strategy are for the Commission to proposed legislation to achieve 
the GHG and renewables targets for 2030, and to launch a dynamic governance process for the 
Energy Union (EC, 2015a). 
 
Towards an Integrated SET Plan: Accelerating the European Energy System Transformation 
 
In September 2015, the Commission published a revised SET Plan, ‘defining the new European 
research and innovation strategy for the coming years. The Integrated SET Plan builds on the Energy 
Union strategy and highlights the areas where the EU needs to strengthen cooperation with SET Plan 
countries and stakeholders to bring new, efficient and cost-competitive low-carbon technologies to 
the market faster and in a cost-competitive way’ (EC, 2019). The revised Plan identified 10 priorities 
actions for research and innovation for the coming years, including: (2) ‘create technologies and 
services for smart homes that provide smart solutions to energy consumers’, and (5) ‘develop new 
materials and technologies for, and the market uptake of, energy efficiency solutions for buildings’ 
(EC, 2015b). 
 
Clean Energy for All Europeans (Clean Energy Package) 
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In November 2016, the Commission published proposals for a ‘Clean Energy for All Europeans’ 
(Clean Energy) Package of (legislative and non-legislative) measures to achieve three objectives: 
‘putting energy efficiency first, achieving global leadership in renewable energies, and providing a 
fair deal for consumers’ (EC, 2016). The package, including eight legislative acts, was agreed by the 
Council and Parliament in 2018 and early 2019, with all new rules coming into force by mid-2019 
(with 1-2 years for Member State transposition). It aims also to contribute to the 2050 Long-Term 
Strategy, discussed below. 
 
The legislative measures include the 2018 revisions of the Energy Performance of Buildings Directive 
(discussed below), the Renewable Energy Directive (including an increase of the 2030 renewables 
target to 32%, from 27%), the Energy Efficiency Directive (including an increase in the 2030 energy 
efficiency target to 32.5%), and the regulation on the governance of the Energy Union. The 
remaining four legislative measures focus on the electricity sector. 
 
The regulation on the governance of the Energy Union requires Member States to produce 
integration National Energy and Climate Plans (NECPs), covering ten-year periods, beginning in 2021-
2030. Member States were required to submit draft NECPs by the end of 2018 to be assessed by the 
Commission. In June 2019 the Commission published its global assessment of the cumulative impact 
of these draft plans, including recommendations for each Member State to improve their draft plans 
in order to meet the EU targets. The final NECPs must be submitted by the end of 2019. Member 
States are also required to produce national long-term strategies, consistent with NECPS, by 1st 
January 2020 (EC, 2019h). 
 
A Clean Planet for All: 2050 Long-Term Strategy 
 
Following invitations by the European Parliament and the European Council to prepare a mid-
century zero emissions strategy for the EU, and as required by the regulation on the government of 
the Energy Union, the Commission published its proposed strategic long-term vision for a climate-
neutral economy by 2050. The Strategy ‘outlines a vision of the economic and societal 
transformations required, engaging all sectors of the economy and society, to achieve the transition 
to net-zero greenhouse gas emissions by 2050. It seeks to ensure that this transition is socially fair – 
not leaving any EU citizens or regions behind – and enhances the competitiveness of EU economy 
and industry on global markets, securing high quality jobs and sustainable growth in Europe, while 
providing synergies with other environmental challenges, such as air quality or biodiversity loss.’ (EC, 
2018d, pg.5). 
 
The Strategy cites joint action along a set of seven main strategic building blocks that could lead to a 
net-zero greenhouse gas economy, the first of which is maximise the benefits from energy efficiency 
including zero emission buildings, under which an ‘integrated approach and consistency across all 
relevant policies will be necessary for the modernisation of the built environment and mobilisation 
of all actors. Consumer engagement, including through consumer associations, will be a key element 
in this process’ (EC, 2018d, pg.8). 
 
At the time of writing, the strategy is under discussion with EU institutions, member states and other 
stakeholders, with the aim of allowing the EU to adopt an appropriate long-term strategy in early 
2020. 
 
Policy Instruments 
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There are five types of legal act that EU institutions are able to enact. The first is a ‘Regulation’, a 
binding legislative act that must be applied in its entirety across the EU. The second is a ‘Directive’, a 
legislative act that sets out a goal that all Member States must achieve. However, it is for the 
member state to decide their own policy (or policies) for how these goals are to be achieved. The 
third is a ‘Decision’, which is directly applicable binding upon those to whom it is addressed (e.g. a 
Member State or a company). The fourth is a ‘Recommendation’, a non-binding instrument that 
allows EU institutions to make their views known and to suggest a line of action without imposing 
any legal obligation on those to whom it is addressed. The fifth is an ‘Opinion’, which allows EU 
institutions to make a statement in a non-binding fashion (EU, 2019b). Aside from legal acts, the EU 
is able to institute other initiatives that don’t impose legal requirements, often in order to support 
the objectives laid down by its legal acts. 
 

Energy Performance of Buildings Directive 

- 

- 

- 

 
The first Energy Performance of Buildings Directive (EPBD) was adopted in 2002, and came into force 
in January 2003. It was introduced in order to help capture the potential for energy savings from 
buildings, and associated emissions reductions, to contribute to the EU and Member States’ targets 
under the Kyoto Protocol (Drummond, 2013). The Directive introduced various key requirements 
relevant to new residential buildings, to be transposed into national law by January 2006. 
 
The first was the requirement to introduce, at national or regional level, a transparent methodology 
for the calculation of the energy performance of a building, which must include factors influencing 
energy demand (including building fabric characteristics, insulation, ventilation, position and 
orientation of the building, passive solar systems and solar protection, an outdoor climate and 
desired indoor climate). Methodologies may differ according to building classification (which must 
also be introduced), however for housing, the methodology must be reviewed regularly (but not less 
than two years) to keep pace with technical progress. The second key requirement is for Member 
States to set cost-effective minimum energy performance standards for different types of new and 
existing buildings undergoing substantial renovation, to be reviewed every five years. The third key 
requirement was for the creation and issue of an Energy Performance Certificate (EPC) for any new 
building, or for any building that is sold or rented to a new tenant. The EPC must include the energy 
performance of the building, any reference values such as minimum requirements, and 
recommendations for the cost-effective improvement of the building (EST, 2006; Drummond, 2013). 
 
In response to the introduction of the ’20-20-20 targets, discussed above, and in order to introduce 
improvements to various aspects of the EPBD, the Directive was ‘recast’ in 2010. This recast 
introduced various amendments to the requirements outlined above. This includes an improved and 
increasingly harmonised energy performance calculation methodology, and the requirement for all 
new (non-public) buildings to be classified as ‘nearly-zero energy buildings’ (NZEBs) by December 
2020 (and the remaining energy demand ‘should’ be covered ‘very significantly’ by renewable 
energy). Member states were required to produce a their own definitions of NZEB considering local 
conditions, with a numerical indicator based on primary energy consumption (in kWh/m2), and 
publish national plans for achieving this goal. Minor amendments to the EPC requirements, and 
other requirements of the 2002 Directive, were also introduced (Drummond, 2013). 
 
As part of the Clean Energy for All Europeans’ package, discussed above, a second revision to the 
EPBD was adopted in July 2018. Member States have until March 2020 to transpose its updated 
requirements into national legislation. A key element of this second revision is the requirement for 
Member States to express their national energy performance requirements in a further harmonised 
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manner, to facilitate cross-national comparisons. Various other elements relating to the energy-
efficient renovation of existing buildings, in particular, are also introduced (EC, 2019b). 

 

EPBD Concerted Action (EPPD CA) 

Soft instruments 

Information campaigns 

- 

 
EPBD CA is a joint initiative between EU Member States (plus Norway) and the European 
Commission (and recently, with funding from Horizon 2020, discussed below), involving 
representatives of national ministries or affiliated institutions with responsibilities for preparing the 
technical, legal and administrative framework for the EPBD (in Germany, Italy, Poland and the UK, 
this is BAFA, ENEA, ITB, and BRE, respectively). The objectives of the initiative are, inter alia, to 
enhance and structure the sharing of information and experiences from national adoption and 
implementation of the EPBD, and create favourable conditions for faster convergence of national 
procedures on EPBD-relate matters. 
 
The EPBD CA was first established in 2005. Its first phase ended in June 2007. A second phase 
followed, closing in 2010, with a third phase running 2011-2015, a fourth phase running from 
October 2015 to Match 2018, and the current fifth phase beginning on 1st May 2018, and closing on 
30th April 2022, with the aim of helping the transposition and implementation of the 2018 EPBD 
recast (EPBD CA, 2019). At the end of each phase, a book is published that summarises progress, 
assess effectiveness of implementation and support strategies, and recommendations for 
improvement. 

 

Energy Efficiency Directive 

- 

- 

- 

 
Adopted in October 2012, the Energy Efficiency Directive (EED) (2012/27/EU), was introduced to 
implement key aspects of the 2011 Energy Efficiency Plan, replacing both the Energy Services 
Directive (from which various measures were continued and updated), and the Cogeneration 
Directive. The EED follows a ‘two-step approach’, in which Member States must adopt binding 
measures, rather than binding, overarching efficiency targets (although Member States must set 
indicative national energy efficiency targets, based on either primary or final energy, or energy 
intensity). 
 
A key element of the EED is Article 7, under which Member States are obliged to establish ‘energy 
saving obligation schemes’, in which energy distributors and/or retail energy sales companies must 
achieve the equivalent of average annual cumulative savings of 1.5% of total sales, by volume, based 
on average total sales of the industry across the three-year period leading up to the 1st January 
2013. The obligation period is from 1st January 2014 until 31st December 2020, and Member States 
have flexibility as to how and when the required savings are implemented over this period (the 
obligation may be substituted for other policy measures designed to achieve energy savings 
amongst final customers, provided that such instruments achieve an equivalent energy saving, such 
as, energy or CO2 taxes, financing schemes, instruments or incentives that promote energy efficient 
technologies and techniques, regulations or voluntary agreements, standards and norms and 
training and education programmes, or  an ‘Energy Efficiency National Fund’, to be used to support 
energy efficiency initiatives). 
 
Member States must also ensure that, in so far as it is technically possible, financially reasonable and 
proportionate in relation to the potential energy savings, smart meters are installed in all new 
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buildings or a building that undergoes major renovation. Where final customers do not have smart 
meters, Member States must have ensured that billing data is accurate and based on actual 
consumption (rather than estimated), for all final consumers where technically possible and 
economically justified, by 31st December 2014. Member States must also take measures to promote 
and facilitate energy efficiency by small energy consumers, including domestic consumers. This may 
include fiscal incentives, access to grants and subsidies and information campaigns. 

 
From 30th April 2013, Member States must report annually to the Commission on progress achieved 
towards national energy efficiency targets. By 30th April 2015, and every three years thereafter, 
Member States must submit NEEAPs. NEEAPs should contain details of significant energy efficiency 
instruments, alongside achieved and expected savings. It should also contain updated projections of 
primary energy consumption in 2020, and against indicative energy efficiency targets. The 
Commission review these annual reports and NEEAPs, and may issue recommendations to Member 
States. There are no specific penalties for Member States for non-compliance, however national 
authorities must devise and implement effective, proportionate and dissuasive penalties for non-
compliance of the above obligations (Drummond, 2013). 

 
In 2018, as part of the Clean Energy for All Europeans Package, a revised Energy Efficiency Directive 
(2018/2002) was adopted. They key amendments include, aside an extension of the annual energy 
saving obligation beyond 2020 (with a requirement to achieve new savings of 0.8% each year of final 
energy consumption), stronger rules on metering and billing of thermal energy, and a general review 
of the Directive to take place by 2024. These amendments entered into force in December 2018 and 
must transposed by Member States by 25th June 2020, except for metering and billing provisions, 
which must be transposed by 25th October 2020) (EC, 2019g). 

 

Renewable Energy Directive 

- 

- 

- 

 
Originally adopted in 2009, the Renewable Energy Directive (RED) establishes a common framework 
for the promotion of energy form renewable sources, to achieve the 2020 binding renewable energy 
targets. The principal element of relevance is the requirement laid down by Article 4, which states 
that all Member States must adopt a National Renewable Energy Action Plan (NRAP), which sets 
indicative national sub-targets for the share of energy consumed from renewable sources in 
electricity, heating, cooling and transport in 2020, taking into account the effects of other policy 
measures (including energy efficiency). Member States must also make efforts to ensure the use of 
renewable technologies is considered when planning and building residential or industrial buildings 
or areas. This should be reflected in building regulations, and by 31st December 2014, Member 
States should require a minimum level of energy from renewables in all new buildings, and existing 
buildings subject to major renovation, and implement mechanisms to allow this to be achieved 
(whilst considering existing legislation and support mechanisms) (Drummond, 2013). 
 
In December 2018, the revised RED (2018/2001/EU) entered into force, as part of the Clean energy 
for all Europeans package, most elements of which must transposed by Member States by 30 June 
2021.  

 

Ecodesign Directive 

Regulation 

C/S/M 

Product standards 

 



 21

The first Ecodesign Directive was adopted in July 2005 to establish a framework for the setting of 
‘ecodesign’ requirements for ‘energy-using products’. ‘Ecodesign’ may be defined as the integration 
of environmental aspects into product design, with the aim of improving the environmental 
performance of the product throughout its lifecycle. ‘Energy-using Products’ (EuPs) are products that 
use, generate, transfer or measure energy such as boilers, computers, transformers and industrial 
furnaces. On 21st October 2009, a recast Directive was adopted to extend the scope of the 
framework to ‘Energy-related Products’; products which do not use energy but have an impact on 
energy use, such as windows, insulation materials and shower heads (Drummond, 2013). However, 
no implementing measures, which must be introduced to specify requirements for any given 
product, have yet been introduced for such products relevant to building envelopes. 

 

Construction Products Regulation 

 

 

 

 
Introduced in 2011 to replace the Construction Products Directive, ‘the Construction Products 
Regulation (CPR) lays down harmonised rules for the marketing of construction products in the EU. 
The Regulation provides a common technical language to assess the performance of construction 
products. It ensures that reliable information is available to professionals, public authorities, and 
consumers, so they can compare the performance of products from different manufacturers in 
different countries’ (EC, 2019p). 
 
Products must conform to the relevant product standard and publish information concerning safety, 
testing criteria, fire resistance, mechanical resistance and stability, user instructions, protection 
against noise, energy, economy and heat retention, sustainable use of natural resources, handling 
instructions, storage recommendations, maintenance, warranties and dealerships, and display the 
CE (Confirmité Européenne) mark (DBW, 2019). 

 

BUILD UP 

Soft instruments 

Information campaigns 

- 

 
Established by the European Commission in 2009 to support Member States in implementing the 
EPBD and succeeding the EPBD Buildings Platform, BUILD UP is ‘a web portal…intended to reap the 
benefits of Europe's collective intelligence on energy reduction in buildings for all relevant 
audiences. It [brings] together new practitioners and professional associations while motivating 
them to exchange best working practices and knowledge and to transfer tools and resources. The 
BUILD UP web portal targets professionals working in the building sector (public or private) with an 
interest on the latest developments at technical or practice level, policy legislation, financial issues, 
etc related to energy efficiency.’ (BUILD UP, 2019). 
 

BUILD UP Skills 

- 

- 

- 

 
BUILD UP Skills, established in 2011, succeeded the BUILD UP initiative, and ‘is a strategic 
initiative…to boost continuing or further education and training of craftsmen and other on-site 
construction workers and systems installers in the building sector. Its final aim is to increase the 
number of qualified workers across Europe to deliver building renovations which offer high-energy 
performance as well as new, nearly zero-energy buildings. The initiative addresses skills in relation to 
energy efficiency and renewable energy systems and measures in buildings’ (BUILD UP, 2019a). 
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Calls for proposals took place between 2011 and 2014, with a total of 22 projects funded. In 
Germany, this included QUALENERGY2020 (which aimed to ‘provide necessary information on the 
actual workforce needs considering the 20-20-20 goals (numbers and specific qualifications) in the 
Building Sector in Germany) and QUALTRAIN (which aimed to develop and implement large-scale 
qualification and training schemes as well as accompanying measures which ensure a sustainable 
system of lifelong qualification of blue-collar-workers in the building sector)(BUILD UP, 2019b). In 
Italy, this included BRICKS (which aimed to develop tools and methodologies to set up training 
systems to increase the knowledge, skills and competences of workers in the field of buildings 
refurbishment in order to intensify the introduction of Renewable Energy Sources and improve 
Energy Efficiency in the old as well as in new buildings to reach Almost Nearly Zero Building (ANZB) 
by 2020), and I-TOWN (which aimed to develop and validate training schemes for workers in the 
building sector, improving their competences in sustainable building) (BUILD UP, 2019c). In Poland, 
this included a project to set up a framework for a national training and qualification scheme for 
workers in the construction sector in the field of energy efficiency and RES technologies in buildings 
(BUILD UP, 2019d). In the UK, this included a project that aimed to undertake a comprehensive 
review of existing skills, training and qualification provision, and anticipated skills needs, and use to 
outcome to develop a 2020 Skills Roadmap that will inform the development and provision of skills 
through a wide range of stakeholder bodies across the UK (BUILD UP, 2019e). 
 

EU Research Framework Programmes for Research and 
Innovation 

Economic & Financial Instruments 

Direct investment 

RD&D funding 

 
Since 1984, EU research activities and associated funding have been defined and implemented by a 
series of multi-year ‘Framework Programmes’ (FPs). The current Framework Programme (FP8), 
named ‘Horizon 2020’ (H2020) operates from 2014 to 2020, with funding of nearly €80 billion, and  
is the financial instrument implementing the aims of the Innovation Union. It has a number of focus 
areas, including ‘Excellent Science’, ‘Industrial Leadership’, ‘Societal Challenges’, ‘Science with and 
for Society’, ‘Spreading Excellence and Widening Participation’. Under ‘Societal Challenges’ there are 
6 pillars, including ‘Secure, Clean and Efficient Energy’ (or the ‘Energy Challenge’). The Energy 
Challenge is structured around seven specific objectives and research areas: (1) Reducing energy 
consumption and carbon footprint; (2) Low-cost, low-carbon electricity supply; (3) Alternative fuels 
and mobile energy sources; (4) A single, smart European electricity grid; (5) New knowledge and 
technologies; (6) Robust decision making and public engagement; (7) Market uptake of energy and 
ICT innovation. A total budget of €5.93 billion has been allocated to non-nuclear energy research for 
the period 2014-2020. Each two-year work plan under this Challenge has had a substantial focus on 
energy in buildings, including new buildings, with funding calls including new designs for highly 
energy performing buildings, construction skills, cost reduction of Nearly-Zero Energy Buildings, and 
towards highly efficient and decarbonised buildings. 
 
The next Framework Programme (FP8) will be called ‘Horizon Europe’, and will have a budget of 
€100 billion. It will, in part, be focussed around ‘missions’. Thus far, 5 missions have been agreed, 
including ‘Adaptation to Climate Change, including Societal Transformation’, ‘Cancer’, ‘Healthy 
Oceans, Seas, Coastal and Inland Waters’, ‘Climate-Neutral and Smart Cities’, and ‘Soil Health and 
Food’.  In both Horizon 2020 and Horizon Europe, at least 35% of the total budget is allocated to 
climate-related action. 

 

Energy Efficient Mortgages Action Plan (EeMAP) 

Economic & Financial instruments 

Direct Investment 

RD&D funding 
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Launched in 2017 and funded by Horizon 2020, the objective of the EeMAP was to create a 
standardised ‘energy efficient mortgage’ (EEM), which incentivises building owners to improve the 
energy efficiency of their property, or acquire or construct a new energy efficient property, by way 
of preferential financing conditions linked to the mortgage. The EEM concept is based on the 
assumption that increased energy efficiency increases both the value of the property and the ability 
of the borrower to service their mortgage through reduced energy bills, thus the mortgage 
represents a lower risk on the balance sheet of the lender, thus allowing them to offer the loan at 
reduced interest rates. 
 
The project initiated a pilot scheme, involving 79 participants (including 47 banks) around Europe 
(including banks responsible for all the value of mortgages outstanding in Germany and Italy, 23% of 
the value outstanding in Poland, and 6% in the UK). Under the pilot, lenders were invited to 
implement a pilot framework, with EEMs offers to finance the purchase/construction and/or 
renovation of both residential (single family & multi-family) and commercial buildings where there is 
evidence of: (1) energy performance which meets or exceeds relevant market best practice 
standards in line with current EU legislative requirements and/or (2) an improvement in energy 
performance of at least 30%. This evidence should be provided by way of a recent EPC rating or 
score, complemented by an estimation of the value of the property according to the standards 
required under existing EU legislation. A sister project, the Energy Efficiency Data Protocol and Portal 
(EeDaPP) ran in parallel to monitor the performance of EEMs, and to draw lessons for the future 
design of EEMs (EeMAP, 2019). Results from the pilot indicates that five countries tested as part of 
EeMAP, and evaluations of trials elsewhere, that EEMs do demonstrate reduced balance sheet risks 
for lenders, or are neutral (Bertalot, 2019). 
 
4. Germany 
 
i. Identification of key elements of the innovation system 
 

a) Technologies and Infrastructure 
 
Figure 2 illustrates the total number of dwellings and the average energy consumption for space 
heating per m2 of floor area in Germany from 1990 to 2016 (with climatic corrections).15 

                                                 
15 Data for space cooling is not available, however compared to energy consumption for space heating in 
Germany, this is likely to minor. 
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Figure 2 - Total Number of Dwellings and Space Heating Intensity in Germany (Source: ODYSEE Database and Author's 
calculations) 

The number of dwellings in Germany increased from just under 34 million in 1990 to nearly 42 
million in 2016, with an average of 312,000 new dwellings constructed each year (an average of 46% 
of which were multi-family dwellings). Average floor area per dwelling has increased from 81.1 m2 to 
91.1m2 (with average floor area of new dwellings increasing from 94 m2 in 199116, to 105 m2 in 2016; 
peaking at 116.5 m2 in 2006). Despite this, total (climatically adjusted) final energy consumption for 
domestic space heating has decreased from 545 TWh in 1990, to 475 TWh in 2016 (peaking at 610 
TWh in 1998), meaning energy intensity has decreased from an average of 197 kWh/m2 in 1990 to 
124 kWh/m2 in 2016 (as illustrated in Figure 2). Nearly 49% of the population live in rented 
accommodation in Germany (the highest proportion in the EU), with 57% residing in flats, and 26% 
in detached houses.17 
 
At the time of writing, there are around 1,700 Passive Houses (and thus houses that achieve the 
envelope u-value requirements described in Section 2, and elaborated further below) in Germany 
registered with the international Passive House Database. However, the degree to which this data is 
comprehensive is also unclear, as new homes that qualify as ‘Passive’ are not required to register 
with this database. Indeed, Zhang & Nilsson (2013) cite estimates of over 30,000 registered Passive 
Houses in Germany by the end of 2012. 
 

b) Actors and Networks 
 
This sub-section describes the most prominent non-government and non-government affiliated 
institutions and networks of relevance to this study in Germany. 
 
- Federation of the German Construction Industry (HDB). The HDB, together with its 18 regular 

and extraordinary member associations, represent the interests of 2,000 medium-sized and 
large construction companies in Germany. Established in 2011, the Sustainability Working Group 
of the HDB’s Technical Committee aims to achieve a competitive and strong national system for 
sustainable building certification, improving the sustainability of construction companies 
themselves, and encourage energy-efficient building refurbishment and new construction (HDB, 
2018). 

 
- German Construction Industry Association (ZDB). ZDB is comprised of 36 member associations 

from across Germany, representing 35,000 small- to medium-sized, owner-managed 
construction companies (ZDB, 2018). 

 
- Federal Construction Industry Association (BVB). The BVB represents cross-trade interests of 

the German construction industry, develops principles,  guidelines, and standards, and engages 
with policy makers on technical regulations (BVB, 2018a). The BVB, along with ZDB and two 
other trade associations, offer training and certification for ‘Certified Building Energy 
Consultants’, identifiable by a logo (BVB, 2018b). 

 
- German Confederation of Skilled Crafts (ZDH). ZDH represents the interests of 1 million craft 

enterprises with over 5.4 million employees, across 53 craft chambers and 48 craft trade 
associations in Germany (ZDH, 2018a). In March 2016, the ZDI with BMWi launched the Skilled 
Craft Energy Efficiency Initiative, through which more than 320 education courses on energy 
efficiency and renewable energy are offered (in co-operation with the CNCE, discussed below), 

                                                 
16 1990 data is unavailable. 
17 Source: Eurostat, Tables  Lic_lvho01 and Lic_lvho02. 
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projects to engage young people in energy-efficient construction employment opportunities, 
and ‘energy efficiency pilots’; building that may be hired to offer training in energy-efficient 
construction (ZDH, 2018b). 

 
- Competence Network Construction and Energy (KBE). KBE is formed of 16 ‘competence centres’ 

(training centres) and 5 ‘associated partners’ (universities) across Germany with a focus on 
various aspects of the conduction industry as relevant to energy consumption and efficiency. 
The partners co-ordinate their educational and advisory work by sharing experts, course 
concepts, materials and standards, and through collaboration on specific projects (KBE, 2018). 

 
- Federal Chamber of German Architects (BAK). BAK is the governing body of the sixteen Länder 

Chambers of Architects. Amongst other things it focusses on professional training, issues of 
standardisation, and the development of the German fee scales for architects and engineers 
(HOAI). In early 2018, BAK issued a strategy paper outlining the contribution of architects to the 
Energy Concept (discussed below), and proposals for the future. The strategy states that climate 
protection, rather than saving energy per se, should be the main objective of energy efficiency 
policy for buildings, and that the scope of such policy should become broader, to consider 
lifecycle emissions (rather than just energy and emissions from the ‘in-use’ phase), to consider 
districts rather than buildings individually, and to consider the interaction with other elements 
that impact the energy consumption of buildings, such as the electricity system and its 
development (BAK, 2018) 

 
- Association of German Architects (BDA). Established in 1903, the BDA is ‘committed to 

elevating and improving the function and meaning of architecture in service of society and the 
environment’. It has regional associations (and subgroups) in 16 Länder, and has 5,000 members 
in Germany (BDA, 2018). 

 
- Federal Chamber of Engineers (BIngK). BIngK is the governing body of the sixteen Länder 

Chambers of Engineers. Amongst other things it advocates for uniform practices for engineers, 
promotes co-operation and exchange of experience between the Länder, and the development 
of the HOAI. The technical work of BIngK is carried out through thirteen expert committees, one 
of which is focussed on energy efficiency. 

 
- IG Bauen-Agrar-Umwelt (IG BAU). IG BAU is trade union with membership across the 

construction, building materials and related trade industries (alongside agriculture, forestry and 
horticulture). It has campaigned in favour of various energy efficiency-related measures, both at 
EU level and within Germany. 

 
- Federal Association of Prefabricated Construction (BDF). Established in 1961, the BDF is an 

association of 48 manufacturers of pre-fabricated housing in Germany, with around 100 
partners from industry as sponsoring members. The BDF ‘sees itself on the one hand as 
representing the interests of the industrial manufacturers of prefabricated timber houses, on 
the other hand as a mediator between the home manufacturers, their customers and 
prospective buyers as well as public institutions. The aims of the association are the promotion 
of the market position of the industry and the joint, manufacturer-independent mediation of the 
ready building concept in science, politics and media’ (BDF, 2019a). The BDF also initiates and 
promotes scientific studies on building materials, construction principles and building physics, 
and engages in matters of policy, including the promotion of climate protection and energy 
efficiency. 
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- Quality Association of German Prefabricated Construction (QDF). Established in 1989, the QDF 
formulates and implements binding requirements for the economic, ecological, functional and 
technical quality of the houses and the construction process for its members, ‘thus, the leading 
manufacturers of prefabricated houses give a comprehensive and verifiable quality promise, 
which is based on the principles of sustainability. In addition, the companies will in future be 
handing over a house file to their customers, which will function as documentation throughout 
the entire lifecycle of the building and contribute to its intrinsic value if it is managed and 
maintained by the owner’ (BDF, 2019c). 

 
- Federal Association of Real Estate and Housing Companies (BfW). Established in 1946, BfW is 

the association for medium-size real estate industry in Germany, including property and project 
developers and managers, financiers, planners and other related service providers. It is 
comprised of 8 regional associations in Germany, and 1,600 member companies accounting for 
50% of residential construction in Germany (BfW, 2018). 

 
- Federal Association of German Housing and Real Estate (GdW). GdW is the umbrella 

organisation for the 14 regional housing and real estate associations on the Länder, representing 
around 3,000 housing companies and co-operatives. These organisations cover around 6 million 
homes (around 30% of all rental properties in Germany), in which 13 million people live. In May 
2018, it published the GdW Compact on Energy and Climate Protection in the Housing Industry 
in which it sets out its positions on the existing policy landscape, and proposals for future 
developments. In February and May 2019, two more publications followed (a position paper 
entitled ‘A climate-neutral building stock requires a new climate policy 4.0 with a clear social 
component’, and a GdW compact on ’23 emergency measures for climate protection in the 
building sector’, respectively) (GdW, 2018). 

 
- Central Real Estate Committee (ZIA). ZIA ‘promotes measures to maintain and improve the 

economic, legal, tax and political environment of the real estate industry’ in Germany. Including 
over 25 association members, it represents around 37,000 real estate companies in Germany 
(ZIA, 2018). 

 
- Federal Association of Real Estate Germany (BID). Established in 2012, the BID brings together 

BfW, GdW, ZIA and other related associations in the real estate industry18 ‘to present content 
positions more effectively to the public’ (BID, 2018). 

 
- German Sustainable Building Council (DGNB). DGNB was founded in 2007 by 16 founding 

partners from various disciplines and points along the value chain within the construction and 
real-estate sectors, as non-profit, membership based organisation with the aim to ‘promote 
sustainable and economically efficient building’. At present, DGNB has over 1,200 members 
internationally. The DGNB also operate the DGNB Certification System, which certifies new or 
existing buildings (or urban districts) as ‘sustainable’ at four levels (bronze, silver, gold and 
platinum), based on the fulfilment of up to 50 sustainability criteria (covering ecology, economy, 
socio-cultural aspects, technology, work flows and building sit), measured across the lifecycle of 
the building (DGNB, 2018a). This includes a criterion entitled ‘Quality of the building envelope’ 
(TEC1.3), which evaluates heat transfer, thermal heat bridges, airtightness and summer heat 
protection (DGNB, 2018b). DGNB Certification may be awarded internationally, based on 
building- and country-specific conditions. Independent, DGNB-trained auditors must evaluate 
the project and award the certification, whilst DGNB-trained consultants (both auditors and 

                                                 
18 The DDIV, the umbrella organisation of German property managers, the IVD, the Federal association of real 
estate consultants, brokers, administrators and experts, and VDP, the association of German ‘Pfandbrief’ 
banks. 



 27

consultants may be found through the DGNB website), may assist building owners in directing 
the project towards certification from project inception. At the time of writing, 1,265 
certifications have been awarded, with 1,108 of these in Germany (DGNB, 2018c). DGNB have 
also established the DGNB ‘Navigator’, which provides information on construction products, 
and the DGNB ‘Academy’, which provides training to on aspects of sustainable construction to a 
range of stakeholders. 

 
- German Association for Housing, Urban and Spatial Development (DV). Membership of the DV 

spans all levels of German government (from federal to local), the public, co-operative and 
private housing and construction industries, representatives of landlords, owner-occupiers and 
tenants, financial institutions, planners and architects, and academics. The association deals 
with issues of demographic and social change, sustainable urban development, the energy 
transition and financing, as they relate to housing and urban development. They do this through 
working groups, expert workshops and network meetings, and commissions and studies to 
provide recommendations for policy and practice (DV, 2018). 

 

- German Tenant’s Association (DMB). The DMB is the umbrella organisation of 15 regional 
associations and 320 local tenant associations, with membership of 1.3 million households. DMB 
provides political representation of interests of the tenants, and engaged with all major 
legislative measures in the area of building and living, including the preservation and expansion 
of tenant protection, affordable rents, housing subsidies, the promotion of social housing, 
energy efficiency and increased use of renewable energy (DMB, 2018). 

 

- Passive House Institute (PHI). Established in 1996, the PHI is a research institute that led the 
development of the Passive House concept, following the first Passive House pilot project in 
Darmstadt in 1990. The PHI conducts R&D into construction concepts, building components, 
planning tools and quality assurance. It also provides consultancy and technical guidance, and 
hosts the international Passive House Conference, and the Research Group for Cost-Effective 
Passive Houses. It also provides (for free) the Passive House Planning Package (a planning tool 
for energy efficiency for the use of architects and planning experts), operates the Passive House 
Certification (discussed below), and provides certification for building designers, consultants and 
tradespeople (PHI, 2018a). 

 
- German Green Building Association (GGBA). The GGBA was founded in 2012, and is the national 

focal point for the US-based building certification system LEED.19  
 

c) Policies and Institutions 
 
Institutions 
 
Germany is a federal parliamentary republic, with federal legislative power vested in the Bundesdag 
(federal parliament) and Bundesrat (federal council, the representative body of the Länder, 
discussed below). The Bundestag is elected directly by the German people for four-year terms (with 
the first all-German Bundesdag elections held in December 1990, following German reunification). 
The Bundesrat directly elects the Bundeskanzler (Federal Chancellor), who heads the 

                                                 
19 Leadership in Energy and Environmental Design (LEED) is ‘the most widely used green building rating system 
in the world. Available for virtually all building, community and home project types, LEED provides a 
framework to create a healthy, highly efficient and cost-saving green building.’ (USGBC, 2019). It awards points 
for achievements in various categories including ‘energy and atmosphere’, ‘materials and resources’, ‘indoor 
environmental quality’ and ‘innovation’, which sum to provide an overall certification level. 
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Bundesregierung (Federal Government), and selects Federal Ministers to form the German Cabinet.  
The German head of state is the Federal President, and is largely a ceremonial role. 
 
Germany comprises sixteen states, collectively referred to as Länder. Each state government 
appoints delegates to represent their interests in the Bundesrat, which holds an annually rotating 
presidency between the states. Each state has delegates (and thus voting rights) in accordance to its 
population, and must vote on and grant assent to issues first passed by the Bundestag that directly 
affect or must be implemented by the Länder (this forms the majority of federal legislation passed 
by the Bundestag). 
 
Federal law takes precedence over laws set by the Länder administrations, with the federal 
government holding exclusive legislative competence in foreign policy, defence, citizenship, currency 
and money, the unity of the customs and trading area, and co-operation between the Federal 
government and Länder for law enforcement. In these areas, the Länder may only adopt legislation 
where they are expressly empowered to do so by a Federal act. The Länder may freely (or be 
required to) adopt policy and legislating in all other areas, however this must not be in conflict with 
Federal legislation, with Federal legislation and policy taking precedence (Deutscher Bundestag, 
2019). 
 
There are six main political parties in Germany; the centre-right Christian Democratic Union (CDU), 
the centre-left Social Democratic Party (SPD), the democratic socialist party The Left (Die Linke), the 
left-wing Greens, the centre-right Free Democratic Party (FDP), and the far-right Alternative for 
Germany (AfD). The most recent general election was held in September 2017, with the DCU 
winning 30% of the vote (200 of 709 seats in the Bundesdag), and the SPD winning 25% of the vote 
(153 seats). The remining four parties won between 67 and 94 seats each. The current government 
is a coalition, led by the CDU, with the SPD and the CSU (the Christian Social Union of Bavaria, the 
Bavarian iteration of the national CDU). 
 
Except for the AfD, during the election campaign all major parties supported the Energy Concept, 
and the role of energy efficiency in achieving its objectives. They also made clear their focus on 
maintaining the existing policy framework, with the Green and Die Linke parties arguing for an 
enhanced policy framework. The AfD, however, made clear its desire for Germany to leave the Paris 
Agreement, end all domestic and international climate protection efforts (Carbon Brief, 2017; 
DENEFF, 2017). 
 
Federal Ministries 
 
As of 2018, the German federal government comprises fourteen ministries, each led by a federal 
minister that forms the federal cabinet (in addition to the Chancellor).  Whilst the Chancellor is 
empowered to determine and be responsible for general policy guidelines, federal ministers are able 
to operate independently. However, collective responsibility also applies, with disputes settled by 
majority decision in Cabinet (Deustchland.de, 2018). The federal ministries of relevance to this study 
are as follows (with relevant agencies under the purview of these ministries discussed in the 
following sub-section): 
 
- Federal Ministry for Economic Affairs and Energy (BMWi). BMWi has a legislative, 

administrative and co-ordinating role in the fields of energy, industry, innovation, competition, 
SME and European policy. It is responsible for ‘designing the energy transition in a reasonable 
way’, and making it ‘a driver for modernisation, innovation, and digitisation – without 
compromising German industries’ competitiveness’ (BMWi, 2018a) 
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- Federal Ministry for the Environment, Nature Conservation, and Nuclear Safety (BMU). 
Between December 2013 and March 2018, BMU was called the Federal Ministry for the 
Environment, Nature Conservation, Buildings and Nuclear Safety (BMUB), following assigned 
responsibility for urban development, housing, rural infrastructure, public building law, 
construction industry and federal buildings, with the objective of ‘creating the conditions for 
good housing standards and intact cities, and advancing the high quality of structural 
engineering, building technology and construction materials in Germany’ (BMU, 2018a). Such 
responsibilities which were previously assigned to the Federal Ministry of Transport, Building 
and Urban Development (BMVBS), which (in December 2013) subsequently became the Federal 
Ministry of Transport and Digital Infrastructure (BMVI). 

 
- Federal Ministry of the Interior, Building and Homeland (BMI).  The BMI is responsible for a 

range of matters, including internal security and modernising government and state 
administration. In March 2018, it acquired responsibility (from the previously-named BMUB) for 
the construction industry, energy-efficient construction and renovation, housing policy, federal 
buildings and urban planning and development (BMU, 2018c). 

 
- Federal Ministry of Education and Research (BMBF). The BMBF is responsible for the promotion 

of education, science and (basic) research, and holds responsibility for the institutional research 
at the Helmholtz Association and Fraunhofer Society (discussed below). ‘Environment and 
Climate’ and ‘Energy and Economy’ are two of its five research areas20 (BMBF, 2018). BMBF also 
operates the ‘Energy Research Map’, which aims to provide a comprehensive overview of basic 
research in the energy field in Germany, and the ‘Research for Sustainable Development’ (FONA) 
portal, which presents the Ministry’s sustainability-related research (BMWi, 2017a). 

 
Federal Agencies 
 
- German National Energy Agency (Dena). Dena was established in 2000, as a private company, 

by the federal government in order to implement the measures contained in Germany’s Climate 
Protection Programme (published in the same year, and which aimed for a 25% reduction in CO2 
emissions by 2005 from 1990 levels, with measures initially focussed on the power and industry 
sectors) (IEA, 2015). In April 2017, Dena’s Articles of Association were amended to state that its 
objective is now to ‘provide nationwide and international services in the general economic 
interest for the design and implementation of the energy and climate policy goals of the energy 
transition, including energy efficiency, renewable energy, climate change and associated 
transformation of the energy system, taking into account the concerns of environmental 
protection’ (Dena, 2017). Dena advise public and private sector clients on the development and 
implementation of regional, national and international strategies, engage in studies and analysis 
(from basic research to strategy papers), develop and manage demonstration project, develop 
quality standards, promote knowledge networks, initiate, design and moderate dialogue 
between business and policy makers, and develop and manage communication platforms, 
campaigns and competitions (Dena, 2018a). Dena is wholly owned by the federal government 
and KfW, with representatives from each comprising the majority of the Supervisory Board.  

 
- Federal Environment Agency (UBA). UBA is an agency of the BMU, it supports a range of tasks, 

including environmental emissions control, soil conservation, waste and water management, 
health-related environmental issues, and environmental awareness. It also provides central 
services, co-ordination and support for environmental research for BMU and other ministries, 
and assists in awarding the Blue Angel Ecolabel (discussed below) (BMU, 2018b). 

 

                                                 
20Alongside ‘High-tech and Innovation’, Health Research’, ‘Digital World’. 



 30

- Federal Office of Economics and Export Control (BAFA). BAFA is an office of BMWi, with 
responsibilities for export and import control and regulations, the promotion of SMEs, auditor 
oversight for enterprises of public interest, and implementation of measures for the promotion 
of renewable energy and energy efficiency. It incorporates the Federal Office for Energy 
Efficiency (BfEE), which provides support to BMWi covering all aspects of energy efficiency policy 
and implementation (BAFA, 2018). 

 

- Federal Office for Building and Regional Planning (BBR). BBR is an office of the BMI, and 
manages the federal buildings in Germany and abroad, and supports the Federal Government 
through scientific and technical advice in the areas of spatial planning, urban planning, housing 
and construction. It houses the Federal Institute for Research of Building, Urban Affairs and 
Spatial Development (BBSR), a departmental research institution that advises the Federal 
Government with sectoral scientific consultation in the fields of spatial planning, urban 
development, housing and construction. 

 

- German Institute for Construction Technology (DIBt). ‘As a technical authority based in Berlin, 
DIBt fulfils numerous public tasks in the field of construction on behalf of the 16 federal states 
and the Federation…the main objective of establishing the Institute was the creation of a central 
approval body for innovative and non-regulated construction products and techniques.’ On 
behalf of the Länder, the Institute publishes technical building rules promotes regulatory 
interests in standardisation, and awards and supervises building research. DBIt is also the 
registration point for energy performance certificates (discussed below), and is responsible for 
the recognition and notification of independent testing, inspection and certification bodies 
(DBIt, 2019).  

 
Federally-Supported Research Institutions and Networks 
 
- Federal Institute for Research on Building, Urban Affairs and Spatial Development (BBSR). 

BBSR is a departmental research institute under the Federal Office for Building and Planning 
BMI, which seeks to advise the federal government on spatial planning, urban development, 
housing and building. It also manages various research programmes and related initiatives. This 
includes the research initiative ‘Future Construction’ (discussed below). 

 
- Helmholtz Association of German Research Centres (HGF). HGF is Germany’s largest scientific 

organisation, with 18 independent scientific-technical and biological research centres, more 
than 39,000 employees and an annual budget of over €4.5 billion (70% funded by public funds, 
with the majority of this from the federal government, with contributions from the Länder). HGF 
focussed on basic research. Since 2015, HGF have centres their research around six themes, one 
of which is energy (involving nine research centres). Within this theme there are eight research 
areas, one of which is ‘energy efficiency, materials and resources’, with an associated budget 
(from the federal government only) of €80 million in 2016 (with €304 million for the energy 
research theme in total) (BMWi, 2017a). 

 
- Fraunhofer Society. The Fraunhofer Society is a collection of seventy-two institutes and research 

units in Germany, with over 25,000 staff, focussing on applied research with an annual budget of 
€2.3 billion. Around €2 billion is sourced from contract research, with around 70% of this derived 
from contracts with industry and public authorities (Fraunhofer, 2018a). The Society focusses on 
six research fields, including ‘energy and resources’21. This research field contains five sub-fields, 

                                                 
21 In addition to ‘Health and Environment’, ‘Security and Protection’, ‘Mobility and Transport’, ‘Production and 
Supply of Services’, and ‘Communication and Knowledge’. 
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including ‘Efficient Use of Energy’ and ‘Building and Living’, both of which contain research 
projects of relevance to high-efficiency building envelopes. Institutes and research units in the 
Society are also arranged into ‘Groups’ and ‘Alliances’. This includes the Group for Materials and 
Components (with business areas that include ‘construction and living’ and ‘energy and 
environment’), and Alliances on Building Innovation (with business areas including ‘components, 
construction systems and buildings as integrated systems’) and Energy (with business areas 
including ‘buildings and components’). The Society also operates the Fraunhofer Academy, 
which works with academic partners to provide part-time training to transfer knowledge 
produced in research projects to the private sector. Courses are divided into five thematic areas, 
including ‘Energy and Sustainability’ (which includes a Master’s course in Building Physics) 
(Fraunhofer, 2018b). 

 
- Energy Research Policy Co-ordination Platform. Led by BMWi, the Platform serves as the inter-

departmental information exchange, and co-ordinates across all energy-related research and 
funding activities across the Federal Government, and engages with external stakeholders. 
Alongside this function, it aims to facilitate greater networking between research institutes in 
order to put research results more quickly into practice, and engages with EU funding 
institutions and the Länder (regarding the latter, it operates the Government-Federal State 
Dialogue on Energy Research Policy, which takes place annually, in order to ensure close co-
operation. It also oversees the online ‘EnArgus’ information system. EnArgus has two levels. One 
level provides interested users with an insight into the funding policy guidelines, the different 
energy and efficient technologies and the funding projects. On the second level, EnArgus 
provides politicians, authorities and project partners with an in-depth, uniform and central 
access to the energy research landscape in Germany (BMWi, 2017a; 2018c) 

 
- Energy Transition Platforms. In 2014, BMWi established five ‘Energy Transition Platforms’ to 

enable dialogue with business, science, government and civil society, and to develop and discuss 
overarching solutions and strategies for key fields of action in the energy transition. Platforms 
include the ‘Energy Transition Platform: Buildings’ (ETP:B) and the ‘Energy Efficiency Platform’ 
(EEP). The ETP:B involves stakeholders from the real estate sector, trade and industry, academic, 
government (federal and Länder) and civil society, and is comprised of six working groups - 
‘Advice and Information’, ‘Innovative Financing Concepts’, ‘Legal Framework for Energy 
Efficiency Services’, ‘Competitive Auctions’, ‘Systemic Issues’ and ‘Funding Programmes’ – the 
first three of which are shared with the EEP (BMWi, 2015b; 2018b). An initial objective of the 
ETP:B was to produce the Energy Efficiency Strategy for Buildings, discussed below. The EEP, 
with similar stakeholders and structure (including three overlapping working groups), was 
involved in the development of the National Action Plan on Energy Efficiency, discussed below. 
The Research and Innovation Platform (RIP) acts as a strategic advisory group on overarching 
issues of energy research policy and is founded on seven energy research networks, including 
the Research Network on Energy in Buildings in Cities (BMWi, 2017a), created in 2015, with 670 
experts from various backgrounds, meeting in nine working groups to discuss specific research 
requirements and future funding strategies, approaches to consolidating and improving research 
projects that are already underway, and processes to quickly transpose innovative technologies 
and concepts into practical use (BMUB, 2016). 

 
- Energy Transition Research Forum. Lead by BMBF, and with the involvement of all departments, 

the purpose of the Forum is to assess and recommend research requirements and priorities for 
the energy transition, with high-level stakeholders from politics, science, industry and civil 
society. Proposals for research priorities are generated by the Energy Systems of the Future 
Academy, a project conducted jointly by the German scientific academies, in which over 100 
individual experts participate through interdisciplinary working groups to prepare action options 
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for the energy transition in Germany (BMWi, 2017a). A key output from the Forum is the 
initiation in 2015 of the ‘Copernicus’ research initiative, intended to fun ten-year projects with a 
€400 million budget, awarded to four interdisciplinary research groups with 230 participating 
institutions. The funded projects cover four core themes: (a) electricity grid flexibility, (b) storage 
of renewable energy, (c) adaptation of industrial processes to a fluctuating energy supply, and 
(d) interaction between electricity, heat and mobility (Deutschland.de, 2017). 

 
Other Federally-Supported Institutions and Networks 
 
- KfW. KfW (originally Kreditanstalt fūr Wiederaufbau, or ‘Reconstruction Credit Institute’), is a 

national promotional bank founded in 1948 as part of the Marshall Plan, and is majority owned 
by the Federal Government (80%), with the remainder (20%) owned by the Länder. It’s objective 
is to ‘create long-term values save resources and continually improve livelihoods’ within 
Germany and internationally (KfW, 2018b). In 2017, KfW provided promotional funds of €76.5 
billion internationally (including €51.8 billion within Germany), 43% of which was spent on 
climate and environmental measures (KfW, 2018c). Domestically-focussed activity provides 
support to private households, companies, public authorities and non-governmental 
organisations, for a variety of purposes in line with its above-stated mission. Over 90% of KfW’s 
funds are raised on the capital markets, with the remainder largely sourced from the federal 
government (to further support loans, or for non-repayable grants). This, combined with a 
guarantee by the federal government, allows KfW to provide preferential rates and other terms 
to loan recipients (KfW, 2018d). Although KfW distributes grants and provides loans to public 
authorities directly, loan applications are appraised and loans subsequently distributed by 
savings, co-operative and commercial banks (with KfW assuming up to 80% of the credit risk for 
some products) (KfW, 2018e). KfW is operated by an Executive Board, which reports to the 
Board of Supervisory Directors, the Chair and Deputy Chair of which rotates between the 
Federal Minster of Finance and the Federal Minister of Economic Affairs and Energy. 

 
- Alliance for Building Energy Efficiency (GEEA). Founded by Dena in 2011, the GEEA is a cross-

industry association of over 30 industry, research (including the Fraunhofer Society), skilled 
trades, commerce, energy and finance organisations, with the objective of improving energy 
efficiency in buildings in Germany through the generation of policy recommendations and action 
by the business community, with a particular focus on energy-efficient renovation. A core 
element of the work of the GEEA is improving the market conditions for energy-efficient 
renovation, including a strengthening and functional improvement of Energy Performance 
Certificates for buildings (discussed below), the expansion of specialist training and qualifications 
for the building trades in energy-efficient building and renovation options, and improved 
‘findability’ of such experts (GEEA, 2018). 

 

- Alliance for Affordable Housing and Construction. Established by BMUB in 2015, the Alliance 
brings together federal, state, and local government, housing and construction companies and 
associations, tenants and, trade unions and other players to tackle the challenges of the housing 
market. The aim is to improve the conditions for high quality construction and renovation of 
housing, with a particular focus on affordability, and to expand the housing supply where it is 
required, through the development of concrete policy recommendations. The Alliance has four 
fields of action: (a) Strengthening Investment in Housing, (b) Reduction of Construction Costs, (c) 
Age-Appropriate Renovation, and (d) Social and Climate-Friendly Living and Building (BMUB, 
2015). 

 
Länder Institutions 
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As discussed above, Länder administrations have the ability (or requirement) to set policy and 
legislation in a range of policy fields, as long as they do not conflict with Federal legislation. Many 
Länder have adopted their own climate and energy transition objectives and targets, including 
through requirements and support for energy-efficient residential construction that exceed those 
set out or provided at the federal level (as discussed below, regarding minimum energy performance 
standards). 
 
Many Länder provide financial support for the construction of energy efficient residential buildings, 
in addition to those provided at Federal level through the KfW, through the seven Ländesbank. The 
Ländesbanken are that each have different size, scope, ownership mode and legal purpose, although 
each have substantial (or majority) shares held by Länder governments, and must pursue a ‘public 
purpose’ under German banking law. 
 
Policy Strategies, Goals and Targets 
 
Energy Concept 
 
Following the Federal elections in September 2009, the coalition agreement established between 
the Christian Democrats (CDU) and Liberal Democrats (FDP) included a range of climate and energy-
related provisions, including a commitment to develop a plan to reduce GHG emissions by 40% by 
2020 and 80% by 2050, from 1990 levels (Dickel, 2014). As such, in September 2010, the Federal 
Government published and submitted to the Bundesdag for endorsement it’s ‘Energy Concept for an 
Environmentally Sound, Reliable and Affordable Energy Supply’; the guiding framework for German 
climate and energy policy to 2050 (along with drafts of various legal acts to implement it). The 
Energy Concept and associated legal drafts were subsequently approved by the Bundesdag in 
October 2010, establishing what became known as the ‘Energiewende’ (energy transition), of the 
German Energy System. 
 
In addition to the overarching GHG targets, targets of reducing total primary energy consumption by 
20% by 2020 and 50% by 2050 (from 2008 levels) were set (alongside economy-wide energy 
productivity, gross electricity consumption and renewable energy targets). For buildings specifically, 
the Energy Concept contains ‘a central objective…to reduce the heating requirement of [the] 
building stock over the long term, [with a] target for 2050…to have a building stock which is almost 
climate-neutral’ (BMWi, 2010 pg.22), defining a climate-neutral building as one which ‘has very low 
energy needs, and the remaining energy demand is covered primarily by renewable sources’ (ibid). 
Building sector targets of a 20% reduction in heat demand by 2020 and an 80% reduction in primary 
energy demand by 2050 (both compared to 2008) were also established (alongside increasing the 
refurbishment rate of existing buildings from 1% to 2% per annum), in line with this objective. 
 
Other commitments within the Energy Concept as relevant to high efficiency building envelopes in 
new residential buildings are (BMWi, 2010): 
 
- Amending the EnEV (discussed below) to introduce the ‘climate-neutral building’ standard all 

new buildings by 2020, based on primary energy indicators. 
- Over the medium term, a revenue-neutral increase energy taxes in the heating market to take 

into account CO2 emissions resulting from fossil fuel sources. 
- Call on industry to commit to improved and regular advanced training programmes for the crafts 

sectors and, where necessary, to adapt their training regulations accordingly. 
- Increase the concentration of funding in the R&D sector, including with a focus on energy 

efficiency, in the 6th Energy Research Plan (discussed below). 
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The Energy Concept also established the Energy Efficiency Fund (from 2011), to provide funds for 
various energy efficiency measures.22 The Federal Government’s ‘Energy of the Future’ monitoring 
process was established in order to track the progress and assess the future outlook for achieving 
the goals of the Energy Concept. The BMWi is the lead ministry for producing an annual ‘monitoring 
report’ and a three-yearly ‘progress report’. 
 
6th & 7th Energy Research Programmes 
 
The first Energy Research Programme (ERP) was launched by the Federal Government in 1977. The 
6th ERP launched in 2011, and aimed at developing technologies to support achievement of the 
Energy Concept as part of the Federal Governments ‘High-Tech Strategy for Germany’. The 6th ERP 
had a particular focus on renewable energy (wind, solar PV and renewable heating), and energy 
efficiency (energy-optimised buildings and neighbourhoods, and industrial energy efficiency). 
Development of the 6th ERP was led by BMWi, with input provided by BMU, BMELV (Federal Ministry 
of Food, Agriculture and Consumer Protection – now BMEL, excluding ‘consumer protection’) and 
BMBF, and in consultation with broader stakeholders. Between 2011 and 2014, €3.5 billion was 
allocated for the 6th ERP (a 70% increase compared with the previous ERP). Around 80% of this was 
focussed on the development of renewable energy and energy efficiency technologies. 
 
A key research activity initiated under the 6th ERP was the EnOB (Research for Energy Optimised 
Buildings) initiative, which focusses on the research and development of new materials, innovative 
technologies, systems and concepts for the significant reduction in primary energy requirements for 
buildings, and the use of model projects for demonstration purposes (BMWi, 2011). More recently, 
in March 2016, to accompany the Energy Efficiency Strategy for Buildings (discussed below), the 
‘Energy Efficient Buildings 2050: innovative projects for a virtually climate-neutral building stock by 
2050’ was established (discussed below).  
 
In September 2018, the 7th ERP was published, with a focus on ‘technology and innovation transfer’. 
Regarding buildings, the 7th ERP notes that ‘putting research findings into practice is essential for the 
capital commercialisation of innovations, [which is] why conducting demonstration projects is of 
particular importance’ (BMWi, 2018e, pg.23). However, no additional research efforts are 
announced as part of the new ERP. A review of progress and trends in research projects is published 
annually. 
 
National Action Plan on Energy Efficiency 
 
The National Action Plan on Energy Efficiency (NAPE) was published by the Federal Government in 
December 2014 alongside the Climate Action Programme 2020 (discussed below), in order to help 
achieve the energy consumption and energy efficiency-related targets laid down by the Energy 
Concept and the requirements of the EU Energy Efficiency Directive (discussed above). The NAPE 
aims to raise energy efficiency though the introduction of short-term measures in key fields of 
activity, and particularly in buildings. The majority of measures focus on renovation of existing 
(residential and non-residential) buildings, with the only measure of specific relevance to 
encouraging the development and deployment of high efficiency building envelopes in new 
residential buildings the introduction of the KfW Efficiency House Plus standard for residential 
buildings (supported by promoting building research and implementing pilot projects), and 

                                                 
22 The purpose of the fund, resourced and managed by BMWi, is to encourage industry, municipalities and 
private consumers to improve energy efficiency through the funding and promotion of various measures. At 
present, the Fund finances 23 initiatives (including ‘Efficiency House Plus’ and ‘EnEff.Gebäude.2050’, both 
discussed below), with total funding rising from €90 million in 2011, to €462 million in 2017 (Voswinkel & 
Schlomann, 2018). 
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allocation of €300 million for KfW grant funding discussed below). The implementation of the 
measures introduced by the NAPE is monitored under ‘Energy of the Future’ process (discussed 
above) (BMWi, 2014). 
 
Climate Action Programme 2020 
 
The Climate Action Programme 2020 (CAP 2020) was published by the Federal Government in 
December 2014 alongside the NAPE (discussed above), and outlined over 100 individual measures to 
be implemented in order to reach Germany’s objective of achieving a 40% reduction in GHG 
emissions by 2020 (from 1990), as laid down by the Energy Concept. 
 
The CAP 2020 contains a ‘climate-friendly building and housing strategy’ (led by BUMB), which 
combines measures published by the ‘energy efficiency strategy for buildings’ (discussed below), 
with broader measures (including those contained within the NAPE, discussed above). Other 
measures include measures to improve the collection and analysis of building data, training 
programmes for designers and tradespeople (including the EU-funded, BUILD UP Skills – QUALITRAIN 
initiative, which aimed at introducing cross-trade understanding and thinking into building sector 
training and qualification schemes (EC, 2016b)), initiatives for encouraging energy efficiency retrofit 
measures in the low-income, rental and local authority sectors, updated guidelines to encourage 
deployment of micro-CHP installations, and a competition for ideas for how to develop effective 
communications to establish energy efficiency renovations as a ‘lifestyle product’ (BMUB, 2014). 
Measures to strengthen applied research in the urban design and buildings sector are also included 
(such as the Future Construction initiative, discussed below). 
 
However, it is estimated that GHG emissions will be reduced by just 32% by 2020 from 1990 levels, 
meaning the target of 40% is likely to be missed (BUMB, 2016c). 
 
Energy Efficiency Strategy for Buildings 
 
Published in 2015, the Energy Efficiency Strategy for Buildings (EESB) contributes to the climate-
friendly building and housing strategy’, and the NAPE (discussed above). The EESB develops a 
‘reference’ scenario based on historic and existing policy measures, and two ‘target’ scenarios (with 
different emphasis on energy efficiency and renewable energy), in order to define a ‘target corridor’ 
for how the goal of a virtually climate-neutral building stock may be achieved by 2050. Additional 
potential measures to maintain development along this target corridor are then identified for 
further elaboration and assessment. Of relevance to high-efficiency envelopes in new residential 
buildings were proposals to simplify and improve enforcement of the EnEV and related legislation 
(discussed below), further development of support for particularly innovative efficiency measures 
(including further development of the ‘Efficiency House Plus’ standard, discussed as part of the 
Future Construction Initiative, below), and processes to ensure programmatic cooperating in 
research through the use of synergies and by ‘bundling’ efforts. The EESB is subject to the ‘Energy of 
the Future’ monitoring process, and is intended to be dynamically adaptable over time, according to 
the results of this process (BMWi, 2015a). 
 
Green Paper on Energy Efficiency 
 
The Green Paper, published by BMWi in October 2016, ‘presents hypotheses, analysis and key 
questions on the central fields of action and challenges for the enhancement of energy efficiency 
and energy savings’, in order to establish a mid- to long-term strategy on reducing energy 
consumption in Germany. If focusses on five key areas: (a) promotion of the ‘Efficiency First’ 
principle, (b) further development of existing policy instruments for energy efficiency across the 
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economy, (c) development of EU-level energy efficiency policy, (d) ‘sector coupling’ in which 
efficient use of renewable energy in end-use sectors is promoted, and (e) the role of digitalisation. 
Following publication of the Green Paper a consultation process was launched, consisting of an 
online consultation (in which any interested citizens and stakeholders may submit their comments), 
ensuring the Green Paper was a focus in 2016 of the Energy Efficiency and Buildings Energy 
Transition Platform, and regional events (alongside discussion between federal ministries and the 
Länder, and EU institutions). (BMWi, 2016). 
 
In June 2017, BMWi published its evaluation report on the public consultation, putting forward 
options for policy proposals to be considered for a White Paper (including enshrinement of the 
principle of ‘efficiency first’) (BMWi, 2017b). At the time of writing, a White Paper has not been 
published. 
 
Climate Action Plan 2050 
 
In the coalition agreement of 2013, the CDU, CSU and SPD agreed that ‘in the light of the European 
targets and the [expected] outcomes of the 2015 Climate Change Conference in Paris, in Germany 
we want to define a emissions reduction pathway with a final target of 80-95% lower GHG emissions 
compared to 1990 by 2050. We will augment this target with concrete measures, drawn up through 
a broad dialogue (Climate Action Plan)’ (BMUB, 2016a). The Climate Action Plan 2050 (CAP 2050), 
adopted by the Federal Government and published in November 2016, following a process of 
consultation with the Länder, local municipalities, associations, business groups and the general 
public, establishes this long-term target, and introduces guiding principles for 2050, and milestones 
and measures for 2030 for different sectors. The overarching milestone for 2030 is a 55-57% 
reduction in GHGs from 1990 levels. For buildings, a target of 66-67% is established. Following 
impact assessments and consultations, these targets and measures may be amended or 
supplemented, in consultation with the Bundestag. However, such amendments or supplements 
have not yet come to pass. 
 
The CAP 2050 presents a ‘Roadmap for achieving a virtually climate-neutral building stock’ by 2050. 
For new buildings, specific measures include a commitment for the zero-energy building standard 
for new buildings to be progressively developed to a ‘climate neutral’ standard (i.e. by 2030, 
minimum energy performance standards for new buildings must be significantly lower than those 
required by the current Efficiency House 55 standard, discussed below), efforts to improve 
enforcement of energy efficiency legislation by the Lander, and increased research for spatial and 
urban development to facilitate climate-neutral development. Various other sector-specific and 
cross-cutting measures were also announced. 
 
The CAP 2050 will be fully reviewed and updated alongside the five-year review cycle of the 
Nationally Determined Contributions (NDCs) under the Paris Agreement, through both a scientific 
support and public dialogue process. Progress on the implementation of the CAP 2050 is reported 
annually (BMUB, 2016b). 
 
Draft Integrated National Energy and Climate Plan 
 
Germany published it’s draft Plan in January 2019. It proposes setting its 2030 energy efficiency 
target in accordance with the Energy Concept targets on energy efficiency  for 2020 and 2050 
(discussed above), with the value for 2030 and measures to achieve it to be decided during the 
course of work on the Federal Government’s energy efficiency strategy during 2019. No new policies 
or measures beyond those already implemented or planned are announced, however regarding 
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energy efficiency in buildings specifically, the Plan states that the current policy landscape ‘will be 
maintained and further developed in the years to come’ (BMWi, 2019c, p.63). 
 
Policy instruments 
 

Minimum Energy Performance Standards (MEPS) 

Regulation 

C/S/M 

Building C & S 

 
The Energy Saving Ordinance (‘Energieeinspaarverodnung’- EnEV), which first came into force in 
2002 (replacing and merging the functions of the Thermal Insulation Ordinance and the Heating 
Systems Ordinance), set minimum energy performance requirements (MEPS) for new residential 
buildings (and existing residential buildings in case of major renovation). The EnEV (and preceding 
legislation) is implemented on the basis of the Energy Saving Act (‘Energieeinsparungsgesetz’ – 
EnEG), originally issued in 1976 to empower the Federal government to legislate ordinances 
surrounding energy. 
 
The 2002 EnEV set maximum u-values for the building as a whole (ranging from 0.44 W/m2°C to 1.05 
W/m2°C depending on the ratio between the building envelope surface area and the volume of the 
heated area of the building23), and primary energy demand. The limit on primary energy demand is 
determined based on a ‘reference building’ calculation; values for the size of the building, it’s shape, 
orientation and relative share of envelope components reflect those of the proposed construction, 
whereas u-values for individual envelope components, characteristics of their interaction, and values 
for building features (heating, hot water and ventilation systems) are standardised. A pre-standard 
calculation methodology was developed (based on EN 832) to demonstrate compliance, before in 
2005, the German standardisation institute DIN published the DIN V 18559. 
 
The first substantial update to the EnEV was in 2009, in order to implement the requirements of the 
Energy Performance of Buildings (EPBD) Directive for an Energy Performance Certificate system 
(discussed below). Most other provisions, including maximum U-values, remained unchanged. 
However in 2009, the second amendment to the regulations reduced maximum permitted average 
u-values to either 0.4 W/m2°C  or 0.5 W/m2°C for new detached residential buildings (depending on 
usable building area), or 0.45 W/m2°C for semi-detached or 0.65 W/m2°C for other residential 
buildings (and extensions). Maximum u-values for individual envelope components used for the 
reference building calculation for primary energy consumption limits were also reduced (Table 1), 
along with tighter requirements for air tightness. Maximum primary energy demand values were 
also reduced by around 30%. 
 
Table 1 - Maximum u-values (Source: Schettler-Köhler & Ahlke, 2018). 

 Maximum permitted u-value (W/m2C) 

External Walls, Floors 0.28 

Floor, basement structural element 0.35 

Roof, upper ceiling 0.20 

Windows (inc. French windows) 1.3 

Entrance doors 1.8 

 

                                                 
23 0.44 W/m2°C applies to residential buildings with an A/V ratio of >= 1.05, increasing to 1.05 W/m2°C for 

those with an A/V ratio <=0.2 (See Annex 1, Table 1, ENeV 2001). Such values apply to a building to be heated 

to at least 19C, for at least 4 months of the year. 
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A 2013 amendment (which came into force in 2014) was introduced in order to implement the 
provisions in the recast EPBD directive, and the objective of carbon-neutral buildings by 2050 set by 
the Energy Concept. The EnEG was also amended in 2013 to, inter alia, set the requirement for the 
Federal government to set the requirements and definitions of NZEBs. Although the standard values 
used to calculate primary energy consumption limits remained unchanged from those introduced in 
2009, the amendment requires resulting value for new residential buildings to be reduced by 25%, 
and maximum thermal envelope requirements to be reduced by 20%, as of 2016. An updated 
version of the calculation methodology (DIN V 18599: 2011-12) was made compulsory24, with a 
simplified methodology coming into force in 2016 (EPBD CA, 2019). 
 
The ‘Quality Community 18599’, comprised of software companies, performs regulator quality 
control of the software products implementing the calculation methodology. Calculations performed 
for ensure compliance with regulations are checked using a sampling approach by local authorities, 
with a fine of up to €50,000 
 
The German definition of NZEB has yet to be defined. The current coalition agreement proposed the 
introduction of a Building Energy Act (GEG) that would combine the EnEG, EnEV and EEWärmeG 
(discussed below), in order to simply processes, ensure consistency and implement this 
requirement. The draft GHG, however, maintains existing energy efficiency requirements, and is 
currently in discussion stage (BMWi, 2019a). Future regulations will define NZEB levels for housing. 
 

Energy Performance Certificates (EPCs) 

Soft Instruments 

Performance Label 

Comparison Label 

 
The requirement for Energy Performance Certificates (EPCs) introduced by the EPBD (described 
above) was transposed into German law by the 2007 amendment of the EnEV, and came into force 
in 2009. 
 
Two types of EPC may be issued for existing domestic buildings in Germany – a ‘consumption’ EPC or 
‘demand’ EPC. The ‘consumption’ EPC indicates the energy consumption of a building over the past 
three or more years for space and water heating, adjusted using a location-specific climate factor. A 
‘demand’ EPC, which must be issued for all new domestic buildings, presents both heat-related 
primary and final energy demand (alongside other elements required by the EPBD), and is based on 
a technical analysis of the building fabric and heating system (and thus is, unlike the ‘consumption’ 
EPC, independent of occupant behaviour). EPCs for new buildings must be issued by experts 
qualified according to Section 21 of the EnEV (largely architects and engineers), including many of 
those on the Energy Efficiency Experts List (discussed below), however there was official 
accreditation procedure or requirements. The calculation methodology is described above. 
 

                                                 
24 Except for residential buildings with no air conditions, for which the DIN V 4701-10:2003-8 must be used). 
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The amendment to ENeV that came into force in 2014 introduced various changes, as results of the 
EPBD 2010 recast. The current form of EPCs in Germany is presented in Figure 3. 

Figure 3 - German EPC format (Source: Schettler-Köhler et al, 2018) 

Since 2014, details of each EPC are forwarded to DIBt to place on a national central register, to 
facilitate monitoring. Experts intending to issue EPCs must also registered with the DBIt (however, 
qualification criteria remain unchanged). The register consists only of the identification number of 
the EPC, the building type, the EPC (asset or operational rating), the region where the building is 
located and the responsible assessor (who must provide content information when requested, for 
compliance checking). A statistically significant sample of certificates is randomly selected from the 
EPC register, with the first step of plausibility checks carried out automatically by DIBt. Further 
checks are then carried out by the Länder, who may impose fines in case of breaches of the 
regulations (e.g., incorrect issuing of EPCs, refusal to issue or to submit an EPC, or the deliberate 
inclusion of incorrect information). Since the introduction of the central register in May 2014, 
around 5% of EPCs issued have been selected for initial checks by DBIt, with around 11% of these 
being passed to the Länder for further checks. This control system is understood to work efficiently, 
with minimal administrative burden and cost (Schettler-Köhler et al, 2018). 
 

KfW– Energy-Efficient Construction Programme  

Economic & Financial 
Instruments 

Fiscal/Financial Incentives 

Loans/Soft Loans 

 
KfW provides low-interest loans for the construction or purchase of residential buildings that exceed 
minimum energy efficiency requirements, with the objective of contributing to the Federal 
Government’s objective of a nearly climate-neutral building stock by 2050 (KfW, 2018a). 
 
Following the launch of the Energy-Efficient Construction Programme (EECP) (replacing the 
‘Ecological Construction’ programme), loans were provided based on compliance with KfW 
‘Efficiency House’ standards. From 2011, the standards were defined with reference to the primary 
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energy consumption and transmission heat loss requirements of the EnEV reference building (KfW 
Efficiency House 100); i.e. a building that meets the statutory minimum requirements laid down by 
the 2009 EnEV (discussed above). These standards are the Efficiency House 70, Efficiency House 55 
and Efficiency House 40, which reflect energy consumption of a maximum 70%, 55% and 40% of the 
reference building. Recipients were able to receive a maximum loan of €50,000, up to 100% of 
construction costs (excluding land costs). The more stringent the Efficiency House standard a 
building met, the higher the ‘repayment subsidy’; i.e. the value of the loan written off, and thus not 
required for repayment. 
 
Since 2014, a registered ‘energy efficiency expert’ (found through the ‘Energy Efficiency Experts List’, 
discussed below) is required to plan the construction to meet and subsequently confirm compliance 
with the required standards, before submission of a loan application to a ‘financing partner’ (a bank 
or other financial intermediary). The ‘Construction Subsidy Grant’ is available to subsides the cost of 
engaging an energy efficiency expert (discussed below). 
 
From 1st April 2016, along with the tightening of MEPS under the EnEV (discussed above), the 
Efficiency House 70 was phased out, and new standard introduced - Efficiency House ‘40 Plus’ – for 
which in addition to the Efficiency House 40 Plus requirements, buildings must include renewable 
energy generation25, a stationary battery storage system, a ventilation system with heat recovery, 
and a visualisation of power generation an consumption via an appropriate interface (KfW, 2016). 
The maximum loan value was also increased to €100,000, with repayment subsidies of 15%, 10% and 
5% introduced for Efficiency House 40 Plus, 40 and 55, respectively. A simplified verification 
procedure for Efficiency House 55 was also introduced. At the time of writing, effective interest 
started at 0.75%, with ‘redemption-free’ periods (in which recipients only repay interest) from 1 to 5 
years. 
 

KfW Energy Efficiency Programme – Construction Supervision 
Grant 

Economic & Financial 
Instruments 

Fiscal/Financial Incentives 

Grants & Subsidies 

 
KfW provide grants to cover 50% (up to €4,000) per project for the cost or engaging a registered 
‘energy efficiency expert’ registered on the Energy Efficiency Experts List (discussed below) for 
planning, supervision of construction and evaluation of energy efficiency measures of a new 
residential building that meets KfW Efficiency Homes standards and are in receipt of KfW EECP 
funding. 
 

Renewable Energy Heat Act (EEWärmeG) 

Regulation 

C/S/M 

Building C & S 

 
The EEWärmeG, introduced in 2009 with the aim of increasing the share of renewable energy in heat 
provision to 14% by 2020, requires the use of renewable energy for space and water heating in new 
domestic and non-domestic buildings. The proportion of heat demand that should be satisfied by 
renewable sources depends on the renewable energy technology employed (e.g. 15% for solar 
thermal, 50% for biomass, geothermal or waste heat). Combinations of technologies are also 
permitted. However, alternative measures may be used to satisfy these requirements, including 
achieving primary energy demand and heat loss co-efficient 15% below the MEPS laid down by EnEV 
(discussed above). 

                                                 
25 At least the sum of 500 kWh/year per residential unit, and 10 kWh/m2 of the usable building area. 
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Future Construction Initiative 

Economic and Financial 
instruments 

Direct Investment 

RD&D Funding 

 
The Future Constructon (Zukunft BAU) research initiative was established in 2006 as part of the 
‘High-Tech Strategy for Germany’, with the principal goal of strengthening the completeness of the 
German construction industry in the European internal market, by seeking to drive technical, 
architectural and organisation innovations, with a particular focus on climate-friendly and affordable 
construction, energy and resource efficiency, and coping with demographic change. Funding is 
sourced from the BMI (via the BBSR). The initiative provides funding for applied research for 
construction and contract research. 
 
The initiative also supports the ‘Efficiency House Plus’ Network. This initiative provides grant funding 
for the construction of residential buildings (and from 2015, educational buildings) that achieve both 
a net negative annual primary and final energy demand (and meet other requirements of the EnEV), 
delivered through the use of very high efficiency building envelopes and renewable energy 
generation (with the excess energy to be used for electromobility or local energy supply). The 
objective is to test different combinations of designs and technologies to achieve net negative 
energy consumption for new residential buildings, and to examine potential synergies with electric 
vehicles. 35 buildings across Germany have been supported under this scheme, with applications for 
new support now closed. In addition, a partner network was created to assist in knowledge 
exchange and experience between the construction and building services industry, universities and 
other research institutes, architects and planners. The network currently consists of 100 partners. 
From September 2015, the initiative also includes the Information Centre on Efficiency House Plus, 
which provides information and consulting services to the industry and wider public, including on 
model projects and financing options (ZukunftBAU, 2018).  
 
The Zukunft BAU initiative also provided support to the Building Cost Reduction Commission (part of 
the Alliance for Affordable Housing and Construction), which aimed to analyse and improve the 
economics of construction in line with equity and sustainability requirements, and the ‘Vario 
Apartments’ programme, which aimed to test and evaluate options for affordable and sustainable 
apartments, with high architectural and living quality, which may have mixed uses. 
 
By the end of 2015, the Initiative had initiated and supported around 1,000 projects, with almost 
€115 million of federal funds invested (BMUB, 2016d). 
 

Materials Research for the Energy Transition 

Economic and Financial 
instruments 

Direct Investment 

RD&D Funding 

 
Established by BMBF in 2013, this research initiative provides project funding for the development 
and improvement of materials for energy transition. The range of topics of the funding initiative is 
not confined to any particular technology and extends over all topics in the energy area. Previous 
funding has been focused on photovoltaics, wind power plants, power plant technologies, energy 
storage, insulating materials, fuel cells and electrolysis. The funding initiative therefore covers basic 
projects which prepare the material foundation for a large number of further developments in the 
area of technologies for energy generation and use for the energy transition. Seven young 
researcher groups are funded to support young scientific talent as part of the initiative. In 2016, €28 



 42

million was provided for 29 new projects, contributing to the total of €90 million across 143 projects 
since the initiative’s beginning (BMWi, 2017a). 
 

Future House Initiative 

Soft Instruments 

Information Campaigns 

- 

 
The Future House (Zukunft Haus) initiative was launched by Dena in 2003 (and funded by BMWi until 
2014), as a web-based public information platform for energy efficient construction and 
refurbishment. The platform is aimed both at clients and companies as well as refurbishment 
experts such as architects and energy consultants, but also politicians. It contains not only tips on 
building, refurbishment, and saving energy, but also studies and information on statutory 
regulations (Dena, 2018b). 
 

Innovative Projects for the Nearly Climate-Neutral Building Stock 
2050 (EnEff.Building.2050) 

Economic and Financial 
instruments 

Direct Investment 

RD&D Funding 

 
Launched by the BMWi in 2016 as part of the EESB, and with a budget of €35 million, this initiative 
intends to support model projects that demonstrate how hurdles to existing technology that seek to 
reduce primary energy consumption, but which have not yet become established on the market, 
may be overcome (BMWi, 2017a). Two types of projects are encouraged. The first are ‘innovation 
projects’, which focus on preparing for market introduction technologies and processes that are 
already largely developed, and which can decisively contribute to the goal of almost climate-neutral 
buildings and neighbourhoods. Funding for these projects is aimed at aimed primarily at industry 
and companies, in addition to universities and research institutions.  The second are ‘transformation 
projects’, which demonstrate pilot implementations of nearly climate-neutral buildings and 
neighbourhoods.  All legal entities of private or public law, as well as owners 'associations and 
owners' associations, are eligible to apply. Projects are evaluated by the Research Network on 
Energy in Buildings in Cities. In addition, an ‘ideas competition’ for the development of promising 
concepts was launched, with a prize fund of €280,000 (BMWi, 2017a; BMUB, 2016c). 
 
 

‘Germany Makes it Efficient’ Campaign 

Soft Instruments 

Information Campaigns 

- 

 
Launched in the 2016 by BMWi, the Germany Makes it Efficient’ (Deutschland Macht’s Effizient) is a 
large-scale, nationwide campaign that aims to inform and motivate energy efficient behaviour and 
actions. The main element of the campaign is a website, which provides information inter alia on 
funding initiatives and advisory services. Such information is also available through brochures and 
flyers, and downloaded or ordered for free. A freephone ‘energy efficiency hotline’ is also available, 
for citizens, municipalities and companies. The campaign also published adverts and articles in 
newspapers and magazines, billboard campaigns and cinema advertisements. In parallel, the 
campaign engages directly with stakeholders through a range of events (supported by BfEE) (BMWi, 
2018d). 
 

Blue Angel Ecolabel 

Soft Instruments 

Performance Label 

Endorsement Label 
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Established in 1978 by the Federal Government, the Blue Angel Ecolabel is awarded to products and 
services across a range of  that meet high standards of environmental, health and performance 
characteristics across their lifecycle, with criteria developed for each individual product group 
(reviewed every three years by UBA). There are five broad product groups, including ‘Construction 
and Heating’, containing 14 construction-specific products, including, inter alia, thermal insulation 
material. 
 
BMU own the Blue Angel Ecolabel, determine the basic award criteria, and appoint members of  
(and hold an advisory role with) the Environmental Label Jury, in consultation with Environment 
Ministers of the Länder. The Environmental Label Jury is comprised of sixteen individuals, and 
determines which product groups and service sectors may be awarded the Ecolabel. The UBA, in 
addition to reviewing the detailed criteria for the Ecolabel, receives proposals for new product 
groups and service sectors for inclusion. RAL Umwelt is responsible for awarding and checking 
compliance with the Ecolabel (Blue Angel, 2018). 
 

Passive House Certification 

Soft Instruments 

Performance Label 

Endorsement Label 

 
A Passive House must meet requirements on maximum space heating (15 kWh/m2 of living space 
per year) and cooling demand (similar to heating demand limits, with additional allowance for 
dehumidification),  primary energy demand (60kWh/m2 per year for all purposes), airtightness (0.6 
air changes per hour at 50 pascals pressure), with thermal bridges avoided and thermal comfort 
ensured. These requirements include minimum requirements for thermal insulation (all opaque 
elements of the exterior envelope of the house must have a maximum U-value of 0.15 W/m2, and a 
maximum 0.8 W/m2 for windows (PHI, 2018b). 
 
Full buildings may be issued with the Passive House Certificate, alongside individual components of 
the opaque and transparent building envelope, and building services. For full buildings, three levels 
of certification may be awarded; ‘Classic’ (meeting those requirements above), ‘Plus’ (primary 
energy demand of 45 kwh/m2a per year or below, with 60 kwh/m2a renewable energy generation), 
or ‘Premium’ (primary energy demand of 30 kwh/m2a per year or below, with 120 kwh/m2a 
renewable energy generation) (PHI, 2016). Certifiers are accredited by the PHI to conduct 
assessments on Passive House buildings globally. 
 
Around 24 Germany city and Länder authorities either require, or provide additional support for, the 
construction of Passive House certified buildings, either in the residential or municipal sector (IPHA, 
2018). 
 

Energy Efficiency Experts List 

Soft Instruments 

Performance Labels 

Endorsement Label 

 
Established in 2014 by BMWi, BAFA, KfW and Dena (and funded by BAFA, and operated by the 
Dena), the Energy Efficiency Experts List is a web-based, publicly-accessible national register of 
experts in energy efficient building construction and renovation. Only experts registered on this list 
may be employed to participate as part of various federal funding initiatives (including the KfW 
Energy Efficient Construction Programme). 
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A three-step verification process is required for all experts listed. At the first step, experts provide 
evidence of their qualifications, which are checked and approved by BAFA. In the second step, every 
three years the experts must prove that they have participated in further training, and provide proof 
of their practical work for each funding program for which they wish to be listed. In the third step, all 
submitted practical proofs are subject to an automatic plausibility check. Furthermore, in-depth 
reviews of the services provided are carried out on a random basis. First of all, documents relevant 
to the practical work conducted are checked for completeness, correctness of content and 
compliance with the funding guidelines. If there is a need for further clarification from the 
documentation check, independent may assess the expert's performance on-site (Energie-effizienz-
experten.de, 2018). 
 

Service for Experts 

Soft Instruments 

Information Campaigns 

- 

 
Operated by Dena (and funded by BMWi), the Service for Experts is a package of offerings including 
a website, publications and direct interaction with professionals (including energy consultants, 
architects, engineers and craftspeople) involved in energy-efficient construction and refurbishment. 
It provides technical information on a range of issues surrounding energy efficient construction and 
refurbishment, various aids to assist in such activities (including the Dena Planning Manual), and 
suggestions for how to appropriate engage consumers with these issues (Expertenservce, 2018). 
 

BINE Information Service 

Soft Instruments 

Information Campaigns 

- 

 
Funded by BMWi and operated by the research institution FIZ Karlsruhe, the BINE Information 
Service provides project-specific information for applied energy research funded by the Federal 
Government. The objective is to facilitate the transfer of knowledge and information from energy 
research to practice. The BINE editorial team, provide information in an independent manner, and in 
a form specifically prepared for the target market (including developers, planners, consultants, 
investors, energy suppliers and building occupants), through a series of brochures (which may be 
obtained free of charge). A BINE newsletter is also issued free of charge, to over 16,000 subscribers 
(BINE, 2018; BMWi, 2017a). 
 
ii. Interaction between elements of the innovation system 
 
INNOVATING ACTORS  
 
Residential construction in Germany, as with the wider construction industry, is dominated by small 
and medium-sized companies, responsible for around 90% of all new residential buildings (ZDB, 
2019). The HDB alone has over 2,000 medium (and large) construction companies as members, with 
the BfW counting 1,600 members (accounting for 50% of residential construction in Germany), 
however membership extends beyond developers (e.g. to financiers and related service providers). 
1,200 housebuilders and developers were active in the seven largest German cities alone in 2016 
(IPPR, 2016). Only two large companies are involved in any substantial way in housebuilding in 
Germany (Hochtief and Bilfinger Berger), however these are general construction businesses (with 
housebuilding accounting for around just 6% of revenue for the former) (Volger, 2016). There are 
also around 200 manufacturers of prefabricated house manufacturers in Germany, with almost 20% 
of all newly-approved detached and semi-detached house in Germany being prefabricated 
construction (BDF, 2019b), with the members of the BDF accounting for the majority of this) (Volger, 
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2016). The Association of German Architects (BDA) has 5,000 members, whilst the German 
confederation of skills Crafts (ZDH) has a membership of 1 million enterprises, with 5.4 million 
employees. 
 
Such actors are broadly supportive of deployment and innovation surrounding high-efficiency 
envelopes for new residential buildings (and often engage in or help guide research efforts). For 
example, the HDB encourages increasing energy efficiency in new construction, ZDB broadly 
welcomed the 2016 tightening of minimum energy performance regulations (stating that is it was 
‘ambitious, but technically and economically feasible’ (ZDB, 2019b)), IG BAU has actively campaigned 
in favour of various energy efficiency-related measures (both at EU level and within Germany), he 
BDF promotes the advancement of energy efficiency measures and engages in technical research, 
and the Federal Chamber of German Architects (BAK) has published proposals to extend the focus of 
energy-related building legislation beyond ‘in-use’ consumption, to include lifecycle impacts. In 
addition, of the 598 building envelope components registered with the Passive House Institute26, 
254 are produced by manufacturers based in Germany (PHI, 2019). 
 
KNOWLEDGE DEVELOPMENT AND EXCHANGE  
 
Germany is considered to be a strong innovator in Europe, placing 8th out of 28 in 2018 under the 
European Innovation Scoreboard. It also places 4th in the level of public R&D expenditures, as a 
percentage of GDP (EIS, 2019). Figure 4 presents total energy-related public R&D expenditures in 
Germany (2017), Italy (2014), Poland (2016), the UK (2017) and the European Commission (2017), 
and the value assigned to energy efficiency. It is clear that the German public sector is a substantial 
investor in both energy R&D in total (at around the same absolute value as Italy, Poland and the UK 
combined) and energy efficiency (around 22% of the total). 

 
Figure 4 - Energy and Energy Efficiency R&D (Source: IEA, 2018b) 

Energy efficiency, including energy efficiency in buildings and construction (and the broader 
sustainability of the sector), is indeed a clear theme in German public research institutions, funding 
streams and funded projects, including the HGF and Fraunhofer Society, and the BBSR, across both 

                                                 
26 Registered components are grouped by type. These are: Walls and construction systems; façade anchors, 
floor slabs, roof parapets, flue systems, balcony connections, attic staircases, airtightness systems, windows, 
roof windows, skylights, curtain wall systems, glass roofs, openable elements in glass roofs, shutters, entry 
doors, sliding doors, glazing, and glazing edge bonds. 
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basic and applied research. Business R&D expenditure in Germany is 3rd in the EU (ibid), with seven 
German construction and materials companies, and six household goods and home construction 
companies, in the top 1,000 companies by R&D spending in the EU – more than any other EU 
country in these categories (with Germany holding 219 companies in total in the top 1,000, second 
only to the UK, with 275) (EC, 2018b). Germany places between 6th and 8th in Europe on indicators of 
innovation within SMEs in 2018 (EIS, 2019), however in 2013-2015, just 13% of SMEs in the 
construction sector - which as described above, account for the majority of construction activity - 
engaged in innovation activities, well below the average rate of innovation activities by SMEs as a 
whole in Germany (EC, 2018c), which is in turn below the EU average (EC, 2019a). 
 
There are generally good links and points of exchange between public research institutions (and 
other public institutions), and between such institutions and the private (and civil) sector, to 
determine appropriate research needs and facilitate knowledge exchange (e.g. through the Energy 
Research Policy Co-ordination Platform, the Energy Transition Platforms and the Energy Transition 
Research Forum). There is also a strong presence of public funding for research conducted outside 
public research institutions (and direct public-private collaboration), such as the through the 
Materials Research for the Energy Transition, and EnEff.Building.2050, and Future Construction 
Initiatives. Such public support and collaboration has long been present in Germany in this sector, 
with the first Passive Houses constructed and developed for research financed by the Hessian 
Ministry for Economics and Technology (HMWT) (Passipedia, 2019). However, SMEs tend to benefit 
less than larger organisations from co-operation public research institutes (EC, 2019a). Initiatives 
such as the Fraunhofer Academy, the Efficiency House Plus Network, the Service for Experts and the 
BINE Information service act to diffuse knowledge to other key actors, such as architects and 
tradespeople. Organisations in the private (or quasi-private) sector, such as ZDH, KBE and PHI are 
also active in diffusing knowledge to such actors. However, higher level education remains to a 
degree focussed on individual components, rather than systemic approaches (Zhang & Nilsson, 
2013).  
 
Overall, there are high levels of innovation and knowledge exchange surrounding high-efficiency 
building envelopes in Germany, with knowledge exchange now prioritised by the 7th ERP.  
 
ACTORS’ VISION AND EXPECTATION 
 
There is no specific vision for the design of high-efficiency building envelopes for new homes, 
however given the nature of this (grouping of) technologies, flexibility rather than standardisation is 
required. 
 
In Germany, there is a relatively strong and positive alignment of visions and expectations for energy 
efficient new homes across the range of actors concerned. The Energy Concept and subsequent 
strategy publications, through to the ‘Roadmap for achieving a virtually climate-neutral building 
stock’ under the CAP 2050, provide either consistency or increasing ambition in both overarching 
targets and pathways for GHG emissions and energy consumption, and specific sectoral and policy-
specific details for buildings (with the latter announcing a commitment for all new buildings to be 
built to a ‘climate neutral’ standard by 2030). Such strategies are clearly embedded within the 
objectives, responsibilities and functioning of the federal government infrastructure, including 
ministries (with the prominent BMI holding explicit responsibility for energy-efficient construction 
and associated portfolios), federal agencies and other public (or publicly-supported) bodies 
(including co-ordination bodies,  research institutions, and the KfW). In the most recent general 
election, all major parties supported maintaining these strategies, or enhancing them. Many Länder 
have adopted their own climate and energy transition objectives and targets, and requirements and 
support for energy-efficient residential construction, that exceed those set at the Federal level. 
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As discussed above, construction sector organisations – from architects to tradespeople - are also 
broadly aligned with the Energy Concept and associated strategies and policies for new residential 
buildings. 
 
In Germany, less than half of residential properties are owner occupied. Over 35% are owned by 
social and professional landlords (including housing co-operatives in particular, but also municipal, 
public and private housing companies), with the remaining proportion (just under 20%) owned by 
private landlords. Social and professional landlords (mostly comprised of relatively small companies, 
but with the five largest – backed by institutional investors - collectively holding around 750,000 
dwellings) are responsible for around a third of all new residential completions in Germany (Davies 
et al, 2016). The GdW, the main umbrella body for such organisations, have published several 
position papers supporting and proposals for further advancing the objectives of the Energy Concept 
and subsequent strategies, and their buildings-specific elements. 
 
Public support for the Energy Concept in Germany is strong (Amelang et al, 2019), with objectives, 
targets and other content of associated strategies subject to active public consultation and dialogue. 
For example, the first draft of the CAP 2050 was created using a process novel to Germany, with 
proposals solicited from the Länder, municipalities, associations and members of the public, which 
collectively proposed 400 measures. These proposals were then processed, amended and 
supplemented through scientific assessment and subsequent rounds public dialogue and debate, 
before a final list of 97 measures was proposed to the BMU for inclusion in the CAP 2050 (BMU, 
2016e). 
 
 
 
 
MARKET FORMATION AND GOVERNANCE PROCESSES 
 
By its nature, the potential size of the market for high efficiency envelopes for new residential 
properties are all new such construction. Demand for new housing in Germany is strong, driven by 
rising incomes, low interest rates and immigration (EC, 2018c), and construction rates have increase 
rapidly in recent years, growing from around 159,000 new dwellings in 2008, to around 278,000 in 
2016.27 It is estimated that to meet demand, new construction should grow to around 350,000 per 
year by 2020 (ibid). 
 
At the macro-level, the Energy Concept is supported by all main political parties in Germany, helping 
maintain stability and continuity of overall strategy and associated policy (and integration into the 
plans and strategies of the range of concerned stakeholders, as discussed above). Responsibility for 
housing construction at the national level, including energy-efficient construction, is clearly vested in 
the Federal Ministry of the Interior, Building and Homeland (BMI) (since March 2018, and the BMU 
beforehand), with responsibility for delivering different aspects of the Energy Concept (including 
those related to buildings) clearly delineated between certain federal agencies, with co-ordination 
delivered through dedicated fora. The role of the Länder in further defining, implementing and 
enforcing regulations and other policy instruments and mechanisms is also clear. 
 
Germany has relatively stringent national minimum energy performance standards for new 
buildings, with specified maximum u-values for both individual envelop components, but also the 
envelope as a whole, with generally effective compliance and verification methods. However, 
although Germany has not yet defined its requirements for nearly-zero energy buildings (NZEBs), 

                                                 
27 Source: ODYSEE Database 
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new residential properties in Germany routinely exceed these minimum requirements for a variety 
of reasons. In particular, this includes more stringent minimum requirements (sometimes to Passive 
House standards) in many of the Länder (in addition, Noaily (2012) found that a 10% increase in 
minimum insulation standards for walls increases the likelihood of filing additional patents by 3% in 
their study of seven European countries, including Germany and the UK), and two subsidy 
mechanisms for new construction that exceeds minimum requirement provided by KfW, with 
attractive conditions, and clear process and criteria, that provides funding through these 
mechanisms for around half of new residential properties in Germany (BMWi, 2019b)) - along with 
subsidies provided by the Länder and associated institutions. Other supportive regulations also exist, 
such as minimum renewable energy requirements, which may be waived if energy efficiency 
requirements are exceeded by 15%. Domestic energy prices are also relatively high in Germany 
(Figure 5), incentivising efficiency (particularly for electricity – although natural gas boilers are 
installed in nearly half of new-built homes in Germany, electrically-powered heat pumps are 
installed in around 20%, with the remainder comprised largely of district heating (BMWi, 2015c)). 
 

In addition, the public research budget supports a range of projects focused on the development, 
demonstration and deployment of low-carbon and energy-efficient building technologies and 
components, involving public and private research institutions, and industry partners. A range of 
policy initiatives also seek to provide energy-efficiency related information, training and certification 
for a range of practitioners involved with the construction of new residential buildings, alongside 
comprehensive information for the general public to both ensure awareness of energy efficiency 
issues, and to assist in undertaking efforts to ensure energy-efficient construction. This latter 
element is of particular importance, as around 60% of housing is self-built in Germany (i.e. built 
directly for the final owner usually by small, local builders, as discussed above) (Hammiduddin & 
Gallent, 2015). This also helps to reduce the distance between the builder and final recipient, 
incentivising the former to more closely address the demands and preferences of the latter 
(reflected in fewer than 5% of new-build homes exhibiting two problems or more; one of the lowest 
rates in the EU (ibid). Such demands may be supported by evidence that premium rents or sale 
values are attached to more energy-efficient homes (CCC, 2016). 
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Figure 5 - Domestic gas and electricity prices (Source: Eurostat tables nrg_pc_202 and nrg_pc_204). Note: consumption 

bands denote annual consumption. 

RESOURCES AND SUSTAINABILITY  
 
Unlike some low-carbon or renewable heating technologies, such as heat pumps or district heating, 
for example, the energy efficiency characteristics of the envelope of a new building is independent 
from existing infrastructure. The construction and use of buildings in the EU accounts for around half 
of domestic material extraction (EC, 2014b), however Issues of physical material availability are also 
likely to be of little concern for high-efficiency envelopes compared to less-efficient envelopes, given 
the range of materials (and their combination) that may be employed in their construction. The 
Waste Framework Directive sets a target for each Member State to achieve 70% of construction and 
demolition waste to be re-used, recycled, recovered, by 2020. In 2015, this rate was 89% in Germany 
(EC, 2018c). Resource adaptability issues are exemplified by a large timer surplus resulting from 
environmentally damaged domestic forest, combined with national programmes to encourage the 
use of timber, as a driver behind the increase in demand for prefabricated timber housing in recent 
years in Germany (but also Austria and Switzerland) (Volger, 2016). 
 
The construction industry as a whole in Germany is experiencing a shortage of skills, with two-thirds 
of construction companies experiencing issues in finding suitably qualified staff. However, the 
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number of tertiary students in engineering, manufacturing and construction (and particularly 
architecture and building) is increasing substantially (EC, 2018c). The skills base in Germany 
regarding energy efficient residential building construction, and associated training and certification, 
is well advanced and embedded, enforced by experience and long-term supportive and stable policy 
(BUILD UP Skills, 2013; CCC, 2016). However, some barriers, beyond a general shortage of 
construction sector workers, remain, in particular skill deficits at the interfaces between trades, and 
the embedding of an understanding of a building as a single integrated system (BUILD UP Skills, 
2013). 
 
In 2012, the construction of a Passive House in Germany was estimated to cost 3-8% more than a 
building meeting energy efficiency regulations applicable at that time (Cutland, 2012). The 
substantial and well-designed subsidised loans provided by KfW, as discussed above, is a substantial 
financial resource to overcome (or substantially reduce) this constraint. 
 
5.  Italy 
 
i. Identification of key elements of the innovation system 
 

a) Technologies and Infrastructure 
 

Figure 6 6 illustrates the total number of dwellings and the average energy consumption for space 
heating per m2 of floor area in Italy from 1990 to 2016 (with climatic corrections).28 

Figure 6 - Total Number of Dwellings and Space Heating Intensity in Italy (Source: ODYSEE Database and Author's 
calculations 

The number of dwellings in Italy increased from just under 25 million in 1990 to just over 32 million 
in 2016, with an average of 280,000 new dwellings constructed each year. Average floor area per 
dwelling has remained at around 93 m2 over this time (with average floor area of new dwellings 
decreasing from 93.1 m2 in 1990, to 84.4 m2 in 2016; reaching as low as at 73.2 m2 in 2006). Total 
(climatically adjusted) final energy consumption for domestic space heating has increased from 208 
TWh in 1990, to 275 TWh in 201529 (peaking at 294 TWh in 2008), with average energy intensity 
remaining relatively stable at around 90 kWh/m2 in (as illustrated in Figure 6). Nearly 28% of the 

                                                 
28 Energy (electricity) consumption for residential space cooling in Italy is around 0.6% required for space 
heating. 
29 2016 data is unavailable. 
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population live in rented accommodation in Italy, with 52% residing in flats, and 23% in detached 
houses.17 

 
At the time of writing, there are around 75 Passive Houses in Italy registered with the international 
Passive House Database. However, the caveats discussed in Section 4.1.(a) for Germany, also apply 
to this data. 
 

b) Actors and Networks 
 

This sub-section describes the most prominent non-government and non-government affiliated 
institutions and networks of relevance to this study in Italy. 
 
- Federcostruzioni. Formed in 2009, Federcostruzioni represents around 30,000 companies and 

100 industry associations working across building and infrastructure, technologies and 
machinery for civil projects, and building materials, design and innovation in Italy. The 
association holds the promotion of sustainable construction as a priority, particularly through 
various policy measures, including a uniform legislative framework, incentives for the use of 
innovative construction and design choices, a tax deduction for the extra costs associated with 
construction and purchasing buildings with energy performance above legal standards 
(Federcostruzioni, 2018). 

 
- National Association of Building Constructors (ANCE). ANCE has about 20,000 members across 

the construction industry, and is comprised of 96 territorial associations and 20 Regional 
associations. Its objective is to promote and strengthen the construction and associated 
industries. The ANCE also operates the Young Entrepreneurs Building Group, comprising over 
1,8000 young entrepreneurs in the construction sector to generate ideas and collaboration for 
the long-term direction of the Italian construction industry, and which recognises the 
importance of developing innovative new technologies for sustainability and energy efficiency 
(Vitale, 2018). 

 
- National Association of Small and Medium Construction Companies (ANIEM). ANIEM 

represents the interest of companies in construction, stone extraction, bricks and cement, lime 
and gypsum. It has over 7,000 companies as members at a national level. It works, inter alia, to 
develop institutional relations with the government and public bodies, to incentivise market 
expansion, and organise conferences (APMI Umbria, 2019). 

 
- National Association of Building Artists, Decorators, Painters and Related Activities (ANAEPA).  

Established in 1950, ANAEPA represents the various trades within the construction sector, 
through two divisions (construction activities, and painters and decorators), and has 75,000 
member companies (ANAEPA, 2018). 

 
- National Confederation of Crafts and Small and Medium Enterprises (CNA). Founded in 1946, 

the CNA has over 700,000 member companies with over 1.2 million employees across various 
crafts, including artisans, traders, tourism, services and industry. The CNA is sub-divided into 10 
national unions, including CAN Construction, which represents SMEs across Italy in the buildings, 
construction products, heritage restoration, cement and material excavation sectors. CNA 
Construction represents their members’ interests within the wider CNA, and promotes them in 
the wider economy. CNA Construction is a member of ISTECO and CRESME, discussed below 
(CNA, 2018). 
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- Federation of Industries, Products, Plant Services and Specialised Works for Construction and 
Maintenance (FINCO). FINCO represents 40 associations which in turn represent a range of 
sectors in construction and manufacturing, including building facades, prefabricated building 
systems, sun shading systems and window and door frames. One of its 6 focus areas is energy 
efficiency, led by the Vice President for Sustainability, Energy Efficiency and the Environment, 
which aims to increase synergies between its component industries to promote energy 
efficiency in buildings and construction (FINCO, 2018). 

 
- Association of Architectural, Engineering and Technical-Economic Consultancy Organisations 

(OICE). Established in 1965, OICE brings together most Italian companies, from small to large, in 
these sectors. It represents the industry to policy makers and other stakeholders, monitors 
relevant legislation, and contributes to knowledge generation and dissemination through 
different working groups, including on ‘Environment’ and ‘Smart Cities’ (OICE, 2019). 

 
- Association of the Italian Brick Industry (ANDIL). The Association has 49 members and 62 

associated members, representing over 70% of the national industry. It monitors the evolution 
of technical regulations, participates in discussions with the relevant ministries and other public 
bodies, and is active in experimental research and communication. It particularly focusses on 
support and analysis on the gas market, the main cost item for the sector. R&D activities in 
which ADNIL has recently engaged includes an EU-funded project (HEROTILE) focussing on the 
production of new tiles with greater air permeability and improved energy efficiency due to 
dissipation of solar radiation (ANDIL, 2019). 

 
- National Association for Thermal and Acoustic Insulation (ANIT). Established in 1984, ANIT aims 

for the dissemination, promotion and development of thermal and acoustic insulation in 
buildings and industry as a means of protecting the environment and people’s wellbeing. It 
promotes legislative and technical regulation through engagement with inter alia, MISE 
(discussed below) and CTI, and collaborates with other organisations to promote energy saving 
and acoustic comfort. It represents over 90 industrial members, and over 2,700 individual 
members, and promotes high-level technical training (ANIT, 2019). 

 
- National Association of Glass Industrialists (ASSOVETRO). Established in 1947, the association 

represents 70 member companies across the glass manufacturing industry in Italy. It holds 75% 
ownership of the Experimental Glass Station (SSV), which has the task of advancing glass 
technology in Italy, with a particular focus on environmental and product quality standards (the 
remaining 25% is owned by the Venice Chamber of Commerce) (ASSOVETRO, 2019). 

 
- National Association of Manufacturers of Products for Construction and Urban Design 

(FEDERLEGNOARREDO). Established in 1945, FEDERLEGNOARREDO ‘is at the heart of the Italian 
wood-furniture supply chain…we support the development of our businesses…[and] we 
contribute to the growth of our country’ (FEDERLEGNOARREDO, 2019). The association 
represents manufacturers of a range of wooden products, including timber frames for buildings. 

 
- National Agency for Training and Professional Training in Construction (FORMEDIL). 

Established in 1980, FORMEDIL promotes, co-ordinates and implements training and retraining 
initiatives in the constructions centre, through construction training schools, across a range of 
subjects and skills (from operating construction equipment to construction management). 
Particular areas of interest are building restoration, health and safety, energy efficiency, new 
materials and technological and product innovation (FORMEDIL, 2018). FORMEDIL co-ordinated 
the Italian EU BUILD UP Skills projects (discussed above) that ran between 2014 and 2017 (other 
partners included ANCE, CAN and RENAEL, discussed below) (I-TOWN, 2018). 
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- Institute for Technology Development in Construction (ISTECO). Established in 1993 as a non-

profit, multi-stakeholder roundtable association by construction sector associations and major 
contractors to stimulate technology innovation in the sector (and until 2016 called the Institute 
for the Quality of Enterprises and Construction Services), ISTECO focusses on four areas of 
activity, with the fourth concerned with the ‘eco-compatibility of building interventions’, with a 
particular focus on the renovation of existing buildings (due to its view that EU regulation and 
national standardisation mean that that this issue is respected for new buildings), and under 
which ISTECO acts as forum in which ‘to develop shared technical rules’ (ISTECO, 2018). Current 
ISTECO partners include ANCE, OICE, and the Ministries MIT and MISE – discussed below). 

 
- Italian Federation of Professional Real Estate Agents (FIAIP). FIAP has over 15,000 members, 

and over 45,000 members in associated professions, and is a source of information, professional 
consultancy and trade union defence for the interests of the industry. It also collects and 
presents data on the performance of the urban real estate market and Italian tourism, and hosts 
a Higher Education Centre which allows for certification of its members (FIAIP, 2019). 

 
- Federcasa. Founded in 1996, Federcasa (previously the National Association of Autonomous 

Institutions for Public Housing – ANIACAP – established in 1950), is a network of 114 entities that 
building and manage social housing throughout Italy, and which represents the interests of its 
members in the development of social housing policy (Federcasa, 2018). 

 
- Alliance of Italian Co-operatives in the Housing Sector (ACISA). Established in 2013 resulting 

from the merging of three housing co-operative federations (as a part of a wider merger of co-
operative associations. The three associations were (1) National Association of Housing 
Cooperatives (ANCAB), established in 1961, and also operating under the name Legacoop 
Abitanti, which had around 2,000 co-operatives as members, with around 330,000 property 
units constructed, with over 400,000 individual members; (2) National Federation of Housing Co-
operatives (Federabitazione), Founded in 1954which had around 2,500 members, with around 
250,000 housing units constructed, with around 160,000 individual members; and (3) General 
Association of Italian Co-operatives (AGCI Abitazione), Founded in 1952, and which represented 
over 600 co-operatives with over 90,000 housing units, and around 40,000 individual members 
(Cameron et al, 2012). ACISA now represents 65% of all registered housing co-operatives in Italy 
(~4,7000), with 850,000 homes and 550,000 individual members. They focus on the construction 
and management of dwellings, and focusses on urban and housing renewal and energy 
refurbishment of buildings (Housing Europe, 2019). 

 
- Association of Italian Real Estate Industry (ASSOIMMOBILIARE). ASSOIMMOBILIARE represents 

the Italian real estate industry, including property management companies and institutions that 
finance property transactions, and acts as the industry’s main interface with the Italian 
Government and wider society. It operates through 8 committees, including one on 
‘Sustainability’ (ASSOIMMOBILIARE, 2018). 

 
- CRESME. CRESME ‘provides the private sector and public institutions with information and 

know-how to describe and forecast the performance of the economy and the construction 
market at the territorial, national and international level…[and brings] into contact the main 
players in the construction industry…business associations, financial institutions, professionals, 
public bodies and administrations, individual companies, and constitutes the reference point for 
all the research and analysis activity’ (CRESME, 2019).  
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- Italian Federation for Energy Efficiency (FIRE). Founded in 1987 by ENEA and two energy 
manager associations, FIRE is an independent, non-profit organisation that seeks to promote 
sustainability and energy efficiency. FIRE has around 450 members across the energy sector 
(including energy efficiency technology producers, and universities and research centres). FIRE 
undertakes research (including in a number of EU-funded projects) and consultancy work, 
organises conferences and workshops, and provides training, on a range of issues surrounding 
energy efficiency and management. It also runs SECEM, a certification available to energy 
managers (FIRE, 2018). 

 
- Agency for Innovation, Development and Training (AISFOR). Established by its members in 

2005, AISFOR aims to provide technical assistance and consultancy for innovation activities, 
particularly surrounding labour force qualification. It participates on EU-funded research 
projects, provides assistance to other potential applicants to such funds, and provides training 
accredited by the Lazio region, including as a ‘SMART Energy Certifier’ (a qualification that allows 
the holder to issue APEs, discussed below), and Building Design Technician (ASIFOR, 2018). 

 
- Italian Thermotechnical Committee Energy & Environment (CTI). The CTI, first established in 

1918 (with ‘Energy & Environment’ added in 1998), is an independent, not-for-profit 
membership organisation that aims to research and set standards in Italy for different elements 
of the thermotechnical sector (including thermotechnical elements of buildings), in line with 
European (CEN) and international (ISO) standards organisations. It does this through 1-10 sub-
committees, including on ‘heat transfer and fluid dynamics’ (which includes standards on 
insulation materials, associated test methods and thermos-acoustic design of buildings) and 
‘energy efficiency and energy management’ (which includes a standard on ‘energy diagnosis in 
buildings’) (CTI, 2018). 

 
- Green Building Council Italy (GBC Italy). GBC Italy, a member of the World GBC, aims to ‘foster 

and accelerate the diffusion of a sustainable building culture’, ‘raise awareness among the public 
and institutions on the impact…design and construction of buildings have on the quality of life of 
citizens’, ‘provide clear reference parameters to operators in the section’, and ‘create a 
sustainable building community’ (GBC Italia, 2018). It also provides LEED certification (See 
Footnote 19) services for Italy, and associated training courses. At the time of writing it has 306 
members across Italy, across the construction sector. A principal component of GBC Italy are its 
two committees, comprised of its members: the Standard Committee, charged with developing 
and managing certification mechanisms, and the Scientific Technical Committee, which provides 
scientific advice to the Standard Committee. Both committees are divided into 5 Thematic 
Groups, including ‘Energy and Atmosphere’ (GBC, 2016). GBC Italy also takes part in various 
projects. 

 
- Passive House Institute Italy (PHII). Founded in 2011 and accredited by the PHI in Germany as 

its representative in Italy, the PHII provides advice and software tools for designing buildings to 
Passive House standards, provides training for buildings designers and construction operators to 
be Passive House certified, and engages in national, EU and international research projects in 
energy efficiency, with particular relevance to dissemination of the Passive House Standard (in 
retrofit).  PHII also offers support to companies’ engagement in the development of low-cost 
components for Passive House and zero energy buildings (PHII, 2018). 
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c) Policies and Institutions 
 
Institutions 
 
Italy is a unitary parliamentary republic, with a perfectly bicameral legislature between the Chamber 
of Deputies and the Senate. Members of both houses are elected, the former with 630 members 
elected nationally, and the latter with 315 members elected regionally (plus a small number, 
currently 6, appointed for life). The Prime Minister is the Head of Government, and President of the 
Council of Ministers (the Cabinet, which holds executive power); both of which are appointed by the 
President, and must pass a vote of confidence in Parliament. The President is Head of State, elected 
by Parliament and special electors representing the regions of Italy, and is a largely ceremonial role. 
 
Italy is subdivided into twenty regions, with five holding special autonomous status (Sardinia, Sicily, 
Trentino-Alto, Adige/Südtirol, Aosta Valley and Friuli-Venezia Giulia), allowing them a degree of 
legislative, administrative and financial independence. In addition, there are fourteen metropolitan 
cities and 110 provinces, which are in turn comprised of nearly 8,000 municipalities. 
 
There are five main political parties in Italy, the Five Star Movement (M5S, with 227 seats in the 
Chamber of Deputies and 122 seats in the Senate), the League (Lega, with 124 and 58 seats, 
respectively), the Democratic Party (Partito Democratico, with 111 and 53 seats, respectively), 
Forward Italy (Forza Italia, with 106 and 58 seats, respectively), and Brothers of Italy (Fratelli d’Italia, 
with 32 and 16 seats, respectively). The 2018 election produced a hung parliament, protracted 
negotiations led to a coalition between the League and the Five Star Movement, with Guiseppe 
Conte appointed as prime minister, who did not participate in the elections, and it a member of 
neither party (although the leaders of both the Five Star Movement and the League were appointed 
Vice-Prime Ministers. 
 
The Five Start Movement does not broadly fall into a single political ideology, however it has roots in 
environmentalism, and its representatives in the European Parliament are among the leaders for 
supporting strong energy and climate-related policies. By contrast, however, representatives of the 
Northern League, a right-wing party, in the European Parliament, are one of the most strongly 
against strong energy and climate-related policies (CAN Europe, 2019). 
 
National Ministries 
 
The Italian government comprises twelve ministries, each led by a minister that together with the 
Prime Minister, the Secretary of the Council of Ministers, and six ministers without portfolio, 
comprises the Council of Ministers. The ministries of relevance to this study are as follows: 
 
- Ministry of Economic Development (MISE). MISE hold responsibility for energy policy in Italy, 

through its Directorate-General for the electricity market, renewables, energy efficiency and 
nuclear power, which in turn holds 8 divisions. This includes Division VII (Energy efficiency and 
energy saving), responsible for a wide range of issues including definition and monitoring of 
NEEAPs, definition and management of priorities, strategies and implementation of energy 
efficiency (including in buildings), and collaboration with associations, research institutions, 
educational institutions, and other national and regional organisations.  

 
- Ministry of Environment, Land and Sea (MATTM). MATTM holds responsibility for Italian 

climate change policy, sustainable development, and elements of energy efficiency policy, 
through the Directorate-General for Climate and Energy. The Directorate-General has three 
divisions. Division III (Environmental interventions, energy efficiency and alternative energy) is 
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responsible for the management and monitoring of programs for the promotion of investments 
for energy efficiency, and for setting requirements, criteria and methodologies for calculating 
energy performance in the building sector (in conjunction with other competent authorities) 
(MATTM, 2018). 

 
- Ministry of Infrastructure and Transport (MIT). MIT is responsible for urban and housing 

policies in Italy, including access to homes through rental and ownership for low-income groups 
and first-time buyers, the provision of affordable housing, and public housing. However, many 
aspects of housing policy are under the jurisdiction of the Regions and local authorities (MIT, 
2018). 

 
- Ministry of Education, Universities and Research (MUIR). MUIR is responsible for guiding, 

planning and co-ordinating national and Italian participation in international (including EU) 
technological research. This includes production and funding of the National Research Program 
(discussed below), supervision of public research bodies in Italy (including CNR, discussed 
below), and the provision of research funding. 

 
National Agencies 
 
- National Agency for New Technologies, Energy and Sustainable Economic Development 

(ENEA). Established in the 1960s, ENEA is a public body aimed at research, technological 
innovation, and the provision of technical and scientific support services to enterprises, public 
administration and citizens in the sectors of energy, environment and sustainable economic 
development. It has 9 research centres, 5 research laboratories and 16 territorial offices across 
Italy, and acts as the co-ordinator of the Energy National Technology Cluster (discussed below). 
There are four research departments; ‘Territorial and Production Systems Sustainability’, ‘Energy 
Technologies’, ‘Fusion and Technology for Nuclear Safety and Security’, and the ‘Energy 
Efficiency Technical Unit’ (DUEE), which represents ENEA in its role as National Agency for 
Energy Efficiency (discussed below) (ENEA, 2018c). Energy efficiency is the first of seven research 
foci30, with a particular focus on increasing the efficiency of energy production and industrial 
end-uses (ENEA, 2018b). ENEA also allows private companies to make use of its research 
facilities, enters into agreements to allow them to make use of ENEA patents and scientific 
knowledge, and supports the creation of ‘spin-offs’ (ENEA, 2018d). Although an agency of MISE, 
it has scientific, statutory, financial and organisation autonomy - however its Three-Year Activity 
Plans, which outline ENEA’s proposed strategic direction, activities and structure, must be 
updated and approved annually by MISE, for the purposes of operational planning (in line with 
the National Research Program, discussed below), and to ensure budget sustainability (ENEA, 
2018a). 
 

- National Agency for Energy Efficiency (ANEE). Established in 2008 as part of ENEA by legislative 
decree 115, as part of the transposition of the Energy Services Directive, ANEE ‘offers technical 
and scientific support to companies, supports the public administration in the preparation, 
implementation and control of national energy policies, and promotes training and information 
campaigns for the dissemination of energy efficiency culture’ (ENEA, 2018e). The ANEE website 
provides information for the general public on building envelope efficiency measures, along with 
other elements of energy efficiency (e.g. domestic appliances), and on the APE (discussed 
below), and information on E-learning courses, including on energy efficiency in construction, 
and on energy efficiency of the building envelope (ANEE, 2018). ANEE also published an annual 
report on analysis and results of energy efficiency policies in Italy. 

                                                 
30 With the remainder being ‘renewable energy sources’, ‘nuclear energy’, ‘climate and the environment’, 
‘safety and health’, ‘new technologies’ and ‘electric system research’. 



 57

 
- National Research Council (CNR). CNR, an agency of MUIR, is the largest public research 

institution in Italy, and performs research through its own institutes (and with other research 
bodies as collaborators), promotes innovation and competitiveness, promoted 
internationalisation of the Italian research system, advises and advises government and other 
public bodies. CNR’s institutes comprise over 8,000 people, more than half of whom are 
researchers and technologists (CNR, 2018). CNRs research institutes includes the Institute for 
Construction Technologies (ITC), which carries out applied research, technical assessment and 
certification, training and information activities on issues related to the construction process 
(ITC, 2018).  

 
Other Nationally-Supported Institutions and Networks 
 
- Higher Technical institutes (ITS). ITS are schools of excellence with particular technological 

specialisation, that provide vocational training towards technical diplomas. Their objective is to 
provide training for key sectors of the Italian economy, with particular focus on innovation and 
technical transfer needs of SMEs. IT’s are collaborative institutions between specialist secondary 
schools, local authorities, a private sector company, and a university or other research 
institution, with a training structure accredited by the Region in which the ITS is based. ITS offer 
training in 6 areas of technology, with the first being Energy Efficiency.31 ITS in 6 regions 
(Lombardy, Piedmont, Sardinia, Sicily, Tuscany and Veneto) offer a diploma in energy saving in 
sustainable construction, while ITS in 4 regions (Emilia Romagna, Lombardy, Sicily and Umbria) 
offer diplomas in innovation and quality of housing (under the ‘New Technologies for Made in 
Italy’ area) (SistemaITS, 2018). Around 30% of the course is an internship within a partner 
company, and at least 50% of the teaching staff are based in the private sector (MIUR, 2018a). 
 

- National Technology Clusters (NTCs). Established in 2012 by MIUR, the objective of NTCs is to 
bring together and mobilise the industrial system, research world and (national and regional) 
public sector organisations around shared research themes of strategic importance to Italy. They 
are permanent co-ordination and consultation mechanisms, that are tasked with creating 
synergies between different industrial sectors on key technologies, and enhance strategic 
programmes of research and technological innovation in line with national programmes 
(including Italy’s National Smart Specialisation Strategy), and the EU’s Horizon 2020 Programme. 
8 NTCs were initially established: Aerospace, Agrifood, Green Chemistry, Smart Factory, 
Transport and Mobility Systems for Land and Sea, Life Sciences, Technologies for Living 
Environments, and Technologies for Smart Communities. Research for building-related energy 
efficiency technologies primarily falls under the Technologies for Smart Communities Cluster, 
which holds ‘improvement of energy and environmental performances in urban areas through 
the rational use of natural resources and the reduction of consumption of energy carriers’ as 
one of its four lines of development (Research Italy, 2018). In August 2017, MUIR announced the 
development of 4 new Clusters: Technologies for Cultural Heritage, Technologies for Design, 
Creativity and Made in Italy, Technologies for Economy of the Sea, and Technologies for Energy, 
in order to align the Clusters with the 12 priority areas for research identified in the PNR 
(discussed below) (MUIR, 2018b). 

 
- National Council of Architects, Planners, Landscapers and Conservatories (CNAPPC). CNAPPC is 

a public body within the Italian Ministry of Justice, responsible for co-ordinating and overseeing 
the Italian legal system regarding the registers and professional conduct of the architectural, 
planning and related professions. CNAPPC publishes POINT ZERO, a magazine dedicated to 

                                                 
31 The remainder are ‘Sustainable Mobility’, ‘New Technologies for Life’, ‘New Technologies for Made in Italy’, 
‘Innovative Technologies for Cultural Assets and Activities’, and ‘Information and Communication Technology’. 
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issues of land conservation, sustainable development and zero-energy architecture, and takes 
part in various research projects, including the Horizon 2020 project PROF-TRAC (discussed 
above), through its Department of Energy, Sustainability and Environment (one of 14 
departments) (CNAPPC, 2018). 

 
- National Council of Engineers (CNI). Also a public body within the Italian Ministry of Justice, the 

CNI is responsible for co-ordinating and overseeing the register Italian legal system regarding 
engineering, in promoting and developing the profession, and managing the professional 
register (CNI, 2018). 

 
- Network of Local Energy Agencies (RENAEL). Established in 1999, RENAEL aims to promote 

contacts and collaborations with national institutions build a critical mass and encourage the 
exchange of knowledge and good practice concerning energy management between its 13 
members. Its members provide advice on energy efficiency for local authorities, are able to 
perform calculations for and issue APE (discussed below), provide training for technicians in the 
fields of energy efficiency and renewable energy, and participate in national and EU funded 
projects. RENAEL is a participant in the EPBD CA project (RENAEL, 2019). 

 
Regional & Local Authorities 
 
Responsibilities for energy-related matters are divided between the national and regional 
governments. For example, the 2020 targets for renewable energy and energy efficiency are shared 
between the Regions in a ‘burden sharing’ agreement. Regional governments are then able to 
introduce relevant policies and mechanisms autonomously to achieve such targets. For policy 
mechanisms, guidelines and instruments set at the national level, regional governments are typically 
required to treat these as minimum requirements, or guidelines that should not be contradicted in 
setting local policy (MISE, 2013; EPBD-CA, 2016). 
 
Policy Strategies, Goals and Targets 
 
National Energy Strategy 2013 
 
In March 2013, the government (via the Ministry of Economic Development) published its first 
National Energy Strategy (NES, superseding the 1991 National Energy Plan). The NES ‘sets out clear 
the main goals to be pursued in the coming years, [and] describes the basic decisions to be taken 
and established the priorities of action’, as part of a wider strategy to leverage the energy sector to 
‘resume sustainable growth’ and competitiveness in Italy, following the economic crisis. It focusses 
on 2020, and has four main goals: (1) significantly reduce the energy cost gap by bringing prices and 
costs in line with European levels by 2020; (2) achieve and exceed the environmental and 
decarbonisation targets for Italy established by the EU’s 20-20-20 package; (3) continue to improve 
security of supply, particularly in the gas sector; and (4) foster sustainable economic growth by 
developing the energy sector, with specific attention to segments of the ‘green’ economy (MISE, 
2013). 
 
In order to achieve these objectives, the strategy was broken down into seven priorities, the first of 
which is ‘energy efficiency’32. For new residential buildings, it cites the importance of the 
transposition of 2010 recast of EBPD making it ‘possible to tighten up’ both efficiency requirements 

                                                 
32 The remainder are ‘competitive gas market and Hub Southern Europe’, ‘sustainable development of 
renewable energy’, development of electricity infrastructure and the electricity market’, restructuring the 
refining industry and the fuel distribution sector’, sustainable production of domestic hydrocarbons’, and 
‘modernisation of the system governance’. 
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and inspection and penalty systems, alignment of regional systems, and improvements to building 
efficiency certification mechanisms (with the possible creation of a single entity and/or the inclusion 
of information in the cadastre registry), and certifier qualification (MISE, 2013). The strategy also 
states the intention to initiate communication and awareness-raising initiatives on energy efficiency 
for the public, but also businesses and the public sector, and support for research and development. 
 
The Strategy also recognises ENEA as one of the most important energy research bodies at both the 
Italian and international levels, and aimed to reorganise it to allow increased focus on the priority 
research fields identified by the NES, and to rationalise potential overlaps with other public agencies. 
The research priorities identified by the Strategy are selected from the EU’s SET Plan, and includes 
research in energy efficiency materials and solutions. The NES also planned a census of national 
competences in the energy research sector, as a preliminary step in establishing a more 
comprehensive approach. 
 
The NES is the ‘outcome of an extensive public consultation, through a wide involvement of all the 
stakeholders…including institutions, industry associations, social partners and trade unions, research 
and study centres’. It will be updated every three years in order to intervene on possible deviations 
from targets, as well as adapt to choices to the evolution of macroeconomic and technology context, 
and also to ensure full coordination with the European and regional energy policies and with other 
sectoral policies’ (MISE, 2013).  
 
National Research Program 
 
The National Research Program (PNR) is the overarching research policy guidance document in Italy. 
It identifies priorities, objectives and actions aimed at supporting the coherence, efficiency and 
effectiveness of the national research system. The current PNR (2015-2020) provides €2.5 billion in 
funding (sourced from MIUR, which including other funding provided directly to universities and 
public research institutions, provides €8 billion per year for research in Italy). The PNR identifies 12 
areas of applied research focus (with no such taxonomy developed for basic research): ‘aerospace’, 
‘agrifood’, ‘cultural heritage’, ‘blue growth’, ’green chemistry’, ‘design, creativity and Made in Italy’, 
‘power’, ‘smart factories’, ‘sustainable mobility’, ‘health’, ‘smart, secure and inclusive communities’ 
and ‘technologies for living environments’ (MUIR, 2015). 
 
Based on an analysis of the strengths of the Italian research environment and coherence with EU 
level priorities, six objectives and associated programmes are defined: (1) internationalisation, co-
ordination and integration of national initiatives with those at EU level (in particular); (2) investment 
in human capital, including increasing the number of researchers; (3) selective support and 
monitoring of research infrastructure in line with EU criteria; (4) support public-private 
collaboration, particularly through the National Technology Clusters (discussed above); (5) 
supporting research in the Mezzogiorno region; and (6) strengthening evaluation, monitoring and 
transparency, and simplification of administrative procedures. The PNR notes that it is a priority, but 
medium-term objective to redesign the governance of the national research system to ensure 
effective co-ordination across all Ministries involved (MUIR, 2015). 
 
National Action Plan to Increase Nearly-Zero Energy Buildings (PANZEB) 
 
Produced by a working group comprised of ENEA, RSE (a public electrical research institute) and CTI, 
co-ordinated by MISE, published in December 2016, and formally approved and adopted by in June 
2017, the PANZEB, developed as a result of legislative decree 192/2005 (discussed below), seeks to 
clarify the definition of NZEBs in Italy, assesses extra investment required for the construction of 
new or renovation of existing building to confirm with these standards, and examines the existing 
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policy landscape for increasing their number (MISE, 2016). It also recognises that further (economic 
and non-economic) policy measures are required. 
 
The plan recognises that constructing new (and renovating existing) buildings requires the 
innovation and use of components and systems for high efficiency building envelopes. As such, it 
states that related R&D activities in Italy focusses on improving the performance of individual 
components and developing solutions for dynamic building envelopes, that adapt to changing 
external and internal environmental conditions. Specific technologies of interest are highlighted, 
including new super-insulation employing nanotechnology, green roofs and walls, opaque 
component reflective membranes, and thermos-chromatic materials (MISE, 2016). 
 
National Energy Strategy 2017 
 
In November 2017, the NES 2017 was introduced via interministerial Decree. The NES 2017 updates 
the 2013 edition, and ‘lays down the actions to be achieved by 2030, in accordance with the long-
term scenario drawn up in the EU Energy Roadmap 2050’. It maintains the key goals of enhancing 
Italy’s competitiveness by attempting to continue to bridge the gap between Italian energy prices 
and costs and those in the rest of Europe, attaining EU environmental and decarbonisation targets in 
line with the Paris Agreement, and improving security of energy supply (MISE, 2017). 
 
The NES 2017 has 6 ‘Priorities of Action’, the second of which is energy efficiency.33 It sets a target of 
achieving an economy-wide 30% reduction in energy consumption by 2030 compared to a baseline 
trend, and give impetus to the Italian energy efficiency industry (through, for example, the 
construction of energy-efficient buildings). In the residential sector, for new buildings, it will do so by 
‘furthering the evolution of minimum performance standards’ (MISE, 2017). 
 
The NES 2017 also contains plans to double investments in ‘clean energy’ research and development 
from €222 million in 2013 to €444 million in 2021’, and create conditions to attract private 
investment to develop new technological concepts, working also as part of the EU SET Plan and 
‘Mission Innovation’. The Strategy also announces the establishment of a NES Steering Committee, 
co-ordinated by MISE and MATTM. In addition, the Government will present an annual report to 
Parliament on the status of implementation of the strategy. 
 
The NES 2017 was developed through a participatory process, with both public and private 
consultation with trade associations, regulatory authorities, academia and the public. The next 
update is due in 2020 (MISE, 2017). 

Draft Integrated National Energy and Climate Plan 

Italy published its draft Plan in December 2018. As part of the Plan, Italy announced its intention to 
reduce primary and final energy consumption by 43% and 39.7%, respectively, by 2030, compared to 
the projected baseline. However, no further measures were announced regarding energy efficiency 
in new buildings (MISE, 2019). 
 
 
 
 
 
 

                                                 
33 The others are ‘Renewable Energy Sources deployment’, ‘Decarbonisation’, ‘Energy Security’, Energy 
Markets’ and ‘Research and Innovation – Governance and Regulation’. 
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Policy Instruments 
 

National Energy Efficiency Requirements in Buildings 

Regulation 

C/S/M 

Building C & S 

 
The first national law on energy saving in buildings was introduced in 1976 (Law 373/1976), as a 
result of the 1970s energy crisis. These requirements were updated in 1991, under Law 10/1991, 
which implemented Italy’s first National Energy Plan (superseded by NES 2013).  
 
The various requirements of EPBD 2002 were implemented by Legislative Decree 192 on the 19th 
August 2005 (and entered into force on 8th October 2005). This includes the introduction of 
maximum u-values for new buildings in Italy as of January 2006, 2008 and 2010, by component as 
presented in Table 2, and by the building envelope as a whole (based on surface area to volume – 
S/V - ratio), by climatic zone (based on the average annual temperature of each municipality, 
decreasing in value from A to F34). Regions that had not previously introduced energy-related 
building regulations, or had regulations that were below these requirements, were now required to 
comply with these national minimum requirements. The calculation approach was developed by CTI 
and the Italian standards agency (and codified by standard UNI/TS 11300), and required the 
calculation of a global energy performance index (EPgl), calculated as the sum of the indices of 
(primary) energy performance of space heating (EPi) and cooling (Epe), domestic hot water 
production (EPacs) and artificial lighting (EPill); all expressed in kWh/m2/yr. New buildings must have 
a EPgl < 1 to satisfy minimum energy performance requirements. 
 
Table 2 - U-values for Building Components in Italy (2006-2010) 

Climate 
Zone 

Floor Roof Walls Windows 

2006 2008 2010 2006 2008 2010 2006 2008 2010 2006 2008 2010 

A 0.80 0.74 0.65 0.80 0.42 0.38 0.85 0.72 0.62 5.5 5.0 4.6 

B 0.60 0.55 0.49 0.60 0.42 0.38 0.64 0.54 0.48 4.0 3.6 3.0 

C 0.55 0.49 0.42 0.55 0.42 0.38 0.57 0.46 0.40 3.3 3.0 2.6 

D 0.46 0.41 0.36 0.46 0.35 0.32 0.50 0.40 0.36 3.1 2.8 2.4 

E 0.43 0.38 0.33 0.43 0.32 0.30 0.46 0.37 0.34 2.8 2.4 2.2 

F 0.41 0.36 0.32 0.41 0.31 0.29 0.44 0.35 0.33 2.4 2.2 2.0 

 

In 2013, Law 90/2013 was introduced prepare for the transposition of the provisions of the EPBD 
2010 recast, including the requirement for the definition and implementation of NZEB. On 26th June 
2015, three interministerial decrees were published (by the Ministry of Economic Development, the 
Ministry of Environment and Protection of the Territory and Sea and the Ministry of Infrastructure 
and Transport) amending Decree 192/2005 and completing the implementation of the 2010 EPBD 
Directive. The first decree, on the ‘Application of calculation methodologies for energy performance 
and definition of buildings minimum requirements’ came into effect on 1st October 2015 and defines 
NZEB requirements (including minimum energy performance requirements for individual 
components), along with a new calculation methodology to calculate energy performance. Table 3 
and Table 4 list the revised component and whole envelope u-value requirements for new buildings, 
respectively. As indicated, values reduce for 2019/21 (for public and all other buildings, respectively) 
(IEA, 2018a). 
 
 

                                                 
34 As defined by Presidential Decree 412 of 26th August 1993, Annex A (and subsequent amendments). 
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Table 3 - U-Values for Building Components in Italy (2015 - 2021) 

Climate 
Zone 

Floor Roof Walls Windows 

2015 2019/21 2015 2019/21 2015 2019/21 2015 2019/21 

A & B 0.46 0.44 0.38 0.35 0.45 0.43 3.20 3.00 

C 0.40 0.38 0.36 0.33 0.38 0.34 2.40 2.20 

D 0.32 0.29 0.30 0.26 0.34 0.29 2.00 1.80 

E 0.30 0.26 0.25 0.22 0.30 0.26 1.80 1.40 

F 0.28 0.24 0.23 0.20 0.28 0.24 1.50 1.10 

 
Table 4 - Surface Area to Volume Ratio Requirements in Italy (2015) 

Climate Zone 
Surface Area to Volume Ratio 

S/V ≥ 0.7 0.7 > S/V ≥ 0.4 0.4 > S/V 

A & B 0.58 0.63 0.80 

C 0.55 0.60 0.80 

D 0.53 0.58 0.80 

E 0.50 0.55 0.75 

F 0.48 0.53 0.70 

 
The revised calculation methodology makes use of a ‘reference building’ approach, whereby a virtual 
building with the same location (including climate zone), geometry and orientation, and employing 
the relevant minimum performance values laid down for the building envelope and other building 
components (e.g. heating systems) is used to calculate indices for (non-renewable) heating (EPH,nd) 
cooling (EPC,nd), domestic hot water (EPW), and ventilation (EPV). The sum of these indices produces a 
revised definition of a (non-renewable) global energy performance index (EPgl). New residential 
buildings, or those having undergone major renovation, satisfy minimum requirements if, inter alia, 
their actual heating needs for heating and cooling, the global energy performance index and the S/V 
ratio values, are lower than the values calculated for the reference building. The  must prove 
projected compliance through a technical report as defined by the second Decree, before a 
construction licence may be granted (EPBD-CA, 2016). The third Decree concerns energy 
performance certification (discussed below). 
 
Regional authorities are responsible for ensuring implementation, compliance and enforcement. 
Some regions have in place more stringent minimum requirements than those defined above (for 
example, NZEB requirements were introduced from January 2016 in Lombardy) (MISE, 2016). 
 

Energy Performance Certificates 

Soft Instruments 

Performance Label 

Comparison Label 

 
As discussed above, Legislative Decree 192/2005 transposed the provisions of the EPBD – including 
requirements for EPCs for all buildings made available for purchase or rent - into Italian law (subject 
to implementing measures). Ministerial Decree 158/2009 represented the implementing measure 
for the EPC provisions and presents the guidelines for  their implementation in Italy. 
 
The Decree requires that EPCs in Italy, or ACEs (‘Attestato di Certificazione Energetica’), display -  
using a standardised format - information on, inter alia, the energy efficiency of the building 
(including ‘global’ energy performance, and energy performance of space heating and cooling, hot 
water and artificial lighting technologies, represented in kWh/m2/year), minimum energy 
performance requirements, reference values or performance classes, CO2 emissions, and non-
technical recommendations for cost-effective interventions to improve energy efficiency. 
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Table 5 presents the performance classes applied by Decree 158/2009, based on the calculated EPgl 
value for each building (with EPiL representing the space heating performance index specific to the 
climate zone in question). The calculation methodology is discussed above. From 2010, new 
buildings must reach Class C or above. 
 
Table 5 – ACE Performance classes 

ACE Class Lower Boundary Upper Boundary 

A+ - < 0.25 EPiL + 9 kWh/m2/yr 

A ≥ 0.25 EPiL + 9 kWh/m2/yr < 0.50 EPiL + 9 kWh/m2/yr 

B ≥ 0.50 EPiL + 9 kWh/m2/yr < 0.75 EPiL + 12 kWh/m2/yr 

C ≥ 0.75 EPiL + 9 kWh/m2/yr < 1.00 EPiL + 18 kWh/m2/yr 

D ≥ 1.00 EPiL + 18 kWh/m2/yr < 1.25 EPiL + 21 kWh/m2/yr 

E ≥ 1.25 EPiL + 21 kWh/m2/yr < 1.75 EPiL + 24 kWh/m2/yr 

F ≥ 1.75 EPiL + 24 kWh/m2/yr < 2.50 EPiL + 30 kWh/m2/yr 

G > 2.50 EPiL + 30 kWh/m2/yr - 

 
The Decree requires that any Regions or autonomous provinces that have not taken their own steps 
to implement EPCs in compliance with the provisions of the EPBD must apply the guidelines 
provided (with the 7 regions or provinces that have taken such steps required to ‘encourage a 
gradual approximation’ of these guidelines with their instruments over time) (IPEEC, 2015). 
 
Legislative Decree 28/2011, which implemented the requirements of the Renewable Energy 
Directive (discussed further below), introduced the requirement (from January 2012) for all building 
sales advertisements to include the energy performance class, and for all sales and leases, that the 
buyer or tenant acknowledges receipt of the ACE documentation before the transaction can be 
completed. 
 
As discussed above, Law 90/2013 sought to provide the basis for implementation of the EPBD 2010, 
subject to implementing measures. Presidential Decree 75/2013 implemented strengthened 
requirements for the professional qualification and accreditation of certifiers, which must now hold 
a degree approved subjects related to building design, be a member of the relevant expert 
association (e.g. architects, engineers) and have a minimum of two years’ work experience (IPEEC, 
2015), or attend a training course (minimum 80 hours, with pre-defined minimum content) at 
approved institutions authorised by MISE and by the relevant regional governments (EPBD-CA, 
2016). 
 
The third of the three interministerial decrees published on 26th June 2015, on the ‘update of 
national guidelines for the energy certification of buildings’, implemented the relevant provisions 
laid down by Law 90/2013, and entered into force in October 2015. ACE was renamed APE 
(Attestato di Prestazione Energetica), with the previous energy performance classes illustrated in 
Table 5, above, reformed to those illustrated in Table 6, below (with a new calculation methodology, 
discussed above). New buildings must meet energy performance Class A1 or above. 
 
Table 6 – ACE Performance classes 

APE Class Lower Boundary Upper Boundary 

A4  ≤ 0.40 

A3 > 0.40 ≤ 0.60 

A2 > 0.60 ≤ 0.80 

A1 > 0.80 ≤ 1.00 

B > 1.00 ≤ 1.20 

C > 1.20 ≤ 1.50 
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D > 1.50 ≤ 2.00 

E > 2.00 ≤ 2.60 

F > 2.60 ≤ 3.50 

G  > 3.50 

 
A new design was introduced (illustrated by Figure 7, below), with additional new requirements for 
information to be presented, including the energy sources used, exported energy, and whether the 
NZEB standard has been achieved. These new requirements are for the first time standardised 
across Italy, with regions having previously diverged from national guidelines required to be in 
compliance by October 2017 (EPBD-CA, 2016). The requirement for an national public register, or 
Information System on Energy Performance Certificates (SIAPE), developed and managed by ENEA 
by the end of 2015, was also established. (IEA, 2018a). Previously, no national register existed, 
although registries in some regions were present (IPEEC, 2015). 

 

Figure 7 - APE Design for Residential Buildings 

Regional authorities are responsible for the implementation, monitoring and enforcement of APE 
(however penalties for non-compliance, ranging from €300 to €10,000 depending on the 
infringement, are set nationally). Regions are required to perform an annual review of at least 2% of 
APEs issued, with a focus on the highest-class certificates (EPBD-CA, 2016), and may perform on-site 
checks only when strictly necessary. However, the Liguria region adopts an approach of on-site 
verification for all EPCs checked. There is a gradual tolerance of EPC errors depending on the 
number, type and repetition rate (EPBD CA, 2018a). 
 

Minimum Renewable Energy Requirements 

Regulation 

C/S/M 

Building C & S 

 
Legislative Decree 28/2011 transposes the requirements of the Renewable Energy Directive into 
Italian law. For new buildings, energy consumption for hot water, heating and cooling must be 
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increasing satisfied by renewables, from 20% (31st May 2012 – 31st December 2013), 35% (1st 
January 2014 – 31st December 2016), and 50% (from January 2017, and required for classification as 
NZEB), in order for a construction permit to be issued. The relevant MEPS must also be satisfied, as 
proven through issuance of an APE (discussed above). If these minimum requirements may not be 
achieved, then the building must achieve a proportionally lower global energy performance index 
value (discussed above) (EPBD-CA, 2016). 
 

NZEB Observatory 

Soft Instruments 

Information Campaigns 

- 

 
Established in 2017, operated by ENEA through ANEE and funded by MISE, the national NZEB 
Observatory monitors (through self-reporting by regional energy agencies, research centres and 
local authorities) the construction of NZEBs in Italy, and the technologies, processes and enabling 
factors (e.g. policies, incentives and information provision) associated with their successful 
construction. The objective is to assist national and regional policy makers to develop policies and 
initiatives to promote NZEBs and monitor their impact, and assess and communicate ‘best practice’ 
concerning specific technologies and processes involved (Portale4e, 2018). 
 
Although planned to be fully operational via a publicly-available web interface in the early months of 
2018 (ENEA, 2018f), the Observatory is currently not available. 
 

Passive House Certification 

Soft Instruments 

Performance Label 

Endorsement Label 

 
Passive House certification is described above, under policy instruments for Germany (with 
certification provided by Passive House Italy). In Italy, in the municipality of Muzza (Province of 
Biella), certified Passive Houses are eligible for a 60% reduction in construction permit fees (primary 
and secondary planning fees, and a construction cost fee), up to €20,000 per building. The 
municipality of Bottcino (Province of Brescia) also provides a 15% reduction in primary and 
secondary planning fees (IPHA, 2018). 
 

National Information and Training Campaign on Energy Efficiency 
(‘Italy in Class A’)  

Soft Instruments 

Information Campaigns 

- 

 
Legislative Decree 102/2014, which implements the requirements of the Energy Efficiency Directive, 
made provision (under Article 13) for the introduction of this three-year information and training 
programme (2016 – 2018). Promoted by MISE and designed and implemented by ANEE within ENEA 
(along with the Regions, consumer associations, and ESCOs), the main objective of the campaign was 
to raise awareness of the importance of energy efficiency, and to provide the tools and 
opportunities to drive it (IICA, 2018). 
 
The campaign was divided into three stages, of one year each. The first year (2016) saw mass 
information and communication campaigns on energy efficiency, including prime-time television 
broadcasts and public information films produced in association with the Prime Minister’s Office. 
The second year (2017) saw four ‘macro projects’ for specific targets (schools, SMEs and banks, the 
public sector and households). The macro projects included ‘Energy Efficiency Month’ (November 
2017, but which was initiated in November 2016, in which businesses, industry bodies, public 
authorities and schools were encouraged to organise events, promotions and seminars to raise 
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awareness of energy efficiency), a digital marketing campaign ‘Energy Efficiency on the Road’ (in 
which various events promoting energy efficiency were held in 10 Italian cities, in collaboration with 
ENEA and local stakeholders), and various cross-cutting measures. The third and final year (2018) 
saw a consolidation of initiatives, communication of results and analysis of the communication 
impact (ENEA, 2018; PEA, 2017) 
 
ii. Interaction between elements of the innovation system 
 
INNOVATING ACTORS  
 
As with Germany, the construction sector – and particularly the building construction sector – is 
dominated by small companies. Companies in the construction sector at large have on average 3.7 
employees (with 60% of all companies – around 330,000 – having a single employee), whilst in the 
buildings construction sector the average size is 2.6 employees, with over 96% of companies having 
fewer than 10 employees (ANCE, 2016). 
 
Federcostruzioni has over 30,000 members, and promotes the advancement of policy and legislation 
to support increasing energy efficiency in new buildings. However, whilst some other industrial 
actors recognise the importance of energy efficiency (particularly the PHII and GBC Italy, and to 
some extent associations concerned with building envelope components), there is otherwise 
relatively little focus on innovation for or deployment of high-efficiency envelopes for new 
residential buildings. of the 598 building envelope components registered with the Passive House 
Institute, just 16 are produced by manufacturers based in Italy (PHI, 2019). 
 
KNOWLEDGE DEVELOPMENT AND EXCHANGE  
 
Italy is considered a moderate innovator in Europe, placing 19th out of 28 in 2018 under the 
European Innovation Scoreboard, and placing 17th in the level of public R&D expenditures, as a 
percentage of GDP (EIS, 2019). However R&D in Italy in the field of energy is, according to MISE 
(2013) ‘ being held back. This can mainly be explained by the limited resources for research and 
innovation (as indicated by Figure 4), the high level of fragmentation of actors and areas of research 
involved, and by the lack of a single coordination “control room” and clear-cut policy establishing 
research priorities’ (however, this was reduced to some degree by the publication of the 2013 
National Energy Strategy, and the establishment of a Steering Committee following the 2017 
version). Energy efficiency is even less prominent in the Italian public research ecosystem and where 
it appears, it largely focusses on the efficiency of energy production and end-uses in the industrial 
and commercial sectors. Business R&D expenditure in Italy is 13th in the EU (ibid), with just one 
Italian construction and materials company (Trevi Finanziaria Industiale), two household goods and 
home construction companies (DeLonghi and Elica), in the top 1,000 companies  by R&D spending in 
the EU (of just 39 Italian companies in the top 1,000) (EC, 2018b). Italy places 5th and 9th in Europe on 
indicators of innovation within SMEs in 2018 (EIS, 2019), however between 2012 and 2014, just 
17.7% of Italian construction companies engaged in product or process innovation (EC, 2019i). 
 
Despite some key examples, such as the services provided by ANEE and ITS, there are relatively few 
examples of clear conduits for knowledge exchange. 
 
ACTORS’ VISION AND EXPECTATION 
 
In Italy, energy-related developments are guided by the National Energy Strategy, first published in 
1991, with subsequent updates in 2013 and 2017. In the 2013 Strategy, energy efficiency appears as 
the first priority, However, regarding new buildings, the Strategy proposes only to implement the 
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requirement laid down by the 2010 recast of the EPBD. In the 2017 Strategy, energy efficiency 
remains a high priority, however the focus for new buildings remains on meeting the NZEB 
requirements laid down by the EPBD. Overall, substantially more focus is given to improving energy 
efficiency in existing buildings (alongside energy generation and industry) rather than new buildings, 
particularly given the low rate of new construction in Italy (discussed further below) (EPBD CA, 
2018a). Although the Five Start Movement is broadly in favour of ambitious energy efficiency and 
measure to tackle climate change, its coalition partner, the League, is diametrically opposed. 
Although Italian regions have the autonomy to exceed national-level vision and policy, it seems that 
at least concerning energy efficiency in new buildings, they mostly do not (see below). 
 
As discussed above, there is not clear shared vision among the various actors in the construction 
sector regarding the development and deployment of high-efficiency envelopes for new residential 
buildings (however, the shared expectation may be that Italian minimum requirements will follow, 
but not exceed, those required by EU legislation). 
 
Although individual home ownership is high, housing co-operatives play a role, with dwellings under 
their ownership exceeding 650,000 (around 2% of the total housing stock). Housing co-operatives in 
Italy have generally played a leading role in various elements of sustainable development in 
construction and renovation of existing buildings, participating in a range of projects and 
information sharing initiatives (Cameron, 2012). Although the Italian public are generally aware of 
the risks surrounding climate change and is supportive of action to tackle it, relatively little attention 
is given to the issue in the national media, and its prominence, and therefore the strength of a 
constituency that would like to see more ambitious action in energy efficiency or other arenas, is 
low (Fischer et al, 2018). 
 
MARKET FORMATION AND GOVERNANCE PROCESSES 
 
The rate of new housing construction has reduced substantially in recent years, from a peak of 
nearly 469,000 in 2007, to around 167,000 in 2016.27 This reduction in demand for new buildings is 
due in part to an aging population with high home ownership, high unemployment amongst young, 
potential first-time buyers, and cautious saving and investment behaviours (EC, 2019i). 
 
The principal policy drivers for improving the efficiency of new residential building envelopes over 
time in Italy appears to those deriving from EU Directives (particularly the EPBD), principally 
minimum energy performance requirements (supported by minimum renewable energy 
requirements, which as with Germany, may be waived for an increased efficiency level if the original 
requirements can’t be achieved); however the stringency of these national minimum requirements 
(for maximum u-values for envelope components) varies substantially according to climatic zone, 
including for NZEBs. At the national level, responsibility for elements of energy efficiency in buildings 
is split between MISE and MATTM, with urban and housing policy the remit of MIT. However, many 
elements of housing and energy policy are devolved to regional governments, which may set more 
stringent requirements than those defined at the national level, and are responsible for ensuring 
their implementation, compliance and enforcement. Although some regions have implemented 
more stringent requirements (such as Lombardy, which required NZEB performance levels from 
January 2016), however this is uncommon. In addition, only 2% of EPCs issued annually are required 
to be inspected to ensure compliance with regulations, and such inspections focus on the highest-
rated buildings. Inspection of project documentation is usually considered satisfactory for such 
checks, with on-site visits rare (except in the Liguria region, for which on-site visits are required). As 
such, the degree to which practical compliance with minimum requirements is achieved across Italy 
is unclear. 
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RESOURCES AND SUSTAINABILITY 
 
The Italian construction industry is also experiencing a skills shortage, in large part due to high levels 
of emigration by young Italian construction professionals following the 2008 financial crisis. In 
addition, although vocational education and training requirements in the construction sector are set 
jointly by the various employer and employee associations (including ANCE), it is interpreted and 
implemented by regional authorities and associated training institutions (the ITS), leading to 
substantial differences in quality across the country – particularly between north and south. This is 
in part a result of the composition of the construction sector and the dominance of micro-
enterprises (discussed above), many of which are not represented by an associative body 
(particularly in the south), leading to a lack of effective communication regarding training needs (EC, 
2019i; EC, 2009). 
 
ENEA (2018g) find that most of the residential buildings that meet the NZEB definition in Italy apply 
a reduced set of technologies, including high envelope insulation, but also electric heat pumps and 
solar PV, often with a wooden frame. They also conclude that costs at present vary from €1,500/m2 
for multi-family buildings, to €3000 - €3,500/m2 for detached houses, with the payback time often 
exceeding the lifetime of the building itself (despite relatively high domestic energy prices – see 
Figure 5). Although in 2010 Italy introduced a special fund to support the implementation of energy 
efficiency targets, including a subsidy of up to €7,000 for the purchase of a property with energy 
performance in APE Class A, this closed in 2011 (IEA, 2014b). As such, there are at present no 
national-level financial incentives to encourage the deployment of high-efficient building envelopes 
for new buildings (however, some such assistance is provided by some local governments – such as 
the municipalities of Muzza and Bottcino - however again, this is uncommon). 
 
Rates of construction and demolition waste recycling and recovery in Italy are low, largely due to the 
quality of the materials recycled, which is often negatively perceived by construction stakeholders 
(EC, 2019i). 
 
6. Case Study: Poland 
 
i. Identification of key elements of the innovation system 
 

a) Technologies and Infrastructure 
 
Figure 8 illustrates the total number of dwellings and the average energy consumption for space 
heating per m2 of floor area in Poland from 1990 to 2016 (with climatic corrections).35 The number 
of dwellings in Poland increased from just over 11 million in 1990 to just over 34 million in 2016, 
with an average of 118,000 new dwellings constructed each year. In 2018, multi-family buildings 
accounted for 3% of new residential construction, but 46% of new dwellings (Główny Urząd 
Statystyczny, 2018). Average floor area per dwelling has increased from 59.6 m2 to 73.8 m2 (with 
average floor area of new dwellings increasing from 77.2 m2 in 1990, to 94.5 m2 in 2016; peaking at 
115.8 m2 in 2003). Total (climatically adjusted) final energy consumption for domestic space heating 
remained relatively stable at around 170 TWh from 1990 to 2016, meaning average energy intensity 
has decreased from around 258 kWh/m2 in 1990, to 158 kWh/ m2 in 2016 (as illustrated in Figure 8). 
Nearly 16% of the population live in rented accommodation in Poland, with 44% residing in flats, and 
51% in detached houses.17 
 
 

                                                 
35 Data for space cooling is not available, however compared to energy consumption for space heating in 
Poland, this is likely to minor. 
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Figure 8 - Total Number of Dwellings and Space Heating Intensity in Poland (Source: ODYSEE Database and Author's 
calculations 

At the time of writing, there are around 12 Passive Houses in Poland registered with the 
international Passive House Database. However, the caveats discussed in Section 4.1.(a) for 
Germany, also apply to this data. 
 

b) Actors and Networks 
 
This sub-section describes the most prominent non-government and non-government affiliated 
institutions and networks of relevance to this study in Poland. 
 
- Polish Association of Construction Employers (PZPB). PZPB represent companies (83 

companies, 7 association members, and 11 supporting members), particularly to national and 
local government, from across the infrastructure and construction industry in Poland, together 
representing over 70% of total construction investment in Poland (PZBP, 2019). 

 
- Polish Association of Developers (PZFD). Established in the early 2000s, PZFD represent 176 

members of the real estate development industry in Poland, with a mission to ‘provide 
development companies with conditions for development and to support and represent them in 
their efforts for better law’. Is does this through seeking ‘better administrative and economic 
law’, ‘promoting the industry as a co-responsible entity for urban development’, ‘elimination of 
technical barriers hindering market development’, ‘reducing bureaucracy’, education of 
employees’, and ‘determining good industry practices’ (PZFD, 2019). 

 
- Confederation of Construction and Real Estate (KBiN). Established in 1995, KBiN is an 

organisation of ten associations of employers, entrepreneurs and industry and regional 
groupings in Poland (including MIWO, PSPS SiPUR and NAPE, which have around 1,800 
companies as members, with over 200,000 employees. The aim of the confederation is to 
initiate, organise and support the activities for the development of the competitiveness of Polish 
construction, real estate and construction materials industries, represent the interests of 
members in relation with public authorities, trade unions and other organisations domestically 
and abroad, and work for the development of social dialogue in construction, and the 
integration of environmental considerations (KBiN, 2019). 

 
- Association of Polish Architects (SARP). SARP, founded in its initial form in 1877, is the 

professional association for architects in Poland. It holds two ‘expert teams’, one for general 
matters and, established in 2014, one for sustainable development. This expert team published 
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reports related to the use of passive building solutions and smart cities, consults with MID, 
MoEn and others to consult on the development of building regulations, participates in the 
development of various labelling schemes (e.g. LEED, BREEAM – discussed below), and offers 
advice on the design, construction and management of sustainable buildings (SARP, 2018). 

 
- Polish Chamber of Architects (IARP). The IARP are the official body of architects in Poland, and 

are responsible for the national register, and providing information and training to the 
profession (IARP, 2019). 

 

- Polish Association of Building Engineers and Technicians (PZITB). Established in 1934, PZITB 
represents the interest of its members to government, and aims to develop thinking in building 
engineering and construction, provide assistance in professional development and qualifications, 
and protect the environment in the process of designing, constructing and using buildings. The 
PZITB has various committees focussed on different issues, including an ecology committee, 
established in 2000, that aims to ‘promote scientific, technical and training activities in the field 
of [construction and] ecology and environmental protection as well as dissemination of scientific 
and technical achievements in this field’ (PZITB., 2019). 

 
- Polish Chamber of Civil Engineers (PIIB). The PIIB are the official body of civil engineers in 

Poland, and are responsible for the national register, and providing information and training to 
the profession (PIIB, 2015). 

 
- Polish Craft Association (ZRP). Established in 2001 as a representative group of craft employers, 

representing 27 chambers of crafts and 180 cooperatives, in total representing 300,000 micro, 
small and medium enterprises in Poland. It has a working group on intelligent and energy saving 
construction (a national smart specialism theme, discussed under the KIS, below), which is 
involved in the implementation, monitoring and evaluation of EU funds for these purposes in 
Poland. It is member of the Polish Social Dialogue Council, which represents the interests of all 
micro, small and medium-sized enterprises to the government (ZRP, 2018). 

 
- Association of Energy Auditors (ZAE)  - Established in 2000, ZAE’s main tasks are the promotion 

and development for energy auditing in Poland, the promotion and support of technical and 
scientific developments for energy auditing, energy certification and energy efficiency, 
dissemination of knowledge and awareness in society regarding energy efficiency, and support 
the professional development of its members. It does this through representing the profession 
to public authorities and institutions, running a website, monthly publication and annual 
conference, organising training, and by managing the national list of ‘recommended auditors’ –
To join the list, auditors must have co-conducted and submit proof at least three verified audits 
that led to the production of EPCs. The Association currently has 1,678 members, with 245 
certified auditors (ZAE, 2019). 

 
- Association for Insulation Systems (SSO). Established in the mid-2000s, SSO represents Polish 

manufacturers of external thermal insulation composite systems (ETICS). Its main activities are 
the dissemination of knowledge surrounding ETICS, participation in research activities, 
consulting and providing advisory functions for public bodies dealing with regulations in the 
construction sector, and co-operation with other organisations with the aim of promoting 
energy efficiency. It has 31 members, including MIWO and PSPS (SSO, 2019). 

 
- Association of Styrofoam Producers (PSPS). Established in 2009, SPO represents Styrofoam 

manufacturers for construction purposes in Poland. It initiates and issues the view of the 
industry on legal provisions related to the construction industry, co-operates with national and 
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international organisations to exchange information and experience, promotes products, their 
application and associated improvements and innovations, and initiative and carry out research 
on polystyrene, and organises and conducts training and consulting activities. It has 28 members 
(PSPS, 2018). 

 
- Association of Manufacturers and Processors of Polyurethane Insulation (SiPUR). Established 

in 2009, SiPUR brings together 29 members from the industry to represent their interests, 
promote the technology, encourage education, and work with public authorities on setting 
technical standards and related legislative issues. It actively co-operates with state bodies, 
research institutes, and Polish and EU trade unions and associations (SiPUR, 2019). 

 
- Association of Mineral Wool Producers (MIWO). Established in 1995, MIWO represents 

manufacturers of rock and glass mineral wool producers to outside interests, including public 
authorities and the wider construction industry, with particular foci on aspects of quality, safety 
and sustainable development. It also participates in public campaigns, such as the ‘Energy Bus’ 
campaign organised by KAPE in 2003. MIWO is a member of SSO, KBiN and PZPB, and has five 
members (MIWO, 2019) 

 
- Polish Window and Door Association (POiD). Established in 1991, POiD represents 

manufacturers, suppliers and distributors of windows and doors in Poland. It co-operates with 
members and outside bodies to promote the interests of the industry, with a particular focus on 
developing domestic and foreign sales, and conducting training activities. It has 103 members, 
and has partners including ITB, KBiN and PiBPiEO (POiD, 2019). 

 
- Polish Construction Technologies Platform (PPTB). Established in 2004 on the initiative of 

construction market research company ASM, under the umbrella of the ECTP, the PPTB has 56 
members across the construction industry and research institutions (including ITB, ICiMB, 
IMBiGSm, POiD and KAPE), with the aim of supporting activities aimed at strengthening the role 
of R&D in construction by increasing the quality and quantity of conducted research, and the 
effectiveness of implementing their results. A key area of research and knowledge exchange 
between members is on thermal insulation materials, along with various other areas of 
sustainable construction (PPTB, 2019). 

 
- Polish Institute of Passive Building and Renewable Energy (PIBPiEO). Established in 2004 as a 

non-profit, independent company, PIBPiEO aims to disseminate knowledge regarding passive 
technology, thermos-modernisation, and renewable energy in Poland. It is a partner institute of 
PHI in Germany, and is the only accredited certification body of the German PHI in Poland. It also 
provides training and accreditation for Certified European Passive House Designers and Certified 
Passive House Tradespeople, in collaboration with Green Cherry Architecture, the only PHI 
Certified Architects in Poland (PIBPiEO, 2019). 

 
- Polish Green Building Council (PLGBC). A member of the World Green Building Council since 

2008, PLGBC is a non-profit organisation promotes the role of ‘triple responsibility’ – 
environmental, social and economic – in the Polish construction industry. It does this through 
offering education, research and information on green buildings. They provide training on LEED, 
BREEAM and DGNB certification (discussed under Section 4.1.(b)) in Poland, and have 87 
members (PLGBC, 2019). 

 
- Association of Polish Municipalities (Energie Cités/PNEC). Established in 1994 as a non-

governmental, non-profit organisation, PNEC represents Polish local authorities, companies and 
associations, and seeks to promote energy efficiency and renewable energy use at the local 
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level. It has participated in over 40 national and international projects, organises seminars, 
conferences and other training activities (PNEC, 2019). 

 
- Auditing Union of Housing Co-operatives (ZRSM). Established in 1992 as an association of 

housing cooperatives, ZRSM represents the interests of affiliated cooperatives towards state 
authorities and administration. It also develops and disseminates instructions and guidelines for 
cooperatives in legal, organizational, financial and technical matters, as well as conducts training 
and publishing activities. In 2016, the union counted approximately 500 housing cooperatives 
from all Polish regions. Co-operatives associated with ZRSM have represent around 1 million 
homes, which places the union as the largest organization of housing cooperatives in Poland 
(ZRSM, 2014). 

 
- Polish Foundation for Energy Efficiency (FEWE). Established in 1990 as an independent NGO, 

with support from US and international organisations, FEWE has a stated mission to encourage 
‘sustainable economic development of the country and environmental protection through the 
promotion of effective use of energy’. It participates in a number of projects, including assisting 
local governments in Poland in the production of climate and energy strategies, and energy 
audits in buildings (including the production of EPCs) (FEWE, 2019). 

 
- National Energy Conservation Agency (NAPE). Founded in 1994 with the objective of promoting 

energy efficiency in the residential sector, NAPE specialise in energy consulting, developing 
energy audits and assessing buildings for the purpose of EPCs. In 2004, NAPE, along with ITB and 
the Warsaw Institute of Technology, established the Institute of Passive Buildings (IBP). The IBP 
is an independent initiative aimed at developing the market for passive and energy-saving 
construction. It provides training, conducts energy auditing, and conducts technical testing 
(NAPE, 2019b). NAPE also conduct training courses, participate in projects (funded domestically, 
by the EU, and internationally), and produce publications (including on the construction of low 
and zero-energy homes, in co-operation with others, including the precursor to MID, discussed 
below, ZAE, and construction product manufacturers) (NAPE, 2019a). 

 

- Respect Polish Energy Conservation Foundation (FPE). Founded in 1992 as a non-profit 
organisation with the aim of promoting ‘energy efficiency issues, [and the] education and 
preparation of specialists in the field of energy advisory and energy efficiency’.  It published the 
first standard in Poland for energy auditing, and participated in studies relating to the 
implementation of the EPBD in Poland. It organises training courses, workshops and conferences 
on the energy performance of buildings, energy auditing (having trained over 3,000 auditors), 
publishes guidebooks on the energy rating of buildings, consults on the energy efficiency of 
buildings at all stages of development, and prepares reports on issues related to energy 
consumption for government authorities and others (FPE, 2019). 

 
- Respect for Energy and the Environment (SAPE). SAPE was founded in 2004 with the objective 

of allowing ‘the exchange of a wide range of views, development of common positions  
[between itself, and with and amongst the institutions it represents] and implementation of 
projects using the potential possibilities of the widest group of professionals in activities for local 
communities, in co-operation with all participants in the energy generation, distribution and use 
market’ (SAPE, 2019). It’s partners include FEWE, NAPE, and FPE, with ZAE and the Energie Cités 
association (discussed below) as ‘co-operating partners’. 
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c) Policies and Institutions 
 
Institutions 
 
Poland is a unitary parliamentary republic, with legislative power vested in the Senate (upper 
house), and the Sejm (lower house). Members of both houses (100 and 460, respectively), are 
directly elected (usually every four years). In the Senate, members are elected using the first-past-
the-post method, whilst members of the Sejm are elected through proportional representation. To 
become law a bill typically must be approved by both houses, but the Sejm is able to overrule the 
Senate if it refuses to pass a bill. The Prime Minister is Head of Government, and President of the 
Council of Ministers (the Cabinet, which holds executive power). The Prime Minister is nominated by 
the President (by convention the nominee is leader of the party with a majority in the Sejm), who in 
turn nominates the Cabinet. The Prime Minister and their Cabinet must then submit an agenda to 
the Sejm for a vote of confidence, which if passed, confirms the composition of the government. If 
the vote fails, a new nominee for Prime Minister is provided by the Sejm. The President is Head of 
State, and directly elected by the population by absolute majority. The President has a ceremonial 
and functional role, but decisions may be curtailed by a three-fifths majority vote in the Sejm. 
 
Poland is formed of sixteen voivodeships (provinces), which are in turn subdivided into 380 powiats 
(counties, including 66 cities with this status), and further into 2,478 gminas (municipalities). 
Competences of each voivodeship are shared between the Voivode (governor, appointed by the 
Prime Minister as the regional representative of the central government), the Sejmik (regional 
assembly), elected every five years, and the Marszalek (head of the executive, elected by the 
Sejmik). Legislative powers of each powiat are vested in a rada powiatu (elected council), with 
exectuvie power vested in an executive board headed by a Starosta (administrator), elected by the 
rada powiatu. At the gmina level, legislative and executive powers rest with either the rada gminy 
(municipal council) or rada miasta (town assembly), and the directly elected mayor (with varied 
titles, depending on the characteristic of the gminy), respectively.  
 
There are five parties in Poland that have support exceeding 5% of the population, as of March 2019 
(Ewybory, 2019); the PIS (Law and Justice), KE (European Coalition, established in 2019, including PO 
(Civic Platform)), K’15 (Kukiz’15), PSL (Polish People’s Party), and WIOSNA (Spring). In the 2015 
General Election, the right-wing PIS won a narrow majority in the Sejm (with 218 seats), to form a 
government. Prior to the election, the PIS manifesto emphasises what is claimed are the damaging 
effects of EU climate and energy policy to the Polish economy, supported the importance of coal and 
nuclear energy, and downplayed the importance of renewables. The third largest party in the Sjem is 
the K’15, with 25 seats, is closely aligned to the views of the PIS. 
 
The second largest party in the Sejm is the PO, with 137 seats. Their pre-election manifesto 
proposed to balance EU climate change and energy priorities with Polish interest in coal and nuclear 
energy, but was generally supportive of the low-carbon transition, and the promotion of energy 
efficiency. This view is largely shared by the PSL, the fourth largest party, with 15 seats. WIOSNA, 
founded in early 2019, goes further, and proposes to close all Polish coal mines by 2035, increase 
renewable energy, and appoint a ‘spokesperson’ for nature. The next election must be held no later 
than November 2019. 
 
National Ministries 
 
- Ministry of Investment and Development (MID). Created in 2018, MID is responsible for 

construction, spatial planning and management, housing, and the management of the European 
Funds implementation system. The ministry includes the Department of Architecture, 
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Construction and Geodesy (responsible for, inter alia, maintaining a central register of EPCs, 
technical and construction regulations, building development policy, and supervising the 
professional self-governance of architects and construction engineers, and the Building Research 
Institute), Department of Real Estate Management, Department of Housing (responsible for, 
inter alia, implementation of instruments supporting housing construction, and renovation and 
thermomodernisation of housing), Department of Spatial Policy, and the Department of 
Innovation and Development Support Programs (MID, 2019). When the ministry was created, 
the Ministry of Development, originally created in 2015 with a merger between the Ministry of 
Economy (MoEc) and elements of the Ministry of Infrastructure and Development, was 
dissolved. 

 
- Ministry of Energy (MoEn). Established in 2015 with a mission to ‘ensure the State’s energy 

security’, the MoEn has five main areas of responsibility, the second of which is ‘energy markets, 
energy raw materials and fuels, energy efficiency, development and use of renewable energy 
sources and nuclear energy for socio-economic needs’. The ministry includes the Department of 
Innovation and Technology Development, which holds responsibility for identifying and creating 
support instruments to overcome barriers to the emergence, development and 
commercialisation of new energy-related technologies (MoEn, 2019) 

 
- Ministry of Enterprise and Technology (MPiT). Established in 2018, MPiT aims to ‘work with 

entrepreneurs and for entrepreneurs’, with a mission to ‘increase the efficiency of Polish 
business by developing innovative solutions. In this way, we want to achieve better and better 
economic results so that the fruits of this joint work translate into improved employment 
conditions for Polish employees and the market offer for Polish consumers’ (MPiT, 2019). MPiT 
has a Department for the Low Carbon Economy which primarily supports the work of the Clean 
Air Program (discussed below), and a Department of Innovation, which is responsible for co-
ordinating innovation, technology and industrial policy in Poland. 

 
- Ministry of Science and Higher Education (MNiSW). Established in 2006, MNiSW is responsible 

for students, universities and science in Poland. It supports the development of Polish 
universities, research institutes, and scientific institutes of the Polish Academy of Sciences, and 
supervises the NCBiR and NCN (discussed below) (MNiSW, 2019). 

 
- Ministry of the Environment (MoS). Established in its current form in 1999, MoS is responsible 

for the protection and rational use of environmental resources, sustainable development, 
climate policy (mitigation and adaptation), and forestry and hunting, MoS is responsible for 
NFOSiGW, GreenEvo, the House that Saves for Me’ campaign (MoS, 2019b). 

 
National Agencies 
 

- National Fund for Environmental Protection and Water Management (NFOSiGW). Established 
in 1989, NFOSiGW is the principal source of financial support for environmental protection in 
Poland. Although it was initially established as a special fund, in 2010 it gained legal personality 
as public financial institution. The Fund provides support in the areas of adaptation to climate 
change and water management; air protection; water protection; geology, mining and the 
circular economy, including waste management; and biodiversity. In each of these areas, current 
priorities are to support the implementation of environmental commitments; diffusion of new 
innovations; energy efficiency and promotion of renewables and the circular economy; creation 
of conditions for the emergence of green jobs; development of new techniques and 
technologies for environmental protection; education for sustainable development; and 
sustainable use of resources. Financial support is provided to a range of actors (e.g. local 
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government institutions, private companies and individuals), in a range of forms (e.g. low-
interest loans, repayment subsidies). Domestic funding is provided through revenues from 
various national environmental taxes and charges, however the Fund also manages a range of 
EU and related funds that operate in Poland, along withfunds provided by the EEA Financial 
Mechanism and the Norwegian  Financial Mechanism (known as the ‘Norwegian funds’); 
sourced from Norway, Iceland and Liechtenstein. The Fund’s supervisory board include 
representatives of the ministries responsible for energy, the environment, public finances, 
regional development, and local governments, with members (including the Chair) appointed by 
the minister responsible for the environment (NFOSiGW, 2019).  

 
- National Energy Conservation Agency (KAPE). Established in 1994 by decision of the Sejm as a 

joint-stock company (with NFOSiGW as the majority shareholder) with the objective of 
supporting energy-efficient activities in Poland, particularly in the industry, construction and 
renewable energy sectors. This includes the provision of building energy audits, assistance with 
the design and construction of energy-efficient and passive houses through its Energy Efficient 
Building Design Laboratory, assistance in obtaining financial support from relevant programs, 
assistance in participating in Poland’s white certificate mechanism, and education and 
promotion of energy efficiency as part of publicly-funded initiatives (KAPE, 2019). 

 
- General Inspector of Building Control (GUNB). The objective of GUNB is to supervise legal 

compliance of the regional and local authorities with regard to construction and construction 
products in Poland. In particular, it supervises voivodes and Voivodeship Inspectorates of 
Construction Supervision, monitors architectural and construction administration authorities 
and building supervision, perform inspections of construction sites, and controls construction 
products placed on the market. 

 
Other Nationally-Supported Institutes and Networks 
 
- National Centre for Research and Development (NCBiR). Established in 2007, the main task of 

the NCBiR is the management and execution of strategic applied research and development 
program in Poland, within the framework of the KPB (discussed below). These programs must be 
agreed by the Board of the NCBiR, and subsequently the MNiSW. The Centre is currently 
implementing two strategic research and development programs (‘Advanced Technologies for 
Energy Generation’, and ‘Interdisciplinary System for Interactive Scientific and Scientific 
Technical Information’), and three strategic research programs (‘Integrated System for Reducing 
Energy Consumption in the Maintenance of Buildings’, ‘Work Safety Optimisation in Mines’, and 
‘Safe Nuclear Power Engineering Development Technologies’). The first of the three strategic 
research programs operated between 2010 and 2013, with the objective of producing technical 
and organisational solutions for designing, building and occupying residential and public 
buildings with reduced energy consumption and increased consumption of renewables. Its 
budget of PLN 26.6 million (~€6.2 million) was split between seven research tasks: (1) study of 
socioeconomic possibilities and effects of an increase in energy efficiency in civil engineering; (2) 
structure/materials and installations energetically optimal for buildings; (3) increase in the use of 
renewable energy in civil engineering; (4) development of thermal diagnostics of buildings; (5) 
optimising of energy consumption in buildings; (6) Analysis of technical and operational 
constraints for buildings supplied with power from centralised energy sources; (7) energy saving 
conditions and possibilities created by municipal policy instruments. These projects were carried 
out by a consortium led by the Academy of Mining and Metallurgy, with the University of Zielona 
Gora, Selesian Technical University, and the ITB (all programs and projects are awarded to 
research consortia though a competitive process). The NCBiR co-ordinates EU funds for the 
development of science and higher education in Poland (NCBiR, 2019). 
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- National Centre for Science (NCN). Established in 2011, the NCN formulates and funds the 
national basic research program in Poland, within the framework of the KPB (discussed below). 
With an annual budget of €313 million, it funds research in arts, humanities, social sciences, life 
sciences, physical sciences and engineering, thought eleven different funding schemes aimed at 
researchers at different career stages (NCN, 2019). 

 
- Building Research Institute (ITB). Established over 70 years ago and supervised by the MID, the 

ITB conducts research in the construction and related fields, laboratory testing and quality 
certification of construction products and structures, and innovation and knowledge 
dissemination. It is Poland’s representative in the EPBD CA project (ITB, 2019). ITB was also 
involved in the development of Polish minimum energy performance requirements for buildings 
for transposition of the EPBDs. 
 

- Institute of Ceramics and Construction Materials (ICIMB). Established in its current form in 
2010 (but with origins as the Institute of Silicon Technology, established in 1951), and supervised 
by the Department of Innovation under MPiT, the ICIMB conducts research (funded both 
domestically and by international – particularly EU – grants) in ceramics, glass, refractory 
materials, and environmentally friendly and energy-efficient technologies for the production of 
building materials and building construction. It also conducts testing and certification and 
building mateirals, and hosts conferences and other training activities for the construction 
industry (ICIBM, 2019). 

 
- Institute for the Development of Cities and Regions (IRMiR). Originally called the Institute of 

Urban Development when it was established in 2002 (with the merger of two previous 
institutes), and subsequently called the National Institute for Spatial Policy and Housing (KIPPiM) 
from 1st January 2018 to 28th February 2019, the IRMiR, under the supervision of MID, has the 
strategic goal of supporting state and local government authorities in the management of cities 
and local and regional development. The Institute operates the ‘Municipal Policy Observatory’, a 
common knowledge and data platform with eleven themes, including ‘environment’ and ‘carbon 
efficiency’ (IRMiR, 2019). 

 
- Institute of Mechanised Construction and Rock Mining (IMBiGS). Supervised by MID, the 

institute conducts applied research in various areas, including new products and technologies 
for the production of building and road materials based on waste materials, and the 
construction products, including thermal and waterproofing insulation, and sealing and covering 
products and materials. It also conducts standards testing for these products (IMBiGS, 2019) 

 
Regional & Local Authorities 
 
Construction permits, required before construction may begin, are granted by Starosta. Construction 
supervision and all activities connected with it are carried out by the local Chief Inspectorate of 
Building Supervision, operating with the help of the Voivodeship Inspectorate of Construction 
Supervision and the relevant Powiat Inspectorate of Construction Supervision. Building permits, 
which must be issued before the building is put into use, is most often required for new public 
buildings or multi-family buildings. Ordinary single-family houses or small buildings usually only 
require notification of the completion of construction to the local Starosta Inspectorate.  
 
Regional and local authorities are able to impose local regulation on certain types of heating 
sources, or introduce other air protection programmes, though so-called ‘anti-smog resolutions’, 
and provide local financial assistance to replace heating systems that breach these requirements. 
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In addition to the NFOSiGW, there are 16 Voivodship Funds for Environmental Protection and Water 
Management (WFOŚiGW), established in 1989 (but achieving legal personality in 1993), that work to 
further Voivodship objectives in these areas. The WFOŚiGW part-fund the Clean Air Program 
(discussed below), and some provide additional funds to support local efforts to replace certain 
heating technologies. 
 
Policy Strategies, Goals and Targets 
 
Energy Policy of Poland until 2030 
 
The 1997 Energy Act requires the publication, every four years, of an EPP. The policy must cover a 
period of at least 20 years from the date of publication, and specify objectives and action across ten 
fields, including the energy efficiency of the economy (number 4), and fields of research and 
development work (number 9). 
 
Issued by the Ministry of Economy (and adopted by the Council of Ministers) in 2009, the EPP 2030 
strategy introduced and proposed various measures to ‘address the most important challenges that 
the Polish power industry must face, both in the short and long run, until 2030’ (MoEc, 2009). 
Specifically, it seeks to improve energy efficiency; enhance security of fuel and energy supplies; 
diversify the electricity generation structure by introducing nuclear energy; develop the use of 
renewable energy sources, including biofuels; develop competitive fuel and energy markets; and 
reduce the environmental impact of the power industry. These objectives were introduced in 
context of both EU ’20-20’20’ targets, and the Polish National Development Strategy 2007-2015. 
Regarding energy efficiency, the EPP 2030’s two main objectives are to achieve economic growth 
with no additional demand for primary energy, and to reduce the energy intensity of the Polish 
economy to the EU-15 level. Its fourth (of five) sub-objectives is ‘to increase efficiency of end-use 
energy’. Its specific measures regarding energy efficiency in buildings are the use of ‘mandatory 
energy performance certificates for buildings and apartments upon their marketing or renting’, 
‘supporting investments in energy saving through preferential loans and grants from domestic and 
European funds’, ‘supporting research and development on new solutions and technologies 
reducing energy consumption’, and ‘informational and educational campaigns promoting efficient 
energy use’ (MoEc, 2009). 
 
The EPP 2030 replaced the EPP 2025 (adopted in 2005), which focussed on the development of 
renewable electricity in Poland. A draft of what was titled EPP 2050 was published for consultation 
in 2015. However, following a change in government later in the year, the document was withdrawn 
with a revised version proposed for publication for consultation in 2017 (IEA, 2016). However, in 
December 2018 the Ministry of Energy published its draft EPP 2040, with eight ‘strategic dimensions’ 
– the final of these being ‘improving energy efficiency’. The draft states Poland’s overall target of a 
23% reduction in primary energy consumption by 2030 compared to the forecast baseline, and 
frames the issue of energy inefficiency in terms of low air quality. In order to tackle this issue with 
respect to buildings, the draft states that ‘the main tool to combat the problem is a widespread 
thermomodernisation of residential buildings and ensuring efficient and sustainable access to heat’ 
(MoEn, 2018). 
 
National Research Programme (KPB) 
 
Adopted by the Council of Ministers in 2011 to replace the 2008 National Program for Scientific 
Research and Development, the KPB defines the strategic direction for publicly funded RD&D 
activities in Poland, with related goals and guidelines. The KPB lists seven national priority areas: (1) 
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new energy technologies; (2) Diseases of affluence, new medicine and regenerative medicine; (3) 
Advanced information, telecommunication technologies and mechatronic technologies; (4) Modern 
material technologies; (5) The natural environment, agriculture and forestry; (6) Social and economic 
development of Poland in the conditions of globalising markets; (7) National security and defence. 
These priority areas consider global challenges faced by modern society, global development 
tendencies, results of the 2008 National Program, and the results of two assessment activities (the 
National Foresight Programme ‘Poland 2020’ (which identified a ‘new generation of construction 
materials’ and ‘energy-saving construction technologies’ as two of seven technology areas with 
particular promise, given existing intellectual capital in Poland) (MoEc, 2013), and analysis of the 
need for scientific support conducted by NCBiR in 2009). These priority areas provide NCBiR and 
NCN guidance in preparing their strategies research and development programs and projects (IEA, 
2016; MoEc, 2013). 
 
Strategy for Innovation and Efficiency of the Economy: ‘Dynamic Poland 2020’ 
 
In 2009, the Polish government introduced amendments to the principles of Polish development 
policy, and adopted a new plan on Poland’s Development Management System. These 
developments led to the production and adoption of the Medium-Term National Development 
Strategy 2020 in 2012, and the Long-Term National Development Strategy in 2013. These 
documents, updating and replacing the Polish Development Strategy 2007-2015, laid down the key 
strategic development activities and indicators for Poland, and under which nine integrated 
strategies would be developed (CoM, 2012). 
 
One of these nine is the Dynamic Poland 2020 strategy, published in 2013, with MoEc (now MID) as 
co-ordinator. It’s overarching goal is to develop Poland into a competitive, innovative and efficient 
economy based on knowledge and co-operation, with four specific objectives: (1) adjust the 
regulatory and financial environment to the needs of an innovative and efficient economy; (2) 
stimulate innovation through increases in knowledge and labour efficiency; (3) increase resource 
and raw material efficiency; (4) increase internationalisation of the Polish economy. 
 
Each objective is linked to a range of sub-objectives. Under objective (3) is sub-objective 3.2 is 
‘support for the development of sustainable building and construction sector at the stages of 
building planning, designing, erecting and managing throughout the buildings’ whole life cycle’. This 
sub-objective, in turn, has three implementing Measures. 
 
Measure 3.2.1 is ‘improvement of energy and material efficiency of architectural and construction 
undertakings and existing resources’, by means (inter alia) of wide promotion of energy-efficient 
construction (including passive housing), and actions resulting from transposition of the EPBD 2010. 
Measure 3.2.2 is ‘application of the principles of sustainable architecture’, whilst Measure 3.2.3 is 
‘revival of the traditional construction craft traditions’. The first two Measures are explicitly linked to 
those to be includes in the BEiS (discussed below), under the responsibility of (what was to become) 
MID (MoEc, 2013). 
 
National Smart Specialization (KIS) 
 
Published in 2013, the KIS was developed based on the KPB, and on a technological foresight 
industry survey (InSight2030), conducted in 2012, which aimed to identify key technology areas that 
could help improve the competitiveness of Polish industry to 2030. The Insight2030 process 
identified 10 key technology areas, including ‘cogeneration and energy management rationalisation 
technologies’ and ‘green economy’. Following expert and social consultations, a final list of 18 
‘national smart specialisations’ were identified (supplemented by an additional two in 2014 and 
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2015), organised into five thematic sections: (1) Healthy Society; (2) Agricultural and Food Biology, 
Forestry and Wood, and Environmental Biology; (3) Sustainable Energy; (4) Natural Raw Materials 
and Waste Management; and (5) Innovative Technologies and Industrial Processes. Under (3) is 
specialisation number 8 – ‘Intelligent and energy-saving construction’ (SMART, 2019b). In January 
2019, the list of specialisations was revised to 15 (under largely the same thematic sections), 
however ‘intelligent and energy saving construction’ is now number 5. 
 
The ‘intelligent and energy saving construction’ specialism has seven sub-themes, with more 
detailed elements in turn. These sub-themes are (I) Materials and Technologies (including 
development of more efficient construction and insulation components); (II) Energetic Systems of 
Buildings (including the development of active façade systems; (III) Development of Machines and 
Devices (focussing on ‘smart’ homes); (IV) Development of Applications and Software Environment 
(also focussing on ‘smart’ homes);  (V) Integrated Design (focussing on the development of design 
software; (VI) Energetic and Environmental Verification (including the development of technologies 
and techniques for determining in-use performance); and (VII) Materials Processing and Re-Use 
(focussing on improving the recovery and re-use of construction materials) (SMART, 2019a) 
 
Strategy for Energy Security and Environment (BEiS) 
 
Another of the nine integrated strategy documents, the BEiS, published in 2014, aimed to identify 
the key reforms and necessary steps required by 2020 to facilitate ‘green economic growth’ in 
Poland, by ensuring energy security and access to modern, innovative technologies, eliminating 
associated administrative barriers, and integrating energy and environmental policy. BEiS replaced 
the Polish Strategy for Greenhouse Gas reduction (2003-2020). BEiS has three overarching 
objectives: (1) Sustainable management of resources; (2) Provide the national economy with safe 
and competitive energy supply; (3) Improve the condition of the environment. Each objective has a 
range of sub-objectives, which in turn link to a range of numbered measures. 
 
Sub-objective 2.2 is ‘improving energy efficiency’, under which Measure 17 is ‘create a 
comprehensive educational program to improve energy efficiency’. This is in turn broken down into 
six actions: (1) creating a mechanism for exchanging information, experience and best practices 
regarding energy efficiency improvement; (2) creating a mechanism enabling end users to easily 
access knowledge and training on possible energy efficiency improvement measures; (3) obliging 
energy distribution system operators to provide consumers, together with an energy bill, 
information enabling comparison of current consumption with consumption for the same period in 
the previous year; (4) dissemination of knowledge about energy efficiency standards; (5) support for 
projects aimed at saving electricity by households; (6) supporting projects aimed at improving 
energy efficiency in transport. These actions are linked to those outlined in ENP 2030, with MID and 
MoEn cited as the responsible ministries. In addition, Measure 18 is ‘creating opportunities for pro-
effective actions by private individuals, in particular by co-operatives and housing communities, and 
supporting energy-efficient buildings’, with ‘development of financial support mechanisms for 
energy-efficient buildings’ listed as an action (with explicit reference again given to actions listed in 
ENP 2030, with MoEc cited as the responsible ministry). 
 
Sub-objective 3.4 is ‘supporting new and promoting Polish energy and environmental technologies’. 
Under this, Measure 48 is ‘support research, innovation and implementation in the energy and 
environmental protection sector’, with nine actions: (1) financing research and development works 
in the field of energy and environmental protection; (2) implementation of a personnel education 
program for institutions related to energy and environmental protection; (3) supporting cooperation 
enabling the exchange of experiences between research teams with the best foreign institutes; (4) 
implementation of strategic research programs and development works related to new technologies 
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in the field of energy on the basis of the KPB; (5) supporting innovative solutions arising as part of 
cooperative relations, including clusters and technology platforms; (6) adjusting and streamlining 
NFEPWM procedures in terms of supporting innovative Polish environmental technologies, also in 
terms of their transfer as part of development assistance; (7) developing innovations leading to 
industry restructuring and introducing new business models; (8) stimulating the development of 
bottom-up industry initiatives, in particular covering the entire supply chain; (9) developing a system 
of support for the commercialisation processes and dissemination of new solutions by strengthening 
cooperation with the industry sector and the scientific sector. Measure 49 is ‘international transfer 
of innovative Polish technologies’, with an action supporting the international activity of Polish 
companies providing environmental and energy. These actions are again linked to those proposed 
under ENP 2030. 
 
National Plan to Increase the Number of Buildings with Low Energy Consumption 
 
Produced by the MID and published in 2015, the Polish National Action Plan for increasing the 
number of nearly-zero energy buildings describes the various measures already in place to achieve 
this goal. For new construction, there is a particular emphasis on the role of minimum energy 
performance standards under Polish building regulations, along with parallel measures such as EPCs, 
co-financing for construction of energy-efficient houses by NFOSiGW, the ‘House That Saves for Me’ 
campaign (all discussed below), and research actions (described above). The plan also mentions the 
future publication of the ‘Guide to Improve the Energy Performance of Buildings’ (also discussed 
below). 
 
Draft Integrated National Energy and Climate Plan 
 
Published in January 2019, the draft Plan repeats the overall energy efficiency target for 2030 
presented by the draft EPP 2040. No new strategies or plans are proposed, in addition to those 
already planned or in place, to further drive the diffusion of high-efficiency envelopes for new 
residential buildings. 
 
Policy Instruments 
 

Minimum Energy Performance Standards 

Regulations 

C/S/M 

Building Codes & Standards 

 
The 2002 EPBD requirements for minimum energy performance standards was transposed into 
Polish Law and came into force at the beginning of 2009. This required the architect to ensure that 
either maximum u-values for building components, or maximum primary energy demand values, are 
complied with. The component u-value limits set for residential buildings were 0.3 W/m2 for walls, 
0.25 W/m2 for roofs 0.45 m2 for floors, and 1.7 W/m2 for windows. Maximum primary energy 
demand, expressed in kWh/m2/yr is dependent on the ratio between the external envelope area and 
external volume of the building (A/Ve), and is calculated using the formulae presented in Table 736 
(BPIE, 2012). 
 

                                                 
36 EP = domestic hot water factor (=7800/(300+0.1*Af) 
Af = heated area of the building 
EP = primary energy demand per unit area (kWh/m2/yr) 
Aw,e = area of external walls 
Af,c = cooled area of the building 
Ve = external volume of the building 
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Table 7 – Primary energy demand calculation formulae 

 Area to Volume Ratio (A/Ve) 

 ≤0.2 0.2 ≤ 1.05 ≥ 1.05 
Heating, ventilation, hot 

water (EPH+W) 
73 + EP 55 + 90*(A/Ve) + EP 149.5 + EP 

Heating, ventilation, hot 
water & cooling (EPHC+W) 

EPH+W + (5+15*Aw,e/Af)*(1-0.2*A/Ve)*Af,c/Af 

 
As required by the EPBD 2010, regulations introduced in 2013 updated the above requirements. 
Table 8 and Table 9 present updated U-value requirements (effective from January 2014, 2017 and 
2021), for opaque and transparent building elements for residential buildings, respectively. Table 10 
presents updated maximum EPH+W values (also effective from January 2014, 2018 and 2021), but 
where EPH+W now represents non-renewable energy primary demand only. With the introduction of 
this legislation, both components must now be satisfied.  

 

Table 8 – Polish maximum u-value requirements – opaque elements (Source: Kasperkiewicz et al, 2015)37 

 
 

                                                 
37 Where ‘ti’ is room temperature heated in accordance with Article 134, section 2 of the regulation. 
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Table 9 - Polish maximum u-value requirements – transparent elements (Source: Kasperkiewicz et al, 2015) 

 EPH+W (max) 

 1st January 2014 1st January 2017 1st January 2021 
Single Family Houses 120 95 70 
Multi-Family Houses 105 85 65 

 
Table 10 – Updated EPH+W maximum values 

 
New requirements were also introduced for maximum cooling demand. The regulations also limit 
the total area of glazing installed in a building. In residential buildings, this value (A0max), with a 
maximum U-value of 0.9, is given by A0max = 0.15Az + 0.03AW (where AZ is the floor area adjacent to 
the exterior walls to a distance of 5m, on all floors above ground level, and AW is the remaining floor 
area above ground level). The values presented in Tables 8 and 9 were calculated on the basis of 
cost-optimality, using prices of building materials, equipment and appliances in 2012, with energy 
price projections based on 2012 values and projected inflation rates (Kasperkiewicz et al, 2016). 
 
Compliance with these requirements is certified through the issuance of an EPC, discussed below 
(along with methods of determining compliance), which must be produced in order to apply to the 
local authority (Powiat), for a building permit. 
 

Energy Performance Certificates 

Soft instruments 

Performance Labels 

Comparison Label 

 
The framework requirements for EPCs laid down by the EPBD 2002 were converted into Polish law 
by amendment to the Construction Act (2007, No. 191), requiring their issuance for new buildings, 
buildings subject to renovation, and buildings or apartments sold or rented from 1st January 2009. 
An ordinance issued by MID in January 2008 laid down requirements for the method of calculating 
energy performance of buildings, and training and qualification of experts able to issue EPCs. The 
ordinance required experts issuing an EPC to have a relevant degree (e.g. architecture, engineering), 
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or an MSc degree in any discipline (related or not), and have completed a training course and passed 
an exam set by the government, or completed at least one year of post-graduate study in a relevant 
field, and be registered on the list of experts governed by MID. 
 
The revised requirements for EPCs laid down by the EPBD 2010 were implemented into Polish law by 
an ordinance issued by MID in June 2014, and which came into force in February and March 2015. 
The ordinance provides for two different types of EPCs for residential buildings (whole buildings and 
apartments), which follow similar, standardised templates. Each EPC must include basic information 
the building, a photograph, the calculated energy performance index presented on a linear sale 
(with a comparison to the minimum requirements for new buildings), projected annual fuel 
consumption, share of renewables in final energy, CO2 emissions, details of the issuing expert, a 
page containing other technical characteristics of the building (including u-values compared to 
minimum requirements), and a page of cost-effective recommendations for potential 
improvements. Figure 9 presents the standard template for an EPC in Poland (for apartments). The 
new regulation also requires the EPC to be published in sale and rental advertisements 
(Kasperkiewicz et al, 2015). The revised calculation methodology is based on CEN standards (e.g. EN 
ISO 13790). 
 
Figure 9 - EPC Template - Poland 
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The 2015 regulation also amended requirements for experts qualified to issue EPCs, including the 
removal of the requirement for experts with an engineering degree to complete the additional 
course with the ministry, or complete post-graduate studies, and the addition of the requirement for 
experts with an MSc degree (but no engineering degree) to complete appropriate post-graduate 
studies (excluding a course with the ministry). The 2015 regulation also led to the development of a 
‘Central Register of the Energy Performance of Buildings’, managed by MID, that provides access to 
five databases, including the central register of EPCs, and the central register of individuals certified 
to produce EPCs. 
 
The price of an EPC is fully market driven, with a typical price for an apartment or single-family 
building ranging between €50-150 (and between €200 and €500 for a multi-occupancy building), and 
is valid for 10 years. If no EPC demonstrating compliance with minimum standards can be produced 
to the local authority when a building use permit is applied for, the permit is denied. Since 2015, 
EPCs are quality controlled upon request. There are no penalties for minor faults. For the use of 
incorrect technical assumptions, or producing an EPC without the appropriate qualifications or 
without mandatory liability insurance, the EPC is considered a product with a physical failure, for 
which a civil court case may be bought (alongside expulsion from the expert list). In 2015/16, 180 
EPCs were subject to control, which resulted in 14 experts having their authorisation removed. 
(Bekierski et al, 2016; EPBA CA, 2018c). 
 

Minimum Renewable Energy Requirements 

Regulation 

C/S/M 

Building Codes & Standards 

 
A regulation introduced on the 25th April 2012 requires an assessment of the technical and economic 
viability of the use of high-efficiency or ‘alternative’ systems of energy and heat supply, including the 
use of renewables, co-generation or district heating (particularly if the system is based on renewable 
sources). The analysis should contain the annual demand for usable energy for heating, ventilation, 
domestic hot water and cooling calculated in accordance with the rules on the methodology for 
calculating the energy performance of buildings; the available energy sources; conditions for 
connection to external networks; a choice of two power supply systems for benchmarking, and 
results of the comparative analysis and the choice of energy supply system (IEA, 2019a). 
 

 Co-financing for Construction of Energy-Efficient Houses 

Economic & Financial 
instruments 

Fiscal/Financial Incentives 

Grants & Subsidies 

 
In 2013, NFOSiGW established a grant of up to PLN 50,000 (€12,000) for the construction or 
purchase of new single-family homes that achieve Passive House Standard annual energy demand 
(15 kWh/m2), with PLN 30,000 (€7,000)  available for new single-family homes with an energy 
demand that does not exceed 40 kWh/m2 annually, with PLN 16,000 (€8,500) and PLN 11,000 
(€2,500) available for the purchase of apartments that meet these criteria, respectively. 
 
The support took the form of a partial repayment of the bank loan used to build or purchase a 
property. For those planning to build a new property, the applicant applied for a loan from a 
participating bank, including the construction design and declaration of expected compliance with 
the requirements stated above completed by a certified verifier, a construction permit issued by the 
local authority, and a copy of the signed contract with an experienced construction company. Once a 
loan agreement is secured, construction may begin (with a maximum limit of three years). Once 
construction is complete, the compliance with initial construction plans and energy consumption 
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limits is verified (by a different certified verifier), an EPC is issued (discussed below), and the bank 
receives funds from the NFOSiGW. For those purchasing a single-family home or apartment and 
applying to this fund, only the final stage was required (oszczedzam-energie, 2014). 
 
A budget of PLN 300 million (€70 million) was available for this support, enough to provide subsidy 
for the construction or purchase of an estimated 12,000 energy-efficient homes (IEA, 2013b). 
However, the scheme closed in 2016, with around 3% of the original budget distributed, resulting in 
part from high costs of document preparation, an obligation to pay income tax from the grant, and 
an obligation to receive the loan from one of four pre-selected banks, often at rates higher than may 
be found through a standard loan from other banks (Kaczmarczyk & Specjal, 2018) 
 

Clean Air Program 

Economic & Financial 
instruments 

Fiscal/Financial Incentives 

Grants & Subsidies 

 
Introduced in September 2018 with the aim of reducing ‘the emission of harmful substances into the 
atmosphere, which arise from heating low-quality single-family houses in outdated domestic 
furnaces’ (NFOSiGW, 2019b), the Clean Air Program offers co-financing for the replacement or 
installation of ‘modern’ heating technologies, including heat pumps, condensing gas boilers, solid 
fuel boilers (including biomass and coal), and in the case of existing buildings, carrying out the 
necessary thermomodernisation works. 
 
Newly constructed (single family) buildings are also eligible for the subsidy, as long as they have 
received permission to begin construction, but have not yet been awarded a building permit. 
However, such buildings must be in compliance with the minimum energy performance standards 
applicable from 1st January 2021, as described above. 
 
The value of the co-financing varies between 30% and 90% of the eligible investment cost, 
depending on the per-capita income of the household, with a maximum subsidy of PLN 53,000 
(~€12,000). The total budget available is PLN 103 billion (~€24 billion), using both grants and 
repayable loans, financed from NFOSiGW, WFOŚiGW, and EEA funds. The scheme will close in 2029 
(NFOSiGW, 2019b). 
 

‘The House that Saves For Me’ Campaign 

Soft Instruments 

Information Campaigns 

- 

 
In 2014, the MoS developed this campaign with co-financing (over (€1.1 million) from Iceland, 
Lichtenstein and Norway via the Polish ‘Saving Energy and Promoting Renewable Energy Sources’ 
program of the Financial Mechanism of the European Economic Area 2009-2014 (EEA funds). 
 
The core of the campaign is a website38 aimed to ‘open people’s eyes towards the cost-saving 
benefits of energy efficient housing’. The website contains basic information on energy efficiency in 
buildings, software for designing energy efficient housing, a simple energy savings calculator for 
design and material efficient options, and promotional movies. The website remains active, but is 
not actively updated. TV and a press campaign accompanied the launch of the website. In the year 
of its launch, the campaign won the Polish ‘Social Campaign of the Year’ award (EEA Grants, 2015). 

 

                                                 
38 http://oszczedzam-energie.mos.gov.pl/ 
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Guide on the Energy Efficiency of Buildings 

Soft Instruments 

Information Campaigns 

- 

 
Ministry of Construction published this guide in March 2016 (updated in 2018 by MID), aimed at 
building owners, investors, managers, local government, construction companies, architects, 
engineers and energy auditors. The guide contains information of the energy efficiency of buildings 
in both their design stage and in use. It also summarises information of the available measures to 
improve the energy efficiency of buildings. 
 
The guide is explicitly published in order to satisfy the requirements of the EPBD 2010 (article 20) 
and the EED (article 12), which respectively require member states to provide all participants in the 
construction process information to assist in improving the energy efficiency of buildings, and to 
take action to promote and enable efficient use of energy by small (including residential) energy 
consumers (MID, 2018). 
 

Energy Bus Campaign 

Economic and Financial 
instruments 

Direct Investment 

RD&D Funding 

 
Operated by KAPE and funded by NFOSiGW, the objective of the Energy Bus Campaign is to increase 
public awareness of climate change, the reasons for these changes, and what action may be taken to 
mitigate them in everyday life. This is carried out using a mobile information and education centre 
(the ‘Energy Bus’).  The bus made its first stop in July 2015, and made 30 stops before its most recent 
in September 2018. Alongside the bus, an educational campaign was planned for 200 municipalities, 
with experts visiting municipal authorities, and providing training for entrepreneurs 
(Autobusenergetyczny, 2019). 
 

GreenEvo – Green Technology Accelerator 

Economic and Financial 
instruments 

Direct Investment 

RD&D Funding 

 
First launched in December 2008 as part of the Polish Presidency of 14th UNFCCC Conference of the 
Parties (COP14), funded by NFOSiGW and operated by the MoS, GreenEvo aims to support the 
development and export of Polish environmental technologies. 
 
For each edition of the Accelerator, companies with technologies across various environmentally-
relevant technological areas (renewable energy, environmentally-friendly mining, energy efficiency, 
systems to monitor the natural environment, climate protection, waste management, water and 
sewage management, and low-emission transport) submit entries. The selected winners are then 
given a range of support, including the ability to use the GreenEvo label (as an independent ‘badge 
of quality’), advice on marketing and business models for international expansion, participation in 
Polish trade missions, expert advice in operating in foreign markets, assistance in finding local 
partners, and support from the Patent Office of Poland regarding protection of intellectual property.  
 
There has been seven editions of to date, with the seventh launched in 2018, and open only to 
winners of previous editions, in order to further advance the potential of proven technologies and 
companies. The eight edition is planned for 2019. Across the first six editions, 74 companies and 
technologies were selected. Of these, 33 have been selected as winners in the seventh edition. This 
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includes Izodom 2000 (manufactures of technologies for rapid construction of passive and energy 
efficient houses), and M3 System (for monolithic, self-supporting constructions made of expanded 
polystyrene) (MoS, 2019a; EC, 2012a). GreenEvo now forms part of the BEiS (sub-objective 3.4, 
Measure 49). 
 
ii. Interaction between elements of the innovation system 
 
INNOVATING ACTORS  
 
The construction sector in Poland is composed largely of SMEs (but with several large players), with 
substantial growth in recent years (the number of real estate companies grew by nearly 56% 
between 2010 and 2017) (EC, 2019j), resulting from an increasing rate of construction (discussed 
below). The KBiN represent ten associations from across the construction and real-estate sector, 
with 1,800 companies as members, whilst the PZPB represents 83 companies and 7 associations, the 
PZFD, 176 members. The ZRP represents 300,000 SMEs from various crafts. These associations 
appear to have little focus on energy efficiency issues, with a strong leaning towards industrial 
competitiveness (with the possible exception of the ZEP, with a working group on intelligent and 
energy saving construction, for the purposes of distributing EU funds); however it is not clear 
whether such organisations, and those they represent, act as a barrier, enabler, or are neutral, for 
innovation surrounding high-efficiency envelopes for new buildings. In addition, the scope of these 
organisations are also often substantially wider than the residential buildings sector, and the size of 
their membership compared to the residential construction industry is unclear. 
 
The SARP, with an expert team focussed on sustainable development and with published reports on 
the use of passive building solutions, and participation in associated labelling schemes, appears to 
be an enabler for innovation, as do many associations representing envelope component industries, 
however again the degree to which membership of such associations represents the wider industries 
in Poland is unclear. Of the 598 building envelope components registered with the Passive House 
Institute, 16 are produced by manufacturers based in Poland (PHI, 2019). 
 
KNOWLEDGE DEVELOPMENT AND EXCHANGE  
 
Poland is considered to be a moderate innovator in Europe, however it places just 25th out of 28 in 
2018 under the European Innovation Scoreboard. It also places 22nd in the level of public R&D 
expenditures, as a percentage of GDP (EIS, 2019). In addition, between 2010 and 2017 public 
expenditure on RD&D in energy reduced by around 72% (despite its prominence in the 2011 KPB, 
and in the 2013 KIS, in particular) to around 3% of German levels, with RD&D in energy efficiency 
also reducing by similar levels (and resting at around 40% of total energy-related RD&D in both 
years) (see Figure 4). A clear focus in publicly-funded research in Poland is energy diversification, and 
the material and energy efficiency of the economy as a whole, alongside industrial competitiveness. 
However innovation regarding energy efficiency of buildings, both new and existing, is of reasonable 
prominence. At least 40 state-run research institutes, higher education institutions and institutes of 
the Polish Academy of Sciences permanently carry out energy research (IEA, 2016), however few 
(principally the ITB and ICIMB) appear to focus on energy efficiency in new buildings. Although such 
institutions receive some public financial support, they also receive funding from competitive source 
(particularly from EU funds). Business R&D expenditure in Poland is 18th in the EU, and places 27th on 
indicators of innovation within SMEs in 2018 (EIS, 2019), with although indicators of innovation in 
the construction and rea estate sectors have shown improvement in recent years, it remains limited 
(EC, 2019j). 
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Following a period of reorganisation, publicly-funded innovation is now guided by the KPB, KIS and 
the ‘Dynamic Poland 2020’ strategies, and implemented and co-ordinated principally by the NCBiR 
and NCN, with oversight largely from MPiT and MNiSW. In January 2016 a new inter-ministerial 
body, the Innovativeness Council was established to further co-ordinate innovation policy priorities, 
and encourage co-operation and knowledge exchange between the public sector research and 
business, although MoEn is absent from this Council) (IEA, 2016) (however, Poland recently 
established an Interministerial Working Group for the National Energy and Climate Plan, co-
ordinated by MoEn). 
 
Although some public bodies are active in encouraging co-operation and knowledge exchange 
between public sector research and the private sector, such as the BRI and the PPTB, supported by 
some private sector organisations (and NGOs), such as the sector associations SARP and PZITB, along 
with PIBPiEO, PLGBC and NAPE, such collaborative links are generally weak (EC, 2019j). 
 
ACTORS’ VISION AND EXPECTATION 
 
As discussed above, guidance for publicly-funded innovation is now guided by the KPB, KIS and the 
‘Dynamic Poland 2020’ strategies. More broadly, the government’s vision for addressing 
decarbonisation and increasing energy efficiency is presented primarily by the series of ERPs, but 
also the BEiS. Improving the energy efficiency of the economy is prominent in all of these strategies, 
however there is no clear, unified government vision for the development highly-efficient new 
residential buildings (beyond that set by the requirements of the EPBD for NZEBs). The Polish 
government and most prominent political parties are also largely hostile towards ambitious policy 
for the low-carbon transition, particularly for policy driven by the EU, and local authorities in Poland 
have little ability to introduce policy or other support more ambitious than the national landscape.   
 
As also discussed above, there appears to be little focus on matters of energy efficiency in new 
residential buildings in the construction or real-estate development sector (the latter of which 
account for the construction of the majority of new multi-family buildings), and this no clear 
presence of any vision or expectations for its development. 
 
Housing co-operatives, although less prominent than in the 1980s (when they accounted for around 
80% of all housing construction (Cameron et al, 2012)) remain one of the main private sector 
operators in management of both the existing housing stock, and new construction. Although only 
around 10% of housing co-operatives engage in development activity (ibid), they account for around 
75% of new construction in Warsaw (BPIE, 2012). However ZRSM, the main association for housing 
co-operatives in Poland, has no clear vision with respect to energy efficiency in their properties. 
However, many housing co-operatives in Poland are not part of such a union, and it is this unclear if 
this is a common position (Cameron et al, 2012) 
 
However, in the case of single family homes, the main investors are private Polish individuals who 
are building a home for themselves (BPIE, 2015). Although various NGO operate in Poland with 
regard to climate and energy issues, such FEWE, FPE and SAPE, the Polish public are largely 
ambivalent to action to encourage the low carbon transition (with less than 20% of the population 
expressing concern about climate change (Poortinga et al., 2018), as expressed in the political 
landscape, and as discussed below, economic and other incentives to encourage such actors invest 
in high-efficiency envelopes for their new residential construction are also lacking. 
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MARKET FORMATION AND GOVERNANCE PROCESSES 
 
The number of new homes constructed annually has grown in recent years in Poland, from around 
136,000 in 2010 to over 163,000 in 201627, driven by rising income, low interest rates and favourable 
policy schemes to assist with homebuying (EC, 2019j). 
 
As with Italy, the principal policy driver for improving the efficiency of new residential building 
envelopes in Poland has been requirements deriving from EU Directives, and the requirement for 
increasingly stringent minimum energy performance requirements as part of the EPDB. Compared to 
other countries these national minimum requirements – particularly for the maximum u-values for 
specific envelope components – are reasonably stringent, and will become more so as the Polish 
NZEB requirements take effect in January 2021 (although prior to 2013 developers were able to 
choose to comply with either maximum u-values for individual envelope components or maximum 
primary energy demand, architects almost always chose to comply with the former, however this 
meant that over 50% of buildings constructed before this time explicitly did not meet the 
requirements for the latter (BPIE, 2012). National responsibility for buildings and associated energy 
efficiency policy is largely vested in MID. Regional and local governments are responsible for 
ensuring compliance with building regulations and issuing related permits (under the supervision of 
the GUNB), however they lack the competence to impose local energy performance regulations that 
exceed national minimum requirements (however they are able to impose local regulation and 
provide financial support concerning heating sources, under ‘anti-smog’ competences). 
 
The issuance of an EPC is the mechanism through which compliance with building regulations is 
determined, however there EPCs are only checked upon request, with no minimum requirements. 
This has led to very few EPCs being subject to examination, with just 180 controlled in 2015/16, 
resulting in 14 experts having their authorisation to issue EPCs removed. As such, the degree to 
which minimum energy performance requirements are or are not being met is largely unknown. 
 
The ‘The House that Saves for Me’ and ‘Energy Bus’ campaigns aim to encourage the public to take 
up energy efficiency measures. However, district heating is a dominant heat source in the residential 
sector in Poland, and remains so for new multi-family constructions in cities, whilst coal, gas and 
biomass are dominant in new single-family buildings (Dworakowska, 2014). Energy prices for such 
heating sources in Poland are generally low (see Figure 5) and thus provide little economic incentive 
to invest further in high-efficiency building envelopes. 
 
RESOURCES AND SUSTAINABILITY 
 
As with Germany and Italy, the construction industry in Poland is also experiencing a skills shortage, 
with demand exceeding supply by around 12%, with the labour shortage affecting all occupations 
within the construction sector, but with particular impact in the manual and skilled occupations, 
such as bricklayers and plasterers, resulting from high levels of emigration to Northern and Western 
Europe (EC, 2019j). However, the number of tertiary students in engineering, manufacturing and 
construction gew over 60% between 2010 and 2016, although a slight decline was experienced in 
2015 and 2016, although adult participation in education and training was just 2.9% in construction 
and 6.4% in real estate activities in 2016 (ibid). Broadly, stakeholders in the construction sector feel 
that the education infrastructure in Poland is unsuited to the needs of energy-efficient construction 
(and renewable energy installation), with insufficient funding, a lack of emphasis of practical 
training, a lack of dialogue and interaction with industry, and a lack of interdisciplinary training 
(Wiecka et al, 2013). 
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Federczak-Cisak et al (2019) estimate that the construction of a passive single-family house in Poland 
would cost an additional 15% (~€10,000) above the minimum energy performance requirements 
currently in place. To achieve a passive standard about the minimum energy performance 
requirements entering into force in 2021, they estimate an additional 7% (~€5,000) would be 
required. Since the closure of the ‘Co-financing for Construction of Energy-Efficient Houses’ facility in 
2016, there is no public financial support to contribute towards these costs, aside from the indirect 
support for the installation of ‘modern’ heating technologies, which requires energy performance 
standards that meet at least 2021 requirements for new buildings to be eligible. Around 79% of 
construction and demolition waste in Poland is reported as recycled, however this data may not be 
accurate due to the difficulty in tracking and reporting data to the authorities (EC, 2019j). 
 
7. United Kingdom 
 
i. Identification of key elements of the innovation system 
 

a) Technologies and Infrastructure 
 
Figure 10 illustrates the total number of dwellings and the average energy consumption for space 
heating per m2 of floor area in Poland from 1990 to 2016 (with climatic corrections).39  

 

Figure 10 - Total Number of Dwellings and Space Heating Intensity in the United Kingdom (Source: ODYSEE Database and 
Author's calculations) 
 

The number of dwellings in the UK increased from just over 23.5 million in 1990 to just under 28.5 
million in 2016, with an average of 178,500 new dwellings constructed each year. Average floor area 
per dwelling has increased from 79.9 m2 to 94.8 m2. Total (climatically adjusted) final energy 
consumption for domestic space heating has increased from 292 TWh in 1990, to 319 TWh in 2016 
(peaking at 356 TWh in 1999), with average energy intensity decreasing from around 156 kWh/m2 in 
1990 to 118 kWh/ m2 in 2016 (as illustrated in Figure 10). Nearly 37% of the population live in rented 
accommodation in the UK, with just over 14% residing in flats, and 25% in detached houses (with the 
majority of the remainder residing in semi-detached houses).17 At the time of writing, there are 170 
Passive Houses registered with the UK’s Passivhaus Trust (however, as with the international 
register, it is unlikely this data is comprehensive). 
 

                                                 
39 Data for space cooling is not available, however compared to energy consumption for space heating in the 
UK, this is likely to minor. 
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Many policy competences in the UK are divided between the UK Government, and the devolved 
administrations in Scotland, Wales and Northern Ireland. Where differences arise this case study will 
focus on England, as the most populous region, and that which is entirely within the competence of 
the UK government. 
 

b) Actors and Networks 
 
- Construction Industry Council (CIC). The CIC is the representative forum for the professional 

bodies, research organisations and specialist business associations in the construction industry. 
It aims to provide a single voice for professionals in all sectors of the built environment through 
its collective membership of 500,000 individual professionals and more than 25,000 firms of 
construction consultants. Its strategic priorities for 2016-2020 are to provide thought leadership 
relevant to the construction industry and the wider built environment, champion and 
collectively represent UK built environment professions, and promote collaboration and 
knowledge sharing amongst its members. The CIC has a Green Construction Panel to respond ‘to 
the need to develop a sustainable society through energy and water, natural resource 
conservation addressing the urgent need to learn how to improve our existing urban 
environments’. It also acts as the main interface of the CIC with the GCB, discussed below (CIC, 
2019). The majority of the organisations discussed below are members of the CIC. Since March 
2014, the CIC also operate the Construction Industry Council Approved Inspectors Register 
(CICAIR) as a wholly owned subsidiary. 

 
- Build UK. Build UK brings together clients, main contractors and trade associations representing 

over 11,500 specialist contractors and other organisations, accounting for over 40% of UK 
construction. It focusses on three priorities: (1) Improving business performance to drive 
sustainable growth in construction; (2) increasing productivity by adopting more effective ways 
of working to deliver better project outcomes, including through reducing cost in the 
construction supply chain, and (3) and recruiting, training and retaining talent, including through 
working with CITB to support the skills the industry needs (Build UK, 2019) 

 
- Home Builders Federation (HBF). The HBF is the representative body of the house building 

industry in England and Wales. Its member firms account for around 80% of all new homes built 
in England and Wales, and range from multi-national companies to regionally-based businesses 
and small local companies. It seeks to, inter alia, ensure politicians and government are aware of 
housing issues and challenges faced by members, ensure policies are introduced that facilitate 
housing supply, ensure members are fully briefed on industry developments (HBP, 2019). In 
2016, the HBF received a four-year, £2.7 million grant from CITB (discussed below) to operate 
the Home Building Skills Partnership, aimed at developing ‘a sector infrastructure that will define 
how we attract, train and retain a skilled and professional workforce sufficient to build over 1 
million new homes in the next 5 years…by engaging up to 100 homebuilders and targeting 
specific occupations, and with the support and leadership of the homebuilders. The project will 
create and develop an industry-responsive infrastructure which will communicate the benefits 
of smart recruitment, training and retaining to up to 3,500 homebuilders and homebuilding 
supply chain companies across the UK’ (CITB, 2019). 
 

- Barratt Developments. Barratt was the largest housebuilder in the UK by turnover in 2018 
(£4.65 billion) (Building.co.uk, 2019). The company’s climate change policy aims to, inter alia, ‘as 
a minimum company with all legal and national planning policy requirements’. It also commits 
the group to, inter alia, minimise their operational impact, and mitigate climate change through 
development and home design, including through energy efficient homes via a ‘fabric first’ 
approach (Barratt Developments, 2018). 
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- Taylor Wimpey. Taylor Wimpey was the second largest housebuilder in the UK by turnover in 

2018 (£3.97 billion) (Building.co.uk, 2019). The company’s sustainability framework aims to 
create ‘a stronger, better business for customers, communities and our people’, and contains 
there elements: (1) creating great homes and places for our customers; (2) being a responsible 
business for our people and communities; and (3) investing in tomorrow. Under (1), the areas of 
focus are ‘availability and affordability’,’ sense of place’, ‘efficient homes’, and ‘health and 
wellbeing’ (Taylor Wimpey, 2019). 

 
- Persimmon. Persimmon was the third largest housebuilder in the UK by turnover in 2018 (£3.42 

billion) (Building.co.uk, 2019). The company states that ‘all of our homes are designed to have 
good levels of energy efficiency. We harness the benefits of good design and improvements in 
materials and building techniques, to build homes to high sustainability standards, ensuring our 
homes are warm, comfortable and more economical to run. This fabric first approach 
incorporates high levels of insulation in the ground floor, external walls and roof and is 
complemented by other measures such as the installation of energy efficient gas condensing 
boilers’ (Persimmon, 2018, p.26). 

 
- Federation of Master Builders (FMB). Established in 1941, the FMB is the largest trade 

association in the UK construction industry. Members must pass an independent inspection, 
every three years. The mission of the FMB is for their member (Master Builders) to be 
recognised by clients and peers as the best in the building industry. The FMB produces position 
papers in various policy areas, including domestic refurbishment and energy efficiency. In this 
respect, its objective is to ensure that government-led programmes do not overlook SMEs, and 
ensure that its members have the necessarily qualifications and skills. It also lobbies for the 
licencing of the UK construction industry, to ‘remove rogue and incompetent outfits from the 
industry’ (FMB, 2019). 

 
- National Federation of Builders (NFB). The BNFB represents builders, contractors and house 

builders across England and Wales, and aims to ‘promote conditions its members need to thrive 
and contribute to the economic success of the UK…its members range from the sole trader to 
large, multi-million pound construction companies, with turnover ranging from below £500,000 
to  over £500 million. The federation provides expert advice, training, representation and 
business services for members so that they can comply with industry standards, excel in 
delivery, and grow successful businesses’ (NFB, 2019). It also provides training opportunities for 
members. The House Builders Association (HBA) is a sub-division of the NFB devoted to SME 
housebuilders with a key priority are to lobby for the simplification of the planning system. 

 
- National Federation of Roofing Contractors (NFRC). The NFRC is the largest and most influential 

roofing trade association in the UK. It ensures that all members offer high standards of 
workmanship through a code of conduct and vetting procedure, and offers training services and 
technical advice, and represents member interests to the wider construction industry and 
government. It runs RoofCERT, the UK’s only national roofing accreditation scheme, supported 
by CITB, that aims to ‘elevate the pride and professionalism of individual roofers who do the 
right thing, by giving them the proof that they can roof’ (NFRC, 2019). 

 
- Royal institute of British Architects (RIBA). ‘RIBA is a global professional membership body 

driving excellence in architecture. We serve our members and society in order to deliver better 
buildings and places, stronger communities and a sustainable environment. Being inclusive, 
ethical, environmentally aware and collaborative underpins all that we do’ (RIBA, 2019b). It has 
over 40,000 members. In response to a House of Commons energy efficiency enquiry in early 



 93

2019, RIBA recommended, inter alia, the following actions for buildings: confirm energy 
efficiency as a national infrastructure priority, review metrics used to calculate energy efficiency 
and CO2 reduction, learning lessons from Germany (and Denmark), including the use of a fabric 
efficiency metric, kick-start UK manufacturing of materials require to achieve energy efficiency 
improvements, and move to post-occupancy evaluations and setting of performance-based 
metrics to determine the extent of the performance gap, and ensure buildings are built to the 
levels of energy efficiency to which they were designed (RIBA, 2019a) 

 
- Chartered Institute of Architectural Technologists (CIAT). CIAT is a global membership 

qualifying body for Architectural Technology. It aims to facilitate the development and 
integration of technology into architecture and promote the science and practice of 
Architectural Technology…[and] to contribute to structures that are effective, buildable and 
sustainable’ (CIAT, 2019). It offers various resources for education and continued professional 
development on a range of issues, including building regulations. It provides various ‘practice 
resources’, information sheets and ‘technical taskforce notes’, including on SAPs, EPCs and HIPs 
(all discussed below). 

 
- Association of Consultant Architects (ACA). ACA is the national professional body representing 

architects in private practice in the UK, with membership open to Registered Architect practicing 
on their own account either alone or in partnership or as a Director of a company whose 
business consists wholly or mainly of an Architects’ practice or an allied field. The main aims of 
the ACA are to ‘encourage excellence in the quality of service that our members provide’, and 
‘to vigorously represent the aims and interests of architects in private practice on issues relating 
to the practice of architecture’ (ACA, 2019). 

 
- Institution of Civil Engineers (ICE). ICE is a professional membership body, with 92,000 

members. It supports its members to become qualified and continue their professional 
development by providing a variety of civil engineering knowledge resources. It’s learning 
resources are currently structured around two key areas: ‘Digital Twinfrastructure’ and ‘Energy, 
Resilience & Climate Change’. Around this latter area, ICE is ‘producing events and curating 
resources that give you the chance to listen to and discuss the latest thinking, developments and 
big questions around climate change and its impact on the built environment’ (ICE, 2019). 

 
- Chartered Association of Building Engineers (CABE). Founded in 1925, CABE is the leading body 

for professionals specialising in the design, construction, evaluation and maintenance of 
building. Its principal objectives are to promote and advance the knowledge, study and practice 
of each and all of the arts and sciences concerned with building technology, planning, design, 
construction, maintenance and repair of the built environment and the creation and 
maintenance of a high standard of professional qualification, conduct and practice, and 
encourage and facilitate co-operation between the construction professions. Members are able 
to become Chartered Building Engineers, who practice in over 55 countries (CABE, 2019). They 
offer various training opportunities across a range of issues, including ‘sustainability’. CABE is a 
member of the Society for the Environment, and invites chartered building engineers to become 
Chartered Environmentalists through the Society. 

 
- Chartered Institute of Building (CIOB). Established in 1834, the CIOB are the world’s largest 

professional body for construction management, with members that work worldwide in the 
development, conservation and improvement of the built environment, and whom are able to 
receive Chartership. Their aim is to advance construction management education and to give 
access to that knowledge so that it can be shared and added to (CIOB, 2019). The CIOB currently 
engages in seven campaigns, one of which is entitled ‘Carbon Action 2050’, a toolkit which is ‘an 
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action plan of simple, practical steps that can be taken by the institute, its members and the 
wider construction industry to reduce carbon emissions from the built environment’. The toolkit, 
as it relates to the design of new energy efficient buildings, asks the government to integrate 
guidelines such as Passive House into building regulations, and to enforce these regulations 
more strongly (CIOB, n.d.). 

 
- Chartered Institute of Housing (CIH). CIH is the professional body for housing professionals, with 

an aim to ‘maximise the contribution that housing professionals make to the wellbeing of 
communities, working to transform the lives of the most vulnerable in society’ (CIH, 2019). For 
2019, their key priorities are (1) the right homes are built in the right places and people can 
afford them; (2) people on lower incomes can get and maintain a decent home; (3) everyone has 
access to a decent, safe place to call home and renters receive a fair, good-quality service from 
their landlord. CIH also provide a range of training and qualifications, centred largely around 
these topics. 

 
- Institution of Engineering and Technology (IET). The IET has a membership of over 168,000 

engineering and technology professionals across 150 countries, and seeks to ‘inspire, inform and 
influence the global engineering community to engineer a better world…[and] share knowledge 
that helps make better sense of the world in order to solve the challenges that matter’ (IET, 
2019a). It has a ‘IET Built Environment’ expert panel which ‘champions the physical 
environments that people need to work, rest and play - offices, homes, services and open 
spaces. We focus on opportunities for engineering and technology. Bringing together experts 
from a range of professional disciplines across industry, academia and government, we deliver 
programmes of activity, inspired by issues of the day and innovation, from retrofit to new build 
and beyond’ (IET, 2019b). 

 
- Royal Institution of Chartered Surveyors (RICS). RICS are ‘the global professional body 

promoting and enforcing the highest international standards in the valuation, management and 
development of land, real estate, construction and infrastructure’. They ‘work at a cross-
governmental level, delivering a single, international standard that will support a safe and 
vibrant marketplace in land, real estate, construction and infrastructure, for the benefit of all’, 
and ‘accredit over 130,000 qualified and trainee professionals’ (RICS, 2019). RICS provides a 
range of training and events, and allows members to become chartered. It also analyses future 
trends, including issues surrounding ‘sustainable building’, including reduction of emissions from 
the construction sector itself, and adaptation to climate change. 

 
- Chartered Institution of Building Services Engineers (CIBSE). Receiving its Royal Charter in 1976, 

CIBSE is the professional body that seeks to ‘support the Science, Art and Practice of building 
services engineering, by providing our members and the public with first class information and 
education services and promoting the spirit of fellowship which guides our work' (CIBSE, 2019a). 
CIBSE has 19 specialist groups available for members to join, including an ‘Energy Performance’ 
group, and a ‘Homes for the Future’ group, which seeks to ‘inform and promote best practice in 
building services when constructing or renovating better homes. The main areas of interest will 
be energy strategies and services for new and refurbished homes, and their integration with 
overall fabric and design’ (CIBSE, 2019b). 

 
- Association of Consultant Approved Inspectors (ACAI). The ACAI ‘was formed in 1996 to 

increase awareness and understanding of private sector building control as a commercial and 
professional alternative to local authority inspectors’. The ‘ACAI is regarded as the voice of 
private sector building control..[with its] members…often called upon to contribute to research 
conducted by [MHCLG] and other Government bodies, and are active in the lobby for better 
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regulation’. It also works closely with RICS, CABE, CIOB and the LABC…which gives one industry 
voice’ (ACAI, 2019). 

 
- Institute for the Development of  Energy Assessment (IDEA). IDEA is a professional body for 

energy assessors and home inspectors. It helps members to become better qualified, identifies 
sources of professional advice, develops members’ business and client skills, promotes the 
professional standing of members, and promotes member’s services to the general public (IDEA, 
2019). 

 
- Construction Products Association (CPA). The CPA represents around 85% of the UK's 

manufacturers and distributors of construction products and materials. Of their five priorities, 
one is energy efficiency. The CPA took part in the Bonfield Review in 2015 (discussed below), 
and set out a five-point plan ‘which sets out a basis for organising and structuring the wider 
energy efficiency sector to enable sensible progress’. This includes (1) ‘Planned thought 
leadership’ (including a programme and agenda, from government and industry leaders, to focus 
activities behind an agreed direction and set of objectives); (2) A commonly agreed framework 
of regulations and standards (that reflect and reward use of good practice and innovation, and 
does not require burdensome red tape, but the establishment of a level playing field and a long-
term road map); (3) financial processes that are competitive, transparent and logical (the costs 
and benefits of any retrofit need to be understood, as do the incentives that may be available); 
(4) verification and certification that ensured compliant, completed work (so performance and 
life values can be transparently quantified and checked), and (5) communications that target all 
stakeholders (with the aim of uniting the market and inspiring end users) (CPA, 2019). 
 

- Insulation Manufacturers Association (IMA). Originally formed in 1967, the IMA is the 
representative body for the Rigid Polyisocyanurate (PIR) and Polyurethane (PUR) Insulation 
Industry in the UK. It seeks to promote the benefits of PIR and PUR insulation products to all 
stakeholders and represent the industry in the development of appropriate product and 
application standards, providing independent and balanced information and education on the 
PIR and PUR industry and its products, and to further the development of the PIR and PUR 
insulation industry and market by investment in collaborative research and educational projects, 
spanning stakeholders across Europe (IMA, 2019). 

 
- Brick Development Association (BDA). The BDA represents almost 100% of the UK brick 

manufacture industry, with a role ‘to communicate the collective interests of our members and 
to ensure their products remain the material of choice in the UK’s built environment’ (BDA, 
2019). The BDA states public policy positions on elements of sustainability, including waste and 
water, but not energy. 

 
- Roof Tile Association (RTA). With 7 members, the RTA ‘represents the UK’s leading 

manufacturers of pitched roof solutions’, and ‘are the central representative body establishing a 
common viewpoint for clay and concrete roof tile manufacturers’ (RTA, 2019). RTA members are 
‘committed to follow industry best practice on Health & Safety, Quality and Environmental 
management’, with a focus on durability, biodiversity and waste management. 

 
- Roofing Industry Alliance (RIA). Originally established in 1997, the RIA was revitalised in 2013 in 

order to re-address the roofing industry needs by bringing together the major roofing industry 
stakeholders, who collectively set up training strategy for tackling the increased skill gap in our 
industry at all levels’. In addition, the ‘roofing sector has become the first within the 
construction industry to be allowed to manage and organise its own CITB training funds’. The 
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RIA ‘includes all the major roofing trade associations and 13 Roof Training Groups in the UK, and 
is keen to support roof training by promoting best practice’ (RIA, 2019). 

 
- British Woodworking Federation (BWF). The BWF is the trade association for the woodworking 

and joinery manufacturing industry in the UK [with over 700 members drawn from 
manufacturers, distributors and installers of timber doors, windows, conservatories, staircases, 
furniture, all forms of bespoke, interior and architectural joinery’ (BWF, 2019). The BWF 
provides advice and services to its members to allow them to determine and prove u-values for 
compliance with building regulations. 

 
- Glass and Glazing Federation (GGF). The GGF is the main representative organisation for 

companies involved in all aspects of the manufacture of flat glass and products and services for 
all types of glazing, in commercial and domestic sectors. The GGF provides technical support to 
its members through a variety of means, including on testing compliance with building 
regulations, and works to represent member’s interests to government. 

 
- Construction Industry Research and Information Association (CIRIA). CIRIA is a ‘neutral, 

independent and not-for-profit body, we link organisations with common interests and facilitate 
a range of collaborative activities that help improve the industry’ (CIRIA, 2019a). Working with 
members and the wider industry, CIRIA ‘have delivered over 1,000 collaborative projects, 
providing authoritative guidance and helping to solve common industry challenges. Our varied 
programme of research projects encourage industry collaboration and help improve the quality, 
efficiency, cost effectiveness and safety of the modern built environment…research topics are 
identified and prioritised by our members and industry practitioners from a wide range of 
backgrounds. These projects are steered and their results approved by leading industry 
specialists’ (CIRIA, 2019b). Research topics addressed by CIRIA include, inter alia, construction 
materials and products, and sustainability and the built environment. 

 
- British Property Federation (BFP). The BFP ‘is the membership organisation for, and the voice 

of, the UK real estate industry…[it] represents and promotes the interests of all those with a 
stake in real estate in the UK – owners, developers, funders (equity and debt), agents and 
advisers, [and works] with government and regulatory bodies to help the real estate industry 
grow and thrive, to the benefit [their] members and the economy as a whole, [and] provide[s] 
government and regulators with the knowledge they need to make decisions’ (BFP, 2019). The 
BFP has a series of 19 committees across a range of issues, including a ‘Sustainability 
Committee’, which is currently working on Minimum Energy Efficiency Standards and the 
operation of Energy Performance Certificates, Part L of the Building Regulations, and energy 
performance in buildings. 

 
- National Housing Federation (NHF). The NHF is the national association in England representing 

housing associations (housing associations are independent, not-for-profit companies set up to 
provide affordable homes for people in housing need). The NHF has more than 900 members, 
who own and manage more than 90% of England’s housing association properties. Housing 
associations provide around two million homes in England (around 9% of the total), most of 
which are rented at affordable rates, often for people with a range of needs including older 
people, people with disabilities and learning difficulties, and people who have been homeless 
(NHF, 2019). In 2014, the NHF stated that by 2033, housing associations want to be widely 
recognised as building, maintaining and managing good quality homes across all tenures and for 
all income groups’ (NHF, 2016) 
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- Local Authority Building Control (LABC). LABC represents all local authorities building control 
teams in England and Wales. They state that ‘whether you're a home or property owner, 
architect, plan drawer, developer, building contractor or another professional, we'll work with 
you to ensure your buildings are safe, healthy, inclusive and efficient, and meet the standards 
set by the Building Regulations’ (LABC, 2019). 

 
- BRE. Established in its original form in 1921 as a government body, and operating as an 

executive as an executive agency under the name Buildings Research Establishment until its 
privatisation in 1997, BRE ‘are an innovative group of researchers, scientists, engineers and 
technicians who share a common goal – to make the built environment better for all. [They] 
generate new knowledge through independent research. This is used to create the products, 
standards and qualifications that help to ensure buildings, homes and communities are safe, 
efficient, productive, sustainable and enjoyable places to be’ (BRE 2019a). In 1990, it established 
the Building Research Establishment Environmental Assessment Method (BREEAM), a 
certification scheme with scoring criteria against nine environmental criteria, including energy, 
for different types of building project. The BREEAM ‘New Construction standards can be used 
to assess the design, construction, intended use and future-proofing of new building 
developments, including the local, natural or manmade environment surrounding the building. 
The standards can be used to assess most types of new buildings, including new homes and 
new-build extensions to existing buildings. Each uses a common framework that is adaptable, 
depending upon the building’s type and location’ (BRE 2019b). BRE also established the Code for 
Sustainable Homes and the Home Quality Mark (discussed below), and manages and operates all 
three certification systems in the UK. 

 
- Energy Saving Trust (EST). Established in 1992 as a public-private partnership, the EST was 

formed with the objective of promoting energy efficiency and CO2 reduction for households and 
consumers. The EST is now no-profit social enterprise and ‘are a leading and trusted 
organisation helping people save energy every day. Our experts speak with millions of 
householders every year, deliver first class programmes for governments and provide 
consultancy to UK businesses and international companies. All that we do is underpinned by our 
pioneering world-renowned research’ (EST, 2019). The EST website contains information on a 
range of issues concerning energy efficiency in homes, including in the building envelope, and 
operates the ‘EST Register’; a database containing a range of energy efficient products that have 
obtained the ‘verified by Energy Saving Trust’ label. 

 
- UK Green Building Council (UKGBC). Established in 2007, the UKGBC ‘were originally established 

to offer clarity, cohesion and leadership to a disparate sector, and to campaign for a sustainable 
built environment. We were set up with the invaluable help and commitment of a core group of 
founding members many of whom are still active members today’ (UKGBC, 2019). The UKGBC 
has five areas in which is conducts research, policy and advocacy, and education work: (1) 
climate change; (2) resource use; (3) Nature and biodiversity; (4) Health and wellbeing; and (5) 
Socio-economic impact. In October 2018, the UKGBC launched an ‘Advancing Net Zero’ 
programme ‘to help drive the transition to a net zero carbon built environment in the UK. This 
multi-year programme is aiming to lead the agenda on eliminating emissions from the 
construction and operation of the UK’s built environment’ (UKGBC, 2019b). The initial 18-month 
programme is focussing on, inter alia, developing an industry-led definition for net zero carbon 
buildings, assessments of case studies to provide practical examples of net zero carbon 
buildings. 

 
- Good Homes Alliance (GHA). The GHA ‘promote higher quality sustainable housing and 

standards via collaborations with industry and government, creating active knowledge exchange 
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networks, sharing best practice, running events, leading campaigns, lobbying for change, 
partnering on research and commissioning publications’ (GHA, 2019a). It works on four key 
themes: (1) alternative housing models; (2) quality and performance; (3) health and wellbeing; 
and (4) Net zero and future homes. Under theme (4), the GHA is involved in the Advancing Net 
Zero campaign led by UKGBC. It has over 60 members and partners including architects, 
planners, developers, universities, local authorities, urban designers, consultants, building 
professionals and suppliers. 

 
- Passivhaus Trust. The Passivhaus Trust is the ‘UK affiliate of the International Passivhaus 

Association…that provides leadership in the UK for adoption of the Passivhaus standard and 
methodology…the aims of the Passivhaus Trust are to preserve the integrity of the Passivhaus 
standards and methodology, promote Passivhaus principles to the industry and government, 
and undertake research and development on Passivhaus standards in the United Kingdom’ 
(Passivhaus Trust, 2019). 

 
c) Policies and Institutions 

 
Institutions 
 
The United Kingdom (UK) is a unitary parliamentary constitutional monarchy, with legislative power 
vested in Parliament, a bicameral legislature consisting of the House of Commons (lower house) and 
the House of Lords (upper house).40 Members of the House of Commons (650) are directly elected 
by and to represent their constituencies, in a first-past-the-post system, and sit until Parliament is 
dissolved (up to five years). Members of the House of Lords (800) are mostly appointed (excluding 
92 hereditary and ex officio members), with 26 ‘Lords Spiritual’ sitting as bishops of the Church of 
England, and the remaining ‘Lords Temporal’ appointed by the Monarch on the advice of the Prime 
Minister. 
 
Bills are typically introduced in the House of Commons, and to pass into law must typically be 
approved by the Commons, before passing to the Lords for approval (or returned to the Commons 
with amendments, at which point the Commons must re-approve and pass again to the Lords), at 
which point the Bill receives Royal Assent from the monarch and becomes law (an Act of 
Parliament). However, the Lords may not originate bills or introduce amendments to bills on issues 
of taxation (unless this convention is waived by the Commons), and by convention may not seek to 
oppose legislation promised by the sitting government’s manifesto. The Prime Minister is the Head 
of Government, and directs both the executive and the legislature (but is accountable to the latter). 
They are appointed by the Monarch, and are typically the leader of the political party or coalition of 
parties that holds the largest number of seats in the Commons. The Prime Minister appoints the 
Cabinet, usually selected from members of the Commons and the Lords, and which are usually heads 
of government departments. The Monarch is Head of State, a largely ceremonial role. 
 
The UK has three main devolved administrations – the Scottish Parliament, the National Assembly 
for Wales, and the Northern Ireland Assembly – to which various legislative, administrative and 
budgetary competences have been exclusively devolved from or are shared with the UK Parliament. 
Housing and environment policy are exclusive areas of competences for these administrations. The 
UK government remains responsible for all national legislation in England. 
 
In most of England, a two-tier local government operates, with (27) ‘county’ councils presiding over 
(201) smaller ‘district’ councils. Services are divided between these two tiers (with around 80% 
delivered by the county council), with housing matters the responsibility of the district council. In 

                                                 
40 A technical third element also exists – ‘the Crown-in-Parliament’. 
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some areas of England, a unitary system operates, with one tier of local government responsible for 
all services. There are 123 unitary authorities, including 32 London Boroughs. In addition, in some 
areas, unitary councils have formed (9) ‘joint authorities’ to deliver common services, and which 
receive additional powers (particularly in transport and economic policy) and funding from central 
government. A further case is that of the Greater London Authority (GLA), which shares service 
delivery responsibilities with the London Boroughs (including for land use planning and housing), but 
with additional powers devolved from central government for strategic planning, police and fire 
services, and passenger transport. In Scotland, Wales and Northern Ireland, only unitary authorities 
operate. 
 
At present, there are six main political parties in the UK; the centre-right Conservative Party, the 
centre-left Labour Party, the centre-left Scottish National Party (SNP), the centre to centre-left 
Liberal Democrats, the centre-right to right-wing Democratic Unionist Party (DUP), and the single-
issue Brexit Party. The most recent general election was held in June 2017, with the Conservatives 
winning the most seats (currently 311), forming a government with the support of the Northern 
Ireland-based DUP (with 10 seats). The Labour Party currently hold the second largest number of 
seats (247) and form the official Opposition, with the SNP holding 35. The Brexit Party was formed in 
2019 shortly before the elections to the European Parliament, as a single-issue party focussed on 
Brexit. 
 
In the manifestos for the 2017 general election, all four major parties in Parliament stated their 
strong commitment to tackling climate change, and ensuring the goals of the Climate Change Act 
(discussed below) are achieved. On energy efficiency in homes specifically, the focus is largely on 
encouraging increasing efficiency, and the reduction of energy bills, in existing homes, with only the 
Liberal Democrats stating their commitment to ensure stringent energy efficiency targets for new 
homes (Evans, 2017). 
 
National Ministries 
 
The UK government currently comprises 25 ministerial departments (alongside 20 non-ministerial 
departments and over 300 agencies and other public bodies), each led by a Secretary of State. The 
majority (but not all) of these Secretaries of State attend Cabinet – the collective decision-making 
body of the UK Government. At present, alongside the Prime Minister, there are 22 Cabinet 
Ministers, with 9 other participants. The national (or England-only)  ministries of relevance to this 
study are as follows (with relevant agencies under the purview of these ministries discussed in the 
following sub-section): 
 
- HM Treasury (HMT). HMT is the UK’s ‘economic and finance ministry, maintaining control over 

public spending, setting the direction of the UK’s economic policy and working to achieve strong 
and sustainable economic growth’. (HMT, 2019). HMT oversees 13 agencies and public bodies, 
including the National Infrastructure Commission. 

 
- Ministry of Housing, Communities and Local Government (MHCLG). Established in 2006 as the 

Department for Communities and Local Government (DCLG), and the successor to the Office of 
the Deputy Prime Minister (ODPM), the Ministry, renamed as MHCLG in January 2018, states as 
its objective ‘to create great places to live and work, and to give more power to local people to 
shape what happens in their area’. It is responsible for ‘driving up housing supply, increasing 
home ownership, devolving powers and budgets to boost local growth in England, and 
supporting strong communities with excellent public services’ (MHCLG, 2019). MHCLG oversees 
13 agencies and public bodies, including Homes England, the ARB, and the Building Regulations 
Advisory Committee. 
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- Department for Business, Energy and Industrial Strategy (BEIS). Established in 2016 as a merger 

between the previous Department for Business, Innovation and Skills (BIS) and the Department 
of Energy and Climate Change (DECC), BEIS is responsible for ‘business, industrial strategy, 
science, research and innovation, energy and clean growth, and climate change’ (BEIS, 2019). 
BEIS oversees 41 agencies and public bodies, including UK Research and Innovation and the 
Committee on Climate Change. 

 
National Agencies 
 
- Committee on Climate Change (CCC). Established in 2008 by the Climate Change Act, the CCC’s 

‘purpose is to advise the UK Government and Devolved Administrations on emissions targets 
and report to Parliament on progress made in reducing greenhouse gas emissions and for 
preparing for climate change’. It also provides ‘independent advice on setting and meeting 
carbon budgets’, and ‘conducts independent analysis into climate change science, economics 
and policy’. In February 2019, the CCC published a report entitled ‘UK housing: fit for the 
future?’, which aims to ‘assess the measures that need to be adopted in the housing sector to 
both manage climate change impacts and reduce greenhouse gas emissions’ (CCC, 2019). The 
report makes 36 recommendations aimed at government and industry, including  tightening 
minimum energy performance standards (to ultra-high levels by 2025 at the latest), and 
compliance with and enforcement of them through outcome-based and based on real-world 
performance rather than modelled data, and funding local authorities to enforce standards 
properly, upskill the existing workforce with a nationwide training programme (with an 
increased focus on incentivising high ‘as-built’ performance, ensure appropriate accreditation 
schemes, develop a targeted package of new measures to incentivise and support developers 
and individuals who wish to take early action in building low-carbon homes (CCC, 2019a). 

 
- National Infrastructure Commission (NIC). Established in 2016, the NIC produces ‘a National 

Infrastructure Assessment once in every Parliament, setting out the NIC’s assessment of long-
term infrastructure needs with recommendations to the government, [and] In-depth studies into 
the UK’s most pressing infrastructure challenges, making recommendations to the government’ 
It also ‘monitor[s] the government’s progress in delivering infrastructure projects and 
programmes recommended by the NIC’ (NIC, 2019). The first National Infrastructure Assessment 
was published in July 2018, and had ‘Low Cost, Low Carbon’ as one of its six areas of assessment, 
under which it recommends ‘buildings which require less energy to heat’ as part of a strategy to 
achieve ‘Low carbon infrastructure at no extra cost’. To achieve this recommendation, it 
suggests various measures to improve efficiency in existing buildings and deploy renewable 
heating. It also suggests that ‘innovation in energy efficient products and processes should also 
continue to be supported, particularly for solid walls’ (NIC, 2018, pg.45). 

 
- Homes England. Established in January 2018 to replace the Homes and Communities Agency 

(HCA), Homes England is responsible for, inter alia, ‘increasing the number of new homes that 
are built in England’ (Homes England, 2019). One of the seven aims of Homes England’s 2018-
2023 Strategic Plan is to support ‘Modern Methods of Construction’ (MMC), which it believes 
can ‘have the potential to be significantly more productive than traditional methods and greatly 
increase the pace of delivery, [alongside improving] the quality of construction, address labour 
and materials shortages and deliver a number of additional benefits such as improved energy 
efficiency’ (Homes England, 2017). 

 
- Building Regulations Advisory Committee (BRAC). The BRAC is a statutory body that advises the 

Secretary of State responsible for building regulations (currently MHCLG) on ‘proposals to make 
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or change building regulations. In addition the Committee provides expert advice to the 
Secretary of State on building regulations or related matters. This includes…energy conservation 
and the sustainability of buildings’. BRAC membership consists of independent volunteers 
appointed due to their experience and expertise across the construction sector. Members are 
appointed for a 3 year term and can serve for a maximum of 3 terms. The committee currently 
has 10 members. BRAC has two sub-committees, the ‘Building Control Performance Standards 
Advisory Group’ (BCPSAG), which ‘review and maintain the building control performance 
standards and Indicators and advise and publish an annual report on the performance of 
building control bodies against these standards and indicators’, and the ‘Competent Person 
Forum’, set up to ‘support and improve Competent Person Schemes’, made up of 
representatives from each Scheme (discussed below) (BRAC, 2019) 

-  
- UK Research and Innovation (UKRI). Established in April 2018, UKRI ‘works in partnership with 

universities, research organisations, businesses, charities, and government to create the best 
possible environment for research and innovation to flourish’. It is responsible for working with 
government towards the ambition of becoming ‘the most innovative country in the world…and 
increasing investment in R&D to 2.4% of GDP’, as stated in the Industrial Strategy (discussed 
below), and co-ordinates the UK’s seven existing research councils (including the Economic and 
Social Research Council (ESRC) and the Engineering and Physical Sciences Research Council 
(EPSRC)) and Innovate UK, with an annual combined budget of over £7 billion. Through the 
research councils it co-ordinates the delivery of multidisciplinary research across six priority 
areas, one of which is ‘Energy’ (led by EPSRC) through which ‘more than £650 million [is being 
invested] in research and skills to pioneer a low-carbon future’, including research into energy 
efficiency. UKRI also co-ordinates the Industrial Strategy Challenge Fund (discussed below) 
(UKRI, 2019b). 

 
- Innovate UK. Previously the Technology Strategy Board (TSB) established in 2007 as an 

independent body, renamed in 2014 (and becoming part of UKRI in 2018, before which it 
reported directly to BEIS), Innovate UK seeks to ‘drive productivity and economic growth by 
supporting business to develop and realise the potential of new ideas, including those from the 
UK’s world-class research base’ (Innovate UK, 2019). It invests in both ‘competitions to support 
business-led innovation and in innovation infrastructure that allows businesses to access 
leading-edge expertise, equipment and facilities’. This includes funding for the Low Impact 
Building Innovation Platform, the UK’s Knowledge Innovation Centres, and the UK’s network of 
Catapult innovation and technology centres (discussed below) (Innovate UK, 2017). 

 
- Architects Registration Board (ARB). The ARB was established by Parliament in 1997 ‘to regulate 

the architects’ profession in the UK. We are an independent, public interest body and our work 
in regulating architects ensures that good standards within the profession are consistently 
maintained for the benefit of the public and architects alike’ (ARB, 2019). 

 
- Engineering Council. Incorporated by Royal Charter in 1981, the Engineering Council regulates 

the engineering profession in the UK. Its vision it ‘to maintain internationally recognised 
standards of competence and commitment for the engineering profession and to license 
competent institutions to champion the standards for the deliverance of public benefit.’ 
(Engineering Council, 2019). 

 
Other Nationally-Supported Institutes and Networks 
 
- Energy Innovation Board  (EIB). Established in November 2016 to replace the Low Carbon 

Innovation Coordination Group (LCICG), The EIB ‘plays a strategic role in aligning domestic and 
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international clean technology investments across the government’. It is chaired by the 
government Chief Scientific Advisor, and  attended by senior civil servants across BEIS, UKRI, 
MHCLG, and others, with HMT as an observer. Although the EIB is internal to the government, 
but is seeking external members (IEA, 2019b). 

 
- Energy Technologies Institute (ETI). Established in 2007, the ETI is a public-private partnership 

between the UK government and global energy and engineering companies, with the objective 
of acting ‘as a conduit between academia, industry and the government to accelerate the 
deployment of low carbon technologies’. ETI engages in ‘knowledge building, developing 
technologies, demonstrating technology, and ‘strategic analysis & planning’, and has 11 
technology programmes, including one for buildings, with a research focus on increasing the 
energy efficiency of existing buildings (ETI, 2019). 
 

- Energy Research Partnership (ERP). Announced in the March 2005 Budget, the ERP is a is a high-
level forum of (and a public-private partnership between) key funders of energy research, 
development, demonstration and deployment (RDD&D) in Government, industry and academia, 
plus other interested bodies, designed to give strategic direction to UK energy research and 
innovation activities (ERP, 2019; HM Government, 2009b). The ERP is funded on a three-yearly 
cycle by its membership with its consortium agreement discussed, amended and renewed at the 
end of each cycle. The ERP publishes a report series designed to provide an ‘overarching insight 
into the development challenges for key low-carbon technologies’, and identifies ‘critical gaps in 
activities that will prevent key low-carbon technologies from reaching their full potential and 
makes recommendations for investors and Government to address these gaps.’ In October 2016, 
it published a report (Heating buildings: Reducing energy demand and greenhouse gas 
emissions) that put forward a range of recommendations, including the establishment of a cross-
departmental group including DCLG (now MHCLG), BEIS and other relevant organisations (e.g. 
NIC) aided by an expert advisory panel, establishment and maintenance of a trajectory of 
building regulations reaching leading performance in fabric thermal efficiency, more effective 
promotion of EPCs, expansion of the Energy System Catapult’s network for access to test 
facilities and expertise to include tests of thermal performance, encouraging product 
manufacturers to take a greater role in training and quality control in product installation, 
improved use of tests and enforcement in the building inspection regime (including truly random 
spot checks of energy performance), and improved involvement of experts in leading practice in 
developing regulations through better facilitation (e.g. offering some form of support to experts 
from small companies to reflect the cost of serving on working groups) (Cran-McGreehin, 2016). 

 
- Catapult Centres. Established from 2011 by the TSB, the Catapult centres are ‘a series of 

physical centres where the very best of the UK’s businesses, scientists and engineers work side 
by side on late-stage research and development – transforming high potential ideas into new 
products and services to generate economic growth’. They seek to ‘reduce the risk of 
innovation, accelerate the pace of business development, create sustainable jobs and growth, 
and develop the UK’s skills and knowledge base and its global competitiveness’ (Catapult, 
2019a). Catapult centres are funded in approximately equal proportions by core funding from 
Innovate UK, competitively-won collaborative R&D projects funded jointly between the public 
and private sectors, and competitively-won private sector R&D contracts. There are currently 10 
centres, including the Energy Systems Catapult established in 2016 in Birmingham, which aims 
‘to accelerate the transformation of the UK’s energy system and ensure UK businesses and 
consumers capture the opportunities of clean growth’, and to ‘help unleash the potential of new 
products, services and value chains required to achieve the UK’s clean growth ambitions as set 
out in the Industrial Strategy’. It’s activities include the establishment of a ‘Living Lab’, a network 
of 100 homes used to investigate how consumers use heat, and scoping with industry, academia 
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and government the potential for establishing an ‘Energy Town’, a town in which governance 
arrangements, consumers business models and products may be adjusted, recruited and tested 
in a real-life setting, aligned to the ‘prospering from the energy revolution’ theme being 
developed as part of the government’s Industrial Strategy (Catapult, 2019b). 

 
- Knowledge and Innovation Centres (KICs). KICs are ‘a key component of the UK's approach to 

the commercialisation of emerging technologies through creating early stage critical mass in an 
area of disruptive technology. They are able to achieve this through their international quality 
research capability and access to companion technologies needed to commercialise research. 
Based in a university they are led by an expert entrepreneurial team. While continuing to 
advance the research agenda, they create impact by enhancing wealth generation of the 
businesses with which they work’ (EPSRC, 2019). Seven KICs have been funded since 2007, 
Centre for Smart Infrastructure and Construction (CSIC), established at the University of 
Cambridge in 2011 and funded by EPSRC and Innovate UK to 2021. CSIC is ‘an international 
centre of excellence in sensors, data analysis and interpretation, and smart city systems, [and] 
develop cutting-edge sensing and data analysis models to provide a powerful platform for 
delivering data that enables smarter and proactive asset management decision-making, both 
during construction of new infrastructure and for existing structures. Underpinning CSIC’s 
operations is close collaboration with industry. By working with the infrastructure and 
construction industry, supporting organisations and policy makers, CSIC is able to accelerate 
implementation of research outputs, delivering value by improving margins, reducing costs and 
extending the productive life of assets’ (CISC, 2019). 

 
- UK Energy Research Centre (UKERC). Established in 2004 and funded by UKRI’s Energy research 

theme, UKERC carries out world-class research into sustainable future energy systems, [and] acts 
a focal point for UK energy research and a gateway between the UK and the international energy 
research communities’. UKERC’s ‘interdisciplinary, whole systems research informs UK policy 
development and strategies of public, private and third sector organisations’ (UKERC, 2019). 
UKERC currently has six research themes: (1) Future energy system pathways; (2) Resources & 
vectors; (3) Energy systems at multiple scales; (4) Energy, economy and societal preferences; (5) 
Decision-making, and (6) Technology and policy assessment. In 2015, under Theme 6, UKERC 
published a report entitled ‘Energy Efficiency Evaluation: The evidence for real energy savings 
from energy efficiency programmes in the household sector’, in which the results of a systematic 
review on the effects of various instruments, including building regulations and labelling from 
around the world were presented, along with recommendations for policy makers and future 
research (Wade & Eyre, 2015). 

 
- Centre for Research into Energy Demand Solutions (CREDS). Established in 2018 and funded by 

UKRI, CREDS is a research centre comprised of 13 academic institutions across the UK (with 
various industry partners, including BEIS, the CCC, Energy Systems Catapult, and the EST), ‘with a 
vision to make the UK a leader in understanding the changes in energy demand needed for the 
transition to a secure and affordable, low carbon energy system’. It has seven research themes: 
(1) Buildings and Energy; (2) Digital Society; (3) Flexibility; (4) Materials & Products; (5) Policy & 
Governance; (6) Transport & Mobility; and (6) Decarbonisation of Heat. Theme 1 ‘is focused on 
how we can produce affordable, comfortable, healthy and productive built environments by 
2030, while also reducing energy use and carbon emissions’, and includes a project on the 
potential to develop more reliable and cheaper domestic EPCs using smart meter data. Theme 5 
‘is focused on researching the policies that are in place and the policies that are still needed for 
further reducing energy demand; the governance of energy demand; and how to integrate 
energy demand into energy supply policies’, and includes a project that seeks to assess the role 
of multi-level governance in the UK with regard to energy performance of buildings and low-
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carbon heat. CREDS is also ‘focusing on drawing together existing research to analyse the energy 
demand aspects of the [Clean Growth] Strategy [and] will assess where additional policy and 
measures are required and identify important research gaps that we need to fill’. CREDS 
recommendations will cover, inter alia, ‘reducing and decarbonising energy demand in buildings’ 
(CREDS, 2019). 
 

- Construction Leadership Council (CLC). Established in 2013 to oversee the implementation of 
the Construction 2025 strategy (discussed below), the CLC is a joint government and industry 
group co-chaired by BEIS and industry representatives. It operates six workstreams: (1) supply 
chain and business models; (2) skills; (3) smart technology; (4) innovation in buildings; (5) 
exports and trade; (6) green construction board. In July 2018 the CLC published a strategy and 
action plan for the ‘Skills’ workstream with an objective to ‘develop the quality and capacity of 
skills required to support the construction sector, including its productivity and modernisation 
aspiration’. Specific actions include ‘developing a single industry campaign to attract the 
workforce it needs’, ‘identify the priority actions to develop construction’s future workforce’, 
‘engage industry with the new T level in Construction’ (new UK qualifications to be introduced in 
2020, across a range of sectors), ‘support CITB to implement its reform plan’ (discussed below), 
‘Develop a plan for implementing the National Retraining Scheme’ (discussed below), and 
‘collaborate with CITB’ (CLC, 2018). Key areas of focus in the ‘innovation in buildings’ 
workstream include ‘supporting and creating centres of excellence and collaboration’, 
‘supporting and promoting demonstrator projects’, ‘increasing demand for smart construction’, 
and ‘improving the availability/affordability of finance for homes built using smart construction’. 
The Green Construction Board (GCB) was originally established in October 2011 as a consultation 
forum within BIS, before forming part of CLC. It now aims to ‘support businesses to achieve a 
50% reduction in GHG emissions by 2025’, focussing on ‘championing, leading and supporting 
action to reduce GHG emissions from infrastructure, domestic and non-domestic built 
environment sectors’, and ‘supporting the construction sector to move towards a circular 
economy business model to improve resource efficiency and productivity’ (CLC, 2019). In 
October 2016, the CLC conducted and published the ‘Farmer Review’ at the request of the UK 
government, with an aim to examine the existing labour model of the construction industry. It 
identified long-standing problems such as a dysfunctional training model, its lack of innovation 
and collaboration, and its non-existent R&D culture. It proposed 10 recommendations, including 
a complete reform of the CITB (discussed below), and an increasing role for government in 
encouraging increasing skills capacity (DBW, 2019) 

 
- Construction Industry Training Board (CITB). Established in 1964, the CITB is an executive non-

departmental public body sponsored by the Department for Education (previously BIS and then 
BEIS, until 2016). CITB aim to, inter alia, ‘target our knowledge and resources to develop a 
world-class workforce for the challenges of today and tomorrow’, ‘work with industry to ensure 
training standards and qualifications are right for its needs’, and ‘talk and listen to industry, to 
research and survey, to question and analyse so that we can stay ahead of change and respond 
to the sector’s evolving needs’ (CITB, 2019a). The Board also collects the ‘CTIB Levy’, applicable 
to ‘all employers engaged wholly or mainly in construction industry activities’ (with current 
minimum rates set at 0.35% of total payments to all employees on payroll). The Levy raises over 
£200 million annually, and is used to, inter alia, ‘support training development through grants 
and funding’, ‘identify skills needs across the construction industry’, and ‘develop occupational 
standards and qualifications’ (CITB, 2019b). CITB also operates the National Construction College 
(NCC), providing a range of courses (including on ‘health, safety & sustainability’ across 4 key 
sites and 40 local training locations), the National Skills Academy for Construction (NSAfC), 
launched in 2006 with ‘the aim of providing dynamic onsite training and skills opportunities’, the 
National Specialist Accredited Centre (NSAC) which provides over 100 occupational 
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qualifications ‘for highly specialised trades which aren’t part of a normal college or training 
provider’s offering’ (CITB, 2019c), and the list of Approved Training Organisations (ATOs), which 
are able to provide ‘construction training courses and qualifications to a defined and industry-
agreed training standard’ (CITB, 2019d). Following the recommendations of the Farmer Review 
(discussed above) and a government review of industry training boards in 2017, in 2018 the CITB 
published its three-year business plan ‘Vision 2020’, containing planned reforms that will allow 
CITB to ‘be responsive’ (by reforming the grand scheme and using resources to support a 
sustainable, responsive and high quality training and development market), ‘be innovative’, ‘be 
influential’ (by helping industry to attract, train and retain its future workforce), ‘be 
accountable’, ‘be representative’, and ‘be relevant’ (by creating a high-quality standards 
framework, advocating, engaging and influencing to ensure training provision). This is also 
includes closure of the National Construction College (CITB, 2018). 

 
- Institutes of Technology (IoTs). First announced in July 2015, IoTs are collaborations between 

further education providers, universities and employers, which will specialise in delivering higher 
technical education (including T Levels) with a focus on science, technology, engineering an 
mathematics. In April 2016, the government announced that 12 IoTs will be established in 
September 2019, with £170 million investment. 4 of these 12 will have ‘construction’ as a 
subject specialism (Gov.uk, 2019). 

 
- Zero Carbon Hub. Established in 2008 as a non-profit organisation with funding from both 

government and the construction industry, the purpose of the Zero Carbon Hub was to ‘take 
day-to-day operational responsibility for achieving the government’s target of delivering zero 
carbon homes in England from 2016’. However, since the announcement that this policy would 
not be implemented (see below), the Hub was closed in March 2016 (Zero Carbon Hub, 2019). 

 
- Construction Innovation Hub. Launched in November 2018 under the Transforming 

Construction Challenge Fund (discussed below), the CIH is a collaboration between BRE, the UK’s 
Manufacturing Technology Centre (MTC) and the Centre for Digital Built Britain (CDBB). Is seeks 
to be ‘a catalyst for change. We will drive collaboration to develop, commercialise and promote 
digital and manufacturing technologies for the construction sector. We will help build smarter, 
greener and more efficient buildings much faster and cheaper than we currently do’. It will ‘start 
by developing, demonstrating and validating ‘product family architectures’ – standardised 
platforms and components – for schools, prisons, hospitals and other standard buildings 
procured by government every year’ (TCA, 2019). 

 
- Active Building Centre (ABC). Launched in late 2018 under the Transforming Construction 

Challenge Fund (discussed below), the ABC ‘vision is to transform the UK construction and 
energy sectors through the deployment of Active Buildings41 contributing to more efficient 
energy use and decarbonisation. Working with academic and industrial partners, we help create 
Active Buildings, which can produce and store enough renewable energy to meet their own 
needs or more…our plan, to deliver a pipeline and prove the case for these innovative Active 
Buildings, which are more sustainable, perform better, are comfortable, and could significantly 
contribute to UK decarbonisation.’ (ABC, 2019a). At present, ABC is involved with 3 projects, 
including a pilot scheme for a social housing development with 16 homes. 

 

                                                 
41 Active Buildings are designed to be energy efficient, with novel ways of creating, controlling and releasing 
energy. These buildings have the potential to be energy self-sufficient and, when connected with other Active 
Buildings in a network, could have the ability to trade energy (ABC, 2019b). 
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- Transforming Construction Network Plus (N+). Launched in November 2018, the aim of N+ is to 
‘provoke, enable and amplify innovation, through four main objectives: (1) to inform new 
research and development (R&D) models and government policy that link digital, construction, 
manufacturing and energy to improve productivity; (2) to advance collaborations through 
knowledge exchange and debate, beyond what is currently possible; (3) to produce user-
informed, practical resources that accelerate pathways to manufacture and delivery; and (4) to 
de-risk and increase construction sector business R&D spend and enable new R&D 
collaborations’ (UCL, 2019). Over 2019 and 2020, a budget of £1 million is available to invest 
across two calls for small projects, focussing on elements of the Construction Sector Deal 
(discussed below). 

 
Regional & Local Authorities 
 
Building Control Bodies (BCB), which are often (but not always) local authorities, are responsible for 
ensuring compliance with applicable building regulations in England.  
 
In England, Section 1 of the 2008 Planning and Energy Act allows local authorities to introduce 
reasonable requirements for development in their area to comply with energy efficiency standards 
(either those referred to or endorsed by national regulations, authorities or guidance, such as the 
Code for Sustainable Homes, discussed below), that exceed the requirements of the national 
building regulations. In 2015, the outcomes of the Housing Standards Review (discussed below) and 
an accompanying Written Ministerial Statement (WMS) announced the withdrawal of the option of 
mandatory use of the Code for Sustainable Homes for new developments by local authorities, and 
stated that local authorities should not set any requirements above those equivalent to Code for 
Sustainable Homes Level 4, until such time as the provisions in the 2015 Deregulation Act, which 
would amend the 2008 Act to remove the right for local authorities to exceed national 
requirements, came into effect (expected in 2016, with the introduction of the Zero Carbon Homes 
policy (discussed below), which would have been set at approximately this level). However, this 
amendment did not enter into force. This gave rise to confusion over the powers available to local 
authorities to set more stringent requirements than those set nationally, and if so, to what degree. 
This was compounded by text in the draft revised National Planning Policy Framework (NPPF) 
published in March 2018, which stated that any local requirements for the sustainability of buildings 
should reflect the Government’s policy for national technical standards. However, although this text 
remained in the final version published in July 2018, the accompanying Government response to the 
NPPF consultation submissions, noting several submissions from local authorities expressing the 
view that the provisions in the revised NPPF would indeed restrict their ability to set higher 
standards, stated that ‘the Framework does not prevent local authorities from using their existing 
powers under the Planning and Energy Act 2008 or other legislation where applicable to set higher 
ambition. In particular, local authorities are not restricted in their ability to require energy efficiency 
standards above Building Regulations’ (MHCLG, 2018a, p.48). 
 
Policy Strategies, Goals and Targets 
 
Building a Greener Future 
 
In July 2007, the DCLG published this policy statement, following a consultation issued in December 
2006 on proposals to progressively improve energy and carbon performance standards in building 
regulations to achieve zero carbon housing within ten years, in order to reduce CO2 emissions (in 
context of the targets proposed in the Climate Change Bill, later the Climate Change Act, discussed 
below), and improve energy security, whilst increasing the provision of housing. The statement 
confirmed the government’s intention to improve building regulations in three steps, tightening Part 
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L regulations (discussed below) by 25% in 2010, 44% by 2013 (both from 2006 levels), and to require 
zero carbon homes by 2016 (defined as net zero annual carbon emissions for all energy use in the 
home, including appliances), with the definition of ‘zero carbon’ for the purposes of building 
regulations to be introduced in 2016 to be consulted on. However, the policy statement also 
proposed making assessment against the Code for Sustainable Homes (discussed below) mandatory 
for all new homes, for which Zero Carbon Homes would be equivalent to Level 6, with a consultation 
on this published alongside this policy statement (DCLG, 2007). 
 
The policy statement was informed by the work of a ‘2016 Taskforce’, established in December 
2016, jointly chaired by the Minister for Housing and Planning and the Chair of the HBF, and 
including members from local government, the energy supply industry, the construction industry 
and NGOs. The purpose of the Taskforce was to identify the barriers to implementation of the Zero 
Carbon homes policy, and put in place measures to address them, with an ongoing purpose to work 
with the government on issues such as skills, research and the development and dissemination of 
good practice (ibid). 
 
2008 Climate Change Act 
 
Published in its initial form as a draft bill in March 2007, the Climate Change Act, which became law 
in November 2008 following a near unanimous vote in the House of Commons, requires the UK 
government to reduce GHG emissions in the UK by at least 80% by 2050 (below 1990 levels), and 
established the legal framework to achieve this. This includes the requirement for legally-binding 
‘carbon budgets’ (five-yearly caps on the volume of GHG emissions permitted, decreasing over time, 
which must be set twelve years in advance of operation) applicable to all emitting activities in the 
UK, and the establishment of the CCC (discussed above). With this Act, the UK became the first 
country in the world to set such legally-binding requirements. Figure 11 presents the first five agreed 
carbon budgets compared to actual UK GHG emissions, and the 2050 target. 

 
Figure 11 – UK Carbon Budgets and Actual GHG Emissions (Source: CCC, 2018) 

The Act requires that, following the setting of a carbon budget for a given period, that the 
government publish as soon as practicable a report setting out proposals and policies for meeting 
the budget concerned, including the timescales for their introduction and expected effect, and how 
they affect different sectors of the economy. 
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In October 2018, in light of the publication of the IPCC Special Report on 1.5C, BEIS wrote to the 
CCC to ask for advice on whether the UK should review its 2050 target to set higher ambition, and on 
setting a date for achieving net zero greenhouse gas emissions across the economy (Gov.uk, 2018a). 
Following the advice of the CCC, the government passed into law the net zero target in June 2019. 
 
Building Britain’s Future 
 
Published in June 2009, this strategy sought to outline ‘the action that the UK Government is taking 
to move the UK from recession to recovery and forge a new model of economic growth; restore 
trust and accountability to the political system through democratic reform and renewal; and 
modernise our public services and national infrastructure’.  
 
‘Responding and adapting to the threat of climate change’ is identified as the second of seven 
‘challenges of a new era’ that must be faced, and the strategy largely defers to the Low Carbon 
Transition plan to be published later in the year (discussed below) for its related strategy. 
 
However, four elements related to energy efficiency in new homes are raised. The first is a re-
iteration of an announcement made in Budget 2009, delivered in April 2009, that the government 
are ‘investing £100 million in new council-built and owned social rented homes, which will meet high 
environmental standards [for provision of both social rent and low cost home ownership]’. The 
second is a new announcement that an additional £250 million would be added to this to build an 
additional 3,000 energy-efficient homes. The third element was the reiteration of the requirement 
for zero-carbon homes by 2016 (with intermediate steps), whilst the fourth was a reiteration of the 
proposal for a series of ‘eco-towns’; zero-carbon developments to be established by 2020, first 
announced in 2007 (discussed below) (HM Government, 2009a). 
 
The UK Low Carbon Transition Plan 
 
Published in July 2009, the Low Carbon Transition Plan (LCTP) set outs the government’s plans for 
meeting the first three carbon budgets. The LCTP had five overarching objectives; (1) Protect the 
public from immediately risk (from climate change impacts); (2) Prepare for the future (with a 
changing climate); (3) Limit the severity of future climate change through a new international 
agreement (to be agreed at COP 15 in Copenhagen), (4) Building a low carbon UK (through cutting 
emissions, maintaining secure energy supplies, maximising economic opportunities and protecting 
the most vulnerable); (5) Supporting individuals, communities and businesses to play their part 
(through reducing their own emissions and planning for adaptation). 
 
The LCTP aims to cut emissions from heating in homes by 29% by 2020, from 2008 levels, with the 
majority of measures announced focussed on existing buildings. For new buildings, the policy to 
introduce zero carbon standards for all new residential buildings by 2016 is reiterated, alongside 
new pilot developments that meet ‘the highest environmental standards on a large scale’ 
(principally ‘eco-towns’). Other measures announced included the introduction of more ‘proactive’ 
services by the EST, including methods to make it easier for householders to find builders and 
tradespeople with appropriate energy efficiency competences (what did this translate to, if 
anything?) (HM Government, 2009b). 
 
The Plan for Growth 
 
Published in March 2011 alongside Budget 2011, the Plan for Growth contained actions to support 4 
overarching ambitions: (1) to create the most competitive tax system in the G20; (2) to make the UK 
one of the best places in Europe to start, finance and grow a business; (3) to encourage investment 
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and exports as a route to a more balanced economy; and (4) to create a more educated workforce 
that is the most flexible in Europe. Various measures for the construction sector were announced, 
largely aimed at increasing the rate of construction. With respect to the Zero Carbon Homes policy, 
the Plan announced that to ‘ensure it remains viable to build new houses, the Government will hold 
housebuilders accountable only for those carbon dioxide emissions that are covered by Building 
Regulations’ (HM Government, 2011a, p.117), such as heating, fixed lighting, hot water and building 
services, and excluding emissions from energy use from cooking or plug-in electrical appliances42. 
The Plan states that this would significantly reduce costs to industry. 
 
Laying the Foundations: A Housing Strategy for England 
 
Published in November 2011, this Strategy aims to ‘get the housing market – and in particular new 
house building – moving again’ (HM Government, 2011b, p.vii), and outlines a range of measures in 
support of this objective. It also includes a chapter on ‘quality, sustainability and design’, which 
outlines, inter alia a range of measure supporting opportunities for local design of neighbourhoods, 
and inclusion of the building environment in national adaptation planning. The strategy also re-
states its commitment to the Zero Carbon Homes standard from 2016, following the revised 
requirements put forward in the Plan for Growth. It also states that the Government is working to 
see how the use of off-site allowable solutions may work in practice, considering proposals put 
forward by the Zero Carbon Hub, and welcomes the work of the Zero Carbon Hub and the TSB to 
help industry prepare, such as through the AIMC4 project (via the Low Impact Building Innovation 
Platform, discussed below), which aimed to develop and apply innovative materials, products and 
processes to allow the Code for Sustainable Homes Level 4 to be reached using fabric solutions alone 
(HM Government, 2011b). 
 
The Carbon Plan 
 
Published in December 2011, The Carbon Plan sets out how the UK will achieve its first four Carbon 
Budgets (ending in 2027), with sector-specific measures. Regarding the energy efficiency of new 
homes, the Plan states that the ‘Government is committed to successive improvements in new-build 
standards through changes to Part L of the Building Regulations in England and their equivalents 
within the Devolved Administrations’ (HM Government, 2011c, p.38), including through the 
requirement for Zero Carbon Homes by 2016. 
 
Increasing the Number of Nearly Zero Energy Buildings: UK National Plan 
 
Published in September 2012, the Plan puts forward the Government’s plan for the Zero Carbon 
Homes policy for 2016 as its official NZEB definition, and its approach to their increasing diffusion. It 
also states that the definition does not mandate the inclusion of a very significant proportion of 
renewables, in part because ‘we expect that in practice the policy will drive high levels of on-site 
renewables, for example heat pumps, photovoltaic panels etc.’ (HM Government, 2012, p.3). 
 
Construction 2025 
 
Published in July 2013, Construction 2025 is a joint strategy developed between government and the 
construction industry to develop a long-term vision to ‘put Britain at the forefront of global 

                                                 
42 It was subsequently confirmed in July 2014 that the proposed Zero Carbon Homes standard could be met 
through a combination of fabric efficiency measures, low and zero carbon energy technologies, and the use of 
four different off-site ‘allowable solutions’, to offset remaining emissions from regulated energy (DBW, 
2019a). 
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construction over the coming years’. It states aspirations to achieve (by 2025) a 33% reduction in the 
initial costs of construction and the whole life cost of  built assets, a 50% reduction in the overall 
time, from inception to completion, for newbuild and refurbished assets, a 50% reduction in the 
trade gap between total exports and total imports for construction products and materials, and a 
50% reduction in GHG emissions in the built environment (from 1990 levels). Ten ‘joint 
commitments’ are also stated, including ‘develop market and technology based plans to secure the 
jobs and growth opportunities from driving carbon out of the built environment, led by the Green 
Construction Board’, ‘engage with bodies across the industry to ensure that capability and capacity 
issues in construction are addressed in a strategic manner’, work with academic and research 
communities to bring forward more research, development and demonstration to the wider industry 
and work to remove barriers to innovation’, and ‘lead the transformation of the industry through the 
new Construction Leadership Council’, with actions owned and delivered by industry bodies’ (HM 
Government, 2013b). 
 
Housing Standards Review 
 
The Housing Standards Review (HSR) was launched in October 2012, as part of the government’s 
‘Red Tape Challenge’, which aimed to cut ‘excessive regulation [that] is burdening businesses, 
hurting our economy and damaging our society’ (Cabinet Office, 2015). It was a review of the 
building regulations framework and housing standards, intended to consolidate and simplify codes 
and complexities in the house building processes (DBW, 2019b). Following a consultation carried out 
in 2014, three main actions were announced in 2015. This included the reduction of the abilities of 
local authorities to set local technical (non-energy) standards for new buildings, setting national 
‘space standards’, and the closure of the Code for Sustainable Homes (discussed below). 
 
Fixing the Foundations: Creating a more prosperous nation 
 
In July 2015, the government published this plan for increasing the UK’s productivity, encourage 
long-term investment and promote a dynamic economy, via 15 action points. The 9th action point 
was ‘Planning freedoms and more houses to buy’. Alongside various announcements on other 
reforms to the planning system intended to support the growth in housing supply, the plan states 
that ‘the government does not intend to proceed with…the proposed 2016 increase in on-site 
energy efficiency standards [for new buildings], but will keep energy efficiency standards under 
review, recognising that existing measures to increase energy efficiency of new buildings should be 
allowed time to become established’ (HM Treasury, 2015, p.46). 
 
The 3rd action points is ‘A highly skilled workforce, with employers in the driving seat’. This includes 
commitments to, inter alia, ‘introduce a new compulsory apprenticeship level requiring large 
employers to invest in their own future’ with a commitment to 3 million new apprenticeships by the 
end of the Parliamentary session, and to create a network of prestigious Institutes of Technology, 
focussed on the higher level skills employers demand’ (ibid, pg.9). 
 
Each Home Counts 
 
Also known as the ‘Bonfield Review’ (owing to its author, Peter Bonfield, CEO of BRE), this report, 
published in December 2016 was commissioned by the Secretaries of State for DECC (now BEIS) and 
DCLG to be ‘an independent review of consumer advice, protection, standards and enforcement for 
home energy efficiency and renewable energy measures in the UK’, particularly regarding existing 
buildings. 
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The report proposed two key, overarching recommendations. The first is the establishment of a 
‘Quality Mark’ for all energy efficiency and renewable energy measures, and for companies 
operating in the sector. Recipients would have to abide by a consumer charter, a code of conduct, 
and codes of practice. The second is the establishment of an ‘Information Hub’, to be both consumer 
and industry facing, that would act as ‘a collection point for best practice on standards, guidance, 
statistics and information’, to be considered alongside the Energy Saving Advice Line (discussed 
below). 27 more specific recommendations were also put forward, concerning both these 
overarching recommendations, and others. Two such other recommendations are Recommendation 
11, which proposes ‘Industry to begin to embed core knowledge, including basic building physics, 
design stage and consumer interaction into all relevant vocational and professional pathways, 
including qualifications, training courses and apprenticeships’, and Recommendation 13, which is 
‘establish a process for greater collaboration within the skills sector to ensure that the appropriate 
skills and knowledge are properly and consistently integrated across the sector and are available for 
all’ (Bonfield, 2016). 
 
Fixing our Broken Housing Market 
 
Published in February 2017, this white paper sets out the Government’s plans to reform the housing 
market to increase the supply of new homes in England. Alongside a range of other measures, the 
paper states that the Government will consider the implications of changing national legislation to 
encourage local authorise to shorten the timescales for developers to begin construction once 
planning permission has been granted from three years to two years (except where this may hinder 
the viability or deliverability of the scheme). It also outlines measures to promote the role of SMEs, 
housing associations and local authorities in the construction of housing, and to support MMC and 
offsite construction (DCLG, 2017). 
 
Clean Growth Strategy 
 
Published in October 2017, the Strategy set outs the government’s plan for meeting the Fifth Carbon 
Budget (2028-2032). The Strategy lays out various plans for improving the energy efficiency and CO2 
intensity of heating the housing stock, with a focus on existing buildings. Cross-cutting measures and 
initiatives, or those that focus on the new-build sector, include the announcement of the exploration 
of the possibilities of including energy efficiency into mortgage lender decisions, improving EPCs 
(discussed below), further action on building regulations compliance related to energy performance 
(including innovative solutions, such as measuring actual building performance using data from 
smart meters, and working with industry to develop a ‘quality mark’ to drive up standards (as 
proposed by the Each Home Counts review), and action to encourage or ensure all new homes are 
heated using low-carbon options from the mid-2020s. It also proposes to replace the Energy Saving 
Advise service line with digitally-led service following the Bonfield Review (see Simple Energy 
Advice’, discussed below). The Strategy states that the government intends to consult of 
strengthening energy performance standards for new (and existing) homes, including methods for 
‘futureproofing new homes for low carbon heating systems’, following the publication of the 
‘Building a Safer Future’ Review, discussed below (HM Government, 2017a, p.13). 
 
The Strategy also identifies eight ‘Clean Growth Innovation Challenges’, of which ‘homes’ is one. The 
strategy states that we need energy efficiency and heat technologies that are less costly and easier 
to install, and commercial innovation to ensure retrofits are attractive for homeowners. To build 
lower cost, lower carbon homes, we need to use innovative construction methods including factory 
production and off-site manufacturing’ (ibid, pg.53). New innovation investment, including a new 
£10 million grant fund for the innovation of new insulation materials, and a £1.4 million research 



 112

project to address the drivers, barriers and challenges of new low carbon homes, was also 

announced. 
 
Industrial Strategy & Construction Sector Deal 
 
Published in November 2017, the overarching objective of the Industrial Strategy is to ‘create an 
economy that boosts productivity and earning power throughout the UK’, achieved through five 
objective foundations of establishing and encouraging (1) the world’s most innovative economy; (2) 
good jobs and greater earning power for all; (3) a major upgrade to the UK’s infrastructure; (4) the 
best place to start and grow a business; (5) prosperous communities across the UK. It also sets four 
‘Grand Challenges’ of (1) ‘AI and Data Economy’; (2) Clean Growth; (3) Future of Mobility; (4) ‘Aging 
Society’ (HM Government, 2017b). 
 
As part of the ‘Clean Growth’ Grand Challenge, which incorporates the measures and strategies 
contained within the Clean Growth Strategy, the Industrial Strategy includes the establishment of a 
new ‘Transforming Construction’ funding programme, under the Industrial Strategy Challenge Fund 
(discussed below). A key policy of the Strategy is to launch and roll-out ‘Sector Deals’ – partnerships 
between government and industry aiming to increase sector productivity. The first of these were 
intended to be in life sciences, construction, artificial intelligence, and the automotive sector. In May 
2018 the Prime Minister announced that for each Grand Challenge, specific ‘missions’ would be 
developed, including to ‘at least halve the energy use of new buildings by 2030’ (under the ‘Clean 
Growth’ Grand Challenge, and backed by the Transforming Construction programme and matched 
private funding), through, inter alia, innovating to make low energy, low carbon buildings cheaper to 
build’ and ‘driving lower carbon, lower cost and higher quality construction through innovative 
techniques’ (Gov.uk, 2018b). 
 
The Construction Sector Deal was published in July 2018. It reiterated the overall objectives 
presented by Construction 2025 (discussed above), alongside various other commitments from both 
government and the construction sector. Such commitments include working together to ensure, 
inter alia, that the Transforming Construction Fund appropriately supports the development, 
commercialisation and adoption of new technologies and techniques, including through industry 
match-funding of £250 million, reform the CITB (following recommendations of the Farmer Review 
and the government review of training boards) the to ensure appropriate focus on future skills 
needs, prepare for the new Construction T levels, including through the provision of industry 
placements, develop new apprenticeships standards as quickly as possible, ensure highly quality 
training is available in all nations and regions of the UK, develop building designs and machine-
readable product information, with the Construction Products Association, to increase construction 
speed and confidence in product performance, and develop metrics to monitor ‘smart home’ 
construction (HM Government, 2018). 
 
The Industrial Strategy also proposed the introduction of a National Retraining Scheme, with an 
initial £64 million investment with a focus on digital and construction training, to support people to 
‘re-skill’ (currently under development, but with an increased budget of £100 million, announced in 
the autumn Budget 2018), and a new National Productivity Investment Fund worth £31 billion, to 
support investment in transport, housing and digital infrastructure. The Industrial Strategy will be 
overseen by an independent Industrial Strategy Council, designed to assess progress an make 
recommendations to government (ibid). The Council first met in November 2018. 
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Building a Safer Future 
 
In July 2017, following the Grenfell Tower fire (a fire that engulfed a block of social housing flats in 
London in June 2017, leading to several deaths), the government announced this independent 
review of building regulations and fire safety led by Dame Judith Hackett (the Hackett Review)., with 
a. focus on the regulatory system around design, construction and on-going management, and 
compliance and enforcement issues. 
 
The Review was published in May 2018, and made more than 50 recommendations. Although the 
recommendations principally focussed on buildings of 10 storeys or more, various 
recommendations, including more streamlined oversight of building standards, and more rigorous 
enforcement powers, apply to all new buildings. In December 2018, the government published an 
Implementation Plan on how it intended to implement the recommendations of the Review in full. 
 
Draft Integrated National Energy and Climate Plan 
 
The UK published its draft Plan in January 2019. It does not set a 2030 energy efficiency target, 
stating instead that the ‘UK’s long-term relationship with the EU on energy efficiency is a matter for 
the future economic partnership negotiations’ (BEIS, 2019, p.27). No further measures with regard 
to energy efficiency in new homes are announced. 
 
Spring Statement 2019 
 
In March 2019, the Chancellor of the Exchequer announced in the Spring Statement that a ‘Future 
Homes Standard’, which would future-proof ‘new build homes with low carbon heating and world-
leading levels of energy efficiency’, including mandating the end of fossil-fuel heating systems, 
would be introduced by 2025, building on the government’s objective to at least halve the energy 
use of new buildings by 2030 (HM Treasury, 2019). A consultation of revised building regulations for 
energy performance standards is expected in 2019, before entering into force in 2020. 
 
Policy Instruments 
 

Minimum Energy Performance Standards 

Regulation 

C/S/M 

Building Codes & Standards 

 
Energy efficiency standards were first introduced in the UK by Part F of The Building Regulations 
1965 (effective from 1966), with maximum u-values set at 1.7 for walls, 1.42 for roofs, and 5.7 for 
windows (with a maximum glazed area of 12% of the wall area), for new residential buildings (King, 
2007). Following the oil crisis in 1973, these requirements were tightened with effect from 1977, and 
again in 1985, 1990, 1995 and 2002 - now under Part L of the regulations. Three methods for 
demonstrating building fabric efficiency were permitted. The first was the ‘Elemental Method’, in 
which envelope efficiency regulations are satisfied simply if construction elements that achieve 
prescribed u-values are used (0.35 for walls, 0.16 for pitched roofs with insulation between joists, up 
to 0.25 for flat roofs), 0.25 for floors, and 2.2 for windows with metal frames, 2.0 for windows with 
wood or PVC frames, and with a maximum glazed area of 25% of the floor area). The second method 
was the ‘Target U-Value Method’, in which an average u-value for the whole dwelling may be met 
(allowing variation in the glazed area), whilst the third area was the ‘Carbon Index Method’. This 
method employed the 2001 version of the Standard Assessment Procedure (SAP), developed by the 
BRE for the UK government in 1992, based on the BRE’s Domestic Energy Model (BREDEM). The SAP 
is able to calculate factors such as expected energy consumption per unit floor area and emissions of 



 114

CO2, using values such as building design and component characteristics, levels of comfort, service 
provision, occupancy, and occupant behaviour (Gov.uk, 2014). Under this method, a building must 
have achieved a Carbon Index value of 8.0 or below to be compliance. For the Target U-Value and 
Carbon Index methods, maximum u-values for walls and floors are set at 0.7, and 0.35 for roofs 
(ODPM, 2002). 
 
Amendments to the building regulations in 2006 implemented the requirements of the first EPBD. 
New dwellings were now required to meet a ‘Target CO2 Emission Rate’ (TER), expressed in 
KgCO2/m2/yr (floor area), and is calculated as follows: 
 

��� = (�� ∗ ���� ������ +  ��) ∗ (1 − ����������� ������) 
 
Where �� and �� are CO2 emissions arising from the provision of heating and hot water and the use 
of internal fixed lighting, respectively, ‘fuel factor’ is the greater value of either 1, or the square root 
of the ratio of the CO2 emission factor for the proposed heating fuel to the CO2 emissions factor for 
mains gas. The ‘improvement factor’ is 0.2. �� and ��were calculated using the SAP, now the only 
method for demonstrating compliance (for dwellings with a. floor space at or below 450m2), using 
the concept of a ‘notional’ dwelling of the same size and shape of the proposed dwelling, but with 
other values (including u-values) standardised as set out in the SAP 2005. 
 
Compliance with the TER was demonstrated through calculating the ‘Dwelling CO2 Emission Rate’ 
(DER), calculated based on the building as-constructed, incorporating changes to specifications made 
during construction, and the measured air permeability, ductwork leakage and fan performance as 
commissioned. Compliance was achieved if the DER did not exceed the TER. This remained true even 
if actual u-values of individual fabric components were less than those assumed by the SAP, if this is 
compensated elsewhere. However, maximum u-value limits as described above remained in place 
for all individual components, with the limiting value for windows tightening to 3.3.  In addition, the 
building fabric must also be constructed so that insulation is reasonably continuous across the whole 
building envelope, and there are no reasonably avoidable thermal bridges (ODPM, 2006). 
 
The Building Regulations 2010, which came into effect in the same year, required a 25% 
improvement in the TER from 2006 levels, with updated values as set out in SAP 2009 to be used for 
the calculation, and updated limiting u-values that remain in force at the time of writing (0.3 for 
walls, 0.2 for roofs, 0.25 for floors, 0.2 for party walls, and 2.0 for windows (HM Government, 2010).  
 
A 2013 amendment to the 2010 Regulations, which came into effect in April 2014 (for England only), 
introduced further changes, including a 6% improvement in the TER value, coupled with an 
adjustment in the calculation of TER and design values of the ‘notional dwelling’ (defined in SAP 
2012, such that if the actual dwelling is constructed to the design specifications of the notional 
dwelling it would satisfy the Part L regulations), and the introduction of a ‘Target Fabric Energy 
Efficiency’ (TFEE) rate. The revised TER formula is as follows: 
 

��� = �� ∗ ���� ������ + ��� + �� 
 
Where ��� and �� are CO2 emissions arising from the use of pumps and fans and internal lighting, 
respectively. The TFEE is defined as the annual energy consumption of the notional dwelling, 
multiplied by 1.15. As with the DER and TER, a ‘Dwelling Fabric Energy Efficiency’ (DFEE) rate must 
be calculated once the construction is complete, and must not exceed the TFEE (HM Government, 
2013a). 
 
TER and DER values (alongside other building regulation requirements) must be reported to a BCB 
(either the building control department of the relevant local authority, or an Approved Inspector 
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registered with the CICAIR, discussed above) both before construction and within 5 days of 
completion, along with EPC (described below), to certify before a completion certificate is issued. 
However, members of a relevant Competent Persons Scheme (discussed below), are able to self-
certify, instead of submission to a BCB. Statistics on compliance, enforcement and penalties in 
England are not kept (EPBD CA, 2018b) 
 

Energy Performance Certificates 

Soft instruments 

Performance Level 

Comparison Label 

 
Building Regulations 2000 introduced from 1st January 2001 the requirement for house builders to 
visually display energy ratings of new homes and to notify the local BCB of energy performance (IEA, 
2014a). This requirement was superseded by the Housing Act 2004, which in order to satisfy the 
requirements of the EPBD, a complaint EPC was required to be issued as part of ‘Home Information 
Packs’ (HIPs). HIPS were to be produced for the (marketed) sale of properties with four or more 
bedrooms from 1st August 2007, and for all newly-built properties upon completion from the 6th 
April 2008, in England and Wales. With the suspension (and eventual cancellation) of the 
requirement for HIPs to be issued from 21st May 2010 (following a general election), the 
requirement for an EPC to be issued remained in place, with the requirement for a new EPCs to be 
issued increasing from three to ten years. 
 
EPCs were required to present an energy performance rating as calculated by the SAP with data 
from the building as-constructed (described above), with a numerical rating from 1-100, with 
increasing efficiency based on estimated annual energy cost (with a rating of 100 an energy neutral 
building), divided into Grades A (92—100 rating) to G (1-20 rating). A simplified approach using the 
Reduced Data SAP (RdSAP) is used for calculating ratings for existing buildings. 
 
The certificate must also have presented a reference value (such as the current legal standard or 
benchmark), estimated total useful floor area of the building, and various other non-energy specific 
characteristics of the building. From the 1st April 2012, EPCs issued must follow a revised, simplified 
format. Figure 12 illustrates the first page of the new, and current, format. Current building 
regulations typically require a new residential property to reach Grade C or higher (EPBD-CA, 

2014).Figure 12 – UK EPC Format (Source EPBD CA, 2018b). 
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The EPC for new residential buildings must be produced by an assessor accredited to do so. 
Assessors must meet the relevant National Occupational Standards (NOS) in order to become 
accredited by an accreditation scheme (by December 2016, there were seven such schemes) (EPBD 
CA, 2018b). For assessors accredited to produce EPCs for new residential building, this includes 
proving competence across a range of subjects, including inter alia, proving understanding of the 
relevant elements of the SAP, and knowledge and purpose behind the content and production. 
 
In 2010, the first set of Scheme Operating Requirements (SORs) were introduced, to ensure all 
accreditation schemes achieved common minimum standards. The SORs, updated by the Energy 
Performance of Buildings (England and Wales) Regulations 2012 (to implement various requirements 
of the recast EPBD, and came into force on 9th January 2013), require schemes to, inter alia, ensure 
that members of the scheme are ‘fit and proper persons’ who are qualified (by their education, 
training and experience) to carry out assessments, require the use of the standard EPC format, 
require adherence to a code of conduct, keep a register of the members of the scheme, and 
undertake quality assurance. A further update was introduced in March 2018. The government may 
audit the accredited schemes themselves, to ensure compliance with the SORs. If non-compliance is 
found the Government many suspend or revoke an accreditation scheme’s licence, however little 
use has been made of these powers thus far (EPBD CA, 2018b). 
 
An EPC must be produced before a completion certificate is produced by the local BCB. Compliance 
is monitored by the relevant local authority (which is not required to report on these), and there is 
no central national body recording compliance (EPBD CA, 2018b). Local Authorities Trading Standard 
Officers (TSOs) are able to require the constructor to produce copies of the EPC for inspection. 
Penalties for non-compliance for residential properties is £200. The Government does not collect 
data about the number of penalties issued by Local Authorities for non-compliance (EPBD CA, 
2018b). 
 

Accredited Construction Details 

Soft instruments 

Performance Labels 

Endorsement label 

 
First developed in 2002, the Accredited Construction Details are a set of standardised construction 
details that can be followed to minimise thermal bridges to demonstrate compliance with minimum 
energy performance requirements (described above). Details are grouped by generic construction 
type, and cover steel and timber frames, masonry cavity wall insulation, masonry internal wall 
insulation, and masonry external wall insulation, with a particular focus on dwellings (Planning 
Portal, 2019). 
 

Competent Person Schemes 

Soft instruments 

Performance Labels 

Endorsement label 

 
Introduced in 2002, the Competent Person Scheme allows registered installers (scheme members) to 
building components to self-certify that related building regulations and associated legal 
requirements have been met. At present, there are 17 Schemes for various types of building work, 
including cavity and solid wall insulation, combustion appliances, ventilation systems and windows 
(of various kinds). MHCLG is responsible for authorising, and setting standard requirements 
(‘Minimum Technical Competence’) for members of, these schemes (MHCLG, 2018b). 
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Home Quality Mark 

Soft instruments 

Performance Level 

Comparison Label 

 
In March 2015, BRE launched a beta Home Quality Mark (HQM), a voluntary, national standard for 
new homes, using a five-star rating system (currently applicable in all regions except Northern 
Ireland). The HQM is comprised of 39 assessments, categorised into ‘Our Surroundings’ (including 
issues that look at a home’s ability to work with current and future surroundings), ‘My Home’ 
(including issues that look at providing living spaces that are comfortable, healthy and cost-effective, 
and have reduced harmful effects on the environment), and ‘Delivery’ (including issues that focus on 
delivering construction quality, encouraging the designer, builder, client and householder to co-
operate and share knowledge and encourage them to support occupiers after they hand over the 
property to them). Each assessment has a number of associated ‘credits’ that may be awarded, 
which when summed provide the total star rating (with 1 star meeting minimum legal requirements 
only, and 5 stars requiring a minimum of 400 points, of a maximum 500 available). 
 
‘Energy and Cost’ is one assessment issue (with 60 credits available), of which ‘energy performance’ 
is one of four criteria (accounting for 40 of the total credits available). The number of credits 
awarded are determined by a ‘Home Energy Performance Ratio (HEPR)’, an output of the HQM 
online assessment tool, using data generated by the SAP when assessing compliance with building 
regulations. The HQM is determined by comparing percentage improvement above minimum 
requirements set by building regulations for building fabric performance, primary energy 
consumption, and resulting CO2 emissions, against ‘best practice’ levels for a modelled stock of 
housing types (HQM, 2018). 
 
Assessors must be certified by BRE (with 105 assessors certified at the time of writing) (GBL, 2019). 
Homes have been able to apply for the HQM (beta version) since June 2015. Over time, further 
indicators are expected to be introduced. 
 
The Home Quality Mark replaced the Code for Sustainable Homes (CSH), which launched in 
December 2006, and became available for voluntary adoption in 2007 (itself replacing the previous 
BRE EcoHomes scheme). The CSH awarded new homes a rating of Level 1 to Level 6, with increasing 
levels of sustainability, by assessing nine criteria (of which one was energy and CO2 emissions), 
comprising 34 assessment issues, also against which a credits may be awarded. The Energy and CO2 
emissions category contained a potential 31 credits, of which the assessed DER and (from 2014) 
DFEE, compared to minimum requirements, accounted for 10 and 9 credits, respectively. Thresholds 
increased from a minimum of 36 points to be awarded Level 1, with over 90 points required to 
achieve Level 6. 
 
To achieve Level 4, a minimum 25% overachievement of DER against the TER was required, with a 
100% improvement required for Level 5. Net-zero emissions were required for Level 6, regardless of 
the aggregate score produced by the remainder of the assessment. In addition, to achieve Level 5, a 
minimum 39% overachievement of the DFEE over the TFEE was required (for apartments and mid-
terrace houses, increasing to 46% for end-terrace, semi-detached and detached houses) (DCLG, 
2010).  Between 2008 and 2010, the results on an assessment using the CSH was mandatory with 
issuance of HIPs for new build properties. The CSH  was withdrawn in March 2015, except for legacy 
projects. 
 

Low Impact Building Innovation Platform 

Economic & Financial Instruments 

Direct investment 

RD&D funding 
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Launched in 2008 by the TSB (now Innovate UK), the Low Impact Building Innovation Platform (LIBIP) 
‘to focus on the developing market in low impact solutions for new build projects, and on the impact 
of emerging government policy on refurbishing existing buildings’ (Innovate UK, 2014, p.2). Between 
2008 and 2015 it invested £79 million (leveraged by co- and match funding to £118 million), into 20 
major programmes, with 580 projects across 800 organisations (including AIMC4, discussed above) 
(ibid). 
 
In February 2014, Innovate UK published its strategy for 2015-2019, in which it plans to invest £60 
million to enable UK business-led innovation, to help meet the objectives laid down by Construction 
2025. This funding focusses on four areas that are likely to deliver high growth, including ‘high 
performance materials and building technologies’, such as integrated and composite products, smart 
components and sub-assemblies, embedded self-diagnosing systems, climate active façades, and 
smart responsive materials coatings. The other three areas are ‘energy eco-systems’, ‘digital design 
and engineering’, and ‘energy management and diagnostic tools’ (ibid). 
 

Transforming Construction Challenge Fund 

Economic & Financial Instruments 

Direct investment 

RD&D Funding 

 
Established as part of the ‘Clean Growth’ Grand Challenge of the Industrial Strategy in November 
2017, the fund, managed by UKRI, ‘aims to transform the construction sector – enabling it to 
produce safe, healthy, efficient building using the latest digital manufacturing techniques’, and ‘will 
support industry in adopting technologies and help buildings to be constructed 50% faster, 33% 
cheaper and with half the lifetime carbon emissions’. The government ‘will invest up to £170 million, 
matched by £250 million from industry, to create new construction processes and techniques’(UKRI, 
2019a). 
 
Key investments from the fund has been £72 million to establish a Construction Innovation Hub 
(CIH) £36 million to establish an Active Building Centre (ABC), and £1 million for small grants to 
invest via the N+ network, discussed above. 
 

Energy Innovation Programme 

Economic & Financial Instruments 

Direct investment 

RD&D Funding 

 
The BEIS Energy Innovation Programme ‘aims to accelerate the commercialisation of innovative 
clean energy technologies and processes into the 2020s and 2030s. The Programme, with a budget 
of £505 million from 2015-2021 consists of 6 themes, to invest: (1) around £70 million in smart 
systems; (2) around £90 million in the built environment (energy efficiency & heating); (3) around 
£100 million in industrial decarbonisation and carbon capture, use, and storage (CCUS); (4) around 
£180 million in nuclear innovation; (5) around £15 million in renewables innovation; (6) around £50 
million in support for energy entrepreneurs and green financing (BEIS, 2019d). 
 

Energy Entrepreneurs Fund 

Economic & Financial Instruments 

Direct investment 

RD&D Funding 

 
Established in 2012, the Energy Entrepreneurs Fund is a competitive funding scheme to support the 
development and demonstration of state of the art technologies, products and processes in the 
areas of energy efficiency, power generation and heat and electricity storage. Since 2012 there have 
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been 7 phases, with over £75 million of grant funding invested in over 130 companies (in turn 
leveraging over £100 million in private investment), including to various companies aimed at 
developing products, processes and techniques for low-carbon or energy-efficient homes (BEIS, 
2019). 
 

Eco-towns 

Economic & Financial Instruments 

Direct investment 

RD&D Funding 

 
In September 2007, DCLG announced a competition to build ten new ‘eco-towns’ in England, 
comprising up to 200,000 new low carbon and carbon neutral homes, to be built to high standards 
of sustainability (following the initial announcement of five, increased due to high levels of interest). 
The concept and proposed locations of the new towns (for which 57 were received), were subject to 
consultation until June 2008. 
 
In July 2009, DCLG published a Planning Policy Statement outlining the criteria that eco-towns would 
have to meet. This included the requirement that all homes meet at least Code for Sustainable 
Homes Level 4 (described above), and ‘demonstrate high levels of energy efficiency in the fabric of 
the building, having regard to proposals for standards to be incorporated into changes for the 
Building Regulations between now [2009] and 2016 [zero carbon homes]’. In addition, they must 
achieve ‘through a combination of energy efficiency and low and zero carbon energy 
generation…carbon reductions of at least 70% relative to current [in 2009] Building regulations’. A 
range of other elements relating to inter alia affordability, green space, waste, employment and 
services were also required (DCLG, 2009a). At the same time, the Minister for Communities and 
Local Government announced that just four proposals would be taken forward as ‘pioneer’ 
developments (Whitehill-Borden, Rackheath, St Austell and North-West Bicester), and would be able 
to bid for a share of £60 million to assist in their development. A decision on planning applications 
would be taken in 2010, with the aim for 10,000 homes to be in place by 2016 (of a total 25,000 
planned). He also announced he wanted to see another six proposals identified by 2010, and 
provided £5 million to assist local government in preparing bids, with these developments either 
built or ‘well underway’ by 2020 (DCLG, 2009b). In July 2010, the (new) government announced that 
the £60 million funding would be but by 50%. 
 
In April 2011, it was announced that only one of the pioneer developments (North-West Bicester) 
would be built to eco-town standards, and in March 2015, the eco-town planning policy statement 
was cancelled (but remained applicable to this development). 
 
In April 2014 the government announced support for the establishment of ‘Garden Communities’ 
(cities, towns and villages), however such developments have no requirements for energy or 
environmental standards for new homes above building regulation minimum standards. 
 

Green GB Week 

Soft instruments 

Information campaigns 

- 

 
Announced in the Clean Growth Strategy, Green GB week was first held in October 2018, to mark 
the 10 year anniversary of the Climate Change Act. Over 100 events took place across the UK, 
including the launch of the Simple Energy Advice service (discussed below). In 2019, the Green GB (& 
NI) Week will take place in November, to coincide with the government’s ‘Year of Green Action’. 
Activities for the week are aimed at highlighting the opportunities, benefits and challenges of 
reducing our emissions to net zero, ending the UK’s contribution to climate change, and growing our 
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low carbon economy. The week is themed around how particular parts of life in the UK will evolve, 
such as having cleaner, warmer buildings, cleaner modes of transport, such as electric vehicles, and 
reducing our waste with new green technologies all over the UK’ (HM Government, 2019). 
 

Simple Energy Advice 

Soft instruments 

Information campaigns 

- 

 
Launched in October 2018 to replace previous services, the Simple Energy Advice service is a website 
and a freephone helpline that provides advice on energy saving in the home, including on the use of 
high-efficiency building envelope components. 
 
ii. Interaction between elements of the innovation system 
 
INNOVATING ACTORS 
 
Residential construction in the UK is increasingly dominated by large companies. In 1988 more than 
12,000 SMEs were active in the sector, and responsible for nearly 40% of all new homes. In 2017, 
this had reduced to 2,500 SMEs, responsible for just 12% of new homes (Homes England, 2017), 
whilst large volume, speculative builders (2000+ units) are responsible for around 60% of new 
construction (DCLG, 2017). 
 
Organisations representing the housebuilding sector in England (but also the wider UK) appear to 
have relatively little focus on the development and deployment of energy efficient envelopes for 
new residential development. There is a large focus, however, in encouraging measures that 
facilitate an increase in housing construction and supply (e.g. HBF), including through the reduction 
of regulation and associated costs of compliance (a position actively lobbied for by at least one of 
the largest housebuilders in the UK as discussed below). By contrast, organisations representative of 
some stakeholders in the industry, such as architects (e.g. RIBA and CIAT), construction product 
manufacturers (e.g. CPA) and construction managers (e.g. CIOB), actively promote increasingly 
stringent and effective regulation and other action for, inter alia, energy efficient homes. However, 
representatives of other industrial stakeholders in this sector appear to devote little attention to 
energy efficiency or wider sustainability issues, however when issues of sustainability are more 
prominent (e.g. CIBSE), the focus is often of issues of waste and circular economy impacts of the 
production or construction process. Of the 598 building envelope components registered with the 
Passive House Institute, just 13 are produced by manufacturers based in the UK (PHI, 2019). 
 
KNOWLEDGE DEVELOPMENT AND EXCHANGE 
 
The UK is considered to be a strong innovator in Europe, placing 5th out of 28 in 2018 under the 
European Innovation Scoreboard. However, it places just 16th in the level of public R&D 
expenditures, as a percentage of GDP (EIS, 2019). As illustrated by Figure 4, the UK’s public 
expenditure on energy-related RD&D is around half that in Germany, with energy efficiency-related 
expenditure comprising around 15% of this. 
 
Despite this, energy-related R&D is well co-ordinated principally by BEIS and UKRI, but also through 
the actions of the EIB and the ERP, for example (IEA, 2019b), and a range of public research 
institutions or groups (e.g. ETI, Energy Systems Catapult, CISC, CREDS, ABC), and funding streams 
(e.g. Transforming Construction Challenge Fund, Low Impact Building Innovation Platform, BEIS 
Energy Innovation Programme and Energy Entrepreneurs Fund) are active in buildings-related 
energy efficiency research, although many such institutions or themes have only recently been 
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introduced (following the Industrial Strategy and it’s Construction Sector Deal, in particular). 
However, such institutions and funds often focus on improving energy efficiency in existing 
buildings, or energy (and other material) efficiency in the construction process (through, e.g. MMC), 
rather than the in-use efficiency of envelopes in new buildings. 
 
Business R&D expenditure in the UK is 10th in the EU (EIS, 2019), with two UK-based construction 
and materials companies, and two household goods and home construction companies, in the top 
1,000 companies by R&D spending in the EU (with the UK holding 275 companies in total in the top 
1,000, the largest in the EU) (EC, 2018b). However, innovation activity among UK housebuilders is 
low, with the dominance of a few large companies producing a lack of competition, with relatively 
homogenous homes being built (Homes England, 2017). This reflects a wider lack of innovation 
activity within the construction sector; in 2016, R&D investment in the construction sector totalled 
£211 million (compared to £3.3 billion in the automotive sector) (HM Government, 2018). Initiatives 
such as the Transforming Construction Challenge Fund, to which the construction sector has pledged 
£250 million in matched funding, may help to increase this (although the extent to which this is 
additional is unclear). However, the direction and extend of knowledge development is also 
influenced by the wider policy landscape, discussed below.  
 
Notwithstanding the above, there appears to be good links and platforms for knowledge exchange 
of various kinds, particularly between kinds between public research institutions and funded 
projects and the private sector, both in energy-related research broadly, and various stakeholders 
within housebuilding sector. For example, Innovate UK focusses on business-led innovation, the ETI 
and ERP are both public-private partnerships, the CLC and N+ (and the Zero Carbon Hub, before its 
closure) are explicitly joint ventures between public and private entities,  and the Energy Systems 
Catapult, CISC, and ABC have strong private sector engagement elements. Private sector 
organisations, such as the CIC and BRE, along with NGOs such as UKGBC, are also active in promoting 
collaboration and knowledge exchange between industry stakeholders. However, the construction 
sector in the UK is characterised by specialists in narrow fields, with limited business relationships 
with clients and specialists in other areas resulting from the nature of construction project 
management and procurement, which is based on breaking down projects into smaller packages and 
components to ensure low bidding prices and control of suppliers. This lack of interaction is not 
conducive to innovation, or knowledge transfer (EC, 2019m). Recently, collaborative efforts for 
improving the level of skills and training in the housebuilding and wider construction industry has 
also become prominent, as discussed below. 
 
ACTORS’ VISION AND EXPECTATION 
 
The UK’s 2008 Climate Change Act set the legally-binding requirement for the government to reach 
(and set in place policies to achieve) an 80% reduction in GHG emissions by 2050 (from 1990 levels) - 
a target that was recently increased to net-zero emissions – with intermediate carbon budgets. All 
major political parties at the last general election were strongly committed to the objectives of the 
Act, which ostensibly sets the overarching, economy wide direction for decarbonisation, however 
recently analysis by the CCC (the statutory body responsible for tracking progress against these 
targets) concluded that emissions trajectories are off track, and that only 1 of 25 measures the CCC 
recommended in 2018 to correct this has thus far been implemented (CCC, 2019c), with housing 
(alongside transport) now on the ‘the frontline of efforts to meet the net-zero target’ (ibid, p.11), 
with the relevant ministries required to do more to prioritise emissions reduction.  
 
However, whilst MHCLG has principal responsibility for housing policy in England, BEIS is the 
principal ministry with responsibility for energy and climate change policy (including energy 
efficiency) in the UK. MHCLG has limited responsibility over energy efficiency policy (except in 
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setting building regulations), and has an explicit objective of ‘driving up housing supply’. This 
objective has, over time, come to be explicitly linked with and served by an effort to reduce the 
presence and stringency of regulation in the housebuilding sector, such as in the 2012 ‘Housing 
Standards Review’ (which, inter alia, sought to curtail the ability of local authorities to set more 
stringent energy efficiency requirements than those set nationally, discussed further below), and the 
2015 ‘Fixing the Foundations’ Plan, which announced the government’s intention not to proceed 
with the Zero Carbon homes policy in 2016 (discussed below), and to keep energy efficiency 
regulations unchanged and under review. This acted to explicitly reduce the government’s stated 
ambition for energy efficiency in new residential buildings. However, in 2017 the government stated 
its intention to consult on strengthened standards, followed in 2018 by the announcement of a 
mission under the Clean Growth Grand Challenge to ‘at least halve the energy use of new buildings 
by 2030’, and in 2019 by the announcement of the development of a ‘Future Homes Standard’ with 
‘world-leading levels of energy efficiency’, to be introduced by 2025. The vision within public sector 
R&D institutions and funding, discussed above, is broadly supportive of ambitious energy efficiency 
(and broader climate change mitigation) action. 
 
As discussed above, although some industrial actors in the housebuilding sector have a positive 
vision for ambitious action on energy efficiency (e.g. RIBA, CPA), housing construction companies 
also appear to prioritise actions to reduce regulatory requirements and stringency, with a view to 
reducing costs and facilitating an increased rate of housebuilding. Indeed, there appears to be ‘a 
tendency within the construction industry to see regulations as the ceiling rather than the floor of 
what must be achieved’ (Aldersgate Group, 2017, p.5). In addition, a major housebuilder 
(Persimmon) confirmed publicly that it had lobbied the government to cancel the Zero Carbon 
Homes policy in order to deliver a boost in housebuilding (HoC, 2019). 
 
Housing associations, responsible for 9% of all England’s housing, which are at present on average 
the most energy efficient housing stock (when compared to owner-occupied and privately rented 
properties, in particular) (NHF, 2016). However, 83% of homes in England rare owner-occupied 
(MHCLG, 2019b). The general public in the UK overwhelmingly believe climate change is happening 
(and is largely the result of human activity) (Phillips et al, 2018), whilst a majority also believe the 
government should be taking further action to tackle it, including in policy improve the energy 
efficiency of homes (ClientEarth, 2019). Although energy efficiency is a consideration for most 
owner-occupiers when buying a new property, other factors take precedence (e.g. location, 
amenities), partly a result of relatively low domestic energy prices in the UK (discussed below). In 
addition, purchasers of homes produced by volume-focussed, speculative builders (which as 
discussed above, accounts for the majority of the market for new-build homes in the UK), have little 
to no opportunity to influence the design and construction of the building (Cran-McGreehin, 2016). 
 
MARKET FORMATION AND GOVERNANCE PROCESSES 
 
Construction of new dwellings has been increasing in recent years, from 135,000 in 2013 to 170,000 
in 2016. However, this remains well below the peak of 224,000 in 2007.27 The UK is experiencing an 
acute housing shortage, with an estimated 340,000 constructions per year to 2031 required to meet 
demand (EC, 2019m). 
 
As discussed above, although the Climate Change Act is an ambitious, legally-binding framework for 
economy-wide emissions reduction to net-zero by 2050, supported by the majority of the public and 
all major parties currently in parliament, the framework of policy instruments to achieve it is 
currently insufficient, including in the residential building sector. In addition, responsibilities for 
housing in England are vested in MHCLG, with a focus on increasing the housing supply, whilst 
responsibilities for climate change and energy (and energy efficiency) policy largely rest with BEIS, 
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producing a division of responsibilities that have come to be seen as competing (with the former 
taking precedence). 
 
This has come to be expressed through changes to the primary policy instrument for driving the use 
of energy efficient envelopes in new residential buildings in the UK, the minimum energy 
performance standards. The ‘limiting’ u-values permitted in England are relatively low (although in 
order to achieve a DFEE that does not exceed the TFEE, envelope components of substantially higher 
values must be used). As discussed above, the Zero Carbon Homes policy, which was one of the most 
ambitious energy performance standards in the world when announced (DCLG, 2006) was 
substantially weakened and then cancelled, explicitly as part of a drive towards reduced regulation 
to encourage an increased rate of housebuilding. This also produced confusion in 2015 around the 
ability of local government to set more ambitious standards than those set nationally, only clarified 
positively in July 2018. This, along with a reduction in planning staff resulting from budget 
reductions, has meant that few local authorities have set standards above national levels (with some 
exceptions, including London, which has instituted a Zero Carbon Homes policy since October 2016) 
(UKGBC, 2017). The recent announcements of the Clean Growth Grand Challenge for construction 
and the Future Homes Standard may provide increased ambition to national minimum standards, 
although the details remain unclear. 
 
However, three key factors mean that may new buildings are constructed to efficiency levels lower 
than the prevailing regulations require. The first is that the energy efficiency (and other building 
regulations) that apply to a building are those that prevailed when planning permission was granted. 
Developments are legally required to begin construction within three years of receiving such 
permission (otherwise planning permission expires), however a broad definition of what constitutes 
construction ‘beginning’ means that the majority of the building work (and subsequently, 
completion) may happen several years later (by which time new, more stringent regulations may be 
in place, but not applicable to this development) (HoC, 2019). The second issue is a lack of 
compliance with the applicable regulations. BCBs (largely local authorities) are responsible for 
ensuring compliance, however no data is kept on local control and compliance activities, and there is 
a general view that enforcement activities are minimal, due to a lack of capacity (ibid). The third 
issue is that of a ‘performance gap’; even those buildings that are compliant with the regulations 
according to their design, may not perform to this standard in practice. This gap may be substantial, 
with evidence found in some cases with ‘as built’ performance leading to heat loss more than double 
the design value, with the CCC assuming heat loss exceeds stated regulations by 50% a reasonable 
average estimate (ibid). Both the second and third issue are driven in part by poorly understood 
regulations and a lack of skills (HM Treasury, 2005), alongside a lack of incentive to improve. 
 
As discussed above, domestic energy prices are relatively low (see Figure 5), particularly for natural 
gas, which remains dominant for space heating (however, fossil-fuel based heating for new buildings 
is to be prohibited under Future Homes Standard proposals) - driven in part by a reduced VAT rate 
on domestic energy fuels, an implicit subsidy worth around £5 billion per year (Advani et al, 2013). 
This reduces the incentive for consumers to seek energy-efficient homes as a priority. In addition, as 
EPCs are the primary route through which consumers would find information on the energy 
efficiency of new homes, the potential lack of compliance with regulations and the performance gap 
may mean actual performance is much below what is reported on the EPC.  
 
RESOURCES AND SUSTAINABILITY: 
 
As with other countries discussed, the UK construction sector is suffering a significant labour 
shortage, with 182,000 vacancies in 2018, particularly bricklayers and carpenters. In addition, 
400,000 skills workers are expected to reach retirement age within the next ten years, and the 
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consequences of Brexit, particularly the cessation of free movement of people, is likely to further 
exacerbate the issue. Further, the number of tertiary students in engineering, manufacturing and 
construction – and architecture in particular – has been decreasing in recent years, following 
desirability of the sector as a career path (EC, 2019m), and inconsistent government policy regarding 
the industry (CCC, 2019b). The high level of specialism within the construction workforce in the UK, 
as discussed above, and thus a lack of interaction and systemic understanding required for the 
construction of high-efficiency and low-carbon buildings, is also a barrier (BUILD UP Skills, 2012). 
 
A range of initiatives have been recently introduced or announced to attempt to tackle these issues, 
including reform of the CITB, the introduction of the Apprenticeship Levy, the launch of the new T 
Levels and IoTs focussed on vocational training, and a new National Retraining Scheme. However, 
the impacts such initiatives will have remain to be seen. In addition, the NFB take the view that 
despite these initiatives, the UK lacks a long-term vision to train (particularly skilled) construction 
professionals, and that the majority of training focuses on a specific trade skill rather than long-term 
development and upskilling (EC, 2019m). 

 
Currie & Brown (2019) calculates that the additional costs of achieving ultra-high efficiency 
standards (installed alongside an air source heat pump), would represent a 1-4% uplift (<£7,000, or 
~€7,600) on built costs of a new home, relative to existing regulations (under the assumption that 
these standards are achieved in practice). In April 2007, the government announced that ‘zero 
carbon homes’ with a purchase price under £500,000 would be exempt from Stamp Duty Land Tax 
(SDLT)43. This was subsequently extended to flats bought since 1st October 2007. However, this relief 
expired in 2012, since when there has been no public policy to provide financial support to address 
the additional cost involved. However, the bank Barclays, which was a participant in the EU EeMAP 
project (described in Section 3.1(c)), has begun to offer a Green Home Mortgage that offers reduced 
rates to buyers of new-build homes from one of its partner housebuilders (including Barratt 
Developments, Persimmon and Taylor Wimpey), with an energy efficiency EPC rating of A or B 
(Barclay’s, 2019). 
 
In the UK, the construction sector is responsible for nearly 60% of total annual waste generation, 
However, it achieves a recovery rate of around 90% - well above the 70% target set by the Waste 
Framework Directive for 2020 (EC, 2019m). 
 
8. Conclusions 
 
This section summarises the interactions between elements of the innovation system at the EU 
level, and compares the interactions between elements of the innovation systems in the four 
Member States examined. 
 
INNOVATING ACTORS 
 
EU-level associations and representatives of stakeholders involved in housing construction in the EU 
are broadly welcoming of policies and measures to improve the energy efficiency of (both new and 
existing) residential buildings in the EU, as discussed below. As such, they appear not to present a 
barrier to further innovation towards high-efficiency envelopes for new residential buildings, and in 
some cases may be an active driver. 
 

                                                 
43 SDLT is a tax due when a home is bought, and with rates increasing progressively with property purchase 
price (with a zero rating for homes purchased for under £125,000, and up to 12% of the value for homes over 
£1.5 million, with the top rate only applied to the value above this threshold). Different rates apply for first 
time buyers (HMRC, 2018). 
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At the level of the member states examined, however, the picture appears mixed. In Germany, SMEs 
dominate the construction and housebuilding sector, representatives of which appear often actively 
supportive of the country’s ‘Energy Concept’ and associated drive for increasing energy efficiency in 
buildings, often advocate for further action. There is also a well-developed supply chain for highly 
energy-efficient components, as evidenced by nearly half of the components registered with the 
Passive House Institute produced by manufacturers based in Germany. SMEs also dominate in Italy 
and Poland, however, there is relatively little focus on energy efficiency by such stakeholders, 
although it is unclear whether they act as drivers, barriers, or are neutral in encouraging innovation 
for high-efficiency envelopes. In the (England and the wider) UK, however, a few large, volume 
developers dominate the housebuilding sector, and there are apparent differences between key 
stakeholders. Housing developers appear to have a substantial focus on encouraging measures that 
facilitate an increase in housing construction and supply, including through the reduction of 
regulation, including energy efficiency requirements, and associated costs of compliance. Such 
actors may be reasonable considered as active barriers to encouraging further and more rapid 
innovation. By contrast, various organisations representing architects and  construction product 
manufacturers, for example, often actively promote increasingly stringent and effective regulation, 
and are often actively involved in research projects and knowledge dissemination. Yet other 
construction professions, however, appear to devote little attention to energy efficiency issues.  
 
KNOWLEDGE DEVELOPMENT AND EXCHANGE 
 
EU Institutions and associated entities are actively involved in encouraging, funding and co-
ordinating innovation activities across Member States. This is given particular expression and 
impetus by the introduction of the Innovation Union initiative and its various implementing 
initiatives, the successive SET plans to set the areas of energy research focus (in which two of the ten 
priorities in the most recent iteration are focussed on energy efficiency in buildings) , and successive 
the framework programs for research and innovation (in particular the current €80 billion Horizon 
2020, and the upcoming €100 billion Horizon Europe, under which at least 35% of the budget is 
allocated to climate-related research, with energy efficiency, particularly in buildings, prominent). 
According to the data presented in Figure 4, the European Commission in 2017 spent around $1.2 
billion on energy-related research, around 37% of which was related to energy efficiency. 
 
Knowledge development and exchange activities within the Member States examined is again, 
however, mixed. Germany is a to be a strong innovator in Europe, with high levels of public 
investment in RD&D (at both the Federal and regional level), including in energy and energy 
efficiency, which is a clear theme in German public research institutions, and guided by clear 
strategies and co-ordinated and informed by various bodies with general clarity of roles and 
responsibilities. Business expenditure on RD&D is also one of the highest in the EU, including in the 
contrition sector (although SMEs in the construction sector, which comprise the majority of the 
sector, are less active in innovation activities). Various public and private initiatives facilitate 
knowledge exchange between public research institutions the private sector, including through 
collaborative research, and knowledge exchange is identified as a priority in Germany’s public RD&D 
strategy. The UK is also a strong innovator, although with much reduced public levels of investment 
in RD&D, including in energy and energy efficiency. However, energy-related public RD&D is well co-
ordinated, and a range of public research institutions, groups and funding streams are active in 
buildings-related energy efficiency research. However, in general this theme has only recently 
gained prominence, and the focus is often on improving energy efficiency in existing buildings, or 
energy (and other material) efficiency in the construction process, rather than the in-use efficiency 
of envelopes in new buildings. Business expenditure on RD&D in the UK is also high, however 
innovation activity among UK housebuilders is low, with the dominance of a few large companies 
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producing a lack of competition, with relatively homogenous homes being built. Nonetheless, there 
appears to be good links and platforms for knowledge for knowledge exchange between public 
research institutions and the private sector, and within the private sector itself. 
 
Both Italy and Poland are considered moderate innovators (although both are in the bottom half of 
EU Member States, with Poland placing 25th of 28), with relatively low levels of public R&D, including 
in energy and energy efficiency issues (particularly Poland). Until recently, energy-related R&D in 
both countries was relatively un-coordinated and directed, and in both countries energy efficiency in 
(particularly new) buildings is not a focus, with efficiency and competitiveness in industry instead 
prioritised, either in the public or private sectors, and platforms and mechanisms for knowledge co-
generation and exchange generally weak. 
 
ACTORS’ VISION AND EXPECTATION 
 
The EU’s 2020 and 2030 targets for GHG emission reductions, increased renewable energy 
generation and improved energy efficiency, alongside the stated 2050 objective of GHG emissions at 
least 80% below 1990 levels, provide the overarching framework and direction of travel for climate-
related action in the EU. The Roadmap for Moving to a Low Carbon Economy in 2050 indicated a 
reduction of emissions from the built environment of 90% could be required for this long-term 
objective, with energy efficiency a clear priority for achieving this, as elucidated in a succession of 
strategies and policy action (discussed below), including the 2050 Long-Term Strategy currently 
under discussion, in which maximising the benefits from energy efficiency (including zero emission 
buildings) in given as the first of seven strategic building blocks. 
 
Broadly, EU-level representatives of stakeholders in the housebuilding industry are aligned with the 
visions and expectations laid out by EU strategy documents and policy initiatives. ‘Construction 
2050’, for example, is a joint position paper by several such representatives espousing a vision for a 
new long-term policy framework for the structure for adoption by the EU, including for policies to, 
inter alia, boost demand for energy efficient buildings. Other actors, such as ACE and CPE, are also 
active in lobbying for more stringent measures for energy-efficient buildings, including through more 
efficient building envelopes. 
 
In Germany, there is a relatively strong and positive alignment of visions and expectations for energy 
efficient new homes across the range of actors concerned. The Energy Concept and subsequent 
strategy publications, provide consistency or increasing ambition in both overarching targets and 
pathways for GHG emissions and energy consumption, and policy-specific details for buildings 
(including commitment for all new buildings to be built to a ‘climate neutral’ standard by 2030). Such 
strategies and ambition is clearly embedded within the objectives, division of responsibilities and 
functioning of the public sector infrastructure (including sub-national governance levels), and 
supported by all major political parties, and the general public. Such strategies and policies are also 
broadly supported by construction sector stakeholders in Germany, along with other important 
actors in the housing market in Germany, such as social and professional landlords. 
 
The UK has also adopted a long-term (legally-binding) target and framework for GHG reduction 
(recently increased to a net-zero emissions target by 2050), which is also supported by all political 
parties, and by the general public. However, the UK’s emission trajectory is off track, and sufficient 
measures – including with regard to energy efficiency in buildings – are judged not to be in place. In 
England, the ministry responsible for housing has limited responsibility over energy efficiency policy, 
and holds a primary objective of increasing housing supply, which over time has become linked with 
an effort to reduce the presence and stringency of regulation in the housebuilding sector (including 
for energy efficiency), leading to an explicit reduction in the government’s stated ambition for 
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energy efficiency in new residential buildings. However, recently the government announced a 
mission to ‘at least halve the energy use of new buildings by 2030’, followed shortly by the by the 
announcement regulations requiring ‘world-leading levels of energy efficiency’, would be introduced 
by 2025. Although some industrial actors in the housebuilding sector in the UK have a positive vision 
for ambitious action on energy efficiency, housing construction companies also appear to prioritise 
actions to reduce regulatory requirements and stringency, with a view facilitating an increased rate 
of housebuilding. 
 
Climate and energy policy in Italy and Poland, including policy for energy efficiency in new buildings, 
derives largely from EU requirements, policies and initiatives, with no clear vision to further support 
or exceed these objectives. In addition, key political actors in both countries strongly object to the 
presence of EU requirements and level of ambition in this arena. There is also little evidence of a 
strong, shared vision amongst key housebuilding stakeholders in either country, and interest and 
support amongst the general public for measures to drive increasing energy efficiency in new 
buildings, or for the low-carbon transition more broadly, is low. 
 
MARKET FORMATION AND GOVERNANCE PROCESSES 
 
By its nature, the potential size of the market for high efficiency envelopes for new residential 
properties are all new such construction. At the EU level, residential construction rates were steadily 
increasing to 2007, after which they substantially slowed, reaching half 2007 levels by 2015.In 
Germany and Poland, residential construction rates have increased in recent years, driven principally 
by rising incomes and low interest rates. Construction has also increased in the UK, however rates 
remain well below the peak experienced in 2007, and an acute housing shortage persists. In Italy, 
however, housing construction rates have reduced substantially over the last decade, due in part to 
an aging population with high home ownership, high unemployment amongst young, potential first-
time buyers, and cautious saving and investment behaviours . 
 
The principal EU-level policy instrument of relevance to the energy efficiency in new buildings is the 
Energy Performance of Buildings Directive (EPBD), first introduced in 2002, with subsequent 
revisions in 2010 and 2018. Its primary requirement is the introduction of (cost-effective) minimum 
energy performance standards (MEPS), and although the method of calculation to determine energy 
performance has become increasingly harmonised over time, the level and design of such standards 
is set by individual Member States (but with the 2010 revision requiring these standards to achieve 
‘nearly-zero energy buildings’ (NZEB) by 2020). It also requires the use of Energy Performance 
Certificates to provide information on the energy efficiency of buildings, whilst the Renewable 
Energy Directive requires member states to mandate a minimum level of renewable energy in new 
buildings. However, the flexibility afforded to Member States in implementing and complying with 
such requirements has produced highly varied outcomes. 
 
Although Germany has yet to define its NZEB standard for 2020, it has relatively stringent national 
MEPS for new buildings, with specified maximum u-values for both individual envelop components, 
but also the envelope as a whole, with generally effective compliance and verification methods. In 
addition, the Länder are permitted to set more stringent requirements, with many opting to do so, 
including the requirement to Passive House standards. In Italy, the stringency of national MEPS (for 
varies substantially according to climatic zone, however regional governments are again able to set 
more stringent requirements than those defined at the national level. Although some regions have 
implemented more stringent requirements, this is uncommon. In addition, only a small sample of 
buildings are checked for compliance, and such inspections focus on the highest-rated buildings. 
Inspection of project documentation is usually considered satisfactory for such checks, with on-site 
visits rare. As such, the degree to which practical compliance with minimum requirements is 
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achieved across Italy is unclear. MEPS in Poland, particularly for the maximum u-values for specific 
envelope components, are reasonably stringent, and will become more so as the Polish NZEB 
requirements take effect in January 2021. Regional and local governments are responsible for 
ensuring compliance with MEPS however they lack the competence to impose local energy 
performance regulations that exceed national minimum requirements. The issuance of an EPC is the 
mechanism through which compliance with building regulations is determined in Poland, however 
very few EPCs have this far been being subject to examination, and as such, again, the degree to 
which minimum energy performance requirements are or are not being met is largely unknown. 
‘Limiting’ u-values permitted in England are relatively low, although in order to comply with other 
MEPS element, envelope components of substantially higher values must be used). As discussed 
above, plans to introduced in 2016 what was to be one of the most ambitious energy performance 
standards in the world was substantially weakened and then cancelled, explicitly as part of a drive 
towards reduced regulation to encourage an increased rate of housebuilding (although, as discussed 
above, this may be again reversed in future). This also produced confusion in 2015 around the ability 
of local government to set more ambitious standards than those set nationally, only clarified 
positively in July 2018. This, along with a reduction in planning staff resulting from budget 
reductions, has meant that few local authorities have set standards above national levels. However, 
in England the applicable MEPS are those present when construction permission for a new building 
was granted (which may be several years before the building is completed), there is a general lack of 
compliance checking and enforcement, and there is often a substantial ‘performance’ gap between 
stated energy performance and actual performance. 
 
Of the four countries examined, only Germany has any substantive additional policy mechanisms in 
place to encourage the use of high-efficiency envelopes in new residential buildings. KfW provides 
two subsidy mechanisms for new-builds that exceed minimum requirement, with attractive 
conditions, and clear process and criteria, that provides funding through these mechanisms for 
around half of new residential properties in Germany (as such, new residential construction in 
Germany commonly exceed MEPS). Other supportive regulations also exist, such as minimum 
renewable energy requirements, which may be waived if energy efficiency requirements are 
exceeded by 15% (a similar mechanism is present in Italy). Domestic energy prices are also relatively 
high in Germany, incentivising energy efficiency, and a range of policy initiatives seek to provide 
energy-efficiency related information, training and certification for a range of construction sector 
practitioners, alongside the general public. Although domestic energy prices are also reasonably high 
in Italy, they are low in both Poland and the UK. In addition, unlike Germany, Italy and Poland, the 
housebuilding market is dominated by volume-focussed, speculative builders, meaning that buyers 
of such new properties have little to no opportunity to influence the design and construction of the 
building, regardless of the incentive. 
 
RESOURCES AND SUSTAINABILITY 
 
The construction and use of buildings in the EU accounts for around half of domestic material 
extraction however Issues of physical material availability are also likely to be of little additional 
concern for high-efficiency envelopes compared to less-efficient envelopes. The Waste Framework 
Directive sets a target for each Member State to achieve 70% of construction and demolition waste 
to be re-used, recycled, recovered, by 2020. Germany, Poland and the UK have achieved re-use, 
recycling and recovery rates of 89%, 79% and 90%, respectively. However, rates of construction and 
demolition waste recycling and recovery in Italy are low, largely due to the quality of the materials 
recycled, which is often negatively perceived by construction stakeholders. 
 
All four countries examined are experiencing a substantial skills shortage in the construction sector. 
However, the skills base in Germany regarding energy efficient residential building construction, and 
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associated training and certification, is well advanced and embedded, enforced by experience and 
long-term supportive and stable policy (although some barriers, including skill deficits at the 
interfaces between trades, and the embedding of an understanding of a building as a single 
integrated system, remain). In Italy, although vocational education and training requirements in the 
construction sector are set jointly by the various employer and employee associations, it is 
interpreted and implemented by regional authorities and associated training institutions leading to 
substantial differences in quality across the country – particularly between north and south. This is 
in part a result of the composition of the construction sector and the dominance of micro-
enterprises, many of which are not represented by an associative body (particularly in the south), 
leading to a lack of effective communication regarding training needs. In Poland, the education 
infrastructure is broadly unsuited to the needs of energy-efficient construction, with insufficient 
funding, a lack of emphasis of practical training, a lack of dialogue and interaction with industry, and 
a lack of interdisciplinary training. In the UK, a lack of desirability of the sector as a career path, 
inconsistent government policy and lack of long-term vision, a high level of specialism within the 
construction, and thus a lack of interaction and systemic understanding required for the 
construction of high-efficiency and low-carbon buildings, have all contributed to the lack of sufficient 
skills. 
 
The construction of a Passive House in Germany in 2012 was estimated to cost 3-8% more than a 
building meeting energy efficiency regulations applicable at the time, whilst a recent estimate for 
the UK suggests a 1-4% uplift on built costs of a new home, relative to existing regulations (under 
the assumption that these standards are achieved in practice). In Poland, however, it is estimated 
that the construction of a passive single-family house in Poland would cost an additional 15% above 
existing regulations (but just 7% above the NZEB requirements entering into force in 2021). 
However, estimates suggested that the payback time for the additional costs  (in reduced energy 
bills) would often exceed the lifetime of the building. All four countries have at some point 
introduced a form of subsidy to address these additional costs, however in Italy, Poland and the UK 
these have proven temporary, with only the KfW mechanisms in Germany, discussed above, 
remaining in place. 
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Introduction (Part A) 

The INNOPATHS innovation analysis will focus on 6 energy-using sectors, of which electricity 

is one. Each of the sectors will be examined within the national context of four EU countries – Germany, 

Italy, Poland and the UK – as well as from an EU-wide perspective. This case study focusses on the 

electricity sector. 

Background – electricity generation, transmission, 

distribution, and use, in the EU 

The EU 28’s final energy consumption in 2016 was 13 PWh (1,138 Mtoe), and its total final 

electricity consumption was 2.8 PWh – thus electricity accounts for about 21% of the EU’s final energy 

demand. In three of the four EU case study countries examined in this report, the share of electricity in final 

energy consumption in 2016 was at or close to the EU 28 average – in Italy it was 21%, and in Germany 

and the UK, 20%. In Poland the share of electricity in final energy consumption was lower than the average 

at 16%; by contrast, the direct use of heat was a higher share of final energy consumption in Poland than in 

the other three countries, at 8%, compared to 4% in Germany, 3% in Italy and less than 1% in the UK (all 

statistics from IEA (2019). 

Across EU countries as a whole, 48% of electricity is supplied by thermal power stations 

burning combustible fuels, 26% by nuclear, 12% by hydro, 10% by wind and 4% by solar (Figure 1). As 

some of the thermal sources are renewable biomass, renewables accounted for approximately 30% of 

electricity generated in the EU 28 in 2016 (Eurostat, 2016). This share of renewables has increased rapidly 

in recent years, from 16% in 2007, largely due to investments in solar and wind (IEA, 2014).   
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Figure 1: Percentage shares of total electricity generation from different sources, EU 28, 2015. Source: Eurostat (2017) 

There is considerable variation in power generation mixes between countries however, as 

illustrated in Figure 2. Amongst the four case study countries, Poland is particularly noticeable in that it 

produces 81% of its electricity from coal (IEA, 2016e). Germany is less dependent on coal, but still 

generated a substantial 42% of its electricity from coal in 2016, with gas, nuclear and wind generation 

providing roughly equal shares of 12-13% each. In Italy, the dominant generation source was gas, at 44%, 

followed by hydro, coal and PV. In the UK in 2016, gas was the largest generation source at 42%, followed 

by nuclear and wind. Thus the electricity generation mixes in the four case study countries still include 

substantial contributions from fossil fuel sources, although also in each case shares of low carbon generation 

have been growing, as will be discussed in more detail in each of the cases. There are other European 

countries, however, that have substantially greater contributions from renewables and other low carbon 

sources. In Denmark for example, renewable sources account for nearly two thirds of electricity 

generation, wind power alone supplying 42.5%, the highest share among all IEA countries (IEA, 2017), and 

France produces 78% from nuclear power (IEA, 2016c).  Meanwhile, neighbouring the EU but with strong 

physical interconnections and market connections to EU countries, Norway is extremely noticeable for its 

high generation from renewables, mostly hydropower – hydropower accounted for 96% of Norway’s 

electricity generation in 2016 (Statistisk sentralbyrå, 2017).  
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Figure 2: Electricity generation in the European Union by country and generation type. Source: IEA (2014) 

CO2 emissions from fuel combustion are the biggest single source of GHG emissions in the 

EU, and electricity generation is the EU’s largest single source of fuel combustion CO2 emissions, 

accounting for 37.5% in 2012 (IEA, 2014)(p. 58). However, within individual countries the share of 

contribution of electricity generation to national fuel combustion and GHG emissions varies considerably, 

being a function both of the generation mix and the size of electricity demand compared to other sectoral 

demands. Thus, France’s nuclear dominated electricity generation mix means that electricity generation 

accounts for a relatively low share – 10% - of its national emissions of CO2 (IEA, 2016c), whereas Poland’s 

coal dominated generation portfolio means that power and heat generation accounts for 53% of national 

CO2 emissions (IEA, 2016e). 

The World Bank records that all EU countries have 100% access to electricity (World Bank, 

2019). This full and essentially unconstrained access to electricity across EU countries is due to extensive 

electricity transmission and distribution networks, which have emerged over many decades since the 

beginning of mass electrification in the early twentieth century. The particular conditions in which these 

networks evolved vary between countries, but frequently involved important roles for government, 

sometimes in collaboration with entrepreneurs and private enterprises (van der Vleuten and Kaijser, 2006, 

Sørensen, 2012, Lagendijk, 2008, Hannah, 1979).     

Power cuts are comparatively rare in EU countries in comparison to the world as a whole. 

Figure 3 and Figure 4 compare the Unplanned System Average Interruption Indices (SAIDI) for selected EU 

countries over recent years. Poland’s performance is slightly behind other countries illustrated here on this 



6

metric, although it has been broadly improving since 2008 (Figure 3). The effect of a particularly severe 

outage event in Italy in 2003 is clearly visible in Figure 4. 

Figure 3: Unplanned SAIDI, length of outages, selected countries. Source: IEA (2016e) 

Figure 4: Unplanned SAIDI, length of outages, selected countries. Source: IEA (2016d) 

All electricity systems in EU countries are based on high voltage bulk transmission networks, 

feeding lower voltage distribution networks. The technical specifications of both transmission and 

distribution networks vary amongst countries. For example, in Germany transmission networks operate at 

220 and 380 kV, whereas in the UK the transmission voltages are 400, 275 and 132 kV. The European 

Network of Transmission System Operators (ENTSO-E) ‘represents 41 electricity transmission system 

operators (TSOs) from 34 countries across Europe, thus extending beyond EU borders’ (ENTSO-E, 2015). 

ENSTO-E was set up in 2009 by the EU’s Third Package for the Internal Energy Market, and has the 

objective of ‘completing and ensuring the optimal functioning of the internal energy market’ (ENTSO-E, 

2015). There are five synchronous areas across the European region covered by ENTSO-E, within each of 

which system frequency is synchronised (Figure 5). There are interconnections between synchronous areas 

however. 
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Figure 5: The five synchronous areas across the region covered by the ENTSO-E. Source: ENTSO-E (2015) 

Large scale generation stations inject power directly on to the high voltage transmission 

network. In many countries this remains the predominant form of power generation, meaning that 

distribution networks are passive networks for taking power down voltage levels to the consumer level. 

However, with the increase of small scale generators including renewables, increasing amounts of power 

are being generated at the lower voltage distribution network level. In one example, there was recently a 

one-hour period during which all power being generated in Portugal was being generated at the distribution 

level (Godinho Matos, 2017). For many countries increasing proportions of embedded generation in 

systems planned and designed for generation at transmission level only, will be a significant technical 

challenge.  

The role of the electricity sector in decarbonisation 

The electricity sector is generally considered to have an important role in the overall 

decarbonisation process. This is due to a number of salient features. The first is the high proportion of CO2

emissions that are currently attributed to electricity generation in most countries, as previously discussed, 

which would in any case make electricity generation a priority sector. The second is that there are a large 

number of low carbon technologies that produce electricity directly, including nuclear power, most 

renewable technologies, and CCS – hence the range of options and the potential for decarbonising 

electricity are large, and many of the technologies are currently available. The third point is that with some 

longer term technological changes, the demand for low carbon electricity in sectors which are otherwise 

hard to decarbonise could increase – for example in transportation and heat supply – which could require 

electricity generation to be not only decarbonised but significantly increased. Because of these features, a 
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very common output of low carbon scenarios, both for Europe and globally, is that the electricity sector 

decarbonises earliest and at a rapid pace. This early decarbonisation is then followed in many scenarios by an 

expansion of electricity demand, as it is increasingly taken up in sectors which are difficult or expensive to 

decarbonise by other means. 

As an example, Figure 6 illustrates the CO2 emission trajectories of electricity generation in 

four scenarios. All four scenarios are produced by the REMIND model as part of the ADVANCE project. 

One scenario – INDC – represents climate policies according to declared INDCs until the 2020s, with 

future projection of relatively weak policies thereafter. The other three, INDC2020_1600 / 1000 / 400, 

represent the INDCs until 2020, and subsequently limit the global CO2 budget to 1600, 1000 and 400 Gt 

CO2 respectively, between 2011-2100. It can be seen that even in the relatively weak INDC scenario, CO2

emissions from electricity generation fall rapidly and are reduced by around 90% from 2005 levels by 2050. 

Under 1600 and 1000 Gt CO2 budgets, electricity production is required to be zero carbon by the middle 

of the second half of the century, whereas under the 400 GtCO2 budget, a zero carbon electricity sector 

must be achieved by 2050. Thus, according to this modelling, emissions from EU electricity generation 

must fall to zero under scenarios consistent with a reasonable chance of 2°C, with extremely rapid 

reductions in emissions required over the next few decades. 

Figure 6: Electricity sector annual CO2 emissions in four scenarios from REMIND / ADVANCE. Source: Robert Pietzker. 
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Defining the boundaries of research for the case 

study 

As with all the 6 sectors, electricity is a broad sector, and composed of a number of distinct, 

albeit interrelated technological innovation systems. For example, in the electricity sector one could 

distinguish supply side (generation), demand side (end use), and transmission and distribution technologies. 

Within the broad category of supply side technologies, one could sub-divide renewables, other low carbon 

generators, and other unabated fossil fuel generators. The sub-category of renewables includes wind 

(onshore and offshore), solar (PV and thermal), wave, tidal (range and stream), and biomass (with various 

feedstocks). Non-renewable low carbon generators would include nuclear (fission, fusion, conventional 

large scale and small modular), and CCS (with coal, gas or biomass feedstocks). One could undertake a 

similar sub-categorisation for end use technologies and for transmission and distribution infrastructure 

technologies, as well as within each of the other five sectors. Table 1 illustrates this as a partially expanded 

nested structure. 

Table 1: Nested table showing categorisation and sub-categorisation of energy technologies. Partially expanded for electricity generation 
technologies only. 

Sector Sub-sector Sub-sector sub-
category 

Technology 
category 

Technology type 

Electricity Electricity generation Renewables Wind Onshore wind 

Offshore wind 

Wave 

Tidal Tidal range 

Tidal stream 

Solar PV Silicon 

Thin film 

Etc… 

Non-renewable low 
carbon 

Nuclear fission Conventional PWR 

Small modular reactor

Etc… 

CCS Pre-combustion 

Post-combustion 

Oxyfuel 
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Unabated fossil Coal IGCC 

Etc… 

Gas OCGT 

CCGT 

Etc… 

Electricity demand Etc.. 

Electricity 
transmission and 
distribution 

Etc.. 

Transport Etc.. 

Industry Etc.. 

Buildings Etc.. 

Agriculture Etc.. 

ICT Etc.. 

The viability of any technology is affected by dynamics in the sector overall – including 

progress in other competing or complementary technologies, growth or reduction in demand from end use 

sectors, and the opportunities or constraints presented by transmission and distribution infrastructure. Thus 

an awareness of whole-sector issues is fundamental to the analysis of any particular technology. However, 

the aim of the INNOPATHS case studies is to provide useful, policy relevant insights to inform on the 

challenges and opportunities of the EU energy transition. To this end, we focus on some key 

technologies/aspects of the electricity sector, and specifically some that represent good successes and 

problematic failures.  

The process of narrowing down the scope of the innovation system under study can be 

presented in stages. First it was decided to focus on generation technologies rather than end use 

technologies and sectors. This is because end use sectors such as buildings, transport and industry, as well as 

the effects on end use of ICT, will be examined in the other INNOPATHS case studies concerned with 

these sectors. Transmission and distribution networks are enabling infrastructures that connect supply and 

demand – hence it would have been unproductive to attempt to examine them in isolation. It was therefore 

decided to focus on generation technologies, factoring in their potential interactions with and implications 

for transmission and distribution infrastructures. Demand side technologies are largely excluded from the 

analysis on the grounds that the demand side is more in the area of the other sectoral analyses. 

Within the category of electricity generation technologies, further focus was required. Because 

INNOPATHS is concerned with low carbon futures, it was decided not to focus on unabated fossil fuel 

generation. Of the low carbon generation types, nuclear is a relatively established technology, and CCS still 

emergent. While both of these have interest in their own right, it was decided to focus on renewable 

technologies as these span sufficient range across the innovation chain to enable analysis of relatively 
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established technologies with the context of historical hindsight, as well as more recent and emerging 

dynamics, and future potentials. Renewable technology development is also an area in which both the EU, 

and EU countries individually, have put considerable effort, hence it is timely and worthwhile to carry out 

policy analysis to assess the effectiveness of this effort. 

The category of renewables is still very broad – there are fundamental technological 

differences between, for example, solar, wind, wave and tidal technologies. Therefore, a sensible 

innovation analysis within the category of renewables is likely to require a focus on technology categories 

that share fundamental engineering characteristics. The scope of a technology category suitable for the 

INNOPATHS analysis was therefore defined as one containing technologies with fundamental engineering 

similarities, even though specifics of installation scale and location may vary. This is on the basis that an 

innovation in the fundamental technology would have similar implications for any specific application of that 

technology. So, for example, solar PV as a technology category would include large and small scale, ground 

and roof mounted, on the basis that an innovation in photovoltaic material would improve performance or 

reduce cost for each of these particular applications. The category would not include solar thermal, 

however, on the basis that a fundamental innovation in PV materials would not affect solar thermal in the 

same way. 

Having defined in broad terms the scope of a suitable technology category, it remained to 

identify which particular technology categories to study in each of the five geographical areas. It was 

decided to identify one technology category per two countries – in other words two technology categories 

would be studied, and each would be studied in the context of two different countries. This would enable 

cross comparison for example of how different institutional, policy and infrastructural factors affect 

innovation in a given technology category, and to throw into clearer relief possible examples of success and 

failure in innovation in particular technology categories in different contexts. At the same time, the study of 

two different technologies, rather than a single technology across all four countries, enabled some 

consideration of the different dynamics across different technology types, and also allowed for the 

possibility that the same single technology might not have been the most interesting and informative case 

study across all four countries, as is explained further below. 

The selected technology categories are solar PV – to be studied in the context of Germany and 

Italy; and wind (including onshore and offshore) – to be studied in the context of Poland and the UK. This 

choice of technologies and countries is summarised in Table 2 below. 

Table 2: Summary of countries and technologies in the case studies 

Solar PV Onshore and offshore wind 

Germany √ 

Italy √ 

Poland √ 

United Kingdom √ 
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Each of these technologies has a long history of development, which extends beyond the 

timeframes and the national boundaries which are the focus of this study. Interest in using windmills to 

generate electricity dates back to the 19th century, and flourished in the mid-20th century in Denmark and 

the US as an off-grid technology, before government electrification schemes had reached their full extent. 

What is now the standard horizontal axis three bladed design is considered to have its prototype in the 

Danish Gedser turbine of 1953. The technology was again taken up by Danish companies in the 1970s in the 

wake of the oil crises, and was developed strongly through the 1980s due to market formation policies, 

including in the US (Jones and Bouamane, 2011). 

Although the photoelectric effect was established using selenium in the late 1870s, the first 

laboratory scale demonstration of a silicon based solar PV cell was made in 1954 by Bell Laboratories. The 

following year Bell laboratories developed a silicon PV module for powering telephone lines in Georgia, 

and from the late 1950s onwards PV modules were adopted in space technology to provide power for 

satellites and other vessels. From the 1970s an increasing number of commercial applications were found, 

research intensified following the oil shocks, and costs gradually began to come down (Perlin, 1999, Gross 

et al., 2018). Germany’s 1000 roofs programme from 1990 is considered to be the first market diffusion 

programme for PV (Gross et al., 2018).  

Thus it is important to bear in mind that innovation is a long process, often extending across 

multiple historical boundaries. 

Nonetheless in this study we focus on sections of this innovation process that have taken place 

within each of the four case study countries within the last few decades. Further justification for the 

association of these technology categories with these countries is given below. 

Germany has achieved significant success in promoting solar PV – it has the the third highest 

installed capacity in the world, after China and Japan (MRE, 2019). The analysis of PV in Germany will be 

able to consider from a historical perspective the policies and institutions that enabled this, which go back 

several decades, including early R&D support (Jacobsson and Lauber, 2006). However, there are also 

interesting complicating factors to the German PV story, including more recent global dynamics. For 

example, an effect of the sudden global price fall of PV modules from around 2008/09 was to bring about 

an adjustment of incentive support mechanisms. The global price fall also had a significant impact on 

Germany’s domestic manufacturing industry, which struggled to compete on cost (Yu et al., 2016). 

Italy has also had success in promoting PV – it has the 5th highest installed capacity of any 

country (BP, 2016), and when considered as a proportion, the highest share of electricity produced from 

solar PV of any IEA country, at 8.8% (IEA, 2016d). However, there is evidence that the PV innovation 

system may in some aspects have been less successful than in Germany, for example in terms of cost, as a 

recent paper discusses (Marcantonini and Valero, 2017). There were concerns that the subsidies were 

overly generous, and hence wasteful. Other barriers may have been the administrative burden on customers 

claiming the ex post incentive, as well as grid connection issues. 
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Although Poland’s electricity sector is dominated by coal, its renewable output has been 

growing in recent years, and wind is the largest technology contributor of renewable electricity – at 11 

TWh in 2015, slightly more than bio-electricity at 10 TWh; however the rate of increase of wind has been 

high in recent years whereas bio-electricity has levelled off (IEA, 2016e). However, the recent Renewable 

Energy Act 2015 overhauled the framework for renewable energy; and separate legislation amended the 

framework for developing onshore wind projects, which may make it harder for onshore wind projects to 

go ahead (IEA, 2016e). Moreover, if wind was to increase to the kinds of levels that could start to displace 

coal, this could create political resistance. Hence this case study would consider both the apparent success 

of policies so far, but also challenges ahead. 

While the UK’s offshore wind deployment is world leading, the onshore wind industry has 

been subject to mixed signals due to political and public objections to the technology. Although the UK’s 

offshore wind deployment has been successful, its domestic supply chain is very light on manufacturing 

(Wieczorek et al., 2013, Wieczorek et al., 2015). The extent to which this matters for a country like the 

UK, and whether it is a missed opportunity within its wind innovation system, will be a key question for 

this analysis. The costs, trade-offs and opportunities of the preference for offshore rather than onshore 

wind, including the resulting need for grid infrastructure and potential for interconnection with 

neighbouring countries, will also be an area of analysis. There could also be interesting comparisons 

between the UK and Poland in terms of public and political acceptability of wind, and how this plays into 

policy, potentially causing inconsistency; and whether wind can be seen as a source of industrial activity and 

growth to replace traditional industries. 

In general, comparisons between the case studies will cover issues such as: the reasons for 

apparent cost differences between the same technology in different countries; the role of original R&D in 

the countries, and the extent to which this has led to stimulating and maintaining a domestic manufacturing 

industry of benefit to the national economy, or whether the country has focussed only on deployment, 

relying on international actors and supply chains for manufacturing; the extent of co-ordinating activities 

undertaken by governments; the role of market risks and the development of innovative financial / market 

products; the role of different actors, for example citizens, communities, large companies; tension or 

conflict from other political factors, including public acceptance / legitimacy, perceived competition with 

other nationally important industries, and (especially for the UK) Brexit; technical challenges thrown up by 

the innovation, such as grid integration and infrastructure needs, and the potential to stimulate further 

innovation in supporting technologies such as batteries and IT systems. 

Whilst it will not be the intention to brand each of the case studies as being either wholly a 

success or wholly a failure, each country case study will consider successful and less successful aspects, as 

well as aspects that may be considered as in some regard a failure, within each case study context. 

Each of the case studies has a clear geographical scope defined by the national boundaries of the 

country in question. However, as is already clear from several of the issues mentioned in the preceding 

summaries, each will also have to make reference to how global dynamics have impacted upon the national 



14

innovation system, including the role of international markets and supply chains, both within and outside 

the EU. 

In addition to these four country case studies, a fifth case study will take an EU-wide 

perspective. This case study will take a slightly different approach. It will not attempt to take a particular 

technology category and examine it from a whole-EU perspective – given the importance of national and 

regional context, as will have been demonstrated through comparison of the four national-level case studies, 

such an approach is likely to be insufficiently granular. Rather, this EU-wide perspective will examine issues 

pertinent to low-carbon innovation within the electricity sector that are distinctly EU-level, rather than 

only national level, issues. This could include electricity market issues, the plans for Energy Union, and the 

integration of power markets; physical interconnections between countries, and how future infrastructure 

needs and power flow issues are being considered at the EU level; the need and value of coordination and 

shared plans, in areas such as electricity infrastructure as well as in ‘networked’ technologies such as CCS. 

Method 

The primary method for this research was literature review, drawing on academic 

publications, grey literature, as well as online databases for technology data, and journalistic sources in 

order to capture emerging political debates. 

Literature review was supplemented by undertaking 9 semi-structured interviews with experts 

spanning each of the four countries. The interviewees were from a mixture of policy, industry and NGO 

backgrounds. The interviewees were granted anonymity in order to encourage frank and open discussions. 

Accordingly the identities of the interviewees are not revealed in this report, but each is given an 

anonymous number to identify their quotes when used in the report. 
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Case studies (Part B) 

In the case of the Electricity Sector, two technologies will be explored: solar PV (Germany 

and Italy) and Wind (Poland and the UK).  
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Solar PV: Germany 

1 Identification of key elements of the innovation system in the 

sector 

1.1 Technologies and infrastructure 

1.1.1 Technology, innovation and technological readiness 

Solar PV as a power generation technology in Germany competes within a well-established 

existing system with a high level of incumbency. Figure 7 shows electricity generation by source in 

Germany, 1990-2018, and Figure 8 shows power generation installed capacity over the same period. These 

figures show the strong role in the German electricity system that has been played by incumbent 

technologies, coal, nuclear and gas, especially historically. However, although these sources are still highly 

dominant, accounting for around 60% of gross power production in 2018 (Figure 9), the growing 

contribution of renewable sources to generation output, especially since 2000, is highly noticeable (Figure 

7). Amongst renewable sources, wind (onshore and offshore combined) was the largest source of renewable 

power in 2018, generating 112 TWh, which was about 17% of total electricity generated. Solar PV was the 

next largest in output, generating 46 TWh, thereby accounting for 7% of total electricity generation. 

Biomass, hydro and waste followed on 7%, 3% and 1% of total generation respectively (Figure 9). 

Germany’s installed capacity is the third highest in the world (MRE, 2019).   

Thus, Germany is an important global market for solar PV. The technology has been driven 

forward in Germany by a number of policy instruments, which will be discussed in more detail during this 

case study. These demand drivers have to a significant extent stimulated domestic innovation and 

production; however, they have also stimulated an international market from which other global players 

have benefited, as will also be discussed. Despite the success of PV, and the decline in nuclear output, fossil 

fuel generation, especially from hard coal and lignite, remain highly significant in Germany’s power mix, 

and a significant incumbent technology against which PV is competing. These dynamics will be discussed 

throughout the case study.
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Figure 7: German electricity generation by source, 1990-2018. Source: CLEW (2019) 

Figure 8: Installed net power generation capacity in Germany 2002 – 2018. Source: CLEW (2019) 
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Figure 9: Share of energy sources in gross German power production in 2018. Source: CLEW (2019) 

Figure 10 shows gross power generation, gross power consumption and the net power export 

balance in Germany between 2000 and 2018. It is noticeable that until the early 2000s, power generation 

tracked power consumption very closely, resulting in relatively small annual levels of power import or 

export. This is what would be expected from a system dominated by dispatchable fossil fuel generators, that 

possess sufficient flexibility to be ramped up and down in response to demand, thus minimising supply-

demand mismatch which then results in the need for export or import.  



19

Figure 10: German power export balance 1990-2018. Source: CLEW (2019) 

The divergence between generation and consumption, beginning from around 2003 as shown 

in Figure 10, noticeably coincides with the growing share of renewables in power generation, as shown in 

Figure 7. It is conceivable that there is a causal link here, in that the variability of renewables makes it 

harder to match supply with demand, resulting sometimes in over-supply and increasing export quantities. 

Burger (2019) identifies the peak output of solar PV in 2018 as occurring at 1:15pm on the 2nd July, when it 

reached about 32 GW. As shown in Figure 11, the total generation output over this midday period 

exceeded 80 GW, in large part due to the very high output of solar. Data from ENTSOE however shows 

that demand on the German system at the same time was around 70 GW (Figure 12, panel (a)), suggesting 

that power would have been exported at a rate of around 10 GW at this time. 
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Figure 11: Highest power generation from solar PV in 2018. Source: Burger (2019)  

(a) (b) 

Figure 12: German electricity demand on (a) 2nd July 2018, and (b) 7th July 2018. Data from ENTSOE (2019)  

Figure 11 indicates that pumped storage, gas and hard coal were the main sources of flexibility 

in the power system during that week, with brown coal ramping down less frequently – the most noticeable 

ramp down occurring during a Saturday midday (7th July), when solar output was as high as it had been all 

week, but demand was lower at around 60 GW as it was the weekend (Figure 12, panel (b)). Even with this 

rather drastic ramp down, total generation was still above 70 GW, so there would have been an export of 

over 10 GW during this time. Thus, it appears that on the present system, during peak output periods for 

solar, supply tends to outstrip demand, leading to power export.  

Figure 13 shows that the balance of Germany’s power trades from January to October 2018 

resulted in a net income of €1.384m. The positive net balance was due to the fact that the quantity of 
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energy exported was greater than the quantity imported. However, as shown in Figure 14, the average 

price received per MWh of exported electricity from January to October 2018 was slightly lower than that 

paid for imported electricity. Figure 14 also shows that between 2006 and 2015, the average price of 

Germany’s exported electricity was in general higher than the electricity it imported; whereas in 2015 this 

situation was reversed, with the difference growing in the following years. Again, it seems reasonable to 

infer that the growing share of intermittent renewables may have been a factor behind this trend. The 

output of renewables cannot be controlled to coincide with peak demand, when prices would typically be 

highest. Figure 12 indicates that in Germany the shape of demand on a summer day has a peak at around 

midday, before tailing off gradually before the evening. Hence solar PV is actually reasonably well-matched 

to the summer peak; however it would clearly be less well matched to the winter peak – slightly higher at 

around 76 GW, occurring between 5-7 pm on a winter evening – to which solar PV cannot contribute 

because it falls outside of daylight hours. The winter peak is likely to be the time which commands the 

highest prices in Germany and neighbouring countries. Thus, when solar PV contributes to over-supply, 

this is not likely to occur at a time of the highest prices in Germany or in its neighbours, which may be a 

factor behind the reduction in the average price of power that Germany exports, relative to its imported 

power. 

Figure 13: German power trading, expenditure, revenue and net income, January to October 2018. Source: Burger (2019) 



22

Figure 14: Volume weighted average prices of German power imports and exports, Euro / MWh. Source: Burger (2019) 

Although the difference between the average prices of imported and exported electricity is 

relatively small at present, Figure 14 suggests that the trend may be towards a growing difference. If this 

trend does continue, there could be an increasing economic case for storage, as a means of avoiding having 

to sell electricity when it is not at its highest price. Storage could be a large scale option for companies to 

engage in arbitrage, but there is also increasing interest in this at the small scale consumer level, as will be 

discussed later.   

Burger (2019) also suggests that the level of solar PV is currently too low, on the basis  that in 

general over the summer months in 2018 it was insufficient to compensate for low wind generation levels 

(Figure 15). Berger also calculates an ‘optimal ratio’ for wind : solar installed capacity. According to this 

metric, installed capacity of solar PV needs to be increased by 16 GW to a total of 60 GW in order to reach 

the ‘optimal ratio’ (Figure 16, and Berger (2019)). However, this increase in installed capacity would 

further increase the challenges of managing the very highest solar output periods, where the spilled output 

would be even greater than was the case for the week depicted in Figure 11.  
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Figure 15: Monthly wind and solar PV generation in Germany, 2018. Source: Berger (2019) 

Figure 16: Wind : Solar PV – optimal ratio of installed capacity 

Nonetheless, increased deployment of renewables is required in order to meet Germany’s 

Energiewende target for power sector renewables (see section below). In order to achieve increased 

penetration of renewables, the electricity system will need to become a lot more flexible. From Figure 11 it 

appears that just over 30 GW, or almost half of summer weekday peak demand, is inflexible baseload. 

Greatly increased supply side flexibility, demand side flexibility, or storage, is likely to be required, along 
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with policies to incentivise them. Otherwise, increasing the strength of interconnections with neighbouring 

countries may be another strategy, provided their renewables outputs are complementary and not additive. 

However, if significant price differences persist between different markets, such as between Germany and 

neighbouring countries, then there could be political economy challenges if there is a perception that 

German consumers are ‘losing out’ due to the necessity to import power at a higher price than that for 

which it is exported.    

In relation to incumbent technologies such as coal and gas, PV is a relatively novel technology. 

However, within PV there is some segmentation – there is clearly a dominant technology, crystalline silicon 

(c-Si). Other PV techs are at R&D stage that are more novel than this. These include alternative materials 

such as thin film, as well as novel system configurations such as bifacial and heterojunction. However, 

whether they will eventually cause the obsolescence of the current dominant c-Si technology is not clear. C-

Si has had an impressive recent fall in costs, and some observers suggests costs can still fall further. The 

potential advantage of the novel techs seems to be their very high efficiencies at lab scale. However these 

have not yet been commercialised, and clearly they would need to be close to c-Si in terms of capital cost 

before any superior efficiency would seriously pay off.  

Rudyk et al (2015) analyse patent filings in solar PV, as shown in Figure 17. It shows that for 

most of the period 1995-2011 Japan led in number of patents filed. At the start of the period Europe was in 

second place, but was latterly overtaken by US and China.  

Figure 17: Patent filings in photovoltaic energy by region, 1995-2011. Source: Rudyk et al (2015), p. 50 

However, De Paulo et al (2017) suggest that countries that file the most patents are not 

necessarily the most important on technology development, suggesting that the UK, Germany and the US 

were the most relevant countries for PV because they had the most collaboration with other countries.  

There may also be important complementary technologies in relation to the PV system. For 

example, storage, EVs and smart grid management technologies.   
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In 2011, renewable energy accounted for 11.3% of Germany’s total primary energy supply, 

and 22% of its electricity generation. As stated in the Energiewende (discussed further in Section 1.3.2), 

the aim is for renewable energy to account for 60% of total final energy consumption by 2050. The share of 

renewables in electricity supply are intended to be 35% by 2020 and 80% by 2050 (IEA, 2013b). 

1.1.2 Infrastructure 

For historic reasons, Germany’s electricity transmission network is divided into four separately 

owned regions, each owned and operated by a separate Transmission System Operator (TSO, see Section 

1.2.2), and unbundled from generation and retail according to the EU’s market liberalisation requirements. 

The main support instrument for renewable electricity is the Renewable Energy Sources Act 

(Erneuerbare Energien Gesetz, EEG – discussed further in Section 1.3.4.2). Section 8 of the EEG requires 

that newly installed PV generation is connected to the network without restrictions, and renewable 

generators are given connection priority over conventional generators. This has raised some technical 

challenges associated with system balancing and stability. DSOs have the right to curtail PV in certain 

situations, if required to prevent blackout or damage to infrastructure. However, the EEG also obliges DSOs 

to make reinforcements to minimise curtailments (Rakhou and Collins, 2019). According to Rakhou and 

Collins, German network operators have generally managed the growth in PV capacity ‘through a 

combination of selective infrastructure reinforcement, optimisation activities and, in some cases, the use of 

new grid technologies such as controllable distribution transformers.’ Network reinforcement are passed 

through network charges to the end consumer in the region (Rakhou and Collins, 2019).  

Germany’s electricity transmission network is experiencing a challenge due to the fact that there 

is significant wind power potential in the north of the country, but major demand centres in the south. This 

means that deploying wind power in the windiest northern regions will entail a huge power flow from north 

to south during times of high wind and high demand. However, for historic reasons, there is in general less 

grid capacity in the north of the country, and interconnections between the four TSO regions are limited 

(IEA, 2013a) p. 122.  Consenting procedures have in the past created stumbling blocks to expansion of grid 

infrastructure. Procedures were carried out by authorities at the Länder level, which could result in delays to 

projects that crossed Länder borders. However, measures introduced as part of the Energy Package (2011) 

were intended to address such problems, including the Energy Industry Act (EnWG), which created a 

requirement for a joint network (or grid) development plan (Netzentwicklungsplan) to be prepared by the 

four TSOs, and submitted to the Federal Network Agency (IEA, 2013a) p.32. An amendment to the EnWG 

in 2016 decreed that the Grid Development Plan would be updated every two years (TransnetBW, 2019). 

The 2017 plan set out scenarios of possible grid expansion requirements for the system in 2030. The 2019 

plan will also focus on the year 2030 and is currently under consultation. Consultation on specific routes is 

an important part of the overall process. Although the GDP sets out the technical parameters of a transmission 

grid that ‘satisfies demands and can be operated safely’, nonetheless, ‘the specific planning of the geographic 

routes of power lines and exact technological solutions is not within the remit of the Grid Development Plan. 

Instead, this is part of subsequent approval procedures. The main purpose of involving the public at an early 
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stage is to improve the quality of the Grid Development Plan’ (Netzentwicklungsplan, 2019). Thus each plan 

undergoes a public consultation process before it is finalised (Netzentwicklungsplan, 2019). The Network 

Expansion Acceleration Act (NABEG) makes provision for the Federal Network Agency to carry out the 

permitting of grid projects that go across Länder boundaries (IEA, 2013a) 

A study by the German Energy Agency (DENA) in 2012 considered the future grid and looked 

at a number of technologies and options, including DC underground cables (IEA, 2013a)p. 124. However, 

this will come at increased cost, as underground cables are significantly more expensive per kilometre than 

overhead lines. 

However, solar PV has the potential to offer value to the grid, as it is more predominant in the 

south of the country, which could offset the north-south power flows and northerly predominance of wind 

(IEA, 2013a) p. 122-123. One interviewee confirmed that the spatial gradient of PV in Germany 

corresponds well to the spatial distribution of demand, suggesting that this meant solar PV would require 

less grid expansion than wind energy: “Southern Germany has a higher power demand and the solar 

production is stronger here. The produced amount therefore is used locally. The trasses are used more to 

transport wind energy” (Int. 2).  

On the other hand, a disadvantage of PV in a northern European climate is a temporal one – 

that its peak output tends not to coincide particularly strongly with peak demand. This is discussed further 

under demand, below. A further potential challenge for PV could be its highly distributed and small scale 

nature, which creates challenges for network operators in balancing the system. The 2012 revision of the 

Renewable Energy Sources Act (EEG) specifies that PV plants must install equipment that enables 

curtailment when needed, with the exception of plants up to 30kW which have the option to limit feed-in 

to 70% of peak capacity instead (IEA, 2013a) p. 123. However, developments in household scale storage 

could further help to avoid the need for transmission or distribution grid upgrades. One interviewee 

commented that major grid expansions would be unprofitable. Instead, “microgrids and intelligent 

networks should be used to start the trend of installing the most efficient energy source wherever it’s 

needed. That would mean for the north to focus on wind and the south on solar. Then, through private 

storage units neighbours and communities can regulate their intake and use better” (Int. 1) 

Network charges are borne by consumers through their electricity bills, and vary between 

different regions of the country. In rural areas in the east of the country grid fees are higher as they are 

shared out amongst a smaller population (Figure 18). Large additions of renewables in these areas can 

require expensive grid extensions and investments (Amelang, 2017).   
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Figure 18: Grid fees paid by consumers in different regions of Germany, 2009 and 2014. Source: Amelang (2017) 

1.2 Actors and networks 

There are several federal and state authorities who manage and regulate the electric power 

system and markets in Germany (IEA, 2013a): 

Federal Ministry of Economic Affairs and Energy (Bundesministerium für 

Wirtschaft und Energie, BMWi): BMWi is the principal ministry with responsibility for Germany’s 

energy policies, and for monitoring security of supply. 

The Federal Ministry for the Environment, Nature Conservation and Nuclear 

Safety (Bundesministerium für Umwelt, Naturschutz und nukleare Sicherheit, BMU): BMU 

administers the Renewable Energy Sources Act (EEG), and is responsible for environmental regulation 

affecting the energy sector, including in relation to climate change policy, pollution abatement, renewable 

energy policies and nuclear safety.  

Federal Network Agency for Electricity, Gas, Telecommunications, Post and 

Railways (Bundesnetzagentur, BNetzA): BNetzA is a federal authority under the BMWi. The agency 

is responsible for the further development of electricity and gas markets, including through liberalisation 

and deregulation. Bundesnetzagentur's activities in the energy sector are set out by the Energy Act (EnWG) 

and the Grid Expansion Acceleration Act (NABEG). 

Federal Cartel Office (Bundeskartellamt, BKartA): BKartA is the national competition 

authority, and oversees energy markets to avoid abuse of market dominance.  

The Monopolies Commission (Monopolkommission) evaluates competition and publishes 

biennial reports on competition in electricity and gas markets 
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The German Energy Agency (Deutsche Energie-Agentur, DENA): DENA is the federal 

government’s centre of expertise on energy efficiency and renewable energy and intelligent energy systems, 

jointly owned by the government and the KfW Bank Group 

The German “Länder” or regions have strong governance structures and areas of responsibility. 
Whereas the federal government is primarily responsible for creating national level legislation in the energy 
sector, the Länder have responsibility for administrative implementation (IEA (2013a) top of p. 24, and 33-
34) 

1.2.1 Demand 

As shown in 

Figure 19, the largest sectoral electricity demand is from industry. In 2017, net power consumption from 

industry was 249 TWh in 2011, representing 47% of the total. Trade and services accounted for 141 TWh 

(27%) and households 129 TWh (24%). Net transport demand is only 12 TWh, or around 2% of the total. 

Interestingly, overall net electricity demand has been quite stable since 2000, showing a small overall rise 

from 502 to 531 TWh. At the sector level, households and transport were more or less stable, industry 

showed only a small increase, and trade and services a slightly more significant increase. The effect of the 

financial crisis in 2009 shows up as noticeable dip, but demand immediately recovered (
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Figure 19, CLEW (2019)).   
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Figure 19: Net power consumption by consumer group, 2000-2017. Source: CLEW (2019) 

The correlation of demand to the output of solar PV is fairly weak. Ueckerdt et al (2015) 

analyse the capacity credits – the amount of conventional capacity that a given renewable technology is able 

to displace without reducing system reliability, as a percentage of the peak-rated installed capacity of the 

renewable technology – in two systems, Indiana (US), and Germany, for solar and wind, as shown in Figure 

20. They note that the capacity credit for solar is much higher than wind in Indiana, because peak demand in 

this system occurs during summer daytimes, due to air conditioning load, which evidently has a strong 

correlation with solar output. In Germany, by contrast, peak demand occurs during winter evenings, to 

which solar PV can make no contribution. Hence in this system, wind generally has a higher capacity credit, 

albeit much lower than PV’s initial capacity credit in Indiana, because wind output in Germany is not as 

strongly correlated to peak power demand as solar PV output is in Indiana (see lower two panels of Figure 

20). Ueckerdt et al also note that optimising the relative penetrations of wind and solar in either system 

would enable a higher overall capacity credit of the variable renewables in combination (see upper two 

panels of Figure 20). However, in both systems and for both technologies the clear decline in capacity 

credit as renewable penetration increases, can be seen. 



31

Figure 20: The capacity credit for different mixes and penetration of wind and solar PV for Indiana, US (left) and Germany (right). Source: 
Ueckerdt et al (2015) 

As noted, the capacity credit measure describes the amount of conventional plant that a unit of 

renewable capacity can displace for a given system, that is, assuming no other measures are taken to 

increase the flexibility of the system. Indeed, a conventional response to the increasing output variability 

brought about by increasing penetrations of renewables, would be to maintain and commission increasing 

amounts of back-up plant, which can be kept on standby and respond rapidly to fill any power gap caused by 

drops in renewable output. However, the above analyses of capacity credit suggest significant problems 

with this approach, as beyond a certain level of installed capacity of renewables, increasing installations 

enable vanishingly small displacements of conventional capacity. Attempting to balance a system with high 

quantities of variable renewables, where the only available strategy is maintaining conventional thermal 

fossil standby plant, would entail vastly increasing the overall capacity of the supply system, requiring large 

numbers of plant to be kept on standby. Such a system would very likely be expensive, resource-inefficient, 

and would negate some of the low-carbon benefits of the renewables it sought to deploy. UNEP (2015) 

report that studies from North America and Europe suggest that the requirement for increased system 

flexibility as a result of increased wind power, if met through keeping thermal plant on standby, would 

increase GHG emissions in the range of 5-70 gCO2e per kWh of wind energy generated.  

This is why other solutions to the temporal balancing problem are critical if solar PV is to be 

continued to installed in Germany in significant quantities. As will be discussed below, Germany has begun 
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to develop policies that reward generators that are able to offer more flexibility. However, it may be that 

further innovative solutions could be driven, such as demand side response and energy storage. 

Photovoltaic Energy Cooperatives (“Photovoltaik-Genossenschaften”) have also played an 

important role in supporting PV from the community level. There are around 800 energy cooperatives, or 

Genossenschaften, in Germany, most of which are involved in PV. Cooperatives enable ‘like-minded 

people’ to ‘come together to initiate solar power plant projects, often together with municipal decision-

makers, public institutions and regional banks. Investment risk and operator know-how are bundled 

through the cooperative’ (Genossenschaften, 2019).   

Another important innovation supporting small scale solar PV is the “Solardachbörse”, or 

“solar roof exchange” initiative. This online register enables those who have roof space, but do not wish to 

invest in PV themselves, to offer their roof space to potential investors in PV. Solardachbörse ‘provides the 

contacts via an online marketplace, the contact takes place directly between the providers or the seekers of 

the roof areas’ (Solardachboerse, 2019). 

Municipalities have also played a significant role in the promotion of solar and other renewable 

energy, for example drawing on planning and building regulation powers, and utilising the larger space 

footprint and energy demand of municipal buildings to support renewables (Kommunal Erneuerbar, 2019).  

‘Own-consumption’ is said to be ‘the driving force of the future PV market in Germany’ 

(GTAI, 2019c). Over 80% of PV installations by number installed in 2017 were below 10kWp in size – 

although this translated to 21% in capacity. Nonetheless, Germany is ‘by far the largest residential customer 

market in Europe’ (GTAI, 2019c).  

The growth in small scale PV installation may be driving growth in other technologies, such as 

small scale storage. Power storage in Germany is nearing 1 GW capacity overall, with home storage leading 

over grid scale storage (Figure 21). Customers choosing solar and storage combined systems are responding 

to falling prices in both solar modules and batteries. According to GTAI, the levelised cost of electricity 

from a home PV-battery system has fallen below the average retail price of grid electricity, creating an 

economic incentive for users to store excess electricity for own use at a later stage (GTAI, 2019a). 
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Figure 21: Cumulative installed capacity of home and industry power storage, 2015-2019. Source: Parkin (2019) 

These market dynamics have created new opportunities for companies able to provide solar PV 

within a wider energy service package. Senec GMBh offers home solar PV combined with battery storage. 

In addition the company offers a virtual power ‘account’ – if the PV panels are generating power and the 

storage unit is full, meaning the power has to be exported back on to the grid, this power can be ‘credited’ 

to an online account, from which power can be drawn down at a later time. This enables the customer to 

draw on this account at times when the panels are not generating, as well as to draw power at locations 

outside the home, such as when charging their electric vehicle, or using power in another building such as a 

holiday home (Senec, 2019). 

Sonnen GMBh also provides physical home-scale battery storage designed to integrate with PV 

and increase own consumption. Like Senec, Sonnen also offer a networked storage solution. However, 

rather than being based around a personal virtual account, the Sonnen offer is to join the 

‘sonnenCommunity’, a network of sonnenBatterie owners who are able to exchange excess energy between 

themselves, as well as to act as distributed storage to buffer grid fluctuations. Sonnen offer members of 

their community a ‘flat rate’ tariff, not linked to the quantity of energy used (Sonnen, 2019). The offer of 

providing distributed grid balancing services is something that could be rewarded by the TSO, further 

helping to reduce costs for Sonnen members.  

The region of Brandenburg is supporting home storage units with grants through its regional 

investment bank, Investitionsbank des Landes Brandenburg (ILB) (Hannen, 2018). This is partly intended to 

relieve pressure on the grid – noting that grid charges in the eastern part of Germany are the highest in the 

country.   
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There are thus potentially longer term opportunities for these kinds of companies – operating 

as energy service companies at a more ‘personal’ or agile level than the traditional energy company; they 

may be better placed to move into this space than the traditional energy companies. This is also a business 

model which may be less vulnerable to competition from mass production elsewhere, being not only about 

producing shippable modular pieces of kit, but integrated with a more personalised ‘energy as a service’ 

model. However, there is currently a 52 GW cap on small scale installations qualifying for the FIT, which is 

now being approached (discussed further in section 1.3.4, below), and this could begin to take the heat out 

of the market, if it remains in place. 

1.2.2 Supply 

E.ON, RWE, EnBW, and Vattenfall are the largest supply-side players in the German power 

market. These four large power companies (also known as CR 4) provide the majority of electricity 

generation, and retail supply in the country. In 2004, four companies owned more than 95% of the total 

generation in Germany (Weimar, 2016). However, with strong growth of renewables and distributed 

generation, in 2015 the market share dropped to 76% (BNetzA, 2016). In Germany, there are now more 

than 1000 electricity producers excluding rooftop solar Photo Voltaic (PV) panels (Weimar, 2016). By 

2013, distributed generation composed of 48% of Germany’s installed capacity, and 47% of energy-related 

industries produced their own electricity (Anon, 2013). 

Table 3: Electricity produced by four largest German companies (without electricity from renewable energy) (BNetzA, 2016). 

2014 
2015 

TWh Market Share TWh 
Market Share 

RWE 131.9 32.0% 125.1 
32.2% 

Vattenfall 74.1 18.0% 83.1 
21.4% 

EnBW 49.8 12.0% 49 
12.6% 

E.ON 43.6 11.0% 38.6 
9.9% 

CR 4 73.0% 
76.2% 

Other companies 27.0% 
23.8% 

Total net electricity generation 408.4 100% 388.2 
100% 

In the past German companies were also active in the production of modules and cells, but this 

has been affected by the entrance of international players into the market, notably from China. One of the 

interviewees reflected on the impact of Chinese production on German companies: “China has driven their 

production immensely through subsidies. In 2005, Germany was still producing modules and solar cells. 

Most of those companies are now insolvent, with SolarWorld as the newest example.” (Int. 1). However, 

this interviewee maintained that the activity of German companies within the supply chain was still 
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significant: “Considering the value chain, however, the engineering is still very qualitative, especially in the 

state of Baden-Würtemberg. Around 80% of the engineering of solar cell production happens in Southern 

Germany. This keeps the financial supports for research and production here high. (…) We export the 

necessary know-how to China up to this day. Even though this is bad for the German economy, the Chinese 

mass production helped the overall cost reductions in the sector.” (Int. 1) 

Another interviewee gave a more specific example of supply chain strength: “Germany has 

stayed a pioneer in the production of thin film PV. Some German companies, such as Inventux, Talesun and 

ZSW, are producing for all of Europe.” (Int. 2) 

The German electricity transmission system is divided into four regions owned by four 

separate Transmission System Operators (TSOs) (BNetzA, 2016).  

Amprion GmbH: It owns about 11 000 km of lines and around 160 transformer stations. It 

is the largest TSO in Germany. 74.9% of the company is owned by a consortium, whilst RWE holds the 

remaining 25.1%.  

TenneT TSO GmbH: The TSO manages about 10 700 km lines and operates 115 

transformer stations. It is owned by the Dutch TSO TenneT B.V. 

TransnetBW GmbH: It operates about 3 236 km of lines and more than 80 transformer 

stations. The TSO is owned by the EnBWEnergie Baden-Württemberg group.  

50Hertz Transmission: The TSO has about 9 840 km of lines and possesses 75 transformer 

stations. It is owned by the Belgian TSO Elia System Operator and Industry Funds Management. 

In 2016, there were about 875 Distribution System Operators (DSOs) in Germany and 798 of 

these had fewer than 100 000 customers (BNetzA, 2016). This is in considerable contrast to the UK, for 

example, where the total number of distribution network operators is 14. 

Table 4: Number of DSOs in Germany 

2008 2009 2010 2011 2012 2013 2014 2015 
2016 

Total DSOs 855 862 866 869 883 883 884 880 
875 

DSOs with more than 100,000 
customers 76 75 76 76 76 71 72 77 

77 

Retail Market:  

The German electricity market is dominated by the big four utilities (E.ON, RWE, EnBW and 

Vattenfall). However, due to increase in renewable generation and decrease in conventional generation, in 

the retail market, the market share of these utilities has been falling. The retail market share of the big four 
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was 45% in 2011, compared to about 50% in 2008. The rest of the retail sector is supplied by around 900 

municipal utilities (Stadtwerke) (IEA, 2013a). The Federal Cartel Office states that there is no longer any 

single dominant supplier in retail markets (BNetzA, 2016). 

Wholesale market: 

In Germany electricity is bought and sold on the European Energy Exchange or the European 

Power Exchange. The European Energy Exchange (EEX), is a leading energy trade platform in Europe 

where contracts for power, coal and emission allowances are traded of registered for clearing. EEX 

provides a spot market, a derivatives market and an over-the-counter (OTC) market for electricity.  The 

European Power Exchange (EPEX SPOT) enables trading power for today or the next day. EPEX SPOT is 

the exchange for the power spot markets in Europe representing almost 50% of the European electricity 

consumption (EPEX, n.d.). 

1.2.3 Research and innovation 

A successful innovation system requires activity at various stages of the innovation chain, and a 

balance between public and privately funded activity. An important link in this chain can be provided by 

Public Research Institutes (PRIs), a world-leading example of which is Germany’s Fraunhofer Institute. The 

Fraunhofer Institute is actually sub-divided into a current total of 72 institutes and research units, one of 

which, Fraunhofer Institute for Solar Energy Systems (ISE), specialises in solar technologies (Fraunhofer 

ISE, 2018). 

Other potentially relevant Fraunhofer institutes are: 

 IST (surface engineering and thin films) 

 IMWS 

 CSP (center for silicon photovoltaics) (part of IMWS)1

 ISI (systems and innovation) 

 ISIT (Institute for silicon technology – specifically group on power electronics systems for 

renewable technologies) 

1 https://www.imws.fraunhofer.de/en/presse/pressemitteilungen/OCP-group-cooperation-fertilizers-ammonia-
hydrogen.html
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 IFAM (Institute for Manufacturing Technology and Advanced materials) – supporting 

technologies such as batteries and storage 

 UMSICHT – Institute for environmental safety and energy technology – includes work on 

batteries and storage 

Fraunhofer’s bridging role is partly achieved by its funding model – around 30% of its revenue 

comes from federal and state governments as ‘base funding’, with the remainder won competitively from 

industry or from publically funded research grants (Fraunhofer ISE, 2018). This mixed funding base helps 

to ensure that the research activities remain connected with commercial industrial needs, but also have 

some flexibility to explore research into ‘next-generation and prospectively disruptive technologies which 

may be perceived as too risky or out of scope by existing firms’, thereby ‘bridging the gap between “basic” 

and “applied” research’ (Intarakumnerd and Goto, 2018). 

Another significant aspect of the Fraunhofer approach is the geographical colocation of the 

institutes with relevant industrial clusters and universities. ‘Fraunhofer institutes locate next to universities 

and / or research facilities of companies in many regions and forming integrated research compounds in 

those regions’ (Intarakumnerd and Goto, 2018). Fraunhofer ISE is headquartered in Freiburg, a city 

advanced in sustainable building design, where it is also part of the “Sustainability Center”. Fraunhofer ISE is 

also a partner in the Middle-Germany Solar Valley. 

Fraunhofer ISE has two main divisions, one focussing on photovoltaics, the other on energy technologies 

and systems. The photovoltaics division has been focussing on increasing the efficiency of silicon cells, as 

well as developing novel ‘multi-junction’ solar cells of semiconductors and silicon, which can surpass the 

maximum theoretical efficiency of silicon only cells. The energy systems division is working on balance of 

plant components such as inverters, energy monitoring platforms and battery storage technologies. Other 

important research institutes involved in thin film PV and other novel materials and systems, are 

Forschungszentrum Jülich (Forschungszentrum Jülich, 2019), ZSW (ZSW, 2019)and ISC Konstanz (ISC, 

2019). 

The ‘Solarvalley Mitteldeutschland’ is a network funded by the Federal Ministry of Education 

and Research (BMBF) by the three states of Saxony, Saxony-Anhalt and Thuringa. It aims to support 

research, development, education and networking in relation to PV in eastern Germany, seeking an ‘energy 

turnaround’ as a boost to the regional economy in the face of global competition (Solarvalley, 2019).  

Owing to such institutes and activities, one of the interviewees asserted that Germany was still 

a world-leader in PV research: “We are still number one in terms of research. There are many institutes 

such as Frauenhöfer or ISC” (Int. 1). 
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1.2.4 Supporting institutions 

Financing 

The KfW Bankengruppe is the Bank for Reconstruction. It is owned jointly by the Federal 

government (80%) and the Länder (20%). The KfW offers low interest loans for financing renewable 

energy projects. The stability of Germany’s feed in tariff regime (see below) may also be contributing to 

reducing risk and thereby reducing the cost of financing (IEA, 2013b). As renewables are capital intensive 

but with low operational costs, addressing the cost of financing is a key policy instrument. 

1.3 Policies and Institutions  

1.3.1 Capacities and institutions 

Germany is a federal political system, with 16 regions or Länder. It has a bicameral parliament, 

comprising a federal assembly (Bundestag) and federal council (Bundesrat). The representatives in the 

Bundestag are elected by popular vote, while the Bundesrat is formed based on the composition of the 

elected governments of the Länder. The head of state is the President, while the Chancellor is the de facto 

political leader. One of the President’s duties is to propose the Chancellor to the Bundestag, however in 

practice this is on the basis of the outcome of coalition talks following a national election, and thus is based 

on the party leader most able to gain the support of the Bundestag (IEA, 2013b, Anon, 2018b).  

1.3.2 Overarching national and supra-national strategies 

The Energiewende, or ‘Energy Concept’ is Germany’s key overarching framework on energy, 

which sets out a future pathway for a secure, environmentally and economically sustainable energy system. 

Its key climate targets are a 40% GHG emission reduction by 2020, 55% reduction by 2040, and 80% 

reduction from 1990 levels by 2050, with a possible extension to 95% (Oltermann, 2016). It also sets 

targets for renewables – by 2050 at least 80% of electricity supplied should be from renewables, with 

renewables accounting for 60% of energy supply overall. It also deals with energy efficiency, targeting a 

50% reduction of primary energy consumption by 2050 (20% by 2020) relative to 2008. The 

Energiewende also includes the aim to phase out nuclear power by the end of 2022. It is intended to 

provide a clear long-term basis for planning and investment for energy system stakeholders, and provides 

the overall direction of travel. The key targets are summarised in Table 5.  

Table 5: Targets contained in the Energy Concept / Energy Package. Source: IEA (2013a) p. 27 

2010 2020 2030 2040 2050 

Reduction in GHGs (base year: 1990) -27% -40% -55% -70% -80% 

Share of renewable energies in total final energy consumption 10% 18% 30% 45% 60% 
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Share of renewable energies in electricity consumption 20% 35% 50% 65% 80% 

Reduction of primary energy consumption (base year: 2008) -5% -20% -50% 

Reduction of electricity consumption (base year: 2008) -1% -10% -25% 

Reduction of final energy consumption in the transport sector (base 
year: 2008) 

-10% -40% 

The high-level objectives provided by the Energy Concept must then be translated into more 

specific strategies, ‘steering targets’, and ‘individual measures’ including ‘acts, ordinances, funding 

programmes, etc’ – as illustrated in Figure 22. 

Figure 22: Target architecture for the Energy Transition. Source: BMWi (2019) 

A number of these specific acts and ordinances were introduced as part of The Energy Package 

in 2011. This package of measures included 8 key elements (IEA, (2013b) p. 28): 

 Act to Accelerate the Expansion of Electricity Networks (NABEG)  
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 The Energy Industry Act (EnWG), for the transposition of the Third Internal Market 

Directive 

 Renewable Energies Act (EEG), for cost efficient expansion of renewables 

 The Nuclear Energy Act, for phasing out nuclear power plants by 2022 

 Energy and Climate Fund Act 

 Act to Strengthen Climate-compatible Development in Cities and Municipalities 

 Act on Tax Incentives for Energy-Related Modernisation of Residential Buildings 

 Ordinance on the Award of Public Contracts    

Several of these acts and ordinances will be discussed in more detail in later sections. Progress 

on the objectives of the Energiewende is subject to monitoring and regular progress reports (IEA, 2013b). 

Germany has processes for long-term funding for scientific R&D through its National Research 

Institutes such as the Fraunhofer Institutes (as discussed above in Section 1.2.3). 

1.3.3 Cultural values and expectations, and political ideologies 

The early roots of the modern German green movement were based in reacting against coal 

and nuclear, producing strong public support for renewables (especially solar and wind). Nonetheless, 

strong coal and nuclear lobbies remained – support for coal and coal regions is still politically sensitive. 

The Fukushima disaster in Japan in 2011 had a significant impact on German energy policy, re-

energising opposition to nuclear power and causing a major reappraisal. Chancellor Merkel responded 

almost immediately by suspending a decision to extend the lifetimes of Germany’s nuclear power stations 

(BBC, 2011d). Within three months the government announced that the eight oldest plants, which had 

already had operations suspended due to safety concerns, would not be reopening, six more would close by 

2021 and the three newest by 2022 (BBC, 2011a). As noted above, this commitment was passed into law 

by the Nuclear Energy Act, as part of the 2011 Energy Package (IEA, 2013b). Comments of one of the 

interviewees were aligned to this opposition to nuclear energy, and also positioned solar PV has having a 

crucial role in response to this: “currently a second phase of the PV rise is occurring here. After Fukushima 

we need to remember why it is crucial to close down all power stations, aligning with the guidelines of the 

Paris Agreement 2015” (Int. 1). 

Opposition to nuclear power has also been based around concerns about the storage of nuclear 

waste. The role of the Länder is important here, as Länder often oppose being required to store wastes that 

have been generated in another Länder. Krämer identifies this as a general aspect of public perception which 

can apply to other kinds of waste: ‘There seems to be a general tendency in German public opinion to 
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require that storage facilities – such as for CO2 or for nuclear waste – should best take place close to the 

location of the power plant’ (Krämer, 2011).  

Accordingly, CCS has also been a controversial technology. Objections to CCS seem to be 

stronger in the areas which are potential candidates for underground storage (Braun, 2016) - Schleswig-

Holstein and Niedersachsen. Due to representations of the regional governments of both of these Länder, a 

‘Länder clause’ was inserted in the German CCS bill, giving Länder the ability to authorise or prohibit CO2

storage on their territory. Krämer (2011) writes that ‘their main argument was that they refused to be the 

‘CO2-WC’ for those German Länder, where coal-fired (lignite-fired) power plants were to be constructed 

or retrofitted’. Krämer further suggests that ‘generally, political parties, be it at the regional or the national 

level, which favour nuclear or CCS technologies – and these two technologies are often put on the same 

level in public discussions – run a strong risk of losing votes or even elections’ (Krämer, 2011). 

Thus, although the Federal German government is in principle interested in investigating CCS, 

there is potential for it to run up against objections at Länder level and from the wider public. In 

combination with the clearly stated policy to phase out nuclear power, this could take off the table two 

potentially large sources of low carbon electricity. This further emphasises the critical role of renewables in 

meeting Germany’s GHG targets. 

The importance of the regions in Germany’s politics is also clear. Regional politics and 

identities have the potential to make themselves felt through strong regional governments. The historical 

development of Germany’s electricity transmission networks is also an important factor which continues to 

influence the development of its system. Inter-regional transfers can be inhibited by limited inter-regional 

transmission networks. This could provide an impetus for innovations for managing variable renewable 

output in the absence of strong interconnection, such as storage, demand side management, active network 

management. 

German retail electricity prices are amongst the highest in Europe, with costs at least in part 

driven by renewable energy support through the EEG. Industrial users are given certain exemptions to the 

added energy costs of renewable support policies, in order to support German industry; however, this 

leaves the small domestic consumer with a greater share of the burden. Objections to rising energy costs 

may be a cultural issue that German policy makers will need to face (IEA, 2013b).  

Policy support for renewable energy is of course mediated by political dynamics. One 

interviewee expressed the view that “the possibility of a new Jamaica-coalition2 is exciting. Currently, the 

Green Party is the only one with a specific PV agenda” (Int. 1). However, the same interviewee also noted 

the significance of concerns relating to the preservation of jobs in traditional coal-mining areas: “the SPD 

shifted away from this focus to help keep the many jobs in the Ruhr area” (Int. 1). Another interviewee 

picked up this theme: “especially the Ruhr area, which thrives off the coal industry doesn’t want the 

takeover of RES to happen. For example, in case a big coal company would go insolvent, whole 

2 A coalition between the leading Christian Democratic Party, Free Democratic Party and Green Party 
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communities and cities would suffer from this in terms of high unemployment rates and economic 

problems” (Int. 2). 

One of the interviewees felt that, despite its relatively high level of deployment in Germany, 

there was a challenge with social acceptance for PV. This was related to the effects of the ‘gold rush’ 

dynamic in the early 2000s, followed by the boom and bust: “since everybody wanted to be part of the gold 

rush, many companies settled for solar production. The high number of new entrants led to an overcapacity 

of supply, both terms of producing and employment, and therefore many bankruptcies”  (Int. 1). The same 

interviewee also contrasts the effectiveness of the PV “lobby” with that of fossil fuel industries, who are 

motivated to lobby against what is a direct competitor: “it is also a problem that the PV lobby is not 

professionally established enough now, especially considering the high efficiency of the fossil lobby. Big 

fossil companies also negatively influence the public image of PV - since it is a technology that’s very easy to 

privatize, the big energy firms would only serve as a grid stabilizer and cut down heavily in profits. That’s 

why they fight it” (Int. 1). 

In 2018, Germany established a “coal exit commission” – a taskforce on phasing out coal 

power. Amongst its primary aims is to “develop “concrete prospects” and transition plans for the economic 

future of lignite-mining regions and identify strategies to reconcile climate action with economic stability” 

(Wehrmann, 2018). Although manufacture of PV systems has greatly reduced due to international 

competition, there are hopes that battery production may enable a smoother “coal exit” if it can offer 

replacement jobs, with some talking of the prospect of “gigafactories” for battery production being built in 

traditional coal mining areas. Amelang quotes economy state secretary Thomas Bareiß as saying in August 

2018, “in the past weeks alone, I had discussions with three investment consortiums with very concrete 

ideas for a gigafactory and that want to make a specific investment. A lot is happening” (Amelang, 2018). In 

September 2018, economy minister Peter Altmaier announced a planned cooperation between Germany 

and Poland on battery cell production, which could be located in the eastern German mining region of 

Lusatia and western Poland (CLEW, 2018). Also in 2018, Chinese battery manufacturer CATL announced 

plans to build a large battery factory in the eastern state of Thuringia, to supply the electric vehicle market 

(Sherman, 2018). Battery development and production has been announced as a ‘strategic imperative for 

Europe in the context of the clean energy transition’ (EC, 2018). 

1.3.4 Market arrangements and technology specific policies 

1.3.4.1 Regulation 

Energiewende 

The Energy Concept (Energiewende) provides the overall roadmap for Germany to meet its 

2050 energy and climate change actions targets. It contains actions regarding the energy mix, boosting 

renewable sources, transmission and distribution infrastructure and energy efficiency (Craig Morris, 
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November 2012, Revised July 2016). The Federal Network Agency BNetzA is monitoring the 

developments in electricity and regularly reports its findings.  

A 2012 amendment to the Renewable Energy Sources Act (Erneuerbare Energien Gesetz, 

EEG – see below) makes the Energiewende targets relating to electricity legally binding – at least 35% by 

2020, 50% by 2030, 65% by 2040 and 80% by 2050 of electricity supplied must be from renewable 

sources (IEA, 2013b).  

Network Expansion 

The Power Grid Expansion Act (EnLAG) was introduced in 2009 to enable installation of 

extra-high voltage electricity lines. There are a total of 22 projects of which the German TSOs are 

responsible for planning, establishing and operating (BNetzA, 2016). Relevant federal state authorities are 

in charge of planning and approval procedures for construction of around 1 800 kilometres of new lines 

(BNetzA, 2016). 

Future Electricity Markets 

Federal Ministry of Economic Affairs and Energy (BMWi) is designing a new electricity market 

for the ambitious energy transition in Germany: the electricity market 2.0. The main goal is to integrate 

renewables efficiently into electricity markets, by encouraging liquid markets to promote efficient pricing, 

and by ensuring electricity providers meet their supply obligations. In 2016, the Bundestag and the 

Bundesrat introduced the Act on the Further Development of the Electricity Market and the Act on the 

Digitalisation of the Energy Transition. The main purpose is to provide rules for competition between 

flexible supply, flexible demand, and storage. In addition, these Acts aim to enable innovative business 

models to be developed for use within the electricity market 2.0 (BMWI, n.d.). 

1.3.4.2 Economic and financial instruments 

Subsidies 

In Germany targeted subsidy schemes were rolled out in the 1990s and early 2000s (Yu et al., 

2016). The first PV investment subsidy scheme – the 1000 Rooftop Programme – was launched in 1989 

(Polo and Haas, 2014). The 100,000 Roofs Programme lasted from 1999-2003. This programme offered 

‘soft loans’ – initially at 0% interest, for payback over 10 years. The take up was initially disappointing, 

until broadened to include installations above 1 kW. Yu et al suggest these were responsible for a rapid 

increase in installations in the early 2000s (Yu et al., 2016). 

Feed-in tariffs 

The main support instrument for renewable electricity is the Renewable Energy Sources Act 

(Erneuerbare Energien Gesetz, EEG). This legislates for preferential grid access for renewables, and 

provides technologically differentiated feed-in tariffs for 20-year contracts, which decline annually 



44

(degression rates) to account for technological improvement and encourage cost reduction (see Table 8). 

FITs also vary by year and vintage. In the case of wind generators receive an initial high tariff for a period 

which can range from 5 to 20 years, before resorting to a lower final tariff. In the case of solar the tariff 

varies depending on capacity and location of the plant (Marcantonini and Ellerman, 2015). An overview of 

feed-in-tariffs under the EEG for wind and solar is presented in Table 6, below. The subsequent Table 7 

summarises installed capacities and energy generated by solar and wind over the same period (both tables 

from (Marcantonini and Ellerman, 2015). Further context to the dynamics of these changes is given in the 

following discussion. 

Table 6: Wind and solar FIT levels and total expensiture in Germany, 2000-2010. IT: initial tariff; FT: final tariff. Expenditure: total annual 
expenditure for wind and solar FIT. The level of the solar FIT depends on the capacity and location of the solar plant and ranges between the 
Minimum rate and Maximum rate. All the data are in nominal values.Source: Marcantonini and Ellerman (2015), Table 1, p. 214.  

Wind 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

Onshore IT [¢/kWh] 9.10 9.10 8.96 8.83 8.70 8.53 8.36 8.19 8.02 9.20 9.11 

FT [¢/kWh] 6.19 6.19 6.10 6.01 5.50 5.39 5.28 5.18 5.07 5.02 4.97 

Offshore IT [¢/kWh] 9.10 9.10 8.96 8.83 9.10 9.10 9.10 9.10 8.92 15.00 15.00 

FT [¢/kWh] 6.19 6.19 6.10 6.01 6.19 6.19 6.19 6.19 6.07 3.50 3.50 

Expenditure [Bn€] 1.44 1.70 2.30 2.44 2.73 3.51 3.56 3.39 3.34 

Solar 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

Minimum 
rate 

[¢/kWh] 50.62 50.62 48.09 45.68 45.70 43.42 41.24 39.18 37.22 31.94 28.43 

Maximum 
rate 

[¢/kWh] 50.62 50.62 48.09 45.68 57.40 54.53 51.80 49.21 46.75 43.01 39.14 

Expenditure [Bn€] 0.08 0.15 0.28 0.68 1.18 1.60 2.22 3.16 5.09 

Table 7: Annually installed wind and solar capacities and the amount of electricity generated, Germany 2000-2010. Total capacity: total 
installed capacity; Installed capacity: annual installed capacity; Wind electricity: total final electricity produced by wind energy; Offshore 
electricity: total final electricity produced by offshore wind energy; Solar electricity: total final electricity produced by solar energy. Source: 
Marcantonini and Ellerman (2015) 

Wind 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

Total 
capacity 

[GW] 6.1  8.8 12.0 14.6 16.6 18.4 20.6 22.2 23.8 25.7 27.2 

Installed 
capacity 

[GW] 1.7 2.7 3.2 2.6 2.0 1.8 2.2 1.6 1.6 1.9 1.5 

Wind 
electricity 

[TWh] 9.5  10.5 15.8 18.7 25.5 27.2 30.7 39.7 40.6 38.7 37.8 

Offshore 
electricity 

[GWh] 38 174 

Solar 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 



45

Total 
capacity 

[MW] 76  186 296 435 1,105 2,056 2,899 4,170 6,120 9,914 17,320

Installed 
capacity 

[MW] 44  110 110 139 670 951 843 1,271 1,950 3,794 7,406 

Solar 
electricity 

[GWh] 64  76 162 313 556 1,282 2,220 3,075 4,420 6,583 11,683

The German feed-in tariff is often discussed as an early example of market creation policies for 

renewable energy (Jacobsson and Lauber, 2006). It was introduced in 1990, after several years of 

development and debate. It had cross party political support, despite opposition from within the government 

economics ministry to the provision of subsidies. The policy was reformed in 2000 with the implementation 

of the Renewable Energy Sources Act in 2000. This was also controversial – with some in government 

expressing a preference for a quota system, and opposition from established industrial groups.  

From around 2009 global prices of PV modules began to fall very rapidly. As illustrated in Figure 

23, from 2009 to 2015 the levelised cost of c-Si PV was cut by almost two thirds.  

Figure 23: Global average levelised cost of electricity for wind and solar, Q3 2009 to H2 2015, $ per MWh. Source: Bloomberg New Energy 
Finance. Figure from Frankfurt School-UNEP Centre and BNEF(Frankfurt School-UNEP Centre and BNEF, 2016) 

This notable cost reduction was achieved due to both demand side and supply side factors. On 

the demand side, the effect of policies such as the feed-in-tariff in Germany, as well as similar policies in other 

countries, was significant in creating the kind of market-pull that could stimulate scaled-up production. As 

shown in Figure 24, during the decade of the 2000s, Germany accounted for substantial proportions of global 

PV installations, peaking at around 70% of global demand in 2005 (Yu et al., 2016). One of the interviewees 

recalled this period: “The political framework was very good around 2000-2001 because of the introduced 

buyback into the grid system, allowing generated excess energy to be sold back into the grid at a above market 

price. This was introduced by the Green Party and social democrats SPD and stimulated the market to be a 
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forefront for installations: The annual new installations were around 7GW” (Int. 1). At the same time, 

German domestic production was not sufficient to meet demand for installations in Germany. Figure 25 

shows that German cell production was consistently below German demand for installations. The balance 

was met by imports – in 2005 Germany’s top three importing partners were Japan (32%), China (16%) and 

USA (9.6%) (Yu et al., 2016). Thus, Germany’s domestic PV support policies were contributing to 

significant global demand. 

Figure 24: Share of installations in Germany, China and Japan in relation to the rest of the world, 2001-2013 (%). Source: Yu et al (2016) 
Figure 3, p. 462 

In response to this demand, on the supply side, manufacturing focussed technology push policies 

especially in China, focussing on standardisation and mass production, were able to drive down costs 

substantially. China quickly become the largest global manufacturer of cells – already representing 29% of 

global production in 2007, and 60% by 2012 (Yu et al., 2016). 

The speed with which prices came down meant that feed-in tariffs in many places, including 

Germany, began to look over-generous in relation to the cost of the technology on the global market. Policy 

makers struggled to update their policies in response to these rapidly changing global dynamics. In countries 

such as Germany the combination of attractive subsidies and falling prices caused a rapid uptake in solar cells, 

as shown in Figure 25. In 2010, 288,000 installations of small scale solar PV (less than 100 kW) took place 

constituting 62% of added capacity in that year (IEA, 2013b).  

In response to the falling costs in 2008 a new law introduced a degression rate so that the 20 

year fixed tariffs now decrease year on year. From 2009, the degression rate was adjusted according to the 
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annual installed capacity (Polo and Haas, 2014). Even with this measure, four further unscheduled reductions 

of solar PV FITs were made in the years 2010-2012, as global PV costs continued to drop (IEA, 2013b). 

Figure 25 shows the effect on German installations of these measures, with a significant flattening 

out from 2010, and then a substantial fall in 2013. It also shows the effect on German domestic cell 

production, which dropped significantly from 2011. Germany’s production of PV cells is now much reduced. 

As a result of these dynamics several German manufacturers went out of business (Yu et al., 2016). However, 

Germany has still maintained capacity in other areas of the PV supply chain, such as production of inverters 

and other components used to manufacture PV cells (Hoppmann et al., 2014). 

Figure 25: Annual installations and cell production in Germany, 2000-2013. Source: Yu et al (2016) 

Table 8: Feed-in tariffs from renewable energy installations, 2012. IEA (2013b) p. 116 

Energy source 2012 EUR/kWh Degression 

Hydropower 0.034 – 0.127 1% 

Landfill gas, sewage gas, mine gas 0.0398 – 0.086 1.5% 

Biomass 0.06 – 0.25 2% 

Geothermal 0.25 – 0.30 0% 

Onshore wind 0.0893* 1.5% 

Offshore wind 0.15 0% 

Solar energy 0.1203 – 0.2443 Flexible up to 29% per year 
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*Subject to certain provisions 

By the end of 2010 about 50.7 GW was eligible under the EEG – an increase of 9.3 GW from 

the previous year, of which 7.1 GW had been solar PV. In 2011 the total capacity under the EEG was 65.8 

GW, including 25 GW of solar PV. 

In 2013 the additional cost incurred by the EEG (the EEG surcharge) was €20.36 billion in 

total, a 47% increase on the previous year. For an average domestic consumer this was an additional €59 on 

the annual bill. Marcantonini and Ellerman (2015) report the expenditure on wind and solar FITs in 2010 as 

€3.34 bn and €5.09 bn respectively. Allowing for additional costs such as balancing costs, as well for savings 

such as fuel and capacity savings of conventional plant, Marcantonini and Ellerman calculate the overall 

carbon surcharge in 2010 as 45 €/tCO2 for wind and 537 €/tCO2 for solar. The authors find that in the 

case of wind, the carbon surcharges tend to be higher than, but of the same order of magnitude as, EUA 

prices (which reached €30/tCO2 in April 2006). However, for solar the carbon surcharge tends to be an 

order of magnitude higher.  

In 2011 Germany was a net exporter of electricity. In February 2012 it continued to export 

electricity during a cold snap, with solar PV contributing to midday demand, and wind to the evening peak. 

In June 2012 an amendment to the EEG established that FITs for solar PV would no longer be 

allocated after 52 GW of installed had been reached – the indicative target for 2020 set by the National 

Renewable Energy Action Plan (NREAP). This ‘June Amendment’ also established that only 90% of 

produced electricity would now be eligible for the FIT. With total installed capacity having reached 45 GW 

by the end of 2018 (Figure 8) it is possible that this cap will be met soon. The German Solar Association 

(BSW) has called for the cap to be removed, on the grounds that it was established at a time when FITs 

were still high – whereas costs of PV, and correspondingly, FITs, have fallen substantially since then 

(Witkop, 2018). 

Table 9 shows feed-in tariff levels under the EEG in 2012. These constitute substantial 

reductions from the FITs in 2004 – for example ground mounted installations were awarded 45.7 Euro 

cents per kWh, and small roof top systems 57.4 Euro cents /kWh, in 2004. 

Table 9: New feed-in-tariffs from 1st April 2012, in ¢/kWh, under the Renewable Energy Sources Act. IEA (2013b) p. 125 

Start of operation Installed capacity roof-top Free field installations 

As of 1st January 2012 Up to 30 kW Up to 100 kW Up to 1,000 kW Above 1,000 kW Conversion areas Others 

24.43 23.23 21.98 18.33 18.76 17.94 

As of 1 April 2012 Up to 10 kW Up to 1,000 kW Above 1,000 kW, 
max 10 MW 

All, max 10 MW 

19.5 16.5 13.5 13.5 

80% 90% 
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The FIT for small roof top systems is now lower than the retail cost of electricity for 

households – grid parity has been surpassed. 

Marcantonini and Ellerman (2015) report that further reductions subsequent to the figures 

given in the above table were made, and that by January 2014 solar FITs were in the range 9.47-13.68 

¢/kWh – not much higher than the 2014 rate for onshore wind, which was 8.6 ¢/kWh. However, these 

rates apply to new installations only, so the expenditure on FITs will continue to be high for as long as 

installations with contracts issued under the terms of previous years remain a significant part of the 

portfolio, unless steps are taken to retrospectively alter these contracts. 

In 2012 capacity owners were given the option to opt out of the FIT and sell electricity 

directly on the market – with the EEG providing top ups to the FIT level. Whilst this may not appear to 

make much difference in terms of income to owners, the aim is to gradually move PV capacity owners 

closer to the market. For example, small scale roof top owners, if responding more to market signals, 

might choose to self-consume power when prices are low, and sell it when prices are high, which is likely to 

contribute positively to system balancing. However, few capacity owners have opted for the new system 

(IEA, 2013b). 

A 2012 amendment to the EEG included a flexibility premium, to reward flexible renewable 

generators such as biogas-fired generators; and a locational incentive whereby compensation payments for 

curtailment are limited to 95% of the lost revenue – this is intended to encourage generators to locate in 

regions where curtailments are less likely, although the generator’s lost income from the partial curtailment 

payments is limited to 1% of annual income (IEA, 2013b). 

Pahle and Schweizerhof discuss the need for ‘tough love’ – risk transfer for renewables in 

Germany, making prices received by renewables more exposed to market risk (Pahle and Schweizerhof, 

2016). 

In January 2014, the German cabinet backed a proposed amendment to the EEG which would 

remove the complete exemption for solar PV own-consumers from the renewable energy surcharge, a levy 

on electricity consumers (although some industrial consumers were allowed exemptions) to fund the cost of 

the FITs. As shown in Figure 26, in 2014 this levy was at 6.24 cents / kWh. From 2014, the proposal was 

for solar PV owners to pay 70% of this on their own-consumed energy, 4.4 cents / kWh (Forbes, 2014). 

One of the interviewees linked this development to the activities of fossil fuel lobbies, who were anxious at 

the rapid progress being made by solar PV: “Then politicians got scared and started blaming the technology. 

The storage and distribution grids were made out to be overloaded, which wasn’t true. Lobbies were a big 

influence in this, as they demanded from the politicians to shield the fossil fuel sector and related companies 

from bankruptcy. As an answer to this taxation on own consumption was introduced. This reduced the 

annual new installations down to 1.5GW instead of 7GW” (Int. 1). However, in spite of the significant fall 

in annual installations in 2013, in the following years PV did continue to grow, albeit at more modest rates 

of between 1 and 3 GW per year, as shown in Figure 8. As one interviewee observed, “now, we are 
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experiencing a sector growth regardless of this taxation. The reason for this is that PV really is the cheapest 

form of RES, encouraged by the Chinese production” (Int. 1). However, looking to the future, the 

interviewee observed, “first of all the taxation on own consumption needs to be abandoned.” (Int. 1). 

Figure 26: Composition of average power price in ct/kWh for a household using 3,500 kWh per year, 2006-2017. Source: Amelang (2017)  

In December 2018, Germany’s second chamber passed a new package of energy laws, 

including ‘extraordinary’ reductions to PV feed-in-tariffs – that is, superseding the reductions that would 

have taken place through the existing degression mechanism. The reductions apply to rooftop systems 

between 40 and 750 kW in size, and would occur from January to April 2019. The tariffs for ‘direct 

marketing’, which applies to systems above 100kW would then be: 

 As of January 1, 2019: 10.36 cents per kWh 

 As of February 1, 2019: 9.87 cents per kWh 

 As of March 1, 2019: 9.39 cents per kWh 

 As of April 1, 2019: 8.90 cents per kWh 

The fixed FIT for systems 40-100 kW is always 0.4 cents lower than the direct marketing rate 

(Enkhardt, 2018). 
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). 

The package of measures also scheduled 4 GW of large scale wind and solar tenders. These 

tenders would not count towards the 52 GW ‘cap’ discussed above. Other measures introduced were a 

reduction in the criterion for determining the monthly digression of PV subsidies from 2,500 to 1,900 MW 

(Enkhardt, 2018). 

Germany’s second solar tender in 2019 took place in March, and procured 121 projects with a 

combined capacity of 505.2 MW, with bids ranging from €0.039 to €0.084 – the lower end of the range 

clearly some way below the current FIT for small scale PV. Most of the successful bids are for projects in 

Bavaria, followed by Saxony-Anhalt and Brandenburg, with successful companies including EnBW Solar 

GmbH, OneSolar Energy GmbH & Co, Sunera Renewable Energies GmbH, Suntec Energy Systems and 

Vattenfall Europe Innovation GmbH (Petrova, 2019). (Of these, only EnBW – Energie Baden-

Württemberg – appears to be a fully German owned company).   

RD & D funding 

In Germany technology-push support for solar PV focussed for a number of years on driving 

down the cost of the technology through technological innovation and increased efficiency of cells. The 

context for this support, which started in the 1970s, was the oil price shocks of the 1970s, coupled with 

increasing controversy about nuclear power – particularly after the Chernobyl accident in 1986 (Jacobsson 

and Lauber, 2006). The R&D programme for solar PV was undertaken with the combined involvement of 

research centres, universities and industry. Arising from the focus on technology improvement and 

efficiency gains, as well as complementary ‘market pull’ policies (primarily the feed-in tariff), production 

costs decreased from $6.8 /Wp in 1992 to $2.9 /Wp in 2008. Funding was provided from both Federal 

and State-level governments, and industry support instruments included: grants or cash incentives; reduced 

interest loans, and public guarantees to secure bank loans (Yu et al., 2016). 

The federal government has been boosting research and development budget to reach the 

targets within the Energiewende. Energy related R&D budget increased from EUR 1.9 billion over the 

period 2006-09 to EUR 3.5 billion for the period 2011-14 (IEA, 2013a). An important component of the 

RD&D landscape in Germany is the Fraunhofer institute, discussed above.  

2 Description of how the different element interact/work together.  

2.1 Innovating actors 
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There were lots of industrial actors in the system as a result of both market formation and 

R&D support, and they were at peak fairly large scale. Total employment in the sector was estimated at 

around 133,000 at the German industry’s peak in 2010, as shown in Table 1. Funcke (2012) analyses 

municipal added value in the case of Freiburg – in 2009 this was calculated at €30.8m through direct 

effects, and 6.2m from induced effects. The combined added value translated to around 1,500 jobs within 

the municipality (Funcke, 2012). . However, the system was hugely impacted by the activity of 

manufacturers in other countries, especially China, who were able to produce modules at lower cost. This 

has greatly reduced German actors, with several companies going out of business. This is a major challenge 

for German PV innovation. Figure 27 and Table 10 show estimated jobs in the solar PV sector in Germany, 

as well as in Japan and China for comparison. PV jobs in Germany increased substantially in the years 

leading up to 2010, with a particularly notable doubling of jobs from 2009 to 2010. However, following 

the large scale entrance of Chinese companies into the market, and the adjustments to FIT policies, as 

previously discussed, PV jobs in Germany declined after 2010.  

This caused contraction and consolidation within the German PV industry. GTAI claims that 

Germany still retains a position as “one of the world leaders in high quality PV modules, inverters and 

production equipment”, noting that “the German PV Industry has had an export quota of around 92% in 

2017” and that “the German PV Industry employed around 36,000 people in 2016” (GTAI, 2019b) This job 

estimate for 2016 is less than half of that provided by Yu et al (2016) for 2013. This could suggest a 

continuing rapid decline in jobs – although significant uncertainties in the numbers from either source 

should not be discounted. However, it does seem fairly clear that the German PV sector has experienced 

substantial reductions in jobs since its peak in 2010. Nonetheless, Jäger-Waldau (2017) lists a joint German-

US owned company (Wacker) amongst the top ten global manufacturers of polysilicon, and another 

German-US company (SolarWorld AG) amongst the top 20 solar cell production companies. 
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Figure 27: Estimated PV related jobs in Germany, Japan and China, 2003-2013. Source: Yu et al (2016) 

Table 10: Estimated PV related jobs in Germany, Japan and China, 2003-2013. Source: Yu et al (2016) 

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 

Germany        10,000 35,000 48,000 65,000 133,000 128,000 100,000 87,000 

Japan  11,300 17,700 18,100 26,700 41,300 45,000 47,000 

China   200,000 300,000 300,000 500,000 300,000

2.2 Knowledge development and exchange 

German manufacturers are increasingly working with international collaborators. Due to the 

contraction of the German PV market and the pressure from international competitors, Dr Bett from 

Fraunhofer ISE reports that ‘we find ourselves working more and more with international customers… PV 

cell and module manufacturing in Germany has run into trouble. There are, however, many leading 

German companies in the fields of materials and production technology with whom we cooperate’ 

(Fraunhofer ISE, 2018).  
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2.3 Actors’ visions and expectations 

The overall vision is set out by the Energiewende (discussed in section 1.3.2). However there 

are barriers both in technical terms (inflexibility) and in terms of political resistance due to job losses in the 

coal industry. As discussed, the potential spin off benefits of large scale battery production is being seen as a 

means to smooth the process of ‘coal exit’.  

2.4 Market formation and governance processes 

The potential market is large but limited by the strength of incumbent technologies. The 

market formation is still robust in that there is still a FIT system, now delivered by an auction process, 

which is increasingly accepted as the way to deliver low cost solutions. And with the global price of c-Si 

modules still seeming to be on a downwards trajectory (Figure 28), this approach has merits from the 

perspective of trying to install the maximum amount of renewable power at lowest cost. 

Figure 28: Price-experience curve for solar modules (ASP). Source: (Jäger-Waldau, 2017)  

However key barriers remain. There is continuing support for and lobbying on behalf of the 

coal industry. Regulations and incentives are currently putting a brake on the domestic market, and self 

generation. German companies and research institutes are continuing to invest in R&D efforts on advanced 

solar PV materials and system architectures, such as thin film technology. However, as shown in Figure 28, 

there is still a challenge for these technologies in terms of the cost level at which they would need to break 

into the market, if they were to be competitive with c-Si. There is also the potential for the development of 

potentially complementary technologies, especially batteries / storage, EVs, and demand aggregation 
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services. However, these could be better incentivised with market structures that gave clearer incentives 

relating to the system benefits of these activities, such as locational and time of use pricing. 

Early announcements around the discussions on partnerships and possible locations for so-

called ‘gigafactories’, for the manufacture of batteries, as discussed in Section 1.3.3, suggest that the future 

of successfully rooting and capturing green industries in European countries like Germany, lies in 

international collaboration. 

2.5 Resources 

A temporary shortage of polysilicon between 2004 and 2009 curtailed the production of c-Si 

cells and kept prices high. It also led to increased investments in thin-film production (Jäger-Waldau, 

2017). If such a material shortage were to emerge again, it could rekindle the case for thin film and other 

novel materials, in which German research institutes are currently investing. Future shortages could be 

positive news for niche companies trying to develop cells from alternative materials. 

It was reported that in 2016 the German PV sector employed around 36,000 people (GTAI, 

2019b). Pahle et al show jobs in solar module and cell production were reduced significantly along with the 

impact of Chinese imports; but note that jobs further up the supply chain remain quite strong (Pahle et al., 

2016). 

At the same time there are considerable jobs in coal. This makes the idea of ‘coal exit’ highly 

sensitive, and plans are afoot to try and ensure the growth in renewables jobs can directly compensate losses 

in coal jobs. It is not clearly how easily transferrable these will be, but the success of such approaches may 

be key to overcoming the major political barrier. 

A potential challenge for financial barriers is that if there is a splintering between companies 

that are churning out the dominant PV technology, and those doing research into the more novel ideas, then 

there is a potential missing link in financial flows. In Germany, Fraunhofer ISI and other research institutes 

receive federal grant funding, but also need to make up their budgets with commercial income. This could 

be increasingly challenging if such companies become increasingly distant from the mainstream market 

segments. 

Infrastructure could be a barrier. However at the moment solar balances wind reasonably 

well, and is geographically well correlated to the greater demand centres in the south. Nonetheless, there 

are instances of solar PV output causing over supply during summer days, which requires export and thus 

potentially puts a strain on infrastructure. If domestic-scale storage is rolled out widely it would help to 

relieve these pressures. It would require appropriate market incentives to encourage the appropriate 

balance between storage, own consumption, and export. 
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3 Main lessons: barriers and enablers 

Germany’s PV innovation system has a strong direction of travel provided by overarching 

strategies, especially the Energiwende; and strong market formation as a result of a fairly clear and 

consistent system of policy support for PV. It also has a good presence of actors in the research, 

development and demonstration phases, with commercial and manufacturing companies, as well as partially 

publically supported research institutes such as the Fraunhofer institutes, which provide an important bridge 

between commercial activities and more fundamental publically funded research. However, in spite of 

having been a relatively early mover in PV, with consistent R&D support and one of the earliest market 

support programmes in the world, the presence of German manufacturing companies in the field has been 

dramatically reduced as a result, largely, of the scale up of activities of Chinese competitors, who are able to 

mass-produce crystalline silicon PV modules at lower cost. On the one hand it could be argued that the 

innovation system at a global scale is working perfectly well in this case. On the other hand, there are 

political economy questions to face, especially for a country like Germany that has invested considerably in 

PV R&D, and which continues to subsidise renewables. Where the companies producing the technologies 

are outside of Germany, there is a risk that renewable support policies become seen as bring about a 

transfer of funds from German energy customers to Chinese manufacturing firms. Furthermore, the 

technologies that renewables are intended to replace, especially coal power, do have significant domestic 

workforces and as a result considerable political support. It remains to be seen whether the R&D activities 

currently going in German companies and research institutes on more novel and higher-efficiency versions 

of PV will enable German companies to reclaim leadership position in a next generation of PV technologies. 
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SOLAR PV: Italy 

1 Identification of key elements of the innovation system in the 

sector 

1.1 Technologies and infrastructure 

1.1.1 Technology, innovation and technological readiness 

Figure 29: Electricity generation in Italy by source, 1973-2015 

Figure 29 shows electricity generation by source in Italy, 1973-2015. It shows an appreciable 

contribution from renewables, including the rapid growth in PV from around 2010. 

Renewable energy accounts for 18.2% of Italy’s total primary energy supply, and 40.2% of 

electricity generation. The largest renewable electricity technology is hydro, supplying 15.6% of total 

electricity generation, followed by solar (9.3%), biofuels and waste (7.8%), wind (5.2%) and geothermal 

(2.2%) (all 2015 estimates, from IEA (2016d) p. 79). Solar power increased on average by 63.7% per year 

from 2005 to 2015 (IEA, 2016d). Italy is tenth highest amongst IEA countries for share of renewables in 

electricity generation; however its share of solar in electricity is highest (IEA, 2016d).  

Table 11: Annual capacity and net energy produced from wind and solar PV power plants. Source: Terna (see 
http://www.terna.it/default/home_en/electric_system/statistical_data.aspx). (Ref: Marcantonini and Valero, 2017) 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Wind

 Capacity [MW] 363 664 780 874 1131 1639 1908 2714 3538 4898 5814 6936 

 Energy [GWh] 563 1179 1403 1457 1844 2338 2964 4032 4852 6485 9048 9774 

Solar PV 
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2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

 Capacity [MW] 6 7 6 7 7 7 7 87 432 1142 3470 12 773 

 Energy [GWh] 6 5 4 5 4 4 2 39 193 676 1874 10 668 

More up to date data on solar PV installations is shown in Figure 30, below. 

Figure 30: Installed capacity (MW, left-hand axis and yellow bars), and number of installations (right-hand axis and grey bars) of solar PV, 
2008-2016. Source: GSE (2016), p. 12 

1.1.2 Infrastructure 

IEA notes that grid capacity has been an enabling factor for PV growth – grid expansion has 

been able to keep up with increased capacity. This has also been helped by the fact that PV is relatively 

evenly spread across the country, unlike wind. Terna (the Italian Transmission System Operator (TSO), 

discussed further below) has invested in upgrading the transmission network, especially in the south of the 

country where wind is concentrated. 75% of all substations experience reverse power flow at least 1% of 

the year. Curtailment had previously been higher than the European average but was now converging – 1% 

of all wind generation and no PV generation was curtailed in 2013. A large number of smaller PV 

installations are invisible to network operators and cannot be controlled directly (IEA, 2016d).  

However, one interviewee perceived that the geographical distribution of PV was creating 

challenges for the network: “for the past 10 years, the energy flow was from the north to the south. Now, 

the south records a very high production of PV, yet the demand is highest in the middle and north of the 
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country. This means the flow of energy changed in the grid network. Considering the differences have to be 

balanced out nationwide, a critical situation arises. Initial optimal storage could be either through a grid 

manager (TERNA) or the renewable electricity producers themselves.” (Int. 8) 

1.2 Actors and networks 

Terna is the Italian Transmission System Operator (TSO). It is responsible for the high voltage 

electricity transmission networks, and for the dispatch of the national system. Distribution System 

Operators (DSOs) operate regional grids. Increased penetration of distributed renewables mean that DSOs 

may have to become more active, communicating more with generators on their networks and with Terna 

to maintain voltage and current standards (IEA, 2016d). One interviewee stressed the importance of the 

distribution network, rather than the transmission network, in the case of PV: “the value and usability of PV 

depends mainly on the distribution grid. E-distribuzione, a subsidiary of ENEL owns around 85% of the 

Italian distribution incumbent. Thanks to favourable incentives and regulations it is quite advanced and one 

of the best in Europe. Now we should think about how to shape the distribution tariffs to foster the 

development of smaller distribution.” (Int. 9) 

1.2.1 Demand 

Figure 31 shows Italy’s overall electricity demand by sector, 1973-2014. In 2014, industry 

accounted for 38.8% of demand, commercial 32.2%, and residential 22.1%.   

Figure 31: Electricity consumption by sector, Italy, 1973-2014 
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As shown in Figure 31, the overall trajectory for electricity demand grew steadily until 2009, 

when it dipped, recovered, and then appeared to continue a downward trend. This may be a consequence 

of reduced demand due to the global recession, as well as increased energy efficiency. However, demand 

drivers of greater significance for PV innovation were the feed in tariffs and other support mechanisms 

which drove rapid uptake, before being abruptly removed. These are discussed in more detail below.   

1.2.2 Supply 

It has been suggested that in Italy, a lack of attention to building up domestic manufacturing 

and R&D meant that little PV industry capacity has been built up outside of installation and operation, with 

the exception of some specialism in inverters (Lavecchia and Stagnaro, 2014). 

Tilli and Maugeri (2017) list 16 Italian companies engaged in the manufacture of wafer-based 

PV modules (no companies are listed as manufacturers of cells). The combined maximum production 

capacity of the modules from these companies is given as 885.4 MW/yr. However, the actual production in 

2017 appears to have been much less than this – IEA were only able to identify 63.3 MW of production in 

2017 from the companies they were able to interview. This production comes from 8 of the 16 companies, 

operating substantially below their nameplate rating. No data is given for the remaining 8. 

Some examples of these are now discussed. 

3SUN-ENEL Green Power’s factory in Catania is ‘the main Italian PV factory and one of the 

biggest in Europe’. 3SUN had previously been an amorphous silicon production plant, a joint venture with 

Sharp, before they left the a-Si thin film market. In 2017 it was reported that 3SUN was seeking €14.1 

million in grant funding to support a switch to heterojunction (HJ) silicon technology – a higher efficiency 

technology. This move reflects similar moves of previous a-Si manufacturers, such as Russia-based Hevel 

group3 4.  

3SUN’s website reports that the technological conversion programme required an investment 

of over 80 million Euros, ‘partially financed by the European Research and Innovation Programme Horizon 

2020…, through the Ampere project, by the Ministry of Economic Development and by the Region of 

Sicily. The technology change entails a rise in efficiency from 10%, to around 18% for the crystalline silicon 

bifacial model in 2018, to around 20% bifacial HJT panels from 2019 onwards. The new panels are 

expected to increase their lifespan from 25 years to 30 years.5’ 

3 https://www.pv-tech.org/news/3sun-seeking-14.1-million-funding-for-heterojunction-solar-cell-tool-purcha
4 https://www.pv-magazine.com/2017/03/06/enel-green-power-converts-italian-module-factory-to-production-of-
bi-facial-heterojunction-technology/
5 https://www.enelgreenpower.com/media/news/d/2018/03/3sun-20-production-launch-for-cutting-edge-
bifacial-photovoltaic-panels
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Other manufacturers targeting ‘niche’ markets according to IEA include: Azimut, targeting 

the building-integrated market, with red-coloured and customised size glass modules for roof integration; 

SOLBIAN, targeting customised off-grid applications; Trienergia, which produces triangular modules, as 

well as rectangular, for better integration with triangular roofs. 

Italian company Glass to Power, which was founded at the University of Milan Biocca has been 

working on installing their invention of transparent solar PV windows. The start-up has recently made 

many alliances with companies such as I&S and KONE and now wants to expand into the European, 

American and Middle-Eastern Market (Beetz, 2018). Business Assistant Alessandra Fiorini explains that 

“The target efficiency will be 5%, that is 50W/sqm. (…) A facade of a building such as the Shard in 

London, if built with our LSC technology, would produce about 0.5 GWh, which correspond to the annual 

energy consumption of 100/150 medium-sized apartments. Our panels do not need to be co-located with 

other REs, they are however complementary. It possible to make them coexist with, for example, standard 

rooftop PV panels.” She continues to tell how the technology might not be as efficient as normal PV panels, 

but can be installed on greater areas. Their warranties are about 25 years - similar to normal glass windows 

(Beetz, 2018). 

The total production in 2017 which Tilli and Maugeri (2017) were able to identify amounted 

to 63 MW, equivalent to around 15% of the total 414 MW of PV that was installed. Whether this 

percentage does accurately reflect the proportion of Italian installations using domestically manufactured PV 

in 2017, is not clear as it is not clear how much of the manufactured PV was in fact sold and installed in 

Italy. However, it does at least seem probable that the majority of PV installed in 2017 was not from 

domestically produced modules. 

Stakeholder interviews suggested that Italian firms had retained a greater foothold in the 

manufacture of balance of plant components, especially inverters. Tilli and Maugeri (2017) list 11 

companies involved in the production of inverters, including ABB and Elettronica Santerno. ABB is also 

listed as being involved in energy storage, along with four other companies. Three companies (Bitron 

Electronic, Loccioni Group and ABB Italia SpA) are listed as being involved with innovative solutions such 

as communications and automation in home energy management systems, and other energy saving 

technologies. One company (Convert Italia SpA) is listed as specialising in single-axis trackers for utility 

scale PV. 

It is worth noting that inverters are used in a range of electric systems including motors. 

Hence there are relatively diverse market options for companies producing them.  

However it is not clear that Italian companies are leading in such balance of plant activities. In 

the case of inverters, a list of the top nine companies globally compiled in 20116 is dominated by German 

and US companies, with one Swiss and one French / Canadian. However, by 20177 the list had altered, 

with three Chinese companies in the top ten, including in first and second place. No Italian companies 

6 http://www.greenworldinvestor.com/2011/03/04/list-of-major-solar-inverter-manufacturers-competition-rising/
7 http://www.greenworldinvestor.com/2017/03/02/10-biggest-solar-inverter-companies-in-the-world-in-2017/
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appear to be in either list. More specifically this list8 indicates that although German company SMA is still 

top by revenue, Huawei leads for shipment. 

These changes suggest that the trend previously observed in PV cell and module manufacture, 

where Chinese manufacturers were able to catch up and out-compete European companies, may be set to 

repeat itself in relation to balance of plant such as inverters. Furthermore, trade tariffs have been imposed 

by two of the largest markets, USA and India, in an attempt to protect their own manufacturers. Combined 

with a slow down in China’s domestic market this is clearly tending towards a saturation situation in which 

European manufacturers may well lose out on costs. 

Tilli and Maugeri (2017) report 13,656 jobs in 2017 ‘directly and indirectly related to O&M 

activities on existing PV facilities’. This is a significantly lower figure than the estimate given for Germany 

in 2016, of 36,000 jobs (Germany case study, Section 2.1).  

One interviewee commented on Italy’s lack of manufacturing base in PV: “From a coherently 

national perspective, Italy doesn't have a strong manufacturing base” (Int. 8). Although Italian PV 

manufacturing companies had been established, due to international competition and the subsequent 

reduction of government support, a national industry could not be established: “Around 2009 many Italian 

companies were producing panels, batteries and panels. As they started complaining about the overall 

competition, the Italian government leveled down subsidies. There was not enough time to build a strong 

manufacturing sector as Italy quickly lost against foreign competition. The renewable sector didn't develop 

sustainable nor sufficiently. Inverter and battery production was actually doing quite well, but panels per se 

were not significant. A lot of Chinese technology is used in the Italian PV sector” (Int. 8). 

1.2.3 Research and innovation 

One interviewee identified some centres of energy research and development: “Besides public 

research centers, some large energy companies also do R&D, i.e. ENI. ENEA was first focused on nuclear, 

now renewables - especially energy efficiency but also generation technologies concerning the grid and so 

on” (Int. 8). However, market conditions have constrained R&D investment in PV: “PV investments were 

profitable of support because the break-even time was only around 2 years for users. Now the rules are 

stricter. The lowered electricity prices in Italy between 2012-2016 and the following oversupply led to 

reduced investment” (Int. 8). 

8 https://www.pv-magazine.com/2017/05/08/sma-holds-firm-as-inverter-revenue-leader-with-huawei-topping-
shipment-charts-says-ihs-markit/
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The interviewee also reflected the view that new generation capacity was not needed and 

favoured instead a research-led strategy: “We don’t need more new generation capacity in Italy. This 

overcapacity has been decreasing now because of the significant number of closed down conventional power 

plants within the last 2-3 years. Now is the time to promote general research at public and private level 

more than only deployment. That’s the most clever policy option.” (Int. 8) 

Government agency ENEA is also active in PV research (IEA, 2016d). CESI conducts research, 

development and production in high efficiency multi-junction sells for terrestrial as well as space and 

satellite applications. Its triple junction cells have an efficiency above 30% in space and above 40% in 

terrestrial applications. It is currently developing quadruple junction cells (CESI, 2019).  

1.3 Policies and Institutions  

1.3.1 Capacities and institutions 

Italy is governed by a bicameral legislature, comprised of the Chamber of Deputies and the 

Senate of the Republic. The President of Italy is the head of state, but without executive powers. The Prime 

Minister is officially the President of the Council of Ministers, which is the effective seat of executive power 

(IEA, 2016d, Anon, 2018a). Italy has 20 regions, and in recent years devolution of powers to the regional 

level, including in some areas of energy, has occurred. In 2001, constitutional amendments established new 

frameworks for sharing of powers between state and regional levels, including in energy (IEA, 2016d). 

Economic growth has lagged behind other EU countries emerging from the global recession (IEA, 2016d). 

The Ministry of Economic Development (MSE) is responsible for the implementation of Italy’s 

energy policy, and the Ministry for the Environment, Land and Sea (MATTM) has responsibility for climate 

policy. The two ministries co-sign on measures for the promotion of renewable energy and energy 

efficiency (IEA, 2016d).   

Numerous governmental bodies support the development and implementation of climate and 

energy policies. The Inter-Ministerial Committee for Economic Planning (CIPE) is a cross-governmental 

body chaired by the President of the Council of Ministers (i.e. the Prime Minister) that works horizontally 

across policy portfolios, including climate and energy, to ensure co-ordination. The CIPE is also responsible 

for approving national GHG reduction programmes. The Inter-Ministerial Technical Committee for 

Emissions of GHGs (CTE) was established in 2002 to support the CIPE’s work on climate policy. The 

Institute for Environmental Protection and Research (ISPRA) and the National Agency for New 

Technologies, Energy and Sustainable Economic Development (ENEA) provide further technical support, 

and ISPRA is also responsible for national emissions reporting for the purposes of Italy’s obligations to the 

European Union and under the UN Framework Convention on Climate Change (IEA, 2016d). 

In 2013 a National Energy Strategy (NES) was adopted, but until this point the Regions 

developed their own regional energy-environment plans (IEA, 2016d). 
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The Gestore dei Sistemi Energetici (GSE) promotes and supports renewable energy, for 

example through supporting electricity generated from renewables and raising awareness about energy 

efficiency. It manages payments of the economic incentives for renewables, organises the sale of renewable 

electricity on the market, and forecasts and aggregates the output of renewable electricity generators. The 

GSE is a private company with a sole shareholder, the Ministry of the Economy and Finance (MEF). It is the 

parent company to three subsidiary companies, Acquirente Unico (AU),  Gestore dei Mercati Energetici 

(GME) and Ricerca sul Sistema Energetico (RSE) (IEA, 2016d).  

IEA comments that institutional arrangements for the energy sector are complicated. Although 

the competences of the MSE and MATTM are clear, ‘this is not always the case among the various 

institutions that fall under the aegis of the ministries’. This has contributed to ‘co-ordination difficulties and 

higher transaction costs… unnecessary complexity and regulatory uncertainty’. The 2001 constitutional 

reform gave more authority to the Regions, but this has created governance challenges, for example in 

planning decisions relating to the Trans-Adriatic Pipeline (IEA, 2016d). Constitutional Law No 3/2001 

gives the state legislative power within renewable energy, but gives the Regions administrative power (IEA, 

2016d).  

IEA suggests that energy prices could be reduced by improving market oversight, simplifying 

retail electricity and gas tariffs, and increasing liquidity in wholesale gas markets (IEA, 2016d). 

1.3.2 Overarching national and supra-national strategies 

The EU Energy Efficiency Directive requires Member States to produce National Energy 

Efficiency Action Plans (NEEAPs) every three years. Italy’s NEEAP 2014 sets out energy efficiency targets 

for 2020, and strategies to achieve them (IEA, 2016d).  

Directive 2009/28/EC is the basis for the EU’s 20% renewable target. Italy’s national target 

in fulfilment of this directive is for 17% of final energy from renewable sources by 2020. The National 

Renewable Energy Action Plan (NREAP), adopted in 2010, sets this out, along with a breakdown of 

renewable energy targets by sector. The target for the electricity sector is for 26.39% from renewable 

sources by 2020 (IEA, 2016d). 

In 2013 a National Energy Strategy (NES) was adopted. The strategy calls for a radical 

transformation of the energy system, in order to meet climate change targets while providing secure and 

affordable access to energy and facilitating sustainable growth. It has four key goals: 

 Align energy prices in Italy with those in Europe 

 Meet and exceed EU GHG targets – 19% reduction rather than the 18% target 

 Improve security of supply especially in the gas sector 
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 Develop the green energy sector as part of a sustainable growth plan 

It also identifies seven priority areas, with expected results by 2020: 

 Strengthen energy efficiency 

 Develop a competitive and liquid national gas market 

 Develop renewable energy, going beyond the EU 20-20-20 targets 

 Develop electricity market and infrastructure, integrated with Europe and with prices 

gradually converging with Europe 

 Restructure refining and fuel distribution sectors 

 Sustainable production of domestic hydrocarbons – Italy has oil and gas reserves 

 Modernise and increase efficiency of energy system governance 

Table 12 shows some of the projected results of the NES by 2020. As noted some of the 

targets exceed those required by the EU. Notably the ambition for the share of electricity from renewables 

of 34-38% is greater than the National Renewable Energy Action Plan target of 26.39% - however it is also 

worth noting that according to Table 12 the share of renewables in electricity in 2010 was already 23%. 

The NES also raises the target for overall share of renewable energy in final energy consumption from the 

EU directive target of 17% to 19 or 20% (IEA, 2016d). 

Table 12: Projected results of Italy’s National Energy Strategy by 2020. Source: IEA (2016d) p. 25 

Sector  Outcome 

Renewables * The share of renewable energy in gross final consumption 
will rise to 19% or 20% (compared to about 10% 
in 2010). 
* The share of renewables in primary energy consumption 
will rise to 23%, leading to a fall in the share of 
fossil fuel consumption to 76% (from 84%). 
* Renewables will reach or exceed natural gas as source 
number one in the electricity sector, accounting for 
approximately 34% to 38% of consumption (compared to 
23% in 2010). 

Energy demand * 24% reduction in energy demand. 
* Savings of about EUR 9 billion on national electricity and 
gas bills: this is the result of about EUR 4 billion to 
EUR 5 billion a year in additional costs compared to 2012, 
and approximately EUR 13.5 billion a year in 
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savings, including both lower prices (assuming constant 
international prices), and a reduction in volumes. 

GHG emissions * Achieving and exceeding all European environmental 
targets for 2020 including a reduction in greenhouse 
gas emissions by 21%. 

Energy security * Increased security, reduced dependence on supply and 
greater flexibility of the system: a reduction of the 
external energy bill of about EUR 14 billion a year. 
* Reduction from 84% to 67% (equivalent to about 1% of 
additional GDP) of import dependence as a result 
of energy efficiency, increased renewable production, lower 
electricity imports and increased production of 
national resources. 

Economic growth * About EUR 170 billion to EUR 180 billion will be invested 
by 2020, both in white and in green economy 
(renewables and energy efficiency), and in the traditional 
sectors (electricity and gas networks, liquefied 
natural gas terminals, storage facilities, hydrocarbons 
development). 

The NES also recognises the importance of research and development in advanced technologies 

(IEA, 2016d). The IEA argues that there is some lack of consistency between the NES and other elements of 

policy; greater clarity is needed on the future of natural gas, and a short and medium term roadmap would 

be beneficial (IEA, 2016d). 

The EU’s ten-year jobs and growth strategy, known as Europe 2020, has been translated into 

national level trajectories and targets through Italy’s National Reform Programme, launched by Prime 

Minister Renzi in 2014. The programme aims at remedying structural problems which have led to 

stagnating growth, and identifies high energy costs as having disadvantaged Italian businesses. An EU review 

identified a number of suggested improvements in the Italian energy system, including increasing grid 

capacity to enable a smoothly functioning market, contributing to lower prices; and improvements to 

renewable energy support mechanisms (IEA, 2016d).  

Italy’s GHG emissions have declined since 2008, due to factors including the growth of gas and 

renewables in power generation, energy efficiency improvements and the effects of the economic recession. 

It has committed to reduce emissions by 13% below 1990 levels by 2020 in the ‘effort sharing’ sectors 

(transport, agriculture, buildings, services etc) (IEA, 2016d).  

In 2014 CO2 emissions accounted for 82% of total GHG emissions. Energy related CO2

emissions in 2014 were 18% lower than in 1990. Power generation was the second largest emitting sector, 

accounting for 32.3%, slightly behind transport on 33%. Carbon intensity and energy intensity is lower 

than average for IEA and IEA Europe (IEA, 2016d) (see graphs on p. 51-52). 



67

The NES, ISPRA and ENEA have produced scenarios projecting future emissions. They 

envisage declining emissions due to inter alia increasing renewables and stable electricity demand (IEA, 

2016d). 

In 2002 a national GHG emissions reduction plan was adopted outlining approaches for 

meeting Italy’s Kyoto target. The plan was updated in 2012 with measures to bridge the gap to the target, 

with purchasing of international carbon credits the main measure due to time constraints (IEA, 2016d). A 

National Action Plan for the Reduction of Greenhouse Gases for the Period 2013-2020 integrates the 

actions contained in the national plans for renewables and energy efficiency (IEA, 2016d).  

Italy was the fourth largest emitter in the EU in 2012. The EU ETS sectors (power and heat 

generation, energy intensive industry, and commercial aviation) cover only about 40% of emissions in Italy, 

lower than in other large EU economies (IEA, 2016d).  

Energy efficiency ‘is afforded priority of the NES, which targets a reduction in GHG emissions 

of about 55 MtCO2-eq annually. In other words, energy efficiency measures will be the main driver in 

lowering CO2 emissions’ (IEA, 2016d). Nonetheless the government also foresees renewable energy 

making a significant contribution to emissions reduction (IEA, 2016d). 

1.3.3 Cultural values and expectations, and political ideologies 

Opposition to nuclear power 

As in Germany, the Fukushima disaster of 2011 had an impact on Italy’s energy policy. Italy 

had previously voted to close all its nuclear power stations following the Chernobyl disaster in 1987, as a 

result of which it became the only major EU economy without nuclear power. However, in 2010 the 

government passed a law enabling a re-start for the industry (BBC, 2011b). The Fukushima disaster forced 

the government to pause its plans, and a nation-wide referendum in 2011 stopped them entirely. On a 

turn-out of 57%, over 94% of voters opposed the resumption of nuclear power (BBC, 2011c).  

Security of supply 

Oil’s share of TPES was 76% in 1973, but this fell to 35.1% in 2014. Natural gas’ share of 

TPES was 34.5% in 2014. The increase in natural gas was partly driven by increased use of gas for power 

generation following liberalisation in 1999, supported by investments in cross-border pipelines and LNG 

facilities. However, domestic heat is the biggest growth sector for gas, as it is the preferred choice in most 

new buildings. Import dependence for natural gas has been around 90% since 2006. Italy is also the highest 

importing country for electricity in IEA Europe. It has experienced security problems with power supply, 

for example in a nationwide blackout in 2003, and has since put in place protective measures. Italy can 

experience challenging climate patterns owing to the effect of its high mountain ranges and the 

Mediterranean Sea, meaning that weather related stresses on energy infrastructure can be particularly 

severe. Italy has amongst the highest gas storage in the EU (IEA, 2016d). 
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Italy has significant electricity imports. Terna has a Grid Code with measures to deal with 

interruptions or cascading blackouts, and has written agreements with adjacent TSOs (IEA, 2016d). 

Residential electricity demand has continued to grow gradually or at least stabilise, while 

overall residential energy consumption fell rapidly since 2009. Electricity now makes up just under a 

quarter of residential energy demand (IEA (2016d) p. 50). 

One interviewee commented on the support for renewables and possible tensions with other 

lobbies: “Lobbies cause a very strong resistance by subsidizing fossil fuels. However, a general sympathy on 

renewables does exists in Italy. Considering resistance will always be high, preparations in form of subsidies 

and programs is necessary. For public PV use, this could for example be regarding replacing agricultural 

land.” (Int. 9). 

1.3.4 Market arrangements and technology specific policies 

Liberalisation of the electricity and natural gas markets began in 1999 (IEA, 2016d) (p. 24). 

There is a regulator, the Regulatory Authority for Electricity, Gas and Water (AEEGSI), whose remit 

includes setting of tariffs, establishing standards for service quality, and for the technical and economic 

requirements of grid access and interconnection. It is funded through levies on the service providers. The 

Competition Authority (AGCM) is empowered to act against anti-competitive mergers and other abuses of 

market power (IEA, 2016d). 

1.3.4.1 Regulation 

Legislative Decree No.28/2011 transposes Directive 2009/28/EC, and concerns the process 

for the authorisation of renewable energy plants. (See p.90-91 (IEA, 2016d)). As mentioned above the role 

of the Regions in administering renewable energy projects, can have potential for conflict with State actions 

and legislation. 

Grid connection regulations establish that network owners must give priority for new 

connections to renewable energy plants, as well as meeting performance standards within timescales set out 

in the Unified Text for Active Connections (TICA) (IEA, 2016d). Terna and the distribution companies are 

required to publicise information relating to available network capacity, and more or less constrained areas. 

TICA ‘also provides predefined and easier payment terms for connecting renewables to the low- and 

medium-voltage networks, compared to those applied to larger thermal power plants’ (IEA, 2016d). 

Renewable plants also have priority dispatch (IEA, 2016d). 
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1.3.4.2 Economic and financial instruments 

Italy tends to use economic instruments as the main tools for climate mitigation, such as feed 

in tariffs and tradable renewable energy certificates (green certificates) (IEA, 2016d). These have been 

generous but have led to increasing costs (OECD, 2015, referenced in IEA (2016d)). According to 

Marcantonini and Valero (2017), ‘there are four different support schemes for wind and solar energy: the 

CIP6, the Certificati Verdi (CV), the Conto Energia (CE) and the Tariffa Omnicomprensiva (TO). All these 

support schemes grant remuneration to RE producers per quantity of electricity generated. In the period 

2008–2011, by far, the main support scheme for wind energy was the CV, while the main support scheme 

for PV was CE.’ 

Feed-in tariffs / premiums; green certificates; auctions; (grants and subsidies) 

From 2009-2012 three different support mechanisms for renewable electricity were in place: 

‘a feed-in tariff and a premium scheme (conto energia) for solar photovoltaic (PV) installations, a green 

certificate scheme for all RES other than PV, and a feed-in tariff scheme for all RES other than PV and with 

a capacity up to 1.0 megawatt (MW), 200 kilowatts (kW) for wind’ (IEA, 2016d). Subsequent revisions to 

the non-PV schemes were made in 2013, including with large scale plants being awarded contracts via an 

auction system (IEA, 2016d). 

The costs of these support policies are recovered from a levy on consumer bills. The total cost 

of this is capped at €12.5 billion per year – €6.7 billion for PV and €5.8 billion for non-PV. 

CIP 6 

The CIP 6 was the first renewable incentive scheme in Italy, launched in 1992. The scheme 

offered a guaranteed feed-in-tariff for 15 years – the GSE would buy power at the agreed guaranteed price, 

and sell it at the market price, the difference being funded by a consumer surcharge. In 2001, CIP 6 was 

closed to new entrants as the CV took over as the principal support scheme. Existing contracts were 

honoured, but these have gradually expired, as shown by Table 1 below (Marcantonini and Valero, 2017). 

Table 13: Data on CIP6 for wind power plants. Capacity: wind capacity supported by CIP6. Sources: GSE (2010b,2011b). Energy: wind energy
paid with CIP6. Cost: annual cost of CIP6 for wind energy. Sources: GSE (2008,2009,2010a,2011a)

CIP6 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Capacity [MW] 622 346 

Energy [GWh] 1271 1274 1407 1201 1117 1281 1153 880 816 465 

Cost [M€] 323 174 111 85 51 

Certificati Verdi 
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The Certificati Verdi (CV) scheme was launched in 2001. It enables tradable certificates, each 

equating to the production of one MWh of electricity from renewable sources, to be bought and sold within 

the Gestore dei Mercati Energetici (GME) in respect of satisfying a renewables obligation. Operators 

producing or importing more than 100 GWh (per year?) must either supply a given quota of renewable 

electricity, or purchase certificates (CVs) equivalent to this. Each CV can satisfy the renewables obligation 

for three years. Plants built or refurbished from April 1999 to the end of 2007 could continue to receive 

CVs for 12 years; plants built or refurbished from 2008 onwards can continue to receive CVs for 15 years. 

Almost 90% of wind capacity was supported by CVs in 2011 (Marcantonini and Valero, 2017). 

Table 14: Data on Certificati Verdi (CV) for wind power plants. Capacity: wind capacity supported by CV. Source: GSE (2006, 2007, 2008, 
2009, 2010a, 2011a). Number: number of annual net CVs issued, one CV equals one MWh. Source GSE (2010a, 2011a). Price: average 
annual price of CV. For year 2002 the price refers to the GSE prezzo di riferimento, from year 2003 to the market price. Sources: GSE (2008)
and GME (http://www.mercatoelettrico.org/It/Statistiche/CV/CV.aspx). Source: (Marcantonini and Valero, 2017) 

Certificati verdi 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Capacity [MW] 1886 2795 4251 4963 6213 

Number [GWh] 148 181 464 1282 2002 2653 3625 5463 8148 9179 

Price [€/MWh] 84.18 82.40 97.70 106.90 110.40 120.19 77.87 88.46 84.41 82.25 

Marcantonini and Valero (2017) report that activities of the GSE had a significant influence on 

the trade of CVs, as the GSE can sell CVs on to the market as well as buy them back. In the early years of 

the scheme, the GSE sold CVs at a price equal to the difference between the CIP 6 feed-in-tariff level and 

the average market price of electricity, effectively ensuring that CV participants received the same level of 

remuneration as CIP 6 participants. The GSE’s price for CVs was higher than that of most renewable 

producers, so this set a floor to the price of CVs. Since 2008 producers who have not sold CVs on the 

market can sell them back to GSE at a buy-back price. The cost of buying back CVs is paid through a 

consumer surcharge. In 2013 the CV system itself was replaced by an auction system (Marcantonini and 

Valero, 2017). However capacity having registered on the scheme until the end of 2012 continue to benefit 

from it. Furthermore, from 2016 it was replaced by a feed-in premium set at the same level as the buy-back 

price (Marcantonini and Valero, 2017). Since 2012, this has been ‘78% of the difference between 180 

€/MWh and the average electricity price of the previous year. Hence the sum of the buy-back price and the 

electricity price is quite stable compared to the electricity price’ (Marcantonini and Valero, 2017). Thus it 

seems that a feed-in-tariff scheme (CIP 6) was replaced by a tradable certificate scheme (CV) which was 

eventually intervened with to such an extent that it itself became a feed-in-tariff scheme again.   

Conto Energia

The Conto Energia is a feed-in premium scheme for solar power – this means the tariff is paid 

on top of the electricity market price, which is also received by the producer. Solar power producers can 

choose to use this or the CV. Again, the cost of the measure was paid through consumer surcharges. The 

CE initially only applied to energy consumed on-site but in 2007 was extended to include power fed to the 



71

grid. Tariff levels (shown in Table 15 below) vary by capacity and type, and are guaranteed for 20 years ‘at 

a fixed nominal term’ (Marcantonini and Valero, 2017).  

Lavecchia and Stagnaro (Lavecchia and Stagnaro, 2014) mention that ‘from 2008, the “Conto 

Energia” became the only available scheme to incentive PV, by fully replacing the previous “green 

certificates” scheme that remains valid for the other RES.’ 

As Table 15 shows, tariffs were reduced in subsequent phases from 2007. The largest of these 

reductions was in the fourth phase in mid-2011. As well as further reducing tariffs, reforms at this time also 

introduced regular decreases over time (degression rates) and an annual cost cap. However for some time 

after the announcement of the fourth phase, the second phase was still open for registrations, leading to a 

rush of investors to register under these more generous terms. Installed capacity more than tripled in 2011, 

reaching 13 GW, already exceeding the target of 8 GW for 2020 (IEA, 2016d). In 2011 the CE was the 

dominant support instrument for PV, supporting 96% of all PV capacity and 97% of all energy from PV 

(Marcantonini and Valero, 2017). The fifth phase introduced in 2012 set the annual cap at €6.7 billion for 

PV. This was reached in June 2013 ‘and the system has been discontinued’ (IEA, 2016d). 

Table 15: Data on Conto Energia (CE) for solar PV. Capacity: solar capacity supported by CE. Energy: energy paid by CE tariff. Annual cost: 
total annual expenditure for the CE. Sources: for year 2011 GSE (2011a), for the other years GSE (2011c). Minimum tariff and Maximum 
tariff: the range of CE tariff for new installations. The tariff level depends on the size and type of installation. Source: Governo Italiano (2011). 
Source: Marcantonini (Marcantonini and Valero, 2017) 

Conto Energia 2007 2008 2009 2010 2011 

Capacity [MW] 80 418 1138 3460 12305 

Energy [GWh] 1824 10411 

Minimum tariff [¢/kWh] 43.6 36.0 35.3 34.6 17.2 

Maximum tariff [¢/kWh] 48.0 49.0 48.0 47.0 40.2 

Annual cost [M€] 19 91 304 743 3855 

The support provided by the CE meant that by time of the closure of the scheme to new 

entrants in 2013, PV accounted for more than half of the costs of renewable support, but only a third of 

supported renewable output (IEA, 2016d). In 2014 the government tried to reduce costs by revising PV 

support provided by the CE. It presented four different options to CE participants: 

 Extend the duration of the contracted period from 20 to 24 years, with lower per unit 

payment 

 Maintain the original period; lower per unit payment in the first half in exchange for higher 

per unit payment in the second half 
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 Sell of the net present value of the cash flow to GSE or another financial institution; the 

value will then be refinanced 

 A cut to the current incentive levels to force operators to choose one of the other three 

Through these schemes the government is aiming to save about €600 million per year. One 

interviewee observed “the number of installations went so high so fast that the government then changed 

the support scheme to make it less profitable” (Int. 8). The fourth ‘option’ suggests the government has the 

power to effectively force operators to accept one of these options, rather than opting to remain with the 

original contract. IEA states that in each of the first three options ‘the total amount of revenue receivable, 

although distributed differently in time, remains the same for operators’ – but this surely cannot be the 

case, otherwise there would be no saving for the government. The redistribution in time is what seems to 

be achieving savings for the government (and thereby, surely, losses for the operators) because of the effect 

of discount rates. IEA notes that ‘operators have challenged this government decision in court and a final 

court decision on this matter remains outstanding’ (IEA, 2016d). Marcantonini and Valero (2017) report 

that the closure of the CE in 2013 without a direct alternative replacement, as well as a decision to 

‘retroactively reduce from 2015 the level of remuneration for solar power plants with capacity higher than 

200 kW’, caused a dramatic reduction in solar PV installations as, ‘in year 2014, Italy increased solar 

capacity by only 2%, while, in 2012, the capacity rose by 39%’ (Marcantonini and Valero, 2017). 

However, IEA also notes that ‘424 MW of new capacity [was] installed in 2014, of which about 330 MW 

was built without access to any incentive scheme’ (IEA, 2016d). One interviewee reflected on the rate of 

installations in the absence of an incentive scheme: “despite this, new installations are going on - mainly 

related to small plants such as residential buildings or small commercial uses. New smaller houses already 

have a built-in PV system to capture heat from the sun for both heating and electricity. PV is considered as 

an energy efficient measure that entitles you to get a white certificate9” (Int. 8). However, in contrast to the 

rapid installation rates in earlier years, “now there is only between 200-400MW of new additional power 

yearly. The general framework is… less positive” (Int. 8). 

One interviewee described how the strength of incentive provided by the earlier rounds of the 

conto energia had made PV an attractive investment opportunity, perhaps weakening the link of the 

incentive to the value of the energy at the time it was produced: “5-10 years ago the idea was to make PV 

panels as attractive as possible for financial investments – a commodity. It was disregarded how the plants 

would fit your business case and consumption pattern. You just invested and that was it, because the conto 

energia allowed investors to get a lot of money by injecting back to the public grid” (Int. 8). However, 

following the revisions to the conto energia, the economic viability of PV is more linked to own 

consumption: “This is not the case anymore. If you are able to consume the majority of generated 

electricity, PV is still a good investment. Otherwise the case is not too strong. People should induce to 

install only when it makes sense individually and collectively without benefiting from undue incentives and 

9 A tradable asset to prove that a certain percentage of energy savings has been achieved relative to a baseline 
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privileges. At the moment, the market is not still, but panels are being installed at a very moderate rate” 

(Int. 8). 

One of the interviewees lamented that the Conto Energia had provided a too-rapid incentive 

for PV, with the result that there was no time to build up a domestic manufacturing capability to respond to 

it. “Italy has had less solar power than Germany for years but we are catching up. The main issue is that in 

the past too much money was invested into PV inefficiently too rapid and urgent. There was no time to 

organize the industrial stream. Technologies from Germany and China were imported. From a traditional 

economic point of view this is not a problem, considering the imports are good quality. But it is a pity 

because it could have been a good development for Italy” (Int. 9).  

This interviewee also favoured a more technology neutral approach, rationalising fiscal 

distortions and internalising externalities: “If we had internalized externalities, the prices, strengthened the 

carbon tax and increased energy taxes, the price for renewables would've become economically more 

convenient. The government is now preparing a catalogue for inventory of environmentally harmful and 

friendly subsidies. We found €16.2 billion of harmful subsidies and €3.7 billion of friendly subsidies. If we 

could reduce the harmful subsidies, it could serve as a nice solution to reduce environmental substances as 

well as the accumulated debt. Italy has a low private debt yet a very high public debt. What we need now is 

an environmental system approach introduction of new green taxes and tariffs, a restructuring of existing 

rates and taxes, charge fees for environmental tech systems and environmentally friendly subsidies. Looking 

at the policy framework, conto energia 1 allowed the installation of PV anywhere regardless of its 

feasibility. The National Energy Strategy by the Ministry of Economic Development is a good scheme that 

also takes into consideration the European targets on promotion and incentivizing. This releases a debate 

around if the mechanisms are right for price reduction to naturally raise deployment” (Int. 9) 

Tariffa Omnicomprensiva 

The Tariffa Omnicomprensiva is an alternative scheme to the CV, a feed-in-tariff scheme for 

small RE generators – e.g. for wind, not greater than 200 kW. It is open to plants commissioned from 2008 

onwards, support guaranteed for 15 years on a fixed nominal terms tariff. As with the other instruments 

this is funded through a consumer surcharge. From 2009-2011 the tariff was 30¢/kWh, substantially higher 

than the market electricity price. Table 16 shows the wind power that has been remunerated by this scheme 

– relatively small amounts as most wind power plants are above 200 kW.  

Table 16: Data on Tariffa Omnicomprensiva (TO) for wind power plants. Capacity: wind capacity supported by TO. Energy: wind energy paid 
by TO. Annual cost: total annual expenditure for TO to wind energy. Source: GSE (2009,2010a,2011a). 

Tariffa Omnicomprensiva 2009 2010 2011 

Capacity [MW] 0.87 3.00 7.20 

Energy [GWh] 0.21 1.67 4.37 

Annual cost [M€] 0.06 0.49 1.31 



74

Italy has moved towards auctioning processes for establishing price levels for contracts for non-

PV renewables, with some success (IEA, 2016d). This is not affecting PV because it is already at its annual 

cap, so no new contracts can be awarded. However, economic support for a substantial chunk of renewable 

generators is shortly to expire, which could free up additional funding, potentially creating an opportunity 

to reintroduce PV within an auction based scheme, which should be better value for money than earlier 

rounds of the CE. 

IEA (2016d) report that in 2014, 424 MW of PV was installed, of which about 330 MW did 

not access any incentive schemes. However, as shown in Figure 32, this level of installation represents a 

substantial decline from the high point of 2011, when installations were above 9 GW. 

In summary, Italy’s renewable energy incentives present a complicated picture with several 

partially overlapping schemes. There is some apparent indecision for example moving from a FIT system to 

an RO system and then back again. Initially very high subsidies were offered, followed by the closure of CE 

scheme when the budget was reached. There were attempts to retrospectively alter terms of contracts 

already issued. This creates a risk of stop-start dynamics and potential risks with losing trust of investors. 

Net metering scheme 

There is a net metering scheme (scambio sul posto) for owners of plant between 20 kW – 500 

kW. ‘GSE pays a contribution to the customer based on injections and withdrawals of electricity in a given 

calendar year… This system has facilitated the deployment of small-scale PV plants after the end of the conto 

energia’ (IEA, 2016d). However, tariff reforms in 2016 may have reduced the financial incentive provided 

by this scheme (Chiaroni et al., 2017). 

Taxation and tax credits 

In 2015 a tax credit for 50% of PV system costs was available. IEA expected this to become 

36% in 2016 (IEA, 2016d). Orioli and Gangi (2017) describe the tax credit measure as a change of 

approach following the discontinuation of the CE in 2013. According to these authors, the tax credit was to 

apply to 50% of costs until the end of 2014, 40% during 2015, and 36% thereafter. However they note that 

with further measures the government retained the level of 50% for 2015 (as confirmed by IEA (2016d)) 

but also for 2016. 

Various taxes are applied to oil and gas fuels as used in heating, industrial processes and 

transport. Electricity is taxed differently for business and non-business consumers. The fuels used to 

generate electricity attract lower rates of taxation (‘almost nil’ (IEA, 2016d)) than when used for other 

purposes. Electricity used for transportation is exempt from tax. Primary renewable fuels such as waste and 
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biomass are not taxed when used to produce heat or electricity, and the consumption of heat is not taxed 

(IEA, 2016d). 

The government introduced a tax on large energy companies in 2008 in an attempt to recoup 

some of the sector’s higher profits. The tax was increased several times, until in 2015 the Constitutional 

Court ruled that the tax was illegal (IEA, 2016d). 

Curtailment payments 

Since 2007, Terna has provided payments to compensate renewable generators for 

curtailments due to grid constraints (IEA, 2016d). 

Network charges 

On 1st January 2016 a tariff reform entered into force. It will be phased in gradually, to apply 

to all customers by 1st January 2018. The tariff reform changes the calculation of the network and system 

costs part of the bill. It substantially reduces the proportion of these charges calculated variably in relation 

to energy consumed, and increases the fixed charge element. Chiaroni et al (2017) suggest that the 

intention of this was to incentivise greater electricity consumption, as part of favouring the electrification of 

domestic energy consumption as part of decarbonisation efforts. However Chiaroni et al calculate that the 

immediate effect will be to increase energy bills for the lowest consumers of energy, while high consumers 

will benefit from lower bills. For all types of users, the attractiveness of net metering is reduced, because 

the amount of the network and service charges that is variable is less (Chiaroni et al., 2017). 

In Italy a regulatory reform was introduced following the closure of the Conto Energia, 

allowing for the private and direct (‘peer to peer’) trading of renewable electricity between a buyer and a 

seller, avoiding network charges, provided the buyer and seller are in the same or contiguous locations, so 

that the power flow can be said to have avoided distribution and transmission networks. In this example, 

charging which is cost reflective of network usage may, far from penalising renewables, increase the 

profitability of those renewables which are suitable for small scale usage and peer-to-peer trading. 

Cost of capital 

IEA suggests that Italy’s comparatively high cost of capital may be in part responsible for higher 

PV costs (IEA, 2016d). It is interesting to compare this observation with that made in IEA’s equivalent 

publication for Germany (IEA, 2013b), which, as discussed in that case study, was found to have a relatively 

lower cost of capital in part due to the stability of its feed in tariff regime. The somewhat complex subsidy 

landscape for renewables, and the stop-start dynamics created by reaching funding budget limits, may be 

contributing to increased risk perception and higher cost of capital. 
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Funding for research and development 

ENEA and CESI RICERCA are active in solar PV research, in some cases in collaboration with 

universities and the National Research Council. ENLi is also active in solar PV research and development, in 

collaboration with Australian Company Pacific Solar, including of new generation silicon and thin film 

technologies (IEA (2016d) p. 188). 

Lavecchia and Stagnaro review five documents containing estimates of jobs from PV in Italy. 

The largest of these, for the year 2011, estimates a range, of 58,000-63,000 (although, as noted above, Tilli 

and Maugeri (2017) report 13,656 jobs in 2017 ‘directly and indirectly related to O&M activities on 

existing PV facilities’). However, in commentary Lavecchia and Stagnaro observe ‘most jobs created in the 

country have to do with installing and operating solar panels, and to some extent with the manufacturing of 

ancillary components (particularly inverters).’ The data acquired by the authors from GSE and Bank of 

Italy, and presented below as Figure 32, suggests a correlation between imported PV equipment and PV 

installations. Thus the authors suggest that ‘most technological devices were imported, not produced in the 

country, and therefore much of the occupational impact from PV subsidies did, in fact, happen outside Italy 

(particularly in China)’ (Lavecchia and Stagnaro, 2014). 

Figure 32: Imports of solar cells and related devices, new installations (2008-2013) (Billions of Euro, GW). Source: Lavecchia and Stagnaro 
(2014) 

For example, it has recently been reported that a new large scale solar plant will have panels 

supplied by Canadian Solar Inc.  “The plants have a two-year fixed power price agreement in place with 

Italian power trader Green Trade SA, said Matt Setchell, head of renewable energy investments at Octopus, 
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in a phone call. The plants are located in the Montalto di Castro region of Italy and have a combined 

capacity of 63 megawatts. Panels were supplied by Canadian Solar Inc.”10

2 Description of how the different element interact/work together.  

2.1 Innovating actors 

The number of industrial actors in the Italian PV innovation system is quite low. Tilli and 

Maugeri (2017) list 16 PV manufacturers, however the combined activity of these in 2017 appears to have 

been quite low. Several commentators, as well as interviewees, indicated that although Italy’s PV modules 

have been largely imported, Italian companies still retain market share in manufacture of BOP, particularly 

inverters. However, the evidence for this is not overwhelming – Tilli and Maugeri (2017) list 11 Italian 

inverter manufacturers. Italian companies do not appear to feature in lists of the top global inverter 

companies. 

2.2 Knowledge development and exchange 

ENEA and CESI RICERCA are active in solar PV research, in some cases in collaboration with 

universities and the National Research Council. ENLi is also active in solar PV research and development, in 

collaboration with Australian Company Pacific Solar, including of new generation silicon and thin film 

technologies (IEA, 2016d). ENEL has bought into the 3SUN plant, focussed on HJT bifacial crystalline 

silicon; the plant is also supported by Horizon 2020, by the Ministry of Economic Development and by the 

Region of Sicily11. 

With the mass produced crystalline silicon market now dominated by Chinese companies, it is 

an understandable move for Italian companies and research institutes to move towards more specialised 

market niches, or towards possible next-generation technology variants. However, these kinds of moves 

also result in companies that do not have mass production lines and resulting income which can be 

reinvested in fundamental R&D – the creation of a rupture between the early and mid-late stages of the 

innovation chain. In contrast, , Hoppmann et al (Hoppmann et al., 2013) (Table 5), find that strong market 

pull policies can be supportive of R&D, both by virtue of increasing the availability of cash flow which can 

10 http://www.eqmagpro.com/italy-switches-on-five-new-subsidy-free-solar-power-plants/
11 https://www.enelgreenpower.com/media/news/d/2018/03/3sun-20-production-launch-for-cutting-edge-
bifacial-photovoltaic-panels
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feed back into increased R&D, and because the presence of a strong deployment policy helps to secure the 

interest of venture capitalists (VCs) in investing in the next generation of the technology. 

2.3 Actors’ visions and expectations 

Actors’ vision and expectations are given a fairly clear long term perspective due to the 

existence of EU targets which must be passed into Italian law. However, the policy frameworks for PV have 

been mixed, and stop-start, as discussed in Section 1.3.4. This would be expected to have a negative effect 

on actors’ visions and expectations, and is likely to have contributed amongst other things to the higher cost 

of capital observed by IEA (2016d).  

2.4 Market formation and governance processes 

The policy frameworks applying to renewables are multiple and overlapping – in many cases 

technologies can ‘choose’ which policy support to apply for, although in practice some tend to be 

‘preferred’ by certain technologies, leading almost to technology-specific instruments. The extremely 

generous administered subsidies for PV under the Conto Energia led in each of its rounds to a ‘gold rush’ 

for installations, with the total budget being rapidly spent; the Conto Energia has now been closed finally. 

Italy is now moving towards auction schemes for its non-PV schemes – it seems likely that had auctions 

been introduced for PV in the Conto Energia, a more cost effective result could have been achieved. 

However, as Italy is now already very close to its EU renewables target, there is no pressure for the 

government to continue to support renewables, and to look at more prudent and cost-effective ways of 

reintroducing PV support. Overall this has led to a stop-start dynamic in the system.  

2.5 Resources 

Human resources are not a barrier as most components of the PV systems are manufactured 

outside of Italy. There is some employment generated from O&M activities of existing plant; however as 

new installations have almost ground to a halt, the question of whether availability of enough additional 

O&M employees would be a limiting factor on additional PV installations, is not really being tested. 

At present infrastructure is not a major barrier either – conditions for PV are suitable across 

the whole of the country, hence there are not significant issues of transmission constraints in areas of 

concentrated generation.  

3 Main lessons: barriers and enablers 

The key enabler for PV has in recent years been a generous subsidy regime, especially the feed 

in tariff provided by the Conto Energia. However, the way in which this has been approached has also 

resulted in barriers – overly generous subsidies, administered rather than auctioned, meant that the scheme 
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had to be frozen several times, leading to a stop-start dynamic. At present there do not appear to be plans 

to reopen subsidies for solar PV – there is minimal political pressure to do so as Italy is already close to 

meeting its 2020 renewables target, and it does not appear to be a priority of the 5 star – Liga coalition 

government.  

Even during the periods of high rates of installations of PV in Italy, evidence suggests that the 

majority of the modules were imported. Now, a handful of manufacturers of PV systems and BOP exist in 

the country, mostly attempting to target niche or next generation applications and technologies. However 

the lack of any kind of market formation in the country at present makes the future for these companies 

somewhat uncertain, as indicated by the fact that the largest facility in the country, the 3SUN-ENEL plant, 

has been extensively supported by EU, national and regional funding.  
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Wind: Poland 

1 Identification of key elements of the innovation system in the 

sector 

1.1 Technologies and infrastructure 

1.1.1 Technology, innovation and technological readiness 

Coal is the primary source of electricity production in Poland. A total of 81% of the 

generation is met by coal. In 2015, hard coal constituted 60% of the coal use for electricity generation, 

whilst 40% was lignite (IEA, 2016b). Although large, this share of coal in the power generation mix has 

declined from 97% in 1995. This decline has been compensated by a rapid increase in renewable electricity 

generation, which contributed to 14% of the total generation in 2015 - compared to 3% in 2005.  

Figure 33: Electricity generation by fuel from 1990 to 2015 in Poland. Source: Author's graph based on IEA (2016a)

Poland, a historical electric power exporter, became an importer in 2014. According to the 

Polish Government the primary energy consumption in Poland is expected to grow at 1.5% between 2010 

and 2020. The target for the renewable energy use between 2010 and 2020 is 12% (PIFIA, n.d.). In 

addition, by new regulations, it is aimed to bring down the current annual average interruption time 

(System Average Interruption Duration Index) of 272 minutes to 136 minutes by 2020 (ERO, 2016). 
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By 2016, Poland had an electric power generation capacity of 40 GW with energy production 

of 160 TWh (R. Szczerbowski, 2017). Figure 34 summarizes the consumption and energy mix of Poland 

between 1995-2015 (EIA, n.d.). 

Figure 34: Electricity production in Poland between 1995 – 2015.

According to the IEA (IEA, 2016e), in 2015 Poland produced an estimated 22.7 TWh of 

renewable electricity, accounting for 13.8% of total electricity. The largest output from a renewable 

technology was from wind, with 10.8 TWh (6.6% of electricity generation); followed by biofuels and 

waste (10 TWh, 6.1%), hydro power (1.8 TWh, 1.1%) and solar (0.1 TWh, 0.04%). However, data 

reported from the Polish Ministry of Energy reports a slightly different share of electricity from renewables, 

10.73% in 2013 and 12.4% in 2014 (see IEA (2016e) p. 100). 

Hydro power used to be the main source of renewable electricity in Poland (before 2005), but 

has been surpassed by biofuels and waste (largely co-firing), which became the largest renewable power 

source in 2007. Biofuels and waste has been stable at around 10 TWh per year since 2012, corresponding to 

around 6% of total electricity generation, but wind has grown rapidly in recent years, as shown in Figure 35 

and Table 17. Onshore wind represented 7% of the electricity generated in Poland in 2016 (PWEA, 2017). 

Onshore wind energy has expanded rapidly in recent years and surpassed biofuels and waste. Installed 

capacity grew from 83 MW in 2005 to 5.1 GW in 2015 (Wȩdzik et al., 2017). This growth has been 

significantly slowing down since a new government led by the Law and Justice (Prawo i Sprawiedliwosc, PiS)  

party accessed power. While a record of 1266 MW was installed in 2015 (EWEA, 2016), this went down 

to 682 MW installed in 2016 and 41 MW installed in 2017 (Wind Europe, 2018d). Consequently, it is now 

solar power that is experiencing the biggest growth among RE sources. In 2016, it is solar power plants that 
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had the largest share in submitted applications and executed connections - 98% and 99% respectively 

(URE, 2017). At present there are no offshore wind turbines in Polish waters (Dawid, 2017), however 

there is potential for offshore wind in the Polish Baltic Sea, and two investors have acquired grid connection 

for 2.2 GW of capacity (McKinsey, 2016). 

Figure 35: Renewable energy as a percentage of electricity generation, 1973-2014. IEA (2016e) p. 97. 

Table 17: Renewable electricity generation capacity, Poland, 1990-2014 (MW). IEA (2016e), p. 98 

Technology 1990 2000 2004 2008 2009 2010 2011 2012 2013 2014 

Hydro 1 888 2 183 2 282 2 335 2 338 2 342 2 346 2 351 2 355 2 364 

Pumped storage 1 205 1 366 1 406 1 406 1 406 1 406 1 406 1 406 1 406 1 406 

Solar PV 0 0 0 0 0 0 1 1 2 27 

Wind 0 4 40 526 709 1 108 1 800 2 564 3 429 3 836 

Industrial waste 0 3 3 3 3 3 3 3 3 3 

Solid biofuels 0 0 24 40 42 53 175 455 582 629 

Biogases 0 9 24 52 68 81 102 128 153 187 

Total capacity 1 888 2 199 2 373 2 956 3 160 3 587 4 427 5 502 6 524 7 046 



83

1.1.2 Infrastructure 

Transmission 

The state owned TSO, Polskie Sieci Elektroenergetyczne S.A. (PSE), is responsible for 

operation of the electricity transmission system in Poland. The high voltage system has 110, 220 and 400 

kV lines. 220 to 400 kV is preferred for long distances. Over distances of tens of kilometers, 110 kV is 

used. Medium voltage lines are from 10 to 30 kV. 

PSE operates a total of 257 high voltage power lines with a total length of 14 069 km. The 

distribution of the high voltage transmission lines are as follows: 

 750 kV, 1 line, 114 km, 

 400 kV, 89 lines, with a total length of 5 984 km, 

 220 kV, 167 lines, with a total length of 7 971 km, 

 450 kV DC submarine connection between Poland and Sweden, with a total length of 254 

km (127 km belongs to PSE). 

Distribution 

There are 169 DSOs in Poland(IEA, 2016b). These DSOs supply power to around 16.8 

million customers. Only five of these companies serve more than 100 000 customers (PGE, TAURON, 

ENERGA, ENEA and RWE  STOEN). Each of these five DSOs is legally unbundled and four of those are 

connected with the Polish State Treasury where only RWE STOEN is owned by independent shareholders. 

In 2012 the market share of the big four was as follows: PGE 29%, TAURON 26%, ENERGA 17% and 

ENEA 15%. 

The distribution of the medium and low voltage distribution lines can be summarized as: 

 6 kV to 60 kV, medium voltage, with a total length of 300 511 km, 

 400 V, low voltage, with a total length of 423 886 km 

1.2 Actors and networks 
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1.2.1 Demand 

Figure 36 shows electricity demand by sector in Poland, 1973-2015. At the start of this time 

period, industry demands were particularly dominant. Since then residential and commercial demands have 

grown to take greater shares, however in 2014 industry demands still accounted for 35% of total electricity 

demand (IEA, 2016e). 

Figure 36: Electricity consumption by sector, Poland, 1973-2014. Source: IEA (2016e)  

1.2.2 Supply 

(firms, innovators); 

Generation 

The Polish wholesale power generation market is dominated by five companies: PGE, 

TAURON, EDF, ENEA and PAK. These provide 74% of the total electricity generation. The distribution 

of main generation contribution could be summarized as follows. 

Grupa Kapitałowa (GK) PGE: owns a total installed capacity of 13.1 GW. In 2011, it 

produced nearly 40% of the domestic electric power of 56.5 TWh. 

GK Tauron: owns a total installed capacity of 5493 MW (5300 MW coal, 132 MW hydro, 

61 MW wind). In 2011, it produced nearly 14% of the domestic electric power of 21.4 TWh. 

GK Enea: owns a total installed capacity of 3.1 GW (2900 MW coal). In 2011, it produced 

12.3 TWh of electricity.  

EDF: the company owns an installed capacity of 3500 MW and produces 10% of Poland’s 

electricity 

ZE PAK: owns a total installed capacity of 2900 MW. In 2010 the company sold 7.9 TWh of 

electricity 
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The Polish energy sector is very concentrated. In 2017, three largest producers (PGE, 

TAURON and ENEA) owned a little more than half of the installed capacity and were responsible for 

almost 60% of domestic electricity production. Four out of five mining companies are fully or partially 

state-owned. Through this ownership, the state has a financial stake in the survival of coal power plants. 

Companies' interests tend to determine policy, thereby creating a powerful nexus of entwined interests 

(Schwarzkopff and Schulz, 2017). As a result, the state-owned power plants purchase domestic coal instead 

of cheaper foreign coal (Baca-Pogorzelska, 2017). Additionally, the coal sector unions have traditionally 

been extremely powerful and play a key role in maintaining the status quo. The workforce of over 96,000 

hard coal and lignite miners as well as 240 trade unions has an impressive mobilisation capacity giving it 

strong political power. They organised massive strikes and protests during previous attempts to reduce the 

mining industry workforce (Szpor and Ziółkowska, 2018). 

By contrast, the state is less dominant in the onshore wind generation sector, where 'only' 19% 

of the wind farms belong to state-owned utilities (PGE, 529 MW, Tauron, 200.75 MW, Energa, 185 MW, 

and ENEA, 46 MW) (Dawid, 2017). This contrasts not only with the coal power sector but also with the 

hydro power sector, where state also owns the majority of the power plants (KPMG, 2010). Leading an 

analysis of the ownership structure of wind farms based on the data from TPA group (2015), Dawid (2017) 

found that approximately 80% of all wind farms belong to Independent Power Producers (IPPs). An 

interviewee estimated that approximately 55% of wind farms were owned by foreign utilities, such as EDF, 

GDF, RWE, E.ON, and 25% were owned by wealthy individuals and family businesses – corresponding to 

the 80% mentioned above. According to interviewees, community-owned onshore wind appears to be 

almost non-existent in Poland, and no data on community-owned wind farms has been found. 

1.2.3 Research and innovation 

As described, historically, Poland’s power sector has been dominated by coal, with a relatively 

recent surge in wind as a result of EU targets. As noted non-Polish companies have dominated in this surge. 

As a result there is limited laboratory-scale research and innovation activities relating to wind in Poland. 

1.2.4 Supporting institutions 

The main actor lobbying for onshore wind in Poland is the Polish Wind Energy Association 

(PWEA), with the help of Greenpeace and Client Earth, according to one interviewee. According to 

Schwartzkopff and Schulz (2017), the PWEA has lost influence since the 2015 elections: 'The recent 

backlash against wind energy under the PiS government has further reduced the influence of the PWEA, 

which had been gaining some ground with the previous government'. This observation has been confirmed 

by one interviewee: 

The PWEA had a fair relationship with the previous government, they were often consulted, and even if there were 

disagreements at least there was a dialogue. The PO was reviewing the PWEA's analyses and using them to make 

decisions. This was giving the PWEA a certain influence that has been completely lost with the PiS. (Int. 4) 
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1.3 Policies and Institutions  

1.3.1 Capacities and institutions 

The Ministry for Energy (Ministerstwo Energii): The ministry is responsible for the 

development and implementation of electricity policy and the management of mineral deposits in Poland. 

International co-operations, the operation of the electricity market and the development of electricity 

infrastructure are managed by the ministry (ME, n.d.)(Schwarzkopff and Schulz, 2017) (PIFIA, n.d.). 

The Government Commissioner for Strategic Energy Infrastructure (Biuro Obsługi 

Pełnomocnika Rządu do spraw Strategicznej Infrastruktury Energetycznej): responsible for supervision of 

TSOs. It organizes international cooperation with the EU institutions.(SEI, n.d.) (ME, n.d). 

The Energy Regulatory Office (ERO)(Urzędu Regulacji Energetyki): Energy Regulatory 

Office is the central government administration body set up under the Energy Law Act of 10 April 1997, to 

carry out tasks related to the regulation of fuel and energy management and to promote competition. It 

regulates the activities in the electricity markets with the aim of balancing the interests of the market and 

customers (URE, n.d.)(SEI, n.d.)(SEI, n.d.). 

The Office of Competition and Consumer Protection (Urząd Ochrony Konkurencji i 

Konsumentów, UOKiK): The duties of the office include the development of antitrust and consumer 

protection policies. It conducts antitrust proceedings on anti- competitive practices and abuse of dominant 

market position and illicit cartels. The office is also responsible for reviewing public aid projects (UOKiK, 

n.d.)(URE, n.d.).  

1.3.2 Overarching national and supra-national strategies 

Poland’s national target under Directive 2009/28/EC is for a 15% share of energy from 

renewable sources in final energy consumption by 2020 (EC, 2017). The National Renewable Energy 

Action Plan (NREAP) submitted to the European Commission in 2010 breaks this target into sectoral 

shares. It aims for a 17% share of electricity supply from renewables – placing a relatively low burden on 

the electricity sector compared to some countries. It also projects a 17% share of energy from renewables 

in heating and cooling, as well as a 10% share in transport (IEA, 2016e). 

In 2009 Poland adopted an Energy Policy to 2030, enshrining the targets set out in the NREAP 

alongside policy measures to achieve them. However it was expected that this would be replaced by a new 

energy strategy in 2017 (IEA, 2016e). 
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1.3.3 Cultural values and expectations, and political ideologies 

The entry into force in close succession in 2016 of the Amending Act to the Act on Renewable 

Energy Sources, and the Act on Windfarms (see below), has been criticised by the renewable energy 

industry. Taken together, it does seem as if these pieces of legislation may be representative of an interest in 

curbing the rapid progress of wind power over the last few years. Whether this is in fact the case, and if so 

exactly why this interest exists, will require further investigation. 

A dramatic change in Polish politics occurred in 2015, in two major steps: first, the 

presidential election was won on 10th May by a PiS candidate; second, the parliamentary elections of 27th 

October in which PiS won an absolute majority of 5 seats, giving it the authority to govern single-handedly. 

It ended a two-term, eight-year domination by the PO, ruling in coalition with the politically moderate 

peasants' party PSL. PiS had already experienced a previous episode of rule between 2005 and 2007, which 

to some extent prefigured the current regime (Sadurski, 2018). PiS is a right-wing populist, national-

conservative and Christian democratic political party founded in 2001. It is ostentatiously anti-Russian 

(Sadurski, 2018), but has also been very critical towards the European Commission, notably with the 

refugee crisis (Fomina and Kucharczyk, 2016). According to Sadurski (2018), the manifestations of 

populism from PiS are multiple. The government has been actively seeking popular approval to increase its 

support, in particular by setting in place various welfare policies. One of the interviewees acknowledged 

that “the PiS is very effective in holding its promises, this is why they beneficiate from high support, this is 

why they are popular” (Int. 3). PiS also deployed anti-elite and anti-establishment sentiments against 

minorities and the opposition. For instance, the refugees have been depicted as part of a plan designed by 

the elites (the European and former Polish elites) to threaten the whole population of Poland. The public 

propaganda campaigns encouraged hate against particular target groups (judges, journalists, civil service of 

previous government, ex-Communists...), with promises of a large-scale 'replacement of elites' and 

'redistribution of prestige', and mass mobilisation of public resentment (Sadurski, 2018). 

PiS manifest its nationalism notably through its repolonisation project. This has become a 

buzzword under PiS, applied to everything from shipbuilding, power utilities, banks and medicines (The 

Economist, 2018). According to an interviewee, PiS launched the repolonisation of the energy market when 

they first accessed power in 2005. It resulted in the high concentration of the power sector previously 

mentioned. While Polish energy policy has historically favoured coal, and while MPs are generally hostile to 

EU climate initiatives independent of their right/left adherence (Marcinkiewicz and Tosun, 2015), PiS, not 

encumbered by a coalition partner, shows an even more hardline position than previous governments.  

The position of PiS on wind, according to Schwartzkopff and Schulz (2017), seems to be partly 

ideologically motivated. When considering Polish public opinion it is not necessarily completely clear that 

opposing wind power is an obvious populist policy per se – the usefulness of the position to the PiS may be 

more indirect, and concerned with its convenience in lending support to a broader populist narrative.  

There is evidence showing relatively high levels of support for onshore wind among the Polish 

population. A survey from CBM Indicator invited Poles to indicate their preferred power source for the 
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electricity used in their homes. Given the choice of a nuclear power plant, a coal-fired plant, a biomass 

plant and a wind farm, the wind farm was selected by 72% of the people surveyed (PWEA, 2017).  Liebe et 

al. (2017), who conducted Factorial Survey Experiments in Germany and in Poland in March 2016, with 

more than 900 respondents per country, showed that the general acceptance of the proposed wind farms 

projects was higher in the Polish sample. In both samples, acceptance levels were lower if the proposed 

wind farm project included a larger number of turbines, with the effect being stronger in the Polish sample. 

However, Schwartzkopff and Schulz (2017) observe that the Polish low carbon industry has a minimal 

influence on public opinion. Several interviewees expressed the perception that the interest in RE sources is 

relatively low among the Polish population, one remarking that: 

There hasn't been much of a shift in public perceptions of wind power since 2015. People haven't complained about 

the onshore wind policies. They don't talk about wind power in general, but rather about electricity prices. Onshore 

wind is not a passionate issue; only energy businessmen, investors and experts care about it (Int. 3).

Nonetheless, anti-wind protest groups exist and are becoming increasingly vocal. As the 

development of onshore wind is recent, numbers of such groups are still quite small. However, one 

interviewee argued that they had become got and more active with time, organising themselves more 

efficiently, with social media and increase of education levels playing an important role. Sociometric 

surveys among owners of wind farms and companies selling/installing them led by Igliński (2016) found 

that 42% of respondents had experienced opposition from local communities and/or environmental groups 

(only 50 respondents however). Some of the opposition to onshore wind appears to be linked to 

perceptions of corruption. According to Szulecki (2017), '(There were) many reported cases of local level 

corruption, in which permits for wind farms were obtained despite local resistance and through murky links 

between developers and local authorities. Often the location of new turbines was the land owned by the 

local politicians or their family members - as a report from the independent national High Control Chamber 

pointed out'. Thus, it was perceived that people in positions of power were using wind farms as an easy 

means of generating money, despite local opposition. One interviewee suggested: 

There was a perception that wind investment was a good business, like buying gold (Int. 3).  

However, 

A lot of people didn't get as much money as they expected and were disappointed (Int. 3). 

There was also a suggestion that, 

In the rush for wind power investments, people started buying old windmills from Germany. The turbines were 

louder, sometimes in a bad state, which engendered more protests (Int. 3). 

Thus, there were elements of the emergent conflicts around wind power, although they may 

have been relatively few in number, that fitted well into the kind of populist-nationalist narrative espoused 

by PiS.  
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An interviewee reports that some anti-wind protest groups had reached PiS at the time when it 

was the opposition party (2010-2012), as a result of which PiS made the pledge to change the law once in 

power. Then, during the election campaign, several Parliamentary Members (MPs) decided to gather votes 

of protesters. According to an interviewee, they spent the years 2014 and 2015 travelling around Poland, 

visiting around 200 communes where there were protests against wind turbines. They called up local 

assemblies, assured the protesters they were right to be angry and should keep going. The discourse was 

emphasising the threat to health and property value from wind farms. 

This is a known populist strategy; it's much easier to find people that are unhappy and concerned than happy 

people. The majority of Polish people support onshore wind, but the people against attach more importance to it and 

would vote for someone against while people supporting would not vote based upon that (Int. 4). 

In parallel, PiS developed during its campaign a strong discourse in favour of coal and against 

RE sources in general, to gather the support of the powerful coal unions as an interviewee pointed out: 

For PiS, gathering the support of unions was very important to win the elections. They declared during their 

campaign everything the unions wanted to hear. They very strongly argued that Poland should develop its coal 

industry, the national source of energy, and limit the development of renewables because, costly foreign technologies 

imposed by the EU. Opposition parties didn't have alternative narratives (Int. 4).

Thus, these quotes suggest that the anti-wind campaign has been a way to appeal both coal 

unions and anti-wind groups. There is also a suggestion that the MPs campaigning were actively stirring up 

opposition to wind power in advance to ensure the popularity of their future policy supporting coal. 

Since in power, PiS has kept a discourse hostile to onshore wind. Different types of framing 

have been developed: an energy source imposed by the EU, a threat to health and property value - framings 

developed during the election campaign. Furthermore, the Energy Minister Krysztof Tchorzewski 

developed another kind of framing by arguing that 'because of the renewable energy madness, we are 

reducing our GDP growth' (Barteczko, 2016). It is of course interesting that the minister should have 

chosen to attack wind on economic grounds, when Polish coal itself is heavily subsidised, increasing costs 

for consumers. Jan Szyszko, environment minister, declared that wind farms 'destroy the landscape, are 

alien to Poland's cultural heritage and harmful to natural reserves' (Harper, 2016). Here, a familiar 

argument on aesthetic grounds is also given a nationalist-populist spin with the personification of wind 

farms as ‘alien’, and antagonistic to Poland’s ‘cultural heritage’.   

Hence, it seems that PiS opposition to wind power has developed not only as a democratic 

response to the concerns of a section of the electorate who were expressing objections to wind farms in 

specific areas. It has also become a useful vehicle for carrying a broader populist narrative which itself is 

useful as a contribution to the reinforcing of the populist tone. Further it also serves as a signifier by which 

commitment to supporting the coal industry, a crucial and powerful lobby, can be demonstrated. Wind can 

conveniently be made to fit into a populist narrative – its development was driven by EU targets and much 

of the capacity is owned by non-Polish energy companies or landowners. Given that the rest of the capacity 
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mix is dominated by coal power built on domestic coal supplies, there is a clear narrative available to 

portray wind as a threat to the Polish population, orchestrated by non-Polish entities and elites. 

1.3.4 Market arrangements and technology specific policies 

Market Structure 

In 1999, the Polish Power Exchange POLPX (The Energy Commodity Exchange or 

Towarowa Giełda Energii S.A.) was established in order to enable the liberalisation of the wholesale 

electricity market in Poland. Today, the POLPX commodity markets provide a trading platform for 

electricity, production limits for electricity generation and emission allowances (TGE, n.d.)(Harper, 2016) 

(IEA, 2016d).  

1.3.4.1 Regulation 

After Poland joined the EU in 2004, a system of Tradable Green Certificates (TGC) was 

implemented to adapt the existing energy industry to European norm and standards. In fact, the annex to 

Directive 2001/77/EC imposed on Poland an obligation to achieve in 2010 7.5% share of electric energy 

produced by RES-E in national electric energy gross consumption (Wȩdzik et al., 2017). While the system 

worked well until 2010, the rapid increase of co-firing created an enormous oversupply of Green 

Certificates, causing their value to drop significantly (Wood and Broom, 2016). 

The centrist-liberal Civic Platform party (PO) introduced in 2015 the Renewable Energy 

Sources Act (RES Act). Its main features were the introduction of auctions for RES energy and Feed-in-

Tariff for installations below 10kW (limited to the first 800 MW connected to the grid) (Wȩdzik et al., 

2017). It also cut in co-firing subsidies by a half - as co-firing would receive half of a Green Certificate per 

MWh of electricity (Wood and Broom, 2016). 

The Act was criticized for its complexity (144 pages of detailed regulations) and high upfront 

costs necessary to participate in the auctions, making it difficult for new actors such as municipalities and 

cooperatives to participate (Szulecki, 2017). As the PO was defeated in 2015 by PiS, subsequent 

amendments were made to the RES Act, which will be presented below. 

Renewables Obligation 

A Renewables Obligation scheme was introduced in 2005. This requires energy generators and 

suppliers to meet an annual quota of electricity from renewable sources, confirmed by having ownership of 

green certificates, which are earned originally by renewable energy generators. In 2016, the quota system 

was replaced with an auction system for generators with a capacity of 3-10 kW. IEA (2016e) observes that 

the policy seemed to have been successful in promoting wind power, as well as biomass co-firing in existing 

coal power stations, which requires minimal investment. These lower cost renewables kept the price of 

certificates low, and thus did not incentivise other types of renewables. 
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In 2011 the government proposed a reform of the Renewable Obligation. After four years of 

legislative discussion, the reform was scheduled to come into force on 1st January 2016 in the Act on 

Renewable Energy Sources. However shortly before this the government postponed the Act by a further six 

months in order to make additional amendments. The Act introduces an auction-based feed in tariff system 

(discussed further below). 

The Act on Windfarms 

In February 2016, a group of MPs sent to the Polish parliament a proposal for a bill entitled 

'Act on the investments in wind power plants', and it came into force in July 2016. This establishes a 

minimum distance which must be observed between a wind farm and residential buildings, forests or 

national parks, as ten times the height of the wind turbine – i.e. about 1.5 – 2km (Sokołowski, 2017). 

According to Schwartzkopff and Schulz (2017), it blocks around 98% of the country's land for wind power 

development. 

The Act also establishes a new definition of a wind farm which results in an increase in 

property tax on the owners of the turbines. 

The law explicitly excludes 'micro-installations' of power under 40 kW from its scope, such as 

the small wind turbines installed on the roofs of buildings. As an EU funded project (SWIP) aspires to 

reinvigorate the small wind turbines sector across Europe, interviewees were asked on the potential future 

of these in Poland: 

No one can tell [if they can develop], but they would need more support. (Int. 5) 

This exclusion isn't a loophole but a voluntary act to use this as a smokescreen. This way, the government can say 

they're not against onshore wind, but against big investments, and that if the individual investors and farmer want 

this form of power they can have small installations. This is a populist argument, with no economic considerations 

regarding the small wind turbines (Int. 4). 

The bill that was to become the act on the investments in wind power plants was brought to 

Parliament by members of the ruling PiS party in February 2016. An explanatory memorandum to the bill 

explains that due to ‘an extremely dynamic development of wind energy’, and a legal framework that ‘has 

not been sufficiently formulated’, wind installations ‘are being placed too close to residential buildings’, 

which has caused ‘numerous conflicts between disgruntled residents and municipalities’. The memorandum 

then lists a number of impacts of wind turbines: ‘these devices emit noise, inaudible to the ear infrasound, 

cause vibration, a flickering effect, and may also constitute a direct threat to life or health in the event of 

failure or the icing of blades in the winter.’ The memorandum continues, ‘this situation caused a number of 

citizens and associations (created specifically to prevent the construction of wind power plants in specific 

locations / municipalities) to directly address both Members of Parliament, as well as members of the 

Council of Ministers, asking for the cessation of construction of wind power plants’ (Sokołowski, 2017).  
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1.3.4.2 Economic and financial instruments 

Market support mechanisms 

The Act on Renewable Energy Sources provides for new support arrangements for renewable 

generators that start generating from 1st January 2016. For small scale systems – up to 10 kW for residential 

and up to 40 kW for commercial systems – a net metering system was introduced. Alternatively, feed in 

tariffs for smaller installations, and feed in premiums for larger installations, were introduced, both to be 

awarded through auctions. Installations currently enrolled on the green certificate scheme would have the 

option to switch to the feed in premium scheme. The auctions would be administered by the ERO. Prior to 

each auction the Ministry would publish the reference – i.e. the maximum – price for each technology. The 

Ministry intends that this price would render about 80% of projects profitable. It estimates that the changes 

would reduce the costs of renewable support by half, from about €2.13 billion to €1.02 billion by 2020 

(IEA, 2016e). 

In June 2016 an Amending Act to the Act on Renewable Energy Sources was passed into law. 

A key revision was that auctions would now take place within categories based on the ‘efficiency’ of the 

installation. The categories are: 

 Installations with an output per installed capacity exceeding 3,504 MWh / MW per year. 

This equivalent to a 40% load factor, which is highly likely to exclude solar and wind, and 

to favour biomass and hydro 

 Bio-waste generators 

 Installations emitting not more than 100kg / MWh of CO2, with an output per capacity 

exceeding 3,504 MWh / MW per year (note – presumably this category is distinguished 

from the first as the first is renewables only, but this is not, as indicated by the emissions 

factor) 

 Members of an energy cluster 

 Members of an energy co-operative 

 Agricultural biogas generators 

 Other generators 

The Act also allows for further changes in secondary law: 

 To set a maximum volume and value of electricity from renewable installations that can be 

sold in auctions 

 To set the order in which auctions are held 
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 To determine the reference price for each technology category separately, at least 30 days 

before the first auction  

After PiS came to power, two amendments to the RES Act were adopted through the Polish 

Parliament. In December 2015, a first amendment postponed the replacement of the Certificates System by 

the Auctions System by 6 months and confirmed microinstallations capacity would be capped at 800 MW 

(Szulecki, 2017). In June 2016, a second amendment was adopted by the Parliament, solely with the votes 

of the PiS majority. This amendment created an auction basket for all installations where the total installed 

capacity, regardless of the source of origin, exceeds 3 504 MWh/MW per year, equivalent to a 40% load 

factor, effectively excluding solar PV and onshore wind installations and indirectly favouring baseload 

renewables such as biomass and hydro (IEA, 2016e). The biomass-to-coal ratio to qualify as 'renewable 

energy' was changed from 30/70 to 20/80%. Micro-installations became subject to a net-metering 

mechanism (Szulecki, 2017). This legislation was submitted as a 'deputy initiative' by a group of PiS MPs - a 

format that allows to bypass all consultations, as it assumes that MPs are by definition elected 

representatives of their constituencies. Interestingly, the number of these MP initiatives has quadrupled 

compared to the PO's second term (Szulecki, 2017). 

However, more recent developments have seen the prospects for onshore wind, with the 

results of the first competitive auction for onshore wind announced in November 2018, at €37- 50 /MWh 

– this was extremely competitive and lower than recent auctions in Germany and France (Wind Europe, 

2018a), with one of the contract winners, innogy, beginning construction in 2019 (Nordex, 2019). There 

was also an indication that the government was condiering bringing forward plans to soften setback rules, in 

municipalities in which there is acceptance (Richard, 2019).   

Tax exemptions 

Generators of electricity from renewable sources are exempt from tax on the sale and 

consumption of electricity (IEA, 2016e). 

Grants and subsidies 

The National Fund for Environmental Protection and Water Management (NFEPWM) 

provides low interest loans for the purchase and installation of renewable energy systems (IEA, 2016e) 

(IEA, 2016d). Poland has also accessed co-financing from EU structural funds to support renewables (IEA, 

2016e) (IEA, 2016d). 

Grid access charges 

The cost of connecting a plant to the grid is borne by the plant operator. Renewable 

generators of capacity less than 5 MW have reduced connection charges, and micro generators can connect 

free of charge (IEA, 2016e) (IEA, 2016d). 
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The capacity market 

The Polish coal industry is increasingly unprofitable and relies heavily on subsidies. In 2014 

alone, Polish coal companies lost €380 million, and debts totalled €3 billion in October 2015 (Kowalski, 

2016). Over two-third of coal power plants are more than 30 years old, and a significant number of hard 

coal mines are expected to close due to economic problems, exacerbated by the phase out of coal mine 

subsidies by 2018 mandated by the EU (Schwarzkopff and Schulz, 2017). In 2016, the new Ministry of 

Energy proposed a framework for a market-wide capacity mechanism based on the British capacity market, 

proposing that all firm capacity over 2MW would be subject to certification and allowed to take part in 

capacity auctions (Filipiak, 2017). The European Commission approved the Polish capacity market in 

February 2018, as '[The mechanism is] open to all types of capacity providers, including demand response, 

existing and new capacities, domestic and foreign [and] the measures will keep costs for consumers in check 

thanks to the regular, competitive auctions to allocate capacity contracts'. Since then, the Polish Electricity 

Association (PEA) is lobbying for the mechanism to be exempted of the EPS 550 (limit of 550g CO2/kWh) 

or be subject to derogations. The vice president of the PEA, Filip Grzegorczyk, argued that 'the European 

Union is too interested in climate and not enough in security of supply', and that 'all renewable sources, 

especially wind, […] need reliable backup and conventional sources' (Boesser, 2018). 

2 Description of how the different element interact/work together.  

2.1 Innovating actors 

The power sector is very concentrated in Poland, dominated by a few state-owned energy 

companies, which own the majority of the coal and hydro power plants. Hence, government has strong 

links with the coal industry, and their financial interests are entwined. In contrast, foreign power producers 

from other EU countries dominate the onshore wind sector, while Polish state-owned utilities own less than 

a quarter of the countries’ wind farms. The community and Third sector actors are not very present in the 

onshore wind sector, resulting in limited lobbying for onshore wind. The fact that onshore wind is 

dominated by foreign power producers in a country where the majority of the power assets are owned by 

the State may explain the government's hostility towards onshore wind. 

2.2 Knowledge development and exchange 

At the present time, the innovative activities in wind power in Poland are more or less at a 

stand-still. The strength of the current government’s opposition to onshore wind makes it clear that there is 

a fairly unfavourable environment for onshore wind power at present, and international companies with 

investments in Poland are beginning to withdraw. All of this suggests a very limited capacity for knowledge 

development and exchange. There is some potential for offshore wind, and this technology has not yet 
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attracted such objections, and could be an area of future potential (McKinsey, 2016). If the primary 

objections to onshore wind are to do with aesthetic and health impacts resulting from their proximity to 

humans, then offshore wind may indeed still be an area of opportunity. However, if the motivation is a 

populist protection of the coal industry, then there is no reason that offshore wind should be more 

favourably looked on than onshore. 

2.3 Actors’ visions and expectations 

The close links between the state and state-owned energy companies have been affecting the 

energy policy of previous governments in Poland, and the ideologies of PiS fit quite well with this 

configuration. The PiS' nationalistic and anti-EU narrative has made the onshore wind sector, largely 

dominated by foreign power producers and wealthy individuals, a perfect target. It could easily be 

presented as serving the interests of the foreigners (EU) and the rich, but not the interests of the 'real 

people'.  

However, PiS has also developed a strong ‘centralised’ government approach, and a 

preference towards centrally led large-scale construction projects. Interestingly, this may be allowing a 

more positive narrative to emerge around offshore wind, as a larger scale technology, and an industry in 

which there is an opportunity for Polish companies to be competitive. In 2018 the government announced 

plans to develop 8 GW of offshore wind by 2035 (Wind Europe, 2018c).  Three offshore wind farms 

projects in the Baltic Sea are currently being considered. The party has also been considering developing 

nuclear projects. Several interviewees suggested that these big centralised projects are better aligned with 

the interests and ideology of PiS: 

The government really like centrally led, large scale investments, like the offshore installation. It would be a big 

contract, delivered by the state to big Polish companies, with extra jobs for Poles... In Poland there's now this 

approach we had during communist times to centralise a lot. Politicians love to announce 'we're going to build this 

big project here' (Int. 3) 

Offshore wind means big centralised projects, and is supporting the industry well, so it fits the interests of the 

government. Onshore wind, on the contrary, means more small individual dispersed investments. (Int. 5) 

Another interviewee suggests that the government’s more sympathetic stance towards 

offshore, as opposed to onshore wind, is related to state-owned PGE’s relatively high market share in the 

nascent offshore sector:  

In the offshore market, if we assume there are 2.2 MW of capacity under development, 50% of that belongs to PGE. 

So the government sees offshore in a very similar way than the conventional sector: something they can control, with 

investors they can choose, they can regulate, and with no controversies (Int. 4) 

One interviewee commented that the nascent offshore industry offered an opportunity for 

Poland to develop an industry and create new jobs: 
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In Poland we have offshore business, we produce masts. These are green jobs that could be created. Poland is already 

producing offshore elements (Int. 3). 

However, an explicitly pro-wind green jobs agenda has not been adopted by PiS. During its 

election campaign PiS encouraged resentment and anger, notably from anti-wind protest groups, and made 

pledges to hinder the development of onshore wind - pledges that had to be held. In conclusion, the 

ideologies of PiS seem to have been re-enforcing drivers behind the government’s onshore wind policies. 

Although polls have shown that Poles are in majority supportive of onshore wind, the 

deployment of this RE source is not a big concern for the population (and consequently, no governmental 

polling is being carried about this topic). This is because Polish citizens are relatively indifferent to 

environmental policies and deployment of RE sources in general, as these topics are overshadowed by 

economic concerns (energy prices, purchasing power). As a result, PiS has orientated its discourse towards 

growth and energy prices rather than environmental matters. Apart from the (opportunistic) support for 

anti-wind groups, the topic of onshore wind hasn't been much evoked during the election campaign and 

doesn't figure on PiS’ manifesto. 

2.4 Market formation and governance processes 

The potential market is very significant – as wind currently supplies only around 7% of 

electricity. However, due to recent changes in market support policies, and increased planning restrictions, 

market formation is now extremely weak. 

2.5 Resources 

Poland has excellent wind resource potential, especially along the Baltic coast and in the 

southern mountainous areas. Wind speeds can reach as much as 10m/s (Dawid, 2017). Offshore wind 

potential is also strong, with estimates ranging from 7.5 GW to 14 GW (McKinsey, 2016). 

3 Main lessons: barriers and enablers 

The overwhelming barrier in Poland in respect of wind is the explicit opposition to wind 

power of the ruling PiS party, and its commitment to supporting the domestic coal industry, even though 

this requires considerable subsidy. The PiS’ opposition to wind power can also be conveniently folded into a 

populist narrative, in which wind is presented as an agenda of the EU, of non-domestic companies, and of 

certain corrupt or money-grabbing elites, and one which is antagonistic to the wellbeing of the Polish 

people, including the thousands still employed by the coal industry.  
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Wind: the UK 

1 Identification of key elements of the innovation system in the 

sector 

1.1 Technologies and infrastructure 

1.1.1 Technology, innovation and technological readiness 

Electricity generation sources are quite diverse in the UK. Since the 90's, the share of coal in 

the power generation mix has steadily decreased. Electricity generation was 336 TWh in 2017, with a 

continuation of the shift in fuel mix away from coal. 

Figure 37: Electricity generation by fuel from 1990 to 2015 in the UK. Source: Author's graph based on IEA (2016a)

Among RE sources, wind energy is dominant- onshore as well as offshore. In 2019, there was 

13 GW of onshore wind installed capacity, and 8 GW offshore (Renewable UK, 2019). A very large 

amount of wind power capacity was installed in 2017: 2580 MW onshore (a fifth of the total capacity 

previously installed), and 1680 MW offshore (Wind Europe, 2018d). 

However, the UK has one of the least efficient onshore wind turbine fleets in Europe, due to 

planning laws restricting turbine height: average power of onshore wind turbines installed in 2017 in the 

UK is only 2.25 MW, when the Swedish average is 3.3 MW (ECIU, 2017). 
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Figure 38: Electricity generation from RE sources from 1990 to 2005 in the UK. Source: Author's graph based on IEA (2016)

Half a century ago, coal was the UK's main source of power, as well as a major heating fuel, 

either for burning directly or used for the production of ‘town gas’ which was subsequently distributed 

through pipelines. Coal dominance was gradually eroded by the construction of nuclear power stations 

from the 1950s onwards, and by the discovery of natural gas in the North Sea in the 1970s, which led to the 

conversion of the gas network from town gas to natural gas (Hannah, 1979, Hannah, 1982, Arapostathis et 

al., 2014). The growth of cheaper coal imports further attenuated the British coal industry, leading to 

industrial conflict culminating in the miners’ strike of 1984/1985 (Arnold, 2018). By the end of the 1980s 

the British domestic coal industry was severely attenuated. In the 1990's, the removal of a moratorium on 

the use of gas turbines in power generation, combined with technological progress in CCGTs in other 

countries, the availability of North Sea gas, as well as market liberalisation policies favouring lower capital 

cost plants, led to the 'dash for gas', in which a rapid build-out of CCGTs substantially displaced coal power 

stations.  

These events provide important context to the political economy of the UK’s approach to 

decarbonisation. Since the 1990s, the growth in renewables in the power sector has been due to 

environmental policies – however, unlike in Germany and Poland, this has not been in the context of a 

strong pre-existing domestic coal industry; there has therefore been less of an incumbency battle in the UK 

than in these other countries, because the coal industry had already terminally declined for other reasons, 

before low carbon policies in the power sector begun to be pursued.  

1.1.2 Infrastructure 

The United Kingdom (UK) consists of one mainland island (Great Britain, GB), a portion of 

the island of Ireland (Northern Ireland), and a number of smaller islands around the coastline of GB. The 

main interconnected electricity transmission network is a GB system, employing 400 kV and 275 kV lines 

in England and Wales, and 275 kV and 132 kV lines in Scotland. Substations throughout the transmission 

network connect to separately owned regional distribution networks. The GB network has interconnections 

with other UK islands (Northern Ireland, the Isle of Wight, the Orkney Islands, etc) as well as to other 
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neighbouring countries (Ireland, France, the Netherlands). More interconnectors to these and other 

countries, including Norway, are planned.  

The UK has a geographical challenge in respect of the location of its best wind resources. Its 

prime renewable resources tend to be located in more rural areas of the country which historically had lower 

capacity connections to the national grid, due to lower population and power demand. The country’s System 

Operator, National Grid, publishes annually a forward looking grid development plan, to analyse the likely 

future transmission network requirements arising from ongoing changes to generation and demand (National 

Grid, 2017a). Originally taking a seven-year perspective, from 2012 onwards the plan became a ‘Ten Year 

Statement’, in acknowledgement of the need for a slightly longer term view of network developments 

(National Grid, 2012)(National Grid, 2017a). The Ten Year Statement is complemented by an annual Future 

Energy Scenarios process, which engages a range of stakeholders in exploring future drivers on the electricity 

system, thus helping to identify potential upcoming network investment needs in a timely fashion (National 

Grid, 2017b). The challenge is to ensure that grid constraints do not hinder the deployment of renewables, 

whilst at the same time avoiding the risk of over-investing in network capacity that is ultimately under-

utilised, because the generation actually built is less than predicted.  

However, if grid connections do not come fast enough, some rural communities with extensive 

wind resources may begin to explore alternative ways of maximising their renewable resources without 

increasing connections to the National Grid. For example, the Orkney islands off the north coast of Scotland 

have already reached an annual production level of renewable electricity that exceeds the islands’ own 

electricity demands. A consortium has begun to explore the potential to use excess power generation to 

produce hydrogen through electrolysis, which could be used to power the islands’ ferry (McPhee, 2018a).  

Renewable energy deployment requires supporting infrastructure without which it cannot be 

deployed. For example, offshore wind farms require a port base, with sufficient capacity, from which ships 

can load. The availability of supporting infrastructure of this kind has a material impact on developers’ 

decisions as to where to locate their operations, which can in turn impact upon choices about other 

infrastructure such as manufacturing plant, thereby affecting the development of the innovation system. 

Similarly the availability of skills is a crucial factor (Wind Europe, 2018b). 

1.2 Actors and networks 
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1.2.1 Demand 

Figure 39: Electricity demand by sector, UK, 2017. Source: DUKES 2018 

Figure 39 shows shares of total UK electricity demand by sector. The largest share is taken by 

domestic demand (30%), followed by industry (26%) and commercial (21%). Total final electricity 

consumption has fallen by 9% since 2010, due to increasing efficiency (DUKES, 2018). Within overall 

electricity demand, demand specifically for wind power has been driven by various support mechanisms, as 

will be discussed in the following sections. In theory it is possible for consumers to play a role also as 

generators of electricity. However, while the uptake of residential scale PV in the UK has been relatively 

strong, in the case of wind, small scale wind has had limited uptake, with larger scale actors dominating, as 

will be discussed in the following section. 

1.2.2 Supply 

The UK was a pioneer in the drive towards liberalisation of electricity markets, through an 

ambitious privatisation programme in the late 1980s and 1990s. At present, the market is fully liberalised 

and privatised, and the state has no share in power companies (Hassan and Radu, 2017). 

There are six large generation-owning companies operating in the UK: EoN, RWE-Npower, 

Centrica, EdF, SSE and Scottish Power. Most have headquarters outside of the UK. 

An analysis from the DUKES 2018 shows the main actors of the British onshore wind sector 

are big utilities (the 'Big 6'). The onshore wind farms operational in May 2018 were owned mainly by 

Scottish Power, EDF renewables and SSE. The model of development is therefore rather large scale wind 

farms, with dozens of turbines operated by project developers or utilities, than a smaller scale model like in 

Germany, where 68% of wind parks are smaller than 10 MW, having between 1 and 15 turbines, and are 

operated by citizens, farmers or cooperatives (Geels et al., 2016). 
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According to a report from Community Energy England (Community Energy England, 2018), 

249 MW of electricity generation capacity can be attributed to the UK community energy sector. Among 

these, 81 MW are owned by communities in Scotland and 168 MW are owned by communities in England, 

Wales and Northern Ireland. Wind energy represents 18% of the community-owned electricity - solar PV 

has a much larger share. As such, small-scale community owned wind turbines clearly represent a small 

proportion of the 21 GW total onshore and offshore wind capacity as reported in Section 1.1.1.  An 

interviewee stressed the fact that there were never many chances for communities to participate in onshore 

wind in the UK. Many experts argued that successive systems of financial support for RE source in the UK 

have been favouring large incumbent energy businesses rather than smaller new entrants. The design of the 

Renewables Obligation (RO) scheme (described in more detail below in Section 1.3.4.2) created risks and 

transactions costs that bigger businesses were better placed to face (Woodman and Mitchell, 2011), while 

the Contracts for Difference (CfDs, also discussed further below in Section 1.3.4.2), through their 

complexity, make it harder for small players to gain finance (Harvey, 2012).  

1.2.3 Research and innovation 

Although the UK is world-leading in its deployment of offshore wind, its domestic 

manufacturing, research and innovation capacities are more limited. Wieczorek et al (2013), comparing 

offshore wind innovation systems in four European countries observe that ‘the United Kingdom does not 

have such a strong national industry and is very dependent on foreign actors to fulfil their national ambitions.’ 

In principle this does not have to be major problem, with trade allowing innovation systems to be 

international, and countries to specialise within this. However, from the national perspective, the weak points 

in a value chain may create vulnerabilities depending on socio-political factors. For example, Wieczorek et al 

continue by suggesting that ‘a too strong dependence on foreign actors may result in a loss of legitimacy and 

political support, as domestic incentives for offshore wind primarily lead to the building up of an offshore 

wind industry abroad.’ It might be added that while the manufacturers of offshore wind components are not 

primarily United Kingdom companies, nonetheless it is possible for them to locate manufacturing plants in 

the United Kingdom, thereby creating  jobs in the United Kingdom, as Siemens and Dong Energy have started 

to do. In a later paper it is acknowledged that ‘by using the domestic market and wind potential of the United 

Kingdom, foreign companies provide the domestic innovation system with access to foreign knowledge and 

skilled personnel… and contribute to national employment creation’ (Wieczorek et al., 2015). However, 

emerging political issues could create further vulnerabilities for the United Kingdom in this regard – for 

example the effects on investment decisions of manufacturing companies if and when the United Kingdom 

leaves the European Union. As such this aspect of the United Kingdom’s innovation system may constitute a 

long term vulnerability. Given that the generation of wider economic benefit can be an important part of 

‘legitimacy creation’ as discussed in Wieczorek et al (2013, 2015), the lack of a domestic value chain may be 

seen as a risk factor in the United Kingdom’s ambitions in deploying renewable energy. 
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1.2.4 Supporting institutions 

The Committee on Climate Change (CCC), the independent body advising the government on 

emission targets, provides support for, but also exerts pressure on the government in respect of its 

decarbonisation policies. The CCC has consistently advised that the power sector should be decarbonised 

first and fastest, and its scenarios assumes UK electricity will be almost zero carbon by 2030. The 

Committee makes it clear that a number of low carbon power technologies have a role to play in this, and 

both onshore and offshore wind have consistently played prominent roles in its future scenarios. In the case 

of onshore wind specifically, the CCC has been critical of the government for removing the route to market 

for onshore wind, as it is the most cost effective source of renewable power (CCC, 2018). 

The Green Investment Bank was a non-departmental public body of BEIS launched initially by 

the UK government in 2012. In 2017 however it was sold to the private sector and is now owned by 

MacQuarie Group Ltd, and known as the Green Investment Group (UK Government, 2018). It continues 

to invest in green infrastructure projects on commercial terms, as well as offering financial services and 

products, project delivery and portfolio services, and other services. It has invested £1.6bn in the offshore 

wind sector, across nine projects wiith a combined total capacity of 3.2 GW. It has also set up and manages 

the UK Green Investment Offshore Wind Fund, which has a portfolio of six projects with a combined 

capacity of 1.45 GW. The GIG also provides finance for onshore wind projects, noting that ‘The potential 

for this sector is significant, but there is currently a market failure in the provision of finance to these 

projects’ (GIG, 2018). 

There are relatively many actors from the Third sector involved in the onshore wind sector. 

RenewableUK is the main actor lobbying for wind power and representing the industry. Other 

organisations like Friends of the Earth, Greenpeace, 10:10 are frequently leading actions to support the 

development of wind power.  

1.3 Policies and Institutions  

1.3.1 Capacities and institutions 

The UK is a parliamentary system with a bicameral legislature – the House of Commons is 

fully elected, the House of Lords is appointed. The Prime Minister is not directly elected by popular vote – 

the post is assumed by the leader of whichever party can command a working majority in the House of 

Commons. 

The UK is comprised of four nations: England, Wales, Scotland and Northern Ireland. Since 

the 1990s, a gradual process of devolution has occurred, with certain powers devolved from the UK level to 

those of the four constituent nations. Wales, Scotland and Northern Ireland now have their own national 

parliaments for dealing with such issues. Of particular relevance to the current study, energy policy is a UK 

issue, whereas planning is a devolved issue. However, such boundaries are being blurred as for example 

Scotland is actively developing its own decarbonisation strategy and targets, and UK ministers have 
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discussed the possibility of Scotland having its own feed in tariffs for renewable support (as will be discussed 

below). 

1.3.2 Overarching national and supra-national strategies 

The UK’s Climate Act 2008 set into law an economy-wide target for reducing greenhouse gas 

emissions by 80% from 1990 levels by 2050. The target is broken down into a series of five-year ‘carbon 

budgets’, which must not be exceeded in each five-year period, ensuring that genuine progress is being made, 

consistent with the long term target (CCC, 2017b, HM Parliament, 2008).  

The Climate Act also established the Committee on Climate Change (CCC) – an independent 

body with the duty to advise the government on how it should best meet each carbon budget, and to call the 

government to account if it is not on track to meet a budget (CCC, 2014). Although the UK does not 

currently have a legally binding emissions target for the electricity sector, the CCC consistently advise on the 

importance of decarbonising electricity as the most cost-effective route towards overall system 

decarbonisation (CCC, 2013). More specifically, energy system studies have increasingly converged around 

the recommendation that the cost-effective path to the 2050 target requires a near-total decarbonisation of 

electricity generation to an average carbon intensity of 50gCO2/kWh by as early as 2030 (Usher and Strachan, 

2010, AEA, 2011, Ekins et al., 2013) (CCC, 2008, CCC, 2010). As a result the recommendations of the 

Committee on Climate Change (CCC) in relation to the fourth carbon budget make clear that this should be 

the objective, and base their discussions and recommendations around electricity system decarbonisation on 

this assumption (CCC, 2010, CCC, 2013, CCC, 2014). 

The EU’s target set out in Directive 2009/28/EC translates to a target of 15% renewables in 

total final energy in the UK (EC, 2017). The UK may not bound by this directive if it succeeds in leaving 

the EU in 2019, depending on the agreements of any ‘transition’ period. However, the carbon budgets set 

out according to the requirements of the UK’s own Climate Act are broadly in line with those required by 

the Directive. 

In 2019. The UK updated revised its target to net-zero greenhouse gas emissions by 2050 

(BEIS, 2019b). 

1.3.3 Cultural values and expectations, and political ideologies 

As noted above, the imminent prospect of the UK leaving the EU does not entirely throw in to 

confusion the UK’s trajectory on carbon reduction and renewables, due to the strength of domestic 

legislation, especially the Climate Act, which is broadly concordant with the wider-EU’s ambitions. 

However, it is conceivable that once the UK is outside the EU’s environmental legislation, there may be 

strengthened calls for it to review its own environmental legislation.  

Energy prices recur periodically as a theme of dispute, when it is argued that UK energy prices 

are high by standards of other comparable countries, and that the costs of renewable and low carbon 



104

support are in part the cause of this (House of Lords Select Committee on Economic Affairs, 2017). This is 

felt to be harmful to UK industry – it may in such arguments be noted that Germany provides exemptions 

to industrial consumers for the costs of renewable support, as discussed in that case study. 

Another uncertainty in relation to the UK’s departure from the EU is the effect on the 

possibility of increased convergence in European electricity markets. Across the EU the intention has been 

to increase physical interconnections as well as increasing market harmonisation, within the Energy Union 

agenda. As well as potentially driving lower prices due to a more liquid market, there are potentially 

significant benefits from more interconnected systems for the integration of variable renewables, as outputs 

are more likely to be uncorrelated over wider geographical areas. It is unclear yet whether this kind of 

project is something that the UK can continue to engage in when outside of the EU. 

Public objections to wind farms, both on- and offshore, are well documented in the UK – 

although in general support for wind power is relatively high. The Public Attitudes tracker published yearly 

by BEIS shows that in 2018, 76% of the population was supportive of the development of wind farms 

onshore (BEIS, 2018a). This support, although lower, is still present among conservative voters (10:10 

Climate Action, 2018). 

Yet, anti-wind protest groups have been present in the UK since the mid-1980s. A journalist 

from The Economist expressed the perception that "in Britain, a crowded and windy island with high rates 

of home ownership and an appealingly romantic view of its landscape, the conflict (against wind turbines) is 

exceptionally rancorous" (The Economist, 2013). Arguments of opponents have been the invasion of the 

countryside by corporate interests, aesthetic considerations, threats to tourism, and property values 

(NOW, 2018). As one interviewee suggests, 

Even though the groups are small, some of them are fairly well resourced – lots of time, some people, and a bit of 

money. They have created some locally divisive campaigns, and gathered sometimes a significant number of people 

(Int. 6).

The opposition to wind farms in the UK has been extensively studied (Bell et al., 2005, Jones 

and Richard Eiser, 2010, Ogilvie and Rootes, 2015). Bell et al. (2005) suggest that wind power planning 

decisions tend to be disproportionately influenced by the minority who oppose the project. Consequently, 

onshore wind suffers from a popularity bias in the British imagination, as an interviewee points out: 

There is a collective perception that onshore wind is unpopular in England. A large part of people think onshore is 

unpopular, only 11% of the public knows onshore wind is as popular as it is. This comes partly from a heavy media 

bias against onshore wind (Int. 6).

This bias also affects politicians. In its report published in July 2018, the ECIU shows that only 

9% of the 100 MPs surveyed got the right answer when asked what proportion of the British public is 

strongly opposed to the RE source. While the regular government survey 'Wave' has shown the average to 

be 3.5%, 22% of the MPs thought the figure could be as high as 50% (ECIU, 2018). A survey from 10:10 

published in July 2018 shows that nearly three quarters of the constituents of the MPs signatories of the 

2012 letter support the development of onshore wind (10:10 Climate Action, 2018). 
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Wind is also sometimes opposed as being unreliable and there an expensive project of no value 

to the energy system. The question of energy security comes up periodically within UK public debate. In 

the years leading up to 2015 in the UK there was particular interest in the security issue, framed around the 

effect of the Large Combustion Plant Directive which was to bring about the closure of several coal and oil 

plants, as well of the growing contribution of variable renewables (RA Eng, 2013). In consultation with 

National Grid and the regulator Ofgem, the government responded by allowing certain demand 

management measures, principally in relation to industrial users, and introducing the Capacity Mechanism. 

This is measure by which flexible plant enter in to a contract to be kept on retainer for the purpose of 

providing flexible back up plant at short notice. 

The cost of low carbon energy policies is also a critical issue that recurs periodically. Low 

carbon policies have been attacked on the grounds that they increase costs for consumers, and make UK 

businesses and industries less competitive (House of Lords Select Committee on Economic Affairs, 2017). 

The CCC has engaged with this debate by showing the impact of low carbon policies on energy bills, and 

furthermore arguing that improvements in energy efficiency have more than offset such cost impacts, 

meaning that energy bills are in fact lower overall, in spite of low carbon policies (CCC, 2017a).    

All of these currents and debates within public discourse have interacted in complex ways with 

political ideologies. In May 2015, the Conservative party won the General Election, with an outright 

majority, after the Liberal Democrat vote collapsed and the Labour party was virtually wiped out in 

Scotland (largely due to the success of the Scottish National party). 

Carter and Clements (2015) analysed how David Cameron tried to modernise the 

Conservative Party with the 'Vote Blue, Go Green' strategy. He saw the environment playing a tactical role 

within the wider modernisation strategy, with its objective of detoxification or brand decontamination 

(Bale, 2008), and wanted to become more attractive to Liberal Democrat voters. According to Carter and 

Clements (2015), Cameron and other modernisers were careful to embed this rediscovery of 

environmental protection in traditional conservative values. 

However, the environment has shown the Conservatives to be somewhat internally divided 

and rebellious, and more inclined according to Carters and Clements (2015) to support producer interests 

(oil and gas companies, energy utilities, farmers) rather than environmentalists. A survey from 2012 

showed that British Conservatives were less likely to think wind turbines could make a positive contribution 

to the reduction of CO2 and more likely to think the government was over-subsidising wind power (Carter 

and Clements, 2015). In 2012, more than 100 MPs published an open letter to the Prime Minister, 

qualifying onshore wind as 'inefficient and intermittent energy production', requesting subsidies to be 

granted to 'other types of reliable renewable energy production'. An analysis of the signatories shows that 

94% of them represented English constituencies, and 97% were from the Conservative party. 

The Conservative-led Coalition in power from 2010 to 2015 and the following Conservative 

governments have sought to develop an agenda of localism accompanied by a narrative of decentralization 

and empowerment. Reforms enacted under localism are still working their way through since 2015. Tait 
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and Inch (2016) point out how 'localist' views of community and society struggle to fit with other long-

standing lines of Conservative thoughts like the one-nation conservatism and neoliberalism. These 

ideological contradictions are striking in energy policy, where the localism agenda coexists with the 

development of big centralised energy projects (offshore wind, nuclear). Hence, Tait and Inch (2016) 

suggest that 'the fragile settlement that was reached between neoliberal, localist and One-

Nation/preservationist factions of the Conservative Party will be tested again in the coming years' (p.189). 

In the 2015 Conservative manifesto, the opposition to onshore wind farms is mentioned in a 

rather cautious way: they 'fail to win public support' and are 'unable [...] to provide the firm capacity that a 

stable energy system requires'. A pledge is made: 'We will end any new public subsidy for them and change 

the law so that local people have the final say on wind farm applications'. One interviewee expressed the 

perception that these pledges were made because the Conservatives didn't want to lose votes from the UK 

Independence Party (UKIP): 

Many UKIP MPs were from constituencies with strong protest groups, and made the onshore wind issue part of their 

campaign. The Conservatives didn't want to lose votes to the UKIP so they included it in the manifesto (Int. 6).

Claire Perry, Secretary of State at the BEIS, confirmed in May 2018 the party ‘preserved the 

manifesto commitment on large scale which we don’t think is right for a lot of England'. However, a 

different approach was considered appropriate for Scotland. Perry added 'Scotland’s got great geography, 

less concentrated population; [onshore wind] is obviously perfect for lots of parts of Scotland assuming that 

the local community wants it [...] the planning system [...] is now robust enough to deal with local 

challenges [...] we’re absolutely not against onshore wind, were against breaching manifesto commitments' 

(McPhee, 2018b). 

Interestingly, offshore wind has a rather different perception in the UK. In a few years, 

offshore wind has been caching up with onshore wind and it seems like it could surpass it very soon. Geels 

(2014) observed that '[in the 2007 White Paper] a subtle dimension of the new framing was that the 

proposed solutions (including large offshore wind parks) mainly entail large-scale technical options, which 

fit relatively well with the practices and interests of utilities and national governments' (p.31). 

According to Kern et al. (2014), 'Offshore wind satisfies the economic and political interests 

of key actors: politicians are committed to meeting renewables and carbon targets, creating new jobs, and 

want to avoid public backlash against more onshore wind, the Crown Estate is interested in creating 

revenue from offshore leases, as is the Treasury, and for the utilities and investors this is a new business 

opportunity' (p.639). One interviewee suggested that onshore and offshore wind have been framed entirely 

differently:

A narrative has been created where onshore wind is controversial, political suicide, while offshore wind is safe (Int. 

6). 

However, some justification for this kind of framing could be suggested when thinking 

strategically about technologies in which UK can still play a significant role in technology development. 
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Whereas onshore wind is a mature technology, further development is expected in offshore wind. One 

interviewee noted about offshore wind: 

Across all renewable technologies that is probably the one where the UK could have an influence in reducing costs, so 

selecting that as a strategic opportunity for the UK makes sense  

Another agreed: 

Offshore wind was seen as an area where the UK has the opportunity to drive down costs. (Int. 7) 

It is interesting to note that interviewees mentioned similar potentials in the Polish case study. 

The Climate Change Act requires the government to publish its proposals after each carbon 

budget is agreed. Published in October 2017, the Clean Growth Strategy (CGS) covers the fourth and fifth 

carbon budgets. Friends of the Earth regret that 'there is still little on onshore wind [...] apart from a 

mention of island onshore wind and small wind turbines on farms'. In fact, the CGS mentions the support to 

offshore wind as a means to 'support high value jobs and a sustainable UK industry exporting goods and 

services around the world' and considers 'opportunities for additional offshore wind deployment in the 

2020s', if this is cost-effective and deliverable [meaning] up to £557 million for Pot 2 CfD auctions, with the 

next onshore planned for spring 2019' (p.99). 'Offshore wind' is mentioned 35 times in the report, while 

'onshore wind' is mentioned only 2 times - and just to communicate facts about its previous growth (BEIS, 

2017). 

1.3.4 Market arrangements and technology specific policies 

1.3.4.1 Regulation 

Before 2015, large onshore wind projects were treated as Nationally Significant Infrastructure 

Projects (NSIP), and had to obtain development consent of the Secretary of State, under the rules provided 

for in the Planning Act 2018. For smaller projects (50 MW or less), the Local Planning Authorities (LPA) 

were responsible. In 2016, the Energy Act and the Infrastructure Planning Order returned all the decision 

making power to LPA in England and Wales, for large as for small projects. 

A Written Statement from the Secretary of State for Communities and Local Government 

written in June 2015 sets out conditions under which LPA should grant permission to wind farm projects. 

First, 'the development site should be in an area identified as suitable for wind energy development in a 

Local or Neighbourhood Plan'. Second, 'Following consultation, it should be demonstrated that the 

planning impacts identified by affected local communities have been fully addressed and therefore the 

proposal has their backing' (House of Commons, 2015). 
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Fisher (2018) argued that this statement is misleading, and that what the reform was 

effectively doing was shifting these projects from one legal regime to another so that a different set of 

processes and legal doctrines would apply. Stone (2017) points out the fact that under this new policy, 

onshore wind projects can only be developed if LPA or local communities take deliberate action to 

identifying suitable areas for onshore wind. Based on an e-mail survey, he stresses the practical issues of this 

new policy for LPA officers: ‘the responses and comments reflect clear concerns that the requirement for 

planning issues to be fully addressed was not clear, in terms of how this requirement should be tackled by 

applicants, and in how decisions should be made by planning committees' (p.11). Many respondents also 

agreed that the new Planning policy will make it more difficult to bring forward community- owned wind 

projects: 'Given the general lack of adopted policy at local authority level, (the new regime) invariably 

requires the community group to first develop and adopt a neighbourhood plan with a supportive policy 

before they can prepare and submit a planning application, significantly lengthening the time and effort 

needed to develop their project.’ (p.9). 

An analysis of the renewable energy database published in May 2018 by the government shows 

the negative effects of this planning policy. Since 2016, the number of application for onshore wind farms 

that have been made has decreased significantly. In 2017, no planning application at all has been made in 

England. 

1.3.4.2 Economic and financial instruments 

Renewables Obligation

In 2002 the UK introduced a renewables obligation system. This system mandated suppliers to 

source a minimum percentage of their total generation from renewables. They could do this either by 

buying renewable generation directly, for which they would receive a Renewables Obligation Certificate 

(ROC), or by trading in the market for ROCs. The system was initially intended to be technology-neutral, 

so that power produced from any renewable technology would be eligible for the same ROC credit. A price 

cap was set on the ROCs to assuage fears of high costs. The effect of the system was to reward those 

renewable technologies already closest to market – mainly onshore wind and biomass co-firing. It did little 

to stimulate innovation and development of other renewable technologies, and delivered little capacity 

overall (Woodman and Mitchell, 2011). In 2006, the government introduced a ‘banding’ system, under 

which technologies would receive different multiples of ROCs for the same amount of energy produced, 

with the multiple reflecting the market-readiness of the technology. A measure was introduced to ensure 

ROC values would be supported if the minimum mandated level of renewable generation was exceeded, in 

order to provide clearer price certainty for investors. The measures were successful in that the UK’s 

renewable capacity began to expand, especially offshore wind. However, Grubb et al comment, ‘the UK 

had in effect been dragged into the messiest and most complicated way of delivering feed-in tariffs yet 

conceived’ (Grubb et al., 2014).  
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Feed in tariffs, Electricity Market Reform, and Contracts for Difference 

Feed-in-Tariffs (FIT) started to be available for small-scale applications in spring 2010, 

providing payments to owners of small-scale renewable generators at a fixed rate per unit of electricity 

produced. 

In 2013, a process of Electricity Market Reform (EMR) was undertaken. The 2013 Energy Act 

created the framework for a variant of feed-in-tariffs to be made available to large-scale low carbon 

generators, which was eventually to replace the RO as the principal support mechanism for large scale low 

carbon power generation. This feed-in-tariff system is based on a ‘contract for difference’, where the 

difference between the market price of electricity and the agreed ‘strike price’ is provided to the generator 

when the market price is below the strike price; conversely, if the market price goes above the strike price, 

the generator is committed to refunding this difference. The result is a fixed (inflation-linked) revenue 

stream, for the contract period of 15 years.  

The first contracts were awarded administratively, without competition, in early 2015. In 

these early iterations of the CfD, costs were high, especially for offshore wind. In 2010 a report by the UK 

Energy Research Centre’s Technology and Policy Assessment function found that the costs of offshore wind 

had actually been increasing in the preceding few years, and were now several times the average UK price 

of electricity, commanding significant subsidies as a result (Greenacre et al., 2010). 

The report could not envisage significant cost reductions in the near term. Finding that the 

cost of offshore wind at the time was around £145 / MWh, its most optimistic case was that costs might fall 

to around £89 / MWh by the mid-2020s. The conditions for this cost fall were: load factor to increase by 7 

percentage points to 45%; turbine costs reduced by 50%; foundation costs reduced by 30%; O&M costs 

reduced by 25% (Greenacre et al., 2010). 

The report’s near-term view was borne out by events – costs failed to come down. In April 

2014 the government announced that it would allocated contracts for 8 renewable energy projects, 

including 5 offshore wind projects at costs of £140-£150 / MWh (NAO, 2014). Two of these, Burbo Bank 

Extension and Dudgeon, began to generate power in 2017 on contracts of £150 / MWh, more than three 

times the average wholesale price of electricity at the time (Business Electricity Prices, 2018). 

Hence at this point the view of the UKERC report not to expect significant cost reductions by 

2015 was largely borne out (although the projects weren’t actually built in 2015). However, the 

government’s approach of issuing the 2014 contracts on an administered basis, instead of a waiting for a 

competitive auction due the following year, was criticised by the National Audit Office (NAO), which felt 

the projects could have been delivered at a lower cost had the contracts been auctioned competitively 

(NAO, 2014). 

The conclusion of the NAO report was given some weight by the outcome of the UK’s first 

competitive CfD auction announced a few months later in February 2015. Two offshore wind projects were 
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awarded here at prices of £120 and £114 / MWh, already appreciably lower than those awarded in 2014. 

Onshore wind also competed in this auction and around 750 MW obtained a CfD (DECC, 2015a). 

Meanwhile, with the new CfD system up and running, the Conservatives introduced primary 

legislation to close the ROC scheme in April 2016, a year earlier than planned. This decision was justified in 

a Written Statement from DECC: 'The RO supports the overwhelming majority of current and future 

onshore wind capacity. Unlike CfDs [...] the RO is demand-led and so poses more risk of pressure on 

consumer bills from increased demand for the subsidy'. It is added that the onshore wind deployment under 

ROC and CfD scheme has been enough according to the EMR Delivery Plan, and that consequently it was 

'appropriate to curtail further deployment of onshore wind, balancing the interests of onshore wind 

developers with those of the wider public' (DECC, 2015b). 

The results of the second CfD auction were published in September 2017, and saw even 

greater cost reductions in offshore wind contracts. The UK awarded contracts to one offshore wind project 

at £74.50 / MWh, scheduled to begin operation in 2021/22, and to two more at £57.50 / MWh, 

scheduled to begin operation in 2022/23. With the average wholesale price of electricity for the period 

2023-2035 projected by BEIS to be £53/MWh (Evans, 2017), if these projects go ahead as scheduled they 

will be close to zero subsidy.  

In 2017, onshore wind was excluded from the second round of CfD auctions. As one 

interviewee recalled, “while the 2015 auctions were technology neutral, there has been after that a clear 

choice in technology” (Int. 7). Along with the closure of the RO scheme in 2016, this meant that onshore 

wind was now unsupported by subsidy. As an interviewee observed, there has been a clear choice in 

technology while the 2015 auctions were technology neutral. The decision was mentioned by Secretary of 

State for Energy and Climate Change Amber Rudd in a statement in June 2016: 'On CfDs we have the tools 

available to implement our manifesto commitments on onshore wind and will set out how we will do so 

when we announce our plans for further CfD allocations' (House of Commons, 2018). While she declared 

to be considering options for future support for community onshore wind through the FIT, the government 

announced in July 2018 a consultation setting out a proposal for the full closure of the FITs scheme to new 

applications after March 2019, with no replacement proposed (BEIS, 2018b). Even with the impressive cost 

reductions shown by offshore wind in recent auctions, onshore wind remains cheaper still, hence the 

government was criticised including by the CCC for removing support from this the most cost-effective 

source of renewable energy in the UK context. 

Recently, the government applied for state aid approval to classify remote island wind as a 

separate technology in Group 2 (less advanced) of the next round of the CfD auction, which is set to go 

ahead in the spring of 2019, and the latest announcement of Claire Perry suggests the future CfD auctions 

could be regional, with onshore wind able to compete in Scotland. The latter is unlikely to happen in 2019 

according to one of the interviewees, but could happen in 2021. 

The cost reductions indicated by recent offshore wind CfD auctions in the UK reflect wider 

international dynamics. The apparent effect of auctions in driving down the costs of onshore and offshore 
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wind contracts in a number of European countries including the UK, is shown in Figure 40. A review by the 

International Renewable Energy Agency (IRENA) concluded that the average contracted price for wind fell 

from from $80/MWh to $40/MWh (IRENA, 2017).  

Figure 40: The effect of auctions on price reduction for on- and offshore wind contracts. Source: Wind Europe 

These cost reductions are likely to have had a few contributing factors. Several of these can be 

seen optimistically as factors that will continue to keep costs low in the future. 

Clearly, a potentially very significant factor is the policy innovation of using auctions to 

determine what the level of subsidy should be. In administered subsidy allocations, the government is 

clearly at the disadvantage of having less information than is available to its suppliers, and therefore runs the 

risk of proposing a subsidy level greater than necessary (NAO, 2014). Auctions put the government in the 

much stronger position of being able to choose the lowest cost revealed by the bids. It seems plausible that 

the move towards auction-based allocation systems may have helped avoid the information asymmetry that 

was working against governments, and to reveal the ‘true’ prices of offshore wind projects. 

Another possibly significant factor is technological improvement. Larger turbines deliver 

greater capacity factors, which in turn increase output and return on investment. IRENA data shows the 

capacity factors of offshore wind turbines have been increasing steadily, reaching a global average of 42% in 
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2017 (IRENA (2018), p. 102). In the final quarter of 2016 and the first quarter of 2017, all offshore 

turbines ordered were in the 7-9 MW range (Wind Europe (2017), p. 40, fig 29). Larger turbines also 

mean fewer towers have to be built per unit of energy output, reducing material and construction costs. 

Improvements to turbines and blades are also increasing load factors, and cost savings have also been found 

in the design of foundations and in cable capacity. Bids being made now may be taking into account 

expected future gains from larger capacity and higher efficiency turbines. DONG expects 13-15 MW 

turbines to be available in 2024. Furthermore, Nera observe that economies of scale also apply to the 

project as a whole, as there are significant fixed costs, such as cables and installation vessels (NERA (2017), 

p. 2-3).  

It is possible that the current low bids are in fact artificially low, and do not represent the full 

economic costs of running a wind farm. Some bidders may be bidding strategically, ‘accepting a lower 

return than on previous projects… in order to maintain project pipelines and maximise use of framework 

agreements’ (Smart (2016), p. 8). This may even have become possible due to overly generous subsidies 

given in previous rounds, with an internal cross-subsidisation going on, enabling some flexibility on the 

balance sheet for low bids. If so, such strategic bidding could not be maintained in the long run. 

It should also be acknowledged that the structure of auctions can incentivise risk taking in 

respect of low bids, with companies putting in bids lower than they would ideally accept. Typically, the 

structure of auctions is such that the agreed contract price for a given year is set by the highest bid. If a 

company believes that there will be higher bids that will still be selected, and that will therefore set the 

price for its part of the auction, then it has an incentive to put in a very low bid to maximise its chance of 

selection, whist gambling that it will still receive the price set by the highest bidder selected (Kreiss et al., 

2017, NERA, 2017). If such a strategy backfires, however, then a company could win a contract but at a 

price at which it is impossible to deliver the project – sometimes called “the winner’s curse”. Kreiss et al 

(2017) explore whether these kinds of strategies had a role in German auctions; and NERA (2017) 

demonstrate that the higher price received by Triton Knoll compared to the other two offshore wind 

projects was due to a higher cost bioenergy project setting the clearing price in its delivery year. NERA 

(2017) observe that similarly low bids were observed for solar PV projects in the 2015 auctions, which 

subsequently abandoned their contracts (p. 8), and also draw comparisons with the NFFO which was also 

subject to winner’s curse and resulting non-delivery (p. 10). The Final Investment Decisions for the 2017-

18 bids have not yet been taken for project in Germany (Kreiss et al., 2017) or the Netherlands (NEA, 

2018). NERA (2017) (p. 10-11) question whether delivery incentives need to be sharpened, and Kreiss et al 

(2017) suggest that auction designs need to be continually reviewed to ensure efficient outcomes while 

mitigating the risk of the winner’s curse.

Another important factor likely to be lowering costs at the present time is the relatively low 

cost of financing. This is partly as lenders have become more familiar with offshore wind projects. The long 

term contracts being issued by government also help to manage uncertainty, enabling lenders to lend at 

lower rates of interest (Smart, 2016). NERA (2017) (p. 2) observe that lenders have become more 

comfortable with offshore wind projects and with associated risk, and that the cost of equity has fallen 

through financial engineering and increased competition amongst investors. However, there also important 
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external conditions as interest rates in general are exceptionally low at the moment. As interest rates are 

likely to rise again in the future, it is possible that this could add to the cost of future projects (Smart, 

2016).  

Costs of projects are also strongly affected by site conditions, such as distance from shore and 

depth of water. There are limited number of sites close to shore and in shallow water, and if future sites are 

in deeper water and further from shore this could drive up costs (Smart, 2016, Greenacre et al., 2010). 

It is also important to recall that not all costs associated with offshore wind farms are 

necessarily accounted for in the costs paid for by project developers, and thus covered by the subsidies. 

Important additional costs are the costs of connections to power grids, and different systems have different 

approaches to targeting these costs – in  the UK system, offshore generators have to pay for more of the 

costs of grid connection than in Germany, Denmark and Netherlands (Evans, 2017, Smart, 2016) (also see 

Wind Europe (2017) fig 14, p. 25).  Regimes also have different arrangements for the extent to which 

offshore wind generators are exposed to system integration costs, for example the costs of balancing the 

system in the event of too much power being injected at the wrong time and wrong place (NERA, 2017). 

Because wind turbines do not control their own output, they can exert significant costs on the system in this 

way. In some countries generators must pay for, or at least make a contribution towards these kinds of 

costs. In other countries, generators are not required to cover their own balancing and transmission costs, 

as these are met by the network operator. For example, in the Netherlands all transmission and balancing 

costs are met by the network operator (Smart, (2016) p.6). This is an important contributing factor 

towards the difference in costs between offshore wind projects in different European countries. Clearly, 

regimes that do not target transmission and balancing costs at generators to some extent create favourable 

conditions for offshore wind, and they certainly make achieving zero-subsidy auctions more likely. 

However, if not paid by generators, transmission and balancing costs still have to be covered by system 

operators and are ultimately paid for by consumers. Thus, there is potentially a strong argument that to 

herald a ‘zero-subsidy’ auction within a regime that does not direct transmission and balancing costs at 

generators is misleading – especially if offshore wind exerts greater than average transmission and balancing 

costs – as the socialisation of transmission and balancing costs is a clear subsidy. If their costs are not 

sufficiently reflective of the costs they impose upon the system, there could be longer term issues as the 

system overall does not develop in an optimal way. As NERA (2017) argue, ‘unless projects are exposed to 

SICs, there will be a growing wedge between what is good for projects and what is good for consumers and 

society as a whole’ (p. 9). 

In summary, the recent dramatic cost reductions for offshore wind contracts are likely to be in 

significant part due to the policy innovation of allocating contracts via auctions, thereby introducing 

competition into the contract allocation process. It also seems likely that this has gone hand in hand with 

technical innovations, larger and more efficient turbines, and larger projects leading to greater economies of 

scale. Such cost reduction factors can optimistically be seen as locked in, as well as offering potential for 

further cost reduction in the future. 
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However, some caution is advisable. It is possible that some of the factors contributing to the 

current low bid prices may not be permanent fixtures. Companies may have strategic reasons for bidding 

low; auction designs may incentivise low bids but also increase risk of non-delivery; more challenging site 

conditions may add to costs of future projects; external factors may drive up the cost of finance in the 

future.   

In spite of uncertainties about future costs, there are policy actions that make sense under any 

case. Policy stability and a clear long term direction of travel is helpful to increase investor confidence, 

which may help to keep financing costs as low as possible. Auction designs should continue to be examined 

to ensure there is a good balance between incentivising low bids, and reducing risk of non-delivery as a 

result of the ‘winner’s curse’. Furthermore, there are important areas in which a single-minded pursuit of a 

‘zero-subsidy’ auction might not be the best long term approach. Avoiding targeting transmission and 

system balancing costs at generators makes it easier to get to a headline grabbing ‘zero subsidy’ result. But it 

should be recalled that consumers still have to pay such costs. And the less that such costs are incorporated 

within the market conditions faced by generators (either through locational and temporal pricing, or 

through network use charging) the less the incentive to innovations for flexibility, as well as to locational 

decisions that help rather than cause problems to the network. 

Capacity Mechanism 

Another financial mechanism introduced as part of EMR was the Capacity Mechanism (that 

would not be available to wind energy as the mechanism requires 'firm' generation). 

Network charges 

Users of the electricity network (generation and demand) are levied charges to cover 

investment in the system. In the UK there is some locational element of the charge, although other part of 

the charge are socialised across all users. Some argue that locational costs should be fully realised in network 

charging in order to drive the most efficient usage of the system; others argue that this is prejudiced against 

renewables who have limited flexibility in location, as they must locate in regions where the renewable 

resource is strong. 

The regulator Ofgem is currently running a consultation on targeted charging review. This is 

being undertaken in view of changes in both generation and demand that are changing the way that 

networks are being used. Ofgem states, ‘the need for action comes from the changes in the energy sector. 

More and more businesses and households have their own generation in the form of solar panels or wind 

turbines or more traditional types of generation. Electricity storage is becoming more common and we are 

seeing increased take up of heat pumps and electric vehicles. The existing approach to reflecting the costs of 

the electricity networks in the charges people pay is becoming increasingly problematic’ (Ofgem, 2018) 

The outcome of this consultation could have important implications for the incentivisation of small scale 

renewables, demand side response and storage. 

Taxes 
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Another mechanism to emerge from the electricity market reform (EMR) process which also 

generated the CfDs, discussed above, was the carbon price support (CPS), also known as the carbon price 

floor. This is a tax, applying to fossil fuel electricity generators, which bolsters the price of carbon delivered 

from the ETS to a pre-determined level, which was intended to increase over time, in order to give a 

stronger and more predictable price of carbon to the power sector, at a time when the EU ETS was not 

generating a high carbon price, due to over-allocation of permits. The CPS is now at a level that is much 

higher than prices within the EU ETS, though plans to increase its level further have been put on hold.  

RD & D funding 

In the UK, the Carbon Trust has played an important role as a broker between research and 

R&D stages, and the need of investors for greater understanding and testing of the products involved. The 

Carbon Trust’s ‘Offshore Wind Accelerator’ brought together the major project developers with the aim of 

reducing the costs of offshore wind by 10% - a significant reduction in the context of the uncertain cost 

trajectory of offshore wind up to that point. The process focussed on a range of aspects of the supply chain, 

including designs of foundations and site access systems. These were products and services that all of the 

convened project developers used, but did not provide themselves – hence all of the convened developers 

were not competing with each other on the technologies under discussion. Rather the companies in the 

group were able to clarify their needs to other potential providers, with each participant leveraging their 

own investment by many times due to the contributions of the other participants, and to establish a clear 

market demand for the products required, at a desired cost (Grubb et al., 2014). This process appears to 

have been successful, however it involves a different and lighter touch than the PRI model explored in the 

Germany case study. It involves the government agency being more of a “matchmaker” than driving 

fundamental innovation itself. It builds on and helps to maximise existing commercial capabilities (and not 

necessarily national ones). Indeed, Wieczorek et al (2013), comparing offshore wind innovation systems in 

four European countries observe that ‘the United Kingdom does not have such a strong national industry 

and is very dependent on foreign actors to fulfil their national ambitions.’ 

The tendency in UK energy policy to be wary of government intervention in fundamental 

R&D runs deep, and is derived in part from historical experience. According to Leslie Hannah, the post-

war period of the nationalised power industry was characterised by slow innovation dynamics, with 

efficiencies of British coal power stations languishing in relation to other European countries. In the same 

period, the British nuclear energy programme committed at an early stage to the Magnox design, which was 

from a design of a plant optimised not for power production but for the production weapons-grade 

plutonium (Hannah, 1982). The Magnox design proved to be more expensive and less efficient, and was 

eventually abandoned when the selection of what would be the final nuclear plants commissioned during the 

nationalised period was undertaken, with the CEGB selecting instead the more internationally recognised 

PWR design. When the electricity industry was privatised in 1989, the nuclear fleet could not find a 

commercial buyer, and had to remain under a government owned company. During the 1990s the power 

sector was transformed by the ‘dash for gas’, which succeeded in increasing the efficiency and reducing 

costs of power generation (Pearson and Watson, 2012). As previously described, the dash for gas had several 

drivers, not only the privatisation. Nonetheless, the contrasting experiences of innovation, seemingly stolid 
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and pedestrian under nationalisation, and fleet-footed under privatisation, did much to confirm a view that 

innovation was simply something that the private sector did better. This view has been long lasting in the 

psyche of UK policy making, and is reflected in the relatively low government spend on R&D of the UK 

compared to other nations. 

However, the launch of the “Catapult” centres12 is something of an alteration in this trend. 

These are ‘a network of world-leading centres designed to transform the UK’s capability for innovation 

in specific areas and help drive future economic growth.’ The funding model is similar to Germany’s 

Fraunhofer institutes – one third business funded R&D contracts won competitively; one third collaborative 

R&D projects jointly funded by private and public sectors, also won competitively; and one third core 

public funding. The Catapult centres include Compound Semiconductor Applications, Energy Systems, 

Transport Systems, Future Cities, and Offshore Renewable Energy. The Offshore Renewable Energy13

Catapult is undertaking projects on testing and validation, research and innovation, and operation and 

performance, frequently collaborating with different commercial companies and across national boundaries. 

2 Description of how the different element interact/work together.  

2.1 Innovating actors 

The UK energy sector has been a privatised market since the 1990s and the government has no 

share in power companies. The majority of the wind farms are large-scale – there are a few community 

projects, although these remain marginal. As noted by Wieczorek et al (2013), ‘the United Kingdom does 

not have such a strong national industry and is very dependent on foreign actors to fulfil their national 

ambitions.’ Thus, although the UK’s wind industry – in particular offshore wind, currently – is progressing 

at a reasonably strong pace in terms of deployment, the presence of UK-based innovating actors is less 

clear. However, a potentially important new development is the Catapult Centres (discussed further 

below). 

2.2 Knowledge development and exchange 

Successful knowledge development and exchange was achieved in the Carbon Trust’s Offshore 

Wind Accelerator. This programme combined public sponsored coordination with the input of a group of 

12 https://catapult.org.uk/
13 https://ore.catapult.org.uk/
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private actors. It demonstrated how cooperation and knowledge sharing can be a useful dynamic, as well as 

competition. The UK Catapult Centres are also an important development for knowledge exchange, and a 

reasonably new type of addition to the UK energy research and policy landscape, which had since the mid-

1940s been characterised either by full state ownership and control of research and innovation, or by a 

privatised system with minimal state involvement. The Catapult centres offer a potentially useful new 

model, which, similar to Germany’s Fraunhofer Institutes, combine competitively won private funding with 

core public funding. The Offshore Renewable Energy (ORE) Catapult has a number of projects working 

with private companies to develop stronger, more durable and more efficient turbines and supporting 

infrastructure. 

2.3 Actors’ visions and expectations 

The visions and expectations in relation to wind are rather starkly divided between onshore 

and offshore wind. Despite Cameron's earlier ‘greening’ strategy, a considerable faction within the 

Conservative party is opposed to offshore wind, as evidence by a letter from Conservative MPs of English 

constituencies, which led to a commitment to remove subsidies for the technology following the election in 

2015. In addition to this, the Conservatives have developed an ideology around localism, and the 2015 

Planning policy has been presented as a way to give more power to local communities. The policy has been 

criticised as onshore wind is the most cost effective source of low carbon electricity (CCC, 2018). A nuance 

to the approach to onshore wind has been added however with the announcement of potential CfDs in 

Scotland, reflecting the perception that conditions may be ‘different’ in Scotland.  

Offshore wind, by contrast, seems to have attracted much more political support and is 

considered a potential source of jobs and growth. As discussed above, it has continued to receive subsidy 

support through the CfD regime, while onshore wind is unsupported by any subsidy. The government’s 

2017 Clean Growth Strategy (BEIS, 2017) expects offshore wind to be a growing source of low carbon 

energy, ‘with the potential to support high value jobs and a sustainable UK industry exporting goods and 

services around the world’, whereas the strategy only mentions onshore wind once, citing its 50% fall in 

costs since 2009, but with no indication of ambitions for future deployment (BEIS, 2017).  Such research, 

innovation and coordination activities as have been undertaken from public funded sources such as the 

Carbon Trust and the Catapult centres, have focussed on offshore wind, not onshore (Carbon Trust, 2019, 

ORE, 2019). In 2019, the government published an ‘Offshore Wind Sector Deal’, which committed to 

future rounds of offshore wind CfDs, to investing up to £250m in building a stronger UK supply chain, as 

well as setting targets to increase UK content in the offshore wind sector to 60%, increase UK exports 

fivefold, and increase the representation of women in the offshore wind workforce to at least a third, all by 

2030 (BEIS, 2019a). Comparable strategies and targets in relation to onshore wind are conspicuous by their 

absence. Thus it seems clear that government policy is firmly oriented towards promoting innovation in 

offshore wind, rather than onshore. 

2.4 Market formation and governance processes 
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There is still a potentially significant market for wind in the UK, given that just under 50% of 

UK’s electricity still comes from fossil sources (DUKES, 2018), and that the UK aims to have a close to 

zero-carbon electricity system by 2030. However, the market formation for onshore wind specifically is 

currently very weak, as there is no CfD for onshore wind. Market formation for offshore wind is stronger, 

especially with the CfD for offshore wind. 

2.5 Resources 

On a global scale the resources available to construct wind turbines are not under great stress. 

A key resource constraint may be availability of construction barges and port infrastructure for the 

construction of offshore wind turbines (Wind Europe, 2018b). As noted, the recent low bids under the 

CfD auctions suggest, in part, that financial resources are relatively unconstrained and available – for the 

time being – at relatively low interest rates. The wind sector is a relatively small employer within the UK 

economy, though amongst the largest in the renewables sector. There is no indication that human labour is 

a constrained resource. 

3 Main lessons: barriers and enablers 

The key enablers for this innovation system are a relatively clear, long term, system wide 

decarbonisation trajectory, expressed through the Climate Act 2008; a fairly stable and predictable process 

of issuing contracts for the generation of offshore wind energy, which helps to give confidence to investors; 

a reasonably strong vision of offshore wind as a potential growth sector for the UK; and the relatively recent 

development of research and development activities supporting innovation in offshore wind, bringing 

together public funding and coordination with private sector activity and research needs.  

Key barriers are that for onshore wind the way forward looks much less clear – there is no 

CfD or any research and development activity for onshore wind. Onshore wind has to some degree been 

politicised, with opposition from it from a group of MPs within the Conservative party translating into 

manifesto commitments. This however, is in contrast to relatively high support for onshore wind amongst 

the public as a whole, including within the constituencies of many of the Conservative MPs who were the 

source of the opposition; and despite the fact that onshore wind is the most cost effective source of low 

carbon power.  

A further political issue concerns offshore wind, which is attracting greater political support, 

in part on the grounds that it can be a source of UK jobs. However, the UK innovation system remains 

weak in terms of domestic manufacturing capability. It is not yet clear whether continued growth in 

offshore wind will really deliver substantial domestic macroeconomic benefits, or whether UK offshore 

wind capacity will be constructed by companies based in neighbouring countries and from neighbouring 

ports. If the UK’s continued expansion of offshore wind begins to be seen as a project of which non-UK 
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companies and workers are the primary beneficiaries, it is possible that greater opposition could arise 

against offshore wind. 

This issue is particularly salient in the context of the growth of populist political tropes across 

Europe and elsewhere, which tend to identify external or elite entities as being the cause of suffering of an 

internal domestic population, with the solution being to raise barriers – both to trade and people. While 

innovation systems for renewable energy are increasingly seen to be international, the populist mood may 

come into conflict with that. In the UK, the most prominent example of a populist movement is embodied 

in Brexit. At the time of writing it is still unclear on what terms the UK will leave the EU, and hence how 

cross border trade will be affected. Given the international nature of the UK’s offshore wind innovation 

system, it could be severely disrupted by a UK exit that was uncontrolled, chaotic, or that resulted in 

increased barriers to trade.   
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The EU case study 

The EU influences the innovation systems of Member States, including the four case study 

countries, in a number of ways. It sets renewables targets which are translated into national law, and these 

have been the key drivers for the market support mechanisms used by the four countries to increase 

deployment of renewables. There are also a number of other directives, strategies or initiatives from the EU 

level which impact upon national innovation systems. This section reviews the EU level issues as they 

pertain to the previous four national innovation case studies. 

1 Identification of key elements of the innovation system in the 

electricity sector 

1.1 Technologies and infrastructure 

1.1.1 Technology, innovation and technological readiness 

As noted in the Introduction, the EU 28’s final energy consumption in 2015 was 13 PWh 

(1,114 Mtoe), and its total final electricity consumption was 2.7 PWh – thus electricity accounts for about 

21% of the EU’s final energy demand (all statistics from IEA (2018)). 

Across EU countries as a whole, 48% of electricity is supplied by thermal power stations 

burning combustible fuels, 26% by nuclear, 12% by hydro, 10% by wind and 4% by solar (Figure 1). Thus 

renewables account for approximately 26% of electricity generated in the EU 28. This share of renewables 

has increased rapidly in recent years, from 16% in 2007, largely due to investments in solar and wind (IEA, 

2014).   
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Figure 41: Percentage shares of total electricity generation from different sources, EU 28, 2015. Source: Eurostat (2017) 

CO2 emissions from fuel combustion are the biggest single source of GHG emissions in the 

EU, and electricity generation is the EU’s largest single source of fuel combustion CO2 emissions, 

accounting for 37.5% in 2012 (IEA, 2014)(p. 58).  

1.1.2 Infrastructure 

All EU countries have extensive electricity transmission and distribution networks, which 

mean that the vast majority of their populations have full and essentially unconstrained access to electricity. 

All electricity systems in EU countries are based on high voltage bulk transmission networks, feeding lower 

voltage distribution networks.  

The European Network of Transmission System Operators (ENTSO-E) ‘represents 41 

electricity transmission system operators (TSOs) from 34 countries across Europe, thus extending beyond 

EU borders’ (ENTSO-E, 2015). ENSTO-E was set up in 2009 by the EU’s Third Package for the Internal 

Energy Market, and has the objective of ‘completing and ensuring the optimal functioning of the internal 

energy market’ (ENTSO-E, 2015). There are five synchronous areas across the European region covered by 

ENTSO-E, within each of which system frequency is synchronised (Figure 5). There are interconnections 

between synchronous areas however. 
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Figure 42: The five synchronous areas across the region covered by the ENTSO-E. Source: ENTSO-E (2015) 

Large scale generation stations inject power directly on to the high voltage transmission 

network. In many countries this remains the predominant form of power generation, meaning that 

distribution networks are passive networks for taking power down voltage levels to the consumer level. 

However, with the increase of small scale generators including renewables, increasing amounts of power 

are being generated at the lower voltage distribution network level. In one example, there was recently a 

one-hour period during which all power being generated in Portugal was being generated at the distribution 

level (Godinho Matos, 2017). For many countries increasing proportions of embedded generation in 

systems planned and designed for generation at transmission level only, will be a significant technical 

challenge.  

1.2 Actors and networks 

1.2.1 Demand 

Clearly EU countries have had a major global influence on demand for renewable energy 

technologies. Figure 43 shows the top 10 countries for wind capacity in the world in 2017, and Figure 44 

shows the top 10 countries for solar in 2015. It can be seen that five European countries feature in both 

lists: Germany, Spain, United Kingdom, France and Italy.  
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Figure 43: Top 10 cumulative wind capacity December 2017. Source: GWEC (2019) 
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Figure 44: Top 10 cumulative solar PV capacity, 2015. Source: BP (BP, 2016) 

1.2.2 Supply 

Figure 45 shows the total power generation volumes in 2015 of the top 20 European 

companies by sales. The output of the largest 6 – EDF and Engie (France), Enel (Italy), RWE and E.ON 

(Germany), and Vattenfall (Sweden) – accounts for 72% of the generation of this top 20. 

Figure 45: Power generation volumes (TWh) in 2015 of the top 20 European power companies by sales. Source: Prospex (2016) 

Figure 46 shows the generation mix of the same 20 companies. Overall, nuclear is the largest 

single power source for the top 20, accounting for 32% of the group’s overall output in 2015. EDF is the 

company with the biggest nuclear share, accounting for 78% of its total output. The group is also heavily 
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reliant on fossil fuels, natural gas accounting for 22%, coal for 14% and lignite for 8% of the group’s overall 

output. PGE’s generation is almost entirely from coal and lignite. 

Despite substantial hydro shares for Statkraft and Verbund, overall renewables account for 

only 6% of the output of this top 20 group. This is a substantially lower proportion than the 26% share that 

renewables account for within overall generation in the EU 28, as described above. Thus, renewables are 

relatively under-represented in large incumbent energy companies. Nonetheless, amongst this group, 

leaders in renewables – predominantly wind – were EDP (Portugal), at 34% of their output, Iberdrola 

(Spain) with 24%, and SSE (UK) with 17%. The predominance of wind amongst the renewables share of 

these companies suggests that solar is undertaken by a larger number of smaller companies, or by domestic 

or commercial entities that are not energy companies at all.   

Figure 46: Power generation mix by source (%) in 2015 of the top 20 European power companies by sales. Source: Prospex (2016) 

Figure 47 shows the net profits and losses returned to shareholder of the top 20 companies in 

2015. 11 of the 20 companies reported net losses, indicating a challenging commercial environment for 

energy companies. Prospex Research (2016) suggest that factors contributing to this were low energy 

prices – driven by low fuel prices and low EUA prices – and low demand. However, there is not a clear 

correlation between the types of portfolios of the companies and their profitability – for example, it is not 

clear that companies with high gas and coal shares are more likely to be profitable, as might be expected if 

they were price-setters due to being able to pass through changes in their fuel costs. Strong renewable 

portfolios appear to help profitability, with EDP, Iberdrola and SSE all in profit. This may owe something 
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to the policy support provided for renewables. However, although hydro-dominated Verbund was in profit, 

Statkraft was not.  

Figure 47: Net profits and losses to shareholders in €mn in 2015 of the top 20 European power companies by sales. Source: Prospex (2016) 

As noted in the case studies, the number of EU based suppliers of solar PV is declining, 

especially in solar, although several large European energy companies have substantial wind portfolios as 

discussed above. European companies are also still significant in global wind turbine manufacturing. Figure 

48 shows the top 10 global onshore wind turbine manufacturers in 2016 by quantities installed in GW. 

European companies are currently well represented: Vestas (Denmark), Gamesa (Spain), Enercon 

(Germany), Nordex Group (Germany), Siemens (Germany). The European countries have strong markets 

outside Europe as well as domestically – Vestas had made a strong push in the US, and one in three Gamesa 

turbines had been installed in India. At the time of the compilation of this list mergers and consolidations 

were underway – Nordex had recently absorbed the wind energy arm of the Spanish company Acciona14, 

and Gamesa was on the point of merging with Siemens, which Bloomberg expected would lead to the 

newly merged company creating a ‘top four’, along with Vestas, GE and Goldwind. GE is the one US 

company in the top ten; the remaining four – Xinjiang Goldwind, Guodian United Power, Ming Yang and 

Envision – are Chinese. Goldwind, placed third in 2016, had fallen from first place the previous year. 

Bloomberg notes that China’s contracting domestic wind market had affected Goldwind’s profits. Overall 

installations in China were 22.8 GW in 2016 – still substantial, but a 21% fall from the record 29 GW 

14 https://www.acciona.com/pressroom/news/2016/april/acciona-windpower-and-nordex-complete-merger-to-
create-new-wind-industry-leader/
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installed in 2015. As shown in Figure 48, the Chinese companies’ sales are dominated by Asia-Pacific 

markets.  

Figure 48: Top 10 onshore turbine manufacturers, 2016 (GW). Ranking based on Bloomberg New Energy Finance project database and selected 
market sources. Source: BloombergNEF (2017)  

Figure 49 shows the top 10 offshore turbine manufacturers in 2016. The quantities are 

significantly less than onshore (given units of MW rather than GW). Total global offshore wind capacity 

commissioned in 2016 was 832 MW – substantially lower than the previous year’s level of 4.2 GW. 

Bloomberg also note that this contrasts to the large number of contracts agreed for projects to be 

commissioned in future years, especially in Europe. The leading company was China’s Sewind, whose 

market of 489 MWwas entirely Asia Pacific. 388 MW were Siemens turbines produced under license in 

China, the remaining 101MW of Sewind’s own design. Siemens own 152 MW, which put it in second 

placed, was comprised of two projects, the larger European one being in the Netherlands. The only other 

European manufacturer in the top 10 is XEMC (Netherlands). The other players are Goldwind, Envision, 

CSIC (China), GE (US) and Doosan (South Korea). 
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Figure 49: Top 10 offshore turbine manufacturers, 2016 (MW). Source: BloombergNEF (2017) 

At present then European turbine manufacturers have a fairly strong presence in the global 

onshore and offshore wind market, and also account for the majority of turbines built within Europe. 

However, in a global system there is no guarantee that this position will be maintained. The significant 

entrance into the market of Chinese companies does pose the question of whether a similar dynamic to that 

observed in the solar industry could emerge, with European manufacturers outcompeted by lower cost 

rivals. Until now, Chinese wind turbines have not penetrated the global market because of quality issues 

which in turn relate to policies that incentivise installed capacity rather than energy, thus creating an 

incentive for cheaper, but less efficient, turbines. However, if China decided to focus on producing higher 

efficiency turbines with a view to the global market, it may well be as successful in this as it has been with 

wind. The activity of Sewind in acquiring the license to manufacture Siemens turbines in China does have 

parallels with a phase in the development of PV in China, during which Chinese companies acquired 

licenses from European PV companies, and which became a means by which expertise was gained. 

8 of the top 10 global Solar PV companies are Chinese, along with one Canadian and one 

South Korean company15 (Hutchins, 2018). The 10th largest has a European link – Suzhou Talesun’s 

production lines are based in China, but the equipment comes from Europe. The company states, 

‘Equipment comes from Italy, Germany and Japan, which enabled Talesun Solar to be the world’s leading 

large-scale scientific & PV manufacturing company. Talesun Solar is one of the few Chinese companies who 

15 Jinko (China); Trina (China); Canadian solar (Canada); Hanwha Q Cells (South Korea); JA Solar (China); Longi 
(China); GCLSI (China); Risen (China); Yingli (China); Suzhou Talesun (China) 
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had received the VDE Quality-Tested Certificate in PV industry, which guarantees Talesun Solar excellent 

product quality.’16 17 Thus it seems that Suzhou Talesun is an example of the phase in which Chinese PV 

manufacturing continued to benefit European companies through purchasing their production line 

equipment. However, as noted in the German case study, this appears to have been a transitional phase, as 

Chinese companies now build their own manufacturing equipment.    

16 http://global.talesun.com/about_guide/about.html
17 https://www.vde.com/rn-en/portfolio/qt-pv-modules
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Figure 50: The top 10 solar module manufacturers in 2017. Source: Hutchins (2018) 

Figure 51 shows the estimated distribution of jobs related to renewable power industries in 

2017 / 18. These data reflect the preceding data on location of major global manufacturers. The jobs 

associated with solar PV in the EU are dwarfed by those in China, as well as being less than those in the US 

and India. In wind power EU fares better, having the second largest number of jobs of the countries and 

regions listed, and being much closer to the world leader, again China, than it was in the case of solar PV. 
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Figure 51: Estimated direct and indirect jobs in Renewable Energy, by country / region and technology, 2017-18. Source: REN21 (2019) 

1.2.3 Research and innovation 

The EU Joint Research Centre ‘employs scientists to carry out research in order to provide 

independent scientific advice and support to EU policy.’ It contributes to a number of the EU’s political 

priorities, including Energy union and climate, Jobs growth and investment, and EU as a global actor.18

Horizon 202019 is the financial instrument for implementing the Innovation Union20, itself a 

flagship initiative of the Europe 2020 Strategy. It will have attracted nearly €80 billion of funding over 7 

years (2014 to 2020), in addition to leveraged private sector investment.   

1.2.4 Supporting institutions 

The European Investment Bank (EIB) claims to be the largest multilateral provider of climate 

finance worldwide, and commits at least 25% of its investments to climate change mitigation and 

18 https://ec.europa.eu/info/departments/joint-research-centre_en
19 https://ec.europa.eu/programmes/horizon2020/what-horizon-2020
20 https://ec.europa.eu/info/research-and-innovation/strategy/goals-research-and-innovation-policy/innovation-
union_en
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adaptation. In 2017, the EIB in fact invested 28% of financing, €19.4 billion. The Bank funds across EU 

member states as well as in other countries worldwide.21 22

1.3 Policies and Institutions  

The goals of institutions and policies should be identified. Specifically, the case study should consider both 

formal (hard) and informal (soft) institutions. 

1.3.1 Overarching national and supra-national strategies 

The EU’s 2020 Climate and Energy Package targets were set in 2007 and enacted into 

legislation in 2009.  The targets were for a 20% reduction in GHGs from 1990 levels, 20% of EU energy 

from renewables, and 20% improvement in energy efficiency. The overall targets were then shared out 

amongst MS. National emissions reduction targets differ according to wealth, and national renewables 

targets vary according to countries’ different starting points23. Figure 52 shows renewable energy shares for 

the EU in comparison to the indicative trajectories for the Renewable Energy Directive and National 

Renewable Energy Action Plans. Overall EU renewable shares were ahead of progress in 2016, but with 

more progress to make to meet the 20% target (EC, 2017). 

Figure 52: Renewable energy shares in the EU vs. Renewable Energy Directive (RED) and National Renewable Energy Action Plan (NREAP) 
trajectories (based on EUROSTAT, Öko-Institut). Source: EC (2017) 

21 http://www.eib.org/en/projects/priorities/climate-and-environment/climate-action/index.htm
22 http://www.eib.org/en/stories/climate-finance-cuts-risk
23 https://ec.europa.eu/clima/policies/strategies/2020_en
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In international climate negotiations, the EU negotiates as a block on behalf of the MS. Its 

nationally determined contribution (NDC) is to reduce GHGs by at least 40% by 2030 compared to 199024

25.  

The Energy Union strategy is also important; amongst its objectives is a ‘fully integrated 

internal energy market: enabling the free flow of energy through the EU through adequate infrastructure 

and without technical or regulatory barriers’26.This will require attention to physical infrastructure – 

interconnections between countries – as well as the harmonisation of energy markets to allow frictionless 

trading between them. One model for this could be the locational marginal pricing (LMP) model, used in 

the Pennsylvania – New Jersey – Maryland (PJM) market in the US. Another could be a nodal pricing 

system such as used in the NordPool market. An integrated internal EU energy market could push towards 

the sharpening of locational and temporal pricing signals to take into account transmission constraints. This 

could have implications for the development of renewables – especially if market incentives are moved 

towards greater market integration (i.e. renewables are less insulated from market prices by fixed-rate feed 

in tariffs) – and potentially also for related innovations such as storage and pooled demand side response. 

1.3.2 Cultural values and expectations, and political ideologies 

A concept called the ‘Trilemma’ has long been discussed. This proposes that in energy policy 

there is a tension between cost, security and carbon. By imagining points within the triangle as equating to 

the positions of overall policy packages, the implication is that if one of these objectives becomes the focus 

of policy, the other two objectives are left unaddressed. There is a clearly a position in the centre of the 

triangle, equidistant from each corner. However, it is not clear if this is an optimal ‘sweet spot’, at which 

the policy package is meeting each of the objectives with equal success, or a failed compromise, in which by 

attempting to address all three concerns, that policy package is dragged to far from each of them to achieve 

any of the objectives with acceptable success. It has not yet been shown empirically whether the centre of 

the triangle is a sweet spot, or a failed compromise. Or, alternatively, whether the Trilemma model is itself 

not valid – that there are policy pathways which can successfully address all three objectives simultaneously. 

This is in some ways the dream of energy policy – however for the time being the three 

corners of the Trilemma continue to be in tension. The issue of security remains at present relatively low in 

public and political consciousness, as EU electricity systems have extremely high security levels by global 

standards. However, outages do occur, most recently in Italy. Italy’s comparatively high outage level relates 

more to weather events affecting transmission lines than to lack of available generation to meet supply. 

Nonetheless the impacts (including politically?) were significant. There is to some extent a cultural issue 

here, reflecting changing expectations about the services provided by electricity supply companies. In 

previous generations, power outages were more common, but therefore more expected and more prepared 

24 https://ec.europa.eu/clima/policies/international/negotiations/paris_en
25 https://ec.europa.eu/clima/policies/strategies/2030_en
26 https://ec.europa.eu/energy/en/topics/energy-strategy-and-energy-union/building-energy-union
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for – households were routinely stocked with candles and torches, and if outages did occur they were more 

likely to be treated as a normal minor inconvenience, then as a violation of civic rights. Kazuo Ishiguro’s 

novel The Remains of the Day gives an impression of how different the cultural understanding of electricity 

security may have been in rural 1950s England: ‘‘It’s not as though we don’t have electricity out here, sir,’ 

Mr. Taylor remarked to me at one point, nodding towards the lamp. ‘But something went wrong with the 

circuit and we’ve been without it now for almost two months. To tell you the truth, we don’t miss it so 

much. There’s a few houses in the village that’s never had electricity at all. Oil gives a warmer light.’’ 

Nowadays, however, energy security is very much a political issue – in that in the event of outages it will 

become the politician’s responsibility to explain how it was allowed to happen.   

And while power system security has not yet been in direct tension with decarbonisation – 

major outages being primarily associated with weather related disruption to transmission infrastructure – 

nonetheless many European systems are approaching the situation where this tension may be very material. 

Interest in this issue can peak at different times – for example as discussed in the UK case study, in the years 

leading up to 2015 in the UK there was particular interest in security issue, framed around the effect of the 

LCPD which was set to cause several coal and oil-fired power stations to retire, and it was feared, 

exacerbated by the growing penetration of renewables. However, at the time renewables represented a still 

relatively small share, and so were not hugely significant to the issue. However, in the few years since then 

renewables have been growing apace. Renewables as a share of total generation are now at 31%27, 40%28, 

and 30 % (DUKES, 2018) in Germany, Italy and the UK. At present the variability of the renewables, and 

the inflexibility of the nuclear supply, are cushioned by still substantial capacities of relatively flexible fossil 

fuel power stations. Estimates in the literature suggest an approximate level of 20% as being the share of 

renewables that can be accommodated without substantial stress to the system. However, shares in 

Germany, Italy and UK have now passed this level. The tension between decarbonisation and security may 

therefore be increasingly apparent. 

Denmark is a leading example for integration of renewables, however its close market and 

physical interconnection with Norway is a strong factor here. It is not guaranteed that such things will 

happen automatically between other countries, or indeed that appropriately complementary power system 

mixes will automatically be found in adjacent countries.  

In the absence of naturally advantageous interconnections with other countries, individual MS 

that continue to push renewables may begin to institute security measures at the national system level, for 

example as the UK has done with the Capacity Mechanism. It was noteworthy also that Poland has 

developed a Capacity Mechanism after the UK’s example, and citing the intermittency of renewables, but 

given the relatively low proportions of wind on the system in that country, there are questions about 

whether this is genuinely needed at the system level, or whether it’s just a way of supporting coal. 

However, more broadly if many countries were to develop CM type measures at their own national levels 

to support maintaining fossil fuel back up plant on the system, there is a question as to whether this would 

27 https://www.eia.gov/todayinenergy/detail.php?id=26372
28 www.iea.org/statistics
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be as efficient a solution as might be achieved with a EU-wide approach, for example that forecasted likely 

renewable generation ‘hotspots’ and demand centres, and planned a cross-EU system incorporating a 

balance between increased interconnection, demand side response and storage, as well as judicious levels of 

fossil fuel back up.  

The tension between decarbonisation and cost is also one which recurs periodically, and is a 

source of political tension between governments and other stakeholders. As discussed in the UK case study, 

the tension between cost and decarbonisation recurs periodically. One dramatic example of this was the 

protest in response to the effect of the ‘fuel duty escalator’ which eventually caused the abandonment of 

that instrument. Similarly, much more recent protests in France in December 2018 were linked to the 

French government’s environmental taxes on fuels, and caused the government to postpone the planned tax 

increases, while it consulted on ways to manage their impact fairly. As also discussed in the UK case study, 

measures to promote low carbon energy which impact on the cost of energy have periodically come in for 

criticism as negatively affecting UK competitiveness.     

One way of trying to debate these concerns is to adopt a rational optimising argument (what 

Grubb et al might call a ‘First Domain’ approach), and argue that a) the contribution of environmental 

charges is a relatively small component of energy costs, and b) it’s compensated by efficiency improvements 

– this is essentially the argument outlined by the CCC in the UK case study. There is some risk to this 

approach, in that while the statistics happened to create a favourable analysis in the UK case it is not 

guaranteed to at all times and places, if the costs of support grow and the gains of energy efficiency are 

saturated. On the other hand it would be hoped that although the quantities of MWh supported might 

increase, the costs per MWh would reduce over time, thereby containing costs to some extent. 

Nonetheless it is a gamble to argue for renewable support measures by building an argument contingent 

upon their additional costs remaining insignificant. An alternative approach is to build an argument around 

the macroeconomic benefits of supporting the development of renewable technologies, due to the 

stimulation of domestic industries, creating jobs and prosperity in the economy. However, the case studies 

make clear that these arguments also confer a risk on those who make them of being hostages to fortune. In 

a global economy, manufacturing industries can go into decline, even after having established ‘first mover 

advantage’, when overtaken by production in other countries who are able to be more competitive, for 

example due to a lower cost base. If this happens, justification for the support mechanism as supporting 

domestic industries is lost, and conversely it can now be argued that the support mechanism is now 

transferring money from domestic consumers to industries in other countries.   

All of this suggests that the EU needs to give some careful consideration towards the political 

economy arguments it is making in pushing the low carbon economy. On the one hand it could be proposed 

that the motivation is purely the global responsibility to stabilise the climate, and the means is to use market 

forces in all of their power and creativity to unleash the innovation as fast as possible. Under this rationale, 

we should welcome the decline of European PV manufacturing because it has been caused by cheaper 

modules being produced by Chinese competitors, which is overall on a global level good for the climate. 

European consumers should support the deployment of renewables in order to create strong markets, 

encourage manufacturing at scale and drive down costs – where the modules are produced is not a relevant 
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consideration for the appropriateness of such policies. If this approach is not favoured, then the implication 

is that climate stabilisation alone is not a sufficient justification for a low carbon energy support policy – the 

policy is only justified if it is good for domestic industry as well. 

In relation to these questions an important recent development is the rise of a kind of politics 

often described as “populist”, both in Europe and across the world. Political parties and movements which 

have been described as populist include – focussing only on our four case study countries – Germany’s 

Alternative fur Deutschland, Italy’s Lega and 5 Star Movement, Poland’s PiS and UK’s UKIP. Populism has 

also been associated with individuals, parties and movements in many other European countries, in the US, 

South America, India, and other countries across the world. But what is populism? Political Scientist Cas 

Mudde proposes that ‘populists tend to frame politics as a battle between the virtuous “ordinary” masses 

and a nefarious or corrupt elite – and insist that the general will of the people must always triumph’ 

(Roohuijn, 2018). Related to this, emphasising the virtuousness of the masses, problems are often identified 

as coming from outside – refugees or other migrants, ‘foreign’ or international institutions such as the EU, 

or foreign or multinational companies. The elite are therefore characterised as preferring these external 

elements to their own people – thus they are guilty of a form of national betrayal. By defining problems as 

‘out there’, the diagnosis is that the nation has become too porous; the solution is therefore, close up the 

gaps – protect the good inside from the bad outside. It is popular because it communicates with communal 

/ tribal instincts, and because it can be attached to visible phenomena and is therefore compelling. Populism 

can attach both to left and right politics – for example, in the US, both Bernie Sanders and Donald Trump 

have bemoaned the effect of globalisation on domestic manufacturing activities.  

Populism is antagonistic to some core principles of the EU. It tends to affirm raising of barriers 

at national borders, opposing the free movement of people, as well as the free movement of goods and 

services, as such movements are felt to undermine the way of life of, or remove or dilute opportunities and 

benefits available to, the existing resident population.  

This obviously plays directly into the debates discussed above around the political economy of 

low carbon energy support and innovation. It would appear that populism has a clear set of answers – 

renewable policies that are paid for by consumers, cause disadvantage to incumbent national industries, and 

support industries in other countries, run against the interests of the people. The challenge for the EU is 

whether it can come up with a more compelling alternative argument.   

2 Description of how the different element interact/work together.  

2.1 Innovating actors 

In the EU, there is good research activity at universities, and in some countries in the form of 

national research institutes – for example, the Fraunhofer Institutes in Germany, and to some extent the 

Catapults in the UK. In Italy, ENEA, CESI RICERCA and ENLi also undertake research. In Poland the 
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historical prominence of coal means that fundamental research into renewable energy is limited. Outside of 

the case study countries, Denmark was an important centre for the development of wind power, especially 

at the Riso laboratory. At the overall EU level the JRCs undertake research, the Horizon 2020 programme 

funds it, and the EIB is a significant provider of finance. 

Actors further up the supply chain vary by country and between the two technologies. For 

solar PV there has been some fluctuation, with recent years seeing a number of German and Italian 

companies consolidating or leaving the market. European companies are now absent from the global top ten 

list of solar PV manufacturers. In Germany and in Italy, PV companies have moved away from trying to 

compete in the mass crystalline silicon market, and are focussing on trying to develop currently more niche 

options, such as alternative materials or module designs, which it is hoped may deliver higher efficiencies – 

thus these companies are attempting to reposition at the leading edge of what they hope will be the next 

generation of PV designs. However, the combined production output of these companies is in global terms 

very small. 

In wind, European companies are much more prominent and several remain world leading. 

International activity is strong, however at present the activity of Chinese manufacturers remains focussed 

in their domestic markets – European companies remain the key providers of turbines built within Europe. 

2.2 Knowledge development and exchange 

The classic case study on knowledge development and exchange leading to innovation is the 

Risø laboratory in Denmark. Denmark was a location for early pioneering efforts in wind turbine design, 

with a number of companies and individuals active in their development from the early 1970s onwards, 

catalysed by the oil crisis and an explicit desire to develop alternatives to oil. The Risø test laboratory, 

which had been established in 1958 primarily as a nuclear power testing centre, and which now moved into 

wind turbine testing. Its tests were rigorous and independent, and crucially the results were made 

publically available, creating a new source of information and proliferating the most successful designs 

(Grubb et al., 2014, Maegaard et al., 2013). Similar principles apply in the UK Carbon Trust’s Offshore 

Wind Accelerator, as discussed in the UK case study. 

In both PV and wind, there is some consolidation with companies merging. In the case of 

China, this was a key means by which they acquired knowledge earlier in their innovation process. 

European PV companies are increasingly specialised and niche, looking towards higher efficiency materials 

in the hope being at the front of the curve for a potential next generation of PV materials. This could result 

in fragmentation leading to less knowledge exchange, and an isolation of companies engaged in next 

generation research from those with a mass product. 

2.3 Actors’ visions and expectations 
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EU overarching targets such as the 2020 renewables targets and the 2030 climate targets 

provide an overall vision. These provide a context against which companies can plan long term strategies, 

however the viability of specific investments remains dependent on national level support packages.  

The EU is also concerned with jobs and growth29. As noted the evidence for how well this 

aligns with decarbonisation is mixed. It may be necessary to focus on certain specific areas, with cross-EU 

collaboration – the whole of the EU may be a better competitor with China than e.g. just Germany or Italy 

alone – whilst allowing that some technological races may be won by other countries; thus if imports offer 

the lowest cost decarbonisation route they should not be locked out. We should avoid over-emphasising the 

link between low carbon innovation and domestic jobs – decarbonisation needs to stand on its own as an 

objective, holistically. Similarly, jobs and growth needs to stand on its own as a holistic agenda that involves 

identifying strategic opportunities for comparative advantage across a range of sectors not just low carbon. 

Thus there may be some intersection between low carbon and jobs and growth; but they are not the same 

set. Rather than trying to argue that they are synonymous with each other, instead each needs to be firmly 

grounded in its own terms. By all means synergies can be exploited if and when they occur, but the synergy 

itself cannot be the only justification for either.    

2.4 Market formation and governance processes 

The EU’s potential market is large, given that there is still considerable work to be done on 

the decarbonisation of the electricity sector. However specific market formation policies are down to MS 

level. 

A possible aspect for the EU to consider is whether decadal targets are too long term. Several 

countries reached their 2020 targets early, meaning that the governments were effectively encouraged to 

suspend or remove their renewable support policies. This creates a stop-start dynamic which is not helpful 

for the industry. The EU could potentially help with this by adding ratcheting mechanisms, or going for 

shorter term targets within a longer term trajectory, similar to the UK carbon targets.  

Further a key issue is going to be coming up against limits for intermittent generation, which 

could see countries reaching perceived limits. Potentially the EU could positively intervene with measures 

to coordinate systems in order to increase potential to integrate RES. 

2.5 Resources 

The EU needs to pay attention to the availability of logistical resources, such as port capacity 

and jack up barges. The EU’s power system infrastructure needs to be managed to facilitate connection of 

new generation. The activities of the EIB remain important in helping to ensure the availability of finances. 

29 https://ec.europa.eu/commission/priorities/jobs-growth-and-investment_en
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3 Main lessons: barriers and enablers 

In this section lessons from all previous case studies are drawn on to suggest some enablers and 

barriers for the EU level 

Enablers: 

Enablers include government willingness to fund R&D, and some EU level activities. There 
are some fairly strong companies in the supply chains, with European presence in the wind supply chain 
looking a bit stronger. There are some examples of good knowledge development exchange, reasonably 
strong overall targets and good market formation policies 

The EU has an extensive and well-functioning power system infrastructure, and a fairly strong 
high level political commitment.  

Barriers: 

However –  

R&D funding is patchy, and prioritised in some MS more than others. Furthermore it is not 
necessarily easy to see what the research priorities should be for European countries, given the challenges of 
a global innovation system. 

European companies are less prominent in the PV supply chain, and this underscores the 
uncertainty of this from a global perspective. EU looks a bit behind the curve right now on PV and 
batteries; however if the research into cutting edge high efficiency materials is successful this could the 
game somewhat. European countries currently have a stronger presence in the wind supply chains, but this 
is not guaranteed in the long run. 

The Danish Risø centre and the UK Offshore wind accelerator are good examples of 
knowledge exchange. But often R&D is quite siloed, which is enhanced by the competitiveness of different 
companies and countries. In PV the capture of the c-Si market by Chinese companies has pushed European 
companies into more niche research; however this severs the feedback link between bulk sales and ongoing 
fundamental research, removes opportunity of learning by scaling 

EU directives provide a firm structure for clear national policies, and the overall longer term 
targets give a clear direction of travel. However, in some cases a rapid roll out of renewables saw the 2020 
target being reached quite quickly, which gave governments the reason to unplug renewable / low carbon 
support policies. This creates a stop start dynamic. Instead some kind of ‘reward / ratchet’ approach could 
be considered – giving MS some kind of incentive or reward for hitting targets early, but then recalibrating 
their next target so they have to keep going. Alternatively shorter term but regularly reviewed targets, like 
the UK’s carbon budgets, could be effective in maintaining momentum and avoiding stop-start dynamics. 

The EU has been quite a successful testing ground for market formation policies. The security 
of income offered by a feed in tariff has been shown to provide stronger incentives than other systems such 
as tradable green certificates. Refinements such as degression rates have been built in to allow for steadily 
falling costs with deployments. However, the experience of European countries with solar PV also shows 
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challenges where deployment levels reach a tipping point at which costs start to fall very rapidly – at this 
point the subsidy appears overly generous, and there is political pressure for reducing or even scrapping it, 
which can cause a stop-start dynamic. A further refinement to feed in tariffs is to use auction mechanisms to 
discover the subsidy level, rather than setting this administratively – now having been used in many 
countries worldwide, it is now being used frequently in EU countries with particularly impressive effects in 
reducing the cost of offshore wind subsidies. Some caution may still be required in view of possible 
‘winner’s curse’ effects; however, it does seem a promising approach.  

Market formation for smaller consumers including domestic customers for ‘self-generation’ is 
rather limited, but has potential. Several countries are looking at whether charging structures and incentives 
should be adjusted to give greater rewards for self-generators, for example in recognition of the fact that 
they do not add load to the networks.  

There is a broader political challenge though when supported low carbon technologies are 
manufactured by countries other than those were the support policies exist. In such cases they could be 
portrayed as facilitating a transfer of money from consumers to ‘foreign’ entities. This potential area of 
controversy is thrown into sharper relief by the rise of populism, whose classic tropes are well-suited to 
providing an analysis of this situation.   

As is well known, the different characteristics of low carbon energy technologies create 
challenges when deployed at scale within power systems built up around the locations and performance 
parameters of fossil fuel plants. Locational challenges are being experienced in the UK – however the 
evolution of the system has some oversight through the Ten Year Statement approach. In Germany 
fortunately solar and wind balance out quite well; in Italy solar is quite widely spread. Temporal challenges 
are also key. Systems are currently being balanced by incumbent fossil generators but if these are to be 
squeezed out there will be emerging challenges. UK has developed a national level Capacity Mechanism 
(which Poland has imitated). However, there is a wider point – individual national solutions (both temporal 
and spatial) may be less efficient than cross border collaboration and cross-EU solutions. There could be an 
increasingly important role for organisations such as the ENTSO-E, and initiatives such as Energy Union, to 
ensure that the Europe-wide system evolves in a manner that securely and cost-effectively integrates 
renewables.  

The political zeitgeist is coloured by sentiments that present significant challenges both to the 
decarbonisation project, and to the core values of the EU itself. Innovation is not assisted by fracturing and 
disconnection. It flourishes under conditions of connection, free association, combination and 
recombination of ideas. The great risk of the populist surge is that, whether or not populist parties actually 
gain power, they will trap the political space into a retreat from openness, from both cooperation and 
competition. This will deaden innovation, making progress in decarbonisation lumpen, making society 
stolid thereby increasing the sticking power of the incumbent (in this case fossil heavy) system. 

What could be the role of the EU? 

 More EU-wide joint R&D funding programmes (not just national); a strategy that clearly 

identifies areas of low carbon innovation where EU can maintain a comparative advantage; 

as well as identifying opportunities for international (including beyond-EU) collaboration. 
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 Attempting to protect European companies from cheaper imports has not been shown to 

be a successful strategy. Further, it simply causes subsidy costs to be higher than they 

otherwise would need to be – it is not clear that it is justified for consumers to pay more in 

order to support a domestic firm; it is not clear that there is a net social benefit to doing so. 

Further, there is no reason such measures would actually help industries within the 

country, instead creating a stagnant innovation system.     

 R&D – the relative strength of Europe in wind is basically thanks to specific country level 

R&D programmes, for example in Denmark for wind and Germany for PV. What more 

could EU as a whole do if those same principles were marshalled more systematically across 

the bloc? The EU should continue with its basic R&D programmes but look at ways of 

increasing the effectiveness of these by learning the lessons of Riso and OWA and trying to 

forge openness and connections between innovators.  

 EU should think about shorter term targets for MS, perhaps similar to the UK’s 5 year 

carbon budget approach, and consider some kind of “reward and ratchet” mechanism. 

 Long term feed in tariffs, with contract prices established by auction, seem to be showing a 

good balance between offering sufficient future certainty to investors, and also driving costs 

down. EU should help MS to monitor outcomes to ensure that the risk balance is 

appropriate. However, it is also important to ensure that market signals give appropriate 

incentives and rewards for generators reducing the costs that they impose upon the system. 

Such measures could include tariffs and charges that pass on to self generators the benefits 

of the reduced costs they impose on the system by avoiding transmission and distribution 

networks. For large scale generators too, it will be increasingly important that the system 

costs relating to both the time and location of generation is passed through, even if this 

increases costs for renewable generators. Without these incentives, the system is likely to 

develop in a sub optimal manner. 

 The EU needs a forward looking approach to grid investment. As described above, 

locational and temporal signals are still important in order to assure optimum use of such 

assets as are built. However, this incentive based approach is not incompatible with taking 

long term strategic decisions on upfront infrastructure investment, for which there may be 

a case to ensure fluid markets and optimal transmission of power between countries with 

complementary renewable supplies. 

 The EU needs to think about a positive alternative political narrative to populism, and it 

needs to think about how decarbonisation and the role of technological innovation in a 

globalised system fits into this. The imperative of EU being the world leader in full 

decarbonisation needs to be argued on its own terms. The imperative of the EU stimulating 

innovation to have a vibrant and creative economy in which people have meaningful work 

also needs to be argued on its own terms. There may be areas of cross over and in these 
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cases the synergies should certainly be pursued as much as possible. But the one cannot be 

made the sole justification for the other – they cannot be strapped together so that if one is 

absent the other falls; because there will be times when they are not aligned.  
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Cross cutting lessons for sector/technology 

This chapter summarises cross-cutting lessons and implications of the preceding case studies. 

1 Science, R&D and industrial strategy 

A successful innovation system requires activity at various stages of the innovation chain, and a 

balance between public and privately funded activity. An important link in this chain can be provided by 

Public Research Institutes (PRIs), a world-leading example of which is Germany’s Fraunhofer Institute.  

2 Networks and knowledge exchange 

The government or a government body could also play an important role in coordinating the 

multiple private actors involved in targeting research, development and demonstration projects, to speed 

up technological progress. 

3 Infrastructure, supply chains and skills 

Renewable energy deployment requires supporting infrastructure without which it cannot be 

deployed. For example, offshore wind farms require a port base, with sufficient capacity, from which ships 

can load. The availability of supporting infrastructure of this kind has a material impact on developers’ 

decisions as to where to locate their operations, which can in turn impact upon choices about other 

infrastructure such as manufacturing plant, thereby affecting the development of the innovation system. 

Similarly the availability of skills is a crucial factor. 

4 Market deployment support 

Although a simplistic focus on ‘market pull’ policies alone has largely been found to be an 

inadequate explanation of innovation dynamics, leading to the development of ‘innovation systems’ models 

– nonetheless, market deployment support is a material factor as part of the innovation system. 

Furthermore, some authors have argued that market support policies can directly feedback into other parts 

of the innovation system. By creating a clear view on future demand and government intentions, market 

support policies can create the confidence needed to support investment in R&D. Income arising from 

market deployment support is often reinvested in R&D. For producers and manufacturers considering 
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where to locate their facilities, it makes sense to locate in a place where there is a strong market for the 

product or type of product they produce. However, the success of these effects depends on a reasonable 

level of stability in government support mechanisms.  

Market support mechanisms involve some kind of reallocation of risk between the government 

and the private sector. With fixed rate feed-in-tariffs, governments take price risk away from energy 

companies. Recent years have shown examples, particularly in the case of PV, of technology costs coming 

down much more quickly than anticipated, thus leaving governments exposed and over-paying in subsidies. 

In both of the case study countries focussing on solar PV, the governments took measures to adjust their FIT 

mechanisms, with Germany introducing degression rates linked to cumulative deployment, and Italy 

reducing FIT rates, as well as setting a maximum cap beyond which no further subsidies would be given. 

More recently the practice of administratively setting subsidy levels in the first place is 

increasingly being replaced by auction-based allocation methods. This appears to be a successful means of 

discovering the lowest cost subsidy levels – in the UK recent offshore wind auctions have delivered 

contracts at around half the costs of those delivered administratively just a few years earlier. However, the 

auction based method itself entails a risk of non-delivery if penalties for non-fulfilment of contracts are not 

sharp enough. 

As the costs of renewable technologies decline, there will be increasing discussion of whether 

and how renewables should be exposed to market prices. A contract for a fixed rate price per unit of energy 

insulates renewables from the risk of fluctuating market prices. Aside from the level of the subsidy itself, 

the stability of this fixed price agreement could be argued to be justified, on the basis that fossil fuel 

generators tend to set the price of electricity by passing their fuel costs through, meaning that their 

exposure to risk is actually less than would be the case for renewables exposed to market conditions. The 

potential emerging problem with this approach however is in a highly renewables dominated system where 

power is being overproduced at a time of low system demand, but renewables are still being rewarded with 

their fixed contract prices and there is no incentive for any demand-side actor to purchase energy at this 

price. 

One the one hand there is an argument that preserving a non-fluctuating pricing structure for 

renewables is justified because of their particular characteristics. Alternatively, there is an argument for 

being more cost reflective, e.g. on time of use pricing, network charging or locational pricing. It might be 

argued that if you expose all technologies to the same pricing discipline you are more likely to create 

innovation drivers for other supporting techs (storage, DSM). 

5 Power system infrastructure and markets 

Power system infrastructure – transmission and distribution networks – and the markets that 

govern the production and sale of electricity, set up a kind of ecosystem into which the innovations must fit. 

EU Member States currently operate with distinct power markets, though there is interconnection and 

trading between them. Different regimes currently have different charging methodologies for network 
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access, balancing services and offshore connections. If the EU moves towards a unified internal energy 

market, as the Energy Union agenda seeks to do, then there is likely to be a need to harmonise these 

arrangements, and the particular solution chosen will have implications for the way that renewables 

develop.  

In a similar manner to the debate around pricing exposure, outlined above, there are 

arguments around whether renewables should be treated as any other generator, or whether their particular 

characteristics justify separate rules. There are debates for example around the appropriate method of 

targeting of costs for network investment and system balancing. Renewables connecting to parts of the 

network where there is insufficient network capacity exert costs due to causing a requirement for network 

reinforcement, or balancing services, or both. Some would suggest that the optimal location of a renewable 

technology is an inherent feature of it that cannot be helped, therefore it is simply self-defeating to target 

such cost against the technology. It is notable for example that some countries target the full costs of 

network expansion and grid connection to offshore wind projects, whereas others absorb them entirely, so 

that the new grid infrastructure is a service provided by the TNO to the offshore wind project, with the 

costs socialised across the system.  

Sharpening of temporal signals in network charging is also argued to be more efficient, as it 

reflects the costs incurred if balancing services need to be undertaken in the event of a network constraint.  

The debate is similar to that around exposing renewables to market pricing. On the one hand 

it could be argued that the particular inflexible locational characteristics of renewables make it futile to 

target locational network charging against them, as this simply a disadvantage they do not have the 

flexibility to avoid. On the other hand, it could be argued that building up a network without locational and 

temporal price signals is likely to store up greater inefficiency in the long run, and provides no incentive for 

the development of innovative supporting technologies which could be crucial for the efficient overall 

operation of a system with a high proportion of renewables.  

6 Disruptive niche technologies and innovative business models 

The characteristics of the renewables technologies reviewed in the four case studies open up 

opportunities for novel supporting technologies and alternative business models, such as storage, self-

generation, and aggregated demand side response. However, as noted above market structures, incentive 

structures, and infrastructure regulation can directly affect the potential for innovative business models or 

novel technologies to break through, by either reflecting the potential system benefits of these with cost 

reflective charging, or conversely not rewarding these benefits and as a result supporting elements of the 

‘incumbent regime’. 

7 Politics, power, ideology; legitimacy and resistance 

Energy transitions are inherently political. The degree to which politics impinges upon low 

carbon innovation requires careful attention. Legitimacy is an important concept, given that three of the 
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four case study countries appear to have been largely unsuccessful in building up domestic industries to 

support the deployment of renewable technologies. In such cases, the support being provided to renewables 

is contributing to creating manufacturing jobs in other countries. There is of course nothing inherently 

wrong or sub-optimal about this from a strict economics perspective –however it could become a political 

issue. 

Case studies have shown how energy technologies can become politicised, or become co-opted 

into broader political ideological discourse. In Poland the wind sector has been used by the PiS as part of a 

nationalist discourse, where wind is presented as an EU-driven agenda from which foreign companies or 

Polish elites benefit, advancing the concept of ‘Re-Polonisation’ in justification of continuing support for 

the powerful coal lobby. In the UK the removal of support for onshore wind has been presented alongside 

an ideology of ‘localism’, which fits well with the Conservative’s party’s broader brand and ideology. 

It is also worthwhile to note that the growth of nationalist-populist political movements is 

something that is being experience across many EU countries, including those of the other two case studies, 

Germany and Italy. It is highly possible that an agenda such as Energy Union could come to be represented 

in a highly politicised way by such movements that have ideological reasons to politicise concepts of 

nationalism.  

Furthermore these are not discrete categories of innovation, rather there are many interactions 

and feedbacks between them, giving rise to a complex and inter-related innovation system. 

However these observations appear to present significant challenges for policy making – how 

can policy be designed if there is not an obvious discrete location at which it should act? 

There will always be a need for narrowly focussed, technically well-designed policies acting on 

particular issues, or points within the system. But we need to see these in a systemic context as well as a 

political context. For example, there will be lots of technical design challenges going on with the process of 

harmonising markets to achieve an internal energy market (the Energy Union agenda). However in trying 

to optimise that objective, we need to consider systemic effects, such as how subsidised intermittent 

renewables will interact with that design, and whether it will incentivise storage, demand side response and 

innovative business models. It will also be very important to view the Energy Union agenda from a political 

perspective. There will very likely be some actors that do perceive this not just as a technical agenda but as a 

political project. Many European countries are experiencing strong growth in nationalist-populist 

movements. Energy is not something apart from politics and ideology, it is part of it. Therefore the EU 

needs to think carefully about the political context while pursuing agendas such as Energy Union.  
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Appendix A 

A.1 Classification of policy instruments from T2.5 of 
INNOPATHS  

Source: draft of T2.5 within INNOPATHS (please make sure to cite source!!!) 
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EXECUTIVE SUMMARY 
This document presents the analysis of National and EU Innovation Systems case study 
concerning Information and Communication Technology (ICT) as part of Task 2.1 (T2.1) of the 
INNOPATHS project. 

The case study performs a Technology Innovation System (TIS) analysis of electricity Smart 
Metering (SM)1 as a major ICT innovation in the European energy sector. This topic is relevant 
for the UK, Poland, Germany and Italy and develops an insightful analysis as each of the 
countries has faced different challenges when introducing smart meters. These countries are 
at different stage of SM roll-out and therefore should well illustrate different SM 
implementation approaches, barriers, drives and challenges. Since SM is strongly stimulated 
by the EU-level legislation, the supranational case of SM development (at the EU level) has 
also been added. 

The analyses involve such aspects as equity, justice, privacy, data protection, politics, 
regulation and economy. The document follows the framework developed by E. Verdolini 
(CMCC) and L. D. Anadon (UCAM). It is organized as follows:  

PART A sets the boundaries of analysis and introduces the specific case studies analysed in 
this document.  

PART B identifies of the key elements of the innovation system, and characterizes their 
interaction based on a set of key questions/aspects loosely inspired by the functions of 
innovation’ approach proposed by Hekkert, Heimeriks, and Harmsen (2011). 

  

                                                      

1 Acronym ”SM” is used interchangeably for “Smart Metering” or “Smart Meters” throughout the text. 
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1. PART A – INTRODUCTION 
1.1. ICT sector, smart metering and innovation  

The ICT sector does not have strictly defined boundaries and in fact consists of several sub-
sectors (e.g. International Telecommunication Union (2012)). Therefore, there are several 
definitions of the ICT sector. In 1998, OECD member countries agreed to define the ICT sector 
as a combination of manufacturing and services industries that capture, transmit and display 
data and information electronically (OECD 2002). These sub-sectors have rapidly changing 
innovative technologies and the ICT equipment interacts closely with buildings, industry, 
households and infrastructure. Further, the European Commission uses the definition of OECD 
(Hernández, Salamanca, and Ivie 2017), which comprises a list of classes of the International 
Standard Industrial Classification (ISIC) Rev. 3.1. In this document we consider ICT as 
a technology which refers to micro- and nanoelectronics components and systems, but also 
to future technologies such as photonics that promise both far greater computing power for 
a fraction of today's power consumption and high brightness, easy controllable, power-
efficient industrial applications (European Commission 2008).  

This case study performs a Technology Innovation System (TIS) analysis of electrical energy 
Smart Metering (SM) as a major unprecedented mass-scale ICT innovation in the European 
energy sector.  

There is no single definition of smart metering. However, in general, all smart-meter systems 
comprise an electronic meter and a communications link. At its most basic, a smart meter 
measures electronically how much energy is used, and can communicate this information to 
another device which, in turn, allows the customer to view how much energy they are using 
and how much it is costing them. Smart meters predominantly use wireless technologies to 
enable two-way communication between utility supplier and user. This converts end users 
into energy customers being aware of individual energy consumption and enabling them to 
undertake appropriate actions directly aiming at energy consumption reduction with different 
second order objectives, like minimising the energy cost, environmental goals or increase of 
local energy security. From a technical point of view, the SM can be regarded as a control 
system with the role of providing feedback to the energy system participants.  

There are two key aspects characterising SM as a technological system. The first one, which is 
grounded in the definition proposed in the UK, focuses on the technical capabilities: Smart 
metering is designed to provide utility customers information on a real time basis about their 
domestic energy consumption. This information includes data on how much gas and electricity 
they are consuming, how much it is costing them and what impact their consumption is having 
on greenhouse gas emission (UK House of Commons - Communities and Local Government 
Committee 2007). 

The second key aspect characterising SM as a technological system, which is grounded in the 
definition proposed by the Union of the Electricity Industry EULECTRIC, is focused on 
objectives: In terms of guiding principles, any smart metering system introduced should be 
based on: 
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 improvement of customer service and retail market functioning for all customers, and 
not just for a limited number; 

 offering the right balance between functionalities and cost; 
 being as open as possible to downstream innovation in the home “beyond the meter” 

(EURELECTRIC 2008). 

The reasons why SM can serve as a good example of ICT application in the energy sector 
(understood as the supply side, i.e. generation, transmission and distribution, and the demand 
side, embracing all end users) in the selected EU Member States can be listed as follows: 

• SM are among the most important devices used in the smart grids (SG), a type of power 
grid that “allows unconventional power flow and two-way information flow to create an 
advanced automatic and distributed energy delivery network” (Zheng, Gao, and Lin 2013). 
SG is key to deliver the EU decarbonised electrical energy system. 

• The massive roll-out of SM has been for long on the list of top EC priorities for over 10 
years – the first mention of the “smart meter” phrase in the EU official documents was in 
2007 (Commission of the European Communities 2007). Despite this, widespread diffusion 
of SM encounters implementation barriers whose nature deserve study. Given the 
relatively limited data available to investigate this phenomenon, and the importance of 
contextual factors in the diffusion process, the best approach to address this research gap 
is through the analysis of case studies, some of which represent success cases, and other 
failures. 

• EU Member states are at different stage of SM roll-out, which allows for investigating their 
different implementation approaches, barriers, drives and challenges. 

• The SM implementation process involves both energy sector and the users and as such 
illustrate well the emergence of new relationships and communication channels between 
main stakeholders. 

• The experience accumulated in the EU focus is sufficient to assess economic and social 
impact of SM deployment and enables to draw conclusions of value to policy makers. 

• Effective SM is a crucial element of setting customers “at the heart of the energy market” 
as it is desired by the EC. 

• Proper acquisition of SM mass data will greatly increase the availability of detailed, 
customer-level data on energy consumption, allowing more detailed analysis of energy 
demand and use. This knowledge will in turn impact the pattern of demand as well as the 
business models of many energy enterprises operating in the energy markets, e.g. 
Distributed System Operators (DSO), energy trade platforms or traders. 

Smart meters offer several types of advantages:  

• For individual consumers: better understanding of their pattern of consumption and 
promotion of energy efficiency and rational use of resources.  

• For electricity industry: they improve the handling of the system and they allow to identify 
losses (technical and commercial) 

• For liberalized electricity sectors (e.g. providing electrical energy to industry): they allow 
for on-the-spot reading (outside of the billing cycles), enable dynamic pricing and they 
allow increased competition on the energy market 
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Furthermore, and crucially, two thirds of the GHG emission in the EU comes from energy 
production and use. In light of the EU commitments towards deep decarbonisation, fostering 
the further penetration of ICT into the energy sector has been placed high on the EC agenda 
(European Commission 2018a). This is one of the leading themes addressed in the Clean 
Energy for All Europeans Package adopted by the Commission in November 2016 – Winter 
Package (Ristori 2017). 

The influence of ICT on the energy sector is manifold. Indeed, it is hard to find any energy 
demand or supply apparatus, equipment or service, in which ICT has not played a steadily 
increasing role. In many cases like the Smart Grid, ICT is one of the main factors enabling 
innovation.  

A crucial concern in this respect is that ICTs are deployed in such a way not only as to improve 
efficiency, but also avoiding large increases in demand. Indeed, ICT have the potential to 
increase energy efficiency in other sectors, as well as to increase the efficiency of the ICT 
technologies themselves. The extent to which reaching this goal will require policy 
intervention, and the embedding of sustainable ICTs in the economy, has yet to be 
understood.  

The essential innovation dimensions of SM as a technology case study comprise technological, 
political, economic and social aspects (Table 1).  

Table 1 Novelty aspects of Smart Metering Innovation System 

Innovation 
type 

Novelty aspects of Smart Metering Innovation System 

Political  Enables reaching public support for energy transformation making customers more 
involved in energy issues. 

 Requires placing SM into comprehensive national action plan for the future 
development of the power networks. 

Technological  Enabling shift towards novel energy system (Smart Grids) providing real time energy 
consumption data. 

 Development of new ICT products used in SM, e.g. meters, communication 
equipment. 

 Development of new services – the range of new functions offered by a SM 
infrastructure improves the information available for customers (e.g. more precise 
and more frequent consumption data) and expands the potential for interaction 
between provider and customer.  

 Energy providers are able to more effectively manage the distributed energy 
resources, e.g. distributed generation, loads, energy storage.  

 Constitute an element of energy management, e.g. as enabler for implementation 
of demand side response, demand reduction and distributed energy systems 
development.  

Economic  Enables maximisation of real energy savings if carried out in a coherent way both 
on supply and demand sides. 

 Supports governments in liberalisation of energy markets and increase of 
competitiveness. 

 Constitutes an essential element in new business models of energy companies.  

 Stimulate economically oriented energy regulation, e.g. dynamic tariffs. 

 Illustrates dynamics of innovation and performance in complex systems. 
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 Requires novel financing instruments for SM technology R&D, demonstration 
projects, and the actual deployment of SM. 

 Enables novel energy services, e.g.: 
o Detailed bill packages listing actual consumption and pricing information 

in addition to historical usage profile 
o Real time monitoring of energy consumption via In Home Displays or 

similar devices 
o Energy supplier / distributor / sales company providing online access to 

customer energy usage 
o Third party services (e.g. web-based tools that access and analyse 

customer’s meter data)  
o Variable Tariffs based on Time of Use, Peak Load etc. 
o Direct Fiscal incentives (e.g. rewards for reducing overall energy 

consumption)  
o Access to energy efficiency information (e.g. brochures, leaflets, websites) 
o Energy contracts 
o (Remote) load control 
o Market based services 
o Balancing services. 

Social  New stakeholders’ involvement – energy customers are becoming active players on 
the market and can contribute to the energy market transition through providing 
transparent, comparable and reliable information on energy consumption and 
energy prices, etc. 

 Transformation of end users into energy customers aware of his real time energy 
consumption data. End-users are given the opportunity to become more active 
participants on the energy market (energy efficiency aspect). 

 Contributes to emerging of new class of active consumers – prosumers (generation 
aspect). 

 Phase-out and creation of new jobs, e.g. in meter reading, ICT equipment 
manufacturing and services,  

 Creation of new relationships and co-operation models between supply and 
demand sides based on more balanced cleared defined and equal rules. 

 Enables in the far-reach development of much wider strategic projects, e.g. Smart 
Homes, Smart Cities, e-mobility. 

 

1.2. Aim and scope of the study 

The overall aim of the study is to analyse the process of Smart Metering (SM) development 
from the point of view of its innovative role played in the EU energy system decarbonisation. 
The analysis of the SM innovation system focuses on three key TIS elements:  

1) Technologies and infrastructure: 
a) To provide generalizable results on what smart metering solutions have been devised 

so far, whether and how they have worked, and what innovative approaches are 
envisioned and may be advisable in the future; 

b) To quantify the rates and magnitude of historical sectoral transitions in the field of 
smart metering; 

2) Actors and networks: 
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a) To provide evidence on how to capitalize and enhance the contribution of knowledge 
and experience spillovers from both energy and non-energy actors (ICT, including 
smart metering in particular) to spur innovation in advanced energy technologies,  

3) Institutions and policies: 
a) To generate insights on a spectrum of diverse policy challenges and responses in the 

field of smart metering systems within the EU,  
b) To highlight the future medium-term developments implicit in the past policy choices 

implemented by the EU and the member states in the field of smart metering 

Furthermore, the paper describes the functioning of these elements and their interaction: 

a) To contribute to understanding the importance of analysing the smart metering 
systems in the more general context of innovation dynamics, cybersecurity and 
standardization  

b) To provide a new and comprehensive understanding of the potential for and 
challenges of the low-carbon energy transition in Europe, which will show how such 
transition may be enabled and cost-effectively delivered by smart metering systems. 

In light of the key innovation aspects of SM technologies, this paper explores the challenges 
that the EU as a whole and in particular its four Member States (Germany, Italy, Poland, and 
the UK) are facing when introducing Smart Meters. The objective of this study is therefore to 
illustrate differences and similarities in technical, social and economic drivers and barriers to 
SM development in the four MS characterized by different policies for smart-metering (Table 
2) and different economic rationales for smart metering roll-outs (Table 3). Since SM policy as 
an essential part of the EC energy policy is strongly stimulated by the EU legislation, the 
framework case of SM development at the EU level is also presented.  

The research points at the need for SM analysis that goes beyond standard energy saving and 
management services. For example, organizational and market barriers mostly overlooked are 
taken into consideration.  

The scope of our research is limited to electricity smart meters. Even though SM is often 
synonymous only with electricity metering, but this does not need to be so and is not the case 
in the Energy Services Directive ESD (European Parliament; Council of the European Union 
2006), which covers all energy streams. In fact, smart metering may embrace the following 
also heat and cold, gas, water2 and multiutility smart metering. 

Table 2 Overview of smart meter roll-out in Germany, Italy, Poland and the UK as planned by them in 2014 

Country Germany Italy Poland The UK 

Roll-out of smart 
metering by 2020 status 

Selective roll-out 
of SM by 2020  

Wide-scale (80% 
or more) roll-out 
of SM by 2020 

Wide-scale (80% 
or more) roll-out 
of SM by 2020 

Wide-scale (80% 
or more) roll-out 
of SM by 2020 

                                                      

2 See for example House of Commons Science & Technology Committee (2016): “Smart meters also 
exist for other utilities such as water. However, the Department for the Environment, Food and Rural 
Affairs’ 2011 Water for Life White Paper concluded that there was currently no economic case for a 
blanket policy for smart water metering, because the benefits of metering vary across the UK.” 
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Number of metering 
points (million) 

47.9 36.7 16.5 33.8 

Expected diffusion rate 
by 2020 (%) 

23 99 80 100 

Roll-out period start 
date 

2014 2001 2012 2012 

Roll-out period end date NA 2011 2022 2020 

Metering market Competitive Regulated Regulated Competitive 

Deployment Strategy
  

NA Mandatory Mandatory Mandatory 

Responsible party - 
implementation and 
ownership 

Meter operator / 
DSO 

DSO DSO Supplier 

Responsible party - 
access to metering data 

Meter operator / 
DSO 

DSO Central Hub Central Hub 

Financing of roll-out NA Network Tariffs + 
DSO resources 

Network Tariffs Suppliers 

Source: adapted from European Commission Joint Research Centre (2019) and European 
Commission (2014a) 
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Table 3 Results of Cost-Benefit Analyses (CBA) of smart meter roll-out in Germany, Italy, Poland and the UK 

Country Germany Italy Poland The UK 

CBA outcome Positive for the Roll-out 
Scenario Plus3, negative for the 
EU scenario4 

Positive Positive Positive 

Total investment (M€) 6,493 (by 2022)  
14,466 (by 2032) 

3,400  2,200  9,631 

Total benefit (M€) 5,865 (by 2022)  
16,968 (by 2032) 

6,400  2,330  22,095 

Cost/metering point (€) 546 94 167 Great Britain: 161  
Northern Ireland: 489 

Benefit/metering point (€) 493 176 177 Great Britain: 377  
Northern Ireland: 502 

Energy savings (% of total 
electricity consumption) 

1.2% Not available 1% Great Britain: 2.2% Northern 
Ireland: 3%  

Peak load shifting (% of total 
electricity consumption) 

1.3% in average between 2014 
and 2022;  

2.9% in 2032  

Not available 1% Great Britain: 0.5% - 1% 

Northern Ireland: 5% 

Source: based on European Commission (2014a) 

                                                      

3 Scenario focusing on the integration of renewable energy sources, extending the obligation to install smart meters to inter alia new RES and CHP with a contracted power 
of at least 7 kW. 

4 It reflects the EU requirement to provide smart metering systems for at least 80% of all consumers by 2020 
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1.3. Methodology 

The methodology of this study includes:  

a. mapping and description of historical development of key actors and institutions (i.e. 
government departments and agencies, regulators, industry groups, commercial 
organizations, consumers, academics), and a qualitative assessment of how they 
interact at the supra-national, national and sub-national levels, including a description 
of how the existing landscape evolved, and reasons for it;  

b. mapping of innovation strategies, roadmaps and policy instruments across the 
innovation chain (from basic R&D funding to deployment subsidies, for example) and 
their development and implementation;  

c. identification of key drivers and inhibitors of innovation through stakeholder 
involvement and desk research.  

The study thus informs on and maps how a specific innovation system and its component 
institutions, strategies and policy landscape has performed in generating innovation, and why.  
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2. PART B – CASE STUDIES 
2.1. The European Union 

Table 4 Summary of the case study on Smart Metering in the EU 

Case type failure 

Case type justification Inadequate regulation and financial instruments portfolio to support SM TIS 
development, in particular no EU-wide consensus on the minimum range of 
regulations for smart meter roll-outs and technical capabilities required for 
smart meters 

Case scope EU legal framework for metering and billing of energy consumption, 
covering in particular: 

 The Electricity Directive (Article 3, Annex I)  

 The Energy Efficiency Directive (Articles 9, 10, 11, 14, Annex VII)  

 The Renewable Energy Directive (Article 15)  

 The Energy Performance of Buildings Directive (Article 8) 

Leading institutions European Commission, European Parliament, Council of the European 
Union 

Project duration Ongoing since 2007 (first mention of the “smart meter” phrase in the EU 
official documents) 

First mass-scale smart meter 
installation 

2001 (Italy)  

Number of smart meters 
installed in mass-scale in 2001  

approx. 30 million (representing approx. 11% of all EU-28 consumers as of 
2014)  

Number of smart meters to be 
installed in mass-scale in 2020 

approx. 200 million (representing approx. 72% of all EU-28 consumers as of 
2014)  

Major motivation  To promote energy efficiency (Article 3 of the Electricity Directive) and to 
empower final customers (Article 19 of the Electricity Directive Recast) 

Based on: Directive 2009/72/EC of 13 July 2009 Concerning Common Rules for the Internal 
Market in Electricity and Repealing Directive 2003/54/EC 2009; Directive 2012/27/EU of 25 
October 2012 on Energy Efficiency, Amending Directives 2009/125/EC and 2010/30/EU and 
Repealing Directives 2004/8/EC and 2006/32/EC 2012; Directive 2009/28/EC of 23 April 2009 
on the Promotion of the Use of Energy from Renewable Sources and Amending and 
Subsequently Repealing Directives 2001/77/EC and 2003/30/EC 2009; European Commission 
2014a; Commission of the European Communities 2007; Directive 2010/31/EU of 19 May 2010 
on the Energy Performance of Buildings 2010; European Parliament 2019 

 

  



 

 

 

  

 

13 

2.1.1. Identification of key elements of the innovation system 

This part of the analysis identifies the key elements of innovation systems for the ICT case 
study, whose boundaries was set in Part A. Key elements include: (i) technologies, 
infrastructures and knowledge, (ii) actors and networks, and (iii) institutions and policies 
(Nelson 1993).  

2.1.1.1. Technologies, infrastructures and knowledge 

Identification of the key incumbent and novel technologies 

The first electricity meter was patented in June 1884 by Hermann Aron, born in Kępno 
(Poland), a German engineer and physicist (Press 2013). He was the father of subsequent 
generations of active power meters, including the induction 5  and electronic 6  meters 
(Figure 1). 

a. b.  

Figure 1 Example of incumbent technologies: a. an induction electricity meter (Apator 2018a), b. an electronic electricity meter 
(Orno 2018) 

                                                      

5 The induction meter is a mechanism in which the aluminum disc is set in a rotary motion (rotating around its 
own axis) due to the magnetic field created by the two coils of the vortex. A current proportional to the current 
consumed by the consumer flows through one of the coils and a current proportional to the mains voltage flows 
through the other. Coils, due to their location, generate a torque proportional to the product of instantaneous 
current and voltage, which is balanced by the braking torque that arises as a result of the rotation of the disc 
between the poles of the permanent magnet. The braking torque is proportional to the rotational speed of the 
disc, but it can be weakened due to damage to the permanent magnet – for example by influencing it with an 
external magnetic field. Induction counters count the disk's rotations - each revolution accounts for a specific 
amount of energy consumed. At one 24-hour tariff, the induction meter has one meter that gives information 
about the consumed kWh (MWh), and in a two-tariff system (day / night or weekend / working days), the meter 
has two sub-meters – each separately for each tariff (Lewczuk 2017). 

6 Electronic meters base their operation on semiconductor integrated circuits (hence the second name for these 
meters is semiconductor meters), generating pulses under the influence of flowing current and applied voltage. 
These impulses are created in a quantity proportional to the electricity consumed and then their quantity is 
added up (counted) by the meter in a specific unit of time. Due to the fact that the electronic meter counts 
densely generated pulses, not just the electric energy itself, it is much more accurate than the induction meters. 
Furthermore, electronic meters can be equipped with indicators of interference with an external magnetic field, 
in order to prevent counterfeiting of energy consumption records. 
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Novel technology: 

The novelty of smart meter technology lies in the functionalities that are added to 
conventional electronic meters (Figure 2), which supports the claim that smart meter (SM) is 
an incremental innovation rather than a radical one. Advanced Metering Reading (AMR), 
which enables data acquisition from long distances, can be regarded as the predecessor of 
smart meters. According to Avancini et al. (2019), the novel functions of smart meters (as 
compared to older metering solutions, including AMR) concern: 

 advanced data collection (using physical and wireless connection, end-to-end 
communication),  

 advanced data processing (detection and diagnosis of system faults, data storage and 
management), 

 advanced data use (interactive display, bi-directional metering and billing). 

 

 
Figure 2 Novel functionalities of smart meters as compared to conventional meters, Advanced Metering Reading (AMR), 
Remote Meter Reading (RMR) and Advanced Metering Infrastructure (AMI) (Avancini et al. 2019) 

Technological trajectories 

Already in 2011 there were over 100 million Smart Meters installed around the world, with 
another 1 billion planned in the next years (Kamat 2011). As of 2019, the EU observes the 
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second highest SM penetration rate, after North America (Figure 3). Diffusion of SM systems 
has been progressing at various rates across the Member States since 2001, when the large-
scale roll-out started in Italy. At the end of 2017 there were 9 Member States where the SM 
roll-out has reached more than 50 percent of household consumers. Still, there were 5 
Member States with no smart meters introduced in mass-scale (Figure 4). At the end of 2018 
approximately 44% of customers had a smart electricity meter and the penetration rate is 
expected to reach 58-71% by 2023 (Berg Insight 2018; Strother and Lockhart 2014). In 2018 
SM constituted around 87% of the total electricity meter shipments in the EU+27 (Berg Insight 
2018). 

 

 
Figure 3 Evolution of SM deployment worldwide (Strother and Lockhart 2014; Uribe-Pérez et al. 2016) 

 

                                                      

7 EU-28 + Norway and Switzerland 
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Figure 4 Electricity smart meter roll-out rates in EU MSs and in Norway in 2017 (%) (ACER and CEER 2018) 

Complementary and substitute technologies 

The main complementary technologies for SM in the EU are Information and Communication 
Technologies (ICT). PLC has been the leading technology for SM communication in the first 
wave of SM deployments (Berg Insight 2017). However, various other types of communication 
technologies for SMs are also used currently (Table 5). They offer different types of 
advantages and entail different disadvantages, depending on the location and other 
circumstances of SM deployment (Uribe-Pérez et al. 2016; Ahmad 2016; Andreadou, 
Guardiola, and Fulli 2016). The wireless communication technologies (e.g. mesh radio, NB-IoT) 
are becoming more and more advanced, offering more bandwidth, shorter response times, 
improved security, as well as wide coverage, even in problematic locations, such as cellars and 
rural areas (Berg Insight 2018). 

Between 1995 and 2015, ICTs have been growing much faster than the overall EU economy. 
In 2015 the ICT sector has generated value added of 581 billion euros (3.9% of the EU value 
added) and has employed 5.8 million people across all EU member states (2.5% of the 
employment) (Mas et al. 2018). Considering various ICTs, the cybersecurity technologies are 
of particular relevance as complementary technologies for SM. Between 2018 and 2023 the 
EU cybersecurity market is expected to grow at a compound annual growth rate (CAGR) of 
11.3% and its value is expected to exceed 40 billion euros (ResearchAndMarkets.com 2018).  
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The main substitute technologies for SM in the EU are meters enabling remote readings, but 
not providing key functionalities of smart meters, such as bi-directional communication. 

Table 5 Communication technologies used in SM in the EU (Uribe-Pérez et al. 2016; Andreadou, Guardiola, and Fulli 2016) 

Connection 
type 

Technology 
category 

Technology name Examples of deployments in SM systems in the EU 

Wireless RF-Mesh - InovGrid (PT) 

Cellular 3G-4G HEDNO (GR) 

GSM Telegestore (IT) 

GPRS PRICE-GEN (ES), Eandis and Infrax (BE), Linky (FR) 

IEEE 802.15 
Group 

ZigBee Energy Demand Research Project, EDRP (UK) 
National Smart Metering Programme, NSMP (IRL) 

6LoWPAN 

Bluetooth 

IEEE 802.11 
Group 

Wi-Fi National Smart Metering Programme (IRL) 

Enhanced Wi-Fi 

IEEE 802.11 n 

IEEE 802.16 WiMAX Smartcity Malaga (ES) 

Wired Power Line 
Communication 
(PLC) 

NB-PLC Telegestore (IT), PRICE-GEN, Iberdrola (ES) Eandis 
and Infrax (BE), Linky (FR) 

BB-PLC 

xDSL ADSL Demand Research Project, EDRP (UK), PRICE-GEN 
(ES), Eandis and Infrax (BE), Stadtwerke Emden by 
Deutsche Telekom (DE) 

HDSL 

VHDSL 

Euridis IEC 62056-31 SMs in France 

PON - PRICE-GEN (ES) 

 

Level of technology and market development  

SMs, along with the surrounding metering infrastructure, have reached a stabilization phase 
– both the technology of semiconductor meters and its technological surroundings (data 
transmission and processing, communication technologies etc.) is mastered (Colak et al. 2015; 
Iqtiyaniilham, Hasanuzzaman, and Hosenuzzaman 2016). The European SM market is growing, 
yet the old (traditional) metering solutions are still dominating majority of national markets.  

Contrary to the limited technology development potential for the core measuring aspect of 
SM, there is a huge potential for development of complementary technologies and services, 
including the following:  

 Integration of smart meters data with new elements of smart grid, e.g. distribution 
management systems, Volt/VAR optimization systems, transmission grid (Smart 
Energy International 2018; Accenture 2013); 
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 Development of new services for end users based on real-time analytics, demanding 
smart metering data integration with nonstandard data sources (Smart Energy 
International 2018; Accenture 2013); 

 Outsourcing of the data functions of smart metering by large utilities to small 
companies, often start-ups (Smart Energy International 2018); 

 Market fragmentation into three types of companies: 
o Utilities providing a full spectrum of advanced metering infrastructure, beyond 

smart metering; 
o Companies specializing in smart metering, working on expanding their 

applicability; 
o Companies focused on offering only managed services and system integration, 

basing on products from other producers (Smart Energy International 2018); 

 Further development and scaling-up of meter data management systems – extension 
to support complex analytics solutions (Smart Energy International 2018; Accenture 
2013); 

 Modification of existing systems to support future needs of a system operator and 
customers, e.g. management of new asset classes, new billing options (Accenture 
2013); 

 Further development of communication protocols, e.g. more flexible networks to 
support different typed of data traffic, development of open standards, security issues 
improvements, supporting other smart grid technologies (Accenture 2013). 

 

 
Figure 5 Key potential benefit areas of the smart metering business case and their levels of certainty (Accenture 2013) 
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Evaluation of the level of uncertainty around future technology outcomes 

One of major concern for future technological development of SM is their lifetime, which is 
shorter than in old-type ones. It is expected that manufacturers will work on extending SM 
lifecycles and lowering their cost. This will be supported by shifting from modular to unitary 
design. Full utilization of smart meters function will be possible thanks to diverse growth of 
end-user energy solutions and embedded devices in appliances, which will not require any 
consumer interaction (Accenture 2013). 

Infrastructures 

Depending on the underlying communication technology selected at Member State level, SM 
in the EU operate in two physical infrastructures: the electricity grid (e.g. where PLC is the 
communication channel) and the radio network (e.g. for mesh radio-based SMs). In particular 
in the latter, there is much room for novel technologies in the EU market. Updates of radio 
frequency regulations are introducing new spectrum in the sub-GHz band in more and more 
countries, enabling cost-efficient networks optimised for performance and security (Berg 
Insight 2018). For instance, in 2018 Norway and Sweden enabled the deployment of RF-mesh 
technology for SM by dedicating the spectrum in the 870–876 MHz band. Similar regulatory 
changes are also considered in other European countries (Berg Insight 2018). 

2.1.1.2. Actors and networks 

Large number of stakeholders is a characteristic feature of the EU SM innovation system 
(Table 6).  

Table 6 Inventory of the main stakeholders in Smart Metering projects in the EU 

Type of institution Stakeholders 

EU organisations European Commission, Directorate-General for Energy (DG ENER), Directorate-General 
for Internal Market, Industry, Entrepreneurship and SMEs (DG GROW) 

EU Agencies, including Executive Agency for Small and Medium-sized Enterprises 
(EASME), EU Agency for Cybersecurity (ENISA), Agency for the Cooperation of Energy 
Regulators (ACER)  

Official expert advisory bodies of the European Commission, including Smart Grids 
Task Force (SGTF), Working Group Measuring Instruments (E01349), European Multi-
Stakeholders Platform on ICT Standardisation (E02758) 

Central & local 
decision makers 

National level of government 

Regional and local levels of government 

Energy state agencies implementing energy and environmental policy 

Regulators National energy regulators 

National telecommunication regulators 

National personal data protection authorities 

Organisations and collaboration platforms of regulators, including Council of European 
Energy Regulators (CEER), The International Working Group on Data Protection in 
Telecommunications (“the Berlin Group”), European Data Protection Board (EDPB) 
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Standardisation 
bodies 

National standardisation bodies, working in close co-operation with international 
standardisation bodies 

International standardisation organisations, including European Committee for 
Standardization CEN, European Committee for Electro-technical Standardisation 
CENELEC, European Telecommunications Standards Institute ETSI, European 
Environmental Citizens Organisation for Standardisation ECOS, Smart Meters 
Coordination Group SM-CG 

Stakeholders providing experts for standardisation works 

Industry as 
manufactures and 
service providers 

Smart meters and other AMI components manufacturers, including Itron, Landis+Gyr, 
Honeywell, Aclara Technologies, ADD Grup, AEM, Aidon, Apator, Circutor, Diehl 
Metering, EDMI Meters, Elgama Elektronika, EMH Metering, Flonidan, Hager, Hexing 
Electrical, Iskraemeco, Janz, Kaifa Technology, Kamstrup, Linyang Energy, MeteRSit, 
Networked Energy Services, NIK, Pietro Fiorentini, RIZ, Sagemcom, Sanxing Electric, 
Wasion, ZIV, ZPA Smart Energy (Berg Insight 2018) 

Communication solutions providers, including APKAPPA, CyanConnode, Devolo, NURI 
Telecom, Ormazabal, Power Plus Communications, Sensus, Trilliant, Toshiba, Xemex 
(Berg Insight 2018) 

Software solutions providers, including Cuculus, EnoroCX, Ferranti, Görlitz, Kisters, 
Oracle, Powel, SAP, Telecontrol STM (Berg Insight 2018) 

System integrators and communication service providers, including: A1 Telekom 
Austria, Arkessa, Arqiva, Atos, Capgemini, CGI, Com4, IBM, LG CNS, Schneider Electric, 
Siemens, Telecom Italia, Telefónica, UtilityConnect, Vodafone (Berg Insight 2018) 

Associations of Industry, including European Smart Metering Industry Group ESMIG, 
European Network for Cyber Security ENCS, European Utilities Telecom Council EUTC, 
Orgalim – Europe’s Technology Industries, EBIX, European forum for energy Business 
Information eXchange, Wi-SUN Alliance (Papakonstantinou and Kloza 2015) 

Energy Sector Transmission System Operators  

Distribution System Operators 

Energy suppliers 

Large energy producers  

Individual small and medium energy producers  

Associations of energy sector, including: European Federation of Local Energy 
Companies CEDEC, European Distribution System Operators EDSO, European Network 
of Transmission System Operators for Electricity ENTSO-E, Union of the Electricity 
Industry EURELECTRIC, European Energy Retailers EER, Verband der unabhängigen 
Strom- und Gasverteilerunternehmen GEODE, SmartEn (formerly: Smart Energy 
Demand Coalition SEDC) 

Research, 
Development and 
Innovation sector 

R&D&I providers (universities, public and private research entities, NGOs, etc.), 
including EC Joint Research Centre 

End-users Large industrial customers 

Non-residential small and medium customers (industrial, commercial, etc.) 

Residential customers 
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Public services sector 

Financial 
institutions 

European Investment Bank (EIB), European Bank for Reconstruction and Development 
(EBRD), other financial institutions providing financing of SM deployments 

 

2.1.1.3. Institutions and Policies 

This section analyses and assesses: the regulations, economic and financial instruments, and 
soft instruments addressing smart metering at the EU level (Table 7).  
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Table 7 Assessment of the EU-level policy instruments addressing Smart Metering TIS 

Regulation 

Codes / standards / mandates Obligation schemes / quotas Other regulation 

Building codes and 
standards 

Product standards 
Sectoral 
standards 

Emissions 
standards 

Auditing Obligation schemes 
Carbon Emissions 
Reduction Target 

Net metering 

Economic and Financial instruments 

Direct investment Fiscal/financial incentives Market-based instruments 

Funds to sub-
national 
governments 

Government 
procurement 

RD&D 
funding 

Tariffs Auctions 
Grants 
and 
subsidies 

Loans / soft 
loans 

Taxes – tax 
relief / 
exemption 

User 
charges 

GHG 
emissions 
allowances 
trading 
scheme 

Green 
certificates 

White 
certificates 

Soft instruments 

Performance labels Information campaigns Voluntary approaches 

Comparison label Endorsement label 
By energy 
agencies 

By energy 
suppliers 

By other 
institutions 

Negotiated 
Agreements (Public-
private sector) 

Public Voluntary Schemes 

Unilateral 
Commitments 
(Private sector) 
/ EMSs 

 
Explanation of colours: 

Instruments not used / underdeveloped / 
implementation delayed 

Instruments used in a limited 
extent/not effectively, plans of 
instruments exist 

Instruments actively used Not applicable for SM TIS support 

 

Source: adapted from INNOPATHS project Task 2.5: Development and Application of a Policy Assessment Framework
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Regulation 

Building codes and standards 

According to article 8 of the Directive 2010/31/EU of 19 May 2010 on the Energy Performance 
of Buildings, Member States shall encourage the introduction of intelligent metering systems 
whenever a building is constructed or undergoes major renovation, whilst ensuring that this 
encouragement is in line with the Directive 2009/72/EC (SM roll-out is economically 
reasonable and cost-effective). Still, there is no EU-level legislation for the Member States’ 
building codes or standards that would require installation of SM in buildings or provide clear 
guidelines for the Member States’ building codes or standards as far as the SMs are 
concerned. Yet, in some Member States (e.g. in Poland) building codes do require installation 
of electricity meters in newly constructed buildings, though such meters might be of 
‘conventional’ character (Minister Infrastruktury i Rozwoju 2015). 

Building codes and standards can be regarded as regulation instruments that are not 
effectively used at EU level for SM TIS development. 

 

Product standards 

The EU Directive on energy efficiency (2012/27/EU, EED) has introduced the following 
definition of smart metering system: ‘smart metering system’ or ‘intelligent metering system’ 
means an electronic system that can measure energy consumption, providing more 
information than a conventional meter, and can transmit and receive data for information, 
monitoring and control purposes, using a form of electronic communication. In contrast, a 
‘conventional meter’ means ‘an analogue meter or an electronic meter with no capability to 
both transmit and receive data’. 

EED articles 9(2) and 10(2) and article 2 of Annex I of the Electricity Directive concern 
requirements specifically for smart electricity meters. According to article 2 of Annex I to the 
Directive, the Member States, or any designated authority, should ensure the interoperability 
of SM systems to be implemented within their territories and should have “due regard to the 
use of appropriate standards and best practice and the importance of the development of the 
internal market in electricity”. 

In order to address these challenges, the European Commission mandated CEN, CENELEC and 
ETSI in 2009 to develop an open architecture for utility meters involving communication 
protocols enabling interoperability (European Commission 2009). In response to Mandate 
M/441, the European Standardization Organizations (ESOs), CEN, CENELEC and ETSI decided 
to combine their expertise and resources by establishing the Smart Meters Coordination 
Group (SM-CG). This group is a joint advisory body that provides a focal point concerning smart 
metering standardization issues. 

The first phase of the mandate requested the ESOs to produce a European standard for 
communications. In this context, the SM-CG produced a Technical Report (CEN-CLC-ETSI 
2011), which identified the functional entities and interfaces that the communications 
standards should address. It was intended to support the development of software and 
hardware architecture and related standards. 
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The second phase of Mandate M/441 focused on the development of European Standards 
containing harmonized solutions for additional functionalities within interoperable 
frameworks. The SM-CG completed the second phase of M/441 by producing a report (CEN-
CENELEC-ETSI 2012), which summarized the work undertaken during the period 2009-2012 
(“Smart Metering - CEN-CENELEC” 2018).  

In 2012, the European Commission published its recommendations on preparation for the roll-
out of smart metering (European Commission 2012), which addressed three main concerns:  

a personal data protection and security (§§ 4–29); 
b economic assessment of the long-term costs and benefits (§§ 30–38); 
c common minimum functional requirements for smart meters (§§ 39–42) (Table 8). 

Table 8 Common minimum functional requirements for smart metering systems according to European Commission (2012) 

Area Minimum functional requirements 

Customer 1) Provide readings directly to the customer and any third party designated 
by the consumer 

2) Update the readings referred to in point (a) frequently enough to allow 
the information to be used to achieve energy savings 

Metering operator 3) Allow remote reading of meters by the operator 

4) Provide two-way communication between the smart metering system 
and external networks for maintenance and control of the metering 
system  

5) Allow readings to be taken frequently enough for the information to be 
used for network planning  

Commercial aspects of 
energy supply 

6) Support advanced tariff systems  

7) Allow remote on/off control of the supply and/or flow or power limitation 

Security and data 
protection 

8) Provide secure data communications 

Distributed generation 9) Provide import/export and reactive metering 

 

In March 2019 the European Parliament approved the recast of the Directive of the European 
Parliament and of the Council on common rules for the internal market in electricity 
(hereinafter referred to as “the Electricity Directive Recast” or “EDR”). EDR was a part of the 
European Commission legislative package “Clean Energy for all Europeans” (so called “Winter 
Package”), presented on 30 November 2016. The Electricity Directive Recast provided new 
regulations concerning SM. The new rules will have to be implemented in the Member States’ 
legislations within 18 months from the final adoption of the Directive (European Parliament 
2019).  

One of the new requirements, according to Article 19 of the EDR, is that SM should enable 
providing output for consumer energy management systems. This can be regarded as a major 
regulatory step forward, as in 2018 only 12 Member States introduced mandatory interfaces 
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of SM systems (ACER and CEER 2018). Other functionality requirements (Figure 6) and 
maximum time granularities for readings (Figure 7) also widely differ across the EU. This 
diversification in technical requirements provided by the product standards might have 
negative influence on the transnational flow of Smart Meters as goods and the related 
services. For instance, SM without integrated in-home displays might not be accepted by some 
Member States. 

 
Figure 6 Most adopted legal requirements for smart meters in EU MSs – 2017 (number of MSs) (ACER and CEER 2018) 

 

Figure 7 Maximum time granularity in electricity smart meters for electricity in EU MSs – 2017 (ACER and CEER 2018) 
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Product standards can be regarded as regulation instruments that are effectively used only 
in limited extent at the EU level to support SM TIS development. The common minimum 
functional requirements SM systems can be considered as general and not sufficiently 
detailed to ensure adequate interoperability and to enable full exploitation of the EU 
internal market potential for cross-border flow of products and services.  

 

Sectoral standards 

The 17 major EU-level sectoral standards concerning SM can be grouped into three categories: 
wired PLC standards (8 standards), wireless standards (7 standards) and standards that specify 
the application layer only (2 standards) (Erlinghagen, Lichtensteiger, and Markard 2015). The 
relatively high number of alternative sectoral standards illustrates the growing status of SM 
as a TIS. None of the standards is perfect in all aspects (e.g. range, interoperability, frequency 
bands), which suggests that selection of standard involves trade-offs (Erlinghagen, 
Lichtensteiger, and Markard 2015).  

Sectoral standards can be regarded as regulation instruments that are actively used at EU 
level for SM TIS development. However, the high number of competing SM sectoral 
standards creates several challenges, as it “leaves economies of scale unrealized, creates a 
patchwork of different solutions and potentially results in a lack of interoperability” 
(Erlinghagen, Lichtensteiger, and Markard 2015). 

 

Emission standards 

No EU-level regulation setting emission standards for SM has been identified. However, such 
standards can be regarded as not applicable for the SM TIS analysis. 

Emission standards can be regarded as regulation instruments that are not applicable for 
the support of SM TIS development at EU level.  

 

Auditing 

To support fulfilment of the provisions set in the Annex 1 of the Electricity Directive 
(2009/72/EC), in 2012 the European Commission’s Joint Research Centre has published the 
Guidelines for Cost Benefit Analysis (CBA) of Smart Metering Deployment (Giordano et al. 
2012). The publication of the Guidelines can be regarded as the initiating step for ex-ante 
auditing of SM development in the EU. However, it should be noted that the CBA was 
envisioned as a nonrecurring assessment, not scheduled for ongoing monitoring of TIS 
development. The situation has been changed to some extent by the Electricity Directive 
Recast SM (European Parliament 2019). It has established that where the deployment of smart 
metering systems has been negatively assessed as a result of the CBA performed at national 
level, Member States shall ensure that this assessment is revised at least every four years, or 
more frequently. No other auditing instruments for SM have been identified at the EU level. 
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Auditing can be regarded as a regulation instrument that is used in limited extent at EU level 
for SM TIS development. 

 

Obligation scheme 

The EU Directive concerning common rules for the internal market for electricity (2009/72/EC) 
and the EU Directive on energy efficiency (2012/27/EU, EED) require Member States to ensure 
the implementation of 'intelligent metering systems', where the roll-out of such systems is 
assessed positively. Where there was a positive result of the long-term costs and benefits 
analysis (CBA), then at least 80% of households should be equipped with electricity smart 
metering systems by 2020. However, among the 16 Member States with positive assessment 
made in 2014 (e.g. Poland), in some cases no legal date has been set yet in the relevant 
national legislation (Figure 8, Figure 9). On the other hand, in some Member States with 
negative decision on wide-scale roll-outs taken as a result of CBA analyses from 2014 (e.g. 
Lithuania), there has been subsequent changes, setting legal dates for SM roll-outs (Figure 8, 
Figure 9).  

As a result of the obligation scheme introduced, by 2020, approx. 200 million smart meters 
were planned to be installed in the EU, representing approx. 72% of all EU-28 consumers as 
of 2014 (European Commission 2014f). Major roll-outs were planned in Italy, France and the 
UK (Table 9, Figure 8). Given the fact that over 30 million smart meters were installed at 
European residential buildings already in 2001, the annual diffusion rate expected in 2014 
(growth rate of number of SM installed) was over 11% p.a. 

The obligation scheme concerning SM has been complemented by numerous non-binding 
policy instruments, e.g. recommendations and opinions (European Commission 2010, 2011; 
European Council 2011).  

Table 9 Number of electricity smart meters to be installed per Member State that are proceeding with large-scale roll-out 
(European Commission 2014f) 

Large-scale roll-out  
(at least 80% of 
consumers by 2020) 

Metering points in the 
Country by 2020 

Expected diffusion rate 
by 2020 (%) 

Total number of Smart 
Metering Points to be 
installed up to 2020 

Austria 5,700,000 95% 5,415,000 

Denmark 3,280,000 100% 3,280,000 

Estonia 709,000 100% 709,000 

Finland 3,300,000 100% 3,300,000 

France 35,000,000 95% 33,250,000 

Greece 7,000,000 80% 5,600,000 

Ireland 2,200,000 100% 2,200,000 

Italy 36,700,000 99% 36,333,000 

Luxembourg 260,000 95% 247,000 

Malta 260,000 100% 260,000 
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Netherlands 7,600,000 100% 7,600,000 

Poland 16,500,000 80% 13,200,000 

Romania 9,000,000 80% 7,200,000 

Spain 27,768,258 100% 27,768,258 

Sweden 5,200,000 100% 5,200,000 

United Kingdom 31,992,000 99.50% 31,832,040 

Total 192,469,258 95.30% 183,394,298 

 

 
Figure 8 Decisions of EU Member States to start smart meter roll-out, as a result of cost-benefit analyses in 2014 (European 
Commission Joint Research Centre 2019) 
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Figure 9 Target year by when the 80 % rate of electricity smart meters will be reached in EU MSs– as of end 2017 (ACER and 
CEER 2018) 

The obligation scheme can be regarded as a regulation instrument that is actively used at 
EU level for SM TIS development.  

 

Carbon Emissions Reduction Target 

No EU-level regulation setting Carbon Emissions Reduction Targets for SM has been identified.  

Carbon Emissions Reduction Targets can be regarded as regulation instruments that are not 
used for the support of SM TIS development at EU level.  

 

Net metering 

Providing import/export and reactive metering functionality is one of the 9 minimum 
functional requirements for smart metering systems according to the European Commission 
(2012). This regulation enables diffusion of renewable and local micro-generation, thus 
“future-proofing meter installation”. The European Commission has recommended that this 
function should be fixed by default and operated in accordance with the consumers’ wishes. 
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Net metering can be regarded as a regulation instrument that is actively used at EU level for 
support of SM TIS development.  

 

Economic and Financial instruments 

Direct investment 

Funds to national governments 

No EU-level funding lines for national governments to support the roll-out of SM have been 
identified. However, such funding lines can be regarded as not applicable for the SM TIS 
analysis.  

Funds to national governments can be regarded as direct investment instruments that are 
not applicable for the support of SM TIS development at EU level.  

 

Government procurement 

Between 2012 and 2017 a total of 416 public procurements (hereinafter referred to as 
government procurements) for energy meters were announced at the EU-level, mainly by 
utilities entities – over 75% (Figure 10). The average number of EU-level procurements for 
energy meters per year between 2012 and 2017 per Member State was 2.5. 

 

 
Figure 10 Notices concerning public procurement procedures for the supply of energy meters (CPV 38551000) in the EU, 
registered on TED, the online version of the 'Supplement to the Official Journal' of the EU, dedicated to European public 
procurement between 01/01/2012 and 31/12/2017 (total = 416 notices) 
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Government procurement can be regarded as a direct investment that is actively used at 
EU level for SM TIS development.  

 

RD&D funding 

The major EU-level funding instrument for RD&D on SM is Horizon 2020, the biggest EU 
Research and Innovation programme ever with nearly €80 billion of funding available over 7 
years (2014 to 2020) (European Commission 2019e). According to the query on the European 
Commission’s CORDIS portal, as of May 2019, a total of 72 R&D projects containing key word 
‘smart meters’ have been funded by Horizon 2020. The projects’ coordinators were based in 
18 EU Member States – mainly in Italy (12), Spain (11) and the United Kingdom (8), as well as 
in three third countries (Iceland, Israel and Norway) (Figure 11).  

 
Figure 11 Nationalities of coordinators of H2020 projects related to SM (as of May 2019) 

RD&D funding can be regarded as a direct investment instrument that is actively used at EU 
level for SM TIS development.  

 

Fiscal/ financial incentives 

Tariffs 

The relation between tariffs and SM in the EU is of dual character.  

On one hand, SM enable novel tariffs based on dynamic pricing, in turn contributing to 
reducing peak power demand (Faruqui, Harris, and Hledik 2010). Electricity companies have 
already introduced dynamic price contracts in several Member States, enabling automated 
services, empowering households and contributing to reductions in households’ energy bills, 
even without behavioural changes. The introduction of dynamic pricing for households with 
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small electricity consumption has been estimated to entail 22% to 70% of energy savings 
(European Commission 2019a). 

On the other hand, network tariffs enable SM, as they are the most common source of 
financing of SM deployments in the EU (European Commission Joint Research Centre 2019). 
The tariffs for households are still regulated in several EU Member States (Figure 12). For 
instance, in Poland the tariffs for households are approved by the President of the Energy 
Regulatory Office. In the United Kingdom, electricity prices are regulated in the form of price 
cap on domestic prepayment meter charges (Ebrill 2018). The situation in such countries is 
likely to change as a result of the adoption of the Electricity Directive Recast (EDR) (European 
Parliament 2019). According to article 5 of the EDR, there should be no restriction for energy 
suppliers to set the price at which they provide electricity to customers. Member States will 
be allowed to apply price setting only for energy poor or vulnerable household customers. 
Furthermore, according to article 11 of the EDR, Member States will have to ensure that final 
customers who have a SM installed can conclude a dynamic electricity price contract with at 
least one electricity supplier and with every electricity supplier that provides services to more 
than 200,000 clients. 

SM using time-of-use electricity price tariff (i.e. where energy is less or more expensive 
depending on the time of day, or the weekday/weekend) is the most common device type in 
the EU, available in 13 Member States (Figure 13). Real-time or hourly pricing (where 
consumer energy prices are set to match closely with wholesale prices) is also popular – it is 
used by 8 Member States (ACER and CEER 2018). SM using remote consumption control 
(where the SM adjusts the functioning of certain building appliances, e.g. heat pumps, to 
hourly electricity prices) are available in 3 Member States. SM based on critical peak pricing 
(i.e. introducing higher electricity prices during peak consumption) are available in one 
Member State – France. 

 
Figure 12 Electricity price regulation for households in the EU (Ebrill 2018) 
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Figure 13 Types of smart meter products available in the EU MSs – 2017 (ACER and CEER 2018) 

 

Tariffs can be regarded as financial instruments that are actively used at EU level for SM TIS 
development.  

 

Auctions 

No EU-level auctions to support the roll-out of SM have been identified. However, such 
financial instruments can be regarded as not applicable for the SM TIS analysis.  

Auctions can be regarded as financial instruments that are not applicable for the support of 
SM TIS development at EU level.  

 

Grants and subsidies 

EU-level grants and subsidies are used primarily in the implementation of regional policy. 
Between 2014 and 2020 it is the EU’s main investment policy, worth over € 351 billion – almost 
a third of the total EU budget (European Commission 2019d). The major tools of the regional 
policy are two funds: the European Regional Development Fund (ERDF) and the Cohesion Fund 
(CF). 

According to article 3 of the ERDF Regulation, the ERDF shall support inter alia investment in 
infrastructure providing basic services to citizens in the areas of energy (European Parliament; 
Council of the European Union 2013b). Similarly, according to article 2 of the CF Regulation, 
the CF shall support inter alia investment in the environment, including areas related to 
sustainable development and energy (European Parliament; Council of the European Union 
2013a). In particular, the CF shall support smart energy management in public infrastructure, 
including in public buildings, and in the housing sector (article 5 of the CF regulation).  

However, SM are not explicitly indicated as investment priorities of either ERDF or CF. Lack of 
explicit indication of SM in the high-level EU legislation as investment priorities might be the 
reason for limited consideration for SMs in the grant rules set at the operational (Member 
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States’) level. For instance, the Infrastructure and Environment Operational Programme, 
which is the biggest EU investment programme in Poland between 2014 and 2020 and it is co-
financed by both ERDF and CF, has no funding line dedicated for SM roll-out. As a result, as of 
May 2019, no SM deployment by Polish energy suppliers has been supported using the ERDF 
of CF funding (Ministerstwo Inwestycji i Rozwoju 2019a). However, many R&D initiatives 
concerning SM are supported by ERDF, e.g. an R&D project ‘System for balancing and remote 
reading of energy measurements using devices that provide Smart Meter functionality for the 
current infrastructure of electronic electricity meters’, which has been supported by nearly 
EUR 1 million from ERDF (Ministerstwo Inwestycji i Rozwoju 2019b). 

Grants and subsidies can be regarded as financial instruments that are used only to a limited 
extent at EU level to support SM TIS development. 

 

Loans/ soft loans  

The major source of loans for SM deployment at EU-level is the European Fund for Strategic 
Investment (EFSI), which is one of the three pillars of the Investment Plan for Europe (the 
Juncker Plan). EFSI has been launched jointly by the European Commission and the EIB Group 
to help mobilising private financing for investments. It is a contractual arrangement between 
the EC and the EIB, based on an EU guarantee (EUR 16 billion) matched by an EIB capital 
contribution (EUR 5 billion). It is planned that EFSI will leverage EUR 60.8 billion of additional 
financing by the EIB Group, thus mobilising over EUR 315 billion for investment in the EU 
(European Investment Bank 2015). One of the two EFSI components, supporting projects with 
wide sector eligibility is the Infrastructure and Innovation Window (IIW), deployed through 
the European Investment Bank. As of May 2019, EFSI has supported 121 projects in the energy 
sector. However, only a few of them concern investment in SM. The few initiatives supported 
are for example: 

 the roll-out of 7 million smart meters in the UK by Calvin Capital, a British company 
that finances and manages the installation of new meters on behalf of energy 
suppliers (EFSI-backed financing of EUR 48 million, set to trigger total investment of 
EUR 2.1 billion)  

 installation of advanced meters by Energa, one of the three largest electricity suppliers 
in Poland (EFSI-backed financing of EUR 250 million, set to trigger total investment of 
EUR 750 million) (European Commission 2019b). 

Loans can be regarded as financial incentives that are used, but in limited extent at EU level 
to support SM TIS development. 

 

Taxes – Tax relief / exemption  

The EU requires the Member States to either obligatorily or voluntarily exempt certain goods 
and services from taxation. Supplies that must be exempt concern areas of the public interest 
(e.g. medicines, education) (European Commission 2019c). However, SM are not included on 
the list of supplies that are exempt from Value Added Tax (with the right to deduct, without 
the right to deduct or any other exemption) (Council of the European Union 2006).  
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Tax reliefs or exemptions can be regarded as fiscal incentives that are not used at EU level 
to support SM TIS development. 

 

User charges 

According to article 21 of the Electricity Directive Recast (Entitlement to a smart meter), where 
the deployment of smart metering systems has been negatively evaluated as a result of the 
cost-benefit assessment by the Member State and where smart metering systems are not 
systematically deployed, Member States shall ensure that every final customer is entitled on 
request, while bearing the associated costs, to have installed or, where applicable, to have 
upgraded, under fair, reasonable and cost-effective conditions, a smart meter. 

User charges can be regarded as financial instruments at EU-level that are planned to be 
introduced to support SM TIS as of 2019.  

 

Market-based instruments 

GHG emissions allowance trading scheme 

The EU Member States’ revenues acquired from the GHG emissions allowance trading scheme 
between 2012 and 30 June 2018 were over EUR 26 billion (in 2017, the revenues amounted 
to EUR 5.6 billion) (European Commission 2018b). The EU ETS Directive requires that at least 
50% of such revenues should be dedicated for climate and energy related purposes (European 
Parliament; Council of the European Union 2003). In reality, the Member States have reported 
to the Commission that they have spent or planned to spend approximately 80% of the auction 
revenues for these purposes in 2017 (European Commission 2018c). However, there are 
claims that information on spending the ETS revenues on the climate and energy-related 
purposes from certain Member States is either not sufficiently detailed or is even misleading 
(Wieczerzak-Krusińska 2018). This suggests a low likelihood that any share of ETS revenues 
enabled financing of SM TIS development. 

The EU GHG emissions allowance trading scheme can be regarded as financial instrument 
that is not effectively used to support SM TIS development. 

 

Green certificates 

Green certificates are a tradable commodity confirming that certain amount of electricity has 
originated from renewable energy sources. Six EU Member States and Norway have 
established such market-based instruments (Glowacki 2017). However, they can be regarded 
as not applicable for the SM TIS analysis, as their inherent character is to support RES 
development, and not energy efficiency or empowering of electricity customers. 

Green certificates can be regarded as financial instruments that are not applicable for the 
support of SM TIS development at EU level.  

 



 

 

 

  

 

36 

White certificates 

White certificate obligations specify energy saving targets for companies and enable them to 
trade energy savings certificates. An evaluation of the possibility of introducing a ‘white 
certificate’ scheme at the EU level has demonstrated that it would entail disproportionate 
administrative costs and that there is a threat that the resulting benefits would be 
concentrated only in a few Member States (European Parliament; Council of the European 
Union 2012). Therefore, the white certificate schemes have been introduced only in several 
EU Member States, inter alia in Italy, Finland, and Poland. 

There is no EU-level regulation for white certificates that would require or even only 
encourage the Member States that have introduced the white certificates to consider SM 
deployments as projects eligible for award of white certificates. 

White certificates can be regarded as financial instruments that are not effectively used at 
EU level to support SM TIS development. 

 

Soft instruments 

Comparison label 

No EU-level comparison labels to support the roll-out of SM have been identified. However, 
as this type of soft instruments is usually applied as a tool supporting decision making of 
individual consumers, comparison labels can be regarded as not applicable instruments in this 
case, as SMs are usually commissioned in large quantities by DSOs or energy suppliers. 

Comparison labels can be regarded as soft instruments that are not applicable for the 
support of SM TIS development at EU level.  

 

Endorsement label 

Endorsement labels for SM in the EU are used at the level of individual Member States, e.g. in 
Germany (Figure 14a). Some national endorsement labels are of transnational character. For 
instance, the British Smart Meter Device Assurance (SMDA) scheme requires smart meters 
and related devices in Great Britain to be tested by NMi, a Dutch independent test house that 
conducts testing of SMs (NMi 2017). Even though there is no single EU-level scheme for SM 
endorsement labels, it should be noted that also non-endorsement labels (labels discouraging 
SM installation) have not gained any wide popularity at the EU level. This is the case in the US, 
where online shops offer purchasing such labels in large quantities (Figure 14b). Also in France, 
anti-Linky stickers8 are circulated (Faure and Schleich 2018). 

 

                                                      

8 Linky is the smart meter to be rolled-out in France 
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a.  b.  

Figure 14 Example of: a SM endorsement label in Germany, b. a non-endorsement label in the US (SayNoToSmartMeters.com 
2019) 

Endorsement labels can be regarded as soft instruments that are not effectively used at EU-
level to support SM TIS.  

 

Information campaigns 

SM roll-outs as complex socio-technical programmes require a comprehensive public 
communication framework – not only informing, but also involving consumers in the process 
(Figure 15). To this end, information campaigns on SM in the EU are organised both at the EU 
level, e.g. by EDSO and ESMIG (Figure 16a), as well as at the level of individual Member States, 
e.g. in the UK (Figure 16b). However, also anti-SM information campaigns are running in some 
Member States, e.g. in France, where Plateforme Opérationnelle anti-Linky has been 
established, warning households of the alleged increases in energy prices, electrosmog, no 
benefits for customers or increased fire risk (Figure 17a). National “Stop Linky” days were 
organised, when many municipalities arranged informational meetings (Faure and Schleich 
2018). As a result, 797 French local communities (less than 3% of all communities in France) 
advised their residents to refuse SM installations (Figure 17b). 
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Figure 15 Public communication framework for SM roll-outs (Karlin 2012) 

 

a.  b.  

Figure 16 Examples of information campaigns on SM in the EU: a. at EU level - My Smart Energy campaign (EDSO and ESMIG 
2014); b. at Member State level – in the UK (European Parliament; Council of the European Union 2013b) 
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a.  

b.  

Figure 17 Example of anti-SM information campaign in an EU Member State: a. protests in France (FranceInfo 2019); b. Rate 
of acceptance for the French SM, Linky (red colour - more than 5 municipalities opposing Linky, yellow colour – between 2 and 
5 municipalities opposing Linky, green colour – less than 2 municipalities opposing Linky) (La plateforme opérationnelle anti-
Linky POAL 2019) 

Information campaigns can be regarded as soft instruments that are used in a limited scale 
at EU-level to support SM TIS. They do not provide sufficient response to the emerging anti-
SM movements at national Member States’ level. 

 

Negotiated Agreements (public-private sector) 

No EU-level negotiated agreements (e.g. between the European Commission and EDSO) for 
SM have been identified.  

Negotiated Agreements can be regarded as soft instruments that are not used for the 
support of SM TIS development at EU level.  
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Public Voluntary Schemes 

No EU-level public voluntary schemes for SM have been identified. However, such schemes 
are successfully established in other policy areas of the European Commission, e.g. the HR 
Excellence for Research scheme, voluntarily adopted by research institutions in the EU.  

Public Voluntary Schemes can be regarded as soft instruments that are not used for the 
support of SM TIS development at EU level.  

Unilateral Commitments (Private sectors)/ EMSs 

No EU-level unilateral commitments of private sector (e.g. organisation of DSOs - EDSO), 
setting voluntary SM targets have been identified.  

Public Voluntary Schemes can be regarded as soft instruments that are not used for the 
support of SM TIS development at EU level.  

 

2.1.2. Interactions between the different elements of TIS  

2.1.2.1. Innovating actors 

SM development still remains dynamic politically-driven process in the EU, with high business 
risk, which in turn requires involvement of many actors both from supply and demand sides 
as well as many public bodies. They may have different, even opposed, interests in developing 
SM or may be neutral. It is rather standard that in policy documents or later in pilot projects 
there is no clear assessment of costs and benefits allocated to the parties involved. The driving 
impulses come from public authorities, especially the European Commission, responsible for 
implementation of the EU energy policy in its areas around SM. 

 

2.1.2.2. Knowledge development and exchange 

The high number of overlapping SM standards may prevent the EU SM stakeholders from 
realising economies of scale and ensuring interoperability. On top of this, many energy 
companies opt for SM deployments that are inexpensive and ensure ownership of the 
communication channels, which may create bottlenecks in the future. In this context 
introducing complementary products or services on the EU single market might be 
challenging. Therefore, encouraging standards convergence and collaboration between 
stakeholders (especially on standardization) is needed. The EU mandate (M/441) entrusted to 
CEN, CENELEC and ETSI to coordinate efforts towards harmonization of SM standards can 
serve as a noteworthy good example in this respect (Erlinghagen, Lichtensteiger, and Markard 
2015).   
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2.1.2.3. Actors’ vision and expectations 

The EU-level actors’ vision for SM TIS development is evolving in terms of both industrial 
design and policy goals. As far as the first area is concerned, a lack of shared language about 
basic software and service concepts inhibits the SM market (Smart Energy International 2019). 
As far as the latter area is concerned, the public policy is the major enabler of the SM 
development at the EU level. Even though the EU-level obligation scheme for SM deployments 
in countries with a positive CBA result is a major instrument accelerating SM TIS development, 
the rationale of the EU institutions behind it has been changing over time. In the beginning, 
the main goal of SM widespread deployment at EU level was to promote energy 
efficiency (Article 3 of the Electricity Directive). However, recently this goal was extended to 
include also the final customers’ empowerment (Article 19 of the Electricity Directive Recast), 
e.g. through integration of SM with Home Energy Management Systems. Adaptation of vision 
and expectation to the new experiences and knowledge collected in the process of TIS 
development can be regarded as a positive phenomenon. 

 

2.1.2.4. Market formation and governance 

Smart meters are considered as key means allowing consumers to reap the benefits of the 
energy markets digitalisation and to access dynamic electricity pricing. The principal driver in 
the EU-level policy instruments to reach these objectives are the regulations, especially the 
obligation scheme, the sectoral standards and the net metering regulations encouraging 
replacement of meters. Furthermore, the strong push for SM development formation comes 
from the economic and financial instruments, especially the R&D funding and the EU-level 
regulations to introduce dynamic pricing tariffs. On the other hand, the major barriers in the 
EU-level policy instruments concern the limited use of soft instruments (e.g. the endorsement 
labels, information campaigns and voluntary approaches), no tax reliefs of exemptions for SM 
industrial stakeholders and limited of consideration for SM in the building regulations (e.g. 
EPBD). 

 

2.1.2.5. Resources and sustainability 

SM deployments do not require substantial amounts of materials, given the relatively small 
size of the devices. However, also from the sustainability point of view, the EU-level policies 
enabling SM TIS development are not fully following-up on the fundamental purpose of SM 
deployments, i.e. energy saving. Limited consideration for supporting SM deployments in the 
EU-level regulations for market-based instruments (e.g. GHG allowances trading scheme, 
white certificates) aimed at improving energy efficiency may result from the challenges with 
verifying the energy savings resulting from SM installations. As far as the SM demand for 
financial resources is concerned, in 2014 the European Commission estimated that €45 billion 
would be necessary to install 200 million SMs for electricity (representing approximately 72% 
of all European consumers) and 45 million SMs for gas (around 40% of consumers) by 2020 
(European Commission 2014a). For comparison, if this investment was to be covered by the 
EU budget, it would represent approx. 4% of it (European Commission 2017b). From the point 
of view of ensuring external funding for SM deployment, the EU-level financial mechanisms 



 

 

 

  

 

42 

provide significant support. For instance, a substantial part of the deployment of SM in the UK 
was the subject of the biggest loan the European Investment Bank signed under the European 
Fund for Strategic Investments (EFSI) in 2015 (EIB 2016). Therefore, it is not the financing or 
materials that may turn out to be a barrier for SM development in the EU. Limited evidence is 
available to verify if the human (labour) resources available are sufficient and adequate for 
successful large-scale roll-out of SM at EU-level. According to the experiences of some EU 
member states, for instance the SM installers are key for ensuring active engagement of 
households, sustaining their interest in considering their energy use, and in committing 
whether and how to save energy (Darby and Liddell 2016). 

 

2.1.3.  Main lessons: barriers and enablers 

The major enabler for EU-level SM TIS is the clear, yet evolving vision of EU-level actors for SM 
deployment, founded on the grounds of energy conservation and empowerment of 
customers. Even though the objectives for SM penetration rates might have been set 
overambitiously, they have contributed directly not only to introduction of top-down 
obligation schemes at MS levels (e.g. in the UK), but also to bottom-up, voluntary initiatives 
of local stakeholders, e.g. DSOs in Poland who started the SM roll-outs ahead of any nationally 
binding regulations. Several EU-level regulations (e.g. support to net metering), government 
procurement, RD&D funding as well as the EU push for dynamic pricing tarrifs can be 
recognised as further significant enablers for the SM TIS development.   

On the other hand, the major barrier for EU-level SM TIS development is inadequate, 
insufficiently regulatory framework for SM roll-outs, which does not ensure interoperability, 
data protection and security standards, a competition for the best solutions as well as 
organisational effectiveness of SM roll-outs at national level. The product standards covering 
common minimum functional requirements SM systems specified at EU level can be 
considered as general and not sufficiently detailed to enable full exploitation of the EU internal 
market potential for cross-border flow of products and services. Several other regulations (e.g. 
auditing), financial instruments (e.g. tax reliefs or exemptions, GHG emissions allowances 
trading scheme) and soft instruments are not effectively used, which are another substantial 
barriers for SM TIS development.  
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2.2. Germany 

Table 10 Summary of the case study on Smart Metering in Germany 

Case type Success/ failure 

Case type justification Well-prepared roll-out for selected groups of consumers. 

Strict requirements for smart meters and over-regulated 
legal frameworks prolonging the roll-out start. 

Geographical area Germany 

Leading company DSOs 

Project duration 2017-2032 

First smart meter installed Planned in 2019 

Number of smart meters installed/ to be 
installed  

5 million (Bundesnetzagentur 2019a, 314–15) 

Percentage of customers equipped with 
electricity smart meters as of 2013 

0% 

Percentage of customers equipped with 
electricity smart meters as of 2016 

0% 

Customer types Residential, Commercial and Industrial - with an annual 
electricity consumption exceeding 6,000 kWh, and 
distributed generating installations with installed 
capacity exceeding 7 kW 

Two-way communication enabled yes 

Major motivation communicated to end-users Consumers can gain a precise picture of their 
consumption patterns  

Consumers can conclude electricity supply contracts 
which fit better with their individual electricity 
consumption patterns and are cheaper 

Suppliers Discovergy GmbH, EFR GmbH, Kiwigrid GmbH, devolo 
AG, EMH metering GmbH & Co.KG, Theben AG, Landis + 
Gyr AG, Sagemcom Dr. Neuhaus GmbH, Siemens AG 

Buyers DSOs 

Regulators Federal Network Agency for Electricity, Gas, 
Telecommunications, Posts and Railway 
(Bundesnetzagentur, BNetzA), Federal Office for 
Information Security (BSI) and the respective regulatory 
authorities at state level (LRegB) 9 

 

                                                      

9 The regulatory authorities of the German Länder are responsible for regulating power supply companies with 
fewer than 100,000 customers connected to their electricity or gas networks and whose grids do not extend 
beyond a federal state's borders. 
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2.2.1. Identification of key elements of the innovation system  

2.2.1.1. Technologies, infrastructures and knowledge 

Identification of the key incumbent and novel technologies 

Incumbent technology: induction and electronic meters 

Induction and electronic meters could be considered as an incumbent technology, described 
in detail in section 2.1.1.1. In total, in 2017 nearly 51 million electricity meters were installed 
in Germany. German law distinguishes the following types of meters:  

 smart meters (intelligente Messsysteme), equipped with a communication tool 
(gateway); 

 modern meters (moderne Messeinrichtung), electronic meters without a 
communication functionality; 

 electromechanical meters; 

 Other types. 

In 2017 90.5% of meters were electromechanical (Bundesnetzagentur 2019a; German-
Swedish Chamber of Commerce 2018). The number of electronic meters (which are however 
not smart) almost doubled from 2013, reaching 7 million in 2017 (Figure 18). As of July 2019, 
no smart meters have been installed in Germany. 

 

 
Figure 18 Types of electricity meters installed in Germany, 2013-2017 (million pcs), Source: based on (Bundesnetzagentur 
2016, 2017, 2019a)  

Novel technology 

The novelty of smart meter technology lies in the communication functionalities that are 
added to standard electronic meters. According to the German “Cost-benefit analysis for the 
comprehensive use of smart metering” on behalf of the Federal Ministry of Economics and 
Technology (Ernst and Young 2013a), the definition of a smart meter in Germany is as follows: 
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“Metering system to record electrical energy that shows the current energy consumption and 
the current usage time, but not fulfilling the requirements of the BSI Protection Profile and 
Technical Guidelines. In this report, such systems are also referred to as smart meters”. 

According to the German law, only meter which are certified by BSI can be counted as smart 
one. As of May 2019, only one meter has been certified: MGW Integration Module Version 
1.0 by OPENLiMiT SignCubes (certification date: 12/12/2018). Eight more certifications are 
pending (BSI 2019). Lack of certificates is a major barrier for the roll-out: the mandatory 
replacement of meters will start only if there are at least three certified smart meters. 

Despite the lack of certification that would allow for sales to the internal market, there are 
German companies producing smart meters. An example of a smart meter produced in 
Germany is a Three Phase Smart Energy Meter IM300 by Siemens (Figure 19). 

 

Figure 19 Example of a smart electricity meter produced by Siemens 

Another type of smart metering product available on the German market is a Broadband 
Power Line (BPL) module, designed to fit into standard meters – independent of the meter 
manufacturer – enabling metering in real time (Figure 20). 16,000 of such modules were 
commissioned by the German DSO E.ON early in 2018, making a kick-start of smart meter roll-
out in Germany (E.ON 2018). 
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 Figure 20 BPL modules by PPC, which enable smart meter functionalities in existing standard electricity meters of Landis+Gyr, 
Elster and EasyMeter  

Technological trajectories 

The first notable public interest in smart meters in Germany has been observed in May 2004 
and stayed at minimal level till 2009, when it started rapidly increasing. Since 2010 it remains 
at relatively high position, gaining more attention in December 2013, November 2015, March 
2017 and February 2019 (Figure 21).  

 

 
Figure 21 Interest over time results for “Smart meters”, and “intelligente Stromzähler” (Eng.: Smart meters) in Germany over 
January 2004-April 2019, Source: Google Trends. Numbers represent search interest relative to the highest point on the chart 
for the given region and time. A value of 100 is the peak popularity for the term. A value of 50 means that the term is half as 
popular. A score of 0 means there was not enough data for this term 
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The intensity of patenting in the field of smart meters in Germany is low. Between 2007 and 
2018 only 17 successful patents were granted by the German Patent Office, most of them in 
2012 and 2013 (Figure 22). 10 out of 17 granted patents have the same applicant 
(Bundesdruckerei GmbH) and inventors (Frank Dietrich and Manfred Paeschke). 

 
Figure 22 Patent applications in the field of energy metering submitted to German Patent Office (including validation of 
international patents) between 2007 and 2018 (Search request: [(TI = "smart meter" OR TI = "intelligente Stromzähler" OR TI 
= "intelligentes Messsysteme") AND SART = patent], 48 relevant results found) (Deutsches Patent- und Markenamt 2019) 

Complementary and substitute technologies 

There are no Germany-specific smart metring related technologies. Complementary and 
substitute technologies are described in detail in section 2.1.1.1. 

Infrastructure in which technologies operate (or would need to be feasible) and in which 
they interact with other technologies 

The smart metering technologies operate in the telecommunications infrastructure, sharing 
it with communications between mobile devices and data terminals. 
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Figure 23 Communication technology of smart meter in Germany (Kowalski 2017a) 

 
Figure 24 Transmission technologies of remote-read meters in the RLM10 customer area in 2017 (Bundesnetzagentur 2019a) 

                                                      

10 RLM stands for Registered Performance Measurement (Registrierende Leistungsmessung). This kind of meter 
is used for customer with annual consumption exceeding 100.000 kWh. The meter register not only 
consumption, but also the mean power per 15 minutes. 
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Level of technology and market development  

As smart meter is not a country-specific technology, the level of technology and market 
development are described at supra-national level in section 2.1.1.1. 

Evaluation of the level of uncertainty around future technology outcomes 

As smart meter is not a country-specific technology, the level of technology and market 
development are described at supra-national level in section 2.1.1.1. 

2.2.1.2. Actors and networks 

Demand 

Consumers 

There are 51.4 million electricity meters in Germany. The roll-out which started in 2017 obliges 
DSOs to install smart meters at large consumers with average annual consumption exceeding 
10,000 kWh. This threshold will be lowered to 6,000 kWh in 2020, which applies to 
approximately 15% of electricity consumers. This means that around 7.7 million smart meters 
will be installed, mainly at industrial customers. Most of the German citizens will remain 
unaffected, as the annual electricity consumption of an average household is 3,500 kWh (Kelly 
2018). However, despite the low chances to have a smart meter, there is a noticeable fear of 
them: 27% of Germans are afraid of a lack of data protection when installing a smart meter 
(German-Swedish Chamber of Commerce 2018). 

Distribution System Operators 

There are 890 distribution system operators registered with the Federal Network Agency in 
Germany (Bundesnetzagentur 2019a). Around 800 of them operate networks with less than 
100,000 connected costumers (Federal Ministry of Justice and Consumer Protection 2019). 
The leading DSOs in Germany are companies such as E.ON, RWE, EWE, Yellow Strom, 
Vattenfall, EnBW, Discovergy (Ministry of Foreign Affairs (UK) 2013). The major reason for 
their engagement in smart metering roll-outs is the response to (future) policy measures 
(Figure 25). 
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Figure 25 Reasons of electric utilities in Germany for dealing with Smart Metering (E.ON Energy Research Centre 2008) 

Supply 

As of May 2019, only one smart meter gateway in Germany has been certified: MGW 
Integration Module Version 1.0 by OPENLiMiT SignCubes (BSI 2019). Certification of eight 
more gateways, provided by different producers, is pending (Table 11).  

Table 11 Smart Meter Gateway submitted to BSI to be certified as a smart one as of 09.05.2019 (BSI 2019) 

Product name  Applicant 

METEROIT 4.0 Discovergy GmbH 

Smart Grid Hub SGHv3 EFR GmbH 

Kiwigrid Smart Meter Gateway Kiwigrid GmbH 

devolo smart meter gateway devolo AG 

CASA 1.0 EMH metering GmbH & Co.KG 

Smart Meter Gateway, CONEXA 3.0 Theben AG 

Landis+Gyr Smart Metering Gateway Landis + Gyr AG 

SMARTY IQ-LTE / SMARTY IQ-GPRS, Version 1.0 Sagemcom Dr. Neuhaus GmbH 

 

Research and education  

Fraunhofer Institute for Solar Energy Systems ISE conducts applied research in the field of 
solar energy, energy efficiency of buildings, hydrogen technologies, and power electronics, 
grids and smart systems. In the last field, it focuses on “optimizing the interaction between 

https://context.reverso.net/t%C5%82umaczenie/angielski-niemiecki/applicant
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efficient generation from renewable sources, a reliable supply for consumers, energy storage 
and stable operation of electricity grids. Furthermore, coupling between energy sectors, e. g. 
the transport or building sectors, represents another important aspect of our activities. Power 
electronics is becoming an increasingly important technology for the future energy supply.” 
(Fraunhofer ISE 2019). Smart metering is not directly mentioned in Fraunhofer ISE material, 
although as a part of smart grids, it can be an object of its research.  

Forschungszentrum Jülich (FZ Jülich) is a non-profit research institute owned by Federal 
Republic of Germany (90%) and Federal State of North Rhine-Westphalia (10%). Its Institute 
of Energy and Climate Research (IEK) works in the field of energy conversion technologies 
within the framework of climate and environmental protection. Energy Systems Engineering 
Section “focusses on the development of tailor-made models and algorithms for simulation 
and optimization of decentralized, integrated energy systems” (Forschungszentrum Jülich 
2019). 

Supporting institutions 

Government institutions 

BMWi – Federal Ministry for Economic Affairs and Energy (Bundesministeriums für 
Wirtschaft und Energie) is responsible for setting the roll-out plan and managing the process.  

BNetzA – Federal Network Agency for Electricity, Gas, Telecommunications, Post and 
Railway (Bundesnetzagentur für Elektrizität, Gas, Telekommunikation, Post und Eisenbahnen) 
is a federal regulatory authority subject to the Federal Ministry of Economics and Energy. In 
the field of smart metering, BNetzA’s main responsibility is to ensure compliance with the 
Energy Act (EnWG) and their respective ordinances.  

BSI – German Federal Office for Information Security (Bundesamt für Sicherheit in der 
Informationstechnik) is a national cyber security authority. BSI is responsible for prevention, 
detection and reaction on security risks associated with the use of IT. In the field of smart 
metering, BSI is responsible for issuing certificates for information technology products as well 
as for Protection Profiles (PP). For instance, in 2014 it developed Protection Profile for the 
Gateway of a Smart Metering System (Smart Meter Gateway PP) - Schutzprofil für die 
Kommunikationseinheit eines intelligenten Messsystems für Stoff- und Energiemengen 
(Federal Office for Information Security 2014). 

DENA – German Energy Agency (Deutsche Energie-Agentur GmbH) is a federal owned 
company working in the field of energy efficiency, renewable energy sources and intelligent 
energy systems. As a think-tank, it contributes to the attainment of energy and climate policy 
objectives. DENA provides national and international services such as studies, pilot projects, 
platforms and initiatives.  

German National Metrology Institute (PTB) is the German metrology institute, acting as 
a federal authority and a public-law institution directly under federal government control, 
under the auspices of the Federal Ministry for Economic Affairs and Energy. On top of the 
technical requirements for SM published by the BSI, the PTB specified its own requirements 
that have to be met by an SMGW to use the collected data for billing (as described in PTB-A 
50.8 document) (Förderer et al. 2019). 
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Industrial organisations 

BNE – Association of Energy Market Innovators (Bundesverband Neue Energiewirtschaft) 
represents the interests of grid-independent energy suppliers and energy service companies 
in Germany. It advocates standards for SM (Clean Energy Wire 2019). 

Financial institutions (banks, venture capital, business angels) 

The German Development Bank (KfW) is a state-owned development bank “supporting 
change and encourages forward-looking ideas” (KfW 2019b). It offers cheap loans for 
investments in the energy sector. DSOs can use the Programme for Renewable Energy 
(Programm Erneuerbare Energien) for development of smart metering systems.  

SUSI Partners is an infrastructure fund manager based in Switzerland, specialising in 
sustainable investments in the field of energy. In 2018 SUSI Partners initiated financing of B2B 
smart meter projects in Germany within SUSI Energy Efficiency Fund I (SEEF I). A portfolio of 
ten SM projects worth approx. EUR 6 million, arranged by Discovergy, a German provider of 
SM, has been agreed (SUSI Partners 2018). Discovergy will be responsible for the installation 
and maintenance of SMs at the sites of its customers, for approx. 8 years, and will offer 
additional services using data collected from SM.  

2.2.1.3. Institutions and Policies 

This section analyses and assesses the regulations, economic and financial instruments, and 
soft instruments addressing smart metering in Germany (Table 12).  
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Table 12 Assessment of policy instruments addressing Smart Metering TIS in Germany 

Regulation 

Codes / standards / mandates Obligation schemes / quotas Other regulation 

Building codes and 
standards 

Product standards 
Sectoral 
standards 

Emissions 
standards 

Auditing Obligation schemes 
Carbon Emissions 
Reduction Target 

Net metering 

Economic and Financial instruments 

Direct investment Fiscal/financial incentives Market-based instruments 

Funds to sub-
national 
governments 

Government 
procurement 

RD&D 
funding 

Tariffs Auctions 
Grants 
and 
subsidies 

Loans / soft 
loans 

Taxes – tax 
relief / 
exemption 

User 
charges 

GHG 
emissions 
allowances 
trading 
scheme 

Green 
certificates 

White 
certificates 

Soft instruments 

Performance labels Information campaigns Voluntary approaches 

Comparison label Endorsement label 
By energy 
agencies 

By energy 
suppliers 

By other 
institutions 

Negotiated 
Agreements (Public-
private sector) 

Public Voluntary Schemes 

Unilateral 
Commitments 
(Private sector) 
/ EMSs 

 
Explanation of colours: 

Instruments not used / underdeveloped / 
implementation delayed 

Instruments used in a limited 
extent/not effectively, plans of 

instruments exist/ limited evidence 
available for evaluation 

Instruments actively used Not applicable for SM TIS support 

Source: adapted from INNOPATHS project Task 2.5: Development and Application of a Policy Assessment Framework
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Regulation 

Codes/ standards/ mandates 

Building Codes 

Public construction laws in Germany are issued by both federal and state governments. 
Bauplanungsrecht is a federal law, determining the purpose for which a property may be used 
and whether a building project fits into its surroundings. Electricity meters are not subject to 
regulation in building laws at federal level. The states’ governments are in charge of 
the building regulations laws (Bauordnungsrecht), which specify how buildings have to be 
designed and constructed. Each German federal state has its own building regulation (GTAI 
2019). For instance, the regulations in North Rhine Westphalia require each apartment to have 
its own water meter, but no requirements for electricity meters are set in the state building 
law (Land Nordrhein-Westfalen 2019).  

Building codes and standards can be regarded as regulation instruments that are not 
effectively used in Germany for SM TIS development. 

Product standards 

SM product standards are provided by the Digitisation of the Energy Transition Act 
(Drucksache 349/16). The act establishes new, binding protection profiles and technical 
guidelines to ensure data protection, data security and interoperability. The act also contains 
precise rules governing who can access what data and when (BMWI, 2018). The smart 
metering system consist of “a digital electricity meter connected to a communication unit, the 
so-called Smart Meter Gateway (SMGW). The SMGW, that needs certification by the Federal 
Office for Information Security (BSI), is to connect meters to the smart grid ensuring data 
protection and data security. It shall enable in-house communication with other meters and 
smart devices as well as communication with external eligible third parties, such as grid 
operators, utilities, balancing responsible parties or any other third party that has got the 
consumers´ consent”(Holger Schneidewindt 2018). 

German Federal Office for Information Security (BSI) has standardized the Smart-Meter-
Gateway as an interoperable and secure communication platform to enable a wide range of 
applications in various areas of digitization (Kowalski 2017b). The Gateway will be the core 
element of decentralized data management system, where each consumer can define which 
market party gets access to their smart mater data. Furthermore, BSI standards (protection 
profiles and technical guidelines) are open and freely accessible, while international 
manufacturers have to be certified by the BSI.  

As of July 2019, BSI has issued only one certificate for smart meters, while 8 products are in 
evaluation (Federal Office for Information Security 2019). This can be regarded as 
a consequence of the high technical requirements that have been set (Clean Energy Wire 
2018a; Stratmann 2018). The mandatory roll-out will start only if there are at least three 
certified smart meters. 
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Despite delays in certification of smart meters, product standards can be regarded as 
regulation instruments that are effectively used in Germany to support SM TIS 
development.  

Sectoral standards 

German Federal Office for Information Security (BSI) has divided the standardization for cross-
sectoral digitization of the German energy transition into five domains: smart metering/sub-
metering, smart grid, smart mobility, smart home/smart building, smart services (Kowalski 
2017b). 

Sectoral standards can be regarded as regulation instruments that are actively used in 
Germany for SM TIS development.  

Emissions standards 

No German emissions standards have been identified in the field of smart meter production 
or operation. However, such standards can be regarded as not applicable for the SM TIS 
analysis. 

Emission standards can be regarded as regulation instruments that are not applicable for 
the support of SM TIS development in Germany.  

Auditing 

The BNetzA monitors the roll-out and is responsible for its compliance. According to MsbG 
§76 §77, they are obliged to write reports on the roll-out deployment. As of May 2019, no 
reports dedicated to smart metering have been issued. Annual reports summarising 
monitoring activities in the electricity market are available on BNetzA webpage, however 
smart metering is a minor issue there.  

No German auditing standards have been identified in the field of smart meter production or 
operation. 

Auditing can be regarded as a regulation instrument that is used in limited extent in 
Germany for SM TIS development. 

Obligation schemes / Quotas  

Smart metering program 

On 4 November 2015 the Federal Cabinet approved the government's draft Energy Transition 
Digitisation Act presented by the Federal Ministry for Economic Affairs and Energy 
(Bundesnetzagentur 2018). The act establishes guidelines for the smart meter rollout, which 
began in 2017. It was decided that the implementation will be market-driven, which means 
that consumers can decide on which meter operator and therefore metering equipment to 
choose. The first phase of the roll-out takes place by 2020. During this period only selected 
consumers are obliged to install a smart meter: large consumers with average annual 
consumption in excess of 10,000 kWh, owners of new and renovated buildings, and renewable 
and CHP installations with a nominal power of 7 kWp or more. The threshold of 10,000 kWh 
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will be lowered to 6,000 kWh after 2020, which applies to approximately 15% of electricity 
consumers (“Germany Moving Ahead with Smart Meter Rollout Plans | Metering.Com” 2018). 
As average electricity consumption of German households is 3,500 kWh, most of them will not 
be affected by the rollout. However, DSOs will be able to install smart meters for customers 
with electricity consumption below the 6,000 kWh threshold. The user charge will not exceed 
40 EUR per year, and will decrease with the energy consumption decrease (Navigant Research 
2016). 

The economic rationale for the planned targeted roll-out of SM is consistent with findings of 
Léautier (2014), who claims that the economic value of rolling out SM to all residential 
customers is lower than for the targeted SM deployment. On the other hand, comprehensive 
roll-out would have offered certain other advantages, such as better adaptation to the 
growing supply from renewables and avoiding negative pecuniary externalities (Gambardella 
and Pahle 2018). Hence, from the economic welfare perspective it is ambiguous. 

The obligation scheme can be regarded as a regulation instrument that is actively used in 
Germany for SM TIS development.  

Other regulations 

Carbon Emissions Reduction Target 

No German regulation setting Carbon Emissions Reduction Targets for SM has been identified.  

Carbon Emissions Reduction Targets can be regarded as regulation instruments that are not 
used for the support of SM TIS development in Germany.  

Net metering 

No German net smart metering regulations have been identified. Net-metering in Germany 
typically is not allowed. Possible reason for this is the strict unbundling between generation 
and consumption prohibiting a direct financial offsetting locally (Fraunhofer Institute for Solar 
Energy Systems ISE 2017). The regulatory body Bundesnetzagentur enforces separate 
metering and handling of energy fed-back and consumed. Still, some Distribution System 
Operators allowed for the installation of electricity meters without backstop for small PV 
installations (leading to off-the-record net-metering) (Fraunhofer Institute for Solar Energy 
Systems ISE 2017). 

Net metering can be regarded as a regulation instrument that is not used in Germany for 
SM TIS development.  

 

Economic and Financial instruments 

Direct investment 

Funds to subnational governments 

No direct investment from German Federal Government in subnational (lander) governments 
have been identified. However, such funding lines can be regarded as not applicable for the 
SM TIS analysis.  
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Funds to national governments can be regarded as direct investment instruments that are 
not applicable for the support of SM TIS development in Germany.  

Government procurement 

Between 2012 and 2017 a total of 60 public procurements for energy meters were announced 
in Germany, mainly by utilities entities (Table 13). The average number of German 
procurements for energy meters per year between 2012 and 2017 was 4 times higher than 
the EU-average. Government procurement concerned not only purchase of smart meters. For 
instance, German Federal Office for Information Security (BSI) has been commissioned by 
Federal Ministry for Economic Affairs and Energy to develop technical standards together with 
industry, federal associations, Federal Data Protection Commissioner, Federal Network 
Agency and National Metrology Institute (Kowalski 2017b).  

Table 13 Notices concerning public procurement procedures for the supply of energy meters (CPV 38551000) in Germany, 
registered on TED, the online version of the 'Supplement to the Official Journal' of the EU, dedicated to European public 
procurement between 01/01/2012 and 31/12/2017 

 Contracting Party Open 
procedure 

Restricted 
procedure 

Negotiated 
procedure 

Innovation 
partnership 

Not 
applicable 

Other 3 
    

Utilities  
 

1 36 1 17 

Body governed by 
public law 

  
2 

  

 

Government procurement can be regarded as a direct investment that is actively used in 
Germany for SM TIS development.  

 

RD&D funding 

SINTEG 

The funding programme “Smart Energy Showcases - Digital Agenda for the Energy Transition” 
(SINTEG) aims to develop and demonstrate in model regions new approaches to safeguarding 
secure grid operation with high shares of intermittent power generation on the basis of wind 
and solar energy. This governmental funding program thus addresses key challenges of the 
energy transition including the integration of renewables into the system, flexibility, security 
of supply, system stability, energy efficiency and the establishment of smart energy systems 
and market structures (BMWi - Federal Ministry for Economic Affairs and Energy 2018b). The 
programme is financed by the Federal Ministry for Economic Affairs and Energy (EUR 200 
million) and private sector companies (EUR 300 million) (BMWi - Federal Ministry for 
Economic Affairs and Energy 2017). Overall, the programme provides more than half a billion 
euros for the digitalisation of the German energy sector (Federal Ministry for Economic Affairs 
and Energy (BMWi) 2018).  
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Future-proof Power Grids 

The "Future-proof Power Grids" program is a funding initiative led by The German Federal 
ministries: for Economic Affairs and Energy as well as for Education and Research as a part of 
the 6th Energy Research Programme. Total budget of the program equals 150 million Euro. 
The aim of supported projects is to develop solutions for intelligent distribution grids, 
transmission grids, grid planning and management. Projects are implemented by consortia 
consisted of both industrial and academic partners. The first alliances began their research 
projects in August 2014 (“Forschung Stromnetze: The Research Initiative” 2018). 

RD&D funding can be regarded as a direct investment instrument that is actively used for 
SM TIS development in Germany.  

 

Fiscal/ financial incentives 

Tariffs 

Costs of electricity meters and their operation constitute a part of the electricity tariffs in 

Germany, though it is a minor one (e.g. approx. 0.2% of the price for the tariff group 24 

GWh/year) (Bundesnetzagentur 2019b).  

Tariffs can be regarded as financial instruments that are effectively used in Germany to 
support SM TIS development. 

Auctions 

No auctions to support the roll-out of SM have been identified in Germany. However, such 
financial instruments can be regarded as not applicable for the SM TIS analysis.  

Auctions can be regarded as financial instruments that are not applicable for the support of 
SM TIS development in Germany.  

Grants and subsidies 

German federal and state governments offer grants and subsidies for regional development 
purposes, e.g. through the Joint Task “Improving Regional Economic Structures” (GRW) for 
supporting investments in structurally weak regions (Saxony Economic Development 
Corporation 2019). However, no grants or subsidies targeting specifically smart meter roll-
outs in Germany have been identified. 

Grants and subsidies can be regarded as financial instruments that are not widely used in 
Germany to support SM TIS development. 

Loans/ soft loans  

The German Development Bank (KfW) offers cheap loans for investments in the energy sector. 
The Programme for Renewable Energy (Programm Erneuerbare Energien) supports, among 
others, projects aimed at “flexibilization of electricity demand and supply, digitization of the 
energy transition with the aim of integrating renewable energy into the energy system in 
a system-compatible manner”. Loans of 1.03% effective interest rate are targeted to both 
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individuals and companies (KfW 2019a). It is not known, however, whether this instrument is 
used by DSOs for smart meter roll-outs. No loan instruments dedicated specifically for smart 
meter roll-out have been identified in Germany. 

Loans can be regarded as financial instruments that are used only to some extent in 
Germany to support SM TIS development. 

Taxes – Tax relief / exemption  

No tax reliefs or exemptions for smart meter roll-out have been identified in Germany. 

Tax reliefs or exemptions can be regarded as fiscal incentives that are not used in Germany 
to support SM TIS development. 

User charges 

DSOs can charge customers for the smart metering installation and operation. To protect both 
consumers and operators, the Metering Point Operation Act sets price caps which must 
always be kept to when the equipment is installed and operated (Figure 26). Price caps are 
the maximum annual cost that operator can charge a customer. The price caps depend on 
annual electricity consumption and take into account potential benefits calculated in the cost-
benefit analysis. It was decided that user charges are better option than grid charges, as the 
latter are available for the grid operators only, which would exclude third-party metering point 
operators from the market. It would also be more difficult to prescribe individual price caps 
to grid charges (BMWi - Federal Ministry for Economic Affairs and Energy 2018a).  
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Figure 26 Price caps for smart meters installation in Germany, Source: (BMWi - Federal Ministry for Economic Affairs and 
Energy 2018a) 

User charges can be regarded as financial instruments that are effectively used in Germany 
to support SM TIS development. 

Market-based instruments 

GHG emissions allowance trading scheme 

From 2012, the “Energy and Climate Fund” receives all German revenues from auctioning GHG 
emission allowances (European Commission 2015b). The Fund provides financial support on 
national and international programmes related to climate change mitigation and 
environmental protection. It is operated jointly by the Federal Ministry of Economic 
Cooperation and Development (BMZ, 55%) and the Federal Ministry for the Environment, 
Nature Conservation, and Nuclear Safety (BMU, 45%) as a Federal Special Fund 
(„Sondervermögen“) (Kowalzig 2013). It is now a part of BMU’s regular budget (RETTech 
2016). In 2019 a total of 4.5 billion euros are available through the Fund, including both the 
contribution of the Federal Ministry for Economic Affairs and Energy (3.7 billion euros, 83%) 
and revenues from auctioning GHG emission allowances (The Federal Government 2019). 
However, there is no evidence that any share of German revenues from auctioning GHG 
emission allowances enabled financing of SM TIS development. 
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The EU GHG emissions allowance trading scheme can be regarded as financial instrument 
for which there is no evidence that it is effectively used to support SM TIS development in 
Germany. 

 

Green certificates 

Green certificates schemes are implemented in six EU Member States and Norway (Glowacki 
2017). Since this type of financial scheme is not implemented in Germany and its aim is to 
support RES development, and not energy efficiency or empowering of electricity customers, 
it can be regarded as not applicable for the SM TIS development in Germany. 

Green certificates can be regarded as financial instruments that are not applicable for the 
support of SM TIS development in Germany.  

White certificates 

No white certificate scheme has been introduced in Germany, since the Federal Government 
opted for alternative measures to fulfil the requirements under Article 7 (1) EED (ENSPOL 
2016). 

White certificates can be regarded as financial instruments that are not applicable for the 
support of SM TIS development in Germany.  

 

Soft instruments 

Comparison labels 

No comparison labels to support the roll-out of SM in Germany have been identified. 
However, as this type of soft instruments is usually applied as a tool supporting decision 
making of individual consumers, comparison labels can be regarded as not applicable 
instruments in this case, as SMs are usually commissioned in large quantities by DSOs or 
energy suppliers. 

Comparison labels can be regarded as soft instruments that are not applicable for the 
support of SM TIS development in Germany.  

Endorsement labels 

The identified endorsement labels for SM in Germany (e.g. Figure 14a) refer to technical 
requirements set by the German federal institutions such as PTB and BSI. This suggests that 
the German certification bodies for measurements and information security enjoy high 
recognition of market participants. Still, there is no evidence for existence of a single German 
scheme for SM endorsement labels. There is also no evidence that any non-endorsement 
labels (labels discouraging SM installation) have gained wide popularity in the country.  

Endorsement labels can be regarded as soft instruments that are effectively used to support 
SM TIS in Germany.  
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Information campaigns 

According to a study by the Federation of German Consumer Organisations 
(Verbraucherzentrale Bundesverband), among 1000 respondents just eight percent know 
what smart meters are exactly (Zeitung für kommunale Wirtschaft 2017). In this context, the 
Federal Government has announced that the range of information on smart meters is to be 
expanded, especially in terms of online offerings into a comprehensive information 
service. Also according to the ‘Barometer on digitization of energy transition 2018’ the 
awareness of consumers in the field of smart meter rollout is very low and a comprehensive 
nationwide information and education campaign should to be carried out to answer such 
questions as: (i) What is important for the customers?; (ii) Why is the rollout necessary for the 
success of the energy transition?; (iii) What advantages does the rollout have for the 
individual?; (iv) What about privacy and security? (Ernst & Young GmbH 2018). 

Information campaigns can be regarded as soft instruments that are only planned to be 
used to support SM TIS in Germany.  

Voluntary approaches 

No unilateral commitments of private sector (e.g. organisation of DSOs - EDSO), setting 
voluntary SM targets in Germany have been identified.  

Public Voluntary Schemes can be regarded as soft instruments that are not used for the 
support of SM TIS development in Germany.  

 

2.2.2. Interactions between the different elements of TIS 

2.2.2.1. Innovating actors 

Major actors responsible for the SM deployment in Germany are the Federal Ministry for 
Economic Affairs and Energy (BMWi) and the regulatory authorities: BNetzA – Federal 
Network Agency for Electricity, Gas, Telecommunications, Post and Railway and BSI – German 
Federal Office for Information Security. The federal authorities play the leading role in the 
innovation system development, mainly by providing the legally-binding regulations and the 
certification required by federal law. The number of industrial actors in the SM innovation 
system is not very high, since SM Gateways of only 8 companies are currently subject to 
certification procedure by BSI (Discovergy GmbH, EFR GmbH, Kiwigrid GmbH, devolo AG, EMH 
metering GmbH & Co.KG, Theben AG, Landis + Gyr AG, Sagemcom Dr. Neuhaus GmbH) and 
only one company’s product (OPENLiMiT SignCubes AG, sponsored by Power Plus 
Communications AG) has been certified (Federal Office for Information Security 2019). 
Therefore, this certain form of oligopoly is not a fully competitive market, pushing prices up 
and limiting the motivations for innovation by the market participants. As a result, the limited 
number of innovating actors may be considered as a barrier for further developments of the 
SM Innovation System in Germany. Furthermore, the social awareness of smart metering is 
low, and there has been no campaign launched that would inform customers about the 
benefits of smart meters.  
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2.2.2.2. Knowledge development and exchange 

The SM innovation system in Germany is characterized by rather (low-risk) incremental 
innovation, as evidenced by the low number of patents in that technology area. The level of 
knowledge exchange by different actors is limited, as demonstrated for example by the fact 
that the "Standardization Strategy for Cross-Sector Digitization According to the Act on the 
Digitization of the Energiewende" was developed jointly only by the Federal Ministry for 
Economic Affairs and Energy (BMWi) and the BSI. On the other hand, a positive sign in this 
respect is the obligation of BSI to perform market research every year as a part of the 
assessment of technical feasibility of starting the SM roll-out (Bundesamt für Sicherheit in der 
Informationstechnik 2019). This suggests that the federal authorities are following the market 
developments actively and systematically. 

 

2.2.2.3. Actors’ vision and expectations 

Even though the German government opted out from a large-scale roll-out for all customers, 
a selective deployment was planned already in 2013, setting the vision of SM deployment for 
the most suited groups of customers, based on the effectiveness criteria. However, developing 
a comprehensive legal framework, including technical requirements specifications for 
manufacturers of SM and the related infrastructures, has been taking longer than expected. 
As of June 2018, the German government did not know when smart meters will be launched 
across the country (Clean Energy Wire 2018b). The government argued that the “technical 
capabilities” for the technology’s roll-out are still lacking and that at least three different 
companies have to have their products certified before the responsible federal agency can 
allow for the roll-out. “Manufacturers and metering point operators have the launch date in 
their own hands,” the government claimed (Clean Energy Wire 2018b). As of July 2019, the 
situation has not changed. 

 

2.2.2.4. Market formation and governance 

Despite the prolonging processes of introducing and enforcing the SM regulations, the market 
formation and governance processes for SM TIS development are continuously led and 
coordinated by the federal government and its agencies. The principal drivers in the German 
policy instruments to support SM TIS development are the regulations, especially the product 
and sectoral standards and the obligation scheme. Furthermore, the strong push for SM 
development formation comes from the economic and financial instruments, especially the 
R&D funding, government procurement, the planned EU-level regulations to introduce 
dynamic pricing tariffs as well as the user charges. On the other hand, the major barriers in 
the German policy instruments concern the limited use of soft instruments (e.g. information 
campaigns and voluntary approaches), no tax reliefs of exemptions for SM industrial 
stakeholders and limited of consideration for SM in the building regulations. 
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2.2.2.5. Resources 

According to the German Roll-out Plus Scenario by Ernst and Young, German SM roll-out costs 
will be primarily borne by meter operators (€3.9b) (Ernst and Young 2013b). According to the 
European Commission (2014a), a replacement of an average metering point is expected to 
cost 546 EUR. User charges are planned to be the important part of funding sources. German 
DSOs can already charge customers for the smart metering installation and operation, while 
the maximum price caps depend on annual electricity consumption and take into account 
potential benefits calculated in the cost-benefit analysis. The delay of the smart meters 
implementation in Germany results in loss of benefits for all stakeholders. 

 

2.2.3. Main lessons: barriers and enablers 

The major push for the SM TIS development in Germany comes from the federal government 
and its agencies. The federal government’s vision for the selective SM deployment, with 
a tiered installation schedule, preceeded by the in-depth preparation of standardisation and 
certification framerwork ensuring cybersecurity and interoperability of SM solutions in 
Germany can be considered as the major enablers of SM TIS development in Germany.  
Several German federal regulations (e.g. sectoral standards), government procurement, 
RD&D funding as well as tarrifs and planned user charges can be recognised as further 
significant enablers for the SM TIS development.   

On the other hand, strict requirements for smart meters technologies and over-regulated legal 
frameworks prolonging the roll-out start can be considered as major barriers (BNE 2019). Lack 
of the precise EU-level standardisation framework encouraged the regulators to introduce 
their own set of regulations, which in turn has contributed to significant delay of the roll-out. 
However, there is no evidence yet concerning the impact of these strategic decisions on the 
success of actual operation of SM TIS in Germany. Several other regulations (e.g. inexistent 
net metering), financial instruments (e.g. lacking tax reliefs or exemptions) and soft 
instruments (especially voluntary approaches) are not effectively used, which are another 
substantial barriers for SM TIS development in Germany. 
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2.3. Italy 

Table 14  Summary of the case study on Smart Metering in Italy 

Case type: success 

Case type justification: Full roll-out of smart meters 

Geographical area: Italy 

whole country 

Project name Telegestore 

Leading company ENEL Distribuzione S.p.A. 

Project duration 2001-2006 

First smart meter installed 2001 

Number of smart meters installed/ to be 
installed  

32 million 

Percentage of customers equipped with 
electricity smart meters as of 2013: 

99% 

Percentage of customers equipped with 
electricity smart meters as of 2016: 

99% 

Customer types: Residential 

Major communication protocol Smart meter-DC: PLC DC-DMS: GSM/GPRS 

Major motivation communicated to end-
users 

Invoices based on real consumption 

Tailored tariffs 

Savings in billing  

Suppliers  Single phase - Mod. GEM/GISM 

Poly-phase direct (without CT) - Mod. GET1/GET3A/GIST 

Poly-phase indirect (with CT) - Mod. GET4S/GISS 

Buyers  DSO: 

ENEL 

Enel Distribuzione S.p.A. 

Rome, Italy 

Regulators  Regulatory Authority for Electricity Gas and Water 

 

  



 

 

 

  

 

66 

2.3.1. Identification of key elements of the innovation system  

2.3.1.1. Technologies, infrastructures and knowledge 

Identification of the key incumbent and novel technologies.  

Contrary to other countries, induction and electronic meters could not be considered as an 
incumbent technology in Italy. As Italy already finished the full-scale roll-out, all consumers 
are equipped with smart meters, which are a novel technology (Elettrico Magazine 2016). The 
technology of smart meters is described in detail in section 2.1.1.1. On top of this, in Italy only 
meters meeting certain minimum functional requirements (Table 15) are considered as smart 
ones. 

Table 15 Minimum functional requirements of smart meters in Italy (European Regulators’ Group for Electricity and Gas 2007) 

Area Minimum functional requirements 

Weekly profile 

 

 four price bands 

 at least five intervals throughout the day in which to apply the four price 
bands 

 weekly programming including holidays (the local patron saint’s holiday 
as well) 

 at least two changes of the weekly profile a year per meter must be 
allowed 

Interval metering 
capability 

Depth of 36 days 

Security of withdrawal 
data 

Required protection through checksums or CRCs (Cyclic Redundancy Checks), even 
during their transmission to the AMM control centre. If a protected memory area 
is corrupted and cannot be recovered from the backup (if present), an alarm should 
be sent to the AMM control centre. Meters must also be equipped with a 
programme status word, read continuously, that signals with timeliness any errors 
to the control centre. 

Remote transactions 

 

 periodic readings for billing purposes; 

 reading of interval metered data 

 contractual changes: meter activation (including for succession) and 
deactivation; name change (without interruption of supply); change in 
contractual power; change in weekly profile; reduction, suspension and 
reactivation of contractual power; 

 meter reparameterization 

 synchronisation of meter clocks 

 transmission of messages on the meter display 

 continuous reading of the status word 

 reading information related to slow voltage variations, according to 
EN 50160;  

Other  freezing of withdrawal data (billing, contractual changes, switching, etc.)  

 meter display 

 upgrade of the programme software  

 slow voltage variations (according to EN50160) 
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Technological trajectories 

In a five-phase scale of the technology development proposed by Hekkert, Heimeriks, and 
Harmsen (2011), we assess that smart metering in Italy is currently in the fifth phase – 
stabilization. The roll-out has been finished in 2011 and, as of 2017, the second generation of 
smart meters is planned to be installed, as the first meters installed in 2001 have reached their 
end-of-life, and the original system does not meet current functionality and performance 
needs of the DSO and the industry (Smart Energy International 2017). Furthermore, the 
scientific interest in Italy in smart meters is decreasing. The systematic literature review 
conducted in five widely recognized databases shows that since 2017, no article in English has 
been published on the SM deployment in Italy (Table 16).  

Table 16 Academic interest in smart meters in Italy as number of relevant results over time in five scientific databases – number 
of results for “ ‘Smart meter’ AND Italy“ search, excluding articles not related to electricity meters  

Database 

<2
0

1
0

 

2
0

1
0

 

2
0

1
1

 

2
0

1
2

 

2
0

1
3

 

2
0

1
4

 

2
0

1
5

 

2
0

1
6

 

2
0

1
7

 

2
0

1
8

 

2
0

1
9

 

TOTAL 

Science 
Direct 

0 1 0 1 2 2 2 3 0 0 0 11 

Springer Link 0 0 0 0 0 0 0 0 0 0 0 0 

Informaworl
d (Taylor & 
Francis) 

0 0 0 0 0 1 0 0 0 0 0 1 

Wiley Online 
Library 

0 0 0 0 0 0 0 0 0 0 0 0 

Sage Journals 0 0 0 0 0 0 0 0 0 0 0 0 

Total 0 1 0 1 2 3 2 3 0 0 0 12 

 

Similar to the scientific interest, also the public one is declining in recent years. The biggest 
public concern for contatori intelligenti, the Italian name of smart meters, has been observed 
in Italy in March 2004. Both English and Italian names have attracted relatively high public 
attention also several times in 2004 and 2005. Since then, the public interest stays at minimal 
level, with minor peaks in May 2011 and November 2016 (Figure 27).  
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Figure 27 Interest over time results for “Smart meters” and ”contatori intelligenti” (EN: Smart meters) in Italy over January 
2004-April 2019, Source: Google Trends. Numbers represent search interest relative to the highest point on the chart for the 
given region and time. A value of 100 is the peak popularity for the term. A value of 50 means that the term is half as popular. 
A score of 0 means there was not enough data for this term. 

Complementary and substitute technologies 

There are no Italy-specific smart metering related technologies. Complementary and 
substitute technologies are described in detail in section 2.1.1.1. 

Infrastructure in which technologies operate (or would need to be feasible) and in which 
they interact with other technologies.  

The smart metering technologies operate in the telecommunications infrastructure, sharing 
it with communications between mobile devices and data terminals 

ENEL’s smart metering system uses two communication technologies: 

1) Two-way communication between smart meter and data concentrator is provided via 
a power-line carrier (PLC).  

2) Communication between data concentrator and data management system is based on 
public TLC network (GSM/GPRS).  

The work of concentrators, providing the two-way communication between the central 
system and the electronic meter, is based on CENELEC 82 kHz (primary carrier frequency) or 
75 kHz (secondary carrier frequency) FSK, 2400 bps. This band was reserved for electricity 
utilities for purposes related to the ENEL core business (Metering.com 2004). 

Modems, used for data transfer from concentrators to the data central system, use the 
telecommunication network (GSM, ISDN, etc.) with TCP/IP protocol. The connection is mainly 
performed via GSM because of the immediate network coverage available (Metering.com 
2004). 

The present configuration does not allow real-time control of the end-point meters (EXL 
2016). The use of GSM/GPRS network allowed to compile the collected data and minimized 
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the amount of transmitted information. It also has been preventing individualized response 
at the consumer level (Will, O’Connell, and Lange 2009). 

Level of technology and market development 

As smart meter is not a country-specific technology, the level of technology and market 
development are described at supra-national level in section 2.1.1.1. 

Specifically for Italy, the smart metering as an innovation has reached the stabilization phase. 
The market of smart metering is saturated since all meters have been replaced with smart 
ones by 2011.  

Evaluation of the level of uncertainty around future technology outcomes 

As smart meter is not a country-specific technology, the level of technology and market 
development are described at supra-national level in section 2.1.1.1. 

2.3.1.2. Actors and networks 

Demand 

Consumers 

Two main Italian organisations representing consumers’ rights have been identified as the 
most relevant: 

• Energy Consumers’ Help Desk is a point of dialogue and continuous comparison for 
customers, consumer associations and operators, as well as an important support to the 
ARERA in monitoring compliance with the regulation by operators, control of any critical 
issue in the system and the identification of corrective actions. 

• Energy Conciliation Service started its activity in 2013. It provides free of charge services 
for vulnerable customers (gas market) and protected customers (electricity market), via 
an on-line platform (di Gaetano 2014). 

Distribution System Operators 

There are 138 DSOs in Italy, 10 of which serve more than 100,000 customers each, and other 
49 - less than 1000 customers each (European Commission 2014d). The key utility is ENEL 
Distribuzione, covering 86% of Italy’s electricity demand (RSE 2014). Other leading electrical 
utilities in Italy include Edison, A2A, Eni, Iren, Acea, Hera, Dolomiti Energia, Ascopiave and 
Acsm-Agam. The most important local operators are A2A, Acea, Iride, Deval, Hera (U.S. 
Department of Commerce 2018). In the roll-out, it was ENEL which played a leading role and 
paved the way to other DSOs.  

Supply 

As of 2014, there are 140 active electricity suppliers in Italy. The highest market share on the 
retail market belongs to ENEL (85.6% of the “standard offer” market11). The free market is less 

                                                      

11 In Italy, consumers that do not choose a supplier remain with a default supplier, the local DSO, which provides electricity 

according to a ‘standard offer’. In this case, the local DSOs buy electricity from the Single Buyer at wholesale market price. As 
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concentrated – three main companies (ENEL, Edison, and Eni) provide together 34.3% of 
energy. Considering the whole retail market, only two companies have the market share 
exceeding 5% (European Commission 2014c).  

Research and education  

National research priorities in the field of smart metering are defined in Italy in the National 
Energy Strategy (NES), developed by the Ministry of Economic Development. NES puts more 
attention to the smart grid development, although smart metering, as an enabling step 
towards it, is also included in such R&D priorities as development ancillary services provided 
through DSOs and design of new electricity markets. Research in the field of energy are funded 
by the R&D programme National Fund for Electric System Research, with an average annual 
budget of 70 M EUR (MI Smart Grids 2017a). Projects covering the following research areas 
are funded:  

o Government, management and development of the national electric 
interconnected system and market integration; 

o Generation of electricity with low carbon emissions; 
o Transmission and distribution of electric energy; 
o Energy efficiency and savings in electrical end-uses and interaction with other 

energy carriers. 

Smart metering is covered by 1st, 3rd and 4th areas. 

Ricerca Sistema Energetico (RSE) carries out research into the field of electrical energy and 
environment with special focus on national strategic projects funded through the National 
Fund for Electric System Research. RSE is owned by GSE, an Italian national grid operator. RSE 
puts main focus on the following activities: 

• technical, economic, organizational and institutional aspects associated with the 
sustainable development of the Italian electrical power network and related 
infrastructures, 

• safe and effective use of primary sources of energy and of hydrogen as energy vector, 
• power generation, transport and distribution, and end-use energy efficiency (RSE 2018). 

Additionally, the Ministry of Education, Universities and Research set out the National 
Research Plan for 2015 – 2020, focused on applied research. Smart metering is not directly 
mentioned as a priority, although it is related to four out of twelve specialisation areas: 
Energy; Technologies for life environments; Sustainable mobility; Smart, Secure and Inclusive 
Communities (MI Smart Grids 2017b). 

                                                      

of 2014, the majority (80%) of households and SMEs are served on the base of this ‘standard offer’ (European Commission 
2014d).  
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Supporting institutions 

Government institutions 

ARERA - the Italian Regulatory Authority for Energy, Networks and the Environment (Autorità 
di Regolazione per Energia Reti e Ambiente) is an independent body created in 1995. Its main 
responsibility is to regulate, control and monitor the electricity, gas, water and waste markets 
in Italy. ARERA works within the framework of the general policy guidelines introduced by the 
Government and the Parliament, and of EU rules and regulations. The main responsibilities of 
ARERA include in particular the following:  

• establishing tariff schemes based on predefined criteria; 
• ensuring the promotion of competition and efficiency in the energy sectors; 
• ensuring uniform availability and distribution of the services; 
• defining the minimum quality levels for services in terms of the technical and contractual 

aspects and the service standards; 
• encouraging investments in infrastructure with particular emphasis on adequacy, 

efficiency and safety (ARERA 2018).  

Industrial organisations 

Meters and more is an international non-profit association constituted by ENEL and Endesa. 
The aim of the organisation is to adopt, maintain and promote the open communication 
protocol named SMITP (Smart Metering Information and Telecommunication Protocol), which 
is based on solutions initially developed by ENEL within the Telegestore project. The protocol 
is open to industry players and research organisations who join the association. As of 2018, 
the association has 47 members.  

The Association continuously develops the protocol specifications, certifies compliance of the 
new equipment with such specifications and promotes the protocol’s application throughout 
Europe (Meters and more 2018).  

Financial institutions  

Financial institutions have been found as not relevant for the Italian smart metering 
innovation system. The Telegestore project was financed by the ENEL’s own resources for the 
very first years, and since 2004 a part of expenditures were covered by revenues from 
metering tariffs (European Commission 2014b).  

2.3.1.3. Institutions and policies 

This section analyses and assesses: the regulations, economic and financial instruments, and 
soft instruments addressing smart metering in Italy (Table 17).  
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Table 17 Assessment of policy instruments addressing Smart Metering TIS in Italy 

Regulation 

Codes / standards / mandates Obligation schemes / quotas Other regulation 

Building codes and 
standards 

Product standards 
Sectoral 
standards 

Emissions 
standards 

Auditing Obligation schemes 
Carbon Emissions 
Reduction Target 

Net metering 

Economic and Financial instruments 

Direct investment Fiscal/financial incentives Market-based instruments 

Funds to sub-
national 
governments 

Government 
procurement 

RD&D 
funding 

Tariffs Auctions 
Grants 
and 
subsidies 

Loans / soft 
loans 

Taxes – tax 
relief / 
exemption 

User 
charges 

GHG 
emissions 
allowances 
trading 
scheme 

Green 
certificates 

White 
certificates 

Soft instruments 

Performance labels Information campaigns Voluntary approaches 

Comparison label Endorsement label 
By energy 
agencies 

By energy 
suppliers 

By other 
institutions 

Negotiated 
Agreements (Public-
private sector) 

Public Voluntary Schemes 

Unilateral 
Commitments 
(Private sector) 
/ EMSs 

 
Explanation of colours: 

Instruments not used / underdeveloped / 
implementation delayed 

Instruments used in a limited 
extent/not effectively, plans of 
instruments exist 

Instruments actively used Not applicable for SM TIS support 

Source: adapted from INNOPATHS project Task 2.5: Development and Application of a Policy Assessment Framework
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Regulation 

Codes/ standards/ mandates 

Product standards 

When ENEL took a decision to start the Telegestore project, the idea of smart metering was 
still new not only in Italy, but also in the EU. This pushed ENEL to develop its own standards 
and procedures, which made Italy a forerunner of smart metering.  

Meters were designed by ENEL, with the help of a few external designers to ensure system 
integration, and then produced by external manufacturers under ENEL responsibility and then 
certified by Italian IMQ Institute (quality mark). The meters have been developed according 
to international standards (CEN 61036, CEN 61268). ENEL opened a public worldwide tender 
procedure following the European regulation EN 38/83 for the procurement of the meters. 
During the production process, extensive functional tests were carried out in order to verify 
the functionality and efficiency of each individual meter. All the meters were calibrated and 
subsequently tested to check the accuracy (active and reactive energy). Production was 
subjected to quality assurance acceptance inspection according to CEI EN 61358 strategy 
(Metering.com 2004; Rogai 2006).  

Main features of smart energy meters model used were as follows: 

 Single-phase meter (GISM): 230 V, 5-60 A  
 Poly phase meters:  

o GIST: 3 x 230 (400)V, 5 – 60 A (for demand up to 30 kW) 
o GISS: 3 x 230 (400)V, for connection via Current Transformer, In=2A and 

Imax=20A (for demand up to 200kW or more) 
 Active energy and power according to CEI EN 61036 class1 (accuracy)  
 Reactive energy and power according to CEI EN 61268 class2 (accuracy)  
 Life time 15 years  
 Failure rate less than 0,3 %  
 Power self-consumption less than 2 W/phase  
 Suitable for environmental operational conditions: -25° +55°  
 Environmental condition limits: -40° +70°  
 Bidirectional  
 Daily self-diagnostics on the main components and functions  
 Protection against tampering action, e.g.  

o Removal of the meter from the base  
o Attempts to modify SW or tariff 

The work done by ENEL pushed the national regulator to develop regulations that would apply 
to all DSOs. In 2006 the Decision AEEGSin. 292/06 Guidelines for the installation of electronic 
electric meters allowing for remote management of low voltage charging points (It: Direttive 
per l'installazione di misuratori elettronici di energia elettrica predisposti per la 
telegestioneper i punti di prelievo in bassa tensione) have been adopted. This regulation 
resulted in mass replacement of old-type meters with G1 by all DSOs, not only ENEL. As 
a result, the replacement of 37 million meters have been completed in 2011 (Di Pietra 2018).  
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Furthermore, the legislative degree 102/2014 transposed to the Italian low the energy 
efficiency directive (2012/27/EU). This law does not identify a definite date for the compulsory 
instalment of 2G smart meters but mandates that DSOs with more than 100.000 points have 
to publish a 15-year plan to this end. 

Finally, the decision (Delibera) 222/2017/R/eelAEEGSi approved the plan for the introduction 
of 2G smart metering presented by ENEL. The plan foresees the installation of 32 Million 2G 
smart meters by 2024. 

Product standards can be regarded as regulation instruments that were actively used in Italy 
to support SM TIS development. Following the experience of ENEL, the regulatory authority 
adopted in 2006 a national-wide standard that had to be applied by all DSOs, which was 
successfully completed in 2011.  

Sectoral standards 

No sectoral standards in Italy have been identified.  

Sectoral standards can be regarded as regulation instruments that are not effectively used 
in Italy for SM TIS development. 

Obligation schemes / Quotas  

The Telegestore project was a voluntary initiative of ENEL, based on a cost-benefit analysis. 
The installation of 30 million meters started in 2001 and finished in 2006. This project allowed 
the Italian regulating authority to recognize benefits of the smart metering deployment and 
to introduce an obligation scheme for all DSOs (Regulation No. 292/06 of 18 December 2006, 
automatic metering infrastructure became mandatory) (Giordano et al. 2011). Installation of 
new meters was spread into four phases. The Italian energy regulator has been monitoring 
the percentage of electronic meters installed for low voltage customers (households and non-
households). It was planned that 25% meters will be replaced by the end of 2008, 65% by the 
end of 2009, 90% by the end of 2010 and 95% by the end of 2011 (Villa 2007). DSOs that did 
not reach yearly targets were fined (European Regulators’ Group for Electricity and Gas 2007).  

The obligation scheme can be regarded as a regulation instrument that is actively used in 
Italy for SM TIS development.  

Other regulations 

No other Italian regulations have been considered as relevant.  

Other regulations can be regarded as regulation instruments that are not used for the 
support of SM TIS development in Italy. 

 

Economic and Financial instruments 

Direct investment 

Funds to subnational governments 

No funds dedicated to smart metering have been identified.  
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Funds to national governments can be regarded as direct investment instruments that are 
not applicable for the support of SM TIS development in Italy.  

Government procurement 

The Telegestore project was initiated and run by ENEL, a limited company with state 
ownership of 23.6% (ENEL 2018). No government procurement has been run within the 
project. 

There were 6 EU-level public procurement procedures for the supply of energy meters in Italy, 
conducted between 2012 and 2017 (Table 18).  

Table 18 Notices concerning public procurement procedures for the supply of energy meters (CPV 38551000) in Italy, 
registered on TED, the online version of the 'Supplement to the Official Journal' of the EU, dedicated to European public 
procurement between 01/01/2012 and 31/12/2017 

 Open procedure Restricted procedure Negotiated procedure 

Body governed by 
public law 

1 
  

Other 
 

3 
 

Utilities entity 
  

2 

 

Government procurement can be regarded as a direct investment that is not used in Italy 
for SM TIS development.  

 

RD&D funding 

No dedicated external R&D fund used in the Telegestore project has been identified. The total 
cost of the project was 2.1 billion EUR and R&D was one of four main expenses categories, 
along with production and installation of meters, production and installation of concentrators, 
and IT system development (Rogai 2007). No information about a distribution among these 
categories is available, as well as whether any external funds for RD&D activities have been 
involved. The European Commission assumes that 5% of the investment costs corresponded 
to the system development and R&D activities (European Commission 2014b).  

RD&D funding can be regarded as a direct investment instrument that was used only to 
a limited extent in Italy to support SM TIS development. 

 

Fiscal/ financial incentives 

Grants and subsidies 

The Italian Regulatory Authority for electricity and gas (AEEG) has developed a set of 
instruments supporting companies investing in the power grid modernisation (Figure 28), as 
well as selection criteria used to incentivise DSOs to orient their own investment plans 
towards smart grids. They however do not apply to smart metering, despite it is an enabling 
step towards smart grid.  
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There were two types of incentives: output-based and input-based. Output-base regulation 
means that a company is rewarded for meeting quality performance requirements (e.g. 
“Quality of Service” mechanism). Input-based regulation influences internal processes and 
activities of DSOs and provides additional revenues to the investment. In Italy, only the latter 
type of regulation was considered as a useful in supporting smart grid projects, which includes 
smart metering projects, due to problem with conducting clear and fair measurements of the 
quality parameters, cleansed of external effects outside the control of network operators 
(Delfanti, Schiavo, and Olivieri 2012).  

 
Figure 28 Variables influencing network investments in Italy, source: authors’ own work based on (Schiavo 2011) 

In fact, the only measure supporting smart grid development was an “Extra-WACC” (extra 
Weighted Average Cost of Capital) instrument. According to the Tariff Regulatory Code 
(Regulatory decision n. 348/07), strategic grid investments could receive special incentives 
through this instrument, which was meant to increase the capital cost remuneration. This 
instrument was initially introduced after the 2003 blackout to support special investment in 
transmission networks. In 2008 it has been extended to some classes of investments in 
distribution networks. Projects could get an extra remuneration (+2-3%) guaranteed up to 8-
12 years (Schiavo 2011). Smart grid demonstration projects supported in 2010 were granted 
an extra-WACC of +2 pp (on top of the “ordinary” WACC equal to 7% for distribution network 
investments) for a period of 12 years (Delfanti, Schiavo, and Olivieri 2012). As smart metering 
is a part of a smart grid, it is therefore not clear whether this instrument supported the 
development of smart metering.  

Grants and subsidies can be regarded as financial instruments that are used only to a limited 
extent in Italy to support SM TIS development. 

Network 
investments
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General incentives Specific incentives

Tariff regulations: 
allowed return on 

capital (WACC) and 
price-cap

Quality regulation: 
standards and 

rewards/ penalties 
for operators

Tax regulation: 
extra WACC long-

term remuneration

Italian 
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Certainty 
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regulatory 
framework
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Loans/ soft loans  

At the time of the Telegestore project implementation, no loans were available for DSOs 
implementing smart metering projects. 

After the project end, in 2017, the EIB lent EUR 1 billion to E-distribuzione for new smart 
meters, which will replace the one installed during the Telegestore project (EIB 2017). The EIB 
will contribute to financing part of the plan’s investments over the period 2017-2021. Overall, 
the 15-year plan provides for the installation of 41 million new generation 2.0 meters, of which 
around 32 million will replace the current first-generation meters, while the remainder will be 
used for new connections and customer requests. In 2002, EIB also supported the programme 
to install the first-generation digital meters in Italy. E-distribuzione's ongoing project has been 
recognised as a project of common interest (PCI) by the European Union and it comes under 
the EIB's financing priorities in the fields of energy, climate action and support for 
Convergence areas since 40% of the meters will be located in the less economically advanced 
regions of southern Italy, Sicily and Sardinia. 

Loans can be regarded as financial incentives that are used, but in limited extent, in Italy to 
support SM TIS development. 

Tariffs 

The smart metering roll-out has been initiated by ENEL and was financed by their own funds 
in the first years of the project (2001-2003). Since 2004, when new metering tariffs have been 
introduced (MIS1, MIS3), the investment costs have been remunerated through network 
tariffs (European Commission 2014b; Putzu and Malandra 2010).  

Tariffs can be regarded as financial instruments that were used only to a limited extent in 
Italy to support SM TIS development. 

Market-based instruments 

GHG emissions allowances trading scheme 

The EU ETS scheme is managed at a country level in Italy by the following institutions:  

1) National Committee for the management of Directive 2003/87/EC and to Kyoto 
Protocol project activities (Comitato Nazionale per la gestione della Direttiva 
2003/87/CE e per il supporto nella gestione delle attivita' di progetto del Protocollo di 
Kyoto) 

2) Energy Services Operator – GSE SpA (Gestore dei Servizi Energetici S.p.A.) 
3) Ministry of the Environment, Protection of Natural Resources and the Sea; Ministry of 

Economic Affairs and Finance; Ministry of Economic Development (Ministero 
dell'Ambiente e della Tutela del Territorio e del Mare - Ministero dell'Economia e delle 
Finanze - Ministero dello Sviluppo Economico (European Environment Agency 2017) 

Between 2013 and 2015, Italy has earned over 1.3 billion EUR from the auctioning of EU ETS 
allowances, which constitutes for 11.4% share of total EU28 revenues. No earmarking has 
been made by the Italian government, which means that no specific fund or programme is 
financed directly by the revenues. 47% of auctioning revenues were spent on climate change 
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actions, which is significantly less than most of other EU countries. Approximately half of the 
spent revenues supported domestic actions, and the other half – international ones (Ecologic 
Institute 2016). 33% of revenues in Italy went towards adapting to climate change (European 
Commission 2017a). Despite this large budget, there is no evidence that any share of Italian 
revenues from auctioning GHG emission allowances enabled financing of SM TIS 
development. 

The EU GHG emissions allowance trading scheme can be regarded as financial instrument 
for which there is no evidence that it is effectively used to support SM TIS development in 
Italy. 

 

Green certificates  

Italy is one of the six EU Member states that have implemented a green certificates scheme 
(Glowacki 2017). Since the aim of this type of financial scheme is to support RES development, 
and not energy efficiency or empowering of electricity customers, it can be regarded as not 
applicable for the SM TIS development in Italy. 

Green certificates can be regarded as financial instruments that are not applicable for the 
support of SM TIS development in Italy 

 

White certificates 

The white certificate scheme, introduced in Italy in 2004, is a principal policy instrument for 
promoting energy efficiency. As white certificate can be obtained only for actions that are 
“over and above market trends and/or legislative requirements”, it is not possible to use this 
instrument as a measure supporting SM deployment (Pela 2015).  

White certificates can be regarded as financial instruments that are not used for the support 
of SM TIS development in Italy.  

 

Soft instruments 

No soft instruments for smart meter roll-out have been identified in Italy. 

Soft instruments can be regarded as instruments that are not effectively used in Italy to 
support SM TIS development. 

 

2.3.2. Interactions between the different elements of TIS 

2.3.2.1. Innovating actors 

The most innovative actor in the Italian smart metering TIS is ENEL, who voluntary started the 
roll-out in 2001, before any obligation scheme was adopted not only in Italy, but also in the 
EU. The ENEL’s move paved the way to other DSO’s and provoked ARERA to set a framework 
for mandatory installation of smart meters in Italy. Positive results of the cost-benefit analysis 
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performed by ENEL was the main factor to introduce an obligation for all DSOs to reach the 
national target of 95% penetration rate in 2011.  

2.3.2.2. Knowledge development and exchange 

At the time when the Telegestore project was planned, there were still many uncertainties 
regarding both the technology of smart metering and the organisation of the roll-out process. 
ENEL decided to develop its own standards and procedures, exploiting experiences from the 
US, and using international standards, such as CEN 61036 and CEN 61268. With the total 
budget of the Telegestore project of 2.1 billion EUR, approx. 5% of the expenditures were 
related to the knowledge development (European Commission 2014b; Rogai 2007). Following 
the ENEL’s industrial leadership, their standards and procedures were further adopted by 
ARERA, and as a consequence, by other DSOs. The main driver for the adoption, instead of 
establishing separate standards, was to provide interoperability between DSOs and to avoid 
hindering the innovation already implemented to a large extent of Italian consumers.  

Knowledge gathered during the electricity meters roll-out is exploited by other Italian entities. 
With the decision no. 155/2008, the national regulator authority set a target of 60% 
penetration rate of gas smart meters in 2018. Furthermore, the regulator encourages to 
develop multi-service smart metering pilots demonstration projects, which would include 
electricity, gas, water applications as well as mobility services, waste collection and other 
smart city services (decision n. 393/2013) (European Commission 2014b).  

2.3.2.3. Actors’ vision and expectations 

Motivation of Italian stakeholders has been evolving over time. The focus of the smart 
metering system in Italy was originally driven by ENEL’s objective to generate significant 
operational savings (€500 million per year over about 30 million meters) and be prepared for 
the marker liberalisation, to move towards customer engagement and energy savings 
(European Commission 2014f). The five-year payback period of the ENEL’s deployment was 
possible due to savings generated by better fraud detection and prevention, reduction of 
commercial and technical losses, peak shaving, and the operating costs decrease due to the 
limited number of visits for manual meter reading. The newest ENEL’s vision is to replace the 
first generation of smart meters with the 2G ones. The plan is driven by the need of ensuring 
a future proof technology and meeting the needs of the current and future electrical system 
(e.g. enhances consumption-based billing), as well as to empower customer participation (e.g. 
active demand). In total, 41 million of new devices will be installed by 2031, including over 35 
million by 2024 (Pirolo 2017).  

After the first move done by ENEL, ARERA’S initial focus was on providing all Italian consumers 
with the same opportunities as ENEL’s customers. The regulator concentrated on smart 
meters functionalities and, in particular, their interoperability between DSOs, to prevent from 
hindering innovations. Along with the roll-out progress, ARERA have been introducing new 
obligations, with the objective to improve quality of services for end users. This resulted with 
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e.g. establishment of a minimal “vital service” for customers who did not pay for the 
electricity12 (Lo Schiavo et al. 2013)  

2.3.2.4. Market formation and governance processes 

Contrary to most EU countries, the roll-out was a bottom-up initiative of the largest DSO in 
Italy, ENEL, who has 86% of the market share. They started the Telegestore project on 
a voluntary basis in 2001, five years before the national regulator set a legal framework for 
mandatory installation of smart meters. The project was driven by many potential benefits, 
identified and quantified in the cost-benefit analysis carried out by ENEL. ENEL examined in 
particular the total costs of metering activities. Best practices from the USA were taken into 
account as well (Rogai 2007). Another force was the upcoming legal change – ENEL wanted to 
get a good position before electricity market opening in 2007 (European Regulators’ Group 
for Electricity and Gas 2007). The outcome of the analysis showed that with the total costs of 
the programme of 2.1 billion EUR and the estimated savings will be at the level of 500 million 
EUR, which gives less than a 5-years payback period. The main savings were associated with 
the fraud detection and prevention, reduction of commercial and technical losses, peak 
shaving, and the operating costs decrease due to the limited number of visits for manual 
meter reading. During the Telegestore project implementation, the operational costs 
decreased from 80 EUR/customer in 2001 to 49 EUR/customer in 2008 (Figure 29). The roll-
out was done based only on market-based policy instruments, with no subsidies received by 
ENEL.  

 
Figure 29 Evolution of ENEL’s operational costs, 2001-2008 (Drago 2009) 

After recognizing advantages of the smart metering, the national regulatory authority, ARERA 
took over the leadership and in 2006 set a legal framework for obligatory installation of smart 
meters with a target for 2011 of 95%. This forced all other DSOs to replace old-type meters 
with smart ones and provide their customers with the same benefits as ENEL.  

                                                      

12 Instead of disconnecting the customer who did not pay the electricity bill, the customer is provided with 0.5 
kW supply (instead of 3 kW) for two weeks. The consumer is remotely reconnected after the payment is 
completed.  
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2.3.2.5. Resources 

The Italian roll-out was done based only on market-based policy instruments, with no 
subsidies received by DSOs. In fact, financial savings were the main driving force of the Italian 
smart metering innovation system. With the total costs of the Telegestore project of 2.1 billion 
EUR, the expected annual savings were estimated at the level of 0.5 billion EUR. The costs 
were associated with production and installation of meters and concentrators, and IT system 
development (Rogai 2007). Savings resulted from revenue protection (frauds detection, 
reduction of commercial and technical losses), and the operating costs decrease (meter 
readings, customer service). All the costs were incurred by ENEL and no external resources 
(e.g. subsidies) were involved. Since 2004 ENEL could remunerate some of the investment 
costs through newly introduced network tariffs (European Commission 2014b; Putzu and 
Malandra 2010).  

Considering the country-wide roll-out, implemented not only by ENEL but also other DSOs, 
the total investment costs was 3.4 billion EUR, while total DSOs benefit – 6.4 billion EUR. 
A replacement of an average metering point costed 94 EUR and brought 176 EUR of benefit 
(European Commission 2014b).  

2.3.3. Main lessons: barriers and enablers 

The major push for the SM TIS development in Italy came from the energy industry. ENEL, the 
largest DSO in Italy, took up a voluntary initiative and started the SM roll-out, despite lacking 
any instruments that would enable the process at a time. The focus of smart metering 
adoption in Italy was on the commercial electricity losses reduction. With the Telegestore 
project, ENEL has gained approximately €500 million in yearly savings, with a 5 year payback 
period, and a 16% internal rate of return (Colak et al. 2015).  This shows that a properly done 
cost-benefit analysis fosters the smart metering deployment and helps with the project 
implementation, even if there is no other enabler existing on the market. Furthermore, 
a voluntary initiative of a market leader may pave the way to smaller players and foster 
a country-wide change. The successful roll-out started by ENEL in 2001 showed benefits of the 
new system. This resulted in an introduction in 2006 by the Italian regulatory authority 
a mandatory requirement for all DSOs to reach 95% smart meters penetration among low 
voltage customers by 2011.  

On the other hand, a lack of legal framework increases costs of the smart meters roll-out, as 
DSOs have to develop its own standards and procedures. This also leads to a situation that the 
regulatory authority has limited capacities to establish its regulatory apparatus. The absence 
of initial coordination in the industry may lead to a situation that solutions developed by the 
pioneering player will not be further adopted by latecomers.   
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2.4. Poland 

Table 19 Summary of the case study on Smart Metering in Poland  

Case type: failure 

Case type justification: Legal and regulatory constraints blocking the innovation;  

One of the three countries among 13 EU MS with a positive CBA on SM roll-
out that will most likely not reach the target of 80% smart meters market 
penetration by 2020 (JRC European Commision 2019) 

Geographical area: Poland 

Especially Northern and Central Poland (an area of about 75,000 km2 - on 
provinces: Pomerania, Warmia-Mazury and in parts of Wielkopolska, Łódź, 
Mazovia, Kujawy-Pomerania and West Pomerania) 

Project name: AMI 

Leading company: Energa Operator SA 

Project duration: 2011-2018 

First smart meter installed: 2011 

Number of smart meters 
installed/ to be installed: 

3.1 million 

Percentage of customers 
equipped with electricity smart 
meters as of 2013: 

3% (0.1 million) 

Percentage of customers 
equipped with electricity smart 
meters as of 2016: 

27% (0.83 million) (Energa-operator 2014)13 

 

Customer types: Residential, Commercial and Industrial 

Major connectivity technology: Telecommunications modems using 3GPP and CDMA techniques (CDMA, 
WCDMA 900/2100, EDGE, GPRS standards). 

Major communication 
protocol: 

3GPP/CDMA with TCP/IP 

Major motivation 
communicated to end-users: 

Invoices based on real consumption. 

Energy quality improvement. 

Reduction of damage repair time. 

Suppliers ADD Group – smart meters manufacturer (Chisinau, Republic of Moldova) 

Arcus + T-matic Systems – supplier (Warsaw, Poland) 

Apator 

Buyers: DSOs, e.g. Energa Operator SA, Gdansk, Poland 

                                                      

13 According to the DSOs’ data, at the end of 2016, the following number of smart meters were installed in 
Poland: Energa Operator - 832 thousand meters, Tauron Dystrybucja - 331 thousand meters, PGE Dystrybucja - 
50 thousand meters, RWE Stoen Operator - 60,000 meters (Kapica 2017). 
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Regulators: Energy Regulatory Office  

Major enablers: Atende Software Sp. z o.o, Polkomtel Sp. z o.o. 

Inhibiters: Not identified 

 

2.4.1. Identification of key elements of the innovation system  

2.4.1.1. Technologies, infrastructures and knowledge 

Identification of the key incumbent and novel technologies.  

The induction meters are the oldest commonly used meter type in Poland (Lewczuk 2017). In 
2016 nearly 10 million electricity meters (including smart meters) were produced in Poland ( 
Figure 30), hitting a record high. Between 2006 and 2016, the annual production of electricity 
meters increased nearly nine times. It is noteworthy that in 2017 the number of electricity 
end-users was 17.4 million (Urząd Regulacji Energetyki 2017), which suggests a strong export 
capacity of the Polish market. 

 
Figure 30 Production of electricity meters (all types, including smart meters) in Poland between 2000 and 2016 (pcs) (Główny 
Urząd Statystyczny 2017) 

Which technologies will become obsolete?  

The legal validity period for active power induction meters with capacity not higher than 
30 kW in Poland is 15 years, while for other types of meters is 8 years (Minister Rozwoju 
i Finansów 2017). After this time each meter has to be checked whether it has not become 
obsolete or replaced with a new meter (e.g. a smart one). It is expected that standard, non-
electronic induction meters will become obsolete in Poland by 2030.  

Other technologies likely to become obsolete are: 

1) unidirectional energy meters, which do not allow for net metering for prosumers; 
2) meters not resistant to external magnetic field (threat of meter tampering). 
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Novel technology 

An example of a smart meter produced in Poland is SMARTEMU-3 by Apator (Figure 31). It has 
a built-in PLC14  communication module in PRIME15  or OSGP16  technology. There are also 
versions with a GSM / 3G communication module. The meters support the DLMS/COSEM 
communication protocol17 enabling fully secure and encrypted data transmission between the 
measuring devices and the data acquisition system. Other types of smart meters are also 
available on the Polish market (AGH Akademia Górniczo-Hutnicza, Politechnika Wrocławska, 
and Tauron Dystrybucja SA 2016). 

 
Figure 31 Example of a smart electricity meter produced by a Polish company Apator (Apator 2018b) 

Another type of smart metering product available on the Polish market is OneMeter beacon, 
which enables smart meter functionalities in existing standard electricity meters (Figure 32). 
In standard operation mode OneMeter beacons read data from meters every 15 minutes and 
store it in internal memory. Stored energy profile (plots of energy consumption) can be viewed 
in the dedicated web application. The beacon uses communication working in the 2.4 GHz 
range. All exchanged data is encrypted by unique keys with the AES-128 protocol. 

                                                      

14 Power Line Communications 

15  PoweRline Intelligent Metering Evolution, an interoperable vendor-independent public communication 
standard. Further reading: http://www.prime-alliance.org/?page_id=2  

16  Open Smart Grid Protocol. Further reading: 
https://www.etsi.org/deliver/etsi_ts/104000_104099/104001/02.01.01_60/ts_104001v020101p.pdf  

17  DLMS/COSEM (IEC 62056, EN13757-1) is the global standard for smart energy metering, control and 
management. It specifies an object-oriented data model, an application layer protocol and media-specific 
communication profiles. DLMS/COSEM comprises three key components: (1) COSEM - Companion Specification 
for Energy Metering - the object model capable of describing virtually any application; (2) OBIS - Object 
Identification System, the naming system of the objects; and (3) DLMS - Device Language Message Specification 
- the application layer protocol that turns the information held by the objects into messages. Further reading: 
https://www.dlms.com/dlms-cosem/overview.  

http://www.prime-alliance.org/?page_id=2
https://www.etsi.org/deliver/etsi_ts/104000_104099/104001/02.01.01_60/ts_104001v020101p.pdf
https://www.dlms.com/dlms-cosem/overview
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Figure 32 OneMeter beacon, which enables smart meter functionalities in existing standard electricity meters by a Polish start-
up OneMeter (OneMeter 2018) 

Complementary technologies and services 

The level of disturbances in the low voltage network is constantly growing due to the 
increasing use of switched power supplies, frequency converters, solar inverters, inductive 
devices, thyristor controllers and LED lighting. In such an environment, the communication 
between the smart meters and the data concentrators can be easily disturbed. It can lead to 
erroneous reading, damage or even destruction of the meter. In this context, 
a complementary technology emerges: anti-interference filters, which reduce interferences 
to a level that enables reliable communication between energy meters and data concentrators 
(CENELEC band A, B, C). Example of such a product is offered by Maschek Polska (Figure 33), 
which uses some components of German producers (Bajog electronic GhmH). 

 
Figure 33 Anti-interference filter designed for smart meters by Maschek Polska (Maschek Polska 2018) 
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In addition to complementary products, also complementary services are emerging on the 
Polish smart metering market. At the beginning of 2017, Tauron Dystrybucja was the first DSO 
in Poland to provide its clients with the Home Area Network (HAN) Tauron AMIplus service, 
which allows remote activation of the wireless communication interface with a smart meter 
using Wireless M-Bus (wM-Bus). After activation, data concerning energy consumption is 
passed to the domestic receiving device. The service is currently available only for Tauron 
customers that participate in a pilot project ‘AMI Plus Smart City Wrocław’. The HAN network 
allows households not only to connect several different devices of a smart home similarly to 
the computer LANs, Wi-Fi networks, but also enable data exchange and control of building 
automation devices and communication with IoT devices. 

 

Figure 34 Home Area Network (HAN) Tauron AMIplus service (Tauron Dystrybucja SA 2018a) 
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Technological trajectories 

Five main technological trajectories in smart meter development in Poland can be 
distinguished: data collection (measurement), data storage, data communication 
(technology/protocol), data security and data display  

These are the areas of technological advancements in smart meters that consistently develop 
over time through accumulation of knowledge. The presented specification of technological 
trajectories is a generalisation based on the one hand on “Draft of technical requirements for 
static direct electricity meters” (a technical standard published in 2018 by the PTPiREE – an 
industrial association uniting inter alia Polish DSOs) and on the other hand on two products 
offered on the Polish market on a large scale, namely: 

 SMARTEMU-3 – smart meters produced by Apator, a company based in Poland, which 
are sold inter alia to TAURON and ENERGA, the DSO that is the smart metering leader 
in Poland (Figure 31); 

 AD13A.1-3-1 – smart meters produced by ADD Group, a company based in Moldova, 
which are used also by ENERGA. 

While assessing the maturity of the discussed 5 technological trajectories, the first two areas 
(measurement and data storage) are well-established, with limited innovation potential. 
Technological acceleration (experimentation, research activities, new standards) are more 
visible in the latter 3 areas. First, in the data communication, there is an observable process 
of technology pathway testing (PLC vs. GSM/GPRS/EDGE/LTE). There is also an ongoing 
industrial discussion on the frequencies to be set as standard ones for the communication 
with smart meters (see section 0). Second, in the data security area, requirements concerning 
Advanced Encryption Standard (AES) are becoming stricter – from the 128 bit to higher levels. 
Third, in the data display and identification area, the Object Identification System (OBIS) 
codes are subject to frequent amendments, e.g.: 

 PN-EN 62056-61:2003 – published on 15-06-2003, revoked on 26-06-2007, 

 PN-EN 62056-61:2007 – published on 26-06-2007, revoked on 22-04-2009, 

 PN-EN 62056-61:2009 – published on 22-04-2009, revoked on 05-02-2014, 

 PN-EN 62056-6-1:2014-02 – published on 05-02-2014, revoked on 07-02-2017, 

 PN-EN 62056-6-1:2017-02 – published on 07-02-2017, revoked on 07-02-2018, 

 PN-EN 62056-6-1:2018-02 – published on 07-02-2018 (Polski Komitet Normalizacyjny 
2018).



 

 

 

  

 

88 

 

Table 20 Examples of technological specifications of smart meters installed in Poland. Emerging technological trajectories and the level of technology and market development. 

No. Technological area Smart meter 1: SMARTEMU-3 
by Apator  
(Polish producer, WSE-listed 
company) (2014) 

Smart meter 2: AD13A.1-3-1 by 
ADD Grup (Moldovan producer, 
sold 420,000 meters to Polish 
DSO Energa) (2017) 

Requirements of the 
“Draft of technical 
requirements for static 
direct electricity meters” 
(technical standard 
published by the PTPiREE – 
chamber uniting inter alia 
Polish DSOs) (2018) 

Technological 
trajectories 

Assessed 
level of 
technology 
and market 
development 

1 Data collection 
(measurement) 

Bidirectional 

 

Bidirectional Bidirectional Bidirectional stabilisation 

2 Data storage storage of the monthly load 
profiles in the memory 

15 minutes interval profile: 6 
parameters for about 63 days 

storage of the load profile 
in the memory for at least 
63 last days at 

15 minutes sampling 
period for six measurement 
quantities 

storage of the load 
profile in the memory 
for at least 63 last days 
at 15 minutes sampling 
period for six 
measurement 
quantities 

stabilisation 

3 Data communication 
(technology/protocol) 

Basic communication module: 
PLC Prime, PLC OSGP GSM/3G,  

USB, MBus, optionally: RS-
232/RS-485 

PLC: 

• Built-in OFDM PLC modem; 
OFDM (PRIME), 

ITU-T G.9904 standard 
compliant; OFDM (G3-PLC), ITU-
T G.9903 standard compliant  

• Two RS-485 outputs on a 
common bus, providing WAN 

1. LTE: B3 (1800 MHz), B7 
(2600 MHz), B8 (900 MHz), 
B20 (800 MHz), 

 

2. GSM/GPRS/EDGE: 
900/1800 MHz 

1. LTE: 

 a) 1800 MHz 

 b) 2600 MHz 

 c) 900 MHz 

 d) 800 MHz  

 e) 450 MHz (see 
comment on the 
ongoing industrial 

acceleration 
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communication (via 3GPP 
module)  

Data concentrator 
communication channels:  

1) PL LV,  
2) 2G (GSM/GPRS) (800 

MHz, 850 MHz, 900 
MHz, 1800 MHz, 1900 
MHz) 

3) 3G (UMTS) (2100 MHz, 
1900 MHz, 800 MHz, 
900 MHz) 

4) 4G (LTE) (2100 MHz, 
1800 MHz) 

discussion on this 
frequency use in 
section 0) 

 

2. GSM/ GPRS/ EDGE: 

 a) 900 MHz 

 b) 1800 MHz 

 

4 Data security DLMS/COSEM,  

AES128 encryption 

DLMS/COSEM,  

AES-GCM-128 

DLMS/COSEM, AES at least 
128 bit (HLS), TLS v.1.3 
mechanisms protecting 
against DoS / DDoS attacks 
carried out on each of the 
communication interfaces. 

DLMS/COSEM 

 

AES 128 bit 

acceleration 

5 Data display and 
identification 

LCD (messages based on OBIS 
codes; PN-EN 62056-61) 

LCD, 8 digits, configurable 
decimal place (up to 3 digits); 
Special symbols, data 
identification according to IEC 
62056-61 (OBIS) 

LCD (messages based on 
OBIS codes; PN-EN 62056-
61) 

LCD, OBIS codes; PN-EN 
62056-61 

acceleration 

Based on: (Apator 2014; ADD Grup 2017a, 2017b; PTPiREE 2018a, 2018b) 
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Innovation activity (including patenting/product or process innovation) 

Measuring innovation is not an easy task. The literature has identified several indicators of 
both input and output for innovative activates, but not all of them are available at the right 
level of detail required by this study. One of the most commonly used quantitative indicators 
of innovation are patents (Griliches and Zvi 1990). The OECD provides patent statistics for 
several mitigation-related technologies, but smart meters are not analysed separately from 
other ICTs relevant for the energy sector. There is therefore a fundamental lack of hard data 
in this respect.  

Low patenting activities in innovation of smart metering are observed in Poland. Between 
2006 and 2016 only 8 successful patents in the field of energy metering were granted by the 
Polish Patent Office (Figure 35). However, this does not necessary mean that the level of 
innovation in this field in Poland is low. The possible explanations include: the technology of 
smart meters in mastered and there is no much field of innovation; patenting potential lies 
not in the smart meter, but in its components, related to e.g. electronics or communication; 
companies choose other that patenting methods to protect their intellectual property, e.g. 
trade secret.  

 

 

Figure 35 Patent applications in the field of energy metering submitted to Polish Patent Office between 1990 and 2016 (key 
words used: energy meter, 54 relevant results found) (Urząd Patentowy RP 2018) 

Infrastructure in which technologies operate (or would need to be feasible) and in which 
they interact with other technologies 

The smart metering technologies operate in the telecommunications infrastructure, sharing 
it with communications between mobile devices and data terminals. Several frequency bands 
have been reserved only for the power sector. As a result of the provisions of the Act of 10 
May 2018 amending the Telecommunications Act and some other acts, the 450 MHz band 
was assigned by the President of the Office of Electronic Communications (in Polish Urząd 
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Komunikacji Elektronicznej, UKE), in agreement with the minister responsible for energy, to 
tasks in the field of voice communication and data transmission in power sector on the 
territory of the Republic of Poland (PIIT 2018a). Apart from the two GSM/GPRS/EDGE 
frequency bands (900 MHz, 1800 MHz), also several other LTE frequency bands are proposed 
to be used in the emerging national industrial standards in Poland (Table 21). 

Table 21 LTE frequencies in Poland – use for cellular data transmission and the planned use for smart metering according to 
the proposed national industrial standards 

LTE frequency [MHz] 450 800 900 1800 2100 2600 3700 

Use for cellular data 
transmission in Poland 
(Spectrummonitoring.com 
2018)  

 X X X X X X 

Proposed use for Smart 
Metering in the industrial 
standard of PTPiREE 
(PTPiREE 2018c) 

 X X X  X  

Proposed use for Smart 
Metering by the PIIT (PIIT 
2018b) 

X X X X  X  

 

Evaluation of the level of uncertainty around future technology outcomes 

No estimates of the level of uncertainty around future technology outcomes and costs for 
smart metering in Poland have been identified. The available sources of information (DSO’s 
development plans and the government plans) show dissenting estimates concerning the 
future technological trajectories of smart meters in Poland (Figure 36). DSO’s do not plan to 
follow the ambitious government plans. The major barrier for this is lack of obligation to install 
smart meters on the one hand, and uncertain profits of DSOs of doing this on the other.  
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Figure 36 Number of planned installations of smart meters in Poland by the five biggest DSOs (in thousands of pieces) (CIRE 
2018) 

2.4.1.2. Actors and networks 

Demand 

Consumers  

Polish consumers have a low level of awareness regarding both SM as a technology, and their 
benefits in terms of energy efficiency and savings. For instance, 40 per cent of Poles have 
never encountered the term "smart metering" and usually they cannot define its meaning 
(Procontent Communication and SW Research 2014). Only every fifth person (21.2 per cent) 
declares that they know exactly what the term means. TV and friends were among the most 
important sources of information on smart meters (respectively: 26.6 and 26.4 percent) 
(Procontent Communication and SW Research 2014). However, people who came across this 
concept acquired their knowledge most often from the Internet (62.8 per cent) (Procontent 
Communication and SW Research 2014). In the last 15 years, the biggest interest on this topic 
online was registered in June 2014, while first notices were observed in March 2009 (Figure 
37). 

Despite this low level of awareness, consumers do not play an important role at the current 
stage of the smart metering roll-out in Poland. They have no power to push DSOs to install 
smart meters neither to install they on their own, as it is a DSO’s obligation. Consumers 
however could inhibit the roll-out in case of their active disagreement for smart meters. 
Nonetheless, no such an anti-smart meter movement have been observed in Poland so far. 
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Figure 37 Interest over time results for “Inteligentne liczniki” (in English: “Smart meters”) over 2004-July 2018, peak on June 
2014, first notice: March 2009. Source: Google Trends. Numbers represent search interest relative to the highest point on the 
chart for the given region and time. A value of 100 is the peak popularity for the term. A value of 50 means that the term is 
half as popular. A score of 0 means there was not enough data for this term. 

Distribution System Operators 

There are 5 major distribution system operators (DSOs) in Poland (Figure 38). Distribution 
system operators (DSOs) play a crucial role in the smart metering innovation system, as they 
are responsible for the smart meters deployment. According to the Energy Law, the DSOs have 
to submit a development plan to the Energy Regulatory Office. The plans must include 
information about projects in the field of acquisition, transmission and processing of 
measurement data from the remote reading meters. However, there is no obligation to 
include in the plan any smart meters installation project, as such an obligation is not binding 
in Poland. 

 

 

Figure 38 Territorial coverage of the 5 main DSOs in Poland (ENEA, ENERGA, TAURON, PGE and RWE (currently: innogy) 
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By mid-2018, the largest number of meters with remote reading function was installed by 
Energa Operator – 842 thousand, and Tauron Dystrybucja is ranked second with 
approximately 400 thousand installations, followed by PGE Dystrybucja (122 thousand), 
Innogy Stoen Operator (about 105 thousand) and Enea Operator (about 35 thousand) (Figure 
39). 

Energa Operator started the implementation of the pilot smart metering projects as the first 
DSO in Poland in 2010. Already in 2014, in the districts in which Energa Operator installed 
smart meters, it observed a decrease in technical and commercial losses of approx. 10%, which 
resulted from fraud prevention, decrease of energy consumption by the metering system and 
technical loses. It resulted in savings of millions of zlotys, which were partly invested in further 
modernization of the power infrastructure (Lewczuk 2017; Energa-operator 2014). 

 
Figure 39 Total number of energy meters installed by the largest 5 Distribution System Operators in Poland in August 2018 
(thousands of pieces) (CIRE 2018) 

In the case of PGE, Tauron and Energa, customers equipped with smart meters have the option 
of tracking their energy consumption on the website or in the mobile application. Enea 
announces the launch of such a functionality in 2019, and Innogy Stoen Operator declares that 
with the further development of the network and the system there will be new opportunities 
for people using smart meters.  

One should not expect an acceleration in investments in smart metering, as the development 
plans prepared by individual DSOs show that in 2018-2022 they intend to install an average of 
about 0.5 million of such devices per year. Assuming such progress, it can be expected that at 
the end of 2020, approximately 3 million smart meters will be installed in Poland. However, it 
should be taken into account that DSOs have the right to postpone the deadlines for 
expenditures planned for particular years during the period of validity of the plan (currently 
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the plans for 2017-2022 are in effect), and thus also the dates of implementation of the 
installation. In summary, the actual number of smart meter installations may differ 
significantly from the plans that DSOs submitted to the Energy Regulatory Office. 

Perhaps the way to even partially catch up with the plans will be upgrading the standard 
electronic meters that currently do not have the ability to be read remotely but can easily be 
adapted to this by using additional devices.  

Electronic meters, which after retrofitting with appropriate telecommunications devices, 
would allow for remote acquisition of measurement data, are used by three of the five largest 
DSOs, except for Enea and Energa. For example, PGE has around 1.3 million electronic meters 
installed, and Innogy Stoen Operator has around 750,000 pieces installed. It is not known, 
however, whether the companies will use the option of upgrading the meters. Tauron, Enea 
and Energa do not plan to upgrade its electronic meters with additional external devices 
enabling remote reading (CIRE 2018). In July 2019, three Polish DSOs (PGE, Tauron and Enea) 
announced third joint tender for supply of smart meters – this time the procurement concerns 
235 thousand meters (WysokieNapiecie.pl 2019).  

Supply 

The major suppliers of smart meters on the Polish market are Grupa Apator, T-MATIC 
System SA, Systemy Pomiarowe Elgama Ltd. and Landis+Gyr, which indicates limited regional 
concentration of entrepreneurial activity. The main countries of origin of smart meters 
installed in Poland are Moldova, Switzerland and Poland.  

Grupa Apator is a capital group, which currently consists of fifteen companies – nine domestic 
and six foreign. The parent entity in the group is Apator Joint Stock Company – a Polish 
company of the electromechanical industry with headquarters in Toruń, listed on the Warsaw 
Stock Exchange. Apator offers systems for measuring and providing electricity, compliant with 
IEC and PRIME standards. Every year, it produces more than 1 million pieces of electricity 
meters (Park Naukowo-Technologiczny Euro-Centrum Sp. z o.o. 2013). In 2017, the Apator 
group, according to estimated data, achieved PLN 889.6 million of sales revenues, and its net 
profit was PLN 56.4 million (WNP 2018). The company’s smart metres have been installed i.e. 
in Wroclaw for Tauron Dystrybucja SA. 

T-MATIC System SA, based in Warsaw, is an official distributor of products of the Moldovan 
producer, ADD Group, as well as a member of the international association promoting an 
open standard of communication in intelligent energy networks, PRIME Alliance. The 400,000 
Moldovan smart metres have been installed i.e. for Energa Operator. 

Systemy Pomiarowe Elgama Ltd., based in Świdnica (Lower Silesia), has been operating on 
the market of smart metering equipment suppliers and systems for measuring electric energy 
since 2004. In January 2014, Energa Operator signed with a consortium of Elgama and its 
Lithuanian partners, UAB Sigma Telas Energy and UAB Elgama-Elektronika, a contract for the 
installation of 450,000 smart meters compliant with the requirements of the Energy 
Regulatory Office (Park Naukowo-Technologiczny Euro-Centrum Sp. z o.o. 2013). The 
consortium winning the tender offered Sagemcom devices operating in the open PRIME 
standard, which allows the assembly of devices from different manufacturers.  
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Landis+Gyr is a Swiss corporation operating in 30 countries on 5 continents. Owned by 
Toshiba, it is currently one of the world's largest players in the field of smart meters. In 2014, 
the company signed a contract with the RWE Group (currently: innogy) for providing 100,000 
devices and software for the installation of smart meters in Warsaw. 

Apart from the above-listed big suppliers, there are also niche actors: start-ups and spinoffs 
(e.g. OneMeter), who work on radical innovations that deviate from existing regimes (e.g. the 
OneMeter beacon). 

Research and education  

The number of research and education institutions engaged in smart metering research is not 
very high, also not showing any regional concentration. For instance, according to the National 
Science Centre (NCN) database, the Centre has funded only 5 projects, whose descriptions 
contained keywords smart grid or smart metering. They were implemented by: 

 AGH University of Science and Technology in Cracow, Faculty of Electrical Engineering, 
Automatics, Computer Science and Biomedical Engineering 

 Wroclaw University of Technology, Faculty of Electronics 
 Gdańsk University of Technology, Faculty of Electronics, Telecommunications and 

Information Technology 
 University of Zielona Góra, Faculty of Electrical Engineering, Computer Science and 

Telecommunications 
 Warsaw University of Life Sciences, Faculty of Applied Informatics and Mathematics  

An interesting and valuable initiative taken by the research and education actors in the field 
of smart metering are the ‘AMI Picnics’, an event popularizing the science, organised by AGH 
University of Science and Technology in Cracow in collaboration with Wroclaw University of 
Technology and Tauron Dystrybucja (AGH Akademia Górniczo-Hutnicza, Politechnika 
Wrocławska, and Tauron Dystrybucja SA 2016). During the events, held in 2014 and 2015, 
a series of comparative tests of smart meters from several producers were performed.  

Supporting institutions 

Government institutions 

Energy Regulatory Office (Urząd Regulacji Energetyki, URE) is a central body of state 
administration, established in 1997 on the basis of the Energy Law. As the national regulatory 
authority, URE regulates the energy sector, in particular activities of energy utilities to ensure 
that interests of energy companies and customers are balanced. URE is one of the bodies 
implementing the state energy policy in terms of e.g. ensuring energy security, economical 
and rational use of fuels and energy, counteracting negative effects of natural monopolies, 
fulfilling obligations resulting from international agreements. One of the main URE’s duties is 
granting and withdrawing licenses for energy distribution and supply and further approving 
and controlling application of tariffs for gaseous fuels, electricity and heat for not liberalized 
markets, i.e. households. Other important duties, from the smart metering deployment point 
of view, include agreeing draft development plans of energy enterprises, approving 
transmission and distribution network codes, and controlling the quality standards of 
customer services (Urząd Regulacji Energetyki 2018).  
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Personal Data Protection Office (Urząd Ochrony Danych Osobowych, UODO) is a central body 
of state administration, established in 2018 on the basis of the Protection of Personal Data 
Act, and continues the activities of former Inspector General for the Protection of Personal 
Data. The main duty of UODO is to provide protection of natural persons in connection with 
processing of personal data, according to requirements of GDPR regulation (EU 2016/679). As 
smart metering data are treated in Poland as personal data, UODO plays a role of a guard 
upholding an unjustified processing of data from smart meters.  

Ministry of Energy (ME) sets and implements the national energy policy, in accordance to the 
EU legislation. In particular ME is responsible for controlling of energy markets, providing 
energy security to the country, and promoting and implementing energy efficiency schemes. 
Furthermore, ME is in charge of energy infrastructure, including the electricity metering 
system, taking into account the principles of a rational economy and the needs of the country's 
energy security (Ministerstwo Energii 2018). 

Central Office of Measures (Główny Urząd Miar, GUM) is a central body of state 
administration, established on the basis of the Law on Measures in 2004. GUM’s main 
competence is to ensure compliance and accuracy of the national measurement standards 
and their traceability to the international measurement standards. From the smart metering 
point of view, the following GUM’s activities are in particular important:  

 establishing, maintaining and modernizing of the national measurement standards; 

 approval of measuring instruments’ types based on the results of carried out 
examinations and granting of type approval marks, as well as withdrawing of the 
decisions on the type approval; 

 initiating standardization and legislative work in the field of measures. 

Electricity meters installed by DSOs have to be approved by GUM. 

Supreme Audit Office (Najwyższa Izba Kontroli, NIK) is the top independent state audit body 
which is subordinate to the Sejm (lower chamber of the Polish Parliament). NIK’s objective is 
to ensure that public finance is spend reasonably and according to the law. Reports submitted 
by NIK to Sejm include, inter alia, analysis of the state budget execution, monetary policy 
guidelines, and results of the audits of public institutions. NIK is in charge of controlling four 
out of five the largest Polish DSOs (all except innogy Stoen Operator) which are partially 
owned by the state. As of 2019, only one report in the area of smart metering has been 
published. Report “Protection of the electricity consumers’ rights” from 2018 presents results 
of the control how electricity utilities provide that consumers’ rights are compliant with the 
legislation. The report implies that the prolonging process of smart metering deployment and 
lack of obligation schemes negatively affect the consumers potential for active energy 
management and energy savings. The main body responsible for that is the Ministry of Energy, 
which did not set any action plan for smart metering (Najwyższa Izba Kontroli 2018). 

Industrial organisations 

Polish Power Transmission and Distribution Association (Polskie Towarzystwo Przesyłu 
i Rozdziału Energii Elektrycznej, PTPiREE) is and industrial organisation established in 1990 by 
the largest DSOs (Enea Operator, Energa-Operator, PGE Dystrybucja, Tauron Dystrybucja, 
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innogy Stoen Operator and PKP Energetyka) and the Transmission Network Operator (PSE). 
Their aim is to support the transformation of the Polish power industry by providing 
consulting, training and publishing. PTPiREE actively work in particular in the field of 
implementation of new technologies and developing standards. In the absence of other 
regulations, PTPiREE developed and published in 2018 a technical standard for smart meters 
“Draft of technical requirements for static direct electricity meters” (PTPiREE 2018b).  

Polish Chamber of Informatics and Telecommunication (Polska Izba Informatyki 
I Telekomunikacji, PIIT) is an organization gathering Polish companies working in the field of 
digital transformation of the economy. PIIT’s aim is to provide supporting conditions for the 
development of the ICT industry, to ease collaboration between the ICT industry and public 
administration, and to support the development of rational regulations that would support 
digital innovations. Scope of PIIT’s tasks include providing consultancy of the legislative acts, 
arbitration of commercial disputes between companies, providing associated companies with 
legal and tax advices, dissemination activities on international events, collaboration with 
international organisations working in the same field. In 2018 PIIT joined the technical dialog 
about smart meters in Poland, pointing out that the frequency bands proposed in the smart 
meter specification by PTPiREE should be expanded by 450 MHz, as omitting this band will 
mean the inability to ensure proper electricity readings using this frequency range or the need 
to replace communication modules in all meters in the future, which would be associated with 
high costs (PIIT 2018a). 

Financial institutions (banks, venture capital, business angels) 

Bank for Environmental Protection (Bank Ochrony Środowiska, BOŚ) is a Polish bank providing 
preferential loans for environmental investments, such as renewables (50% of loans in 2017), 
energy efficiency (21%), waste and water management, urban areas revitalization and other 
(Bank Ochrony Środowiska 2018). Since its establishment in 1991, BOŚ contributed 18.6 billion 
PLN (4.5 billion EUR) to finance ecological projects (Bank Ochrony Środowiska 2019) .  

National Fund for Environmental Protection and Water Management (Narodowy Fundusz 
Ochrony Środowiska i Gospodarki Wodnej, NFOŚiGW) is a public body supporting ecological 
activities of Polish institutions, both public and private one. Its budget comes from: charges 
and fines for using the environment, maintenance and concession charges, energy sector 
charges, charges resulting from the Act on recycling of vehicles withdrawn from use, and sales 
of greenhouse gases emission units. NFOŚiGW absorbs also foreign funds, such as Cohesion 
Fund, the European Regional Development Fund, LIFE Programme, the Norwegian Financial 
Mechanism and the European Economic Area Financial Mechanism. NFOŚiGW provides 
beneficiaries with grants and soft loans for activities related to water and sewage treatment, 
thermal upgrade of buildings, renewable energy sources. In 2014 NFOŚiGW has launched 
a programme “Energy efficiency improvement Part 1) Smart Grids” with a budget of 172 
million PLN (43 million EUR). The programme was addressed to DSOs and suppliers and aimed 
at launching pilots of smart grids, which could include smart metering. The project has been 
finished in 2017 (Narodowy Fundusz Ochrony Środowiska i Gospodarki Wodnej 2014). As of 
2019, no other programme for smart metering is available.  



 

 

 

  

 

99 

2.4.1.3. Institutions and Policies 

This section analyses and assesses: the regulations, economic and financial instruments, and 
soft instruments addressing smart metering in Poland (Table 22).  
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Table 22 Assessment of policy instruments addressing Smart Metering TIS in Poland 

Regulation 

Codes / standards / mandates Obligation schemes / quotas Other regulation 

Building codes and 
standards 

Product standards 
Sectoral 
standards 

Emissions 
standards 

Auditing Obligation schemes 
Carbon Emissions 
Reduction Target 

Net metering 

Economic and Financial instruments 

Direct investment Fiscal/financial incentives Market-based instruments 

Funds to sub-
national 
governments 

Government 
procurement 

RD&D 
funding 

Tariffs Auctions 
Grants 
and 
subsidies 

Loans / soft 
loans 

Taxes – tax 
relief / 
exemption 

User 
charges 

GHG 
emissions 
allowances 
trading 
scheme 

Green 
certificates 

White 
certificates 

Soft instruments 

Performance labels Information campaigns Voluntary approaches 

Comparison label Endorsement label 
By energy 
agencies 

By energy 
suppliers 

By other 
institutions 

Negotiated 
Agreements (Public-
private sector) 

Public Voluntary Schemes 

Unilateral 
Commitments 
(Private sector) 
/ EMSs 

 
Explanation of colours: 

Instruments not used / underdeveloped / 
implementation delayed 

Instruments used in a limited 
extent/not effectively, plans of 
instruments exist 

Instruments actively used Not applicable for SM TIS support 

 

Source: adapted from INNOPATHS project Task 2.5: Development and Application of a Policy Assessment Framework
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Regulation 

Codes/ standards/ mandates 

Building codes 

Since 2002, §185 of the Polish building code, issued by the Ministry of Infrastructure, has been 
requiring equipment of buildings in electricity meters (Minister Infrastruktury i Rozwoju 2015). 
However, no requirements concerning SM are provided. 

Building codes and standards can be regarded as regulation instruments that are not 
effectively used in Poland for SM TIS development. 

 

Product standards 

As of November 2018, no regulation has been formally adopted by the government. The only 
binding regulation (relevant also for standard electricity meters in general) are:  

1) the Regulation of the Minister of Economy of January 7, 2008 on the requirements that 
should be met by electricity meters for active alternating current, and the detailed 
scope of checks performed during legal metrological control of these measuring 
instruments (Ministerstwo Energii 2008).  

2) the Regulation of the Minister of Development and Finance of April 13th 2017 on the 
legal metrological control of measuring instruments (Minister Rozwoju i Finansów 
2017). 

The above regulations do not include any requirements concerning remote reading, data 
storage or communication protocols. 

In the absence of legal regulation of smart meters standard, Polish producers of smart meters 
(e.g. (Apator 2014)) in principle refer to the technical standards binding also for standard 
electricity meters, such as: 

 MID Directive (B+D) (European Parliament; Council of the European Union 2014) 

 PN-EN 50470-1 – Electricity (AC) power measurement equipment - Part 1: General 
requirements, tests and test conditions - Measurement equipment (classes A, B and C) 

 PN-EN 50470-3 – Electricity metering equipment (AC) - Part 3: Particular requirements 
- Static meters for active energy (Classes A, B and C) 

 PN-EN 62053-23 – Electricity (AC) power measurement equipment - Specific 
requirements - Part 23: Static energy reactive meters (classes 2 and 3). 

The main official Polish product standard dedicated strictly to smart meters was published as 
guidelines for public procurement of smart meter systems by the Energy Regulatory Office 
(2015). The provisions were based on several Positions of the President of the Energy 
Regulatory Office. The technical documentation comprises the requirements for meters and 
concentrators and organization of communication at each stage: from the Data Acquisition 
System at the level of the network operator to the home gateway in the Client's Home 
Network Infrastructure. The specification was the result of the work of a team of experts - 
from the Energy Regulatory Office and from industry organizations: Polish Electricity 
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Transmission and Distribution Association, the Association of Energy Trading, representatives 
of the DSOs, the Polish TSO, and the Polish Chamber of Commerce for Electronics and 
Telecommunications (KIGEiT). In the metrological and construction part of the 
documentation, the parties involved in the process have reached an agreement, hence this 
part of the specification has a reference value. With regard to the communication part of the 
document, it was not possible to establish a unified position and a number of decisions were 
left to individual investors' decisions. 

Polish Chamber of Commerce for Electronics and Telecommunications (2016) proposed 
technical and performance requirements for 1- and 3-phase meters designed for operation in 
Polish AMI systems. The document was based on international standards, specifications 
developed in previous years by the Polish Electricity Transmission and Distribution Association 
(PTPiREE) and Energy Regulatory Office as well as experiences gained from the first SM pilots. 
The document covers all aspects related to the construction and functions of a modern energy 
meter, in particular the requirements for measurement and communication functions as well 
as the availability of data for the end user in order to optimize energy consumption and 
production using renewable sources. The specification is based on open standards, and the 
emphasis is on the measurement of energy quality, the availability of measurement data in 
real time, interoperability and information security. The document was sent to the relevant 
ministries with a request to adopt the relevant technical regulation.  

In September 2018, the Chamber announced that consultations concerning the "Draft of 
technical requirements for static direct electricity meters” have been completed (Tauron 
Dystrybucja SA 2018b). The requirements are targeted in particular for industrial electricity 
consumers. The document may be used by all interested parties, and in particular for the 
purposes of future procurement proceedings carried out by Distribution System Operators 
(DSOs) associated in the Chamber. In November 2018, the document raised interest of 
another industrial chamber in Poland, the Polish Chamber of Informatics and 
Telecommunications (PIIT). PIIT expressed its concern about the omission of the 450 MHz as 
one of the required LTE band, pointing out that not taking into account the 450 MHz band in 
the module specification will mean the inability to ensure proper electricity readings using this 
frequency range or the need to replace communication modules in all meters in the future, 
which would be associated with high costs (PIIT 2018a). 

Despite several industry-led standardization initiatives, in view of limited government’s 
activity in the SM standardization area, product standards can be regarded as regulation 
instruments that are not effectively used in Poland to support SM TIS development.  

Sectoral standards 

The standardization for cross-sectoral digitization of the Polish energy transition is not 
coordinated by any designated governmental body. There are fragmented regulations, e.g. 
according to art. 117 of the Law on Personal Data Protection adopted by Polish Sejm (2018), 
the Distribution System Operators, who install remote reading meters at sites of end users 
connected to their network, are obliged to protect measurement data regarding these end 
users on the terms set out in the provisions on the Law on Personal Data Protection. No further 
requirements or details are provided in any implementing regulation. 
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Even though there were several governmental declarations on the planned sectoral standards 
concerning smart grids (e.g. Ministry of Economy (2013)), as of 2018, there are still no binding 
governmental regulations nor relevant institutions created (e.g. the Operator of 
Measurement Data). 

Sectoral standards can be regarded as regulation instruments that are not effectively used 
in Poland to support SM TIS development.  

Emissions standards 

No Polish emissions standards have been identified in the field of smart meter production or 
operation. However, such standards can be regarded as not applicable for the SM TIS analysis. 

Emission standards can be regarded as regulation instruments that are not applicable for 
the support of SM TIS development in Poland.  

 

Auditing 

The Supreme Audit Office (Najwyższa Izba Kontroli, NIK) is an independent state audit body 
responsible for safeguarding public spending. As four out of five largest DSOs in Poland are 
partially owned by the state, therefore NIK is in charge of auditing of the smart meter roll-out. 
As of April 2019, there has been one NIK report published. In the 2018 report “Protection of 
electricity consumer rights”. The report answers the following question: “Have the electricity 
consumer rights been respected, and the actions of government administration bodies and 
companies contributed to the increased effectiveness of protection of these rights in a period 
2014-2017?” In terms of smart metering, the report concludes the following:  

 Significant delays in the implementation of EU regulations in the area of smart grids 
and smart metering into Polish legislation are a significant barrier to the 
transformation of the final electricity user as a key player on the energy market. As 
a result, Polish customers are unable to use modern measures of energy management 
and energy saving.  

 The directive 2009/72/EC has not been fully implemented to the Polish legislation, as 
by the end of 2017 a strategy of smart metering deployment has not been developed 
and legal regulations have not been adopted. In particular, a division of tasks and 
responsibilities among energy market participants has not been set, and any schedule 
of smart metering implementation has been specified. The Minister of Energy did not 
specify uniform technical and functional requirements for DSOs for smart meters and 
good practices that would ensure the same standard of network and smart meters 
operation at individual DSOs throughout the country. The delay results in lost benefits. 
It was estimated that Polish households lost PLN 78 million (EUR 18.5 million) in 2017.  

 Investments done by DSOs on voluntary basis in the field of smart meters roll-out did 
cover only small part of the DSOs’ assets, reaching 8.4% of the market saturation in 
2017 (Najwyższa Izba Kontroli 2018). 

Auditing can be regarded as a SM TIS development regulation instrument that is effectively 
used in Poland. Still, no evidence has been found on the effective follow-up of audit findings. 
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Obligation schemes / Quotas  

At present, it is unclear who is dealing with the topic of smart meters in Poland. The 
Interministerial Team for the Implementation of Poland's Energy Policy until 2030, within 
whom the Advisory Group on the introduction of smart grids in Poland operated, was 
abolished by the Prime Minister's order of March 2016 (CIRE 2018). In this context, the state 
capacities do not provide a clear and facilitating framework that governs how the various 
actors of smart metering interact with each other in Poland. 

In December 2010, the then Minister of Economy appointed the Advisory Group for the 
introduction of smart grids in Poland at the Interministerial Team for the Implementation of 
the Polish Energy Policy until 2030. On the basis of previously prepared analyses, this team 
recommended withdrawal from the analysis referred to in Directive 2009/72 / EC, which was 
regarded as the acceptance of the legal obligation to install smart meters in at least 80 percent 
of households up to 2020. Nevertheless, no withdrawal notification has been submitted to the 
EC. In 2012, Poland submitted a report to the European Commission, which confirmed the 
profitability of investments in the installation of smart electricity meters. The cost-benefit 
analysis showed, that the total benefits of the roll-out will reach PLN 3.7 billion in a period 
2013-2020, and PLN 8.37 billion in a period 2013-2026. The estimated costs were PLN 3.66 
billion and PLN 3.85 billion respectively, which mean that the roll-out should bring net benefits 
of PLN 43 million by 2020 and PLN 4.61 billion by 2026. The analysis included the following 
benefits: energy savings of final users and possibility of supplier change (customers), reduced 
time to issue an invoice, reducing the imbalance, and demand management (suppliers), 
reduction of commercial and technical losses, decrease of costs of meter readings, and limiting 
peak power demand (DSOs) (Ministerstwo Gospodarki 2013). Poland was thus included in the 
group of 17 countries in which cost-benefit analyses yielded a positive result. According to the 
update of the government study in 2014, by the end of 2018 about 3.5 million remote reading 
meters were to be installed in Poland. Yet, a survey conducted among the five largest 
operators of the distribution systems showed that the operators believed this goal was 
difficult to achieve. Indeed, by mid-2018, only about 1.5 million smart meters were installed 
(CIRE 2018).  

According to art. 16 point 7 subpoint 3 of the Energy Law (consolidated text as annouced by 
the Marshall of the Sejm of Republic of Poland in March 2018), the Distribution System 
Operators have to prepare a development plan, which must include information about 
projects in the field of acquisition, transmission and processing of measurement data from 
the remote reading meters. Still, in the national legislation there are no clear obligation 
schemes / quotas that would accelerate smart meter deployment. According to the most 
recent draft of Energy Law Amendment, the DSOs would be required to install smart meters 
at least 80% of their customers connected to the grid with a rated voltage of no more than 1 
kV by the end of 2026 (Ojczyk and Lesner 2018). However, the regulation has not been yet 
adapted. 

Even though the EU level obligation scheme for SM deployment (installing smart meters in 
at least 80 percent of households by 2020) is binding for Poland, no national legislation has 
been put forward to enforce this obligation at operational level. Therefore, the obligation 
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scheme can be regarded as a regulation instrument that is not fully effectively used in 
Poland for SM TIS development.  

 

Other regulations – net metering 

Carbon Emissions Reduction Target 

No Polish regulation setting Carbon Emissions Reduction Targets for SM has been identified.  

Carbon Emissions Reduction Targets can be regarded as regulation instruments that are not 
used for the support of SM TIS development in Poland.  

Net metering 

The crucial regulation on net metering in Poland is the art. 44 sec. 13 of the Law on Renewable 
Energy Sources (Sejm Rzeczpospolitej Polskiej 2018b). Producers of energy from renewables 
may conclude an agreement for the sale of electricity, based on which the settlement for the 
difference between the amount of electricity collected from the grid and the amount of 
electricity introduced into the grid is carried out in the given half-year. Settlements are made 
on the basis of actual indications of metering and billing devices. However, the regulations in 
this field do not require the use of smart metering systems. 

Net metering can be regarded as a regulation instrument that is not used fully effectively in 
Poland for SM TIS development.  

 

Economic and Financial instruments 

Direct investment 

Funds to subnational governments 

No direct investment from Polish central government in subnational (voivodship) 
governments have been identified. However, such funding lines can be regarded as not 
applicable for the SM TIS analysis.  

Funds to subnational governments can be regarded as direct investment instruments that 
are not applicable for the support of SM TIS development in Poland.  

 

Government procurement 

Polish Energy Regulatory Office, Polish Ministry of Economy or Polish Ministry of Energy have 
not commissioned any expert reports or technical standards concerning smart metering. 
However, the utilities – Distribution System Operators, as companies owned directly or 
indirectly by the state, have announced several public procurements for delivery of energy 
meters (Table 23).  
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Table 23 Notices concerning public procurement procedures for the supply of energy meters (CPV 38551000) in Poland, 
registered on TED, the online version of the 'Supplement to the Official Journal' of the EU, dedicated to European public 
procurement between 01/01/2012 and 31/12/2017 

Contracting 
Party 

Negotiated 
procedure 
without a call 
for 
competition 

Open 
procedure 

Restricted 
procedure 

Negotiated 
procedure 

Innovation 
partnership 

Contract 
award 
without prior 
publication 

Utilities  5 73 12 3 3 1 

Other 
entities 

 
4 

    

 

Interestingly, the three out of four notices on „Innovation Partnerships” for supply of energy 
meters in the whole EU were announced in Poland. Enea Operator, one of the main Polish 
DSOs, published 3 notices for design, production and delivery of up to 30,000 electricity 
balancing meters to measure the MV / LV stations meeting the requirements specified in the 
model technical specification published by the Energy Regulatory Office. However, the 
contract was not awarded – no valid tenders or requests to participate were received. 

Government procurement can be regarded as a direct investment that is used in Poland for 
SM TIS development only to a limited extent.  

 

RD&D funding 

The following SM-related areas have been included in the Polish National Smart 
Specialisations, which set priorities for RD&D funding from the European Structural and 
Investment Funds in Poland (Ministerstwo Rozwoju 2017): 

 Digital measuring systems, including remote measuring systems (Advanced Metering 
Infrastructure - AMI) - new structures of AMI elements, technologies for 
communication and smart software for central AMI system, interoperability and 
exchangeability of AMI elements 

 Development of techniques and technologies of data transmission for the electricity 
industry needs 

 Development of cybersecurity techniques - development of software, devices and IT 
security services in electricity sector 

 Integration of measuring and reading systems for utilities (electricity, water, gas, 
heating), including the Smart Cities solution 

 Application of PMU (Phasor Measurement Units) systems in transmission and 
distribution networks. 

The main funding lines for RD&D in the field of SM are: 

1) EU funds: 
a. Smart Growth Operational Programme, funded from European Regional 

Development Fund  
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b. Infrastructure and Development Operational Programme, funded from 
European Regional Development Fund and Cohesion Fund  

2) National funds – National Fund for Environment Protection and Water Management. 

Even though the Smart Metering is explicitly stated as Polish National Smart Specialization 
during the last 14 years only a few projects related to Smart Metering have been co-financed 
from the EU funds (Table 24). 

Table 24 RD&D projects co-financed from the EU funds within national and regional programmes in Poland between 2004 and 
2018 (key words in the project title: smart meter, smart grid). 

Project title Beneficiary Project 
budget  
[EUR] 

EU  
co-financing 
[EUR] 

Reconstruction of the electrical grid to the Smart Grid 
standards by installing smart metering and network 
automation in order to activate the end users to 
improve the efficiency of energy use and efficient 
power system management 

ENERGA-
OPERATOR SA 

56,611,835.29 39,120,000.00 

An innovative, multi-fuel, power generator as a basic 
and auxiliary charger power system for fast charging 
of electric cars with elements of SMART-GRID 
functionality. 

GEECOGEN Sp. z 
o. o. 

1,388,161.64 1,000,648.59 

Automatic overhead vacuum circuit-breaker 
(autorecloser) with the "smart grid" network 
automation function 

ZPUE SA 1,265,245.62 541,880.04 

Safe delivery of electricity through dynamic and 
innovative management of smart grid distribution 
networks, smart metering. 

Towarzystwo 
Inwestycyjne 
"Elektrownia - 
Wschód" SA 

1,226,315.33 395,016.97 

Expansion of the Software Development Center - 
Smart Grid Laboratory in Łódź 

Globema Sp. z o. 
o. 

798,776.59 375,840.00 

Heat Pump SMART GRID - an innovative heating and 
air-conditioning system 

SPS KLIMA Sp. z 
o. o. 

740,013.47 343,137.00 

Implementation of R & D at BASE Group in order to 
introduce on the international market products 
improving "Smart Grid" solutions 

BASE GROUP Sp. 
z o. o. 

578,823.53 211,717.65 

Micro Smart Grid - eco-innovation in industry Sotronic Sp. z 
o.o. 

231,265.88 196,576.00 

Creation of Cluster Supporting Service Development 
in the Field of Utility Measurements - Smart Metering 

Stowarzyszenie 
Wspierania 
Rozwoju w 
Dziedzinie 
Opomiarowanie 
Mediów 

190,492.66 135,309.87 

Increasing the competitiveness of Inwebit Mariusz 
Paszkiewicz by creating a MultiHome Hub System in 
the field of smart metering and improving MOZA and 

INWEBIT 
MARIUSZ 
PASZKIEWICZ 

121,539.09 44,465.52 
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MOKS software for the meat industry by equipping it 
with new functionalities (MOPR). 

Development of research methods to perform test 
verifying the possibility of using LV power lines - low 
voltage (less than 1 kV) for the purposes of data 
transmission read from smart energy meters 

ZAKŁAD 
SYSTEMÓW 
KOMPUTEROW
YCH ZSK SP. Z 
O.O 

28,941.18 21,176.47 

Electricity meter for Smart Grid based on a 
configurable processor and real-time operating 
system. 

PHOENIX 
SYSTEMS 
SPÓŁKA Sp. z o. 
o. 

19,600.00 11,658.79 

Source: http://www.mapadotacji.gov.pl/, access: 19/07/2018; exchange rate: 1 EUR = 4.25 
PLN 

Additional funding for RD&D for smart metering projects was provided by the National Fund 
for Environment Protection and Water Management (NFOŚiGW) through the program “Smart 
Grids”. The budget of the first call for proposals was PLN 150 M (approx. EUR 35 M). 
(December 2012-January 2013). In response to the call, NFOŚiGW received 21 proposals 
requesting the total co-financing amount of PLN 366.6 million (approx. EUR 86 M). 12 projects 
have been selected, with the total subsidy value of PLN 171.9 million (approx. EUR 40 M) 
(Narodowy Fundusz Ochrony Środowiska i Gospodarki Wodnej 2013). The beneficiaries of the 
program were: entrepreneurs, local government units, universities, research institutes, the 
Polish Academy of Sciences and its organizational units. Research focused however more on 
network solutions than on smart meters. No additional editions of the call are planned.  

RD&D funding can be regarded as a direct investment instrument that is actively used for 
SM TIS development in Poland.  

 

Fiscal/ financial incentives 

Tariffs 

According to the article 45 of the Energy Law, when calculating electricity prices covered by 
tariffs, both subject to the approval of the President of Energy Regulatory Office and not 
subject to such an approval, the ‘reasonable costs of the business activity of energy companies 
in the generation, processing, transmission, distribution or trade of energy’ are taken into 
account. Therefore, any costs of smart metering systems installation can be charged to the 
users indirectly, through energy tariffs. 

Tariffs can be regarded as financial instruments that are used in Poland to support SM TIS 
development. 

Auctions 

No auctions to support the roll-out of SM have been identified in Poland. However, such 
financial instruments can be regarded as not applicable for the SM TIS analysis.  
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Auctions can be regarded as financial instruments that are not applicable for the support of 
SM TIS development in Poland.  

Grants and subsidies 

Polish government and its agencies have not provided any grants or subsidies for Smart 
Metering deployment apart from the grants and subsidies for RD&D projects described in the 
previous section. 

Grants and subsidies can be regarded as financial instruments that are not widely used in 
Poland to support SM TIS development. 

Loans/ soft loans  

Even though no loan mechanisms dedicated specifically for smart meter roll-out have been 
identified in Poland, this type of financial instruments is used to support SM TIS development. 
For instance, thanks to the support of EUR 250 million from the European Fund for Strategic 
Investment (EFSI), Energa, one of the three largest electricity suppliers in Poland has managed 
to finance the project of installation of advanced meters with a total investment of EUR 750 
million (European Commission 2019b). 

Loans can be regarded as financial instruments that are used to some extent in Poland to 
support SM TIS development. 

Taxes – Tax relief / exemption  

No tax reliefs or exemptions for smart meter roll-out have been identified in Poland. 

Tax reliefs or exemptions can be regarded as fiscal incentives that are used in Poland to 
support SM TIS development. 

User charges  

According to §13 point 4 of the Regulation of the Minister of Economy of 4 May 2007 on 
detailed conditions for the operation of the power system (Minister Gospodarki 2006), the 
Distribution System Operator installs, at its own expense, the metering and billing systems, 
except for energy producers. Therefore, any direct user charges for smart metering systems 
are not legally allowed (except the case of energy producers). 

User charges can be regarded as fiscal incentives that are not used in Poland to support SM 
TIS development. 

 

Market-based instruments 

GHG emissions allowance trading scheme 

In 2017 Poland sold GHG emissions allowances worth over 0.5 billion euro, while in 2018 this 
value increased to over 1 billion euro (Biznes Alert 2018). However, there is no evidence that 
any share of Polish revenues from auctioning GHG emission allowances has +enabled 
financing of SM TIS development. 
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The EU GHG emissions allowance trading scheme can be regarded as financial instrument 
for which there is no evidence that it is effectively used to support SM TIS development in 
Poland. 

 

Green certificates 

Poland is one of the six EU Member states that have implemented a green certificates scheme 
(Glowacki 2017). Since the aim of this type of financial scheme is to support RES development, 
and not energy efficiency or empowering of electricity customers, it can be regarded as not 
applicable for the SM TIS development in Poland. 

Green certificates can be regarded as financial instruments that are not applicable for the 
support of SM TIS development in Poland.  

White certificates 

According to the Polish Law on Energy Efficiency, the white certificates can be awarded for 
implementation of ‘projects aimed to improve energy efficiency’, which have been defined as 
activities consisting in introducing changes or improvements in a facility, in a technical device 
or in an installation, as a result of which energy saving is achieved and positively audited (Sejm 
Rzeczpospolitej Polskiej 2016). Poland’s white certificates scheme allows for granting 
certificates for measures indicated in the eligible energy saving measures list published by the 
Minister of Energy The auditing guidelines do not allow for collecting evidence on the energy 
savings achieved directly thanks to the SM deployment (Minister Energii 2017). Therefore, no 
SM deployments can be regarded as projects enabling acquisition of white certificates.  

White certificates can be regarded as financial instruments that are not used for the support 
of SM TIS development in Poland.  

 

Soft instruments 

Comparison labels 

No comparison labels to support the roll-out of SM in Poland have been identified. However, 
as this type of soft instruments is usually applied as a tool supporting decision making of 
individual consumers, comparison labels can be regarded as not applicable instruments in this 
case, as SMs are usually commissioned in large quantities by DSOs or energy suppliers. 

Comparison labels can be regarded as soft instruments that are not applicable for the 
support of SM TIS development in Poland.  

Endorsement labels 

There is no evidence for existence of any scheme for SM endorsement labels in Poland. There 
is also no evidence that any non-endorsement labels (labels discouraging SM installation) have 
gained wide popularity in the country.  
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Endorsement labels can be regarded as soft instruments that are not effectively used to 
support SM TIS in Poland.  

Information campaigns 

According to the public opinion survey performed in 2014, the most important perceived 
benefit related to smart metering is a greater control over consumption and expenses related 
to electricity, i.e.: payment for real electricity consumption instead of only estimates (56.9 per 
cent), lower electricity prices (41.9 per cent) and lower power consumption (41.4 per cent) 
(Procontent Communication and SW Research 2014). Similarly, according to the public 
opinion survey performed in 2012 by GfK Polonia Research, 82 per cent of Poles indicated that 
paying for real electricity consumption is more important than the invariability of the 
electricity bill and it is also the main advantage of remote reading meters (Urząd Regulacji 
Energetyki 2012). The basic concerns related to the use of smart metering include: fear of 
charging additional installation costs (33.8%) and uncertainty related to the frequent failure 
of the new system (32.0%). In view of the low level of awareness regarding smart meters, 
some information campaigns on smart metering have been initiated by DSOs and their 
organisations. 

For instance, a nationwide information and education campaign entitled "Smart grids - for 
home, environment and economy", was organised by the Polish Power Transmission and 
Distribution Association (Polskie Towarzystwo Przesyłu i Rozdziału Energii Elektrycznej, 
PTPiREE) in 2013 and 2014 in cooperation with distribution system operators, transmission 
system operator, Energy Regulatory Office and the Association of Energy Trading. The 
campaign included a range of education activities in the field of rational and effective use of 
electricity using modern solutions in the field of smart grids, with particular emphasis on smart 
metering. The basic elements of the campaign were, among others opinion polls, research and 
educational activities in demonstration buildings with smart meters installed, educational 
campaign in the press, television and the Internet, distribution of information brochures, 
specialist trainings for meter installers and helpline staff, a nationwide conference and 
experts' debates. The campaign was co-financed by the National Fund for Environmental 
Protection and Water Management (PTPiREE 2015).  

Information campaigns can be regarded as soft instruments that are used only to some 
extent to support SM TIS in Poland.  

Voluntary approaches 

No unilateral commitments of private sector (e.g. organisation of DSOs - EDSO), setting 
voluntary SM targets in Poland have been identified.  

Public Voluntary Schemes can be regarded as soft instruments that are not used for the 
support of SM TIS development in Poland.  
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2.4.2. Interactions between the different elements of TIS 

2.4.2.1. Innovating actors  

Major actors responsible for the smart metering deployment in Poland are the Ministry of 
Energy, the regulatory authority (URE), and DSOs. Actors do not cooperate with each other: 
the Ministry has stopped the work on the roll-out before putting any obligation scheme on 
DSOs, URE does not engage in the process of setting up the legal framework, each DSO 
develops and implements its own roll-out plan. Lack of cooperation increases the overall costs, 
as each DSO is forced to develop its own procedures and standards, though some initiatives 
exist (e.g. joint procurements of SMs by three Polish DSOs). Furthermore, final users are not 
actively involved in all phases of the roll-out so far. The social awareness of smart metering is 
low, and there have been no campaign launched that would inform customers about the 
benefits of smart meters (Najwyższa Izba Kontroli 2018). Moreover, the number of domestic 
industrial actors in the innovation system is low. Only 2 major Polish producers are present on 
the market. Therefore, this certain form of oligopoly is not a competitive market, pushing 
prices up and limiting the motivations for innovation by the market participants. The limited 
number of innovating actors act as a barrier for further developments of the smart metering 
Innovation System in Poland. 

2.4.2.2. Knowledge development and exchange  

The smart metering innovation system in Poland is characterized by rather (low-risk) 
incremental innovation, as evidenced by the low number of patents in that technology area. 
The level of knowledge exchange is low, as each DSO works on its own and develops its own 
standards and procedures. Similarly, the intensity of creation novel products and services is 
limited, as illustrated by inter alia fairly low interest of Polish firms and research organisations 
in acquiring EU and national funding for research, development and demonstration projects. 
The knowledge exchange between science and industry is fair (e.g. the AMI picnic), though 
the exchange with the end users of smart meters is underexploited.  

2.4.2.3. Actors’ vision and expectations 

There is no clear and common vision for smart metering in Poland. Due to the lack of the roll-
out management from the government, stakeholders take up voluntary initiatives in the field 
of smart metering, but their activities are not coordinated at supra-level. The goals concerning 
the number of installed meters and their exact functionalities offered to end-users are not 
aligned at several levels. There are differences between the DSOs’ plans, their 
implementation, as well as the governmental strategies. In this context, the different actors 
within the innovation system are not aligned. The political activities associated with the 
innovation system do not include lobbying and overcoming resistance to change in the power 
market. On the other hand, there is a clear vision for smart metering technology in terms of 
industrial design, as evidenced by the PTPIREE-proposed industrial standards. 

 

2.4.2.4. Market formation and governance processes 

There is lack of the roll-out management from the government, which would take a lead and 
coordinate the process. This is the major barrier of the smart metering innovation system. The 
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Polish market is driven by voluntary bottom-up initiatives of DSOs. Despite the positive results 
of the cost-benefit analysis, the Ministry have not set any plan that would push other actors 
to the full-scale roll-out. “The programme of building the smart grid in Poland” have been 
developed and approved by the Ministry of Energy in 2016, but as of April 2019, it has been 
never legally adopted. Similarly, a proposal of amendments to the Energy Law prepared by 
the Ministry in 2016 has not been passed on to further legislative work. The project assumed 
that the Operator of Measurement Data will be established, which would be a centralised unit 
for measurement data exchange between utilities and customers. Furthermore, the 
amendment would put an obligation for DSOs to install smart meters at 80% of consumers 
connected to the network of a given operator with a nominal voltage not higher than 1 kV by 
31 December 2024. According to the Ministry, the work has been stopped until the new 
European regulation on common internal electricity market is adopted (Najwyższa Izba 
Kontroli 2018). On the other hand, the market of meters manufacturers in Poland is large, 
providing substantially more meters than the number of domestic energy end-users. Several 
barriers emerge in the policy instruments landscape: limited sources for financing the 
investment by DSOs (tariffs subject for approval of the Energy Regulatory Office) and 
inexistent, legally-binding national standards – the only legally-binding standards that are 
available concern the traditional energy meters without the communication functionalities.  

2.4.2.5. Resources and sustainability  

Resources are among the major barriers in the smart metering innovation system in Poland. 
High investment costs related not only to meter purchase and installation, but also 
development of the surrounding infrastructure, inhibit the roll-out. Furthermore, the lack of 
a uniform standard of smart metering implementation and joint tender procedures increases 
the overall roll-out cost incurred by DSOs, which will be finally transferred via the tariff to the 
customers, with the regulatory consent. According to NIK, installation of a smart meter is from 
30 to 66% more expensive than a traditional one (Najwyższa Izba Kontroli 2018). The Ministry 
of Economy estimated in 2013 that the total costs of the smart metering programme will be 
PLN 3.85 billion (EUR 0.91 billion) by 2026, while the expected net benefits – PLN 4.61 billion 
(EUR 1.1 billion). Most of the costs will be incurred during the roll-out by DSOs (by 2020 
according to the original deadline), mainly for meters, installation, development of the 
software, and the system maintenance. The benefits on the other hand will be gathered 
mainly after the roll-out and will be split between customers (18%), suppliers (15%), DSOs 
(29%), and TSO (38%) (Ministerstwo Gospodarki 2013). The delay of the smart meters 
implementation results in loss of benefits for all stakeholders. For households, the Ministry of 
Energy estimated that it will be PLN 78 million (EUR 18.6 million) in 2017 and PLN 117 million 
(EUR 27.9 million) in 2018 (Najwyższa Izba Kontroli 2018). The poor state (age) of the Polish 
power infrastructure represents another barrier for rapid adoption of smart metering 
– replacement and upgrading of the power grids to address the needs of the growing 
distributed energy sources constitutes a higher priority for the DSOs than the smart meter 
roll-out. 
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2.4.3. Main lessons: barriers and enablers 

The major push for the SM TIS development in Poland comes from the energy industry. The 
DSOs’ vision for the SM deployment can be considered as the important enabler of SM TIS 
development – their successful piloting has been paving the way for the other market players. 
Several Polish national policy instruments such as tariffs enabling financing of SM systems, 
detailed auditing of SM deployment by NIK, RD&D funding supporting innovation (e.g. 
OneMeter start-up) can be recognised as further factors accelerating the SM TIS development.  
What is more, international technology transfer can be seen as an effective measure for 
reducing the business risk associated with the development of own solutions and accelerating 
the innovation (e.g. purchasing of meters developed in Switzerland or Moldova). 

On the other hand, the limited supporting and coordinating role of the government can be 
considered as a major barrier for SM TIS development in Poland. This passive role entailed 
delaying the large-scale SM roll-out and decreasing the benefits that would be available for 
customers, e.g. resulting from more precise billing. Lack of the precise EU-level or national 
standardisation framework encouraged the DSOs to introduce their own set of regulations, 
which have not been validated or certified by any public authority, e.g. for cybersecurity or 
interoperability conformance with certain standards. However, there is no evidence yet 
concerning the impact of these strategic decisions of DSOs on the success of actual operation 
of SM TIS in Poland. Several other policy instruments (e.g. tax reliefs or exemptions or 
possibility of introducing direct user charges), as well as soft instruments (especially voluntary 
approaches) either do not exist or are not effectively used, creating further substantial 
barriers for SM TIS development in Poland. Furthermore, no clear reporting scheme that 
would allow for public oversight of the roll-out progress and limited public awareness in the 
field of smart metering might be considered also as inhibiting factors. 
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2.5. The United Kingdom 

Table 25 Summary of the case study on Smart Metering in the UK 

Case type: failure 

Case type justification: Smart meters requiring replacements due to lack of 
interoperability between different suppliers  

Geographical area: the UK – whole country 

Project name Smart Metering Implementation Programme 

Project duration 2012-2020 

First smart meter installed 2012 

Number of smart meters installed/ to be 
installed  

26.2 million – domestic 

2.1 million – non-domestic 

Percentage of customers equipped with 
electricity smart meters as of 2013: 

0.6% - domestic (0.163 million)18 

22.1% - non-domestic (0.518 million)19 

Percentage of customers equipped with 
electricity smart meters as of 2016: 

10.6% - domestic (2.8 million)20 

25.1% - non-domestic (0.531 million)21 

Customer types: Residential, Commercial and Industrial 

Major motivation communicated to end-
users 

SMs enable real-time energy consumption monitoring; possible 
energy savings 

Suppliers (names, estimated market share 
<0-1>, country and city of headquarters): 

List of all meters available (Department for Business Energy & 
Industrial Strategy 2017b)22  

Regulator: Office of Gas and Electricity Markets (Ofgem) 

Major enablers: Data Communications Company 

Capita plc 

Energy UK 

GHCQ 

Department for Energy and Climate Change (DECC) 

Inhibiters  Stop Smart Meters! (UK) – online campaign  

                                                      

18 Smart electricity meters operated by large energy suppliers 

19 ibidem 

20 ibidem 

21 ibidem 

22 UK nationally approved electricity meters are approved under the Electricity Act 1989 and the pattern or construction of 

the meter type must conform to the requirements specified in the accompanying regulations. Formal approval certificates 
are issued by Regulatory Delivery (RD) to manufacturers of electricity meters. The meters are then listed in Schedule 4 of the 
Meters (Certification) Regulations, (SI 1998/1566), which is a statutory register of all pattern approved electricity meters 
suitable for billing purposes in the UK. 
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2.5.1. Identification of key elements of the innovation system  

2.5.1.1. Technologies, infrastructures and knowledge 

Identification of the key incumbent and novel technologies.  

Incumbent technology: induction and electronic meters 

Similarly to other countries, induction and electronic meters could be considered as an 
incumbent technology, described in detail in section 2.1.1.1. As less technically advanced 
compared to smart meters, induction and electronic meters require much human force to 
operate a system. Essentially, they require someone to come and manually read the meter, 
which shows a number of kWh for electricity, or m3 of gas consumed. Utility companies 
implemented two way of doing this: it can be a company employee who periodically reads 
meters, or a consumer reads it and submit a meter reading. 

Novel technology 

Similarly to other countries, smart meters are considered as a novel technology. The 
technology is described in detail in section 2.1.1.1. Specifically in the UK, a smart meter is 
a meter which meets requirements of the Smart Meter Equipment Technical Specification 
(SMETS), developed and issued by the Department of Energy and Climate Change 
(Department of Energy & Climate Change 2014).  

Technological trajectories 

Smart metering has reached both in the EU and in the UK a stage of early maturity. In a five-
phase scale of the technology development proposed by (Hekkert, Heimeriks, and Harmsen 
2011), it can be assessed that smart metering is currently in the fourth phase – acceleration. 
The number of R&D projects is decreasing in recent years (Gangale et al. 2017), while the scale 
of mass roll-out projects is growing, in particular in Western Europe. In 2017 almost 40% of 
electricity consumers were equipped with a smart meter, while it is expected that by 2022 this 
share will reach 70%. This will cause a peak of annual shipments – in 2019/2020 it will amount 
to 28 million units, with the UK as one of the leading countries (Berg Insight 2017). 

Both scientific and public interest in smart grids has been growing in recent years, starting to 
rapidly increase in 2009 and 2013, respectively (Figure 40, Figure 41). The first notable interest 
of scientific society in smart meters in the UK has been observed in 2007, when first 
applications in the field of energy metering have been submitted to the UK Intellectual 
Property (Figure 42).  
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Figure 40 Academic interest in smart grids as number of relevant Scopus results over time (Howell et al. 2017) 

 

 
Figure 41 Interest over time results for “Smart meters” over January 2004-April 2019, peak on November 2018, first notice: 
January 2004. Source: Google Trends. Numbers represent search interest relative to the highest point on the chart for the 
given region and time. A value of 100 is the peak popularity for the term. A value of 50 means that the term is half as popular. 
A score of 0 means there was not enough data for this term. 
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Figure 42 Patent applications in the field of energy metering submitted to the UK Intellectual Property Office between 
25.10.2006 and 08.08.2018 (key words used: smart AND meter) (Intellectual Property Office 2018)  

Complementary and substitute technologies 

There are no UK-specific smart metering related technologies. Complementary and substitute 
technologies are described in detail in section 2.1.1.1. 

Infrastructure in which technologies operate (or would need to be feasible) and in which 
they interact with other technologies.  

The smart metering technologies operate in the telecommunications infrastructure, sharing 
it with communications between mobile devices and data terminals. 

There are two parts of the telecommunication infrastructure relevant for smart metering. The 
Home Area Network (HAN) covers the communication between devices within the home. Two 
types of communication hubs are available. Single Band Comms Hubs use a frequency of 2.4 
GHz, which provide HAN coverage in approximately 70% of premises. Dual Band Comms Hubs, 
introduced in 2019, use additionally 868 MHz band, which increases coverage to 96.5% of 
premises (Data Communications Company 2019b). 

The Wide Area Network (WAN) provides communication from the home communications 
hubs to the DCC and then on to the supplier. Either cellular and wireless mesh technology, or 
long-range radio are used for WAN, depending on the area of the country (Data 
Communications Company 2019a). Data Communications Company (DCC) had proposed to 
use communication standards in the following shares:  

• 65% cellular (GPRS and 3G), 
• 33% long range radio, 
• remainder mesh radio (European Commission 2014f). 

Level of technology and market development  

As smart meter is not a country-specific technology, the level of technology and market 
development are described at supra-national level in section 2.1.1.1. 
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Evaluation of the level of uncertainty around future technology outcomes 

As smart meter is not a country-specific technology, the level of technology and market 
development are described at supra-national level in section 2.1.1.1. 

2.5.1.2. Actors and networks 

Demand 

Consumers 

Three main organisations in the UK working with and for consumers have been identified. 
Each of them works in a different field: providing legal advice (Citizens Advice), promoting 
smart metering (Smart Energy GB) and warning against smart meters (Stop smart meters!). 
Two first support the roll-out, while the last one is hindering the progress.  

1) The Citizens Advice is network of nearly 400 independent organisations throughout 
the UK providing free and independent legal, money and consumer advice for 
everyone. They also work on improving public policies and practices that have 
a particular impact on people's lives, as well as promote equality, diversity and human 
rights. Since 1 April 2014, the Citizens Advice became the statutory representative for 
energy consumers across Great Britain. The organisation issued two reports on 
consumers experience of smart meter roll-out – in 2016 (Citizens advice 2016) and 
2018 (Citizens advice 2018). 

2) Smart Energy GB is a non-profit NGO. Their mission is to support the smart metering 
roll-out by promoting and informing about benefits that smart meters bring not only 
to the economy but also on individual level, to households. Particular attention is paid 
on informing the most vulnerable customers how to use and how to benefit from 
smart meters (Ofgem 2018d). According to the organisation, their aim is to: 

o “grow consumer awareness and understanding, 
o build consumer confidence in smart meters, 
o assist more vulnerable consumers to realise the benefits of smart meters, 
o reach out to support small businesses, where cost-effective” (Smart Energy GB 

2019). 
3) Stop smart meters! is a bottom-up initiative warning against smart meters and 

agitating for “an immediate halt and reversal of the UK's Smart Meter programme” 
(Stop Smart Meters! 2012). According to the organisation, smart meters bring more 
risks than benefits, including privacy violations, higher energy cost, and health risk. 
They also do not agree to give a supplier an opportunity to remotely control home 
appliances. On their website consumers can find many materials against smart meters 
in form of reports, articles, and videos. They also provide template of the “Notice of 
non-consent for ‘smart’ meter installation”, which according to their website, was 
already sent to their suppliers by 250,000 people (Stop Smart Meters! 2019). 
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Figure 43 Problems experienced by smart meter owners in the UK – results of a survey conducted by Which? in November 
2017, N=473 (Which? 2018) 

Distribution Network Operators 

As of August 2018, there are 14 companies on the UK’s market holding an electricity 
distribution licence issued by Ofgem (Ofgem 2018a). Contrary to other countries, in the UK 
DNOs are not directly involved into the smart metering roll-out, as electricity suppliers are in 
charge of meters installation. 
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Figure 44 DSOs in the UK (Energy Network Association 2018) 

Supply 

As of August 2018, there are 244 companies on the UK’s market holding an electricity supply 
licence issued by Ofgem (Ofgem 2018a), out of which there are 197 entities that have licence 
to supply electricity to both domestic and non-domestic consumers. The licence requires that 
licensee takes all reasonable steps to roll out smart meters to all their domestic and small 
business customers by the end of 2020 (Ofgem 2018c). According to the Ofgem’s assessment 
of the progress made in the smart meters roll-out, the majority of large suppliers met their 
annual targets for 2017. Currently, the most of installed meters meet requirements of 
SMETS1. Supply companies plan to keep the pace of replacement of meters in 2018, using this 
time to test new meters and smoothly adjust to SMETS2, and they aim to rapidly increase the 
roll-out in 2019 and 2020 (Ofgem 2018b). However, an assessment done by Which?, a non-
governmental customer organisation, shows that reaching the full roll-out by the end of 2020 
is threatened, mainly due to the technical challenges and customer acceptance issues (Pfeifer 
2018).  

Research and education  

Research in the field of smart metering focuses in recent years not on the development of 
new energy meters, as this technology is already mastered, but on the non-technical aspects. 
This includes e.g. legal aspects regarding smart meters’ data collection and processing, 
consumer acceptance of smart meters, energy management systems (e.g. demand side 
response), and linkages with e-mobility. In the UK governmental institutions fund projects in 
the following areas: 

 energy storage,  
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 energy innovation,  
 non-domestic smart energy management, 
 innovative domestic Demand Side Response demonstrations, 
 innovative non-domestic Demand Side Response demonstrations, 
 Realising the Potential of Demand Side Response, 
 flexibility markets, 
 innovative electric vehicle-to-grid projects (Department for Business Energy & 

Industrial Strategy 2017a). 

The UK’s government committed in its 2016 budget £50m for smart energy system innovation 
and increased this amount to £70m in 2017. Furthermore, governmental units have their own 
funds for smart metering. Innovate UK, Research Councils, and BEIS expect to invest around 
£265 million in smart systems research, development, and demonstration. As part of this 
commitment, within the BEIS Energy Innovation Programme, BEIS expects to invest up to £70 
million in the smart energy systems innovation theme (HMG and Ofgem 2017). 

Researchers that would like to explore data collected via smart meters may utilise tool that 
are currently being developed within the project Smart Meter Research Portal (SMRP). It is 
a 5-year project funded by The Engineering and Physical Sciences Research Council (EPSRC) in 
2017. The aim of the project is to provide the research community with a high-resolution data 
from smart meters. The data is collected only from consumers who gave their consent, and 
the access is provided only for accredited researchers. The project is implemented by the 
following entities:  

o University College London 
o University of Essex (UK Data Archive) 
o University of Edinburgh 
o Cardiff University 
o Loughborough University 
o Leeds Beckett University 
o University of Southampton 
o The Energy Saving Trust (UCL Energy Institute - UCL - London’s 

Global University 2017) 

Supporting institutions 

Government institutions 

1) The Office of Gas and Electricity Markets (Ofgem) is an independent National 
Regulatory Authority. Their role is to oversee the smart metering rollout, ensuring that 
the interests of consumers are protected, as well as to monitor and investigate how the 
energy suppliers are implementing the roll-out and whether they follow their licence 

obligations. Ofgem is governed by Gas and Electricity Markets Authority (GEMA). 
2) Data and Communications Company (DCC) is a developer and operator of a centralised 

smart metering communications infrastructure. They manage the process of sending 
and receiving information from smart meters to energy suppliers, energy network 
operators and energy service companies. DCC is operated by Capita PLC under a licence 
regulated by Ofgem (Ofgem 2018d).  
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3) Smart Energy Code (SEC) is a multi-Party agreement and an industry code that sets out 
the terms for the provision of the DCC’s services and specifies other provisions to 
govern the end-to-end management of smart metering. They are responsible for 
approving any modifications to ensure consumers’ interests remain protected. All 
active suppliers are required to accede to the Smart Energy Code (SEC) and become 
a Party to the code. This step must be completed before an energy supplier begin the 
process of becoming a DCC user (Ofgem 2018d). SEC has been established in 2013 and 
works under the DCC licence (Smart Energy Code 2013). 

Financial institutions 

Financial institutions have been found as not relevant for the UK’s smart metering innovation 
system, as there is no dedicated financing for SM. Companies implementing the roll-out obtain 
funding on their own, using widely available funding schemes.  

2.5.1.3. Institutions and policies 

This section analyses and assesses: the regulations, economic and financial instruments, and 
soft instruments addressing smart metering in the UK (Table 26).  
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Table 26 Assessment of policy instruments addressing Smart Metering TIS in the UK 

Regulation 

Codes / standards / mandates Obligation schemes / quotas Other regulation 

Building codes and 
standards 

Product standards 
Sectoral 
standards 

Emissions 
standards 

Auditing Obligation schemes 
Carbon Emissions 
Reduction Target 

Net metering 

Economic and Financial instruments 

Direct investment Fiscal/financial incentives Market-based instruments 

Funds to sub-
national 
governments 

Government 
procurement 

RD&D 
funding 

Tariffs Auctions 
Grants 
and 
subsidies 

Loans / soft 
loans 

Taxes – tax 
relief / 
exemption 

User 
charges 

GHG 
emissions 
allowances 
trading 
scheme 

Green 
certificates 

White 
certificates 

Soft instruments 

Performance labels Information campaigns Voluntary approaches 

Comparison label Endorsement label 
By energy 
agencies 

By energy 
suppliers 

By other 
institutions 

Negotiated 
Agreements (Public-
private sector) 

Public Voluntary Schemes 

Unilateral 
Commitments 
(Private sector) 
/ EMSs 

 
Explanation of colours: 

Instruments not used / underdeveloped / 

implementation delayed 

Instruments used in a limited 
extent/not effectively, plans of 
instruments exist 

Instruments actively used Not applicable for SM TIS support 

 

Source: adapted from INNOPATHS project Task 2.5: Development and Application of a Policy Assessment Framework
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Regulation 

Codes/ standards/ mandates 

Product standards 

UK nationally authorised electricity meters are approved under the Electricity Act 1989 and 
the pattern or construction of the meter type must conform to the requirements specified in 
the accompanying regulations. Formal approval certificates are issued by Regulatory Delivery 
(RD) to manufacturers of electricity meters. The meters are then listed in Schedule 4 of the 
Meters (Certification) Regulations, (SI 1998/1566), which is a statutory register of all pattern 
approved electricity meters suitable for billing purposes in the UK. To count a meter as a smart 
one however, it should be compliant with SMETS requirements, described in a section 
“Sectoral standards”. 

Product standards can be regarded as regulation instruments that are effectively used only 
in limited extent in the UK to support SM TIS development.  

Sectoral standards 

Smart meters 

Each electricity supply license holder is obliged to install metering equipment which meets the 
minimum physical, functional, interface and data requirements of an Electricity Smart 
Metering System, described in “Smart Metering Equipment Technical Specifications” (SMETS), 
provided by the Department of Energy & Climate Change. The document has been designated 
by the Secretary of State on 18 December 2012 for the purposes of the relevant license 
conditions. Two versions of the SMETS (SMETS1 and SMETS2) were notified to the European 
Commission in accordance with the requirements of Article 8 of Directive 98/34/EC of the 
European Parliament and of the Council laying down a procedure for the provision of 
information in the field of technical standards and regulations (OJ L 204, 21.7.1998, p. 37) as 
amended by Directive 98/48/EC of the European Parliament and of the Council (OJ L 217, 
5.8.1998, p. 18) (European Commission 2014e). SMETS1 and SMETS2 were notified to the 
Commission on 5 April 2012 (2012/215/UK) and 24 January 2013 (2013/0046/UK) 
respectively. SMETS1 came into force on 30 November 2012. Suppliers can continue to install 
these SMETS1 meters until 5 October 2018. After that point only meters meeting provisions 
of SMETS2 can be installed. Only 12 suppliers are allowed to continue installing limited 
number of SMETS1 meters by 13 January 2019, which should help them transfer smoothly to 
installing SMETS2 meters (Ofgem 2018b; Smart Energy Code 2018).  

SMETS sets minimum physical, functional, interface, data, testing and certification 
requirements of electricity smart metering equipment. Smart meter provides a consumer and 
a utility company with more information and gives more functions than the old-type induction 
meter. The main information that can be displayed to the consumer on the smart meter is the 
amount of money to be paid for the electricity consumed (or the amount of credit available, 
if the consumer uses a pre-paid tariff). Due to the two-way communication of the meter, 
meaning that the meter can both receive and send commands, the utility company is able to 
remotely collect consumption data with even 30-minute time stamps. This reduces the 
amount of work for data collection and allows to apply advanced analytics of the network 
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(Department of Energy & Climate Change 2014). Furthermore, it allows to collect evidence on 
consumption patterns, identify frauds, and even remotely disconnect the meter in emergency 
situation (Shekara et al. 2011). 

At the beginning of the roll-out, BEIS assumed that SMETS1 will be installed only at the initial 
stage of the roll-out, until a central data and communications infrastructure will be created. It 
was expected that first SMETS2 meter will be installed by June 2014. In fact, it happened in 
July 2017, and by next 10 months only 10,000 SMETS2 meters have been installed. The delay 
was caused by many factors, e.g. more complex than expected requirements for DCC and 
SMETS2, as well as defects in the DCC system.  

The first generation of smart meters, meeting requirements of SMETS1, has been installed 
between 2012 and 2018. Since late 2018, only SMETS2 meters can be used. The difference 
between SMETS1 and SMETS2 is in a communication standard used. SMETS2 include 
specifications regarding the home area network (HAN). In SMETS1 the standard was not 
defined, it was required only to use an open standard (House of Commons 2013). Standard 
change from SMETS1 to SMETS2 introduces interoperability between meters used by different 
suppliers, which is important for ensuring that suppliers would be able to operate smart 
meters when customers switched. According to NAO, around 70% of SMETS1 meter currently 
installed will lose their smartness when switched the energy supplier (National Audit Office 
2018).  

Between 3rd quarter 2012 and 1st quarter 2018, large energy suppliers installed over 6.17 
million electricity smart and smart-type 23  meters in domestic properties. Despite the 
increasing pace of installations observed since 2016, there are still over 19 million old-type 
meters to be replaced (Figure 45, Figure 46). 

                                                      

23 Smart-type meters are more advanced than old-type induction meters but do not meet SMETS requirements. 
They do not count toward the supplier’s roll-out obligation in domestic sites and have to be replaced with SMETS 
compliant smart meters by the end of 2020 (Department for Business Energy & Industrial Strategy 2019). 
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Figure 45 Domestic electricity meters in operation by large suppliers in the UK, as of 31 March 2018 (Department for Business 
Energy & Industrial Strategy 2018) 

 

In general, SMETS ensure the following high-level functionalities of electricity smart meters: 

 Remote communication with a meter, allowing for accurate readings and information 
for defined time periods. Data is delivered to all authorised parties, i.e. customer, 
supplier, designated disablement organisations. 

 Two-way communications to the meter system, allowing for receiving and sending 
data on demand and at defined periods, remote configuration and diagnostics, 
software and firmware changes. 

 Using Home area network to provide real time information to the consumer and to 
enable other devices to connect to the meter system. 

 Enable billing dynamic tariffs. 

 Enable a demand side management by ability to remotely control devices in the home. 

 Enable remotely switch a payment mode (credit and pre-paid) 

 Two-way measurement – electricity taken and put on the grid (Ofgem 2011). 
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Figure 46 Number of domestic electricity meters operated by the large energy suppliers by meter type and quarter (thous.) (Department for Business Energy & Industrial Strategy 2018) 
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Communication infrastructure 

A centralised communication infrastructure is provided by the Data and Communications 
Company (DCC), which is operated by Capita PLC under a licence regulated by Ofgem. Services 
provided by DCC are regulated by the Smart Energy Code (SEC) – an industry code which 
specifies provisions to govern the end-to-end management of smart metering. According to 
(Ofgem 2018e) “All active suppliers are required to accede to the Smart Energy Code (SEC) 
and become a Party to the code” DCC plays a crucial role in the smart metering system in the 
UK, as it provides the single centralised communications infrastructure through which all 
smart meters have to connect to the data systems of suppliers. The main objective of this is 
to ensure full interoperability if a consumer changes supplier, i.e. there should be no hold up 
to a consumer being able to change supplier. 

Smart Metering Installation Code of Practice 

The Smart Meter Installation Code of Practice (SMICoP) is both a collection of good practices 
for electricity suppliers facing with installation of smart meters at customer premises, and 
a name of company implementing the code. The aim of the code is to provide all customers 
high quality service of smart meter installation, and dissemination information how customers 
can benefit from smart meters (SMICoP 2013).  

Sectoral standards can be regarded as regulation instruments that are actively used in the 
UK for SM TIS development.  

 

Auditing 

The National Audit Office (NAO) is an institution in charge of auditing of the smart meter roll-
out. The NAO is a statutory body which reports to Parliament and is overseen by 
a Parliamentary Committee of MPs. As of April 2019, there have been three NAO reports, in 
2011 and 2014, and in 2018. Report from 2011 and 2014 provide information on preparations 
for smart metering. The former one presents an early assessment of the progress made in 
preparation of the large-scale roll-out. In particular risks related to ensuring profitability for 
taxpayers and consumers have been examined. The latter one updates the information and 
also assess the foundation stage of the programme. The report from 2018 assesses the current 
economic case for the rollout of smart meters and look at whether the government is on track 
to achieve its target to roll out meters by 2020. The review has been planned due to the fact 
that some users have experienced problems with installations, inaccurate bills or loss of the 
meter's 'smart' features when they switch suppliers (BBC 2018; National Audit Office 2011, 
2014, 2018). 

Auditing can be regarded as a regulation instrument that is used in limited extent in the UK 
for SM TIS development. 

Obligation schemes / Quotas  

Smart metering programme 

The Government has been implementing “The Smart Metering Programme” since 2011. The 
aim of the program is to provide all domestic and small business consumers with a smart 

https://www.smartdcc.co.uk/
https://www.smartdcc.co.uk/
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meter by the end of 2020. The program consists of the roll-out of over 50 million smart or 
advanced gas and electricity meters. It is implemented in two phases. Initially, in 2011 the 
Government engaged with the energy industry, consumer groups and other stakeholders and 
put commercial and regulatory frameworks in place to support smart metering, trial and test 
systems, protect consumers and learn lessons from early installations. This was followed by 
the main installation stage, which will run to the end of 2020. This is the period when most 
households and small businesses will have smart meters installed by their energy supplier 
using the national smart meter data and communications infrastructure. Energy suppliers are 
responsible for planning and delivering the installation of smart meters for their customers 
and are free to plan the roll-out in a way that suits their business and the needs of their 
customers, subject to the requirement to complete the rollout by the end of 2020 
(Department for Business Energy & Industrial Strategy 2017c).  

The obligation scheme can be regarded as a regulation instrument that is actively used in 
the UK for SM TIS development.  

Economic and Financial instruments 

Direct investment 

Funds to subnational governments 

No funds to subnational governments in the UK have been identified.  

Funds to national governments can be regarded as direct investment instruments that are 
not applicable for the support of SM TIS development in the UK.  

Government procurement 

There were 22 EU-level public procurement procedures for the supply of energy meters in the 
UK, conducted between 2012 and 2017 (Table 27). It is however not known what the scope of 
these procurements was.  

Table 27 Notices concerning public procurement procedures for the supply of energy meters (CPV 38551000) in the UK, 
registered on TED, the online version of the 'Supplement to the Official Journal' of the EU, dedicated to European public 
procurement between 01/01/2012 and 31/12/2017 

  Open 
procedure 

Restricted 
procedure 

Accelerated 
restricted 
procedure 

Negotiated 
procedure 

Not 
applicable 

Regional or local 
authority 

3 2 
   

Ministry or any other 
national or federal 
authority 

 
7 

  
2 

Other 
 

2 2 1 
 

Utilities entity 
   

3 
 

  



 

 

 

  

 

131 

Government procurement can be regarded as a direct investment that is not used in the UK 
for SM TIS development.  

RD&D funding 

No RD&D funding schemes dedicated to smart meters have been found, however there are 
several programmes supporting a development of smart grid in general, addressed mainly to 
DNOs:  

1) Registered Power Zones (RPZ) and Innovation Funding Incentive (IFI), programs 
introduced by Ofgem in 2005. The primary aim of these incentives is to encourage the 
DNOs to apply technical innovation in the way they pursue investment in and 
operation of their networks. The incentives provided by the IFI and RPZ mechanisms 
are designed to create a risk/reward balance that is consistent with research, 
development and innovation (Ofgem 2005). 

2) The Low Carbon Investment Fund (LCIF), operated by the Department of Energy and 
Climate Change. The program aims to facilitate the development of technologies 
relevant to the supply chains of smart grid development (Connor et al. 2014). 

3) Low Carbon Networks Fund (LCNF) and its successor, the Electricity Network 
Innovation Competition (ENIC). These programs provides funding for DNOs for 
innovative projects focused on implementation of new smart grid technologies and 
solutions (Connor et al. 2014). 

4) Innovation Allowance (IA). This program aims to trigger small scale innovations in 
distribution networks.  

RD&D funding can be regarded as a direct investment instrument that was used only to a 
limited extent in the UK to support SM TIS development. 

Fiscal/ financial incentives 

Tariffs 

Electricity suppliers have not introduced any special tariffs that would help to remunerate 
investment costs. Tariffs are however used to motivate customers to sooner meter exchange, 
as only customers with a smart meter are offered a cheaper tariff. In total, a smart meter 
rebate, already introduced by 20 companies, allow to save up to £150 per year (Daily Mail 
2018).  

Tariffs can be regarded as financial instruments that were used only to a limited extent in 
the UK to support SM TIS development. 

Grants and subsidies 

Similarly to RD&D funding, there are no grant or subsidies addressed to electricity suppliers 
who are in charge of the smart meters roll-out. The only mechanisms that have been identified 
supports innovative projects run by DNOs. It is called System operator innovation roll-out 
mechanism (SO-IRM) and is implemented by Ofgem since 2013. This price control mechanism 
ensures DNOs that the roll-out investment costs could be included in their business plans. 
SO-IRM provides DNOs with an incentive – up to £10 million of funding – to implement 
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innovative roll-out techniques into their systems that would not be cost effective under 
a business-as-usual approach. It is required that the supported innovation shall have an 
impact beyond the two-year time horizon (Ofgem 2017).  

Grants and subsidies can be regarded as financial instruments that are used only to a limited 
extent in the UK to support SM TIS development. 

Loans/ soft loans  

In 2015, the European Investment Bank supported installation of smart meters in more than 
7 million homes across the UK under a new GBP 1 billion mass roll out programme backed by 
six commercial banks (European Commission 2015a). The EIB provided GBP 360 million to the 
initiative that significantly increased the roll out.  

Loans can be regarded as financial incentives that are used, but in limited extent, in the UK 
to support SM TIS development. 

Taxes – Tax relief / exemption  

No tax reliefs or exemptions for smart meter roll-out have been identified in the UK. 

Tax reliefs or exemptions can be regarded as fiscal incentives that are not used in the UK to 
support SM TIS development. 

User charges 

No user charges for smart meter roll-out have been identified in the UK. 

User charges can be regarded as fiscal incentives that are not used in the UK to support SM 
TIS development. 

 

Soft instruments 

Endorsement labels 

Smart Meter Device Assurance (SMDA) is a scheme guarantying that all smart meters and 
related devices are tested and work effectively in the UK’s smart metering infrastructure. The 
assurance testing scheme assumes that all devices are tested by independent body, which is 
done by NMi company, a Dutch independent testing and certifying organisation. 
Manufacturers of smart metering equipment, after successful testing by NMi against a set of 
predefined tests, can have their device registered in the Device Assurance Register (DAR). This 
device is also awarded the SMDA assurance mark (NMi 2017). 

The SMDA Scheme is owned by the SMDA Company (SMDA Co), which was set up as a joint 
initiative between Energy and Utilities Alliance (EUA), Energy UK, British Electrotechnical and 
Allied Manufacturers’ Association (BEAMA) and the Community of Meter Asset Providers 
(CMAP). It is independent of meter manufacturers, suppliers and other industry parties (Smart 
Meter Device Assurance 2019). 
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The SMDA is operated by SMDA Scheme Operator, which is Gemserv company. Scheme is 
available for any manufacturer interested in testing its device.  

Another endorsement label available for SM in the UK is Commercial Product Assurance (CPA), 
developed by the National Technical Authority (NTA) for Information Security. This scheme 
assures security of commercial products.  

Endorsement labels can be regarded as soft instruments that are actively used in the UK to 
support SM TIS.  

Information campaigns 

Smart Energy GB is a non-profit NGO which main role is inform the society about the smart 
metering roll-out. In particular, they inform how to use the smart meter and what are benefits 
of having it. Particular attention is paid to the weakest customers, including low-income, 
vulnerable and prepay ones (Ofgem 2018f). On the other hand, there are also information 
campaigns against SM in the UK, suggesting inter alia that the data could be used for unlawful 
purposes (SmartMe.co.uk 2018).  

Information campaigns can be regarded as soft instruments that are actively used in the UK 
to support SM TIS.  

 

2.5.2. Interactions between the different elements of TIS 

2.5.2.1. Innovating actors 

All major actors responsible for the smart metering deployment in the UK are currently 
actively working on achieving the full-scale implementation. Suppliers, mainly due to the legal 
obligation, each year install more and more smart meters. There are institutions responsible 
for different parts of the system: DCC and SEC for communication and data management, 
Ofgem for regulating the market, BEIS for overall programme implementation, NGOs for 
communication with customers. A major barrier in the roll-out are however customers, who 
despite their willingness to have a smart meter, are reluctant to install it. Among customers 
who already have smart meters, 74% of them are satisfied with them, and 48% of those who 
do not have it yet would like to get them. Despite this huge approval, energy suppliers have 
problems with arranging installations with customers. NAO suppose that this might be due to 
low priority put to electricity meters. It is estimated that additional £200 million will be needed 
to increase consumer demand for installations (National Audit Office 2018). Additional 
difficulty is caused by bottom-up initiatives fighting against smart meters (e.g. Stop smart 
meters!), although their influence is rather limited. 

2.5.2.2. Knowledge development and exchange 

Knowledge development and exchange seems to be the major barrier in the UK smart 
metering roll-out. Due to prolonged development of common communication standards and 
central data management system, suppliers were unable to provide customers with smart 
meters which will stay in a smart mode when the supplier changes until 2017. As a result, 70% 
of smart meters already installed will not be smart when customers change their energy 
supplier and will have to be replaced again or at least updated (National Audit Office 2018). 
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Lack of diligence at the initial stage of the smart metering programme was caused by the wish 
of accelerating the rollout and sooner providing customers with benefits, such as real 
consumption data and accurate billing. It was also assumed that this short initial period will 
be used by suppliers as a preparatory stage for mass roll-out. BEIS expected that in the first 
phase, until the DCC and SMETS2 will be available, 5.4 million SMETS1 meters will be installed. 
It turned out that 12.5 million SMETS1 have been installed, which showed unexpected risks of 
the programme, such as increased overall programme costs and limited benefits for 
customers. Customers with SMETS1 meters have to choose between changing a supplier to 
one which offers less expensive tariff and benefiting from the smart meter (National Audit 
Office 2018).  

2.5.2.3. Actors’ vision and expectations 

There is a clear vision for smart metering, as the Government has been implementing “The 
Smart Metering Programme” since 2011. In the original document it was expected that by 
2020 all electricity and gas meters will be smart one, which means that over 50 million meter 
have to be replaced. Each energy supplier is obliged to provide its customers with the smart 
meters, although it can freely plan the roll-out and no scheme is imposed. Nevertheless, at 
the beginning of the Programme, due to lack of a long-scale vision, it was not sufficiently 
ensured that the work done by one operator could be used by other, in case a customer 
changes an energy supplier. Lack of interoperability of smart meters used by different 
operators resulted in that the energy meter that was smart at one operator, could be “dumb” 
when used by other. Oher problems reported by customers include aggressive sales practices 
and necessity to send smart meter readings to the supplier (Gosnell and McCoy 2019). Due to 
the prolonged initial phase of the programme, NAO expects that the 2020 target will not be 
achieved, and a new deadline will be necessary. As of April 2019, there is however no plan 
beyond 2020 yet. Another issue is that newly adopted DCC and SMETS2 are still not very well-
known and new risks and barriers might emerge.  

2.5.2.4. Market formation and governance processes 

The demand on the smart metering market is driven by the governmental “The Smart 
Metering Programme”. Energy suppliers can install only approved meters, which meet SMETS 
requirements. Utilities set their own yearly targets on new smart meters installation and 
submit reports on the plan implementation to the Ofgem. Despite the initial Ofgem’s positive 
assessment of the roll-out progress (Ofgem 2018b), reaching the target of 50 million meters 
by the end 2020 is not likely (National Audit Office 2018). The main reason for that seems to 
be the fact that “BEIS has taken an optimistic view of the risks and challenges presented by 
SMETS1 meters” (National Audit Office 2018). Furthermore, BEIS did not collected any 
experiences from suppliers on the roll-out, in particular on problems with loosing smartness 
when customers change suppliers. BEIS stated that the interoperability will be remained when 
SMETS1 meters will be enrolled to DCC, which was expected by the end of 2018. Due to 
technical difficulties, the start of the enrolment is delayed until May 2019. NAO expects that 
not all smart meters will be successfully integrated into the system (National Audit Office 
2018).  
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2.5.2.5. Resources 

Resources are one of major barriers in the smart metering innovation system. As there are no 
external funds available, suppliers have to finance the meters exchange on their own and 
recover the invested money from customers through higher energy costs. BESI estimated that 
the total cost of the smart meters (both for electricity and gas) deployment will cost £11.0 
billion, and cost of replacement of gas and electricity meters in one household - £374. 
According to the programme business plan from 2013, the expected net benefit was 
estimated to be £6.7 billion, while in the 2016 update this value was lowered to £5.7 billion 
(National Audit Office 2018). Most of the costs will be incurred during the roll-out (by 2020 
according to the original deadline), mainly for meters, other equipment, and installations. The 
benefits on the other hand will be gathered mainly in medium (by 2030) and long term (by 
2050). They are however uncertain and often unquantified (National Audit Office 2018).  

2.5.3. Main lessons: barriers and enablers 

The major push for the SM TIS development in the UK comes from the government and its 
agencies. The managing institution has a clear vision of the roll-out, which translates to a clear 
regulation – suppliers are obliged to the roll-out by the licence and have to develop their own 
plans to reach the given targets. This is supported by stable legislation, enabling suppliers for 
long-term planning. As a result, all major actors are currently actively participating in the 
innovation system. Another enabler is relatively high consumers support for smart meters, 
supported by the clear communication with the consumers and establishment of a consumer 
organisation. A consumer may get information about the smart meters roll-out mainly by the 
websites and videos. Information on websites are written in non-technical and easy to 
understand language, often in languages other than English, to reach people for whom English 
is not the first language (e.g. www.smartenergygb.org/ is available in 7 languages, including 
Bengali, Punjabi and Polish). 

On the other hand, unsolved technical problems at the initial stage of the programme result 
in prolonging roll-out, increased investment costs, and limited potential benefits. Proper 
development of smart metering subsystems before installing smart meters in households 
seems to be a key success factor, which however was lost in the UK. Furthermore, lack of 
continuous collaboration between the entities implementing the programme (BEIS) and 
suppliers resulted in a situation that BEIS was not aware of the technical and organisational 
problems with the roll-out and could not introduce any corrective action. Another barrier is 
high costs of the deployment to be incurred by suppliers, with uncertain and delayed return 
of the investment. Along with these technical and organisational problems, customers play 
also an important role. Despite the fact that smart meters gained huge support from 
customers, there are some problems with reaching final users. Their limited priority to smart 
meters results in prolonging process of making an appointment to exchange the meter. The 
resistance of some other consumers driven by the feeling that smart meter volatile the right 
to privacy and enable supplier and government to get too much information about the 
household is another problem to be solved.   



 

 

 

  

 

136 

3. References 
 

Accenture. 2013. “Realizing the Full Potential of Smart Metering.” 
https://www.accenture.com/t20160413T230144__w__/us-
en/_acnmedia/Accenture/Conversion-
Assets/DotCom/Documents/Global/PDF/Industries_9/Accenture-Smart-Metering-Report-
Digitally-Enabled-Grid.pdf. 

ACER, and CEER. 2018. “Annual Report on the Results of Monitoring the Internal Electricity 
and Natural Gas Markets in 2017.” Acer. https://doi.org/10.2851/525797. 

ADD Grup. 2017a. “AD13A.1-3-1 MULTI-FUNCTION & MULTI-TARIFF THREE-PHASE 
ELECTRONIC METERS.” https://addgrup.com/files/products/files//48.pdf. 

———. 2017b. “Rtr8s.Lx-x-x Data Concentrator Technical Description.” 
https://addgrup.com/files/products/files//30.pdf. 

AGH Akademia Górniczo-Hutnicza, Politechnika Wrocławska, and Tauron Dystrybucja SA. 
2016. “Badania Porównawcze Inteligentnych Liczników Energii Elektrycznej - Pikinik AMI.” 
Kraków - Wrocław. http://modul.tauron-
dystrybucja.pl/piknik/ami/informacje/Documents/Raport_Piknik AMI.pdf. 

Ahmad, Ayaz. 2016. Smart Grid as a Solution for Renewable and Efficient Energy. IGI Global. 

Andreadou, Nikoleta, Miguel Olariaga Guardiola, and Gianluca Fulli. 2016. 
“Telecommunication Technologies for Smart Grid Projects with Focus on Smart Metering 
Applications.” Energies 9 (5). https://doi.org/10.3390/en9050375. 

Apator. 2014. “Karta Techniczna: SMART EMU 3Trójfazowy Licznik Energii Elektrycznej.” 
http://www.apator.com/uploads/files/Produkty/Liczniki_smart/smartEMU/karta-
smartemu3.pdf. 

———. 2018a. “A8 Jednofazowy Licznik Energii Elektrycznej.” 2018. 
http://www.apator.com/pl/oferta/pomiar-energii/liczniki-energii-elektrycznej/liczniki-
indukcyjne/a8. 

———. 2018b. “SMARTEMU 3 - Trójfazowy Licznik Energii Elektrycznej.” 2018. 

ARERA. 2018. “Autorità per l’energia Elettrica Il Gas Ed Il Sistema Idrico - Structure and Role.” 
2018. https://www.arera.it/it/inglese/about/presentazione.htm. 

Avancini, Danielly B., Joel J.P.C. Rodrigues, Simion G.B. Martins, Ricardo A.L. Rabêlo, Jalal Al-
Muhtadi, and Petar Solic. 2019. “Energy Meters Evolution in Smart Grids: A Review.” Journal 
of Cleaner Production 217: 702–15. https://doi.org/10.1016/j.jclepro.2019.01.229. 

Bank Ochrony Środowiska. 2018. “ECOLOGICAL REPORT of Bank Ochrony Środowiska 
2017/2018.” https://www.bosbank.pl/files/file_63/BOS-Ecological-Report-2018.pdf. 

———. 2019. “O Banku.” 2019. https://www.bosbank.pl/o-banku/kim-jestesmy. 



 

 

 

  

 

137 

BBC. 2018. “Watchdog to Review £11bn UK Roll-out of Smart Meters - BBC News.” 2018. 
http://www.bbc.com/news/business-42655965. 

Berg Insight. 2017. “Smart Metering in Europe – 13th Edition.” 

———. 2018. “Smart Metering in Europe 2017 (14th Edition).” 

Biznes Alert. 2018. “Już Ponad Miliard Euro Przychodów Ze Sprzedaży Uprawnień Do Emisji 
CO2 - BiznesAlert.Pl.” 2018. http://biznesalert.pl/emisje-co2-sprzedaz-przychody/. 

BMWi - Federal Ministry for Economic Affairs and Energy. 2017. “Funding Programme - Smart 
Energy Showcases - Digital Agenda for the Energy Transition (SINTEG).” 2017. 
https://www.bmwi.de/Redaktion/EN/Artikel/Energy/sinteg-funding-programme.html. 

———. 2018a. “FAQs about the Metering Point Operation Act and Smart Meters.” 2018. 
https://www.bmwi.de/Redaktion/EN/FAQ/Smart-Meters/faq-smart-meters.html. 

———. 2018b. “SINTEG_www.Pdf.” 2018. 
http://www.bmwi.de/Redaktion/EN/Dossier/grids-grid-expansion.html. 

———. 2018c. “The Digitalisation of the Energy Transition.” 2018. 
https://doi.org/10.1017/CBO9781107415324.004. 

BNE. 2019. “Neue Geschäftsmodelle Benötigen Freien Zugang Zu Energiedaten Bne Info.” 
2019. https://www.bne-online.de/de/presse/pressemitteilungen/artikel/eer-esmig-
workshop-energy-data/. 

BSI. 2019. “Zertifikatsnachweise Nach § 24 Messstellenbetriebsgesetz.” 2019. 
https://www.bsi.bund.de/DE/Themen/DigitaleGesellschaft/SmartMeter/SmartMeterGatewa
y/Zertifikate24Msbg/zertifikate24MsbG_node.html. 

Bundesamt für Sicherheit in der Informationstechnik. 2019. “Marktanalyse Zur Feststellung 
Der Technischen Möglichkeit Zum Einbau Intelligenter Messsysteme Nach §30 MsbG,” 1–32. 
https://www.bsi.bund.de/SharedDocs/Downloads/DE/BSI/SmartMeter/Marktanalysen/Mar
ktanalyse_nach_Para_30_MsbG.pdf?__blob=publicationFile&v=8. 

Bundesnetzagentur. 2016. “Monitoringbericht 2015.” 

———. 2017. “Monitoringbericht 2016.” 
https://www.bundesnetzagentur.de/SharedDocs/Downloads/DE/Sachgebiete/Energie/Unte
rnehmen_Institutionen/DatenaustauschUndMonitoring/Monitoring/Monitoringbericht2016.
pdf (Stand: 04.01.2018). 

———. 2018. “Smart Metering.” 2018. 
https://www.bundesnetzagentur.de/EN/Areas/Energy/Companies/NetworkAccess_Meterin
g/Metering/SmartMetering/SmartMetering_node.html. 

———. 2019a. “Monitoringbericht 2018.” 
https://www.bundesnetzagentur.de/SharedDocs/Downloads/DE/Allgemeines/Bundesnetzag
entur/Publikationen/Berichte/2018/Monitoringbericht_Energie2018.pdf?__blob=publication
File&v=3. 

———. 2019b. “Monitoringbericht 2018.” 



 

 

 

  

 

138 

CEN-CENELEC-ETSI. 2012. “CEN-CENELEC-ETSI Smart Meters Coordination Group Introduction 
and Guide to the Work Undertaken under the M/441 Mandate. A Report by the CEN-CENELEC-
ETSI Smart Meters Coordination Group at End 2012.” 
ftp://ftp.cencenelec.eu/EN/EuropeanStandardization/HotTopics/SmartMeters/CENCLCETSI_
SMCG_end2012.pdf. 

CEN-CLC-ETSI. 2011. “CEN/CLC/ETSI/TR 50572:2011 Functional Architecture for 
Communications in Smart Metering Systems.” Cen-Cenelec-Etsi. 
ftp://ftp.cencenelec.eu/EN/EuropeanStandardization/HotTopics/SmartMeters/CEN-CLC-
ETSI-TR50572%7B2011%7De.pdf. 

CIRE. 2018. “Liczniki Smart, Jak to Wygląda?” 2018. 
https://www.cire.pl/item,167552,1,0,0,0,0,0,liczniki-smart-jak-to-wyglada.html. 

Citizens advice. 2016. “Early Consumer Experiences of Smart Meters.” 
https://www.citizensadvice.org.uk/Global/CitizensAdvice/Energy/Energy Consultation 
responses/Accent full report - Early consumer experiences of smart meters.pdf. 

———. 2018. “Early Consumer Experiences of Smart Meters.” 
https://www.citizensadvice.org.uk/Global/CitizensAdvice/Consumer publications/Early 
consumer experiences of smart meters - 2018 .pdf. 

Clean Energy Wire. 2018a. “German Authorities Certify First Smart Meter after Long Delay | 
Clean Energy Wire.” 2018. https://www.cleanenergywire.org/news/household-power-prices-
stay-high-despite-expected-renewables-levy-dip/german-authorities-certify-first-smart-
meter-after-long-delay. 

———. 2018b. “Smart Meter Launch Date Uncertain in Germany.” 2018. 
https://www.cleanenergywire.org/news/launch-formal-coalition-talks-call-focus-
efficiency/smart-meter-launch-date-uncertain-germany. 

———. 2019. “Bne - Association of Energy Market Innovators | Clean Energy Wire.” 2019. 
https://www.cleanenergywire.org/experts/bne-association-energy-market-innovators. 

Colak, Ilhami, Gianluca Fulli, Seref Sagiroglu, Mehmet Yesilbudak, and Catalin Felix Covrig. 
2015. “Smart Grid Projects in Europe: Current Status, Maturity and Future Scenarios.” Applied 
Energy 152: 58–70. https://doi.org/10.1016/j.apenergy.2015.04.098. 

Commission of the European Communities. 2007. “Commission Staff Working Document - 
Accompanying the Legislative Package on the Internal Market for Electricity and Gas - Impact 
Assessment {COM(2007) 528 Final} {COM(2007) 529 Final} {COM(2007) 530 Final} {COM(2007) 
531 Final} {COM(2007) 532 Final} {SEC(.” https://eur-lex.europa.eu/legal-
content/EN/ALL/?uri=CELEX%3A52007SC1179. 

Connor, Peter M., Philip E. Baker, Dimitrios Xenias, Nazmiye Balta-Ozkan, Colin J. Axon, and 
Liana Cipcigan. 2014. “Policy and Regulation for Smart Grids in the United Kingdom.” 
Renewable and Sustainable Energy Reviews 40: 269–86. 
https://doi.org/10.1016/j.rser.2014.07.065. 



 

 

 

  

 

139 

Council of the European Union. 2006. Council Directive 2006/112/EC of 28 November 2006 on 
the Common System of Value Added Tax. Official Journal of the European Union. 
http://data.europa.eu/eli/dir/2006/112/oj. 

Daily Mail. 2018. “Energy Companies Are Charging Households without a Smart Meter up to 
£150 More Every Year.” 2018. https://www.dailymail.co.uk/news/article-6378145/Energy-
companies-charging-households-without-smart-meter-150-year.html. 

Darby, Sarah, and Christine Liddell. 2016. “Communicating ‘Smartness’: Smart Meter Installers 
in UK Homes.” Eceee Summer Study Proceedings 9: 1991–2001. 
https://doi.org/http://dx.doi.org/. 

Data Communications Company. 2019a. “Communications Hubs.” 2019. 
https://www.smartdcc.co.uk/products-services/design-and-assurance/communications-
hubs/. 

———. 2019b. “Dual Band Communications Hubs.” 2019. 
https://www.smartdcc.co.uk/smart-future/dual-band-communications-hubs/. 

Delfanti, Maurizio, Luca Lo Schiavo, and Valeria Olivieri. 2012. “The Italian Regulatory 
Framework for Developing Smart Distribution Grids.” International Journal of Emerging 
Electric Power Systems 13 (5): 1–19. https://doi.org/10.1515/1553-779X.2889. 

Department for Business Energy & Industrial Strategy. 2017a. “Funding for Innovative Smart 
Energy Systems - GOV.UK.” 2017. https://www.gov.uk/guidance/funding-for-innovative-
smart-energy-systems#a-commitment-to-smart-energy. 

———. 2017b. “Schedule 4 (List) of the Meters (Certification) Regulations, (SI 1998/1566).” 
2017. www.gov.uk/government/organisations/office-for-product-safety-and-standards. 

———. 2017c. “Smart Meters: Quarterly Report to End of December 2016.” 
https://www.gov.uk/government/collections/smart-meters-statistics. 

———. 2018. “Smart Meters Statistics, Quarter 1 2018, Great Britain.” 
https://www.gov.uk/government/statistics/statistical-release-and-data-smart-meters-great-
britain-quarter-1-2018. 

———. 2019. “Smart Meter Statistics Quarterly Report to End December 2018 Experimental 
National Statistics.” 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_
data/file/789632/2018_Q4_Smart_Meters_Report_FINAL.pdf. 

Department of Energy & Climate Change. 2014. “Smart Metering Implementation Programme 
Smart Metering Equipment Technical Specifications Version 1.58.” London. 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_
data/file/381535/SMIP_E2E_SMETS2.pdf. 

Deutsches Patent- und Markenamt. 2019. “DPMAregister.” 2019. 

Drago, Carlo Maria. 2009. “The Smart Grids in Italy – an Example of Successful 
Implementation.” Warsaw. 



 

 

 

  

 

140 

E.ON. 2018. “E.ON Kickstarts Smart Meter Rollout by Ordering 16,000 Smart Meter 
Gateways.” 2018. https://www.eon.com/en/about-us/media/press-release/2018/eon-
kickstarts-smart-meter-rollout-by-ordering-16000-smart-meter-gateways.html. 

E.ON Energy Research Centre. 2008. “Smart Metering in Private Households: Developments 
in Germany.” 2008. http://www.fcn.eonerc.rwth-aachen.de/cms/E-ON-ERC-
FCN/Forschung/Abgeschlossene-Projekte/~evrp/Overview-of-the-applied-market-model-
for/?lidx=1. 

Ebrill, Andrew. 2018. “Regulators’ Monitoring of Consumer Protection and Retail Markets.” 
Brussels. 

Ecologic Institute. 2016. “Smart Cash for the Climate: Maximising Auctioning Revenues from 
the EU Emissions Trading System.” 
https://www.ecologic.eu/sites/files/publication/2016/2584-
maximiseretsfulltechnicalreport_final.pdf. 

EDSO, and ESMIG. 2014. “My Smart Energy.” 2014. http://my-smart-energy.eu/smart-meters. 

EIB. 2016. “Smart Meters Help Consumers Control Energy Bills.” 2016. 
https://www.eib.org/en/infocentre/stories/all/2016-january-02/get-smart.htm. 

———. 2017. “Italy: EIB Lends EUR 1bn to E-Distribuzione for New Smart Meters.” 2017. 
http://www.eib.org/infocentre/press/releases/all/2017/2017-217-eib-lends-eur-1bn-to-e-
distribuzione-for-new-smart-meters. 

Elettrico Magazine. 2016. “Smart Metering: A Che Punto Siamo?” 2016. 
https://www.elettricomagazine.it/attualita-news/smart-metering-punto/. 

ENEL. 2018. “Relazione Finanziaria Annuale 2017.” 
https://www.enel.com/content/dam/enel-com/governance_pdf/reports/bilanci-
annuali/2017/relazione-finanziaria-annuale-2017.pdf. 

Energa-operator. 2014. “Podsumowanie Pierwszego Etapu Wdrożenia Systemu 
Inteligentnego Opomiarowania.” 

Energy Network Association. 2018. “ENA - Electricity Distribution Map.” 2018. 
http://www.energynetworks.org/info/faqs/electricity-distribution-map.html. 

Energy Regulatory Office. 2015. “Recommended Provisions of the Specification of Essential 
Terms of the Contract Developed for Tendering Procedures for the Supply of Meter 
Infrastructure for AMI.” 2015. http://ise.ure.gov.pl/ise/warsztaty-rynku-
energi/ami/6170,Rekomendowane-zapisy-specyfikacji-istotnych-warunkow-zamowienia-
opracowane-dla-p.html. 

ENSPOL. 2016. “Energy Saving Polices - Germany.” 2016. 
http://www.article7eed.eu/index.php/germany. 

Erlinghagen, Sabine, Bill Lichtensteiger, and Jochen Markard. 2015. “Smart Meter 
Communication Standards in Europe – a Comparison.” Renewable and Sustainable Energy 
Reviews 43 (March): 1249–62. https://doi.org/10.1016/J.RSER.2014.11.065. 



 

 

 

  

 

141 

Ernst & Young GmbH. 2018. “Barometer Digitalisierung Der Energiewende: Modernisierungs- 
Und Fortschrittsbarometer Zum Grad Der Digitalisierung Der Leitungsgebundenen 
Energiewirtschaft,” 1–76. 

Ernst and Young. 2013a. “Cost-Benefit Analysis for the Comprehensive Use of Smart Metering. 
On Behalf of the Federal Ministry of Economics and Technology.” 
https://www.ey.com/Publication/vwLUAssets/EY-Kosten-Nutzen-Analyse_Roll-
out_Smart_Meter-Eng/$FILE/EY-BMWI-Endbericht-KNA-Smart-Metering-2013-ENG.pdf. 

———. 2013b. “Cost-Benefit Analysis for the Comprehensive Use of Smart Metering. On 
Behalf of the Federal Ministry of Economics and Technology.” 

EURELECTRIC. 2008. “EURELECTRIC’s Position Paper: Building a European Smart Metering 
Framework Suitable for All Retail Electricity Customers.” 
https://www3.eurelectric.org/media/43493/smartmeteringpositionpaperfinalapproved-
2008-326-0002-2-.pdf. 

European Commission. 2008. COM(2008) 241 Final. Brussels. 

———. 2009. Standardisation Mandate to CEN, CENELEC and ETSI in the Field of Measuring 
Instruments for the Development of an Open Architecture for Utility Meters Involving 
Communication Protocols Enabling Interoperability. Brussels: European Commission. 
https://doi.org/10.1016/j.nucengdes.2011.01.052. 

———. 2010. “A Digital Agenda for Europe COM(2010)245 Final.” https://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2010:0245:FIN:EN:PDF. 

———. 2011. “Smart Grids: From Innovation to Deployment.” https://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2011:0202:FIN:EN:PDF. 

———. 2012. “(2012/148/EU) Commission Recommendation of 9 March 2012 on 
Preparations for the Roll-out of Smart Metering Systems.” https://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2012:073:0009:0022:EN:PDF. 

———. 2014a. “Benchmarking Smart Metering Deployment in the EU-27 with a Focus on 
Electricity COM(2014) 356 Final.” https://eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:52014DC0356&from=EN. 

———. 2014b. “EU Country Fiches for Electricity Smart Metering Accompanying the 
Document Report from the Commission Benchmarking Smart Metering Deployment in the EU-
27 with a Focus on Electricity {COM(2014) 356 Final} {SWD(2014) 189 Final}.” https://eur-
lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52014SC0188&from=EN. 

———. 2014c. “EU Energy Markets in 2014.” 2014. 
https://publications.europa.eu/en/publication-detail/-/publication/cceaff60-0154-4a68-
885a-b526703b9a3a. 

———. 2014d. “Italy.” 2014. 
http://www.sviluppoeconomico.gov.it/images/stories/normativa/decreto-8marzo2013-
sen.pdf. 



 

 

 

  

 

142 

———. 2014e. “Notification Detail - Great Britain Smart Metering Implementation 
Programme.” 2014. http://ec.europa.eu/growth/tools-
databases/tris/en/index.cfm/search/?trisaction=search.detail&year=2014&num=378&mLan
g=EN. 

———. 2014f. “SWD(2014) 189 Final. Cost-Benefit Analyses & State of Play of Smart Metering 
Deployment in the EU-27.” http://ec.europa.eu/energy/gas_electricity/smartgrids/doc/ld-na-
25815-en-. 

———. 2015a. “7 Million UK Homes to Get Smart Meters under EUR 315 Billion Investment 
Plan for Europe | European Commission.” 2015. 
https://ec.europa.eu/commission/commissioners/2014-2019/katainen/announcements/7-
million-uk-homes-get-smart-meters-under-eur-315-billion-investment-plan-europe_en. 

———. 2015b. “EU ETS Handbook.” 
https://ec.europa.eu/clima/sites/clima/files/docs/ets_handbook_en.pdf. 

———. 2017a. “COM(2017) 646 Final Two Years after Paris –Progress towards Meeting the 
EU’s Climate Commitments.” 
https://ec.europa.eu/transparency/regdoc/rep/1/2017/EN/COM-2017-646-F1-EN-MAIN-
PART-1.PDF. 

———. 2017b. “Integrated Financial Reporting Package Overview - Financial Year 2017.” 
https://doi.org/10.2761/165716. 

———. 2018a. “Digital Single Market.” 2018. 
https://ec.europa.eu/commission/priorities/digital-single-market_en. 

———. 2018b. “Report from the Commission to the European Parliament and the Council: 
Report on the Functioning of the European Carbon Market.” 
https://ec.europa.eu/clima/sites/clima/files/ets/docs/com_2018_842_final_en.pdf. 

———. 2018c. “Report from the Commission to the European Parliament and the Council: 
Report on the Functioning of the European Carbon Market.” 

———. 2019a. “Energy Prices and Costs in Europe {SWD(2019) 1 Final}.” 
https://ec.europa.eu/energy/sites/ener/files/epc_report_final_1.pdf. 

———. 2019b. “Investment Plan Results.” 2019. 
https://ec.europa.eu/commission/priorities/jobs-growth-and-investment/investment-plan-
europe-juncker-plan/investment-plan-results/. 

———. 2019c. “Taxation and Customs Union.” 2019. 

———. 2019d. “The EU’s Main Investment Policy.” 2019. 
https://ec.europa.eu/regional_policy/en/policy/what/investment-policy/. 

———. 2019e. “What Is Horizon 2020?” 2019. 
https://ec.europa.eu/programmes/horizon2020/what-horizon-2020. 

European Commission Joint Research Centre. 2019. “Smart Metering Deployment in the 
European Union.” 2019. https://ses.jrc.ec.europa.eu/smart-metering-deployment-european-
union. 



 

 

 

  

 

143 

European Council. 2011. “Council Conclusion 04.02.2011,” no. FEBRUARY. 

European Environment Agency. 2017. “Application of the EU Emissions Trading Directive — 
Analysis of National Responses under Article 21 of the EU ETS Directive in 2016.” 
https://www.aether-uk.com/CMSPages/GetFile.aspx?guid=500d68fd-ad17-46f6-a495-
d2098661550c. 

European Investment Bank. 2015. “2015 EFSI Report From the European Investment Bank to 
the European Parliament and the Council on 2015 EIB Group Financing and Investment 
Operations under EFSI.” 

European Parliament; Council of the European Union. 2003. Directive 2003/87/EC of the 
European Parliament and of the Council Establishing a Scheme for Greenhouse Gas Emission 
Allowance Trading within the Community and Amending Council Directive 96/61/EC. Official 
Journal of the European Union. http://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=CELEX:32003L0087. 

———. 2006. Directive 2006/32/EC of the European Parliment and the Council of 5 April on 
Energy End-Use Efficiency and Energy Services and Repealing Council Directive 93/76/EEC. 
Official Journal of the European Union. https://doi.org/10.1016/j.jclepro.2010.02.014. 

———. 2009a. Directive 2009/28/EC of 23 April 2009 on the Promotion of the Use of Energy 
from Renewable Sources and Amending and Subsequently Repealing Directives 2001/77/EC 
and 2003/30/EC. Official Journal of the European Union. Vol. L 140. European Parliament and 
Council of the European Union. https://eur-lex.europa.eu/legal-
content/EN/ALL/?uri=CELEX%3A32009L0028. 

———. 2009b. Directive 2009/72/EC of 13 July 2009 Concerning Common Rules for the 
Internal Market in Electricity and Repealing Directive 2003/54/EC. Vol. L 211/55. European 
Parliament and Council of the European Union. http://eur-lex.europa.eu/legal-
content/EN/ALL/?uri=CELEX:32009L0072. 

———. 2010. Directive 2010/31/EU of 19 May 2010 on the Energy Performance of Buildings. 
Official Journal of the European Union. European Parliament and Council of the European 
Union. https://eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:32010L0031&from=EN. 

———. 2012. Directive 2012/27/EU of 25 October 2012 on Energy Efficiency, Amending 
Directives 2009/125/EC and 2010/30/EU and Repealing Directives 2004/8/EC and 
2006/32/EC. Official Journal of the European Union Directive. European Parliament and 
Council of the European Union. http://eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:32012L0027&from=EN. 

———. 2013a. Regulation (EU) No. 1300/2013 of the European Parliament and of the Council 
of 17 December 2013 on the Cohesion Fund and Repealing Council Regulation (EC) No. 
1084/2006. 

———. 2013b. Regulation (EU) No 1301/2013 of the European Parliament and of the Council 
of 17 December 2013 on the European Regional Development Fund and on Specific Provisions 
Concerning the Investment for Growth and Jobs Goal and Repealing Regulation (EC) No 



 

 

 

  

 

144 

1080/20. Official Journal of the European Union. https://eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:32013R1301&from=EN. 

———. 2014. Directive 2014/32/EU of the European Parliament and of the Council of 26 
February 2014 on the Harmonisation of the Laws of the Member States Relating to the Making 
Available on the Market of Measuring Instruments (Recast) Text with EEA Relevance. 

European Parliament. 2019. European Parliament Legislative Resolution of 26 March 2019 on 
the Proposal for a Directive of the European Parliament and of the Council on Common Rules 
for the Internal Market in Electricity (Recast) (COM(2016)0864 – C8-0495/2016 – 
2016/0380(COD)) (Ordi. http://www.europarl.europa.eu/sides/getDoc.do?pubRef=-
//EP//TEXT+TA+P8-TA-2019-0226+0+DOC+XML+V0//EN&language=EN#BKMD-6. 

European Regulators’ Group for Electricity and Gas. 2007. “Smart Metering with a Focus on 
Electrcity Regulation.” Bruxelles . https://www.e-control.at/documents/20903/-/-/922476c0-
5214-48fa-8b9c-3be6a44dabac. 

EXL. 2016. “Smart Metering What the U.K. Can Learn from Other Countries.” New York. 
https://www.exlservice.com/resources/assets/library/documents/EXL_WP_Smart_Metering
_-_What_UK_can_learn_from_other_countries.pdf. 

Faruqui, Ahmad, Dan Harris, and Ryan Hledik. 2010. “Unlocking the €53 Billion Savings from 
Smart Meters in the EU: How Increasing the Adoption of Dynamic Tariffs Could Make or Break 
the EU’s Smart Grid Investment.” Energy Policy 38 (10): 6222–31. 
https://doi.org/10.1016/j.enpol.2010.06.010. 

Faure, Corinne, and Joachim Schleich. 2018. “Linky: Do Smart Meters Actually Help Reduce 
Electricity Consumption?” The Conversation. http://theconversation.com/linky-do-smart-
meters-actually-help-reduce-electricity-consumption-99395. 

Federal Ministry for Economic Affairs and Energy (BMWi). 2018. “2018 Federal Government 
Report on Energy Research.” 
https://www.bmwi.de/Redaktion/EN/Publikationen/Energie/bundesbericht-
energieforschung-2018.pdf?__blob=publicationFile&v=5. 

Federal Ministry of Justice and Consumer Protection. 2019. “Electricity Regulation in 
Germany: Overview.” 2019. https://uk.practicallaw.thomsonreuters.com/5-524-
0808?transitionType=Default&contextData=(sc.Default)&firstPage=true&comp=pluk&bhcp=
1#co_anchor_a397049. 

Federal Office for Information Security. 2014. “Certification Report BSI-CC-PP-0073-2014 for 
Protection Profile for the Gateway of a Smart Metering System (Smart Meter Gateway PP) 
Schutzprofil Für Die Kommunikationseinheit Eines Intelligenten Messsystems Für Stoff-Und 
Energiemengen Version 1.3 from Federal Office for Information Security.” 
https://www.commoncriteriaportal.org/files/ppfiles/pp0073a_pdf.pdf. 

———. 2019. “Zertifizierte Produkte - Intelligente Messsysteme.” 2019. 
https://www.bsi.bund.de/DE/Themen/DigitaleGesellschaft/SmartMeter/SmartMeterGatewa
y/Zertifikate24Msbg/zertifikate24MsbG_node.html. 



 

 

 

  

 

145 

Förderer, Kevin, Manuel Lösch, Ralf Növer, Marilen Ronczka, and Hartmut Schmeck. 2019. 
“Smart Meter Gateways: Options for a BSI-Compliant Integration of Energy Management 
Systems.” Applied Sciences 9 (8): 1634. https://doi.org/10.3390/app9081634. 

“Forschung Stromnetze: The Research Initiative.” 2018. 2018. http://forschung-
stromnetze.info/en/the-research-initiative/. 

Forschungszentrum Jülich. 2019. “Energy Systems Engineering.” 2019. https://www.fz-
juelich.de/iek/iek-10/EN/Home/home_node.html. 

FranceInfo. 2019. “‘Je n’ai Pas Envie de Prendre Des Risques Pour La Santé de Mon Enfant’: 
Comment Des Anti-Linky Ont Décidé d’attaquer Enedis En Justice.” 2019. 
https://www.francetvinfo.fr/economie/linky/je-n-ai-pas-envie-de-prendre-des-risques-pour-
la-sante-de-mon-enfant-comment-des-anti-linky-ont-decide-d-attaquer-enedis-en-
justice_3134803.html. 

Fraunhofer Institute for Solar Energy Systems ISE. 2017. “Regulation Analysis and Barriers 
Identification Report.” http://netfficient-project.eu/wp-
content/uploads/2018/01/D5.14_Regulation-analysis-and-barriers-identification-report.pdf. 

Fraunhofer ISE. 2019. “Business Areas.” 2019. https://www.ise.fraunhofer.de/en/business-
areas.html#tabpanel-20257971835. 

Gaetano, Nicolò di. 2014. “Consumer Protecion &amp; Retail Market in Italy.” 
http://www.medreg-
regulators.org/Portals/45/capacitybuilding/1st/1st_MEDREG_Capacity_building-AEEGSI-
Di_Gaetano.pdf. 

Gambardella, Christian, and Michael Pahle. 2018. “Time-Varying Electricity Pricing and 
Consumer Heterogeneity: Welfare and Distributional Effects with Variable Renewable 
Supply.” Energy Economics 76: 257–73. https://doi.org/10.1016/j.eneco.2018.08.020. 

Gangale, Flavia, Julija Vasiljevska, Catalin-Felix Covrig, Maria Mengolini Anna, and Gianluca 
Fulli. 2017. “Smart Grid Projects Outlook 2017: Facts, Figures and Trends in Europe.” 
https://doi.org/10.2760/15583. 

German-Swedish Chamber of Commerce. 2018. “Smart Grid Market Analysis: Germany.” 
http://swedishsmartgrid.se/globalassets/publikationer/marketanalysis_ger.pdf. 

“Germany Moving Ahead with Smart Meter Rollout Plans | Metering.Com.” 2018. 2018. 
https://www.metering.com/magazine-article/germany-moving-ahead-smart-meter-rollout-
plans/. 

Giordano, Vincenzo, Flavia Gangale, Gianluca Fulli, Manuel Sánchez Jiménez, Ijeoma Onyeji, 
Alexandru Colta, Ioulia Papaioannou, et al. 2011. “Smart Grids Projects in Europe: Lessons 
Learned and Current Developments.” Luxembourg. https://doi.org/10.2790/32946. 

Giordano, Vincenzo, Ijeoma Onyeji, Gianluca Fulli, Manuel Sánchez Jiménez, and Constantina 
Filiou. 2012. Guidelines for Cost Benefit Analysis of Smart Metering Deployment. Joint 
Research Center (Ed.), JRC Scientific and Technical Research. https://doi.org/10.2790/39435. 



 

 

 

  

 

146 

Glowacki, Michal. 2017. “Green Certificates or Quota Support Schemes.” 2017. 
https://www.emissions-euets.com/internal-electricity-market-glossary/1066-green-
certificates-or-quota-support-schemes. 

Główny Urząd Statystyczny. 2017. “Produkcja Wyrobów Przemysłowych w 2016 Roku.” 

Gosnell, Greer, and Daire McCoy. 2019. “Are Smart Meters Good for UK Households? - 
Grantham Research Institute on Climate Change and the Environment.” 2019. 
http://www.lse.ac.uk/GranthamInstitute/news/are-smart-meters-good-for-uk-households/. 

Griliches, and Zvi. 1990. “Patent Statistics as Economic Indicators: A Survey.” Journal of 
Economic Literature 28 (4): 1661–1707. 
https://ideas.repec.org/a/aea/jeclit/v28y1990i4p1661-1707.html. 

GTAI. 2019. “Planning and Building.” 2019. 
https://www.gtai.de/GTAI/Navigation/EN/Invest/Investment-guide/The-legal-
framework/planning-and-building.html?view=renderPrint. 

Hekkert, Marko;, Gaston; Heimeriks, and Robert Harmsen. 2011. “Technological Innovation 
System Analysis.” Technological Innovation System Analysis. 

Hernández, L, J Salamanca, and Solaz M Ivie. 2017. The 2017 PREDICT Dataset Methodology. 
https://doi.org/10.2760/63665. 

HMG, and Ofgem. 2017. “Upgrading Our Energy System: Smart Systems and Flexibility Plan.” 

Holger Schneidewindt. 2018. “Smart Meter – The German ´Sonderweg´ at a Crossroads.” 
Energy Democracy. 2018. https://energy-democracy.org/smart-meter-the-german-
sonderweg-at-a-crossroads/. 

House of Commons. 2013. “Smart Meter Functionality and Interoperability.” 2013. 
https://publications.parliament.uk/pa/cm201314/cmselect/cmenergy/161/16108.htm#n147
. 

House of Commons Science & Technology Committee. 2016. “Evidence Check: Smart 
Metering.” 
https://www.publications.parliament.uk/pa/cm201617/cmselect/cmsctech/161/161.pdf. 

Howell, Shaun, Yacine Rezgui, Jean-Laurent Hippolyte, Bejay Jayan, and Haijiang Li. 2017. 
“Towards the next Generation of Smart Grids: Semantic and Holonic Multi-Agent 
Management of Distributed Energy Resources.” Renewable and Sustainable Energy Reviews 
77 (September): 193–214. https://doi.org/10.1016/J.RSER.2017.03.107. 

Intellectual Property Office. 2018. “Intellectual Property Office - Patents Journal : UK 
Applications Filed.” Intellectual Property Office, Concept House, Cardiff Road, Newport, NP10 
8QQ. information@ipo.gov.uk. 2018. https://www.ipo.gov.uk/p-pj. 

International Telecommunication Union. 2012. “Recommendation ITU-T L.1420. Methodology 
for Energy Consumption and Greenhouse Gas Emissions Impact Assessment of Information 
and Communication Technologies in Organizations.” 

Iqtiyaniilham, Nur, M Hasanuzzaman, and M Hosenuzzaman. 2016. “European Smart Grid 
Prospects, Policies, and Challenges.” https://doi.org/10.1016/j.rser.2016.09.014. 



 

 

 

  

 

147 

JRC European Commision. 2019. Distribution System Operators Observatory 2018. 
https://doi.org/10.2760/2690. 

Kamat, Vithal N. 2011. “Enabling an Electrical Revolution Using Smart Apparent Energy Meters 
& Tariffs.” Proceedings - 2011 Annual IEEE India Conference: Engineering Sustainable 
Solutions, INDICON-2011. https://doi.org/10.1109/INDCON.2011.6139598. 

Kapica, Wojciech. 2017. “Liczniki Inteligentne Podług RODO. Rzecz o Projektowanej Zmianie 
Prawa Energetycznego.” 2017. https://pl.linkedin.com/pulse/liczniki-inteligentne-podług-
rodo-rzecz-o-zmianie-prawa-kapica. 

Karlin, Beth. 2012. “Public Acceptance of Smart Meters: Integrating Psychology and Practice.” 
In Proceedings of the 2012 Summer Study on Energy Efficiency in Buildings, 102–13. ACEEE. 

Kelly, Michael. 2018. “Germany Moving Ahead with Smart Meter Rollout Plans | Smart Energy 
International.” 2018. https://www.smart-energy.com/magazine-article/germany-moving-
ahead-smart-meter-rollout-plans/. 

KfW. 2019a. “Erneuerbare Energien – Standard (270).” 2019. 
https://www.kfw.de/inlandsfoerderung/Unternehmen/Energie-
Umwelt/Förderprodukte/Erneuerbare-Energien-Standard-(270)/. 

———. 2019b. “KfW - Our Mission Worldwide.” 2019. https://www.kfw.de/KfW-
Group/About-KfW/Auftrag/. 

Kowalski, Bernd. 2017a. “Secure Smart Metering Systems : The German Approach.” 

———. 2017b. “Secure Smart Metering Systems : The German Approach,” 13. 

Kowalzig, Jan. 2013. “German Climate Finance: The Energy and Climate Fund Using ETS 
Revenues for International Climate Finance through the &quot;Energie-Und 
Klimafonds&quot; (EKF).” 
https://www.klimaat.be/files/3113/8479/2885/Oxfam_EKF_15Mai2013.pdf. 

Land Nordrhein-Westfalen. 2019. “Bauordnung Für Das Land Nordrhein-Westfalen.” 
Landesbauordnung 2018 – BauO NRW 2018. 2019. 
https://recht.nrw.de/lmi/owa/br_text_anzeigen?v_id=74820170630142752068. 

Léautier, Thomas Olivier. 2014. “Is Mandating ‘Smart Meters’ Smart?” Energy Journal 35 (4): 
135–57. https://doi.org/10.5547/01956574.35.4.6. 

Lewczuk, Łukasz. 2017. “Do Pomiaru Poboru Energii - Liczniki Energii Elektrycznej.” Fachowy 
Elektryk 1. 

Marshall of the Sejm of Republic of Poland. 2018. Announcement of the Marshall of the Sejm 
of the Republic of Poland of March 23, 2018 Regarding the Publication of a Uniform Text of 
the Energy Law Act. 

Mas, M, J Fernández De Guevara Radoselovics, J Robledo, M Cardona, M Lopez Cobo, R Righi, 
S Samoili, and G De Prato. 2018. An Analysis of ICT R&D in the EU and Beyond. 
https://doi.org/10.2760/984658. 



 

 

 

  

 

148 

Maschek Polska. 2018. “Filtry Przeciwzakłóceniowe Do Liczników AMI (Smart Metering) Filtr 
Środkowozaporowy.” 2018. http://maschekpolska.pl/filtry-przeciwzakloceniowe-do-
licznikow-ami-smart-metering. 

Metering.com. 2004. “ENEL Telegestore Project Is on Track.” 2004. 
https://www.metering.com/regional-news/europe-uk/enel-telegestore-project-is-on-track/. 

Meters and more. 2018. “Meters and More.” 2018. http://www.metersandmore.com/. 

MI Smart Grids. 2017a. “Smart Grids Innovation Challenge Country Report 2017.” 
https://smartgrids.no/wp-
content/uploads/sites/4/2018/04/MI_IC1_Country_Report_2017.pdf. 

———. 2017b. “Smart Grids Innovation Challenge Country Report 2017.” 

Minister Energii. 2017. “Rozporządzenie Ministra Energii z Dnia 5 Października 2017 r. w 
Sprawie Szczegółowego Zakresu i Sposobu Sporządzania Efektywności Energetycznej Oraz 
Metod Obliczania Oszczędności Energii.” 
http://prawo.sejm.gov.pl/isap.nsf/download.xsp/WDU20170001912/O/D20171912.pdf. 

Minister Gospodarki. 2006. Rozporządzenie Ministra Gospodarki z Dnia 4 Maja 2007 r. w 
Sprawie Szczegółowych Warunków Funkcjonowania Systemu Elektroenergetycznego. 

Minister Infrastruktury i Rozwoju. 2015. Obwieszczenie Ministra Infrastruktury i Rozwoju z 
Dnia 17 Lipca 2015 r. Załącznik Rozprządenie Ministra Infrastruktury z Dnia 12 Kwietnia 2002 
r. w Sprawie Warunków Technicznych Jakim Powiiny Odpowiadać Budyniki i Ich Usystowanie. 

Minister Rozwoju i Finansów. 2017. Rozporządzenie Ministra Rozwoju i Finansów z Dnia 13 
Kwietnia 2017 r. w Sprawie Prawnej Kontroli Metrologicznej Przyrządów Pomiarowych. 

Ministerstwo Energii. 2008. Regulation of the Minister of Economy of January 7, 2008 on the 
Requirements That Should Be Met by Electricity Meters for Active Alternating Current, and 
the Detailed Scope of Checks Performed during Legal Metrological Control of These Measuring 
Instrumen. 

———. 2013. “The Answer of the Minister of Economy to the Interpellation of the Senators’ 
Group on Smart Meters.” 
https://www.senat.gov.pl/gfx/senat/userfiles/_public/k8/dokumenty/stenogram/oswiadcze
nia/jackowski/3801o.pdf. 

———. 2018. “Ministry of Energy.” 2018. https://www.gov.pl/web/energy. 

Ministerstwo Gospodarki. 2013. “Analiza Skutków Społeczno-Gospodarczych Wdrożenia 
Inteligentnego Opomiarowania.” 

Ministerstwo Inwestycji i Rozwoju. 2019a. “Mapa Dotacji UE.” 2019. 
http://www.mapadotacji.gov.pl. 

———. 2019b. “Mapa Dotacji UE.” 2019. 

Ministerstwo Rozwoju. 2017. “Polish National Smart Specialisations.” Vol. 3. 

Ministry of Foreign Affairs (UK). 2013. “CBI Product Factsheet for Electronic Components for 
Smart Meters in Germany.” 



 

 

 

  

 

149 

Najwyższa Izba Kontroli. 2018. “Ochrona Praw Konsumenta Energii Elektrycznej.” 2018. 
https://www.nik.gov.pl/kontrole/P/17/022/KGP/. 

Narodowy Fundusz Ochrony Środowiska i Gospodarki Wodnej. 2013. “Dobry Klimat Dla 
Środowiska.” 

———. 2014. “Inteligentne Sieci Energetyczne.” 2014. http://nfosigw.gov.pl/oferta-
finansowania/srodki-krajowe/programy/inteligentne-sieci-energetyczne/. 

National Audit Office. 2011. “Preparations for the Roll-out of Smart Meters.” 

———. 2014. “Update on Preparations for Smart Metering.” 
http://www.publications.parliament.uk/pa/cm201415/cmselect/cmpubacc/103/103.pdf. 

———. 2018. “Rolling out Smart Meters.” 

Navigant Research. 2016. “Unraveling Germany’s Smart Meter Strategy.” 2016. 
https://www.enerquire.com/blog/smart-meter-data-management-platforms-why-the-
european-discussion-about-retail-data-hubs-doesnt-fit-germany. 

Nelson, Richard R. 1993. National Innovation Systems: A Comparative Analysis. New York: 
Oxford University Press. 

NMi. 2017. “NMi Announced as the Appointed SMDA Test House for Smart Meters in Great 
Britain.” 2017. https://www.nmi.nl/nmi-announced-appointed-smda-test-house-smart-
meters-great-britain/. 

OECD. 2002. “Measuring the Information Economy,” 9–93. 
https://doi.org/10.1787/9789264099012-en. 

Ofgem. 2005. “Further Details of the RPZ Scheme Guidance Document.” 2005. 

———. 2011. “Smart Metering Implementation Programme. Response to Prospectus 
Consultation.” http://www.ofgem.gov.uk. 

———. 2017. “Decision on the 2017 Electricity Distribution Innovation Roll-out Mechanism.” 
https://www.ofgem.gov.uk/system/files/docs/2017/10/final_decision_document_17_oct_2
017.pdf. 

———. 2018a. “List of All Electricity Licensees with Registered or Service Addresses | Ofgem.” 
2018. https://www.ofgem.gov.uk/publications-and-updates/list-all-electricity-licensees-
registered-or-service-addresses. 

———. 2018b. “SMART METER ROLLOUT: ENERGY SUPPLIERS’ PROGRESS AND FUTURE 
PLANS.” https://www.ofgem.gov.uk/system/files/docs/2018/05/2018.05_open_letter_-
_observations_from_rollout_plans.pdf. 

———. 2018c. “Standard Conditions of Electricity Supply Licence.” 
https://epr.ofgem.gov.uk//Content/Documents/Electricity Supply Standard Licence 
Conditions Consolidated - Current Version.pdf. 

———. 2018d. “Transition to Smart Meters | Ofgem.” 2018. 
https://www.ofgem.gov.uk/electricity/retail-market/metering/transition-smart-meters. 



 

 

 

  

 

150 

———. 2018e. “Transition to Smart Meters Smart Meter Rollout Key Publications Smart 
Energy Code ( SEC ).” 2018. https://www.ofgem.gov.uk/gas/retail-
market/metering/transition-smart-meters. 

———. 2018f. “Transition to Smart Meters Smart Meter Rollout Key Publications Smart Energy 
Code ( SEC ).” 2018. 

Ojczyk, Joanna, and Dorian Lesner. 2018. “Inteligentne Liczniki Prądu Obowiązkowo w Każdym 
Domu Do 2026 R.” Prawo.Pl. https://www.prawo.pl/biznes/inteligentne-liczniki-pradu-
obowiazkowo-w-kazdym-domu-do-2026-r,319432.html. 

OneMeter. 2018. “OneMeter Website.” 2018. 

Orno. 2018. “3 Fazowy, Wielotaryfowy Licznik Energii Elektrycznej z Portem RS485 i 
Certyfikatem MID, 80A.” 2018. https://www.orno.pl/pl/category/productData/4827/3-
fazowy--wielotaryfowy-licznik-energii-elektrycznej-z-portem-RS485-i-certyfikatem-MID--80A. 

Papakonstantinou, Vagelis, and Dariusz Kloza. 2015. “Legal Protection of Personal Data in 
Smart Grid and Smart Metering Systems from the European Perspective.” In Smart Grid 
Security, edited by Sanjay Goel, Yuan Hong, Vagelis Papakonstantinou, and Dariusz Kloza, 41–
129. London: Springer. https://doi.org/10.1007/978-1-4471-6663-4. 

Park Naukowo-Technologiczny Euro-Centrum Sp. z o.o. 2013. “Rynek Inteligentnych Sieci 
Energetycznych w Polsce.” 

Pela, Alberto. 2015. “The Italian White Certificate Scheme Cost of EEO Scheme & Cost 
Recovery Mechanism.” http://enspol.eu/sites/default/files/The Italian White Certificate 
Scheme%2C Alberto Pela – GSE.pdf. 

Pfeifer, Sylvia. 2018. “UK Smart Energy Meter Rollout Hit by Rising Costs and Delays.” Financial 
Times, May 13, 2018. https://www.ft.com/content/10a148ae-551d-11e8-b3ee-
41e0209208ec. 

Pietra, Biagio Di. 2018. “I Sistemi Di Smart Metering per l’efficienza Energetica Negli Edifici.” 
http://efficienzaenergetica.enea.it/allegati/DI PIETRA_Keyenergy 7 nov.pdf. 

PIIT. 2018a. “Stanowisko Polskiej Izby Informatyki i Telekomunikacji w Sprawie Wymagań Dla 
Liczników Energii Elektrycznej Opracowanych Przez Polskie Towarzystwo Przesyłu i Rozdziału 
Energii Elektrycznej Polska.” 
https://www.piit.org.pl/__data/assets/pdf_file/0023/10499/PIIT_Stanowisko_liczniki-
energii-elektr_2018-11-05.pdf. 

———. 2018b. “Stanowisko Polskiej Izby Informatyki i Telekomunikacji w Sprawie Wymagań 
Dla Liczników Energii Elektrycznej Opracowanych Przez Polskie Towarzystwo Przesyłu i 
Rozdziału Energii Elektrycznej Polska.” 

Pirolo, Diego. 2017. “Open Meter, the New Generation: Smarter and Customer Oriente.” 
Cagliari. https://convegni.aeit.it/CA2017/CA2017PlenarySessions/pdf/Pirolo_CA2017.pdf. 

plateforme opérationnelle anti-Linky POAL, La. 2019. “Les Communes Qui Ont Refusé Le 
Compteur Linky - POAL - La Plateforme Opérationnelle Anti-Linky.” 2019. 
https://www.poal.fr/appfree/carte-france-communes-refus-anti-non-linky.html. 



 

 

 

  

 

151 

Polish Chamber of Commerce for Electronics and Telecommunications. 2016. “Technical and 
Performance Requirements for 1- and 3-Phase Meters Designed for Operation in Polish AMI 
Systems (in Polish).” 

Polski Komitet Normalizacyjny. 2018. “PN-EN 62056-6-1:2018-02 - Wersja Angielska. 
Wymiana Danych w Pomiarach Energii Elektrycznej - Zespół DLMS/COSEM - Część 6-1: System 
Identyfikacji Obiektów (OBIS).” 2018. 

Press, California. 2013. “Hermann Aron’ s Electricity Meters: Physics and Invention in Late 
Nineteenth-Century Germany” 39 (4): 444–81. 
https://doi.org/10.1525/hsns.2009.39.4.444.444. 

Procontent Communication, and SW Research. 2014. “Wiedza Polaków Na Temat 
Inteligentnych Liczników - Raport z Badania.” 

PTPiREE. 2015. “Kampanie Informacyjne.” 2015. http://www.ptpiree.pl/nasza-
dzialalnosc/kampanie-informacyjne. 

———. 2018a. “Wymagania Bezpieczeństwa Wobec Statycznych Bezpośrednich 1-Fazowych i 
3-Fazowych Liczników Energii Elektrycznej.” https://www.tauron-dystrybucja.pl/-
/media/offer-documents/dystrybucja/aktualnosci/02_3_-wymagania-bezpieczenstwa_17,-d-
,09_czysta.ashx?la=pl-pl&hash=3DC147B05932391B99D9D5B642C67EC3890734B2. 

———. 2018b. “Wymagania Techniczne Dla Statycznych Bezpośrednich 1-Fazowych Liczników 
Energii Elektrycznej.” https://www.tauron-dystrybucja.pl/o-
spolce/aktualnosci/2018/09/2018-09-21. 

———. 2018c. “Wymagania Techniczne Dla Statycznych Bezpośrednich 1-Fazowych Liczników 
Energii Elektrycznej.” 

Putzu, Emma, and Claudia Malandra. 2010. “Electricity Network Tariff Regulation The Italian 
Experience.” Milan. 

ResearchAndMarkets.com. 2018. “The Cybersecurity Market in Europe 2018-2023: A +$47 
Billion Market Opportunity.” 2018. 

RETTech. 2016. “Funding Programs of the BMU - RETech Germany.” 2016. 
https://www.retech-germany.net/themes/support-programs/funding-programs-of-the-
bmu/?L=1. 

Ristori, Dominique. 2017. “A New Era: The Digitalisation of Europe’s Energy System – 
EURACTIV.Com.” Euractiv. 2017. https://www.euractiv.com/section/electricity/opinion/a-
new-era-the-digitalisation-of-europes-energy-system/. 

Rogai, Sergio. 2006. “ENEL Telegestore Project ENEL Distribuzione’s Metering System.” In 
ECONOMIC COMMISSION FOR EUROPE. COMMITTEE ON SUSTAINABLE ENERGY. COMMITTEE 
ON SUSTAINABLE ENERGY. Steering Committee of the Energy Efficiency 21 Project. Ad Hoc 
Group of Experts on Energy Efficiency Investments for Climate Change Mitigation. 

———. 2007. “TELEGESTORE PROJECT Progress & Results.” In IEEE ISPLC. Pisa. 

RSE. 2014. “A Snapshot of Smart Grids Achievements in Italy.” http://www.rse-
web.it/notizie/cloneIn-sintesi-il-punto-di-RSE-sulle-reti-intelligenti.page. 



 

 

 

  

 

152 

———. 2018. “Ricerca Sistema Energetico.” 2018. http://www.rse-web.it/home.page. 

Saxony Economic Development Corporation. 2019. “Investment Incentives.” 2019. 
https://business-saxony.com/en/investors/about-saxony/subsidy-programs/investment-
incentives. 

SayNoToSmartMeters.com. 2019. “Say No To Smart Meters.” 2019. 

Schiavo, Luca Lo. 2011. “PROMOTING INNOVATION AND INVESTMENTS IN SMART GRID. The 
Italian Regulatory Experience.” In JRC Workshop - Electricity Session. 
http://ses.jrc.ec.europa.eu/sites/ses/files/documents/events/2011_10_ei_ws_croatia/lo_sc
hiavo_aeeg.pdf. 

Schiavo, Luca Lo, Maurizio Delfanti, Elena Fumagalli, and Valeria Olivieri. 2013. “Changing the 
Regulation for Regulating the Change: Innovation-Driven Regulatory Developments for Smart 
Grids, Smart Metering and e-Mobility in Italy.” Energy Policy 57 (June): 506–17. 
https://doi.org/10.1016/J.ENPOL.2013.02.022. 

Sejm Rzeczpospolitej Polskiej. 2016. Ustawa z Dnia 20 Maja 2016 r. o Efektywności 
Energetycznej (Dz. U. 2016 Poz. 831 z Późn. Zm.). 
http://prawo.sejm.gov.pl/isap.nsf/download.xsp/WDU20160000831/U/D20160831Lj.pdf. 

———. 2018a. Law of May 10, 2018 on Personal Data Protection. 

———. 2018b. Law on Renewable Energy Sources. 

Shekara, Soma, Sreenadh Reddy Depuru, Lingfeng Wang, and Vijay Devabhaktuni. 2011. 
“Smart Meters for Power Grid: Challenges, Issues, Advantages and Status.” Renewable and 
Sustainable Energy Reviews 15: 2736–42. https://doi.org/10.1016/j.rser.2011.02.039. 

Smart Energy Code. 2013. “Smart Energy Code.” 2013. 
https://smartenergycodecompany.co.uk/. 

———. 2018. “BEIS Direction on the SMETS 1 End Date Derogation ».” 2018. 
https://smartenergycodecompany.co.uk/latest-news/beis-direction-smets-1-end-date-
derogation/. 

Smart Energy GB. 2019. “About Smart Energy GB.” 2019. 
https://www.smartenergygb.org/en/about-us. 

Smart Energy International. 2017. “The Second Wave of Smart Meter Rollouts Begin in Italy 
and Sweden.” 2017. https://www.smart-energy.com/regional-news/europe-uk/second-
wave-smart-meter-rollouts-begins-italy-sweden/. 

———. 2018. “Global Trends in Smart Metering.” 2018. https://www.smart-
energy.com/magazine-article/global-trends-in-smart-metering/. 

———. 2019. “Over 100 Million Smart Meters Adopt Head-End Software ‘as a Service.’” 2019. 
https://www.smart-energy.com/features-analysis/electricity-meters-ihs-markit/. 

Smart Meter Device Assurance. 2019. “What Is SMDA?” 2019. https://smda-
scheme.co.uk/what-is-smda/. 



 

 

 

  

 

153 

“Smart Metering  - CEN-CENELEC.” 2018. 2018. 
https://www.cencenelec.eu/standards/sectors/sustainableenergy/smartmeters/pages/defa
ult.aspx. 

SmartMe.co.uk. 2018. “Campaigns against Smart Meters.” 2018. 
https://www.smartme.co.uk/campaigns-against.html. 

SMICoP. 2013. “About SMICoP.” 2013. 
http://www.smicop.co.uk/SitePages/AboutSMICoP.aspx. 

Spectrummonitoring.com. 2018. “Spectrummonitoring.Com.” 2018. 
https://www.spectrummonitoring.com/frequencies/. 

Stop Smart Meters! 2012. “Stop Smart Meters!” Stop Smart Meters. 2012. 
http://stopsmartmeters.org.uk/. 

———. 2019. “Stop Smart Meters! (UK) | Withdraw Consent.” 2019. 
https://stopsmartmeters.org.uk/dont-smart-meter-me-notice-of-non-consent-for-smart-
meter-installation/. 

Stratmann, Klaus. 2018. “Regierung Bremst Intelligente Stromzähler Aus.” Handelsblatt. 2018. 
https://www.handelsblatt.com/politik/deutschland/smart-meter-regierung-bremst-
intelligente-stromzaehler-aus/23688518.html?ticket=ST-7803336-22fBSo3GvDeEQQF1vmTk-
ap5. 

Strother, N., and B. Lockhart. 2014. “Smart Meters. Smart Electric Meters, Advanced Metering 
Infrastructure, and Meter Communications: Global Market Analysis and Forecasts.” 

SUSI Partners. 2018. “SUSI and Discovergy Close Financing for Smart Meters in Germany.” 
2018. https://susi-partners.com/news/166/64/SUSI-and-Discovergy-close-financing-for-
smart-meters-in-Germany/. 

Tauron Dystrybucja SA. 2018a. “HAN TAURON AMIplus.” 2018. 

———. 2018b. “Zakończono Konsultacje Dokumentu „Projekt Wymagań Technicznych Dla 
Statycznych Bezpośrednich Liczników Energii Elektrycznej.” 2018. https://www.tauron-
dystrybucja.pl/o-spolce/aktualnosci/2018/09/2018-09-21. 

The Federal Government. 2019. “More Money for the Energy Shift.” 2019. 
https://www.bundesregierung.de/breg-en/service/more-money-for-the-energy-shift-
1589036. 

U.S. Department of Commerce. 2018. “Italy - Smart Grid Technologies | Export.Gov.” 2018. 
https://www.export.gov/article?id=Italy-Smart-Grid-Technologies. 

UCL Energy Institute - UCL - London’s Global University. 2017. “Smart Meter Research Portal.” 
2017. https://www.ucl.ac.uk/bartlett/energy/smart-meter-research-portal-smrp. 

UK House of Commons - Communities and Local Government Committee. 2007. “Existing 
Housing and Climate Change: Seventh Report of Session 2007-08, Vol II.” 
https://books.google.pl/books?id=VooVaJvWOjgC&pg=PA114&lpg=PA114&dq=%22Smart+
metering+is+designed+to+provide+utility+customers+information+on+a+real+time+basis+a



 

 

 

  

 

154 

bout+their+domestic+energy+consumption%22&source=bl&ots=91M66gCUIX&sig=J_vyZqw
fejYkDq99E-qmW37. 

Uribe-Pérez, Noelia, Luis Hernández, David de la Vega, and Itziar Angulo. 2016. “State of the 
Art and Trends Review of Smart Metering in Electricity Grids.” Applied Sciences 6 (3): 1–24. 
https://doi.org/10.3390/app6030068. 

Urząd Patentowy RP. 2018. “Wyszukiwanie Strukturalne Plus.” 2018. 
https://grab.uprp.pl/PrzedmiotyChronione/Strony witryny/Wyszukiwanie strukturalne 
Plus.aspx. 

Urząd Regulacji Energetyki. 2012. “Odejście Od Prognoz Rachunków Główną Zaletą Liczników 
Inteligentnych.” 2012. 

———. 2017. “Charakterystyka Rynku Energii Elektrycznej 2017.” 2017. 
https://www.ure.gov.pl/pl/rynki-energii/energia-elektryczna/charakterystyka-
rynku/7562,2017.html. 

———. 2018. “President’s Duties - Energy Regulatory Office.” 2018. 
https://www.ure.gov.pl/en/about-us/presidents-duties/22,Presidents-duties.html. 

Villa, Ferruccio. 2007. “REGULATION OF SMART METERS AND AMM SYSTEMS IN ITALY.” In 
19th International Conference on Electricity Distribution . Vienna. 
http://www.cired.net/publications/cired2007/pdfs/CIRED2007_0437_paper.pdf. 

Which? 2018. “Smart Meter Problems and Solutions.” 2018. 
https://www.which.co.uk/reviews/smart-meters/article/smart-meters-explained/smart-
meter-problems-and-solutions. 

Wieczerzak-Krusińska, Aneta. 2018. “Budżet Puchnie Od Dwutlenku.” Parkiet. 

Will, Jeff, Tom O’Connell, and Catherine Lange. 2009. “Smart Grids.” 
https://courses.cit.cornell.edu/crp384/2009reports/LangeO%27ConnellWill_Smart 
Grids.pdf. 

WNP. 2018. “Apator Dostarczy Liczniki Energii Elektrycznej Dla PGE Dystrybucja - Energetyka.” 
2018. https://energetyka.wnp.pl/apator-dostarczy-liczniki-energii-elektrycznej-dla-pge-
dystrybucja,319431_1_0_0.html. 

WysokieNapiecie.pl. 2019. “Boom Na Inteligentne Liczniki i Sieci. Jest Jednak Kilka Wyzwań.” 
2019. https://wysokienapiecie.pl/20220-boom-na-inteligentne-liczniki-i-sieci-jest-jednak-
jedno-duze-wyzwanie/#dalej. 

Zeitung für kommunale Wirtschaft. 2017. “Mehr Tempo Beim Rollout.” 2017. 
https://www.zfk.de/digitalisierung/smart-energy/artikel/mehr-tempo-beim-rollout-2017-03-
08/. 

Zheng, J, D W Gao, and L Lin. 2013. “Smart Meters in Smart Grid: An Overview.” In 2013 IEEE 
Green Technologies Conference (GreenTech), 57–64. 
https://doi.org/10.1109/GreenTech.2013.17. 

 



 

 

 

  

 

155 

4. Annexes 



 

 

 

  

 

156 

4.1. Main benefits and costs expected for smart metering roll-outs 

Table 28 Main benefits and costs expected for smart metering roll-outs in Germany, Italy, Poland and the UK 

Country Germany Italy Poland The UK (Great Britain) The UK (Northern Ireland) 

Main 
benefits 
(% of total 
benefits) 

• Energy savings - 33% 
• Load shifting - 15% 
• Avoided investments in 

the distribution grid - 13% 
 

 Revenue protection 
(including reduction of 
non-technical losses) 

• Reduction of meter 
reading and operations 
costs 

• Purchasing and logistics 

 Customer service (e.g. 
invoicing, bad debts 
management) 

• Energy savings (27%) 
• Reduction of balance 

sheet differences in 
respect of both technical 
and commercial losses 
(25%) 

 Reduced meter reading 
costs (24%) 

Domestic sector (electricity + 
gas):  

 Supplier cost savings 
(54%)  

 Energy savings (28%)  

 Carbon savings (7%)  

 Non-domestic sector 
(electricity + gas):  

 Energy savings (60%)  

 Carbon savings (19%)  

 Supplier cost savings 
(15%)  

 Consumption reduction 
(39%)  

 Reduced meter reading 
cost (19%)  

 Energy savings due to 
adoption of Time of Use 
tariffs (17%)  

Main 
costs (% of 
total 
costs) 

 Investments smart 
metering systems (meter, 
gateway, communication 
infrastructure) - 30% 

 Communication costs - 
20% 

 IT-costs - 8% 

 95% of CAPEX is associated 
with the production and 
installation of smart 
meters and concentrators. 

 The remaining 5% 
corresponds to costs 
associated with IT system 
development, R&D costs 
and other expenses. 

 Meter reading costs (24%) 

 Customer service costs 
(3%) 

 Cost for extra 
infrastructure to increase 
grid capacity (7%) 

Domestic sector (electricity + 
gas):  

 Smart meters 
CAPEX+OPEX (43%)  

 Communication costs 
CAPEX+OPEX (23%)  

 Installation costs (15%)  
Non-domestic sector 

(electricity + gas):  

 Smart meters 
CAPEX+OPEX (49%)  

 Communication costs 
CAPEX+OPEX (31%)  

 Installation costs (16%)  
 

 Procurement and 
installation cost (52%)  

 Cost of IHD (10%)  

 Introduction of new 
systems – e.g. IT systems 
for data management, 
settlement and storage 
(8%)  

 

Source: based on European Commission (2014a) 
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1. Executive Summary 
The report has been about innovation in industry discussed in relation to energy transformation, 
not about industry itself. This report presents the analysis of EU and national innovation system 
case studies concerning chosen sectors in industry as part of Task 2.1 of the INNOPATHS 
project. 

The overall aim of the study has been to analyse the innovative role of Energy Management 
(EM) in deep decarbonisation of the EU industry in relation to the process of energy transition. 

In other words, the process of EM development has been analysed from the point of view of its 
innovative role played in the decarbonisation of the EU industry. 

The objective of the research has also been the analysis of the correlation of energy intensive 
production processes and both the chances and risks of the energy low-carbon transition. It has 
aimed at identification of future low-carbon industrial technologies as well as the necessary 
framework conditions for their successful development and implementation. 

It has shown the complexity of development of innovative technologies in the EU industry and 
illustrated the process by providing few chosen national cases. Additionally, it has extensively 
described the very wide EU context for innovation in industry since in many respects (e.g. in 
energy, environment, R&D) the EU policies and their implementing instruments are leading 
and sometimes even dominating over national policies.  

Industrial sectors in the EU are still national - have not legally bounded EU-wide plans or 
managing bodies but their today’s production and development are strongly dependent on 
common EU policies. They operate in multidimensional frameworks which set boundaries for 
their operation in long-term perspective, till 2030…2050. On the other hand, the EU industry, 
especially the energy intensive sectors, must remain competitive globally. The Paris Agreement 
made the problem of global warming internationally recognised and politically acknowledged, 
opening, therefore, in far future, options for level play field for all. 

From the perspective of our study innovative paths of decarbonisation are lying down under 
top- down strategies of information processing and knowledge ordering, used management and 
organization. In practice, this means that the main driving force behind industrial change is the 
strategy and goals set by the European Commission (EC) under long term strategies, which are 
considered and adopted at the national level of specific country. 

European economic reality, e.g. acute shortage of many mineral resources, demanding 
environmental standards, including Green House Gas (GHG) emission limits, high energy 
prices as compared with other countries, social and labour changes towards clean production, 
high global competitiveness, leave for the EU energy intensive industries (EIIs) few options to 
survive of which innovation seems the most attractive. 

Among varieties or types of innovation enablers, Energy Management (EM) has been chosen 
as a key innovation enabling European industrial transformation which per se entails many 
challenges, uncertainties and risks. For this purpose, it has been proposed to enhance the 
concept of EM beyond its traditional scope commonly limited to Energy Management Systems 
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(EMS). Such a novel extension has made the EM a universal concept embracing all energy 
efficiency measures and instruments. EM can be treated as a “cross-cutting “energy efficiency 
improvement measure. The definition proposed in this research covers all activities aimed at 
better management of energy at all levels. EMS is therefore only one component of EM.  

This study presents a Technology Innovation System (TIS) analysis of EM as one of the major 
innovative means in the European industrial sector (manufacturing). More specifically, the 
report analyses the role of EM for iron and steel industry in Italy and the UK and for chemical 
and petrochemical industry in Germany and Poland. Additionally, general description of the 
innovation system at the EU level is presented for the both sectors too. 

Choosing EM as innovative enabler has turned to be a real challenge since: 

 EM is more a concept what makes its assessment impact on innovation hard to quantify. 
 EM is deeply imbedded in energy efficiency what makes hard to distinguish between 

the two. 
 There is a limited number of analysis on EM (or energy efficiency) which specifically 

address the two chosen industries, namely chemical and steel. 

These two sectors play essential role in the European industry as far as value added (VA), 
energy consumption are concerned. The crucial role of industry in job creation is also important. 
Moreover, as large GHG emitters, they are of key importance in the decarbonisation of 
European economy.  

They are highly concentrated as far as their ownership is concerned, often belong to 
international companies operating worldwide. Investment changes in their main technological 
processes take long time and their costs are high. EU industry global competitiveness is much 
dependent on the ability to elaborate novel technologies and organisational schemes. These in 
turn require extensive and costly R&D programs. Therefore, their owners are often seeking 
financing from public sources when they face major technological transition like that of deep 
decarbonisation. 

The four countries in focus of the analysis are at different stage of EM development and take 
different approaches to the subject. They, therefore, well illustrate various challenges and 
possibilities which may accrue in other Member States (MSs). Poland is a country in transition 
what differs its industry from those well rooted in market economy.  

EIIs, like the chemical industry or the steel industry, are primal industries that require huge 
amounts of energy. As such, they are the first industries that come to mind when it comes to 
energy efficiency and sustainability. 

The analysis of the EM innovation system involves political, technological, economic, and 
regulatory and societal aspects. In particular, evidence from each country concerning impacts 
of EM practices on innovation is collected, compared and contrasted. The accumulated data, 
comments, observation, opinions etc. were grouped in appropriate section presenting the cases. 
They were commented on spot or used as support to conclusions in the sections which 
summarise each of the cases.  
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The analyse have been carried in the form of case studies at the level of the MSs and the entire 
EU. It has been shown how the results of the individual case studies may differ from the supra 
level due to differences in the infrastructure. 

The structure of the report is unified for all sections on cases (EU, national). The EU cases go 
first as they build the national frameworks and conditions of operation for the industries at the 
national level. There are, however, differences in presenting the material for each country and 
the EU. It results from specific of the national cases, country-oriented approaches and 
availability of data. Such presentation, although not entirely homogenous, gives a full panorama 
of situations in different countries. These national cases have been contrasted with the EU cases.  

The document follows the framework developed by E. Verdolini (CMCC) and L. D. Anadon 
(UCAM). It is organized as follows:  

PART A sets the boundaries of analysis, and describes the specific case studies by sectors 
analysed in this document.  

PART B identifies the key elements of the innovation system, and characterises their 
interaction based on a set of key questions/aspects loosely inspired by the functions of 
innovation’ approach proposed by Hekkert et al. (2007). 

PART C summarises the lessons learned across different sectors and countries, and then 
identifies and discuss enablers and barriers to the energy transition.  

This report doesn’t not equally discuss all elements of TIS. It covers all essential aspects but 
few which can be considered novel are introduced with more details, namely: 

 Political support and the following legal and regulation framework. 
 Low-carbon technology availability and development. 
 Energy and environment management systems as practical implementation measures 

for energy efficiency increase. 
 Different means of reducing operational costs for energy intensive industry. 
 Deployment of Best Available Technologies as a reference for technology. 
 Demand Innovation policy as framework technology development. 
 EU Emission Trading System as a compelling force for technological transition. 
 Standardisation impact on innovation.  
 Public procurement as catalyst of innovation and a means of creation markets for low-

carbon technologies. 
 R&D drive for innovation. 
 Financial instruments as an essential element of technological change.  
 Enablers and barriers to the energy transition in industry. 

Finally, an attempt to describe interaction among those elements has been made.  

The leading theme, i.e. impact of EM on innovation, has turned out to be very challenging 
although worth taking because of its novelty. The main conclusion drawn on the cases confirms 
a need to accelerate R&D to introduce energy and material efficient core technologies, harness 
RES-based technologies, and enhance application of EM (as defined in the study).  
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It is striking that the both industries analysed despite their high energy and material 
consumption have up to know received so little interest to get more efficient. One of the main 
barriers encountered was scarcity of data. This proves the conclusion that energy and material 
effectiveness is not a priority in these two industries. 

The industries analysed operate in global markets, they experience high competition, but also 
benefit from globalisation. Inability of the EU to solve or alleviate problems of European EIIs 
in many aspects is presented, e.g. protection of internal markets by elimination of unfair 
competitions, secure profitability, jobs retentions, leadership in R&D, application of innovative 
technologies. This inability is caused by many reasons, e.g. different national interests, limited 
economic resources, strict rules of state intervention, stringent environmental rules, 
imperfection of markets.  
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PART A – BACKGROUND, BOUNDARIES AND 
JUSTIFICATION 

2. Energy Management in industry 

Introduction 

Industry is a key element of the EU economy 

The European Commission (EC) boasts that “with only 7% of the world’s population, Europe 
has a leading position in industrial sectors such as pharmaceuticals, mechanical engineering 
and fashion, accounts for 20% of global R&D investments, and yields one third of high-quality 
scientific publications. It is strong in incremental innovation and moving ahead in Key 
Enabling Technologies such as photonics and biotechnology” (Hollanders and Es-Sadki 2018). 
Striding to develop innovative industries the European Union (EU) cannot forget about 
innovation potential in traditional industries like iron and steel, chemical, cement, ceramic, 
pulp. 

Climate policy impacts industry 

The Fourth Assessment Report (AR4) (2007) by the Intergovernmental Panel on Climate 
Change (IPCC) of the United Nations indicated that most of the observed warming over the last 
50 years was likely to have been due to the increasing concentrations of greenhouse gas (GHG) 
produced by human activities such as deforestation and burning fossil fuels. This conclusion 
was made even stronger by the Fifth Assessment Report (AR5) released in 2013. The 
concentration of carbon dioxide (CO2) in the atmosphere has increased from a pre-industrial 
value of about 280 ppm to 391 ppm in 2011. In 2014, the concentration reached more than 400 
ppm. The continuous and increasing production of carbon emissions is therefore, a matter of 
global concern (Huisingh et al. 2015). 

Industrial activity contributes about 16% of EU's GDP and emits (directly) about 15% of total 
GHG emissions. In 2015 the energy intensive industry (EII) sectors directly emitted 
approximately 700 million tonnes of CO2, which represents a reduction by more than 30% 
compared to 1990 levels. This was the second largest source of emissions reduction after the 
power sector. At the same time, final energy consumption of industry was reduced by about 
20%. This was observed especially in the EIIs (European Commission 2018b).  

The EU Roadmap for moving to a competitive low-carbon economy in 2050 has set a target of 
GHG emission reductions by 34…40% by 2030, and 83…87% in industry by 2050 as 
compared to 1990 (European Commission 2011b). Several analyses show that industry is 
unlikely to meet this target without a major change in the policy framework (Hartner, Kranzl, 
and Fritz 2019). 

Decarbonisation of industry is much needed 
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Power sector receives much more attention than manufacturing industry in the debate on 
GHG emission reduction. It is not fully justified. For example, it was proved by the results of 
analysis of 18 computer models made by an international team of scientists of the Stanford 
Energy Modelling Forum (EMF 27) that both bioenergy and CCS can help reduce emissions 
from non-electric energy use that would be hard to decarbonize otherwise (Kriegler, E., 
Weyant, J.P., Blanford, G.J., Krey, V., Clarke, L., Edmonds, J., Fawcett, A., Luderer, G., Riahi, 
K., Richels, R., Rose, S.K., Tavoni, M., van Vuuren 2014). As an example, the burning of coke 
in BFs (BF) in the steel industry which can be equipped with Carbon Capture and Storage 
(CCS) installation was given. In contrast, the availability of individual low carbon technologies 
in the power sector was shown to be less important. It was noted that the power sector has a 
number of mitigation options, e.g. nuclear, solar, and wind power, but also gas and coal power 
with CCS. So, the lack of one of them can more easily be compensated by the others.  

Finally, it was concluded that energy efficiency improvements alone, without strong policies to 
decarbonize energy production and use, would be insufficient to reach the 2°C target.  

Sustainable and societal issues are important 

Industry cannot longer be analysed from the technological point of view only. In the work 
of Brugger et al. (Heike Brugger, Wolfgang Eichhammer 2019) most energy trends with 
relevance to energy consumption have been identified and combined into four main societal 
trend clusters (Table 1). Without deep insight it is visible that the majority of the trends are 
closely related to energy efficiency and as such can be realised by EM. Especially striking is 
the “reindustrialisation” that supports the need for strengthening EU industry. It places industry 
in a wide context of socioeconomic issues emerging nowadays. 

Table 1. Definition of societal trend clusters & detailed trends 

Clusters Trend 
Digitalisation of life Human Machine / Shift towards smart products and services 
New Social and 
Economic Models 

Sharing Economy 
Prosumers 
Social Disparities / Energy Poverty 
Awareness (of personal footprint) 
New forms of funding – Public spending towards greener and more efficient options 

Industrial 
Transformation  

Reindustrialisation 
Circular Economy – new requirements for material flows for consumer goods 
Decarbonisation of the industry 

Quality of Life Increasing importance of health (e.g. air quality, noise, heat) 
Regionalisation – Urban governance solving global challenges locally in cities 
Urbanisation – Global trend towards large snares of the population living in cities 

Source: (Heike Brugger, Wolfgang Eichhammer 2019). 

Aim of the study 

The overall aim of the study is to analyse the process of Energy Management (EM) 
development from the point of view of its innovative role in the deep decarbonisation of the 
EU industry in relation to the process of energy transition. 
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In other words, the process of EM development has been analysed from the point of view of its 
innovative role played in the decarbonisation of the EU industry. 

It will be tried to investigate how EM has been improving and increasing demand for innovation 
in European industry. 

The specific aims of this study are as follows: 

a. provide a new and comprehensive understanding of the potential for and challenges of 
the a low-carbon energy transition in Europe, which will show how such transition may 
be enabled and cost-effectively delivered by EM, 

b. provide evidence on how to govern EM policies, which will significantly impact the 
energy transition, 

c. contribute to understanding the importance of analysing EM in the more general context 
of innovation dynamics and standardization, 

d. provide evidence on how to capitalize and enhance the contribution of knowledge 
spillovers from industrial sectors (including iron and steel, and chemical and 
petrochemical sectors) to innovation in advanced energy technologies,  

e. provide evidence on the impact of EM development on job market and skills 
distributions,  

f. generate insights on a spectrum of diverse policy challenges and responses in the field 
of EM within the EU,  

g. provide generalizable results on what EM solutions have been devised so far, whether 
and how they have worked, and what innovative approaches are envisioned and may be 
advisable in the future, 

h. provide understanding of the social dimension of EM, 
i. highlight the future medium-term developments implicit in the past policy choices 

implemented by the EU and the MSs in the field of EM, 
j. provide intensive reflection on the nature of technical, economic and social innovation 

concerning EM, and how it can be stimulated by public policy, and on how the different 
economic sectors related to EM will need to evolve, and what technical developments 
will be required, in order to meet EU decarbonisation targets, 

k. quantify the rates and magnitude of historical sectoral transitions in EM. 

Boundaries of the analysis 

This study refers to industry. It embraces four MSs - Germany, Italy, Poland and the UK, and 
the supranational EU case, with the aim of providing a strong understanding and a clear 
mapping of past and current interactions of actors, policies and institutions. Therefore, the 
Study is focused on analysis of interactions between key elements of the process like the key 
features, actors, barriers and policies.1

The boundary of the analysis has been narrowed down to be mostly focused on two specific 
sectors of the industry, i.e. iron and steel, and chemical and petrochemical. These consist of 

1 INNOPATHS, Task 2.1 description. 
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subsectors defined in NACE 2, namely Section 20, 21 and 22 for chemical industry and 
petrochemical and Section 24 for iron and steel industry (see Annex 6.2). 

EIIs like the chemical industry or the steel industry are primal industries that require huge 
amounts of energy. As such, they are the first industries that come to mind when it comes to 
energy efficiency and sustainability. 

Therefore, the two chosen industrial sectors2 of interest are analysed in geographical division 
(Table 2):  

 iron and steel industry for Italy and the UK,  
 chemical and petrochemical industry for Germany and Poland. 

The both sectors have also been analysed for the entire EU to have wider EU perspective. 

Table 2 Industrial sectors analysed in this report 

Industry EU DE IT PL UK 

Iron and steel industry 

Chemical and petrochemical industry 

Source: Own work. 

These chosen industries are highly material- and energy-intensive industries (European 
Environment Agency (EEA) 2016). The EC views iron and steel, chemicals, non-metallic 
minerals industries as “harder to abate” emissions (European Commission 2018b). By 2050, 
only iron and steel and the chemical sectors are anticipated to have increasing energy 
consumption (Yeen Chan 2015). 

The EU chemical and petrochemical manufacturing subsector registered the highest electricity 
consumption in 2014 with a consumption of 181.2 TWh accounting for 18.2% of the industry 
final electricity consumption. It was followed by machinery and iron and 
steel (each 12.0%; 120.0 TWh). In 2000, chemical and petrochemical was the main electricity 
consumer (200.5 TWh), followed by paper, pulp and print (131.8 TWh) and Iron and Steel 
(130.4 TWh) (Tsemekidi-tzeiranaki et al. 2018). Thus, these two sectors considered are the 
largest electrical consumers what may play role in the trend of “electrification” of modern 
economy and the development of RES energy. Additionally, electrical energy is also 
especially suitable for many EM measures due to tremendous progress made in power 
electronics and ITC.

Traditional research on mitigation of GHG emissions has focused on direct consumption of 
energy (how we supply energy, what types of fuel we use, and how we use them, etc.). The 
role these materials and products might play in energy demand reduction is far less well 
studied (Barrett et al. 2018).

2 Manufacturing is reported under code C of NACE rev. 2, 
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Extended definition of Energy Management 

The concept of EM has widely been discussed in literature (see Annex 6.1). There is although 
no commonly accepted single, unique and cohesive definition of EM (Cooremans and 
Schonenberger 2019), (Sa et al. 2015). Schultze et al. (Schulze et al. 2016) provide a systematic 
review of existing academic journal publications on EM in industry. Five essential key elements 
of EM based on overarching themes are identified within the body of literature 
(strategy/planning, implementation/operation, controlling, organization and culture) and the 
specific findings relating to each key element are synthesized. They conclude that a 
conceptual framework of EM is necessary to effectively exploit the existing energy 
efficiency potential. 

Based on the available literature the list of most commonly used variations of the definition of 
EM has been created (see Annex 6.1). Due to the fact that the EC does not give a precise 
definition of the EM, and in order to include every significant element commonly associated 
with the term meaning, for the purpose of the study the following definition will be relevant: 

“Energy Management in industry is the collective term for all the proactive 
practices and techniques applied in the industrial facilities with the purpose 
of monitoring, controlling and conserving energy within the industrial unit, 
organised in a coordinated, often systematic manner, in order to improve the 
effectiveness of energy consumption to reduce the costs, maximise the profits 
and/or lower CO2 emissions. It includes planning and management of energy 
production and consumption units, redirecting energy and material flows 
through system so that the least possible amount of energy is expended to 
achieve worthwhile aims, taking into account environmental and/or 
economic objectives”. 

This wording is close to that definition used by the IEA in (Campbell 2014), “Energy 
management is the activity within the operation of industrial, commercial and public sector 
facilities of monitoring, auditing, managing and implementing improvements to systems that 
demand and consume energy”. 

Lee (Lee 2015) concludes that EM can be rewarding and profitable for companies that do 
embrace environmental and economic sustainability challenges. Establishing and implementing 
EM at a firm level can be a way of increasing energy efficiency and reducing the related carbon 
GHG emissions (Tanaka, 2008; Hoffrén and Apajalahti, 2009; Bunseet al., 2011).  

EM should therefore aim at meeting sustainable objectives as a whole instead of being only 
assessed using limited set of criteria, usually of economic nature in a short time payback period 
(Table 3). Environmental aspects have widened the criteria by adding the requirement of GHG 
emission reduction and necessity of including social aspects, e.g. job reduction or higher quality 
of personnel  

Table 3 Sustainable aspects of energy management (EM) at the level of a company 

Category Aspects of energy management 



16 

Political Contribution to reaching strategic goals of the company 

Improving reputation and image in society, e.g. public responsibility of business 

Strengthening (global) competitiveness  

Fulfilling legal obligation imposed by the law, e.g. energy saving obligation, meeting 
environmental requirements, like EU ETS and non-ETS participation 

Need for stakeholder involvement to get success 

Creation of local chain of values 

Boosting local economy 

Positive impact on customer awareness. Networking within sector and outside. 

Technological Reduction of technological risk 

Replacing old technologies by low-emission technologies 

Creation of framework for continuous improvement of innovation level 

Better energy and resources management, e.g. energy audits, waste heat usage, material 
management 

Economic Improving cost effectiveness of production; increasing Added Value  

Energy cost reduction. Rising energy prices 

Avoidance of environmental taxes, e.g. CO2/carbon tax 

Additional investment costs of energy efficiency improvements. Possible higher costs 
of energy monitoring and verification. 

Increase of resource productivity  

Additional costs for R&D (internal or external) 

Better access to private and public financing sources. Easier Public Private Partnership 

Public support for EM related investments. Novel financing schemes, e.g. ESCO, TPF 

Need to establish and run Energy Management System (EMS) 

Environmental Reduction of energy and resource consumption, e.g. energy-water nexus 

Energy and resource savings 

Reduction of emissions, e.g. GHG, pollutants 

Reduction of environmental risks and burden for society and local commuities 

Social Improvement of working conditions 

Demand for employees with higher skills. Increase EM skills 

Job reduction and possibility of creation new jobs 

Employee mobilisation and involvement in sustainable company’s policy 

Source: own work inspired by (Lee 2015). 

Some of the aspects can be classified as drivers or barriers. In the latter case, EM may be helpful 
at removing obstacles.  
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EM is often limited to or mismatched with “energy management system” (EMS). The 
energy EMS is standardized e.g. in ISO 50001 - “energy management system” as a “set of 
interrelated or interacting elements of an organization to establish energy policy and objectives 
and to achieve those objectives”. In the EED (European Parliament; Council of the European 
Union 2012) an “energy management system’ means a set of interrelated or interacting 
elements of a plan which sets an energy efficiency objective and a strategy to achieve that 
objective”. 

The definition proposed in this research largely extends the reach of “energy management 
system” as it covers all activities aimed at better management of energy at all levels. EMS is 
therefore only one component EMS.  

EM as defined now is much focused internally on the organisation implemented while many 
signals from outside are completely missed or have difficulties to cross the organisation’s 
boundary. The extended definition of EM also embraces the surrounding and enables better 
receiving such signals and responds. 

EMS is a very supportive tool to implement EM within a company (Schulze et al. 2016). It 
encompasses the organizational and informational structures as well as the technical tools, e.g. 
hard- and software, needed to implement EM3. 

Energy efficiency, unlike the majority of technologies, cannot be regarded as a single measure. 
It cuts across different sectors and technologies requiring interdisciplinary and systemic 
approaches. Desire for energy efficiency improvement is common to all human activities 
where energy is being present, in practice to all human activities.  

EM is one of the key measures aiming to improve energy efficiency4. EM can be considered as 
the most general (widest) implementation measure of energy efficiency policy. It can act as a 
standalone measure or be combined with other energy efficiency measures, e.g. measures 
dedicated to SMEs, measures aimed at change of consumers’ behaviour, promotion of energy 
services5, promotion of CHP, promotion of bioenergy for heating, reduction of the transport 
demand, promotion of non-conventionally fuelled vehicles, measures on public procurement, 
measures of energy efficiency and renewable energy in buildings. 

Therefore, EM to be the overreaching implementation measure of energy efficiency policy shall 
therefore cover the elements shown in Table 4. 

Table 4 Energy Management integrated elements 

3  Association of German Engineers, 2007. VDI Guideline 4602 Part I. Energy Management - Terms and 
Definitions. 

4 In literature, such terms like implementation of energy efficiency measures, energy management and energy 
management systems are sometimes used interchangeably (Finnerty et al. 2018). 

5 ESD: "energy service": the physical benefit, utility or good derived from a combination of energy with energy 
efficient technology and/or with action, which may include the operations, maintenance and control necessary to 
deliver the service, which is delivered on the basis of a contract and in normal circumstances has proven to lead 
to verifiable and measurable or estimable energy efficiency improvement and/or primary energy savings; 
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Category EM instrument Comments/Examples 

Strategy/Planning Energy Policy Compliance with EU and national 
regulation 

Setting long-term energy saving goals 

Setting long-term KPIs 

Procedures 

Trade-off between legislation and 
flexibility 

Operation Energy Plan Launching projects 

Environmental Policy Setting long-term pollution reduction 
goals 

Environmental regulations on energy 
efficiency and requirements 

Energy Risk Management Possible synergy with other policies 

Implementation/Operation Implementation of management 
systems 

ISO 50001 or environmental systems 
with energy-oriented module, e.g. 
ISO 14001 (Environmental Management 
Systems) or EMAS in line with art. 7 para 
6 of the EED 

Mandatory audits for industrial 
processes/building 

E.g. as those imposed by art. 7 of the EED 

National regulations6

Technology change Inspired or compelled by energy related 
objectives e.g. wish to diminish energy 
losses, high share of costs in total costs of 
manufacturing, high environmental costs 

Best Available Techniques 

Energy Services 

Controlling Submission of reports on annual 
energy consumption 

Implementation of energy 
monitoring systems and 
verification 

Like Smart Metering, e.g. art. 9 para 2(e) 
of the EED 

Benchmarking Adaption of Best Practices 

Organization Energy oriented management Involvement of high management 

Mandatory appointment of an 
energy manager 

Accreditation and certification of auditors 

Energy efficiency-oriented 
investment decisions 

Investment resulting from energy audits 
(“pipe of projects”) 

Energy accounting Potential impact of economic incentives 
on energy efficiency improvements 

Accounting including external costs and 
additional benefits 

6 e.g in Germany (Energieauditpflicht für Nicht-KMU). 
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Benefiting from energy pricing 
mechanism, e.g. dynamic tariffs 

Supply chain management (SCM) and 
Advanced Planning Systems (APS) 

Innovative financing mechanism  Based on revenues stemming from energy 
saving or reduction of environmental 
costs, e.g. ESCO, Third Party Financing 
(TPF), revolving funds 

Exploiting EU and national public 
financial resources 

EU ETS 

Compliance with industrial energy 
regulations  

Compliance with minimum energy 
efficiency regulations 

Implementation of Demand Side 
Management 

As envisaged in art. 15 para 2(a) and 
Annex XI of the EED 

Standardisation Energy related standards (mandatory and 
voluntary), e.g. on audits, auditors, EMS 

Public procurement Energy criteria in public bids 

Green Public Procurement 

Culture Implementation of soft measures, 
e.g. trainings, personnel awareness 
campaigns, staff motivation. 

Staff trainings 

Staff motivation (rewards, incentives) 

Personnel awareness campaigns 

Internal competitions 

Social Responsibility of Business 

Social impact of cutting-edge and 
emerging energy technology innovations 

Networking Internal communication in organsation 

External communication, e.g. with power 
sector, customers, general public 

Promotion of EM among SMEs, 
including small industrial enterprises, e.g. 
art. 8 para 2 of the EED 

Communication with different social 
strata 

Source: Own work inspired by (Schulze et al. 2016). 

The concept of EM is very close to Energy Management Practice (EMP). Similar to EM there 
is no single, unique and cohesive definition for EMPs so it can be seen from different disciplines 
and perspectives. (Sa et al. 2015) define EMPs as “total continuous or frequent managerial and 
technical actions in a company which aim primarily to reduce energy cost or secure energy 
supply and secondary to reduce pollution”. Some authors believe that there is overlapping 
between EMPs and energy efficiency measures. But apart from the existence of some overlaps 
it is possible to differentiate EMPs from energy measure.  
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Some authors consider an EMP as a technical procedure while other believes it is more 
managerial. The concept of EM adopted in this report clearly indicates that it is a mixture of 
these both approaches. 

Turner (2007)7  clustered EM strategies into five dimensions: Reliability, Efficiency, Low 
cost/No cost, Funding, and Awareness. It is striking that innovation aspect is not considered. 
There are very few papers dealing with the research of EM as an innovation driver. 

EM is well suited to be embedded into Industry 4.0 concept since it “delivers” energy efficiency 
in a form easily implemented in this concept, e.g. providing procedures, measures and tools 
which then can effectively be proceeded and managed by ICT, automation, big data, artificial 
intelligence etc. 

Key innovative elements in industries 

Referring to the conceptualisations presented by Wieczorek and Hekkert (Wieczorek and 
Hekkert 2012), key innovation in industry has certain characteristics of physical infrastructure, 
it is also proposed to consider three infrastructure categories: material, financial and knowledge 
as structural elements of innovation systems. Financial infrastructure includes: grants, financial 
programmes, grants, etc. All TIS design “dimensions” are given in Table 5. 

Table 5. Structural dimensions of a technological innovation system 

7 Turner, Wayne C., and Steve Doty. Energy management handbook. The Fairmont Press, Inc., 2007. 

Category Sub-categories 

Components 
Actors 

Civil society 

 Companies: start-ups, SMEs enterprises, large firms, multi-national companies 
 Knowledge institutes: universities, technology 

Institutes, research centers, schools 

 Government 
 NGOs 
 Other parties 

Legal organizations, financial organizations/banks, intermediaries, knowledge brokers, 
consultants 

Institutions Hard: rules, laws, regulations, instructions 

Soft: customs, common habits, routines, established practices, traditions, ways of 
conduct, norms, expectations 

Infrastructure Physical: artefacts, instruments, machines, roads, buildings, networks, bridges, harbours 

Knowledge: knowledge, expertise, know-how, strategic information 

Financial: subsidies, financial programs, grants etc. 

Interactions 
(relationships 
and links) 

At the level of networks 

At the level of individual contacts  
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Source: adopted from (Wieczorek and Hekkert 2012). 

Infrastructure does not have a steady position as a structural element of innovation systems and 
there is no conclusive agreement in the key literature positions as to what the term 
infrastructure covers. In the early stages of the development of a system there are no networks, 
but bilateral interactions between actors can be traced (Wieczorek & Hekkert 2012). It 
follows from the above that the TIS will differ depending on the limits of the studies. As part 
of this study, an analysis was carried out at the level of the MSs in the form of a case studies 
and the entire EU. The results of the individual case studies will differ from the supra level due 
to differences in the infrastructure boundaries. A TIS does not emerge in isolation, as it 
interacts with the wider context. These interlinked contexts may encompass several aspects 
including history, technology, sector, geography, society and policy. These dimensions 
elaborate the influence of factors which are not necessarily embedded inside the boundaries of 
the TIS, niches and regimes.  

Bergek et al. (Bergek et al. 2015) highlight the importance of some of these interlinked contexts, 
they argue that: 

 TIS is influenced by other technological developments beyond the technology in focus. 
 There is a mutual interaction between TIS and several sectors. 
 Regional development strategies and the spatial dimension affect TIS.  
 Wide political context is important and influential for the development of TIS. 

Wesseling et al. (Wesseling et al. 2017) describe sociotechnical and innovation systems (ST&I) 
system with the goal “to develop and diffuse innovations and goods to meet current and future 
societal demands” to insight deep decarbonisation in the EIIs. ST&I system is comprised of 
structural components that include actors (firms, trade associations, government, research 
organizations, consumers, etc.), institutions (such as norms, values and formal policies or 
regulations), technologies or materiality (such as plants, infrastructure) and the interactions 
between system components. The system can be delineated to the societal functions they fulfil, 
i.e. a socio-technical system, or to specific technologies, sectors, regions or nations, i.e. different 
types of innovation systems. This system seems to fall into that concept of Wieczorek and 
Hekkert.  

They conclude, after analysis of Error! Reference source not found., that EIIs are very 
different from the energy, buildings and transport sectors conventionally studied by the 
transition literature, not only in terms of their position along the value chain, but also in their 
ST&I system characteristics. 



22 

Figure 1 Overview of the different structural components of EIIs and their characteristics 

Source: (Wesseling et al. 2017). 

Wesseling et al. (Wesseling et al. 2017) remark that “Depending on the force of the exogenous 
factor and the stability of the ST&I system, this systems change involves a transition along 
existing technological trajectories (such as the development of energy efficiency improvements) 
or the transition to a new system configuration that revolves around new (low carbon) 
technologies”. To understand the scale of technological change in EIIs, that ST&I applied 
distinguishes between incremental innovations that track existing technological trajectories, 
and radical innovations8 that lead to new technologies. For EIIs this radical case typically means 
investing in novel technologies for the basic conversion process or for changes in feed- stocks. 
A criterion describing the dynamics of the decarbonization transition in Energy Performance 
Indicators (EPIs) is also introduced - it distinguishes between innovations that range from 
marginal to significant (described as low carbon innovation) GHG emission reductions. These 
innovations may reduce emissions purposefully or not (sometimes emissions reductions are 
only a co-benefit, for example of energy efficiency and recycling), as well as directly, e.g., 

8 Utterback defines radical innovation as “change that sweeps away much of a firm's existing investment in 
technical skills and knowledge, designs, production technique, plant and equipment” [Utterback JM. Master the 
dynamics of innovation. Massachusetts: Harvard Business School Press; 1994, p. 200]. 
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emission capture, or indirectly 9 , e.g., lower electricity demand. These observations are 
especially good pertinent to EIIs as it will be later demonstrated in the report. 

Insights from sociotechnical and innovation systems perspectives are needed to better 
understand how to steer and facilitate this transition process (Wesseling et al. 2017).  

Wesseling et al. (Wesseling et al. 2017) position the EIIs10 within the transitions literature by 
characterizing their sociotechnical and innovation systems in terms of industry structure, 
innovation strategies, networks, markets and governmental interventions. The transitions 
literature has so far, however, not featured EIIs. Deep decarbonization involves not only 
changes in technology through low carbon innovation, but requires a broader sociotechnical 
transition that also entails changes in user behaviour, culture, policy, industry strategies, 
infrastructure and science. However, this (deep) decarbonization transition at present proceeds 
at a very slow pace. To facilitate and steer this transition process, more insight into the socio-
technical drivers and barriers that affect the transition process is needed. 

Table 6 Overview of barriers to innovation in EIIs 

Barriers to innovation in EIIs 

Long investment cycles provide few windows of opportunity for changing technology 

Low, cyclical profit margins in EIIs reduce the availability of investment capital and increase the 
return on investment times 

High costs and potential loss of market share due to failures in the production process increase 
the risk perception of innovation 

Little opportunity for testing and upscaling of innovations; business risky transition from R&D 
to pilot stage 

Incremental improvements to core process technologies over the past decades, often century, 
disadvantage radical innovations, leading to lock-in 

Focus on refurbishing existing large-scale plants (so-called brown field investment), particularly 
in industrialized countries, inhibits more radical innovation 

Source: (Wesseling et al. 2017). 

Energy Intensive Industry characteristic 

The industrial structure of EIIs is generally characterized by strong economies of scale and high 
energy and capital intensities. EII plants are energy intensive because the processing of raw 
materials typically requires chemical conversions taking place at high temperatures or requires 
energy intensive breaking of chemical bonds. Such processes involve high fixed costs and have 

9 Direct emissions - originating in the combustion of energy sources (energy-related emissions) 
or process-related in production processes (process emissions). 

Indirect emissions - the energy-related CO2 emissions of electricity generation, which is attributed to the industry, 
which refers to the electricity (although they arise in the energy industry). 

10 The paper originally uses the term “Energy-intensive processing industries (EPIs)”. 
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potential for significant energy efficiency and organizational economies of scale, which results 
in large scale processing plants that require high upfront costs. These plants are complicated to 
run as they are highly automated, often produce several different qualities of products and are 
interlinked to other industries. The high fixed costs need to be earned back in cyclical markets 
with large variations in prices and profit margins, resulting in uncertainty and long payback 
times and investment cycles. High capacity utilization is important in order to recover the cost, 
meaning that plants may keep operating at an overall loss as long as prices are higher than 
variable production costs. Plants may also be very profitable during periods of high demand 
and high prices (Wesseling et al. 2017). Additionally, the EII is inherently high emission partly 
due to high energy consumption and nature of the technological processes applied. 

Investment cycles for major reinvestments can typically range between 20 and 40 years, but 
actual lifetimes may vary widely in practice. Plants are more regularly refurbished to increase 
productivity and improve energy efficiency. These cycles vary for different technologies, from 
4 to 6 years for chemical facilities to 10–15 years for glass tanks and BFs. 

The scale, energy and capital-intensive business case results in high barriers to market 
entry. Any new entrants that wish to compete, have to cooperate with, but more generally are 
absorbed by, established players. The high sunk costs also impose barriers to exit. This is why, 
in most industrialized countries, brown field investments in existing factories are more typical 
to create new production capacity than building new factories (i.e. green field investments). For 
example, expansion of production capacity in US mini-mill steel plants has been larger in 
existing plants than in new greenfield sites, while the primarily found in new greenfield sites. 
Due to these barriers, many EIIs are characterized by large multinationals that own plants 
around the world and may have a dominant market position. The European glass industry for 
example consist of more than 1,000 companies but more than 80% of the glass is produced by 
less than a dozen multinational. 

Napp et al. (Napp et al. 2014) acknowledge significant improvement in energy efficiency in 
EEIs in recent years although cost-effective energy efficient options still remain. Standard 
technological, economic and political energy efficiency measures are insufficient to achieve the 
deep carbon reductions as required. 

Methodology 

The analysis of the EM innovation system involves political, technological, economic, and 
regulatory and societal aspects. In particular, evidence from each country analysed concerning 
impacts of EM practices on energy related innovation has been collected, compared and 
contrasted. 

It has been a question how to find a methodology that enables to assess EM impact on 
innovation in industry. Several issues have been selected to have a wide picture of the 
surrounding of EM in the industries under consideration (Table 7). The issues listed have been 
considered as dynamic and the report has addressed the present state and where possible the 
future predictions. 
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Table 7 Issues to be considered when accessing EM impact on innovation in an industry sector 

Issue Description 

Support Political support (climate, environmental, energy) 

Public support and acceptance 

Eligibility for price compensation and duty exemptions 

Regulation, e.g. energy market, enivornment 

Importance of industry in 
national economy 

Share of GDP 

Share in manufacturing sector (AV) 

Number of employees (% in total employment) 

State of the industry Economic standing 

Profitability (loss) 

Interrelation with other industries 

Export/import ratio 

Risk of stranded assets 

Ownership (state, private) 

Globalisation Decisive impact of global companies 

“Carbon leakage” threat 

Cheap imports threat 

Global demand impact 

Global supply chain  

Unfair trade competition 

Energy and feedstock prices Competitive with other countries (low, high) 

Stability of prices (diminishing, rising, stable) 

Impact of EU ETS on energy prices 

Technology Availability of low-carbon technology 

Investment costs 

Investment life cycle 

Environment Practical potential to reduce GHG and other pollutants emission 

Innovation  Considering industry as innovative 

R&D spending 

Number of patents 

Involvement in international R&D programs 

Co-operation industry-research-academia 

Own R&D capacity in industry 

Energy Management Status of EM (in operation and perspective of development) 

Number of enterprises possessing energy or environmental EMS 

Economic viability of EM measures 

Societal  Risk of job lost (creation of new jobs) due to transformation 

Impact on regions with high concentration of the industry 

Availability of trained staff (energy managers, energy auditors etc.) 

Source: own work. 
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The accumulated evidences, data, comments, observation, opinions etc. were grouped in 
appropriate sections presenting the cases. They were commented on spot or used as support to 
conclusions in the sections which summarise each of the cases.  

The structure of the report is unified for all sections on cases (EU, national). The EU cases go 
first as they build the national frameworks and conditions of operation for the industries at the 
national level. There are, however, differences in presenting the material for each country and 
the EU. It results from specific of the national cases, country-oriented approaches and 
availability of data. Such presentation, although not entirely homogenous, gives a full panorama 
of situations in different countries. These national cases are well contrasted with the EU case.  

The document follows the framework developed by E. Verdolini and L. D. Anadon. It is 
organized as follows:  

PART A sets the boundaries of analysis, and describes the specific case studies by sectors 
analysed in this document.  

PART B identifies the key elements of the innovation system, and characterises their 
interaction based on a set of key questions/aspects loosely inspired by the functions of 
innovation’ approach proposed by Hekkert et al. (2007). 

Part C summarises the lessons learned across different sectors and countries, and then 
identifies and discuss enablers and barriers to the energy transition.  

This report doesn’t not equally discuss all elements of TIS. It covers all essential aspects but 
few which can be considered novel are introduced with more details, namely: 

 Political support and the following legal and regulation framework. 
 Technology availability and development. 
 Standardisation impact on innovation.  
 Energy and environment management systems as practical tools for energy efficiency 

increase. 
 Public procurement as catalyst of innovation. 
 Deployment of Best Available Technologies as a reference for technology. 
 Demand Side Management as means of reducing operational costs for energy intensive 

industry. 
 EU Emission Trading System as a compelling force for technological transition. 
 R&D drive for innovation. 
 Financial instruments as an essential element of technological change.  
 Enablers and barriers to the energy transition. 

The methodology of this study includes: 

(a) a mapping and description of historical development of key actors and institutions (i.e. 
government departments and agencies, regulators, industry groups, commercial organizations, 
consumers, academics), and a qualitative assessment of how they interact at the supra-national, 
national and sub-national levels, including a description of how the existing landscape evolved, 
and reasons for it;  
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(b) mapping of innovation strategies, roadmaps and policy instruments across the innovation 
chain (from basic R&D funding to deployment subsidies, for example) and their development 
and implementation;  

(c) identification of key drivers and inhibitors of innovation through stakeholder involvement 
and desk research.  

The study thus informs on and maps how a specific innovation system and its component 
institutions, strategies and policy landscape has performed in generating innovation, and why.  

Industrial sector accounts number of technological processes and it is not possible to cover all 
of them in one study. Technology selection was done according to the priority to 
decarbonization and potential of energy efficiency improvement. Secondary socio-economic 
parameters were taken into account to cover society expectation (society as a one of prior 
technology enabler).  

The selection of national cases was based on the following criteria:  

 share of geographical area covered by the project; 
 project impact on the national (local) energy market; 
 political situation; 
 balanced mixture of both succeeded and failed projects; 
 importance and impact of the project in national energy transformation; 
 type and dimension of the projects enabling drawing conclusions applicable in other MSs; 
 availability of information, e.g. statistics, analysis, assessments reports on EM. 
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PART B – KEY ELEMENTS OF THE 
INNOVATION SYSTEM 

Energy Management as an implementer of innovation 

Energy efficiency potential in industry is still left unexploited. One of the most promising 
means of reducing energy consumption, environmental burden and related energy costs 
is improving EM.

Innovation and energy efficiency targets 

It is commonly assumed that energy efficiency is inevitably linked with increased 
innovation, e.g. technological, organisational, managerial. This statement, however 
intuitionally true, is difficult to prove. In practice, energy efficiency is only one of a number of 
drivers for innovation. Therefore, some consideration should also be given to setting innovation 
targets when energy efficiency measures are planned and implemented. These targets are 
mainly based on economic assessment of the state-of-the-art technologies. They shall be 
economically viable when investment, energy and environmental costs are taken into account. 
Such assessment may be however highly dynamical and poses difficult to predict risks and 
uncertainties. Innovation targets, whilst not immediately economically viable and achievable, 
may become achievable in the medium to long term as a result of changes in the economic 
environment, i.e. greatly increased profitability of the industry, the production environment, 
growing competition, the need for a higher quality or specialised product for niche markets, or 
regulatory changes, the introduction of stringer legislation on pollution control, lower energy 
consumption or GHG emission limits. 

Several studies have identified a low status of EM in industrial companies to be a barrier to 
energy efficiency (Thollander and Ottosson 2010), (Rohdin and Thollander 2006). 

To understand better what is the correlation between EM and TIS one may say “Energy 
management might be identified as a supportive function of TIS around industry sector”. As 
can later be seen from the basic elements of the structures presented in the study, TIS and EM 
are similar in their logic. The position of EM as support function for innovation was developed 
during few last decades. Firstly, historically, energy as an input factor in the industrial process 
did not have the proper priority for industrial companies, since energy costs were just a minor 
part of total production costs, it was connected with relatively low and stable energy prices at 
that point in time. This situation has changed since energy prices in Europe started rising within 
the last decade, exemplified for example by the increase of electricity prices for industrial 
consumers. Secondly, the steadily increasing standards of environmental protection impose on 
industry requirements that can only be met by decrease of energy consumption, drastic in some 
cases. Thirdly, circular economy introduces new rules of energy and material management, for 
example in steel (European Commission 2011a) or chemical industries (Elser and Ulbrich 
2017). 



29 

Globally, considerable economic activity currently depends on materials produced through 
energy-intensive processes; cement, iron and steel, chemicals and aluminium account for 17% 
of total CO2 emissions. Despite the large share in GHG emission, currently worldwide, 
investment in energy efficiency in the industry sector was directed more to manufacturing such 
as food and beverage than to energy-intensive production such as iron and steel (IEA 2018b). 

Industrial companies have seemed to realize that EM can be an effective lever for increasing 
their revenues by energy consumption reduction and related energy costs, modernisation their 
production technologies and operations. In many cases, especially in EIIs, proper EM is 
absolutely essential for retaining global competitiveness and compliance with environmental 
standards. EIIs have made some progress in moving towards best practices and improving 
process energy efficiency, often driven by economic co-benefits (Climate Action Tracker 
2019). 

Additionally, EMS standards, e.g. ISO 50001, enforce EM activities of technical and 
organisational manner in organizations globally as they provide practical guidance and 
specifies minimum requirements for implementing a formal EM.  

Organizational innovations seem to be a favourable factor for the diffusion of technical 
innovations in some cases. Brunke et al. (2014) (for the iron and steel industry) find for example 
a significant effect between the introduction of an EMS and the adoption of energy saving 
measures in companies. Especially in the field of energy efficiency, the assumption could be 
made that organizational and service innovations are often related to technological innovations, 
such as e.g. in the case of contracting or energy efficiency networks.  

EM may be considered as “eco-innovation” according to the definition given in (European 
Commission and Union 2014) “eco innovation means all forms of innovation activities 
resulting in or aimed at significantly improving environmental protection, including new 
production processes, new products or services, and new management and business methods, 
the use or implementation of which is likely to prevent or substantially reduce the risks for the 
environment, pollution and other negative impacts resulting from the use of resources, 
throughout the life cycle of related activities”. 

The reasons why EM can serve as a good example of innovative application in the industrial 
sectors can be listed as follows: 

 EM in industry has a broad range and covers a wide scope of energy efficiency-oriented 
activities. It is also well-recognised across all MSs, although its concept is in common 
understanding limited to EMS, and is applicable in every sector of industry. Due to its 
potential to low emissions, it may have significant impact on decarbonisation. 

 EM concerns and connects different sectors of the economy, such as extraction of raw 
materials (primary), manufacturing (secondary), and services (tertiary) showing a wide 
spectrum of interrelations, influences and impacts. 

 EM affects various stakeholders on numerous levels and of different positions. This is not 
just a matter of technological advances influencing only the company owners, but should 
also be seen as a global change in the mentality of whole societies, including decision-
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makers, and as such may well illustrate emerging of new relationships and 
communication channels between main stakeholders. 

 EM requires multi-perspective analysis that comprises technological, economic, 
environmental and societal aspects.  

 EM is a wide-ranging phenomenon strictly connected with technological novelty that 
enables the best possible economic and social outcome. 

 EM represents a truly innovative system due to both rapid advancements in technological 
aspects of monitoring, controlling and optimising energy consumption, e.g. through 
Information Technology (IT) and Industrial Automation (IA) forming EMS, as well as 
innovative way of thinking and understanding the importance of rationalization of energy 
consumption being manifested in the constant improvement of legislation environment 
for the energy efficiency in the EU. 

 The countries discussed below are at different stage of EM development and therefore 
should well illustrate different implementation approaches, barriers, drivers and 
challenges. 

 The experience accumulated in these countries is sufficient to assess economic and social 
impact of EM deployment and enables to draw conclusions of value to other MSs. 

 Energy savings expected due to EM are of such large magnitude that should be included 
in a long-term energy demand forecasts, e.g. made by modelling. 
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3. EU Case Studies 

Technologies and infrastructure 

Industry in the EU economy 

Industry is broadly defined as an economic activity concerned with the processing of raw 
materials and manufacturing of goods, or generally a technically productive enterprise in a 
particular field, country, region, or economy viewed collectively or individually. 

The manufacturing sector employed 30.4 million people in the EU in 2016 and 2.1 million 
enterprises were classified to manufacturing in the EU in 2016.11

Following the adoption of the Commission’s 2012 Industrial Policy Communication, seeking 
to reverse the declining role of industry in Europe from its current level of 15.2% of GDP to as 
much as 20% by 2020 (European Commission 2013a). 

Later the EC concludes that “Industry is recovering from the financial and economic crisis” 
(European Commission 2017c). “Europe's industry is strong and has retained a leading 
position in many sectors in global markets”. (…) But to maintain and reinforce its competitive 
advantage, an important modernisation effort is required” (European Commission 2017c).

The 2009 crisis decline in production was inter alia strong for basic metals (-27.1% although 
followed by a recover of +19% in 2010) and fabricated metal products (-22.4% in 2009; +7% 
in 2010) and in chemical industry (-12.3% in 2009; + 11.5% in 2010) (Figure 2, Figure 3 and 
Table 8). The data show that EU industries are recovering after the crisis however the process 
of recovering is not a good time for deep transition. It also urges the need to build robust, 
resilience industry.  

11 https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Manufacturing_statistics_-_NACE_Rev._2
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Figure 2 Monthly volume index of production by main activity in the EU-28 (2005-2017) 

Source: EEA, (European Environment Agency (EEA) 2018). 

Figure 3 shows also the interesting relation between energy production and industrial 
production – visible delay of energy drop in crisis, and the at recovery time stagnation of energy 
demand. 

Figure 3 EU-28 Industrial production for total industry and the main industrial groupings, monthly data, seasonally adjusted, 
2005-2017, 2015 = 100 
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Source: Eurostat (sts_inpr_m). 

Table 8 Annual rates of change for total industry, main industrial groupings and NACE divisions, calendar adjusted data, EU-
28, 2005-2017 

Figure 4 Monthly volume index of production by main activity in the EU-28 (2005-2017) 

 Source: Eurostat (sts_inpr_a). 

The EC acknowledges that EU industry is undergoing a deep transformation, e.g. new 
technologies, the need for greater resource efficiency, new business models, greater consumer 
demand for manufacturing activities being bundled with services (EC Juncker Plan, autumn 
2017). EC plans revived or new key industry sectors, e.g. construction, steel, paper, green 
technologies and renewable energies, manufacturing and maritime shipping (EC Juncker Plan, 
autumn 2017). The Europeans, at EU and national level, still have ambitions the EU industries 
continue to play important role on a global perspective in the future.12

12 A strong focus on Key Enabling Technologies (KETs): Key Enabling Technologies are among the priority action 
lines of European industrial policy. Currently, there is a group of six technologies: micro and nanoelectronics, 
nanotechnology, industrial biotechnology, advanced materials, photonics, and advanced manufacturing 
technologies. They provide the basis for innovation in a range of products across all industrial sectors. They 
underpin the shift to a greener economy, are instrumental in modernising Europe’s industrial base, and drive the 
development of entirely new industries. The EU aims to increase the exploitation of KETs and to reverse the 
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With the measures announced in the Communication "Steel: Preserving sustainable jobs and 
growth in Europe", the EC will help the steel sector to adapt, innovate and use its potential in 
terms of quality, cutting-edge technology, efficient production and a highly skilled workforce 
(European Commission 2016b). 

EU industry must inevitably undergo transformation to a low carbon economy sector (European 
Commission 2017b)13. Studies of the many EU industrial strategies within the project led to 
some conclusions and comments. 

In the process of re-industrialisation major trends can be observed now and are to come in the 
coming years: 

• EU will continue to face growing global competition in traditional in traditional 
industries, e.g. steel, chemical, cement. 

• EU will encounter global competition in traditional industries where new products enter 
into market, e.g. e-vehicle, RES, steel, chemical. 

• Industrial policies and technological development are still too weakly coupled and 
coordinated. Barriers of moving from RDD to market phase remain.14

• EU, as the whole and individually as MSs, has too low potential to compete in the 
majorities of industries (products) in which the world’s powers want to be the leaders, 
e.g. PV, wind technologies. 

• EU will further be a witness of “carbon-leakage” in all carbon- and material intensive 
industries. 

• EU foreign policy has failed to secure MSs access to energy and mineral resources 
needed for many high-tech future products, e.g. rare earth mineral deposits. 

• Industrial policy of the EU has for years been weak and “forgotten” element of its future. 
• Globalisation in natural way makes EU industry less competitive in all no high-tech 

branches. 
• EU cannot precisely control its industry development whereas the potential of 

individual MSs may turn out to be insufficient to stand global competition. 
• EU industry development depends much on progress in climate policy 

implementation –”carbon leakage” vs. new markets for “green technologies”.
• EU will steadily lose the ground in all industries which require high energy and material 

consumption, can be easily automated and despite technological progress remain 
harmful for environment. Climate-energy policy, circular economy and digitisation are 
the right directions.  

decline in KETs-related manufacturing and patents being exploited outside the EU as this will stimulate growth 
and jobs (European Commission 2017b). 

13 Boosting the clean energy transition “The Clean Energy for all Europeans Initiative” of November 2016 includes 
legislative proposals covering energy efficiency, renewable energy, the design of the electricity market, security 
of electricity supply and governance rules for the Energy Union. In addition, the Commission proposed a new way 
forward for eco-design. 

14 See The 2017 EU Industrial R&D Investment Scoreboard (“IRI – The 2017 EU Industrial R&D Investment 
Scoreboard,” n.d.). 
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• Working in industry is not attractive for young people. Profession of an “engineer” or a 
“technician” is not socially “cool”.

The remedy is a challenge, but few general recommendations can be suggested: 

• EU industry to survive shall be transformed towards “low energy and raw materials” 
being based on novel manufacturing principles, e.g. Industry 4.0, ICT based 
management. 

• EU industry framework continuous refinement - regulation, financing and education 
require further fostering to secure long-term global competitiveness, e.g. new business 
venture formation, more friendly framework conditions for entrepreneurial activities, 
determinants and outcomes of firms' innovative activities, supporting business and 
innovation dynamics, better human resource reallocation and skills growth. 

• Strengthening of EU defence policy should result in more joint military projects and 
faster transferring of military technology to civil area.15

Gross Added Value of manufacturing industry 

The industrial sector is considered to be a backbone of the European economy that accounts for 
68% of Europe’s exports and private innovations16. About 17% of total value added in the EU 
comes from manufacturing. 1 job in manufacturing creates up to 2.5 other jobs across the value-
chain. Industry provides jobs for 32 million people, with 1.5 million of these jobs created since 
2013” (European Commission 2017c).  

The main driver of industrial energy demand is the gross value added differentiated by sub-
sector and country (Figure 5). 

15 A strong Europe in defence requires a strong defence industry. The European Defence Fund (launched June 
2017) will act as a catalyst for a competitive and innovative European defence industry, including its many SMEs 
and mid-cap companies. The Commission has earmarked €590 million to support defence by 2020 and proposes 
to allocate at least €1.5 billion each year that to complement and leverage national contributions. The Fund can 
help research and prototype development in areas which could include electronics, metamaterials, encrypted 
so-ware or robotics (European Commission 2017b). 

16 http://www.ec.europa.eu/growth/industry_en
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Figure 5. Development of gross value added by industrial sub-sectors for the EU27 

Source: (Fraunhofer ISI, TU Vienna, and PwC 2014) after PRIMES 2013.17

Gross Value Added (GVA) in industry in the EU and the selected countries is presented in 
Figure 6 and Table 9. 

17 https://climateactiontracker.org/publications/blog-decarbonising-global-steel-and-cement-sectors-requires-
more-zero-carbon-fuels-now/
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Figure 6. Gross Value Added of manufacturing industry as percentage of the EU-28 total 

Source: European Environmental Agency.18

Table 9. Gross Added Value of manufacturing industry of the EU and selected countries as percentage of the EU-28 total and 
water use as percentage of national consumption 

Country Gross Added Value as 
percentage of EU-28 

total [%] 

Gross Added Value 
[%]as percentage of 
national GAV [%] 

Water used as 
percentage of national 

consumption [%] 

EU-28 15.77 53.7 

Germany 4.8 25.96 45.44 

18 https://www.eea.europa.eu/themes/industry/industrial-pollution/industrial-pollution-country-profiles-
2018/2018-industrial-pollution-country-profiles
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Italy 1.8 

Poland 0.6 26.33 71.49 

UK 1.5 

Source: On work based on EEA data. 

Energy consumption in the EU industry 

Industry is one of the largest consumers of energy in the EU although its energy demand 
has been steadily diminishing. In 2016, industry in EU-28 was responsible for 24,4% of final 
energy consumed, 19,2% of gross value added (GVA), 53,7% of water used.19

Between 1990 and 2016, economic sectors showed different Final Energy Consumption (FEC) 
trends (Figure 7 and Figure 8). Agriculture and forestry, as well as industry, reduced their FEC 
by 24.9% and 25.4 %, respectively, while the residential sector’s consumption increased just 
3.9%. By contrast, energy consumption in the services and transport sectors grew by 37.6% and 
29.2 %, respectively, over the same time period. In the shorter term, between 2008 and 2016, 
FEC reduced by 13.1 % in the industry sector, 2.6 % in the transport sector and 5.7 % in the 
residential sector. In contrast, energy consumption in the service sector remained constant over 
the same time period.20

Figure 7 Final energy consumption, by sector, EU-28, 1990 and 2016 

Source: Eurostat online data code (nrg_100a). 

19 https://www.eea.europa.eu/data-and-maps/indicators/final-energy-consumption-by-sector-9/assessment-1

20 https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Europe_2020_indicators_-
_climate_change_and_energy
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Figure 8 Final energy consumption, by sector, EU-28, 1990 - 2016 

Source: Eurostat online data code (nrg_100a). 

In different MSs the share of industry in energy consumptions varies (Figure 9). 
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Figure 9. Energy consumption in industry in EU member states as percentage of EU-28 energy consumption total in 2016 

Source: European Environmental Agency.21

Regarding the energy consumption trend, it can be concluded that between 2005 and 2016 in 
the EU, final energy consumption decreased by 7.1% (0.7% annually) while energy 
consumption decreased in the industry sector by 16.4%. Between 2005 and 2016 energy 
consumption in the industry sector fell at an annual average rate of 1.6%. This was largely the 
result of a shift towards less-energy-intensive manufacturing industries and the continuing 
transition to a more service-oriented European economy, combined with the effects of the 
economic recession in recent years. Energy consumption in industry is expected to continue to 
follow this trend because of ongoing industry reallocation, which could lead to a permanently 
smaller manufacturing sector in the EU. Between 2005 and 2016 the consumption of oil in EU 

21 https://www.eea.europa.eu/themes/industry/industrial-pollution/industrial-pollution-country-profiles-
2018/2018-industrial-pollution-country-profiles
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MSs decreased by 13.2 % (1.3 % annually). The largest decrease, of 41.8 %, took place in the 
industry sector. Final energy consumption of electricity in the MSs stabilised. Since 2005, 
electricity consumption in the in industry decreased by 10.4 % mainly because of less activity 
in the sector and increased energy savings. The consumption of natural gas decreased by 12.6% 
(1.2% annually). Natural gas consumption decreased in the industry sector (22 %). The 
consumption of solid fuels decreased by 16.2% (1.6% annually). In absolute terms, this 
reduction is mainly accounted for by the industry sector. 

There are two main reasons for that substantial reduction of energy in the EU industry 
(European Commission 2018b): 

 EU economy has been restructuring, shifting to an increase of the services sectors and 
a lower share of the energy intensive industry. 

 Industry has been very active in reducing its energy consumption and switching to lower 
carbon fuels.  

Chemicals, iron and steel, and aluminium production together account for around 15% of 
electricity use worldwide (Figure 10). Aluminium production grew at 6% per year since 2000, 
leading to a 5% electricity growth in that sector – the fastest rate among end-uses in industry 
(IEA 2018b). 

Figure 10. Electricity demand growth by end-use in 2000-2017 

Source: (IEA 2018b). 
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Figure 11. Total energy consumption in different industry sectors in EU in 2015 

Source: European Calculator (EUCalc) project. (ÖGUT based on Eurostat data – complete 
energy balance nrg_110a). 

Table 10. Energy consumption in industry in the EU and selected member states as percentage of EU-28 energy consumption 
total in 2016 

Country Industry total 

[%] 

Chemical industry 

[%] 

Metal industry 

[%] 

EU-28 24.4 3.98 7.74 

Germany 1.3 1.4 

Italy 0.3 0.5 

Poland 0.2 0.3 

UK 0.3 0.3 

Source: On work based on EEA data. 

Predicting the future, the final energy consumption (FEC) in the Baseline scenario in PRIMES 
(2015) decreases by 26% between 2005 and 2050 due to moderation of final energy demand 
(Figure 12). In industrial sector, 23% reduction in 2050 compared to 2005 is achieved but 
savings plateau post 2030 (European Commission 2018b). According to PRIMES 2016, 
projected to decrease by 30% between the years 2000 and 2050. Despite increasing amounts of 
AV, the final energy demand is expected to decrease (Fraunhofer ISI, TU Vienna, and PwC 
2014). 
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Figure 12. Final energy demand in the EU by sector in the years 2010-2050 

Source: (European Commission 2018b). 

Energy efficiency in the EU industry 

Energy intensity22 is commonly used to measure the energy efficiency of a nation’s economy 
and shows how much energy is needed to produce a unit of GDP. Improvements in energy 
intensity in the EU can be explained by the general shift from industry towards a service-based 
economy, a shift within industry to less energy-intensive activities and production methods, the 
closure of inefficient units, or more energy-efficient appliances. In the last 5 years (2011-2016) 
energy intensity improved in all EU countries (Figure 13). 

22 Energy intensity measures the energy consumption of an economy and its energy efficiency. It is the ratio 
between gross inland consumption of energy and gross domestic product (GDP). Gross inland consumption of 
energy is calculated as the sum of gross inland consumption of five energy types: coal, electricity, oil, natural gas 
and renewable energy sources. The GDP figures are taken at constant prices to avoid the impact of inflation. Since 
gross inland consumption is measured in kilograms of oil equivalent and GDP in EUR 1,000, this ratio is measured 
in kgoe per EUR 1,000. https://ec.europa.eu/eurostat/statistics-
explained/index.php?title=Glossary:Energy_intensity
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Figure 13  Energy intensity of the MSs’economy, in selected years, 2006-2016 

Source: Eurostat (tsdec360). 

Figure and Figure show energy intensity of industry for the four MSs analysed and the EU. 

Figure 14. Energy intensity of industry (at purchasing power parities) 

Source: Eurostat. 
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Figure 15. Technical energy efficiency index of industry 

Source: Eurostat. 

Impressive progress made by Poland is visible. Stagnation in recent years calls for 
immediate steps to be taken, mainly political, to accelerate the rate at energy is saved in 
the EU industry. 

Progress in energy efficiency seems to be insufficient to keep track with Europe's economy 
recovering. Europe's GDP is growing at about 2% per year in the past three years (2015-2017) 
– and power demand at about 1% per year. With GDP growth being about double the size of 
power demand growth, this suggests that energy efficiency is rising, but not enough to meet the 
European Union's overall efficiency targets (Jones et al. 2018).

Increasing efficiency of energy consumption in industrial sectors is important tool to achieve 
Commission’s energy efficiency target. Energy efficiency policy for industry has thus aimed at 
reducing the amount of energy required, for the same product or process.  

Energy efficiency in industry has increased by 38% in the EU-28 over the period 1990-2016, 
at an annual average rate of 1.8%/year (Figure 16). Greater progress was achieved in the 1990s 
(2.6 %/year over the period 1990-2000). Since 2005, there has been a net slowdown in energy 
efficiency improvement in industry (1.2%/year), against 2.2%/year from 1990 to 2005. 
Improvements took place in all industrial branches, however, improvements have been lower 
in most EIIs. The specific energy consumption, i.e. energy consumption per unit of physical 
output, has been reduced by 27% for steel and by 14% for paper and cement since 1990. 
However, for chemicals, the reduction has been much larger (50% since 1995). 
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Figure 16. Energy efficiency trends of final energy consumers in the EU in 2000-2015 

Source: (EASME 2015).

Energy efficiency trends in the whole EU economy are positive, i.e. increasing. Energy 
efficiency of final consumers improved by 1.3%/year between 2000 and 2015, with a slight 
slowdown from 1.4%/year before 2007 to 1.1% /year since 2010 (ODEX=82 in 2015 --> 18% 
energy efficiency improvement or 1.3%/year). Larger gains for households (2.1%/year). In 
industry since the economic crisis in 2007 the rate of improvement slowed dramatically -- 
1%/year since 2007 compared to a -2%/year before). Regular but limited improvement in 
transport (1%/year) - greater for cars than for trucks. Small “measurable” progress was 
observed in services (EASME 2015). 
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Figure 17. Average change of final energy intensity in industry in Member States in 2005-2015 

Table 11. Average change of final energy intensity in industry in chosen Member States in 2005-2015 

Country Average change of final energy 
efficiency in industry [%] 

EU-28 -2.0 

Germany -1.3 

Italy -2.7 

Poland -5.2 

UK -2.5 

Source: EASME 2015. 

Between 2005 and 2015, final energy intensity decreased in the industry sector by 2.0% per 
year. In addition to an increase in economic productivity, the decrease in energy intensity in the 
industry sector was mainly due to energy efficiency improvements and, to a lesser extent, a 
shift towards industries that are less energy intensive. In addition, industries in the EU are 
combining more and more manufacturing products with the delivery of related services. This 
trend has led to lower energy intensities in industry, since GVA increases without greater 
energy consumption. 

Energy efficiency plays crucial role in the diminishing trend of final energy consumption of the 
EU which decreased in the EU by 60 million tonnes between 2000 and 2015. Technical energy 
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savings decreased the consumption by 232 million tonnes whereas increase in activity 
contributed to raise consumption by 102 million tonnes, lifestyles and demography by around 
40 million tonnes each (Figure 18) (Odyssee-Mure 2015b). 

Figure 18. Variation of final energy consumption in the EU in 2000-2015 

Source: (Odyssee-Mure 2015a). 

Structural changes of the EU economy are often attributed to the decrease of final energy. 
intensity. However, the structural changes only explain 15% of the final energy intensity 
decrease since 2000 (even less since 2007) (Figure 19). Structural changes are mainly due to 
shifting industry to less energy intensive branches as most countries have moved to less energy 
intensive sectors. In almost 1/4 of EU countries structural changes explained more than 20% of 
the final energy intensity decrease. In some countries, such as Sweden, Finland, Spain, Greece 
and Austria, they explain more than 50% of the intensity decrease. This phenomenon is 
somewhat related to the carbon-leakage (see Annex 6.10). However, Richards and Röhrig 
(2018) claim that “leakage” is a myth that has no basis in fact”. Numerous studies have found 
no evidence of leakage, or production displacement, deriving from the EU ETS. In 2013, 
a study done for the EC concluded: “We found no evidence for any “carbon leakage” in energy 
intensive sectors in the past two ETS periods” (Ecofys 2013). In time any risk of leakage is 
likely only to decrease. With the Paris Agreement in place, all countries have now agreed to 
take action to keep warming well below 2°Celsius and pursue effort to limit warming to 
1.5°Celsius, ensuring it stays well below 2°Celsius – making null and void the “carbon 
leakage” argument. 

A related issue is that of “carbon leakage”. By focusing only on UK energy use and GHG 
emissions, a national decrease may be seen that in reality corresponds to increased levels of 
imports (Barrett et al. 2018). No net fall in emissions may result, if the boundary of the analysis 
is drawn beyond the UK borders. This “carbon leakage” may involve an overall rise in 
emissions, compared to the manufacture of the same products in the UK, due to increased 
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transport requirements when importing from other nations, and because the manufacturing 
processes being under- taken elsewhere may be less efficient than those, for example, in the 
UK. These comments seem general in the case of global industries like these of steel or 
chemistry where owners can relatively easily shift production among countries. 

Figure 19. Contribution of structural changes to final energy decrease in the EU in different periods 

Source: (Odyssee-Mure 2015a). 

The baseline final energy demand of the industry sector is, according to PRIMES 2016, 
projected to decrease by 30% between the years 2000 and 2050 (Figure 20) (see also Figure 
12). Despite increasing amounts of value added, the final energy demand is expected to 
decrease. Although efficiency effects have been taken into account for the updated projection 
of the final energy demand, plenty of further potentials are available to further decrease the 
final energy demand in the industry. The untapped cost-effective potentials could reduce the 
final energy demand by 42% in the year 2050. 73% of these possible savings would have to be 
realized from cross-cutting technologies (CCT, i.e. efficient steam and hot water generation as 
well as optimisation electric drives) (Heike Brugger, Wolfgang Eichhammer 2019). 
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Figure 20. Final energy demand (FED) and energy saving potentials in the industry sector (in million tonnes) in the EU 

Source: (Heike Brugger, Wolfgang Eichhammer 2019). 

Industrial pollution in the EU 

Although industry makes a significant contribution to the economic welfare and development 
of a country, pollution from industrial activities can also negatively affect people and the 
environment.23,24 

Most of the emissions in Europe are concentrated in the energy sector and certain 
manufacturing industries (Figure 21 and Figure 22). The European Pollutant Release and 
Transfer Register (E-PRTR) has compiled data from the largest industrial point sources in 
Europe since 2007. It covers 91 different pollutants to air, water and land from around 30,000 
industrial facilities across Europe.25

23 https://www.eea.europa.eu/data-and-maps/indicators/industrial-pollution-in-europe/assessment-1

24 https://www.eea.europa.eu/themes/industry/industrial-pollution/industrial-pollution-country-profiles-2018

25 https://www.eea.europa.eu/themes/industry/industrial-pollution-in-europe
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Figure 21. Trends in industrial pollution, EU-28, 2007 to 2016 

Source: European Environmental Agency.26

26 https://www.eea.europa.eu/themes/industry/industrial-pollution/industrial-pollution-country-profiles-
2018/2018-industrial-pollution-country-profiles
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Figure 22. Industrial air emissions as a percentage of total EU-28 pollution by sector, 2016 

Source: EEA. 27

Non-CO2 emissions in the EU are projected to reduce by 50% in 2050 compared to 1990. Since 
most of the legislation related to non-CO2 emissions targets the pre-2030 period, the level of 
emissions flattens after 2030 and even increase slightly beyond 2050 (Figure 23). 

27 https://www.eea.europa.eu/themes/industry/industrial-pollution/industrial-pollution-country-profiles-
2018/2018-industrial-pollution-country-profiles
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Figure 23. Baseline projections of non-CO2 emissions by sector and by gas (million tonnesCO2eq) 

Source: (European Commission 2018b). 

GHG emissions in the EU-28 have decreased 22.4 % compared with 1990 levels mainly due to 
improvements in energy efficiency and in the energy mix (Figure 24). The EU is thus expected 
to exceed its Europe 2020 target of reducing GHG emissions by 20 % by 2020. At EU level, 
all main source sectors, except transport, have reduced their GHG emissions compared to 1990 
(Figure 25). Technological changes and innovation have played their role too.  

Figure 24 Greenhouse gas emissions, EU-28, 1990–2016 (Index 1990=100) 
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Source: Eurostat online data code (t2020_30). 

Figure 25 Greenhouse gas emissions by IPCC source sector, EU28, change from 1990 to 2016 (million tonnes of CO2 
equivalent and % change) 

Source: Eurostat.28

The rate of GHG reduction in the different industry subsectors is not homogeneous. The EU 
Iron & Steel and the Chemical sectors have reduced their GHG emissions by about 60% 
between 1990 and 2015. Certain chemical industries with very high N2O and fluorinated gases 

28 https://ec.europa.eu/eurostat/statistics-
explained/images/8/8f/Greenhouse_gas_emissions_by_IPCC_source_sector%2C_EU28%2C_change_from_199
0_to_2016_%28million_tonnes_of_CO2_equivalent_and_%25_change%29.png
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emissions reduced their GHG emissions by 93% between 1990 and 2015 (European 
Commission 2018b). 

The CO2 equivalent emissions in EU for the different industries in 2015 are shown in Figure 
26 The six most carbon-intensive industries are iron and steel, cement, chemical, ammonia, 
food and beverage, and pulp and paper. 

Figure 26. CO2 equivalent emissions in 2015 in EU 

Source: European Calculator (EUCalc) project after (ÖGUT based on EEA data). 

Industrial direct emissions can be split into direct energy-related CO2 emissions from fossil 
fuel combustion and direct process-related CO2 emissions from chemical reactions within the 
productions process. 

The SET-Nav project sets the non-metallic minerals sector as the biggest contributor of direct 
industrial CO2 emissions. The production of pig iron or steel in the iron and steel industry is 
the second largest emitter of direct industrial CO2 emissions in 2015. The main emissions are 
from the (technically required) use of coal and coke in BFs. In addition, chemical processes 
such as ammonia, ethylene or methanol production contribute to industrial emissions, making 
the chemical industry the third biggest emitter of direct CO2 emissions (Hartner, Kranzl, and 
Fritz 2019). 

In addition to the energy use and emissions at a manufacturing site, a product will have 
upstream or “embodied” energy and carbon resulting from material extraction, transport, and 
the early stages of production. The effect of indirect emissions in the manufacture of a product 
(those not resulting directly from energy use or processes at the manufacturing site) can be 
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considerable.29 In addition, a major or radical change in the manufacturing process could have 
significant effects in the embodied emissions of a product beyond the direct energy 
requirements and process emissions. This is important to consider as a technology that saves 
energy on site, but (indirectly) leads to greater upstream emissions, and would therefore not be 
a favourable choice. The input-output (IO) approach of considering indirect emissions is similar 
to environmental LCA, but does not take into account environmental impacts other than energy 
use and GHG emissions, and also doesn’t consider the use phase of a product which may also 
be important (Barrett et al. 2018).

Life-cycle methodologies also link industrial energy demand to consumption. This has 
value in identifying all the opportunities that exist at different stages of the production process 
as well as considering changes in consumption patterns. This allows broader changes in 
consumption and efficiency to be aligned with the subsequent change in industrial energy. 
There is also a growing appreciation of the uncertainty associated with these complex 
models, and of the need to understand detailed production structures of economies and 
trade flows. It is clearly necessary to consider the relationship between energy, monetary flows 
and materials (Barrett et al. 2018). 

EU industrial direct emissions by end use and sub-sector are depicted in Figure 27. It proves 
the domination position of the two chosen industries as large industrial GHG emitters.  

Figure 27. EU industrial direct emissions by end use and sub-sector 

29 Sources of information on these embodied carbon emissions were included in the Inventory of Carbon and 
Energy (ICE) (developed at the University of Bath by Hammond and Jones [12,13]), which examines energy and 
carbon emissions on a ‘cradle-to-gate’ basis using process environmental life cycle assessment (LCA), and in UK 
input-output (IO) table models (of the type developed by the Stockholm Environment Institute, based originally at 
the University of York and now at the University of Leeds) (Barrett et al. 2018). 
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Source: (European Commission 2018b). 

The total EU CO2 emissions are projected to decrease steadily towards 2050, mainly supported 
by very substantial reduction in the power sector and more generally in sectors covered by the 
EU ETS, for which the Baseline assumes a continuation of the reduction of the EU ETS cap 
with 2.2% per year, as implied by the current legislation. By 2050 the emissions reduce to just 
above 1,600 million tonnesCO2 (Figure 28), this is a 65% reduction compare to 1990 level. 
Overall, the main drivers for the decarbonisation are the increasing energy efficient in all 
sectors, in particular in industry, as well as the penetration of RES energies (European 
Commission 2018b). 

Figure 28. Carbon dioxide emissions in the EU by sector in years 2010-2050

Source: (European Commission 2018b). 

In one of the pathways considered in the SET-Nav project (Hartner, Kranzl, and Fritz 2019) 
energy related CO2 emissions in industry decrease drastically from 598 million tonnes in 2015 
to 148 million tonnes in 2050 (-75%) due to higher energy efficiency, fuel switching to RES, 
power-to-heat, secondary energy carriers, innovative processes and new products as well as 
improved material strategies and increased recycling. 

Importance of the EU industry decarbonisation30

30 The term decarbonisation is defined as reducing the amount of gaseous carbon compounds released in air as a 
result of economic activity and not the complete disappearance of carbon in the industrial production process, 
which for example is vital for the chemical industry. This is why the chemical industry prefers to use the more 
precise term fossilization (European Commission 2018b). 
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More and more attention is being paid throughout the economy and society to environmental 
aspects, with climate change and material resource depletion taking the lead. These two aspects 
exerting pressure on societies and in turn on politicians make the manufacturing processes 
deeply changed. Moreover, other drivers, e.g. increasing energy and raw material prices, the 
potential lack of critical resources, necessary investments for environmental sound 
technologies, and penalties for lacking compliance with environmental regulations as well as 
regulative incentives or the introduction of CO2 emission allowances, are issues that directly 
link environmental driven objectives to business level of company.  

Sustainable Manufacturing is the new necessary paradigm for manufacturing companies which 
involves the integration of all relevant dimensions for all technological and organisational 
measures within the normative, strategic and operative production management (Thiede 2012).  

Therefore, the imperative of improving energy efficiency in manufacturing develops a generic 
energy flow-oriented manufacturing with environmental and economic motivation merged into 
the concept of sustainability lead to new paradigm in manufacturing.  

The Europe 2020 flagship initiative for “Resource Efficient Europe” aims at sustainable growth 
by identifying and creating new business opportunities, inter alia, through new and innovative 
means of production, business models and product design. It sets out how such growth can be 
decoupled from the use of resources and its overall environmental (European Commission and 
Union 2014). 

The IEA assess that “In some subsectors, decarbonisation progress has been faster than in 
others—such as the pulp and paper industry based on the opportunity to use readily available 
biomass as main fuel. Progress also differs between regions with, for example, industrial 
energy management systems being more advanced in Europe and North America”
(International Energy Agency 2017).  

However, in the IPCC 1.5°C scenario, industrial emissions need to be reduced at a much higher 
scale and speed in order to reach near zero by 2050 (65–90% reduction from 2010 levels) and 
to decrease thereafter, even while industrial production is expected to grow significantly (IPCC 
2018). 

Due to several barriers the diffusion of low-carbon technologies in the market is rather slow 
which is the reason why policy instruments mainly tend to address the later stages of the 
innovation process.  

In the present section, will be discovered the diffusion of an organisational innovation 
connected to energy efficiency: EMSs(European Commission 2013b).  

In industry a combination of new and existing solutions is needed to identify potential 
transformation points and make the process acceptable for all stakeholders due to a number of 
constraints. 

Further energy and process efficiency improvements are needed but are by themselves 
insufficient. The next hurdle is therefore to identify the combination of new and existing 
solutions to meet the scale and speed required for the decarbonisation of the sector (Climate 
Action Tracker 2019). 



59 

The complementary decarbonisation solutions (Table 12) are concrete examples of what some 
industrial sectors may need to transition to low carbon production. They are technically proven 
at various scales, but lack large-scale deployment, underlining the need for further policy 
support, targeted research and development and large investments. These solutions will also 
need to be complemented by circular economy development and broader industry wide 
initiatives to deliver the required level of change in all sectors. 

Reaching a transformation point in deployment of these technologies will also require 
overcoming key barriers and specific challenges of large-scale industrial installations. There 
are many sub-sector specific technical challenges, mostly because heavy industry emissions are 
often intrinsically linked to a specific production process. 

There are also economic and financial challenges. Many zero-carbon technologies are still at 
an early stage and cannot compete with established technologies in terms of production costs. 
This is partly due to the low levels of policy coverage for a zero-carbon transformation of the 
industry sector so far (compared to, e.g. the substantial policies for decarbonising the power 
sector). One hurdle for unilateral policy action are concerns around competitiveness and 
“carbon leakage”. 

Finally, there are organisational challenges. Developing some of these technologies will 
require partnerships between different actors (e.g. entanglement of the industry with its entire 
value chain, including for access to waste or recycled materials), creation of new legal entities 
or business models or definition of different risk management approaches. 

Table 12. Examples of decarbonisation solutions in industry 

Class of solution Technology Example 

Zero carbon fuels and 
feedstocks 

Biogas and waste for cement 

Biocoke for steel 

Green hydrogen for ammonia 
production 

Hydrogen (H2) and its carbon 
derivatives obtained by reaction with 
CO2 like e-gas (e-CH4) and e-liquids 

Widely applied in e.g. Poland 
(alternative fuel share above 60%) 

Canmet Energy - pilot-scale coke oven in 
Canada 

Pilot plant set to open in 2019 in Western 
Australia 

Innovative processes Hydrogen direct reduction for steel 
production 

Clinkerless cement 

HYBRIT pilot plant in Luleå, Sweden 

R&D stage 

Electrification of energy 
demand 

Green hydrogen production 

Steel production through Electric Arc 
Furnaces 

Power to Heat in the chemical industry 

Deployment of carbon-free energy 
sources in power generation makes 
electricity a carbon-free energy carrier

Various projects under development 

Share of 26% in global steel production, 
67% in the US 

R&D stage 
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Carbon capture and 
storage (CCS)31

Capturing of off-gases from steel or 
cement production 

Demonstration project to produce 
advanced bioethanol from BF steel waste 
gas in Ghent, Belgium9 

Commercial direct reduced iron-making 
process plant with CCS in Mussafah, 
UAE 

Demonstration project including a full 
CCS value chain in Brevik, Norway

Sector integration Sector coupling refers to linking the 
energy (electricity, gas and heat), 
transport and industrial infrastructures 
with a view to increase the penetration 
of renewable energy sources and 
decarbonise the economy 

Energy storage and sectoral integration 

Action in one sector is heavily dependent 
on other sector(s). For instance, 
decarbonisation of heating via 
electrification will not happen unless 
power generation decarbonises 

Alternative heat sources <=250˚C: heat pumps, small scale 
direct solar process heat 

<=250˚C 

Source: (Climate Action Tracker 2019). 

Figure 29 shows how the initial implementation of an EMS can lead to considerable energy 
savings – first through low-cost measures that focus mainly on improving current processes and 
then through typically higher-cost technology changes. 

31 Until recently, CCS efforts were mainly targeted at the power sector, but lately its role in reducing emissions 
also in industry has also been recognised. It has the advantage that it can be easily integrated into existing energy 
systems, significantly reducing GHG emissions, which is the reason it is often referred to as a bridging technology. 
Moreover, in many decarbonisation scenarios it continues to play an important role in the long term, where a share 
of fossil fuels remains in the energy mix for decades to come. This is due, to a large extent, to the role of natural 
gas as a transition fuel and the use of gas and oil used in power plants balancing the electricity sector or used as 
feedstock in some industrial processes. The valorisation of captured CO2 as raw material for carbon-based 
products/feedstocks or even e-fuels could also contribute to a cost-effective transition in the industrial sector 
(European Commission 2018b). 
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Figure 29. Energy Management as integral part of the energy efficiency scope 

Source: (International Energy Agency 2015). 

IEA firmly states, “Industry processes that can't be easily electrified must cut emissions 
through efficiency, aggressive innovation and carbon capture”.32

Justification of industrial sectors selection 

Essential to the success of individual technologies is (International Energy Agency 2015): 

 Technology penetration. What is the current rate of technology deployment? What 
share of the overall energy mix does the technology represent?  

 Market creation. What mechanisms are in place to enable and encourage technology 
deployment, including government policies and regulations? What is the level of 
private-sector investment? What efforts are being made to increase public 
understanding and acceptance of the technology? Are long-term deployment strategies 
in place? 

32 https://www.iea.org/tcep/?utm_campaign=IEA%20newsletters&utm_source=SendGrid&utm_medium=Email
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 Technology developments. Are technology reliability, efficiency and cost evolving, 
and if so, at what rate? What is the level of public investment for technology research, 
development and demonstration (RD&D)? 

Iron and steel sector and chemical and petrochemical sectors account the biggest part of energy 
consumption around other industrial sectors. Using EU statistics, we will justify sector selection 
taking account for GHG emissions, employment, energy consumption, energy intensity, 
revenue etc. Some of the relevant date was presented in previous section 3.1.1. 

For the purpose of Action 6 "Continue efforts to make EU industry less energy intensive and 
more competitive" of the SET Plan (European Commission 2017d), to maximise impact of 
R&I, there was a need to prioritise sector-specific technologies with the highest potential. For 
that purpose, eight industrial sector groups have been analysed which account for 98% of the 
industrial final energy consumption in the EU (Table 13). 

Table 13. Chosen date on EU high energy demanding industries 

Sector metrics 
– only for the 
purpose of 
prioritising33

Final energy 
consumption 

Economic8 
potential 
savings by 
2030 
(payback 
<=2 year) 34

Technical 
potential 
savings by 
203035

Energy 
cost/ 
Value 
Added36

No. of 
employed37

Value 
added, 
gross 

Sector  million 
tonnes/y 

million 
tonnes/y 

million 
tonnes/y 

% Million € billion 

Pulp and 
paper  

34.3 1.1 7.2 16 1.43 79.0 

Iron and steel  50.8 2.9 16.3 36 0.63 39.7 

Non-metallic 
mineral  

34.2 1.2 7.1 23 1.29 63.9 

Chemical and 
pharma.  

51.5 2.6 16.5 12 1.72 229.8 

Non-ferrous 
metal  

9.4 0.5 1.9 23 0.46 23.7 

33 https://setis.ec.europa.eu/system/files/integrated_set-plan/declaration_action6_ee_industry_0_0.pdf

and Final energy consumption, EE potential, Energy intensity: ICF 2015a, based on Eurostat 2013 data for EU28. 

34 Energy saving potential considering a deployment by 2030 of the technologies that are today already existing 
and economically viable with a payback not longer than 2 years. (source: ICF2015a, not endorsed by industry). 

35 Sum of energy saving potentials of all technically feasible technologies, regardless of economic or mutual 
compatibility constraints (source: ICF2015a, not endorsed by industry). 

36 Energy cost intensity, i.e. the proportion of the energy cost in the value added of the product. 

37 No of employed (2012), Value added (2013): Eurostat. 
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Petroleum 
refineries  

44.7 1.7 10.6 44 0.12 24.3 

Food and 
beverage  

28.4 1.4 6.8 10 4.53 251.4 

Machinery  19.3 1.0 5.3 3 9.03 579.8 

Total  272.5 12.4 71.7 

Source: (European Commission 2017d). 

Iron and steel, chemical and pharmaceutical, and petroleum and refineries account for 54% of 
the final energy consumption and 61% of the technical saving potential. For iron and steel, and 
petroleum and refineries, the cost of energy is a high share of the value added and therefore 
significantly affects their competitiveness. The sectors with the highest employment and value 
added are chemical and pharmaceutical, food and beverage and machinery, but the last two 
sectors are not energy intensive (European Commission 2017d). 

The three specifically energy-intensive industrial processes: ammonia production, 
steelmaking 38 , oil refining contribute to a significant fraction of GHG emissions in the 
European industrial sector, they will need to be a prominent focus of any decarbonisation 
effort39.  

Figure 30 shows the complexity of value chain links of EIIs to other sectors in the economy 
and other EIIs. These relationships illustrate the interdependence among all the sectors, 
however, it is not traced in this report. 

Table 14. Energy-intensive industry total direct and indirect carbon emissions in 2018 (data sources include EEA data, EU 
ETS). 

38 Steelmaking describes the process system by which steel is manufactured. The level of system output may 
include, inter alia, liquid steel, semi-finished steel, or hot-rolled steel. The system may consist of a number of 
separate routes, each of which are themselves steelmaking systems (Griffin 2015). 

39 They amount to about 8% of total GHG emissions - https://www.eea.europa.eu/data-and-
maps/data/dataviewers/greenhouse-gases-viewer

SECTOR EU ETS emissions by 
main activity type in 
2016

[million tonnes CO2-
equivalent] 

Change in EU ETS 
emissions by main activity, 
2015-2016

[%] 

Free allocation 
(incumbents, new 
entrants),

[million tonnes CO2 -
equivalent]

Iron and Steel, 
coke, metal ore 

123 -5.1 162 

Chemicals 80 -0.7 83 

Refineries 127 -0.4 97 

Combustion 1,179 -3.8 

Cement and lime 146 0.0 155 
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Source: (European Environment Agency (EEA) 2017). 

Pulp and Paper 27 -0.9 31 

Other non-metallic 
minerals 

37 +1.7 33 

Other metals (incl. 
aluminium) 

28 +3.7 26 

Note: 

• The emissions cover all of the 31 countries that currently participate in the EU ETS. 
• The general allocation for the iron and steel sector presented here includes emission allowances that are 

actually reported in combustion installations, for example in the case of BF gas combustion in power plants. 
Similarly, but to a lesser extent, allowances reported for the pulp and paper and chemical sector include 
allowances related to emissions reported at combustion installations, for example where paper production 
or chemical installations buy heat from other installations.
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Figure 30. Value chain links of energy intensive industries to other sectors in the economy and other energy intensive industries 

Source: (European Commission 2018b) after VUB-IES (2018), Industrial Value Chain. A 
bridge towards a carbon neutral Europe.40

Steel and chemical industries have some common features when analysed in the context of the 
EM: 

40 https://www.ies.be/files/Industrial_Value_Chain_25sept_0.pdf
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 All core technologies in the steel industry, and many in the chemical industry are 
characterised by high energy demand and the resulting high GHG emission. They are 
categorised as EIIs. 

 The technologies used are complex, consist of many stages, interrelated, size-dependent 
and therefore difficult to analyse from the point of energy or material optimality.  

 All core technologies are highly technologically matured and refined over long time and 
as such are hard to be improved to get more energy or material effective. Other sectors of 
economy, e.g. power sector, transportation or building have more clear and less complex 
paths of decarbonisation. 

 They are highly capital concentrated; in many cases they are organised in global 
monopolies. 

 They use commodities as feedstock or energy carriers which are globally traded and 
therefore are subject of substantial price fluctuations. 

 They operate on global markets, highly competitive, often with unclear and unfair 
competitive rules. These limit effective intervention of governments towards deep 
decarbonisation.  

 The steel industry suffers from global overcapacity, low finished product prices, low 
profits and therefore is not at a stage encouraging deep transition. 

Institutions and policies 

Within an innovation system, institutions are defined as the "rules of the game". Institutions 
can be formal (laws, regulations, policy incentives) or informal (habits, cultural practices/ 
expectations) (Lundvall 1992). Overall, institutions define and make up the framework that 
governs how the various actors interact with each other.  

In addition, the analysis should identify and describe the goals of institutions and policies, and 
the development of such goals over time. Institutional and policy goals are the vision of the 
institution/government/policy with respect to the societal contribution of specific technologies. 
These can be short- or long-term goals, and can be of very different nature: environmental 
goals, energy goal, economic goals, distributional goals (Hekkert 2011).  

EM is directly supported by at least two main EU sustainable objectives – energy 
efficiency and environmental goals. This support is manifested in energy and environment 
management policies, strategies, regulations at EU or national levels. 

Each MS should set its own goals for energy efficiency and specify the relevant provisions of 
the national plan as stipulated by the EED. Every three years - in 2014, 2017 and 2020. Starting 
from April 30, 2013, MSs are obliged to annually report on the progress of the implementation 
of national policies energy efficiency, main national targets shown in Table 15. 

Table 15. Indicative targets for energy efficiency in Member States 

Member State 
Absolute level of primary energy consumption in 2020 [million tonnes] 

Original target as notified 
from Member States in 2013 

Updated target as notified in the NEEAPs 2014, 
Annual Reports or in separate notifications to the 

European Commission in 2015 and 2016 
Germany 276.6 276.6 
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Italy 158.0 158.0 
Poland 96.4 96.4 
United Kingdom 177.6 177.6 
Sum of indicative 
targets EU28 

1550 1526 

EU28 target 2020 1483 1086 

Source: European Commission.41

Rising energy prices, stricter environmental law restrictions, new supply and demand policies, 
and regulations like the EU ETS as well as energy end-use efficiency policy programs have 
created increased demand for reducing energy consumption and related energy costs in 
industrial organizations. In order to position themselves as market leaders within their business 
in the long run, the management and operation of a company’s energy system is of great 
importance, especially for EIIs such as iron and steel, and chemical and petrochemicals. 
Although the industrial sector across all branches has made continuous and successful 
improvements concerning energy efficiency in the last three decades (International Energy 
Agency, 2007), a significant share of the potential to improve energy efficiency – more than 
half located in industry – still remains untapped (International Energy Agency, 2012).  

This gap between the actual level of energy efficiency and what theoretically could be reached, 
given that all cost-effective technologies are implemented, is referred to as the “energy 
efficiency gap” or “energy efficiency paradox. It can be understood as under investment in 
energy efficiency due to different barriers, e.g. related to market failures, high transaction costs, 
principal–agent relationships, information asymmetries, uncertainty about future energy prices 
and technological and political progress. It can also be caused by individual, organizational or 
cultural factors what requires EM to be considered in a wide surrounding embracing all possible 
impacts, drives, barriers, measures and benefits (Lee 2015). 

Increasing energy efficiency in the EU industry, in which energy consumption amounts to more 
than 25% of the total energy consumption in the EU, lies in the organisation of a significant 
untapped potential for energy savings. It should be noted that from 1990 to 2015 in the EU 
industry enterprises the level of energy consumption is reduced by 1.8 times, especially in 
energy intensive sectors. Incentives for this served: high energy prices, penalties for over-the-
air CO2 emissions, as well as the implementation of investment schemes for low-carbon, 
energy-efficient innovative technologies. The introduction of modern technologies can reduce 
energy costs in the industry by 4…10% with a payback period of less than 5 years. 

The Paris Agreement is a historic achievement reflecting the opportunity that the global low-
carbon transition presents for many sectors of the economy, including the steel industry. Its key 
element is the legally binding obligation on all parties to pursue domestic climate policies 
aiming to reduce emissions, thus sending a clear signal to investors, businesses and industry 
that the global transition to clean energy is here to stay. However, temporarily less ambitious 
climate policies in third countries could create a risk of competitive disadvantage for EU 
industries, if there would be an uneven level playing field. To address this risk, European 

41 https://ec.europa.eu/energy/en/topics/energy-efficiency/energy-efficiency-directive
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leaders have decided to continue free allocation of emission allowances to 2030. This offers 
tangible support to energy intensive industries, including steel, continuing to reward the best 
performers and incentivising innovation. This strategic decision strikes the right balance at this 
point of time (European Commission 2016b).  

EU industrial policy 

Commission calls for immediate action for a European Industrial Renaissance 

The last decade(s) has been characterised by a progressive retreat of the manufacturing sector 
both in terms of VA share and job creation. 

In October 2012 the EC adopted an Update of the Industrial Policy flagship initiative, the 
Communication "A Stronger European Industry for Growth and Economic Recovery"
(European Commission 2012). After an extensive public consultation, the EC proposed to 
jointly focus investment and innovation on six priority action lines:  

• advanced manufacturing technologies (for Clean Production), 

• Key Enabling Technologies (micro- and nanoelectronics, advanced materials, industrial 
biotechnology, photonics, nanotechnology and advanced manufacturing systems), 

• biobased products, 

• sustainable industrial and construction policy and raw materials, 

• clean vehicles,

• Smart Grids.

The EC called for immediate action for a European industrial renaissance42 in 2014. MSs shall 
recognise the central importance of industry for creating jobs and growth and to mainstream 
industry-related competitiveness concerns across all policy areas. The EC calls to adopt 
proposals on energy, transport, space and digital communications networks as well as 
implement and enforce legislation to complete the internal market. Furthermore, industrial 
modernisation must be pursued by investing in innovation, resource efficiency, new 
technologies, skills and access to finance, accelerated by the use of dedicated EU funds. The 
EC proposed to simplify the legislative framework and improve the efficiency of public 
administration at EU, national and regional levels, easier access to third country markets 
through harmonisation of international standards, open public procurement, patent protection 
and economic diplomacy. 

42  Communication “For a European Industrial Renaissance” http://europa.eu/rapid/press-release_IP-14-
42_en.htm
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One of the priorities to support the competitiveness of European industry is “Taking measures 
in the internal market and at international level to secure access to energy and raw materials 
at affordable prices that reflect international conditions”. 

Discussing a new paradigm for industrial & innovation transformation JRC (JRC 2018) remarks 
that in an evolutionary perspective, different patterns of structural change can be associated to 
specific technological dimensions:

 radical foundation of a domain exploiting opportunities not related with any existing 
productive assets  new technologies/sectors; 

 narrow diversification, potential synergies (economies of scope, spillovers) between an 
existing activity and a new one  technological fusion; 

 transition to new domain emerging from existing industrial commons (R&D, 
engineering, and manufacturing capabilities)  technological redeployment; 

 modernization through the adoption (co-development) of specific applications with 
impact on efficiency and/or quality  technological adoption.

These different approaches require different policy instruments and are associated with 
different uncertainties (Table 16). 

Table 16 Sorting transformative industrial and innovation policies 

Type of 
structural 
change

Technological 
dimension

Radicalness 
(uncertainty) 

Examples of appropriate policy 
instruments

S
tr

a
te

gi
c/

In
d

u
st

ri
al

se
tt

in
g

Radical 
foundation of a 
domain 

New 
technologies/sectors 

High 

Large-scale mission-oriented projects 
Invest in and support to basic research 
Intellectual property protection 
Access to risk capital 
Support to nascent industries 

Narrow 
diversification 
through synergies 

Technological 
fusion 

Medium-High 

Industrial cross-fertilization 
Economies of scope 
Skill broadening 
Support R&D and other intangibles 

Transition to new 
domain from 
existing commons 

Technological 
redeployment 

Medium 

Economies of scale and scope 
Skill upgrading 
Support R&D and other intangibles 
Support capital investment 

Modernization 
Technological 
adoption 

Low 

Economies of scale 
Skill updating 
Support capital investment (new 
processes) 

Source: (JRC 2018). 

These sectors are directly addressed in the strategic document (European Commission 2018b) 
“Some of the current production processes have high process-related greenhouse gas emissions 
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(for example BF/basic oxygen furnace-based steel production)” and “Furthermore, R&I 
should develop alternative processes for the energy-intensive industries, for example the direct 
reduction of iron with hydrogen as an alternative steel production process, or investigate new 
processes in the cement and chemicals industries“.  

Action 6 "Continue efforts to make EU industry less energy intensive and more competitive" of 
the SET Plan (European Commission 2017d) similarly concentrates on two sectors: iron and 
steel, and chemicals and pharmaceuticals. 

Action at EU and national levels was proposed to address long-term challenges and 
sustainability of the European steel industry, notably through modernisation and investments 
in innovation (e.g. through public-private partnerships) (European Commission 2017b). 

The High-Level Panel of the European Decarbonisation Pathways Initiative43 proposed priority 
actions towards a low carbon economy (see Figure 31). The plan envisages full decarbonisation 
of EU steel and chemical industries by 2050 what seems to be a very challenging goal. 

43High-Level Panel of the European Decarbonisation Pathways Initiative (2018), Interim Recommendations, 
http://ec.europa.eu/transparency/regexpert/index.cfm?do=groupDetail.groupDetailDoc&id=36435&no= 1
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Figure 31. Proposed R&I actions for decarbonisation of the EU 

Source: (European Commission 2018b). 

Energy and climate policies 

To reduce the global CO2 emission, different approaches have been proposed (Ramsagar 
Vooradib, Maria-Ona Bertrana, Rebecca Frauzema, Sarath Babu Anneb 2018):  

 improvement of process efficiencies to reduce energy consumption; 
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 utilization of alternative energy sources, e.g., solar energy, wind power and geothermal, 
and renewable, e.g., biomass and biofuel as opposed to currently dominant fossil fuel-
based sources; 

 application of carbon dioxide capture, sequestration and utilization (CCS and CCU) 
technologies. 

Today, the core of the legal framework of the Climate Change and Energy Package (EC, 2008a) 
comprises a number of energy efficiency oriented directives which can be grouped in the 
following categories: 

 Cross sectorial: Energy Efficiency Directive (EED); RES Directive; Taxation of energy 
products and electricity (Directive 2003/96/EC). 

 Industry: Emission Trading System (EU ETS) Directive; Internal Electricity Market 
Directive; Internal Gas Market Directive; 

 Buildings and appliances: EPBD, Revised Directive of Labelling of Energy related 
Products (Directive 2010/30/EU), Ecodesign Recast Directive of Energy-related 
Products (Directive 2009/125/EC), Energy Labelling Office Equipment (Energy Star). 

 Transport: Clean Vehicles Directive (2009/33/EC); Emission Performance Standards 
for New Passenger Cars (Directive 443/2009/EC); Regulation (EU) No 333/2014 and 
Regulation (EC) No 443/2009. 

In October 2009 the EU Head of States decided on a long-term reduction target of 80–95% by 
2050 in comparison to 1990. [European Council, 2009].  

In the Europe 2020 strategy the targets on climate change and energy, to be reached by 2020 
are defined as44: 

 reducing GHG emission by at least 20% compared with 1990 levels, 
 increasing the share of energy from renewable energy sources (RES) in final energy 

consumption to 20%, 
 reducing energy consumption by 20% as compared with prognosis for 2020 (compared 

to projections made in 2007), mainly by the increase in energy efficiency45.  

These targets are commonly known as the “20-20-20” targets. It is worth noting that they are 
interrelated and mutually support one another. Only the “energy efficiency” target is not legally 
binding. The first two of these nationally binding targets were implemented by ‘The climate 

44 COM(2010) 2020 final of 3.3.2010. 
45 This target is often imprecisely referred to as “20% energy efficiency” target. For convenience, it will be the 
case in many places of this report too. 
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and energy package”46,47. In addition, there are specific 2020 targets for RES energy for the 
transport sector (10%) and decarbonisation of transport fuels (6%).  

In order to support achieving those targets, the Europe 2020 strategy put forward the ‘Resource 
efficient Europe’ as one of the seven flagship initiatives48. That flagship initiative aims to create 
a framework for policies to support the shift towards a resource-efficient and low-carbon 
economy which helps to: 

 boost economic performance while reducing use of resources;  
 identify and create new opportunities for economic growth and greater innovation and 

boost the Union’s competitiveness; 
 ensure security of supply of essential resources;  
 fight against climate change and limit the environmental impacts of the use resources. 

It should be recalled that the “Resource Efficiency Roadmap49 as well as several Council 
conclusions call for a phasing out of environmentally harmful subsidies50. Further, the 2030 
framework for climate and energy policy, adopted by the European Council in October 2014, 
sets three far reaching key targets for 203051: 

 At least 40% cuts in GHG emissions (from 1990 levels) delivered collectively by the EU 
in the most cost-effective manner possible. 

46 Decision No 406/2009/EC of 23 April 2009 (OJ L 140,5.6.2009, p. 136) and Directive 2009/28/EC of 23 April 
2009 (OJ L 140, 5.6.2009, p. 16). 

47 The climate and energy package consists of four legislative texts: 

 A directive revising the EU Emissions Trading System (EU ETS), which covers some 40 % of EU 
greenhouse gas emissions; 

 An Effort Sharing Decision setting binding national targets for emissions from sectors not covered by 
the EU ETS; 

 A directive setting binding national targets for increasing the share of renewable energy in the energy 
mix; and 

 A directive creating a legal framework for the safe and environmentally sound use of carbon capture 
and storage technologies. 

48 COM(2011) 21 of 26.1.2011. 

49 COM(2011) 571 final of 20.9.2011. 

50 The European Council Conclusions from 23 May 2013 confirmed the need to phase out environmentally or 
economically harmful subsidies, including for fossil fuels, to facilitate investments in new and intelligent energy 
infrastructure. 

51 The 2030 Climate and Energy Policy Framework and the Council's Conclusion of October 2014 
https://www.consilium.europa.eu/uedocs/cms_data/docs/pressdata/en/ec/145356.pdf
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 At least 27% share for renewable energy fulfilled through MS contributions guided by 
the need to deliver collectively the EU target without preventing MS from setting their 
own ambitious national targets and supporting them. 

 At least 27% improvement in energy efficiency in comparison to projections of future 
energy consumption based on the current criteria.52

The wish to obtain the objective was reaffirmed in the Commission Green Paper entitled “A 
2030 framework for climate and energy policies”53 . The revised legislative proposal lays 
ground not only for 40% reduction in 2030 but for more ambitious option of 80…90% reduction 
in 2050 as compared with 1990. This EU wish to reduction of GHG emission to 80…95% 
below 1990 was repeated in the “Energy Roadmap 2050”. 

The EC published the “Energy Union Package” (EnU) in February 201554 focusing on five 
dimensions: 1) energy security, 2) the internal energy market, 3) energy efficiency, 4) 
decarbonisation of the economy, and 5) research, innovation and competitiveness, thus going 
beyond the 2014’s proposal focused on the security of gas supplies. Thus, the EnU being one 
of the 10 big priorities of the EC, includes research, innovation and competitiveness at the same 
level of importance with its 4 other dimensions, for accelerating the decarbonisation of the 
European energy system cost-effectively. 

The “Clean Energy for All Europeans” published on 30 November 2016 (“Winter Package”)55

that underpins the EnU has three main goals: a) putting energy efficiency first, b) achieving 
global leadership in renewable energies, and c) providing a fair deal for consumers. The 
facilitating actions include, among others, initiatives to accelerate clean energy innovation, 
promote industry-led initiatives to foster competitiveness, and maximise Europe’s leadership 
in clean energy technology and services to help third countries achieve their policy goals. 

The new “Regulation on the Governance of the Energy Union” further provides investor 
certainty by putting in place a comprehensive legislative framework covering all aspects of 
climate and energy policies in Europe. The Governance Regulation includes a definition of 
"energy efficiency first" principle which should now apply across the five dimensions of the 
EnU. This gives recognition to the importance of energy efficiency as a solution in energy 
planning, policy and investment decisions.  

52 On 30 November 2016 the Commission proposed an update to the Energy Efficiency Directive including a new 
energy efficiency target for 2030, and measures to update the Directive to make sure the new target is met. 

53 (COM(2013)0169). 

54 Energy Union Package, COM (2015)80 final. 

55 COM(2016) 860 final. 
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The European Parliament (EP) has approved that by 2030, energy efficiency in the EU has to 
have improved by 32.5%56, whereas the share of energy from renewables should be at least 
32% of the EU’s gross final consumption. Both targets are to be reviewed by 2023.  

Extending the energy saving obligation beyond 2020 sends a positive signal to investors and 
the energy market; it encourages the uptake of innovative technologies, techniques and services 
which will stimulate the demand for energy efficiency improvement measures. EU countries 
must put measures in place to save on average 4.4% of their annual energy consumption 
between now and 2030. The revised directive will encourage using energy more efficiently and 
lead to inter alia to incentives for producers/manufacturers to use new technologies and 
innovate. 

The European Council, in June 2017, strongly supported the commitment of the EU to swiftly 
and fully implement the Paris Agreement (ratified by the EU on 4 October 2016), underlining 
that the agreement "is a key element for the modernisation of the European industry and 
economy" (European Commission 2018b). 

To reach the ambitious goal committed by the EU at the 2015 Paris Agreement, two central 
strategies are of main interest for the EU (Heike Brugger, Wolfgang Eichhammer 2019): 

 enhancing energy efficiency, 
 decarbonising energy supply, in particular by large penetration of RES. 

The EnU, together with the December 2015 Paris Agreement, is today one of the ten priorities 
of the current ”Juncker Commission”. 

Despite the EU success in reduction of energy demand by increased energy efficiency, the full 
economic potential of energy efficiency remains largely untapped: By doubling energy 
productivity the EU could decrease its energy dependency down to 40% until 2030. At the same 
time this would lead to an additional €4.5 trillion in GDP growth (+1.53 %) and 1.2 million 
new jobs. Further effects would be a 35% reduction in energy demand, one-third lower energy 
costs per household and substantially lower energy prices for all (Ecofys, 2015) as well as 
manifold side benefits to health, disposable income and wealthier and more liveable cities and 
regions (Noll 2016). 

The European Commission had for long been optimistic that the 20% primary energy 
consumption target would be reached if the EU MSs adhere to their commitments and continue 
to implement existing energy efficiency legislation and energy efficiency programmes. The 
Commission had published an assessment of the progress being made in relation to national 
energy efficiency targets for 202057 and towards the implementation of the EED.58 However, 
very recently EC announced that the EU is currently not on track for achieving the 2020 

56 The energy efficiency target for 2030 requires to reduce primary and final energy consumption in the EU by 
32.5% as compared to their projected values (which is equivalent to reduce them respectively by 26% and 20% 
from the levels achieved in 2005 as accounted by Eurostat). 

57 COM (2017) 56 final  

58 http://ec.europa.eu/eurostat/statistics-explained/index.php/Consumption_of_energy
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target for energy efficiency and that it is important to guarantee that the target is met. 
Therefore, there is a need to mobilise additional efforts to reverse this trend (European 
Commission 2019). 

The main aim of this paragraph is to describe EM as a technology, which develop different in 
the EU as a whole and in MSs due to the several circumstances and method of EM development 
stimulation. This paragraph will provide information how the EU and the four different 
countries using national policies support on a voluntary or mandatory basis improvement of 
energy efficiency and performance of industrial facilities, using available legal tools such as 
tax levy, Performance Labelling Contracts and others that follow from the EED. 

Analysis of the functioning of the components 

General description 

Energy efficiency is perhaps the most complex in governance element of all energy 
resources. Its complex interrelationship with other partners in energy sector, end users, public 
bodies and other stakeholders seems more complicated than in other subsectors, e.g. generation, 
transmission, distribution or RES. The relations among different stakeholders are often 
antagonistic and not so clear as in standard relation seller-buyer. Moreover, energy efficiency, 
unlike the other subsector in the energy market, has not its “institutional backer” in industry 
and therefore permanently suffers from inadequate financial support. 

The definition of IEA (Steuwer 2012) seems to prove that statement “Energy efficiency 
governance is the combination of legislative frameworks and funding mechanisms, institutional 
arrangements, and co-ordination mechanisms, which work together to support the 
implementation of energy efficiency strategies, policies and programmes” (Figure 32). 

Figure 32. Energy efficiency governance 

Source: (Steuwer 2012). 

The EU is an open market. The EU addresses trade barriers and unfair practices by forcefully 
implementing its market access strategy with a view to enforcing international commitments 



77 

and securing a level playing field for EU operators in the steel sector (European Commission 
2013a). 

The regulatory framework should be designed in a smart and ambitious way so as to be a key 
driver for innovation, particularly when dynamic and market-based approaches are used. 
Stricter environmental targets, the use of harmonised rules, standards and public procurement 
can also provide a major boost for innovation59 (European Commission 2013a). 

European standards could also promote sustainable production of steel construction products. 
The steel industry is already developing the Steel Construction Products Mark – SustSteel. 
SustSteel aims to promote sustainability in general, and in the production of steel construction 
products in particular (European Commission 2013a). 

Carbon emissions reduction potentials can be assed at different scales, from firm or household 
to national and global (Huisingh et al. 2015). 

Huisingh et al (Huisingh et al. 2015) provided results of different studies on behaviour of large 
industrial GHG emitters. Climate change physical risks are likely to have a strong effect on the 
economic performance of firms since they can increase their costs significantly. Industrial firms 
are central to the efforts to seek to achieve carbon emissions reductions due to the large 
materials flows they process. Building an effective management system for carbon reduction 
has become an important issue for a firm's survival in today's competitive environment. Most 
firms are willing to allocate resources and set a target for GHG reduction. By using international 
data consisting of 89 firms from 21 countries, it was shown showed that a firm's reduction of 
emissions could enhance its reputation, attract investors and positively impact their financial 
performance. I was further revealed that governmental regulations, awareness of consumers, 
company size have dramatic effects on firms' carbon emission intensities per unit of production, 
while the price of raw materials, governmental subsidies and pressure from international rules, 
as well as the leadership of the firm awareness of social responsibility slightly affected firms' 
carbon emissions. In addition, some tax policies, such as the export rebate policy in China, also 
affected firm's energy conservation and emission reduction policies, procedures and 
accomplishments. Each firm needs to buy raw materials and fuels from other firms and to sell 
their products to other firms, so industrial symbiosis (IS) was introduced to promote carbon 
emissions reduction through effective use of resources and energy by substitution of by-
products and municipal solid waste for raw materials and fuels, waste heat and improved steam 
utilization. The IS performance on carbon emissions reduction in integrated steel mills was 
studied and revealed the three most effective symbiotic measures for CO2 abatement are 
BF gas recycling, coke oven gas recycling, and BF slag sold to the cement industry. They 
accounted for 69% of the total CO2 emission reduction from all the symbiotic measures 
(Huisingh et al. 2015). 

The research on linking energy efficiency and innovation practices in industry is very scarcely 
although both the issues are key priorities of the EU strategies. 

59 Innovation Union - COM(2010) 546 final. 
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Cagno et al. (Cagno, Ramirez-Portilla, and Trianni 2015) investigate the empirical evidence for 
the foundry sector in Italy. They studied the relationship between different innovation practices 
and different indicators of energy efficiency performance in foundries, suggesting a framework 
to better interpret the reality of firms in energy-intensive industrial sectors. They used the idea 
of Open Innovation (OI) to measure the innovativeness of a firm in terms of its innovation 
practices, rather than focusing on product, process, or service innovation. OI is a model for 
managing innovation based on leveraging the firm's R&D through the purposive inflows and 
outflows of knowledge to accelerate internal innovation (the inbound process) and to expand 
the markets for external use of innovation (the outbound process)60. In this framework, it is 
assumed that because OI can support the introduction of new technologies to a firm, it could as 
well support the up-taking of energy-efficient BATs. More specifically, there are three clearly 
differentiated types of innovation practices - Internal R&D (IRD), in-bound (INB) and out-
bound (OUT) Open Innovation that a firm uses to benefit from external knowledge and 
technology as aligned to the central idea of the OI “funnel”. In the analysis external drivers of 
innovation in energy efficiency, such as economic, social and, institutional regulations, are not 
included.  

As Energy Efficiency Indicators used for assessment of the impact of innovation, they took 
specific energy consumption (SEC), level of adoption of BATs and barriers to energy 
efficiency. They provide a list of barriers to energy efficiency suitable for all EEI (Table 17). 

Table 17 Taxonomy of barriers to energy efficiency 

Category Description of the associated barriers 

Economic barriers  Low capital availability, investment costs, hidden costs, intervention-related risks, 
external risks, intervention not sufficiently profitable 

Organisational 
barriers  

Complex decision chain, lack of time and other priorities of top management, issues 
on energy contracts, lack of internal control divergent interests 

Information barriers  Issues on energy contracts, lack of information on benefits, trustworthiness of the 
information source, unclear information by technology suppliers 

Behavioural barriers  Inertia, lack of sharing the objectives and interest in energy efficiency topic, 
imperfect evaluation criteria other priorities 

Barriers related to 
competences 

Difficulties in gathering external skills to identify inefficiencies and opportunities in 
order to implement interventions 

Barriers related to 
awareness  

Lack of personal environmental/energy concern, ignorance about energy efficiency 
topic  

Technology-related 
barriers  

Technology not adequate or compatible, and technology not available. 

Source: (Cagno, Ramirez-Portilla, and Trianni 2015). 

60 Chesbrough, H., Crowther, A., 2006. Beyond high tech: early adopters of open innovation in other industries. 
R&D Manag. 36, 229–236. Chesbrough, H., Vanhaverbeke, W., West, J., 2006. Open Innovation: Researching a 
New Paradigm. Oxford University Press, Oxford.
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Lee (Lee 2015) noticed that barriers may differ depending on regional and sectoral conditions 
indicating a need for specific regional and sectoral studies to observe these barriers. 

The EC has several instruments at its disposal to support industrial EM at different levels. This 
section provides information on energy efficiency measures related to industry, including those 
used to support EM. 

Energy Management measures applied in industry 

The EED (art. 24 sec. 2) requires detailed information on all energy efficiency measures that 
are helpful in implementing the main elements of the directive.  

In order to assess progress and tools for improving energy efficiency and environmental impact 
of industry on the way to EU economy decarbonization, an analysis of National Energy 
Efficiency Action Plan (NEEAP)61 was done for the four chosen MSs. 

Managing energy efficiency at all levels is a complex task requiring deep knowledge and even 
better co-ordination between numerous instruments and stakeholders. The Odyssee-Mure 
database embraces around 2,350 energy efficiency measures, among which 650 measures in 
residential sector, 523 in transport, 327 in industry, 523 in tertiary sector and 333 cross-cutting 
measures (Odyssee and Mure)62. The database provides a number of entries under the topic 
“energy management” of which only two refer to the category “industry”, namely “Mandatory 
appointment of an energy manager” and “Mandatory audits for industrial processes/building”. 
The latter is applied in Italy and Germany. However, the new Polish energy efficiency law 
(2016) introduced mandatory obligation for energy audits, stemming from art. 7 of the EED, 
on all industrial enterprises not being SMEs. In the UK none of the two measures is applied.

Table 18. Application of energy management in the Member States (all sectors) 

61 https://ec.europa.eu/energy/en/topics/energy-efficiency/energy-efficiency-directive/national-energy-
efficiency-action-plans

NEEAPs set out estimated energy consumption, planned energy efficiency measures, and the 
improvements individual EU countries expect to achieve, under the EED, this plan must be 
repeated every three years.
62  Odyssee and Mure, 2015. Synthesis: Energy Efficiency Trends and Policies in the EU, Available from 
http://www.odyssee-mure.eu/publications/br/energy-efficiency-trends-policies-in-europe.html
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Source: Odyssee-Mure http://www.measures-odyssee-mure.eu/topics-energy-efficiency-
policy.asp

Once barriers for energy efficiency are removed, market forces should work to ensure 
economical levels of energy efficiency. Thus, most policies aim to create markets for energy-
efficient equipment or infrastructure, or to build capacity to deliver energy efficient goods and 
services (Langniss and Praetorius 2006). That “energy efficiency paradox” exists. 

Energy efficiency obligation schemes 

Article 7 of the EED requires MS to put in place Energy Efficiency Obligation schemes (EEOs) 
and/or use alternative policy measures to deliver a targeted amount of energy savings amongst 
final energy consumers. The energy savings to be achieved by EEOs and/or alternative 
measures must be at least equivalent to achieving new savings each year from 1 January 2014 
to 31 December 2020 of 1.5% of the annual energy sales to final consumers of all energy 
distributors or all retail energy sales companies by volume averaged over the previous three 
consecutive years where data is available.  

Both EEOs and alternative measures can also include measures delivering energy savings in 
the industrial sector. Up to now, only 2 countries (Denmark and Poland) rely solely on an 
energy efficiency obligation scheme. A total of 13 countries have reported to combine energy 
efficiency obligation schemes with additional policy measures (The Coalition for Energy 
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Savings 2014). The other countries will only use the alternative measures as authorised by the 
EED63. 

The recent assessment of effectiveness of Art. 7 concludes that it is a key policy to trigger 
energy savings on the demand side. It is estimated that the energy savings obligation in Art. 7 
contributes around half of the total savings estimated from the EED. The strength of this 
instrument shows that it is and remains to be crucial to foster the full and effective 
implementation of Art. 7 in each MS (European Commission 2019).

Energy audits 

Article 8 of the EED addresses the energy audits and places obligations on MS with respect to 
the promotion of energy audits in their jurisdictions64. Article 8 imposes an obligation on MSs 
to promote the availability to final customers of high-quality cost-effective energy audits and 
includes the requirement that such audits for enterprises that are not SMEs be carried out every 
four years.  

MS shall: 

§1: Promote the availability to all final customers of cost-effective, independent and 
supervised high-quality energy audits. 

§2: Develop programmes to encourage SMEs to undergo energy audits and the 
subsequent implementation of the recommendations from these audits. 

§3: Also develop programmes to raise awareness among households about the benefits 
of such audits through appropriate advice services. 

§4-7: Ensure that non-SMEs are subject to an energy audit (first audit until 5 December 
2015, thereafter every four years) based on minimum criteria (Annex VI) or they may 
implement an energy or environmental management system (which includes an audit). 

63 http://www.odyssee-mure.eu/publications/br/energy-efficiency-trends-policies-industry.pdf

64  Energy savings and the potential in industry: 
https://ec.europa.eu/energy/sites/ener/files/documents/151201%20DG%20ENER%20Industrial%20EE%20study
%20-%20final%20report_clean_stc.pdf

Implementation of Article 8 of the EED: ttps://ec.europa.eu/energy/sites/ener/files/documents/EEDArt8-
Implementation-Study_Task12_Report_FINAL-approved.pdf  

Commission Recommendation of 6 May 2003 concerning the definition of micro, small and medium-sized 
enterprises (notified under document number C(2003) 1422), OJ L 124, 20.5.2003 (2003/361/EC). 

(Existing) Guidance note on Article 8: http://eurlex.europa.eu/legal-content/EN/ALL/?uri=CELEX:52013SC0447
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Energy customers must establish mandatory energy audits for larger enterprises65 that must be 
carried at regular intervals and must ensure that that the minimum criteria for energy audits 
detailed in Annex VI of the EED are upheld.  

Energy audits are defined in the EED as “systematic procedures used to identify, quantify and 
report existing energy consumption profiles and energy saving opportunities”. Energy audits 
are therefore an integral part of EM(S). 

The main requirements listed in Annex IV addressed the following issues66: 

 High-quality energy audits. 
 Cost-effective energy audits. 
 Up-to-date, measured and traceable data. 
 Life-cycle cost analysis. 
 Proportionate and representative audits. 
 Detailed and validated calculations. 

The obliged organisations had to undergo an energy audit according to Standard EN 16247-1 
by 5 December 2015 at the latest, and then at least every four years thereafter. 

Companies which have either a certified energy management system (EMS) according to ISO 
50001 (see section 3.3.7) or an environmental management system according to EMAS (see 
section 3.3.8) are exempted from the rules.  

The energy audit obligation for large enterprises does not exclude any sector – such as EU ETS 
companies or IPPC (Integrated Pollution Prevention and Control) licence holders - and does 
not refer to “final customers”, therefore, all large enterprises must fulfil this obligation. This 
obligation covers all large enterprises also those within the EU ETS (see section 3.3.11). 
Although, under Art. 8, certification to an EMS exempts enterprise from energy audit 
requirements.67

65 Therefore, a large enterprise is defined as one which has at least 250 employees, OR a turnover in excess of €50 
million AND a balance sheet that is greater than or equal to €43 million (European Commission, Commission staff 
working document, Interpretative note on Directive 2012/27/EU on energy efficiency, amending Directives 
2009/125/EC and 2010/30/EC, and repealing Directives 2004/8/EC and 2006/32/EC, Article 8: Energy audits and 
energy, 2016).

66 The EC is preparing an updated Guidance Document on Article 8. 

67 The EED mentions the implementation of a certified energy or environmental management system as exemption 
to the mandatory energy audits. Such a system needs to follow relevant European or International Standards. 
International Standards include ISO 50001 which was developed in 2011, and ISO 14001 which was developed 
in 2004. In 2009, the European Committee for Standardization (CEN) developed a European Standard EN 
16001:2009 on energy management systems including requirements with guidance for use as a first international 
energy management standard. This standard was published in July 2009 and withdrawn in April 2012 as it had 
been superseded by ISO 50001. Other relevant European Standards include EMAS.(“European Commission, 
Commission Staff Working Document, Interpretative Note on Directive 2012/27/EU on Energy Efficiency, 
Amending Directives 2009/125/EC and 2010/30/EC, and Repealing Directives 2004/8/EC and 2006/32/EC, 
Article 8: Energy Audits and Energ” 2016). 
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Furthermore, Art. 8 requires the MS to develop programs to encourage SMEs to undergo energy 
audits and implement the recommendations from these audits. It is to be noted that additionally, 
Art. 5 of the EED also requires central government to develop EMSs and encourage regional 
and local public bodies to follow their exemplar. 

A few MSs reported (European Commission 2019) that there is potential for energy savings 
and energy audits have been overall beneficial for the industry. They see the energy savings 
potential in the industry sector through implementation of recommendations from energy 
audits. Even though the follow-up on audits through specific measures to improve energy 
efficiency in industry is not mandatory, several MSs provide incentives for companies, foresee 
mechanisms for risk sharing, or even make energy efficiency actions mandatory under specific 
conditions.  

Whilst at first glance there appears to be information on ensuring quality energy audits and 
quality energy auditors, there is a perceived gap in information on energy audit governance and 
management systems. Most countries point to the lack of resources to manage efficient energy 
auditing schemes, that meet the EED requirements, but also deliver a pipeline of projects and 
subsequent implementation. 

Since the next mandatory compliance period will be December 2019, MSs have been looking 
for learnings from the first compliance period so they can apply that lesson learnt to the current 
compliance period. The theme for many countries, as we enter the next four-year energy audit 
cycle, is effective energy auditing programmes that deliver impacts (quality audits leading to 
implemented actions), whilst doing so efficiently (with minimal resources and good 
management systems). 

In (Brems, Gl, Steele, & Papadamou, 2015) the reader can find a comprehensive overview of 
challenges, recommendations and good practice related to the implementation of Art. 8. 

Energy services 

Energy saving potential due to energy services is recognized by various EU directives and 
initiatives. The principal EU legislation in this regard is the EED which sets explicit 
requirements to promote the market of energy services through its Art. 8. The EED provides 
definitions for energy performance contracting, energy services and energy service providers 
and calls for MSs to take actions to strengthen the energy services market, including:68

 dissemination of information about available energy service contracts and clauses as 
well as financial measures supporting energy efficiency service projects;  

 publishing of EPC model contracts and list of available energy service providers;  
 encouraging the development of quality labels;  
 disseminating information on best practices for EPCs;  
 providing a qualitative review of the current and future development of the market;  
 identifying and publicising contact points for final customers;  

68 JRC, 2017. 
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 putting in place an independent mechanism for handling complaints and disputes;  
 enabling independent market intermediaries, i.e. facilitators. 

Identifying the energy service that a sub-sector or process provides allows the theoretical 
minimum specific energy consumption (SEC), the energy use per physical unit of output, to be 
calculated69. De Beer70 viewed the definition of this energy service as being important. Thus, a 
broadly defined energy service, such as production of steel with certain properties (for example, 
its strength) permits a consideration of alternative materials, whereas specifying simply the 
making of steel allows options like scrap utilisation to be examined. A narrowly defined energy 
service, such as making steel from iron ore, further limits the scope of improvements to those 
that produce virgin steel. The definition of the energy service therefore requires careful 
consideration, too narrow a definition may limit the savings that can be made, whereas 
too broad a definition may not re- present the realistic improvement potential (Barrett et 
al. 2018). 

Energy management may play the role of a key driver of energy-efficiency investment.  

Cooremans et al. (Cooremans and Schonenberger 2019) discuss the low level of EM in large-
scale energy consumer companies and the resources allocated for energy issues. Due to a lack 
of monitoring and control tools, companies have difficulty assessing their energy-efficiency 
investments. Energy issues are not generally a priority for companies, with a few exceptions, 
mainly in large firms. Requirements from national or cantonal energy policies have a significant 
role (and in the case of SMEs a key role) in inciting companies to action. When energy 
efficiency is of strategic importance, companies tend to have a high level of energy 
management. The better the energy management system is, the more likely the chances are for 
a positive decision on energy-efficiency investment. The more strategic a project or investment 
is considered to be, the less restrictive are the financial criteria applied. 

Standardisation in innovation development 

Role of standardisation 

The standardisation is defined as producing documents “by consensus and approved by a 
recognized body, that provides, for common and repeated use, rules, guidelines or 
characteristics for activities or their results, aimed at the achievement of the optimum degree 
of order in a given context”.71

69 J. De Beer, Potential for Industrial Energy-Efficiency Improvement in the Long Term, Kluwer Academic 
Publishers, London, UK, 2000. 

70 Ibid.

71 ISO/IEC Guide 2:2004 provides general terms and definitions concerning standardization and related activities. 
https://www.iso.org/standard/39976.html
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Standards have the general economic functions and should be seen as both a technology transfer 
channel and as enablers and facilitators for research. Blind (Blind 2013) summarises that 
whereas the impact of innovation on standardization has been proved in economic terms at the 
macroeconomic and the company level, the impacts of standards on innovation has been 
researched only partially beginning with his early works in 2004.72

Swann73made the following conclusions on the role of standardisation: 

 Standardization helps to build focus, cohesion and critical mass in the emerging stages of 
technologies and markets. 

 Standards for measurements and tests help innovative companies to demonstrate to the 
customer that their innovative products possess the features they claim to have, but also 
acceptable levels of risks for health, safety and the environment. 

 Standards codify and diffuse state of the art in science and technology and best practice. 
 Open standardization processes and standards enable a competition between and within 

technologies and contribute therefore to innovation-led growth. 

There are still insufficient research papers on the interrelationship between innovation and 
standardization. Although, the number of publications have increased in the last years. (Blind 
2013). A central question remains whether standardization overall constrains or enables 
innovation. Systematic evaluations of public procurement impact on innovation are 
unsurprisingly rare. Impact studies are rather fragmented and based on individual ‘success’ 
cases that examine alleged factors contributing to their success, rather than actual impact 
(Uyarra 2012). 

A research of papers made by Blind (Blind 2013) on major subject domains on innovation and 
standardization revealed a list of clusters displaying different, but rather heterogeneous 
dimensions of the interrelationship between standardization and innovation (Table 19). 

Table 19. Exploratory taxonomy for literature on standardization and innovation 

Clusters Descriptions 

Inter-relationship of 
Standardization and 
Innovation 

Interrelationship between standardization and innovation  

Implementation of standardization as an innovation tool  

Policy perspective of technological standards and innovation 

Diffusion/Transfer of 
Tech/Knowledge 

Standards adoption, and innovation diffusion (model, factor, network)  

Standards and knowledge transfer 

Regulation/Integration Standardization as an integration tool  

72 Blind, K., 2004. The Economics of Standards: Theory, Evidence, Policy. Edward Elgar: Cheltenham. 

73 Swann G.M.P. , 2000. The Economics of Standardization: Final Report for Standards and Technical Regulations 

Directorate Department of Trade and Industry. Manchester Business School: Manchester. 
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Regulatory standards and innovation in technology-based industry 

IPR74/Patent/Law Standards and IPR in a competitive market  

Patent, standards, and legal issues 

Impact and 
Competitive Strategy  

Impact of technology standards in market competition 

Standards and structure and modelling 

Standardization as a business competition strategy 

Business Performance Business development, performance, standards 

Standardization for innovation and technological performance 

Technology and 
Product 

Specific technology development, standards, and innovation  

Technology and product design and standards and innovation 

Quality and 
Management System 

Quality assurance and management system standards for innovation  

Environmental management systems standards 

Service Role of standards in service innovation  

Service, network, and communication standards 

Source: (Blind 2013). 

Table 20 summarises the positive and negative impact of four type of standards on innovation 
made by Blind (Blind 2013). 

Table 20. Types of standards and their effects on innovation 

Type of standard Positive Impact on Innovation Negative Impact on Innovation 

Compatibility / 
Interoperability 

Network externalities  

Avoiding lock-in old technologies  

Increasing variety of system products  

Efficiency in supply chains  

Monopoly power 

Lock in in old technologies in case of 
strong network externalities  

Minimum Quality/ 
Safety 

Avoiding adverse selection  

Creating trust  

Reducing transaction costs  

Raising rival's costs 

Variety Reduction Economies of scale  

Critical mass in emerging technologies and 
industries  

Reducing choice  

Market concentration  

Premature selection of technologies  

Information Providing codified knowledge 

Source: (Blind 2013). 

As shown by Waide and Gerundino (Waide and Gerundino 2007), harmonization of energy 
performance standards helps to:  

74 Intellectual Property Rights. 
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 minimize product energy performance testing and verification costs for increasingly 
globalized energy-using equipment markets, 

 enable energy performance to be compared on a common basis across broad economic 
and political groupings, 

 facilitate adoption of more efficient product manufacturing, 
 accelerate transfer of best practice in policy settings. 

Conversely, it is important that international standards produce energy performance measures 
that are relevant to the local context, e.g. that, in cases where the energy performance of 
equipment is sensitive to the prevalent ambient operating temperature, the standards allow 
locally pertinent results to be derived. 

The relationship between research and standardisation is twofold - the transfer of knowledge 
from research to standardization, and standards themselves can inspire the next generation of 
research (Figure 33). This latter, bottom up feedback is of special value as it is mostly induced 
by actual demand of the market, industries and customers. 

Figure 33. Research and standardisation in a simple technology transfer model 

Source: (Blind 2013). 

Table 21. Types of standards and role of public policy in order to promote Innovation 

Type of Standard Role of Public Policy to Promote Innovation 

Compatibility / 
Interoperability 

Initiate new standardization processes in case of lock in in old technologies in case of 
strong network externalities  

Ensure compatible and interoperable solutions, e.g. by policy initiatives like the European 
Interoperability Framework  

Promote network externalities by restricting IPR in standards  
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Minimum Quality Involve all stakeholders in open, transparent and consensus-based standardization 
processes 

Initiate the development of performance instead of design standards 

Reference standards asking for high quality in public procurement 

Variety Reduction Initiate standardization processes including all relevant stakeholders, incl. public 
procurers, to develop - if possible, technology-neutral - standards in order to promote 
critical mass in emerging technologies and industries in due time without selecting 
prematurely specific technologies 

Reference standards in public procurement processes to promote the development of 
critical masses 

Ensure that standards including IPR can be implemented by all interested companies in 
order to avoid market concentration  

Information Promote the transfer of research results into standardization processes and standards 
supported by public support programs 

Promote the diffusion of the content of standards 

Source: (Blind 2013). 

Although there is lack of broad empirical evidence, public authorities where appropriate should 
support the initiation of standardization processes, especially those of high significance for 
society, where industry shows no interest to take lead due to missing business incentives. The 
process should underpin implementation of standards to maximize their positive and minimize 
their negative impacts on innovation (Blind 2013). 

The role of international standardisation cannot be overvalued in engineering practice however 
its importance is not properly addressed and valued in university teaching. Its contribution to 
innovation progress is neither well researched.  

There are some engineering areas which are standardised for tenths of years, e.g. International 
Electrotechnical Commission was created in 1904, other areas have been receiving interests 
only recently. The whole set of topics related to EM belongs to the latter. International works 
in EM started as late at the 80’s of the last century. For example, the ISO/TC 301 Energy 
management and energy savings was finally established in 2016 (see Annex 6.2). 

To support the implementation of the EU’s climate policy and to facilitate achieving the 
objectives of the UN Framework Convention on Climate Change, a mandate was given to CEN 
to develop a European Standard to assess the GHG emissions in EII. Identifying quantifiable 
contributions to emissions reductions, at plant and industry sector levels, requires transparent 
methodologies and a solid consensus on monitoring, reporting and verification procedures as 
well as key performance indicators. The standards will eventually allow the validation of the 
methods of measuring and quantification of process-related GHG emissions, ensure 
comparability of performance of plants globally and enable assessment of their potential for 
improvement. 
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Annex 6.2 provides a list of standards prepared by ISO/TC 301 Energy management and energy 
savings. This TC is dealing with standardization in the field of energy management and energy 
savings75

Main international standardisation organisations 

Standardisation takes place at global, European and national levels Table 22. Standardisation 
organizations at different levels (Table 22). 

Table 22. Standardisation organizations at different levels 

Level Organisation Acronym Main areas of standardisation related to EM 

Global International 
Organization for 
Standardization 

ISO Management standards series of ISO 9000 and ISO 
14000 

Energy system management standards, e.g. 
ISO 50001 

International 
Electrotechnical 
Commission 

IEC All standards related to electrotechnics 

European European 
Committee for 
Standarization 

CEN Energy audits 

Energy auditors 

Energy management 

Comité Européen de 
Normalisation 
Electrotechnique 

CENELEC All standards related to electrotechnics 

European 
Telecommunications 
Standards Institute 

ETSI Standards related to ICT 

National National 
standardisation 
institutions 

BSI in the UK76

PKN in PL77

DIN in DE78

UNI "UNIM" in IT79

Participating in Technical Committees where 
national interest shown 

Source: Own work. 

Energy Management System standard 

75 https://www.iso.org/committee/6077221.html

76 British Standards Institution. 

77 Polish Committee for Standardization. 

78 German Institute for Standardization. 

79 National Association of Manufacturers in Mechanics as "UNIM” 
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Continuous improvements to energy efficiency typically only occur when a strong 
organizational commitment exits. A sound energy management program is required to create a 
foundation for positive change and to provide guidance for managing energy throughout an 
organization. Energy management programs help to ensure that energy efficiency 
improvements do not just happen on a one-time basis, but rather are continuously identified and 
implemented in an ongoing process of continuous improvement. Without the backing of a 
sound energy management program, energy efficiency improvements might not reach their full 
potential due to lack of a systems perspective and/or proper maintenance and follow-up 
(Galitsky et al. 2008). 

In order to achieve more efficient use of energy and limitation its impact on of environment, 
the standard ISO 50001 was presented in 201180. It is a world-wide standard, which introduces 
to the companies an EMS to improve energy efficiency and thus contributes to reduction of 
energy costs and the GHG emissions.  

ISO 50001 is based on the Plan-Do-Check-Act cycle (PDCA) for managing energy resources 
(Figure 34).  

Figure 34. Model PDCA for ISO 50001 

Source: ISO 50001. 

80 ISO 50001 replaced EN 16001 on April 24, 2012. 
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The standard combines both technical and managerial elements, which greatly facilitates the 
transition of organization (which have been certified from other energy management standards 
or ISO standards) to the implementation of energy management standards in accordance with 
ISO 50001.  

Since the establishment of the ISO 50001, it has been important to note the growth trends 
between organisations in selected MSs (Figure 35). Germany is the undisputed leader in the 
period 2011-2016, and in 2013 it held almost half of the shares of certificates from all over the 
world.  

As a result of the implementation of the EMS, it is worth noting an increase in certificates in 
basic& fabricated metal products and Chemical, chemical products& fibres, which in 2016 
were at the level of 1051 and 763, respectively (Figure 36). 

Table 23. Number of ISO 50001 certificates and sites per country (2018) 

Country Certificates 

ISO 50001:2011 

Sites 

ISO 50001:2011 

United Kingdom  2829 1931 

Poland 112 74 

Italy 1415 1748 

Germany 9024 6874 

Source: ISO web site. 

Figure 35. ISO 50001- Certificates by country 2011- 2016 
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Figure 36. ISO 50001 by industrial sectors 

In the report the relationships between the corporate motivations is analysed that lead 
organizations to establish the ISO 50001, and the difficulties and benefits derived from its 
adoption.81

The US EPA, through the ENERGY STAR program, works with leading industrial 
manufacturers to identify the basic aspects of effective energy management programs. In 
Europe, the chemical industrial organization CEFIC developed the “Responsible Care”
initiative that provides a useful framework for the implementation of energy and environmental 
management techniques. 

Environmental Management System standards 

Environmental management frameworks, such as ISO 14001 or EMAS, can be used to 
complement energy management programs to ensure optimal organizational management of 
energy. 

Environmental management systems are means for companies or organisations of ensuring 
effective implementation of an environmental management plan or procedures and compliance 
with environmental policy objectives and targets. A key feature of any effective environmental 
management system (EMS) is the preparation of documented system procedures and 
instructions to ensure effective communication and continuity of implementation. There are 
certification systems for EMS, ISO 14001 and EC's EMAS scheme (EMAS is now compatible 
with ISO 14001) which demonstrate that a system is operated to an internationally recognised 
standard. Alternatively, a customised system can be developed addressing the particular needs 
of the operation.82

The ISO 14000 series is a collection of voluntary standards that assists organisations to achieve 
environmental and financial gains through the implementation of effective environmental 

81 The questionnaire was disseminated to 87 Spanish companies with ISO 50001 certification.  

82 http://ec.europa.eu/environment/gpp/glossary_en.htm
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management. The standards provide both a model for streamlining environmental management, 
and guidelines to ensure environmental issues are considered within decision‐making practices. 

ISO 14001 is proven to give operational benefits as well. ISO 14001 gives operational benefits 
in terms of cycle time, efficiency, flexibility, cost, plant safety, overall productivity, product 
innovation, product performance, product quality, defects, quality assurance, and process 
optimization (Marimon and Casadesús 2017). Chavan (Chavan 2005) highlighted that the ISO 
14001 is a powerful tool for organizations to both improve their environmental performance 
and enhance their business efficiency by minimizing environmental liabilities, maximizing the 
efficient use of resources, reducing waste, demonstrating a good corporate image, building 
awareness of environmental concern among employees, gaining better understanding of the 
environmental impacts of business activities, and increasing profit through more efficient 
operations.  

EMAS 

The EU has developed its own environmental management tool – the Eco-Management and 
Audit Scheme (EMAS) (Regulation (EU) No. 1221/2009) – for companies and other 
organisations in all economic sectors to evaluate, report and improve their environmental 
performance.83 Thus, the regulation allows participation by companies in the industrial sector 
in a Community eco-management and audit scheme. Participation in EMAS is voluntary and 
open to public or private organisations operating in the EU and the EEA. The objective of the 
scheme is to promote continuous improvements in environmental performance by: (a) the 
establishment and implementation of environmental policies, programmes and management 
systems by companies, in relation to their sites; (b) the systematic, objective and periodic 
evaluation of the performance of such elements; (c) the provision of information of 
environmental performance to the public.84

The EMS system enables companies to systematically track, analyse and plan energy 
consumption, thus enabling greater control of energy efficiency and operational efficiency. 
Depending on the operating practices of the iron and steel plant, there is often considerable 
potential for energy savings resulting from operational changes, rather than typically capital-
intensive technological changes. Where operational and maintenance practices are close to best 
practice, the EMS system is still a strategic tool that can better inform investment decisions in 
BAT. 

The driving forces for the implementation of an EMS include (Remus and Roudier 2010): 

 improved environmental performance, 

83 EMAS was adopted by the European Council on 29 June 1993. In two amendments since that date, the EMAS 
Regulation has been opened up to the non-productive sector (EMAS II, 2001) and extended to business locations 
outside of the EU (EMAS III, 2009) (Federal Ministry for the Environment, Nature Conservation and Nuclear 
Safety 2013). 

84 http://ec.europa.eu/environment/gpp/glossary_en.htm
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 improved insight into the environmental aspects of the company which can be used to 
fulfil the environmental requirements of customers, regulatory authorities, banks, 
insurance companies or other stakeholders (e.g. people living or working in the vicinity 
of the installation), 

 improved basis for decision-making, 
 improved motivation of personnel (e.g. managers can have confidence that 

environmental impacts are controlled and employees can feel that they are working for 
an environmentally responsible company), 

 additional opportunities for operational cost reduction and product quality improvement 
 improved company image, 
 reduced liability, insurance and non-compliance costs.  

Figure 37 helps to understand how the initial implementation of the EMS can lead to significant 
energy savings - first through cheap measures that focus mainly on improving current processes 
and then on typically higher technology costs. 

Figure 37. Illustration of continuous cost reduction with EMS 

Source: OECD, 2015, Clean Energy Ministerial (2013), adapted from Kahlenborn et al. (2012). 

Total number of EMAS organisations amounts to 3814 and 13205 sites (Table 24). 

Table 24. Official statistics of the European EMAS Helpdesk Organisations and Sites per Country (September 2018)  
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Source: EU EMAS Register 
http://ec.europa.eu/environment/emas/emas_registrations/statistics_graphs_en.htm 

Figure 38. New registrations (April 2018 - September 2018) 

Source: EU EMAS Register.85

85 http://ec.europa.eu/environment/emas/emas_registrations/statistics_graphs_en.htm
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Figure 39. Industrial sectors leading sectors registered in European EMAS (September 2018) 

Source: EU EMAS Register.86

The European Commission's Joint Research Centre (JRC) has already developed a few sectoral 
reference documents on best environmental management practice, e.g. the reference document 
for the Manufacture of Fabricated Metal Products sector.87

A central constituent of the EMAS Regulation is the international environmental management 
standard ISO 14001. Beyond the standard's core content on the implementation of an 
environmental management system, the EMAS Regulation focuses primarily on measurable 
improvements in operational environmental protection and on the publication of the users’ 
environmental performance (Federal Ministry for the Environment, Nature Conservation and 
Nuclear Safety 2013). 

Most European steelmaking plants have certified EMSs whereas ISO 14001 is more often 
applied than EMAS (Remus et al. 2013). 

ISO 14000 

The ISO 14000 series is a family of environmental management standards developed by the 
ISO. Since the standard was first issued in 1996, it has been revised twice. On September 15th 
2015 the new ISO 14001 was published. 

86 http://ec.europa.eu/environment/emas/emas_registrations/statistics_graphs_en.htm

87 http://ec.europa.eu/environment/emas/emas_publications/sectoral_reference_documents_en.htm
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The ISO 14000 standards are designed to provide an internationally recognised framework for 
environmental management, measurement, evaluation and auditing. They do not prescribe 
environmental performance targets, but instead provide organisations with the tools to assess 
and control the environmental impact of their activities, products or services. The standards 
address the following subjects: environmental management systems; environmental auditing; 
environmental labels and declarations; environmental performance evaluation; and life cycle 
assessment.88

Implementation of energy audits and energy management 
systems 

The EED mentions the implementation of a certified energy or environmental management 
system as exemption to the mandatory energy audits. Such a system needs to follow relevant 
European or International Standards.89 The obliged organisations had to undergo an energy 
audit, e.g. according to Standard EN 16247-1. Companies which have either a certified EMS 
according to ISO 50001 or an environmental management system according to EMAS are 
exempted from the rules. 

An EMS that is based on ISO 50001 can be implemented irrespective of existing management 
systems or can be integrated into the ones already in place. ISO 50001 was designed in such a 
way that it can be combined with other management systems, primarily those concerning 
quality and environmental management. can easily be consolidated or the organization has the 
option of conforming to the existing management system with the aim of developing a 
management system in accordance with ISO 50001(Kahlenborn et al. 2012).  

EMAS already meets most of the requirements of an energy management system according to 
ISO 50001 provided energy consumption is identified as a significant environmental aspect in 
the organisation (Table 25). Both standards share similar structural features, e.g. both follow 
the typical PDCA cycle of management instruments. Hence, ISO 50001 can easily be integrated 
into the existing environmental management system according to EMAS or vice versa. this will 
result in synergies and a reduced need for personnel and financial resources for the two 
management instruments.90

88 http://ec.europa.eu/environment/gpp/glossary_en.htm

89 International Standards include ISO 50001 which was developed in 2011, and ISO 14001 which was developed 
in 2004. In 2009, the European Committee for Standardization (CEN) developed a European Standard EN 
16001:2009 on energy management systems including requirements with guidance for use as a first international 
energy management standard. This standard was published in July 2009 and withdrawn in April 2012 as it had 
been superseded by ISO 50001. Other relevant European Standards include EMAS.(European Commission, 
Commission staff working document, Interpretative note on Directive 2012/27/EU on energy efficiency, amending 
Directives 2009/125/EC and 2010/30/EC, and repealing Directives 2004/8/EC and 2006/32/EC, Article 8: Energy 
audits and energy, 2016). 

90 http://ec.europa.eu/environment/emas/pdf/factsheets/EMAS_Energy_Management.pdf
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EMAS registered organisations only need to take some small additional steps to meet the 
ISO 50001 requirements. these mainly relate to the specific inclusion of energy related topics 
in the general environmental management and some structural adaptations. Where necessary, 
organisations can use the existing organisational and operational structures set up within EMAS 
to implement the additional steps for an energy management system.91

Table 25. Comparison of ISO 50001 and EMAS management standards and EN 16247-1 audit standard 

Basic 
principles

Integrated consideration of the 
interacting elements 

Analysis of energy use 
and consumption 

Valid EU Standard for 
environ- mental management 
systems 
Suitable for enterprises of all 
sizes and from all sectors 

Benefits Energy management system can 
be combined with existing ISO 
14001 certification 
Identification of energy-saving 
potentials 
Less mandatory documentation, 
can therefore be implemented 
simply and efficiently 

Identification of energy 
impacts and potentials 
for improvements in 
energy efficiency 
Summary of energy 
potentials and measures 
in an energy report 

Participants in EMAS are 
entered into a public register 
Certificate from the responsible 
registration body 

Work and 
time needed

medium low high 

Recommen- 
dation

Certification of the EMS is sui- 
table for all enterprises with high 
energy consumption who wish to 
improve their energy efficiency on 
a permanent basis, using the 
“Plan-Do-Check-Act” (PDCA) 
cycle and the continual 
improvement process 

Energy audits make 
possible systematic 
discovery of energy- 
saving potentials. Energy 
audits according to EN 
16247-1 are, however, 
also a suitable preparation 
for installation of an EMS 
according to ISO 50001 

An EMAS validation is suitable 
for all companies who, in 
addition to utilisation of energy 
saving potentials, also wish to 
achieve comprehensive 
improvement of their 
environmental performance. 

Source: (TÜV NORD, n.d.) 

Structured energy management functions in companies 

A well-established EMS allows to elaborate, implement and refine effective procedures to 
increase the level of energy efficiency in any organisations. It is possible to integrate the 
environmental management system and the security management system into a quality 
management system.  

91 http://ec.europa.eu/environment/emas/pdf/factsheets/EMAS_Energy_Management.pdf
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The ISO 14001 standard sets requirements primarily for the development and improvement of 
the environmental management system within the organisation. The standards of the ISO 9000 
series are quality management standards. 

The EMAS standard for many points is more sophisticated than ISO 14001. It has 
environmental management functions in place to confirm with organizational arrangements that 
the company's environmental impact is fully optimized. That is, the standards of management 
systems can be considered in a complex: requirements of the standards of the series ISO 14000 
fully comply with the requirements of the standard of quality management series ISO 9000. 
The ISO 14001 standard is the basis of EMAS. The requirements of the ISO 50001 Energy 
Management Standard are backed up the requirements of the environmental standard ISO 
14001.  

In general, organization’s energy policy can easily be integrated with environmental policy, in 
accordance with ISO 14001. In this case, to take into account the requirements of ISO 50001, 
it is necessary: 

 Include a policy point in energy that addresses energy efficiency as the use of fuel and 
energy resources effectively contributes to reducing emissions to the environment. 

 Include the item on ensuring availability of all necessary information. 
 Add information about the purposes and limits of the application of the EMS. 
 Include a clause on the need for regular analysis and improvement of the EMS. 
 Add an item on the availability of resources (financial, human, technical, etc.) that are 

needed to achieve the effective implementation, operation and improvement of the 
EMS. 

Source: Selected policies for energy efficiency in industry and their coverage based on (Tanaka 
2011) from IPCC.  

Key operational benefits that can lower energy consumption, and thus the cost per tonne of 
product for companies, e.g. in the iron and steel sector and after the introduction of EMS are as 
follows (Nulty 2014): 

 Optimisation of the purchase and consumption of all fuel types and energy inputs; 
 Helping plant operators in the iron and steel sector to monitor and optimise their energy 

flows;  
 Enabling detection of avoidable energy losses (gases, electricity, steam, carbon, among 

others); 
 Effective use of waste heat and gas recycling;  
 Early detection of leaks (e.g., air and heat);  
 Generating consumption forecasts and minimising peak loads; and  
 Improving monitoring of surplus heat, electricity and gas streams to help generate value 

through export to grids and local users. 

Demand Side Innovation Policy 
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Innovation policy on the demand side has been defined as all public action (Edler et al. 2013):  

 to induce innovation and/or speed up the diffusion of innovation 
 through increasing the demand for novel products and services, defining new functional 

requirements or improving user involvement in innovation production (user-driven 
innovation). 

Demand side policies stimulate the use of innovations on a clearly defined public needs with 
some intent to subsequently develop and up-take the innovation. It is therefore distinguished 
between those instruments that intervene at the supply side (support for the innovation creator) 
and those that intervene at the demand side of innovation. Pre-commercial procurement 
schemes are a combination of supply side and demand side mechanisms (Edler et al. 2013). 

Policies can support private demand, e.g. through tax incentives and subsidies, and policies 
that support public procurement of innovation (Edler et al. 2013). 

This mix type of procurement is of special importance in the case of stimulating innovation in 
energy intensive industries where on one side huge investment costs are needed and on the 
other side the industries are often highly concentrated in global companies or are still managed 
(not necessarily fully owned) by the governments. Public intervention in all such companies 
through involvement of one of the public financing schemes (see section 3.3.15) should always 
indirectly lead to increase innovation while meeting higher rank sustainable objectives, e.g. 
these of energy efficiency or climate change abatement. 

The use of public procurement for innovation has increased considerably in the last years. 
However, demand-side policies in general, and public procurement of innovation in particular, 
have been under-evaluated (Edler et al., 2012; OECD, 2011). This lack of evaluation “makes 
evidence-based policy making in this area difficult” (Uyarra 2012). 

Lack of evaluation of demand side innovation policies may be the result of lack of experience 
given their relative underutilisation. However, these instruments also face additional challenges 
compared to traditional policy tools such as R&D subsidies. Tracing the impact of demand side 
measures is difficult, and it is problematic to attribute their effects to the intervention. For 
instance, it is difficult to define a control group to assess the effects of policies such as standards 
and regulation, for they are non-discriminatory. It is also difficult to separate the influence of 
other policies from the supply-side (Uyarra 2012). 

Demand-side innovation policies support and increase the uptake of innovations in society. 
They can involve legislation increasing consumer confidence in innovative products, safety 
regulations, standards, or public procurement. These demand-side tools complement supply-
side policy tools such as public funding schemes. Creating effective links between demand-side 
and supply-side tools can improve the efficiency of the innovative system.92

EU Emissions Trading System 

92 https://ec.europa.eu/growth/industry/innovation/policy/demand-side-policies_en
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The EU Emissions Trading System (EU ETS) and the EU Effort Sharing Regulation (EU ESR) 
covering non-ETS sectors form the core regulatory framework set in place to reach the 
consecutive emissions reduction targets.  

The EU ETS sets limits on the total amount of certain GHG that can be emitted by the factories, 
power plants and other installations. The scheme covers more than 11,000 heavy energy-using 
installations in power generation and manufacturing industry in 31 countries93.  

Both industries discussed in this report, i.e. chemical and petrochemical, and iron and steel, are 
covered by the EU ETS. For number of entities reporting in these groups see Annex 6.8.  

The EU ETS is a “cap and trade” system. It caps the total volume of GHG emissions from 
installations and flights between airports of participating countries responsible for around 50% 
of EU GHG emissions. The trading approach helps to combat climate change in a cost-effective 
and economically efficient manner.  

The cap is reduced over time so that total emissions fall. Within the cap, companies receive or 
buy emission allowances, which they can trade with one another as needed. Although, in Phase 
3, auctioning is the default method for allocating emission allowances to companies 
participating in the EU ETS (in previous phases the allocation was mainly free), some industries 
will continue to receive a share of allowances for free until 2020 and beyond. Free allocation is 
carried out on the basis of benchmarks of GHG emissions performance. These benchmarks 
reward best practice in low-emission production. 

The benchmark value is set for specific industrial processes such as lime production, olefins 
production using steam cracking, aromatics extraction, etc. The benchmark value is calculated 
as the average of the top 10% best performing plants and sets the level of allowances. All 
facilities in a sector exposed to a significant risk of carbon leakage receive free allowances at 
the benchmarking value. Facilities emitting GHG above the benchmark value must purchase 
their annual emission allowances. The benchmark approach of rewarding the best 
performing companies is advantages for those who undertake and successfully completed 
EM related improvements. 

Another challenge is the EU ETS-related increases of electricity prices. These costs can 
however be mitigated by the EU State Aid Guidelines (European Commission and Union 2014) 
which allow for compensation of such costs under certain circumstances to prevent “carbon 
leakage”. 

EU ETS with a secured minimum price path could provide more long-term clarity and the 
certainty needed for investors in low-carbon innovations. CO2 tax as the central element of a 

93 Furthermore, ETS schemes have recently been established in several regions of the world, such as Australia, the 
EU, Kazakhstan, New Zealand and Switzerland as well as in Québec in Canada and California, Connecticut, 
Delaware, Maine, Maryland, Massachusetts, New Hampshire, New York, Rhode Island, and Vermont in the 
United States. Several other countries are considering implementation of an ETS and others have already 
scheduled implementation (International Carbon Action Partnership, 2013). There is already an agreement aimed 
at linking the EU ETS and the Australian ETS, which is a step towards an international CO2 price (European 
Commission, 2013). 
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broader energy tax reform could provide the incentives needed for fuel switching for non-ETS. 
This must avoid any double burden on companies covered by the EU ETS (Hartner, Kranzl, 
and Fritz 2019). 

Public R&D funding can play an important role in accelerating the market introduction of 
innovative low-carbon processes. The current proposal of the EC to establish an EU Innovation 
Fund as a follow-up to the ongoing NER300 programme is an important step in this direction 
(Hartner, Kranzl, and Fritz 2019). 

Free allocation to new entrants and for capacity extensions  

To ensure a level playing field between new entrants and incumbents, a NER of 480 million 
EUAs was set aside at the start of the third trading period for new installations and existing 
installations achieved a “significant” increase in capacity. Figure 40 shows that for industrial 
activities (excluding combustion), the majority of the NER allowances have primarily been 
used for capacity extensions (i.e. installations with NER and non-NER allocations). This 
statistic is of interest for as it also shows to what extent the industry capacity is changing – once 
due to new installations, secondly to capacity extensions. The iron and steel sector received 
10.4 million tonnes of NER allowances between 2013 and 2017, primarily to installations with 
capacity extensions, based in Belgium and the UK. In the chemical sector, the share of new 
entrances and capacity extensions is more balanced (European Environment Agency (EEA) 
2018). 

Figure 40 NER allocation (2013-2017) by sector and by eligibility type 

Source: European Environment Agency (EEA) 2018. 



103 

Deployment of BAT 

To define Best Available Techniques (BAT), the EC organises an exchange of information 
between MS experts, industry and environmental organisations. This process results in the 
production of BAT reference documents (BREFs). Each BREF contains information on the 
techniques and processes used in a specific industrial sector in the EU, current emission and 
fuel consumption trends, and techniques to consider for the determination of BATs, as well as 
emerging techniques94. The conclusions on BAT, for each BREF, are subsequently adopted as 
a legal act so that they are legally binding for the granting of permits. The EC is responsible to 
adopt BAT conclusions containing the emission levels associated with the BAT (EASME 
2015). 

The European IPPC Bureau is part of the Circular Economy and Industrial Leadership Unit of 
Directorate B - Growth and Innovation. Growth and Innovation is one of the six scientific 
directorates of the European Commission's Joint Research Centre (JRC).  

The European Integrated Pollution Prevention and Control (IPPC) Bureau (EIPPCB) was set 
up in 1997 to organise an exchange of information between Member States, industry and non-
governmental organisations promoting environmental protection on Best Available Techniques 
(BAT), associated monitoring and developments in them.  

With the entry into force of the Industrial Emissions Directive (IED, 2010/75/EU), the EIPPCB 
organises and coordinates the exchange of information that leads to the drawing up and review 
of BAT reference documents according to the dispositions of the Guidance document on the 
exchange of information (Commission Implementing Decision 2012/119/EU). 

The European IPPC Bureau is an output-oriented team which produces reference documents 
on Best Available Techniques, called BREFs. BREFs are the main reference documents used 
by competent authorities in Member States when issuing operating permits for the installations 
that represent a significant pollution potential in Europe. There are about 50,000 of these 
installations in Europe. 

Recommended actions throughout the industrial sector, pre-2025 emissions reductions rely on 
implementation of BAT and continued work towards energy efficiency. Increasing 
postconsumer scrap recycling rates and utilising this scrap to offset primary production of 
materials would significantly reduce the energy and emissions intensity of production, and thus 
should be promoted. All sectors should also consider possibilities for sustainable utilisation of 
industrial wastes and by-products as well as recovering excess energy flows. Implementation 
of these existing solutions, especially the low-cost, low risk commercially available processes 
and technologies, will be a critical driver of the early phase of the 2DS95 transition. Policy 

94 Emerging technologies: describes technologies that have demonstrated technical viability and have a high 
potential of being economically competitive on an industrial scale (IEA, ICCA 2013). 

95The IEA’s ETP 2°C Scenario (2DS) examines the implications of a policy objective to achieve the required 
emissions reduction that climate science research indicates would give an 80% chance of limiting average global 
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makers should put in place a policy framework that incentivises decarbonisation while 
considering the impacts in terms of carbon leakage and competitiveness. In the longer term, 
deeper cuts in industrial CO2 emissions will require innovative new low-carbon process routes 
and products. With accordance to recommended action from IEA “Tracking Clean Energy 
Progress 2017” in order to ensure the future availability of these processes and technologies, 
the sector should in the short-term focus R&D on low carbon production capacity and climate 
change mitigation. In addition, innovative technologies need to be deployed on both a pilot and 
commercial scale. This implementation will require cooperation between businesses, sectors 
and national borders. Existing efforts need to be stepped up and a policy framework put in place 
to encourage low-carbon innovation (International Energy Agency 2017). 

The first BREF on Iron and Steel Production was adopted by the EC in 2001. The review 
commenced in November 2005 (Remus et al. 2013). An up-to-date list of BREFs and associated 
binding BAT conclusions containing the emission limit values for a host of different industrial 
activities can be found on the website of the Joint Research Centre. 

Table 26. Potential savings from adopting BATs in industry 

Source: (International Energy Agency 2017). 

Table 27 Global total energy savings potential for the iron and steel sector based on BATs in 2006 

Total global 
energy 
consumption 
(PJ)

Energy 
savings 
potential 
(PJ/yr)

Savings 
potential 
(GJ/t 
product) 

Percentage 
savings 
(%)

Technologies

temperature increase to 2°C. In this scenario, global energy related CO2 emissions in 2050 are half the current 
level. 
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Iron and 
steel

14,560 5000 4.1 34 Steel finishing 
improvements; Efficient 
power generation from BF 
gas; switch from OHF to 
BOF; increased BOF gas 
recovery; Blast furnace 
improvements; COG 
recovery

Source: International Energy Agency, Energy technology transitions for industry: strategies for 
the next industrial revolution. Paris: OECD/IEA; 2009. 

The IED (see section 0) mandates the industrial installations for the use of the BAT to achieve 
a high general level of protection of the environment as a whole, which are developed on a scale 
which allows implementation in the relevant industrial sector, under economically and 
technically feasible conditions.  

Cagno et al (Odyssee-Mure, n.d.) considered the BATs with the highest potential of energy 
efficiency according to experts (Table 28). 

Table 28 List of best available technologies (BATs) most used in the steel and cast-iron foundry sectors 

Alloy BATs Alloy BATs
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State of the Art Power Plant
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State of the Art Power Plant

Coke Dry Quenching (CDQ) Recovery Heat Solution 

BOF Waste Heat and Gas 
Recovery

Continuous Melting

Continuous Casting
Scraps Pre-heating or Drying of raw 
materials

Scrap Pre-heating Sinter Plant Waste Gas Recovery

Sinter Plant Waste Gas Heat 
Recovery 

Optimised melting process for Cupola 
Furnace

Optimised sinter pellet ratio
Optimised melting process for Induction 
Furnace

Oxy-fuel Burners
Optimised melting process for Rotatory 
Furnace

Pulverised Coal Injection (PCI) 
Change from main to medium frequency 
furnace

Top Gas recovery Turbine (TRT) 
Oxy-fuel Burners (oven, preheat, vessel, 
other) 

Pulverised Coal Injection (PCI) and other

Top Gas Recovery Turbine (TRT) 

Space heating and hot water supply 

Indicators on fans 

Oxygen enriched air in the furnaces and 
burners 

CO burning

Source: (Odyssee-Mure, n.d.). 
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Public procurement in promotion innovation 

It is obvious that public procurement96 should have its significant role in promotion innovation, 
e.g. by standards. The incomplete available empirical evidence discloses that innovation 
opportunities which may arise from standard requirements are not fully tapped. The weak links 
between public procurers and standardization bodies are to be at least partially blamed for this 
(Blind 2013). Targeted public procurement may contribute to support the market 
introduction of low-carbon products by establishing niche markets (Hartner, Kranzl, and 
Fritz 2019). 

Public procurement represents an important market for innovation, particularly in areas 
such as health, transport and energy. The Innovative Union predicted in 2010 that, MSs and 
regions should from 2011 set aside dedicated budgets for pre-commercial procurements and 
public procurements of innovative products and services. This refers to procurements of R&D 
services (pre-commercial procurement) and of new technologies and innovations as identified 
by the European Innovation Partnerships. The ambition will be to increase these levels over 
time towards the level in the US, which is around $50 billion per year.97

A substantial part of public investment in the EU economy is spent through public procurement. 
Every year, over 250,000 public authorities in the EU spend around €2 trillion, representing 
14% of the EU GDP, on the purchase of services, works and supplies. In many sectors such as 
energy, transport, waste management, social protection and the provision of health or education 
services, public authorities are the principal buyers98 (see also Appendix 6.3). 

There are new, adopted by the Council on 11 February 2014, directives on public procurement 
(PPDs), namely Directive 2014/24/EU replacing Directive 2004/18/EC and Directive 
2014/25/EU replacing Directive 2004/17/EC. The MSs had to transpose by April 2016 the new 
rules into their national law (except with regard to e-procurement, where the deadline was 
September 2018). The new rules seek to ensure greater inclusion of common societal goals in 
the procurement process. These goals include environmental protection, social responsibility, 
innovation, combatting climate change, employment, public health and other social and 
environmental considerations. The PPDs still lack obligation for using energy efficient criteria 
in all public procurement. 

Through public procurement, the public sector can induce two effects on innovation – one on 
the innovation performance of private firms, and another on the services offered by the public 

96 The process used by governments, regional and local public authorities or bodies governed by public law 
(financed, supervised or managed for more than 50% by public authorities) to obtain goods, services, and works. 
http://ec.europa.eu/environment/gpp/benefits_en.htm  

97 http://europa.eu/rapid/press-release_MEMO-10-473_en.htm?locale=en

98 Increasing the impact of public investment through procurement, EU Brochure, 2017. 
http://ec.europa.eu/growth/content/increasing-impact-public-investment-through-efficient-and-professional-
procurement-0_en
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sector itself. Due to the size of public-procurement markets this instrument is finding a growing 
interest from policy-makers that see the huge potential of procurement as an underdeveloped 
demand-side policy and potential driver of innovation (EC, 2013b)99. 

It is said that “Promotion around "cost-effectiveness", should not only be interpreted as a wider 
term, looking at the external costs of energy use for the society, but it should also look at the 
longer-term benefits for the procurer itself, in terms of energy-efficiency and energy savings”. 
Thus, the most cost-effective solution in the longer term can be more expensive to purchase in 
the beginning.” Concerning diffusion of knowledge and experience to lower levels it is stated 
that “There is still a need to explain to local administration the role of energy-efficient public 
procurement as a means of local development, e.g. due to low public sector costs, 
manufacturing of more competitive products or delivering energy services”. 

The very latest assessment of public procurement was made by the EC in the communication 
“Making Public Procurement work in and for Europe”100 which inter alia states that "Strategic 
public procurement should play a bigger role for central and local governments to respond to 
societal, environmental and economic objectives, such as the circular economy. Mainstreaming 
innovative, green, and social criteria, a more extensive use of pre-market consultation or 
qualitative assessments (MEAT101)…". It also remarks that public procurement “supports the 
transition to a resource-efficient, energy-efficient and circular economy and foster sustainable 
economic development and more equal, inclusive societies.” Further concerning the role of 
regional and local authorities in public procurement it states that they “…could cooperate more 
and use aggregated procurement, promote strategic and digital procurement and 
professionalise their public buyers”.

Although the EC estimates that 55% of procurement procedures still use the lowest price as the 
only award criterion indicating that public buyers probably do not pay enough attention to 
quality, sustainability and innovation.102

Public procurement of energy‐efficient products and services is also considered by the IEA 
(IEA, 2012)103 as an important tool for increasing the scale of EE markets. In the case of 
buildings the IEA observed that: 

99 EC, 2013b. Energy Technology and Innovation, COM(2013) 253 final. 

100 COMMUNICATION FROM THE COMMISSION TO THE EUROPEAN PARLIAMENT, THE COUNCIL, 
THE EUROPEAN ECONOMIC AND SOCIAL COMMITTEE AND THE COMMITTEE OF THE REGIONS 
Making Public Procurement work in and for Europe, COM(2017)572 final http://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=COM:2017:572:FIN

101 Most economically advantageous tender which allows for giving more prominence to quality.  

102 Increasing the impact of public investment through procurement, EU Brochure, 2017. 

103 IEA, 2012. Mobilising investment in energy efficiency economic instruments for low‐energy buildings, 
OECD/IEA, Paris. Available from http://www.iea.org/publications/insights/insightpublications/name-34937-
en.html (access 16.07.2014). 
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 Countries increasingly recognise this trend and are passing legislation to oblige 
governments to purchase efficient products and services. 

 Public procurement rules can require publicly‐owned buildings to meet comprehensive 
energy performance criteria as well as to provide technical energy specifications for 
individual components. 

 Policy to support public procurement of low‐energy buildings should include removing 
barriers to public sector purchasing and financing of low‐energy equipment and 
buildings. 

Public procurement in public bodies is one of the leading themes in the Concerto Action on 
EED program which has been researched on that topic circulating EU-wide questionnaires on 
regular bases (Bergman I.M., Ryan A. 2018). They found that the dominating criterion of the 
lowest price in public procurement procedures is still the decisive factor. As “the lowest cost” 
is the mostly used criterion in public procurement procedures it is worth noting that “cost 
effectiveness” is to be interpreted as a wider term including components which are not linked 
with direct benefits to the procuring entity, e.g. external societal costs of energy use. Like the 
EPBD allows for including the CO2 emissions in calculations when setting the cost optimal 
level of energy efficiency of buildings or the Clean Vehicles Directive that takes into account 
the possibility of including the external costs related to CO2, NOx, non-methane hydrocarbons 
in the life-cycle cost assessment of vehicles purchased by public authorities. 

Knowledge on economic savings (benefits) caused by so called Green Public Procurement 
(GPP) is very low (see Appendix 6.3)104. The inability to prove economic benefits due to GPP 
builds a barrier to GPP promotion as a cost-effective means of energy efficiency improvement. 
It proves urgent need to make research and study on this issue. The presumed lack of economic 
advantages damps the efforts to develop and refine energy efficiency-based criteria in GPP 
procedures. 

It can be proved that the GPP criteria and procedures have steadily been rooting into national 
legislation. Not being obligatory, they gain importance and diffuse deeper into the procedures. 
This process is in different MSs at diverse stage of implementation and maturity. Therefore, it 
is so important to select the most advanced solutions and promote them in other MSs. Effective 
dissemination of the model solutions can substantially accelerate the spread of GPP across the 
EU and lower the energy expenses of the Public Sector. It can effectively transform the market 
of energy using products and services towards more sustainable model and faster radiate to 
private sector. 

It could ideally be proposed that “innovation aspects” would also be valued as a criterion in 
public procurement tenders taking into account its catalytic role in transforming markets 
towards publicly accepted models like low-carbon economy. This would require establishment 

104 An extensive review of GPP schemes around the world is to be found in (World Bank, 2012). World Bank, 
2012. PUBLIC PROCUREMENT OF ENERGY EFFICIENT PRODUCTS. Lessons from Around the World. The 
Energy Sector Management Assistance Program (ESMAP). TECHNICAL REPORT 003/12. 
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of commonly accepted low-risk clear tender rules what is not likely to happen even in the mid-
term horizon. 

The Lead Market Initiative (LMI) was an attempt by the EU to create the development of six 
markets, namely e-health, sustainable construction, protective textiles, bio-based products, 
recycling, RES, whereby the supply and demand conditions co-develop and lead to a powerful 
market development that can spill over in non-European export markets (Cunningham et al. 
2013). 

The build-up of lead markets necessitates a mix of measures, because it needs to tackle multiple 
dimensions simultaneously, avoiding a missing link. Consequently, the LMI was implemented 
through a combination of four broad types of measures: legislation proposals (new legislation 
or modifications) and regulatory measures, promotion of the use of public procurement, 
development of more consistent standardisation, labelling and certification and other 
complementary actions to support the impact of the above instruments (including supply side 
instruments as needed) (Cunningham et al. 2013). 

Public purchasing in the Energy Efficiency Directive 

The EED addresses in Art. 6 the issue of purchasing made by public bodies. Article 6(1) states 
in that MSs (MS) shall ensure that central governments purchase only products, services and 
buildings with high energy-efficiency performance, insofar as that is consistent with cost-
effectiveness, economic feasibility, wider sustainability, technical suitability, as well as 
sufficient competition.

Article 6(2) allows some exemption from the requirement of Art. 6(1) in the case of the armed 
forces when it may cause any conflict with the nature and primary aim of the activities of the 
armed forces. 

There is also provision in Art. 6(3) imposing obligation to encourage public bodies, including 
at regional and local levels, to follow the exemplary role of their central governments in 
purchasing. Similarly, MS shall encourage public bodies, when tendering service contracts with 
significant energy content, to assess the possibility of concluding long- term energy 
performance contracts that provide long-term energy saving. 

Article 6(4) says that when purchasing a product package covered as a whole by a delegated 
act adopted under Directive 2010/30/EU, MS may require that the aggregate energy efficiency 
shall take priority over the energy efficiency of individual products within that package, by 
purchasing the product package that complies with the criterion of belonging to the highest 
energy efficiency class. 

Specific energy efficiency requirements for purchasing products, services and buildings by 
central government are laid down in annexes III and XIII. Additionally, the issue of public 
procurement is referred to in art. 19(1) on other measure to promote energy efficiency in in the 
context of removing regulatory and non-regulatory barriers to public purchasing. 

An extensive review of government initiatives supporting public procurement of innovation is 
given in (Uyarra 2012). That report reviews the upsurge of initiatives to support public 



110 

procurement of innovation and offer insights into the effectiveness of these policies. Advocates 
of the use of public procurement to stimulate innovation prefer to use the term “innovative 
procurement” or “procurement of innovation”, rather than public technology procurement', 
pointing out to a broader reach of innovation beyond R&D. 

Standards and energy labels are particularly effective policy tools for increasing the efficiency 
of energy-using appliances, equipment, and lighting by accelerating the penetration of energy-
efficient technology into the marketplace. Both mechanisms, individually and in synergy, 
increase number of energy efficient products, their number on the market and improve 
efficiency beyond minimum standards (Figure 41). Standards setting for example minimum 
energy performance or additional performance or interoperability of products accelerate 
diffusion of innovative solutions and make them market standards sought by clients. The roll-
out of intelligent energy meters is a good example where missing standards has been created 
market barrier. 

Figure 41. Standards and Labels Work Together to Transform Markets 

Source: (American and Working 2002). 

Essential role of standards at different stages of public procurement in depicted in Figure 42. 



111 

Figure 42. Role of standards in public procurement 

Source: (Blind 2013). 

Policy measures in support of innovation public procurement are listed in Table 29 (Uyarra 
2012). This policy framework originally proposed by Georghiou et al. (2012) 105 presents 
functional approaches to procurement, addressing functions that are needed to support the 
procurement of innovation and the deficiencies they aim to remove. It distinguishes between 
interventions seeking to address framework conditions for procurement, including the 
legislative background and broader governance underpinning procurement processes, measures 
addressed at improving organizational arrangements and capabilities for innovation 
procurement, mechanisms intended to improve the identification, specification and signalling 
of needs, and incentives for suppliers to take up innovative solutions (Uyarra 2012).

Table 29. Policy measures in support of innovation public procurement 

Policy Category Deficiencies 
addressed

Instrument types Examples Evidence 

Framework 
conditions 

Procurement 
regulations driven by 
competition logic at 
expense of 
innovation logic. 

Requirements for 
public tenders 
unfavourable to 
SMEs

Introduction of 
innovation-friendly 
regulations 

simplification & easier 
access for tender 
procedures 

2005 change in EU 
Directives including 
functional 
specifications. 

Paperless procedures, 
electronic portals, 
targets for SME share 

Certain mechanisms 
such as division 
into lots increase 
SMEs contracting 

Lack of evidence of 
impact of targets 
and set asides for 
SMEs 

Organisation & 
capabilities 

Lack of awareness of 
innovation potential 
or innovation 
strategy in 
organisation 

Procurers lack skills 
in innovation- 
friendly procedures 

High level strategies to 
embed innovation 
procurement 

Training schemes, 
guidelines, good 
practice networks 

Subsidy for additional 
costs of innovation 
procurement 

UK IPPs 2009-10 

Netherlands PIANOo 
support network, EC 
Lead Market 
Initiative networks of 

contracting 
authorities 

Finnish agency 
TEKES meeting 75% 
of costs in planning 
stage 

No evidence of 
effects of IPPs 
(uneven quality, 
discontinued) 

Small and indirect 
impact on 

innovation of 
support networks 
(e.g. PIANOo) 

105 Source: Georghiou et al. 2012. Public procurement as an innovation policy tool: choice, design and assessment. 
Under review in Technological Assessment and Social Change.
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Identification, 
specification & 
signalling of 
needs 

Lack of 
communication 
between end users, 
commissioning & 
procurement 
function 

Lack of knowledge 
& organised 
discourse about 
wider possibilities of 
supplier’s innovation 
potential 

Pre-commercial 
procurement of R&D 
to develop & 
demonstrate solutions 

Innovation platforms to 
bring suppliers & users 
together; Foresight & 
market study processes; 
Use of standards & 
certification of 
innovations 

SBIR (US, NL & 

Australia), SBRI 
(UK), PCP EC & 
Flanders 

Competitive dialogue 
procedure 

Lead Market 
Initiative (EC), 
Innovation Platforms 
(UK, Flanders) 

China equipment 
catalogues (to 2011) 

See Rigby (2013)

Positive if 
‘dialogue’ 
conducted 
adequately. Danger 
of ‘cherry picking’ 

No evidence 
(discontinued) 
(Li,2011) 

Incentivising 
innovative 
solutions 

Risk of lack of take 
up of suppliers 
innovations 

Risk aversion by 
procurers 

Calls for tender 
requiring innovation; 
Guaranteed purchase or 
certification of 
innovation; Guaranteed 
price/tariff or price 
premium for innovation 

Insurance guarantees 

German law enabling 
innovation demands 
in tenders; UK 
Forward 
Commitment 
Procurement; 
Immunity & 
certification scheme 
(Korea); China 
innovation catalogues 
(to 2011) 

No evidence of FCP 
(lack of evaluation) 

Certification and 
insurance schemes 
in Korea leading to 
higher contracting 
among high 
technology SMEs 
(OECD 2011) 

Source: (Uyarra 2012). 

Uyarra (Uyarra 2012) concludes that: 

 More efforts are needed to understand the nature of procurement related interventions, 
namely the characteristics, instrument design and implementation of such measures. 
Given their distinct nature, they require a different framework of analysis compared to 
supply side measures in terms of programmatic design, budget and objectives. 

 Better metrics are required to assess impact, particularly on emerging markets. 
 Improved methodologies are needed to understand and trace the impact on innovation 

of demand side interventions in general, and procurement in particular.  

Innovations when applied in public procurement may bring several benefits to the 
implementers. They can improve quality of public services what should result in higher citizen 
satisfaction, should increase competition between public authorities and regions, decrease the 
costs in the whole life cycle by lowering lower energy, maintenance and repair costs (Blind 
2013). Life cycle assessment shall demonstrate cost effectiveness of the innovative product or 
service since the investments costs of them are to be expected to be higher than the those of 
standard products. Additionally, there might always be a risk of deformation of market when 
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wrong or unrealistic criteria are set in procurement tenders. The procurement must not be 
technology or manufacture biased granting unjust advantages for some. 

Research and Development 

Eurostat defines, after Frascati Manual, research and development (R&D) as creative and 
systematic work undertaken in order to increase the stock of knowledge — including 
knowledge of humankind, culture and society — and to devise new applications of available 
knowledge (European Commisssion 2018). 

The UN 2030 Agenda for Sustainable Development, adopted by more than 150 world leaders 
in September 2015, sets 17 Sustainable Development Goals. Goal 9 calls for building resilient 
and sustainable infrastructure and promotes inclusive and sustainable industrialisation. It also 
recognises the importance of research and innovation for finding lasting solutions to social, 
economic and environmental challenges. 

Earlier in 2010, the Europe 2020 Strategy106 assumed the target of “improving the conditions 
for innovation, research and development”, in particular with the aim of ‘increasing combined 
public and private investment in R&D to 3% of GDP” by 2020. 

Key EU research areas recently formulated in “A Clean Planet for all. A European long-term 
strategic vision for a prosperous, modern, competitive and climate neutral economy” (European 
Commission 2018b) include issues around climate science and the climate-earth system, 
technological challenges to create an environment that supports the required substitutions, 
socio-economic issues and lifestyle change (Figure 43). 

Figure 43. Relevant research and innovation areas around climate science and the climate-earth system 

Source: (European Commission 2018b). 

106 EUROPE 2020 A strategy for smart, sustainable and inclusive growth, COM/2010/2020 
final. 
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Industrial issues follow into the area of “Circular zero-carbon industry”.  

EU expenditure on R&D in relation to GDP (R&D intensity) has shown a modest growth during 
the past 15 years. After a prolonged stagnation between 2001 and 2007, R&D intensity has 
increased slowly and has stabilised at slightly above 2.0% since 2012, reaching 2.03% in 2016. 
With a gap of about one percentage point, the EU thus remains far from its 3% target for 2020 
(European Commisssion 2018). 

Private expenditure accounts for almost two-thirds of total R&D expenditure. An analysis 
of R&D expenditure by sector of performance shows that the two biggest spenders in 2016 
remained the business enterprise sector (65.0%) and the higher education sector (23.2% of total 
R&D expenditure in 2016). Despite its more modest share of 11.3% in 2016, the government 
sector plays an important role, especially in the long-term stability of R&D expenditure and in 
fostering public-private initiatives. The size of the private non-profit sector is almost negligible, 
accounting for less than 1.0% of the total R&D expenditure in 2016.The business enterprise 
sector did not only account for the lion’s share of total R&D expenditure, it also increased its 
R&D intensity from 1.15% of GDP in 2001 to 1.32% in 2016, showing growth of 0.17%age 
points over 15 years. Expenditure in the higher education sector increased from 0.38% of GDP 
in 2001 to 0.47 % in 2016. The R&D intensities of the government sector (0.23%) and the 
private non-profit sector (0.02%) were virtually identical to the ratios recorded some 15 years 
earlier (European Commisssion 2018). 

The business sector is the largest source of R&D investment across MSs. Differences 
between countries’ R&D investment, particularly business R&D spending, reflect the industrial 
structure of economies, differences in the knowledge intensity of sectors and the research 
capabilities of countries. In general, a low business sector R&D intensity in a MS indicates that 
the broader innovation system and framework conditions for this type of investment are 
insufficiently attractive. Business R&D can integrate and transform available knowledge into 
commercially viable technologies and innovation such as greener products, processes and 
services that enable higher labour productivity, industrial competitiveness, resource efficiency 
and reduced environmental impacts. In a majority of MSs, R&D expenditure in the business 
sector was the main determinant of a country’s total R&D intensity over the past decade. 
Furthermore, the business enterprise sector was the biggest employer of R&D personnel, 
providing jobs (full-time equivalent) for around half of this workforce in 2016. The business 
sector consequently is the largest R&D sector of performance in the most research-intensive 
MSs (those with the highest R&D intensities) (European Commisssion 2018). 

Employment in high- and medium-high technology manufacturing sectors and knowledge-
intensive service sectors is an indicator of technology advancement of economic activities as it 
indicates the ratio of highly qualified working in these areas. 

Eurostat uses an aggregation of the manufacturing industry according to technological intensity 
and based on NACE Rev.2. (2 -digit level) for compiling aggregates related to high-technology, 
medium high-technology, medium low-technology and low-technology. Manufacture of 
chemicals and chemical products (NACE 20) as medium-high-technology and Manufacture of 
basic metals (NACE 24) is classified as medium-low-technology. 
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Another indicator used by Eurostat to classify sectors, is knowledge-intensive services (KIS).107

Scientific research and development (72) fall into High-tech knowledge-intensive services and 
Architectural and engineering activities; technical testing and analysis (71) into the category of 
Knowledge-intensive market services. The set of innovative indicators is completed by 
Knowledge-Intensive Activities (KIA).108 These and more indicators for the EU and other 
countries can be found in (European Commisssion 2018). 

These two indicators ranking the both industries high in the technology-advancement 
classification show the industry importance to highly developed EU economy. 

Discussing the current state of industry in the EU, the JRC (JRC 2018) concluded that in Europe 
there is often a weak correlation between R&D and training specialisation and the structure of 
economic activities; which opens the room for targeted policy measures. The reductions of 
public knowledge investments in higher education and research and innovation due to short-
term perspectives are curtailing the long-term EU growth and welfare. Moreover, the quality 
and availability of researchers are factors that companies rank among the highest to the 
attractiveness of a location for R&D. It appears of utmost importance to guarantee the provision 
of adequate human capital to fulfil the new knowledge needs.

Education 

Excellence in education and skills development is essential to ensure that Europe has a 
sufficient supply of highly qualified workers. Therefore, the EC decided launching the 
Innovation Union to support business-academia collaborations to develop new curricula 
addressing innovation skills gaps and promote e-skills for innovation and competitiveness.109

Developing innovations in energy technology needs availability of appropriately skilled human 
resources. This need the has been recognised in the SET Plan Roadmap on Education and 
Training what can be done by capitalising on the expertise, resources and capacity building 
offered by all European universities. 

UNI-SET program identified interdisciplinary educational areas in energy which should 
support meeting the objectives of the SET Plan as Energy System Scientists/Engineers, Energy 
Economists and Energy Policy Makers (European University Association 2017). Action Plan 
elaborated by UNI-SET gives examples of future challenges and opportunities in energy 

107 Knowledge-intensive services (KIS) includes the following sectors (NACE Rev.2 codes are given in brackets): 
water transport (H50), air transport (H51), information and communication (J), financial and insurance activities 
(K), professional, scientific and technical activities (M), employment activities (N78), public administration and 
defence; compulsory social security (O), education (P), human health and social work activities (Q), arts, 
entertainment and recreation (R). Source: Eurostat, OECD. 

108 Knowledge-Intensive Activities (KIAs) are defined as economic sectors in which more than 33% of the 
employed labour force has completed academic-oriented tertiary education (i.e. at ISCED 5 and 6 levels). They 
cover all sectors in the economy, including manufacturing and services sectors, and can be defined at two and 
three-digit levels of the statistical classification of economic activities. Source: Eurostat. 

109 http://europa.eu/rapid/press-release_MEMO-10-473_en.htm?locale=en
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research, innovation and education for 3 of the principal SET-Plan areas: (i) Energy Efficiency, 
(ii) Smart Grids and Energy Systems and (iii) Renewables Integration.  

A standard approach is to calculate efficiency gains within limited boundaries of energy 
carriers, sectors, technologies. However, the full saving options lie in combining different 
energy vectors (electrical, heat, gas etc.) across wide industrial process embracing the whole 
added value chain (European University Association 2017). 

SET Plan 

As part of the deliverables of the EnU strategy, the EC adopted a Communication for an 
Integrated Strategic Energy Technology Plan (SET Plan)110. The Communication identifies 
ten priority actions to accelerate the energy system transformation through coordinated or joint 
investments between European countries, private stakeholders (including research and 
industry) and the EC. These actions have been defined building on the proposals of the 
Integrated Roadmap (that was developed with stakeholders and MSs) and in line with the new 
political priorities defined in the EnU strategy. Out of the ten priorities, Action 6 aims at the 
continuation of our efforts to make EU industry less energy intensive and more competitive 
(European Commission 2017d). Following the new strategy as published in 2015 public and 
private parties, at EU and national level, have joined forces to identify targets for R&I in energy 
technologies in the next 5 to 15 years. These have been turned into 14 implementation Plans 
that identify concrete action where MSs, industry and the EC cooperate to increase the impact 
of R&I investments (European Commission 2018b). 

Horizon 2020  

Under Horizon 2020, the EU's funding programme for research and innovation, the 
Commission is making available over €650 million between 2016 and 2020 for research 
institutes and other stakeholders for innovative industrial projects. 

Potential breakthrough steel technologies were investigated in the past in the program “Ultra–
Low Carbon dioxide (CO2) Steelmaking” (ULCOS). The Commission supported ULCOS with  
€ 40 million in total from the 6th Framework Programme for R&D as well as from the Research 
Fund for Coal and Steel (European Commission 2013a). 

In addition, Carbon Capture and Storage (CCS) has been identified as a key technology for 
decarbonisation of the industrial sector in the 2050 Low Carbon Economy Roadmap111 as well 
as in the 2050 Energy Roadmap112, including CCS applications in industrial processes as well 
as in energy production applications.  

Even if such technologies are available, their broad-scale deployment will depend on whether 
their application in the EU is possible at competitive production costs, as well as on public 

110 (C(2015) 6317 final). 

111 COM (2011) 112 final. 

112 COM (2011) 885 final. 
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acceptance. In particular, CCS will need the setting up of appropriate mechanisms to engage 
local communities as partners in such endeavours and ensure an adequate carbon price. 

It is one of the priorities of the Strategic Energy Technology (SET) Plan with a dedicated 
European Industrial Initiative and Joint Research Programme of the European Energy Research 
Alliance (EERA).  

The importance of steel for energy applications and the needs for research and innovation has 
been defined in the Materials Roadmap Enabling Low Carbon Energy Technologies113. Further 
proposals for R&D&I activity of the kind investigated under the previous R&D phase of 
ULCOS are therefore possible. It is planned that for 2014-2020, research projects have also 
been funded for roughly 280 million by the Research Fund for Coal and Steel (European 
Commission 2013a). 

The European Innovation Partnership on Raw Materials (EIP)114 fosters innovation through the 
value chain of steel, from exploration and extraction, to efficient processing, recycling and 
substitution. 

Under Horizon 2020, the EU's funding programme for research and innovation, the 
Commission is making available over €650 million between 2016 and 2020 for research 
institutes and other stakeholders for innovative industrial projects . 

Under Horizon 2020 was launched Public-private partnership (PPP) called “Sustainable 
Process Industry through Resource and Energy Efficiency” (SPIRE) (see section 3.3.15.1) 
covering eight sectors of the process industry including steel. 

Throughout 2018 it has been carried implementation of relevant policy actions of the strategy 
“Accelerating Clean Energy Innovation” such as: 

 Delivery of Horizon 2020 public investment in clean energy and climate research & 
innovation (worth €3.4 billion over the period 2018-2020 with more than € 2 billion 
focusing on four energy R&I priorities and € 150 million addressing the innovation 
challenges of the international initiative Mission Innovation). 

 Loans from the Innovfn Energy Demonstration Project financial instrument of Horizon 
2020 have provided € 107 million loaned to 4 first-of-a-kind energy demonstration 
projects since 2016 and the budget allocated to this instrument was more than doubled 
(from € 150 to more than 300 € million). 

Other initiatives  

European Innovation Partnerships115 are a new approach to EU research and innovation. 
They will each tackle a specific societal challenge that is shared across the EU, and where 
there is a large new market potential for EU businesses. The Partnerships will have clear and 

113 SEC(2011) 1609. 

114 COM(2012) 82 final. 

115 http://europa.eu/rapid/press-release_MEMO-10-473_en.htm?locale=en
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measurable goals, bringing important benefits for citizens and society as a whole before 2020. 
The Partnerships will bring together all relevant actors at EU, national and regional levels – 
across policy areas and industrial sectors - in order to: (i) step up research and development 
efforts; (ii) coordinate investments in demonstration and pilots; (iii) anticipate and fast-track 
any necessary regulation and standards; and (iv) mobilise demand in particular through better 
coordinated public procurement to ensure that any breakthroughs are quickly brought to 
market.  

At the invitation of the European Council Conclusions, the Commission launched a new pilot 
initiative on breakthrough innovation within the remaining period of Horizon 2020. Presently, 
the Commission has entered in the design phase of an EIC pilot instrument with the objective 
of implementation in 2019. The Horizon 2020 Policy Support Facility is a new instrument of 
the European Commission that gives Member States and countries associated to Horizon 2020 
practical support to design, implement and evaluate reforms that enhance the quality of their 
research and innovation investments, policies and systems. 

JRC's Research and Innovation Observatory (RIO) is a new initiative of the European 
Commission to monitor and analyse research and innovation developments at Country and EU 
levels to support better policy making in Europe.116

Financial instruments 

Whilst the policies outlined in section 3.2 can drive largely cost-effective mitigation, for 
measures such as fuel-switching and more expensive options, some form of financial incentive 
(through a carbon price or subsidy) or direct regulation is needed. Key point is always access 
to public or preferred financial resource to make the mitigation more profitable and attract 
private investors.  

National R&D programs 

Most MSs have R&I programs, usually limited to TRL level 7. Higher TRL financial support 
provided by governments need to comply with the EU's State aid rules.117

The EC is boosting new investment in clean energy and climate research and innovation by 
making the following financial instruments being available for innovation development. 

116 https://ec.europa.eu/jrc/en/research-topic/research-and-innovation-policies

117 Relevant documents are two Commission Communications: 1. Framework for State aid for research and 
development and innovation (http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex:52014XC0627(01) ) 
which limits aid intensity for applied research undertaken by large enterprises to 60% (or 70% in case of cross-
border cooperation or cooperation with an SME or a research organisation); 2. Guidelines on State aid for 
environmental protection and energy 2014-2020 (http://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=CELEX%3A52014XC0628%2801%29 ) which in the case of CCS, energy infrastructure, 
district heating infrastructure and aid in the form of tradable permits allows for a higher aid intensity (up to 100%).
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The Integrated Strategic Energy Technology (SET) Plan is helping focus existing Research and 
Innovation (R&I) support as well as policy action in the area of energy efficiency, e.g. by a 
more sophisticated use of financial support and regulatory measures. 

EU State aid has been modernised and allows MSs to support the steel industry in a number of 
ways, including investments in certain cross-border technology, research and innovation, and 
renewable energy projects. These possibilities should be used fully. State aid rules allow MSs 
to support the global competitiveness of efficient and productive steel producers and promote 
fairness towards efficient manufacturers who restructure with their own resources. In particular 
they can grant State aid to support cross-border industry research or technology projects of 
common European interest (IPCEI) and give public support to incentivise the steel industry to 
bridge gaps with trade partners on private expenditure on research and development investment, 
as allowed by the 2014 Framework for State Aid for Research, Development & Investment. 
Some of this support does not even need to be notified to the EC for approval. The EC stands 
ready to assist national authorities in identifying swiftly such support measures. 

The concept of “non-energy benefits”118 of EM, and energy efficiency in general, enables to 
include the benefits of energy efficiency beyond traditional energy savings which often have 
been neglected, at least partly because of the lack of methodology of its reliable assessment. 
This inefficiency in estimating true benefits of EM has deep negative impact of cost-benefit 
ratio of EM as it distorts true economic benefits. 

EU ETS financing 

One option for innovative financing would be the use of some of the revenues from the 
auctioning of emissions allowances under the EU ETS to help finance climate-related 
objectives, possibly including the development of new low-carbon technologies across the 
industries concerned. From 2013 more than 40% of the total number of emission allowances 
within the EU will be auctioned and then the level of auctioning will increase in a linear manner 
with a view to reaching (European Commission 2013a). 

During the reform of the EU ETS it was noticed that a stable and ambitious regulatory 
environment that promotes innovation must be introduced. The revised EU ETS will include 
two new Innovation and Modernisation funds that have the potential to generate up to €18 
billion of revenue during the next decade. The revenue is intended for European industry to 
invest in new technologies and for the MSs to modernise their power sector and energy systems.  

The revised EU ETS Directive 2003/87/EC (which entered into force on 8 April 2018) 
establishes: 

 the new Innovation Fund, endowed with 450 million allowances. The Fund will 
complement other EU programmes for research and innovation. It will support the 
demonstration of low-carbon innovative technologies in energy intensive industry, 

118 Non-energy benefits (NEBs) is a term that has been commonly used (particularly in the United States) to 
describe the benefits of energy efficiency beyond traditional energy savings. This concept is distinct from 
“multiple benefits”, which refers to all benefits arising from energy efficiency, including traditional energy-related 
benefits and benefits in other areas. 
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renewable energy, energy storage and CCS sectors. Operational rules of the Fund are 
under development and it is planned that the Fund will launch its first call for proposals 
in 2020.  

 the Modernisation Fund for supporting the modernisation of energy systems in 10 
lower-income MSs. The Fund will launch its operations in 2021 and complement other 
EU and MS funding programmes addressing the decarbonisation of the energy sectors 
in these countries. 

Cohesion Fund 

Activities related to improving energy efficiency in the industry sector will be supported, 
among others, from the Cohesion Fund119 under the Operational Program Infrastructure and 
Environment for 2014-2020 (Measure 1.2 120  - Promotion of energy efficiency and use of 
renewable energy sources in enterprises). 

The European Commission's Cohesion Policy aims to reduce differences between regions and 
to ensure growth across Europe. Structural Funds are among its main tools. Its efficient use and 
management is a crucial factor for many regions in Europe to overcome the economic crisis. 
For this reason, to develop a Research and Innovation strategy for Smart Specialisation (RIS3) 
is currently a prerequisite in order to receive funding from the European Regional Development 
Fund (ERDF).121

The Smart Specialisation Platform (S3P) assists Member States and regions to develop, 
implement and review their RIS3 strategies. These include a focus on identifying niche areas 
of competitive strength, solving major societal challenges --bringing in a demand-driven 
dimension, innovation partnerships emphasizing greater co-ordination between different 
societal stakeholders and aligning resources and strategies between private and public actors of 
different governance levels. 

Established in 2011 following the Communication “Regional Policy contributing to smart 
growth in Europe 2020”, the role of the S3 Platform is to provide information, methodologies, 
expertise and advice to national and regional policy makers, as well as contribute to academic 
debates around the concept of smart specialisation. The S3P is hosted by JRC's Growth and 
Innovation Directorate (Dir. B) in Seville. 

Synergies between Cohesion Policy and research and innovation funds: the Stairway to 
Excellence project (S2E) 

119 http://ec.europa.eu/regional_policy/en/funding/cohesion-fund/

120 http://www.ncbr.gov.pl/gfx/ncbir/userfiles/_public/eksperci/dokumenty_dla_ekspertow/szoop_1.2_eng_dla_k
onkursow_innosbz_pbse_innostal_27_10_17.pdf

121 https://ec.europa.eu/jrc/en/research-topic/smart-specialisation
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The Stairway to Excellence (S2E) project aims to enhance the value of two key EU funding 
sources for research, development and innovation - the European Structural and Investment 
Funds (ESIF) and Horizon 2020 (H2020) - by promoting their use in combination with one 
another. 

European Fund for Strategic Investment (EFSI)122

Industry is encouraged to explore the possibilities offered by the European Fund for Strategic 
Investments (EFSI) (“Juncker Plan”). A key objective of EFSI is to leverage additional private 
funding, hence EFSI may be most appropriate for R&I activities rather close to the market. The 
EFSI provides flexible support to concrete projects by addressing market failures or sub-
optimal investment situations. The EFSI is relevant when projects have a business case / achieve 
a Return on Investment (possible with complementary funding by grants) and the main hurdle 
is the reluctance of banks to provide loans to inherently risky innovation projects.  

The €315 billion EFSI is a joint initiative of the EU and the EIB Group to mobilise private 
finance for strategic investments. The EFSI can help bring innovation also to the steel sector, 
by covering higher financing risks of innovative projects. It has already been used in the steel 
industry, e.g. to cover ArcelorMittal's R&D and innovation costs and related investments for 
process improvements and new products. 

Project promoters also obtain assistance in the investment process by the European Investment 
Advisory Hub, so that the quality of projects can be enhanced and attract financing. In addition, 
business projects can boost their visibility for investors on a European Investment Project 
Portal. A first EIB loan under EFSI of €100 million is already helping a mid-sized Italian steel 
producer attract other investors. The total investment expected to be mobilised amounts to €227 
million, enabling the company to modernise and optimise its products, processes and 
environmental performance, and to remain a leader in its field. Other industrial players have 
already initiated contacts with the Advisory Hub.  

European Structural and Investment Funds (ESIF)123

Within European Structural and Investment Funds (ESIF), the relevant fund is the European 
Regional Development Fund (ERDF). However, the ERDF Regulation stipulates prohibits 
supporting investments to achieve GHG reductions from activities covered by the UE ETS. 
R&I activities can nevertheless be supported if they are included in the Smart Specialisation 
Strategy of the respective MSs or region124. This is a bottom-up process, hence the initiative 
would need to come from the MSs. 

122 http://ec.europa.eu/growth/industry/innovation/funding/efsi_en

123 https://ec.europa.eu/info/funding-tenders/funding-opportunities/funding-programmes/overview-funding-
programmes/european-structural-and-investment-funds_en

124 http://s3platform.jrc.ec.europa.eu/
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The ESIF supports eligible MSs, inter alia, on the priorities set out in the research and 
innovation strategies for smart specialisation. Regions in the Czech Republic, Slovakia, Spain, 
Finland and Sweden have prioritised support for the modernisation of their steel industries. 

To meet the 20% target in energy efficiency in 2020, it is important to make full use of the 
funding available for increasing energy efficiency under the ESIF (thematic objective 4, low-
carbon economy)125  (European Commission 2019). €44 billion will be allocated from the 
European Structural and Investment Funds (ESIF) to priorities set in regional research and 
innovation strategies. Regions in Czech Republic, Slovakia, Spain, Finland and Sweden have 
included support to modernising their steel industry in their priorities.  

The cooperation between regions with steel-related priorities offers an opportunity for 
exchange of experiences with policies and new technologies.  

Dedicated bank support 

Industrial deployment of emerging steel technologies can be increased using the European 
Investment Bank’s (EIB) financial mechanisms. Steel sector projects with a lower risk profile 
are often eligible for EIB long-term financing. In addition highly innovative steel products may 
be financed under the Risk Sharing Finance Facility (RSFF), which is an innovative credit risk 
sharing scheme jointly set up by the EC and the EIB to improve access to debt financing 
promoting activities with a higher financial risk profile in the fields of research, technological 
development, demonstration and innovation investments (European Commission 2013a). 

Important Projects of Common European Interest (IPCEI) are transnational projects of strategic 
significance for the EU. In 2014 the EC adopted specific State aid guidelines for IPCEIs
126allowing MSs to provide financial support to such projects undertaken by industry beyond 
what is usually possible for R&D and innovation projects. For example, public funding may 
also support the first industrial deployment of the results of an R&D project and may cover a 
higher percentage of the funding gap. An example is the IPCEI on High Performance 
Computing (HPC) and Big Data Enabled Applications launched in January 2016 by 
Luxembourg, France, Italy and Spain127. 
Throughout 2018 dedicated financial support for sustainable and innovative infrastructure 
investments through the “InvestEU” programme have been provided. The EIB committed to 

125 The latest data available to the Commission show that the implementation of the 2014-2020 programmes is 
generally progressing well, with about 44% (or €7.4 billion) of the overall planned allocations from the European 
Regional Development Fund and the Cohesion Fund for energy efficiency investments in buildings and enterprises 
(€17.0 billion in total) already allocated to projects by the end of 2017 (European Commission 2019).

126 http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv:OJ.C_.2014.188.01.0004.01.ENG

127 https://ec.europa.eu/commission/commissioners/2014-2019/oettinger/blog/luxembourg-
launchessupercomputing-project_en
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fund at least 40% of EFSI funding under its infrastructure and innovation window to support 
projects that contribute to EU’s climate and energy commitments. 

Public-private partnership "SPIRE" 

The main aim to supports the development of novel technologies for improved resource and 
energy efficiency to foster sustainability and competitiveness. The total contribution foreseen 
from the EU budget is €900 million over the seven-year period of Horizon 2020, a matching 
contribution will be provided by the private stakeholders. 

Throughout 2018, 77 projects funded (EU funding: €444 M) under the Horizon 2020 
contractual Public-Private Partnership on “Sustainable Process Industries through Resource and 
energy Efficiency” (SPIRE)128 have delivered 221 significant innovations improving energy 
and raw material efficiency129 of industrial processes (on average 36% reduction in fossil 
energy consumption, 30% reduction in CO2e, and 25% reduction in non-renewable primary 
raw material consumption). An investment of over €350 M is planned for the period 2018-2020. 

Research Fund for Coal and Steel 

Modernisation in the coal and steel sector is also supported by the Research Fund for Coal and 
Steel (RFCS) 130 with an annual budget of around €40…50 million. Finance for this comes from 
revenues arising from the historic assets of the European Coal and Steel Community131 (ECSC) 
in liquidation. Around 3/4 of the funding is allocated to steel research. The Ultra-Low Carbon 
Dioxide Steelmaking Project (ULCOS) and its follow up projects, as well as projects funded 
within the SPIRE Public-Private Partnership are good examples in this respect.  

The research objectives for steel under RFCS are (Rossetti di Valdalbero 2017): 

 Conservation of resources and improvement of working conditions; 
 New and improved steel making and finishing techniques; 
 Utilisation of steel. 

In April 2018 there was a launch of VentureEU which is an initiative to boost the availability 
of investment capital for business innovation and growth across Europe. Around 1,500 start-
ups and scale-ups are expected to gain access to financing across the whole EU from a range of 
sectors including resource and energy efficiency. The EU will provide cornerstone investments 

128 Sustainable Process Industry http://ec.europa.eu/research/industrial_technologies/sustainable-process-
industry_en.html. 

129 Material efficiency is an approach which encompasses a range of options for reducing primary production 
within an industrial system, while maintaining the same output of service from that system (Griffin 2015). 

130 http://ec.europa.eu/research/industrial_technologies/rfcs_en.html

131 https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=LEGISSUM:xy0022&from=EN
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of up to €410 million. The rest of the financing will be raised by the selected fund managers 
primarily from independent investors. 

Pan-European network of Digital Innovation Hubs (DIHs)132

A challenge recognised by the EC is to facilitate knowledge transfer from Industry 4.0 research 
carried out in research and technology developing organisations into real-life SME production 
contexts. For that matter, the EU has been supporting more than 50 so called Digital Innovation 
Hubs (DIH) which are testing and experimentation facilities located across Europe (Arens 
2019). The DIHs are knowledge-transfer platforms and education centres that specialize in 
certain topics like new business models for manufacturing companies, IT-security aspects in 
networked production contexts or implementing smart sensors in manufacturing. Although 
listed within the EU initiative Digitising European Industry (see below), the Digital Innovation 
Hubs are financed through the Horizon 2020 programme in a project called I4MS 
(http://i4ms.eu). In fact, several digital innovation hubs have been set up by national 
governments before this EU initiative. The EU Digital Innovation Hubs are in addition to 
existing ones on national levels and shall complement the topical range of Industry 4.0 in the 
respective areas. Whereas the main aim of the EU Digital Innovation hubs is to provide a 
platform, where research institutes and SMEs share know-how and experiences and learn from 
each other, the initiative is only indirectly relevant for the steel industry since there is no specifc 
measure or focus on this sector in any of the Hubs.  

Digitising European Industry (Arens 2019)

Finally, the EU supports the Industry 4.0 development with its umbrella initiative Digitising 
European Industry which is intended to coordinate the activities of the MSs, help establishing 
standards and build up specific Industry 4.0 skills in Europe. The list of instruments to achieve 
this is quite long and ranges from coordination activities, regulatory measures and R&D 
projects. The official budget for the initiative is said to be €50 billion. However, this figure 
comprises all expenses of Member States for their own Industry 4.0 activities, includes all 
related Horizon 2020 projects, expected leverage effects as well as budgets from related 
initiatives like the European Cloud Initiative. In fact, additional budget for the Digitising 
European Industry-initiative can be expected to be about €6 million, mainly allocated to 
coordination activities and the Digital Innovation Hubs mentioned above. Again, for the steel 
industry, the Digitising European Industry-initiative is relevant only in an indirect way because 
no specific activities addressing the sector are foreseen. On the other hand, steel-making 
companies may profit from those initiatives either by taking over new technologies and 
processes developed in other sectors or by actively participating in R&D projects and transfer 
measures supported by the EC. 

EUREKA - A pan-European network for market-oriented, industrial R&D 

132 https://ec.europa.eu/digital-single-market/en/digital-innovation-hubs



125 

EUREKA133 is a European research initiative with the goal of motivating cross-border co-
operation between industry and research institutions in the area of technological research and 
development. The initiative aims at concentrating the existing potential of specialists, know-
how, research facilities, and financial resources in Europe in order to make more efficient use 
of all these elements. In this way, EUREKA contributes to the competitiveness of European 
industry on the world marketplace. 

Novel financial instruments 

MS seeking a framework for financing the obligations of art. 5(1) may set up an EE National 
Fund supported by annual contributions of an amount equal to the investments required to 
achieve those obligations (art. 20(5) EED).  

Some new variants of third-party financing (TPF), besides those well established in Europe, 
have been proposed in the US. These include Energy Service Agreements (ESAs), Managed 
Energy Service Agreement (MESA), Metered EE Transaction Structure (MEETS), Property 
Assessed Clean Energy (PACE), and other variants still in the inception phase, e.g. Property 
Assessed Clean Energy (PACE), and On-Bill Financing (OBF) (RF & DBCCA, 2012)134. This 
long list indicates that financing EE investments poses a challenge everywhere and will require 
individual approaches for different subsectors. 

Mission oriented finance 

A developmental networked entrepreneurial state requires an approach based on more general 
principles, building a market-making/-shaping view of policy that goes beyond market fixing. 
Four key points are emphasised. They focus on the lead investment role of public agencies, 
taking on extreme risk in the face of uncertainty, which then generates animal spirits and 
investment in the private sector. These require different types of evaluation techniques to 
capture the crowding-in process. The key principles include: 

 Investment along the entire innovation, including demand-side, policies Decentralised 
nature of public mission-oriented organisations (not top down). 

 Risk-taking and investment not only during the downside of the business cycle Patient 
long-term strategic finance. 

 Considering a more equitable distribution on risk and rewards. 
 Risk-taking and investment not only during the downside of the business cycle. 
 Patient long-term strategic finance. 
 Considering a more equitable distribution on risk and rewards. 

They are reviewed in detail in (European Commisssion 2018).  

Figure 44 shows some of the key public agencies in the United States innovation landscape, 
including National Institutes of Health (NIH), NASA, DARPA, Small Business Innovation 

133 https://www.eureka.dlr.de/en/129.php

134  RF & DBCCA, 2012. United States Building Energy Efficiency Retrofits: Market Sizing and Financing 
Models. Available from http://www.rockefellerfoundation.org/blog/united-states-building-energy-efficiency
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Research Program, National Science Foundation (NSF), etc., that were active across the entire 
innovation chain. Such organisations have been ‘mission driven’ – that is, they have directed 
their actions based on the need to solve big problems and in the process actively created new 
technological landscapes, rather than just fix existing ones. Downstream investments included 
the use of procurement policy to help create markets for small companies, through the public 
Small Business Innovation Research (SBIR) scheme, which historically has provided more 
early-stage high-risk finance to small and medium-sized companies than private venture capital. 
And guaranteed government loans are regularly used to pump prime companies.135

Figure 44 Mission-oriented finance along the entire innovation chain 

Source: (European Commisssion 2018). 

Practical steps to build mission-oriented thinking in innovation policy (Table 30) might be 
useful for mission-oriented organisations.  

Table 30 Practical steps to build mission-oriented thinking in innovation policy 

Step Leading question 

Mission selection How to select missions that have enduring and democratic legitimacy 

Co-production How to engage public, private and third sector actors in mission selection, implementation, 
learning and evaluation processes 

Mission definition How to define missions concretely but with sufficient breadth to motivate action across 
multiple sectors of the economy, enabling new types of interactions between public, 
private and third sectors, and over different time horizons 

135 Such as the US$ 465-million guaranteed government (DoE) loan received by Tesla to produce the ‘Tesla S’ 
car.
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Dynamic 
capacities 

How to develop new competencies and capabilities for dynamic change: ability to envision 
new futures and to accommodate risk-taking, experimentation and underlying uncertainty 
of the discovery process 

Decision tools How to develop new indicators and assessment tools to aid decision making and evaluate 
impact, beyond the static cost/benefit framework 

Managing future How to manage inevitable failure as well as success by taking a portfolio approach 

Sharing rewards How to ensure rewards as well as risks are shared so that so that the growth generated is 
inclusive as well as smart 

Source: (European Commisssion 2018) after Science, Research and Innovation performance of 
the EU 2018 Stat.136

To support the United Nations 2030 Agenda for Sustainable Development, to succeed with 
greenhouse gas emissions reductions in line with the Paris Agreement, the European 
Commission published a legislative package on sustainable finance in May 2018. Its main 
objective is to mobilise finance for sustainable growth by re-orienting investments towards 
more sustainable technologies. One of these proposals, the so called “Taxonomy Proposal” 
aims to set a framework to identify which economic activities are environmentally 
sustainable.137

Energy efficiency policy 

Energy efficiency in manufacturing industries has steadily been improving over recent decades 
(Yeen Chan 2015). The process is to some extant “natural” being largely induced by the 
improved economics of more efficient technologies which have been introduced in newly built 
or retrofitted plans, and as plants have increased in size (which often improves efficiency). 
Nevertheless, a range of policies has been necessary to accelerate efficiency-oriented 
improvements. 

Energy efficiency policies, and the following legal acts and regulation, are subject of national 
policy, although, because of the political domination of EU climate-energy policy, national 
energy strategies reflect the European trends. Thus, energy efficiency policy context only 
slightly varies among countries. Therefore, it can be assumed that drivers of government energy 
efficiency policies are similar across MSs (Table 31). 

Table 31. Drivers of government energy efficiency policies 

Driver Typical objectives 

Energy security Reduce imported energy 
Reduce domestic demand to maximise exports 
Increase reliability of energy systems 
Control energy demand growth 

136 https://ec.europa.eu/info/sites/info/fles/srip/partii/partii_4/part_ii_4_8_mariana_mazzucato_other_charts.ppt

137 https://cefic.org/policy-matters/industrial-policy/sustainable-finance/
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Economic development and 
competitiveness 

Reduce energy intensity 
Improve industrial competitiveness 
Reduce production costs 
More affordable energy customer costs 

Climate change Contribute to global mitigation and adaption efforts 
Meet international obligations under the United Nations 
Framework Convention on Climate Change UNFCCC 
Meet supra-national (e.g. EU) accession requirements or directives 

Public health Reduce indoor and local pollution 

Source: (Campbell 2014). 

Barriers to energy efficiency can be classified as market, financial, informational, institutional 
and technical (Table 32). To different extent they exist in all countries. All EU national energy 
efficiency policies include measures to remove them (EASME 2015).  

Table 32. Barriers to energy efficiency 

Barrier Examples 

Market Market organisation and price distortions prevent customers from appraising the true value 
of energy efficiency  

Split incentive problems created when investors cannot capture the benefits of improved 
efficiency  

Transaction costs (project development costs are high relative to energy savings)  

Financial Up-front costs and dispersed benefits discourage investors 

Perception of EE investments as complicated and risky, with high transaction costs 

Lack of awareness of financial benefits on the part of financial institutions  

Information and 
awareness 

Lack of sufficient information and understanding, on the part of consumers, to make 
rational consumption and investment decisions  

Regulatory and 
institutional 

Energy tariffs that discourage EE investment (such as declining block prices)  

Incentive structures encourage energy providers to sell energy rather than invest in cost-
effective energy efficiency  

Institutional bias towards supply-side investments 
Technical Lack of affordable energy efficiency technologies suitable to local conditions  

Insufficient capacity to identify, develop, implement and maintain EE investments 

Source: (Campbell 2014). 

Energy efficiency policies may in general embrace a number of energy efficiency improvement 
measures138 which when applied correctly can bring about the desired results (Table 33). There 

138 "energy efficiency improvement measures": all actions that normally lead to verifiable and measurable or 
estimable energy efficiency improvement; Source: Capturing the Multiple Benefits of Energy Efficiency, 
International Energy Agency, 2014  
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is no so called “silver bullet” in energy efficiency and effective energy efficiency policy is 
always a combination of selected measures. 

Table 33 . Energy efficiency policy improvement measures 

Policy Example 

Pricing mechanisms Variable tariffs where higher consumption levels invoke higher unit prices  

Regulatory and control 
mechanisms 

Compulsory activities, such as energy audits and energy management  

Minimum energy performance standards (MEPS)  

Energy consumption reduction targets  

EE investment obligations on private companies  

Fiscal measures and tax 
incentives 

Grants, subsidies and tax incentives for energy efficiency investments  

Direct procurement of EE goods and services  

Promotional and market 
transformation mechanisms 

Public information campaigns and promotions  

Inclusion of energy efficiency in school curricula  

Appliance labelling and building certification  

Technology development Development and demonstration of EE technologies  

Commercial development 
and capacity building 

Creation of energy service companies (ESCOs)  

Training programmes  

Development of EE industry  

Financial remediation Revolving funds for EE investments 

Project preparation facilities 

Contingent financing facilities  

Source: (Langniss and Praetorius 2006). 

In many countries, an energy efficiency law or decree forms a critical part of energy efficiency 
governance arrangements. In recent years, there has been rapid growth in the number of 
countries that have enacted energy efficiency legislation (Steuwer 2012). 

There are some necessary actions to get effective legislation (Steuwer 2012), that in the case of 
energy efficiency are commented in Table 34. This assessment directly applies to EM as one 
of instruments of energy efficiency. 

Table 34. Commentary of energy efficiency policy at the EU level 

Necessary action Energy efficiency policy at the EU level 

Articulate energy efficiency 
policy purpose and intent 

Strong justification of energy efficiency policy in strategic EU documents 
on climate policy, e.g. Paris Agreement 

Energy efficiency one of the pillars of the Energy Union 

Energy efficiency key element of Circular Economy 

Include quantitative, time-
bound goals or targets 

Unbinding EU energy efficiency target 20% for 2020 

Unbinding EU energy efficiency target 32.5% for 2030 

National energy efficiency targets 

Justify government intervention Unquestionable element of climate-energy policy 
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Energy efficiency supported by MS’s societies 

Assign responsibility for 
planning and implementation 

Effectively functioning EC legislative framework 

Sufficient coverage of energy efficiency in directives and regulations 

Provide funding and resources Many public funding schemes 

Eligibility of financing with in Structural Funds 

Include oversight arrangements, 
such as results monitoring and 
reporting 

Well established result monitoring system at EU level based on national 
reports 

Lack of common rules of monitoring and verification of energy savings 

Source: Own work. 

In order to prevent or to minimize climate crises in the long run, there are three main 
approaches: 1) Improved energy use efficiency in industrial, construction, agricultural, 
transportation and all other sectors, 2) widespread implementation of low fossil carbon RES 
energy systems, 3) CCUS and geoengineering schemes139 (Huisingh et al. 2015). 

Industrial Energy Efficiency (IEF) is a key priority for the EU. Europe’s 2020 strategy for smart 
sustainable and inclusive growth set a target to increase its energy efficiency by 20% in 2020 
(when compared to the projected use of energy in 2020). The focus on energy efficiency has 
been attributed to the EU’s aim to improve economic competitiveness and sustainability, lower 
emissions and reduce energy dependency. 

Directives and regulation 

Energy Efficiency Directive 

Energy Efficiency Directive 2012/27/EC (EED) 140 , establishes a common framework for 
energy efficiency measures in MSs to ensure the achievement of the main target for energy 
efficiency in line with demand and supply by 2020. and paves the way for further energy 
efficiency up to 2030.  

The EED is a legal document with a deadline for transposing its provisions into national law 
until December 5, 2015. In most MSs, the implementation of the EED is transposed through 
the adoption of a law on energy efficiency or a similar act, for example, as in Germany or 

139 Geoengineering, which is the intentional large-scale manipulation of the environment, has been suggested as 
an effective means of mitigating global warming from anthropogenic carbon emissions. Most geoengineering 
schemes proposed to be performed on land or in the ocean are to use physical, chemical or biological approaches 
to remove atmospheric CO2. These schemes can only sequester an amount of atmospheric CO2 that is small 
compared with cumulative anthropogenic emissions. 

Zhang, Z., Moore, J.C., Huisingh, D., Zhao, Y., 2015. Review of geoengineering approaches to mitigating climate 
change. J. Clean. Prod. 103, 898e907. http:// dx.doi.org/10.1016/j.jclepro.2014.09.076  

140 DIRECTIVE 2012/27/EU OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 25 October 
2012 on energy efficiency, amending Directives 2009/125/EC and 2010/30/EU and repealing Directives 
2004/8/EC and 2006/32/EC, Official Journal of the European Union, L 315, 14 November 2012.
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Poland. Individual countries have adopted a special primary legislative document on energy 
audits and energy management, e.g. in Italy.  

The EDD defines “energy efficiency” as “a ratio between an output of performance, service, 
goods or energy, and an input of energy”. 

The EED provides also “energy saving” concept as “means an amount of saved energy 
determined by measuring and/or estimating consumption before and after implementation of 
an energy-efficiency improvement measure, whilst ensuring normalisation for external 
conditions that affect energy consumption”. 

The EED aims to ensure the achievement of the Union’s 20% target on energy efficiency. 
According to the EC plans energy consumption in the EU in 2020 should not exceed 
1 483 million tonnes of primary energy and 1078 million tonnes of final energy.  

A new target of at least 32.5% energy efficiency to be achieved collectively by the EU in 2030 
was agreed in the new EED. The Directive also includes an annual energy savings obligation 
of 0.8% of final energy consumption to be achieved in 2021- 2030141, which will trigger private 
investments in end-use sectors, especially in buildings, and also in the industry and transport 
sectors (European Commission 2018b). 

The provisions affecting companies are the obligation of large enterprises to carry out 
energy audits. Based on energy audits, companies are asked to invest in equipment that 
reduces their energy consumption.

National Energy Efficiency measures are implemented on the basis of voluntary 
agreements, of taxes, or of incentives including subsidies, tax discounts or a pay back of 
CO2 certificates.

As a subset of the EED, the promotion of cogeneration — the simultaneous production of 
electricity and useful heat — by Directive 2004/8/EC142  affects chemical companies 
producing their electricity as it requires additional investments for combining heat and 
power for every electricity generator newly installed on industrial sites with a total thermal 
input exceeding 20 MW.

Impact of EED on Energy Intensive Industry 

141 It represents a real annual savings rate to deliver the energy savings obligation from final energy consumption 
(which also includes energy uses in transport), and the rate of 0.8% is more ambitious than 1.5% (set for the current 
period 2014-2020) because it is set as a minimum rate to be applied in the calculation of the required energy 
savings for 2021-2030; the flexibilities may be used only in addition to this minimum. This savings obligation (of 
0.8%) would continue to be applicable also after 2030 unless the review by the Commission by 2027 would 
conclude otherwise. A much lower rate (0.24%) is set for Malta and Cyprus. 

142 Promotion of COGENERATION based on a useful heat demand in the internal energy market and Directive 
2004/8/EC, amending Directive 92/42/EEC on efficiency requirements for new hot-water boilers fired with liquid 
or gaseous fuels, were repealed by the Energy Efficiency Directive with effect in June 2014.
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Energy legislation has a direct impact on energy costs when chemicals units produce their 
own electricity, especially if they sell part of their energy (gas or electricity) to the grid. 
The impact of energy legislation on cost is also direct when MSs impose taxes on energy 
consumption and intensity, on CO2 emissions of specific energy sources, and levies to fund 
RES support schemes. Although governments use the electricity bill as a vehicle to collect 
these taxes, they come on top of the energy content of the electricity price. 

On the contrary, energy legislation has an indirect cost impact when a power producer 
passes on part of its additional costs, due to the legislation, to EII companies purchasing 
their power from the grid. 

Moreover, there are also energy taxes and excises set by MSs under national taxation 
schemes which indirectly impact iron and steel, and chemical products. This may directly 
lead to diminishing of competitiveness and “carbon leakage”. 

Concerning cost in EII the requirements of the EED may result in:

 direct costs incurred from substantive obligations for investments in energy 
monitoring systems, efficient boilers and cogeneration  units;

 direct costs incurred from information obligations related to energy audits and to 
administrative procedures for permits where new power production units are installed.

However, at the same time, companies have a significant incentive to comply with the 
EED, as increased energy efficiency leads to energy cost savings.

Energy Performance Building Directive 

The revised and improved Energy Performance in Buildings Directive (EPBD) includes 
measures to strengthen the energy performance of new buildings, to accelerate the rate of 
building renovation towards greater energy efficiency so as to tap into the huge potential for 
efficiency gains in the building sector. It also encourages the use of information and 
communication technology (ICT) and smart technologies to ensure buildings operate efficiently 
and supports the roll-out of the infrastructure for e-mobility (European Commission 2018b). 

Apparently, the building sector is outside the scope of the report which focuses on industry. In 
practice, it is hard to completely separate the two directives as they are fought to be 
complementary. With such a broad definition of EM as adopted, it is possible to identify some 
articles in the EED and the EPBD as well which refer to EM (Table 35). 

Table 35. Topic related to energy management (EM) as addressed in the EED and the EPBD 

Issue EED EPBD

Alternative 
approach in the 
public leading 
role 

Article 5 Exemplary role of 
public bodies’

Article 14 Inspection of heating systems 

Article 15 Inspection of air-conditioning systems

Technical issues 
on buildings 

Article 9 Metering 

Article 27 Amendments and 
repeals  

Article 3 Adoption of a methodology for calculating the 
energy performance of buildings
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Article 4 Setting of minimum energy performance 
requirements 

Article 6 New buildings  

Article 7 Existing buildings 

Article 8 Technical building systems 

Intelligent 
metering  

Article 9 Metering

Article 10 Billing information 

Article 11 Cost of access to 
metering and billing 
information

Article 8 Technical building systems

Capacity 
building  

Article 16 Availability of 
qualification, accreditation 
and certification schemes 

Article 18 Energy services

Article 17 Independent experts 

Article 20 Information

Energy auditing Article 5 Exemplary role of 
public bodies’ buildings

Article 8 Energy audits and 
energy management systems

Article 9 Nearly zero-energy buildings  

Article 11 Energy performance certificates

Article 14 Inspection of heating systems 

Article 15 Inspection of air-conditioning systems

Information on 
building energy 
performance 

Article 17 Information and 
training

Article 12 Issue of energy performance certificates

Article 13 Display of energy performance certificates

Article 14 Inspection of heating systems 

Article 15 Inspection of air-conditioning systems 

Article 16 Reports on the inspection of heating and air-
conditioning systems 

Article 20 Information 

Article 21 Consultation

Monitoring and 
verification of 
energy savings 

Article 7 Energy efficiency 
obligation schemes

Article 18 Independent control system

Progress 
measuring 

Regular 
reporting 

Article 24 Review and 
monitoring of implementation

Article 5 Calculation of cost-optimal levels of minimum 
energy performance requirements 

Article 9 Nearly zero-energy buildings 

Financial 
instruments and 
policy packages 

Article 17 Information and 
training 

Article 20 Energy Efficiency 
National Fund, Financing and 
Technical Support 

Article 5 Calculation of cost-optimal levels of minimum 
energy performance requirements 

Article 9 Nearly zero-energy buildings  

Article 10 Financial incentives and market barriers
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Mobilising 
regional and 
local authorities 

Article 5 Exemplary role of 
public bodies’ buildings

Article 20 Energy Efficiency 
National Fund, Financing 
and Technical Support

Article 25 Online platform

Article 20 Information 

Article 21 Consultation

Source: Own work. 

Seeking equivalence between building energy performance certification in accordance with 
Art. 11 of the EPBD, the interpretation of the EC staff states that there is no automatic 
equivalence to energy audits under Art. 8 and Annex VI of the EED. In some specific cases, 
e.g. when audits of office buildings in a large enterprise, made according to the EPBD may 
meet the requirements of Art. 8 of the EED (Tranchard, 2017).  

Industrial emission directive 

A key regulation for energy intensive industries has been the Industrial Emissions Directive 
2010/75/EU (repealing the IPPC (2008/1/EC) (IED). 

The Integrated Pollution Prevention and Control Directive (IPPC) of 2006 refers to twenty six 
techniques and technologies that aim at improved energy efficiency, emissions reduction and 
waste management (IEA 2019). 

IED stipulates that the BAT (Best Available Techniques) (see section 3.3.12) to reduce 
emissions and environment impact, including the reduction of energy consumption) 
conclusions shall be the reference for setting the permit IED covers industrial activities with a 
major pollution potential, defined in Annex I to the Directive, e.g. energy industries, production 
and processing of metals, mineral industry, chemical industry, waste management, rearing of 
animals. Specifically, it introduces emission limit values for combustion plants with a total 
rated thermal input which is equal to or greater than 50MW143. 

The Directive mandates that any industrial installation which carries out the activities listed in 
Annex I to the Directive should meet certain basic obligations such as: 

 preventive measures are taken against pollution; 
 the Best Available Techniques (BAT) are applied; 
 no significant pollution is caused; 
 waste is reduced, recycled or disposed of in the manner which creates least pollution; 
 energy efficiency is maximised; 
 accidents are prevented and their impact limited; 
 sites are remediated when the activities come to an end. 

Industrial energy efficiency has also been promoted by other legislative instruments and policy 
initiatives. The Energy Labelling Directive, Ecodesign Directive, Renewable Energy Directive, 

143 http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex:52013PC0919
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and proposed revision of the Energy Taxation Directive are all aimed to help the MSs achieve 
their energy reduction objectives. 

Eco-design and Energy-labelling directives 

The Eco-design (2009/125/EC) and Energy-labelling (2010/30/EU) directives set minimum 
energy efficiency standards and energy labels to support the development and market uptake of 
energy efficient products. EU eco-design energy and labelling rules have steered both 
consumers and industry to pay more attention to the energy consumption of appliances and 
buildings, in their consumption choices, but also in business’ industrial design and strategic 
product development (European Commission 2018b). 

Eco-design and Energy-labelling directives are key policy instruments in the field of energy 
efficiency. It has been estimated that these policy instruments would deliver about half of the 
efforts needed to reach the EU energy efficiency target for 2020.They regulate a wide range of 
energy-related products, from washing machines, refrigerators and TVs, to heating and cooling 
appliances, including also major industrial products like electric motors, transformers or water 
pumps (European Commission 2019). 

In the two industries covered by this report the two directives play cross-cutting, indirect role 
contributing to replacement of large power industrial apparatus and machines, e.g. electric 
motors, transformers, water pumps. 

Renewable Energy Directive 

The Renewable Energy Directive144 (RESD) establishes a common framework for the use 
of energy from RES in order to limit GHG emissions and to promote cleaner transport 
(biofuels). According to the RESD, MSs must implement national schemes to develop the 
production of renewable energy and encourage its use. The mechanism of funding is left 
to the appreciation of MSs which in most of the cases use taxes and levies included in the 
energy bill. Levies imposed by MSs vary significantly across Europe (Maroulis et al. 
2016).
The requirements of the RESD may result in direct costs incurred from monetary 
obligations (renewables levy) charged by MSs via the energy bill. EII can be affected by 
the RES promotion costs unless it is exempted from the additional levies. 

Energy Taxation Directive 

The Energy Taxation Directive145 sets minimum levels for energy taxation related to the 
energy content and the CO2 emissions of specific energy sources. RES energy is exempted 
from this directive. This helps reducing market distortions resulting from national choices 
on energy sources. It also ensures that the measures adopted under different energy 
legislation and those adopted under the ETS Directive are consistent with the 2020 
objectives to reduce CO2 emissions by 20%, to increase the use of renewable energy up to 

144 Directive 2009/28/EC.

145 Directive 2003/96/EC.
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20% and to increase energy efficiency by 20%.

The Energy Taxation Directive provides a framework for the MSs to set their energy-
related taxes. However, the tax level set by MSs under national taxation schemes is, in 
most cases, already well above the minimum level set by the Energy Taxation Directive. 
In practice the directive has minimal impact on the EU EII including the iron industry and 
steel and the chemical industry (Maroulis et al. 2016).

Regulatory frameworks such as these support the drive towards energy efficiency 
through EM in industry and provide regulatory predictability.  

Emissions in industrial processes legislation 

Legislation146 on industrial emissions lays down rules for the prevention and control of 
pollution arising from industrial activities, in order to protect the environment. These rules 
are designed to prevent or reduce emissions into air, water and land and to prevent the 
generation of waste.
The package relevant for EII includes legislation addressing global warming, emissions, 
including emissions to air and to water, waste and industrial risks and hazards. 

The relevant regulations set the conditions that industries should fulfil in order to receive 
permits, and MSs should take the necessary measures to ensure that no installation operates 
without a permit. The permit should include all the measures necessary to achieve a high 
level of protection of the environment as a whole and to ensure that the installation operates 
in accordance with the general principles governing the basic obligations of the operator. 
The permit should also include emission limit values for polluting substances, or equivalent 
mitigation measures, emission monitoring equipment and appropriate installations to 
prevent emissions to air, water, soil and groundwater. The permit conditions including 
emission limit values must be based on the Best Available Techniques (BAT), which are 
the most effective techniques to achieve a high level of environmental protection, taking 
into account the costs and benefits (Maroulis et al. 2016).
In addition to the general legislation on industrial emissions (the IPPC Directive repealed 
by the Industrial Emissions Directive), specialised legislation for specific categories of 
plants and industries also apply, as well as emission ceilings for water and air per specific 
type of pollutant.147

146 Industrial Emissions Directive (Directive 2010/75/EU), Integrated Pollution Prevention and control, IPPC 
(Directive 2008/1/EC as codified version of Directive 96/61/EC), Limitation of emissions of VOC from organic 
solvents (Directive 1999/13/EC), Large Combustion Plants Directive (LCPD) (2001/80/EC), and the Best 
Available Techniques reference documents (BREFs) adopted by the EC in the period 2004-2013 (under IPPC 
Directive and IED one BREF is on iron and steel and five BREFs are directly related to the chemical sector). 

147  National Emission Ceilings (NEC) Directive 2001/81/EC), Air Quality Framework Directive (Directive 
96/62/EC) + (Directive 2008/50/EC), as well as daughter or associated legislation setting implementation measures 
(European Pollutant Release E-PRTR (Regulation 166/2006), First Daughter Directive (Directive 1999/30/EC) — 
Sulphur - Nitrogen – particles, Second Daughter Directive (Directive 2000/69/EC) - Benzene – CO, Third 
Daughter Directive (Directive 2002/3/EC) – Ozone, Fourth Daughter Directive (Directive 2004/107/EC) — 
PAH's). 
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Measures addressing waste: 

 Landfill of Waste (Directive 1999/31/EC).

 Packaging and Packaging Waste Directive (Directive 94/62/EC).

 End of Life Vehicle (ELV) (Directive 2000/53/EC).

 Waste Framework Directive (Directive 2008/98/EC).

 WEEE on waste electrical and electronic equipment (Directive 2012/19/EU).

Waste management regulations due to their specific requirements are different for different 
sectors of industry. The Waste Framework Directive (Directive 2008/98/EC is discussed in 
section 3.7.4 since it mostly applies to the chemical sector. 

The EU Emissions Trading System (EU ETS) is discussed in 6.9. 

Measures addressing industrial emissions to water include: 
 Water Framework Directive (Directive 2000/60/EC). 

 Environmental Quality Standards EQSD (Directive 2008/105/EC). 

Energy efficiency strategies and action plans 

To enable policies, e.g. energy or environmental, it is common to enact strategies or action 
plans as a means to engage stakeholders, build consensus and galvanise actions. These 
documents help guide and encourage energy efficiency policy development and 
implementation by (Steuwer 2012): 

 placing energy efficiency policy within the broader policy context; 
 allocating resources across the range of possible energy efficiency policies; 
 capturing synergies between policies; 
 engaging stakeholders and building political consensus; 
 assigning responsibility for policy development, implementation and oversight. 

Such strategies are of EU or national wide. 

Some key document, named “roadmaps” which built the EU low-emission strategy comprise:  

 Roadmap for moving to a competitive low carbon economy in 2050 (demonstrate 
pathways to cut EU GHG gas emissions to -80% below 1990 levels by 2050); 

 Energy Roadmap 2050 - contribution of the energy sector to decarbonisation objective 
of -85% of energy-related CO2 emissions relative to 1990. It outlines four main 
pathways to a more sustainable, competitive and secure energy system in 2050: energy 
efficiency, renewable energy, nuclear energy and carbon capture and storage. 

 Roadmap to a Single European Transport Area – Towards a competitive and resource 
efficient transport system (commonly referred to as the Transport White Paper)148 - the 

148 COM(2011)112, COM(2011)885, COM(2011)144. 
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need to cut CO2 emission by -60% by mid-century relative to 1990) and other pollutant 
emissions. 

Energy efficiency has two recent strategic developments, the EU’s energy security strategy149

and a framework strategy for a sustainable energy alliance with a promising climate change 
policy, as stated in a communication from the EC.150 First lists of increasing energy efficiency 
and achievement of the proposed 2030 energy and climate goals as one of five areas for action, 
while the latter lists energy efficiency as having the potential to moderate energy demand as 
one of its five dimensions.  

They, often in the form of National Energy Efficiency Action Plan or its derivative, are required 
by the EED. These should embrace sector of the economy (energy supply, industry, residential, 
transport and services). They may propose a wide range of measures, e.g. regulations, standards, 
funds, financial and fiscal measures (including taxation and incentives and other market-based 
instruments) and awareness raising, knowledge and advice as well as education, qualification 
and training. 

Innovation policy 

There is no one single definition od innovation. Innovation as described in the Innovation Union 
plan broadly means change that speeds up and improves the way we conceive, develop, produce 
and access new products, industrial processes and services. Changes that create more jobs, 
improve people's lives and build greener and better societies.151

Deloitte (Deloitte 2018) distinguishes the following types of innovation which well suited this 
type of study: 

 Technology innovation: 
o Product innovation: – A good or service that is new or significantly improved. This 

includes significant improvements in technical specifications, components and 
materials, software in the product, user friendliness or other functional characteristics. 

o Process innovation: A new or significantly improved production or delivery method. 
This includes significant changes in techniques, equipment and/or software. 

 Organisational innovation: A new organisational method in business practices, 
workplace organisation or external relations. 

 Marketing innovation: A new marketing method involving significant changes in 
product design or packaging, product placement, product promotion or pricing. 

Innovation policy is defined as public intervention to support the generation and diffusion of 
new products, processes or services. Edler et al. (Edler et al. 2013) distinguish seven major 
innovation policy goals: (1) increasing research and development investment; (2) augmenting 

149 COM(2014) 330 final

150 COM(2015) 80 final

151 http://europa.eu/rapid/press-release_MEMO-10-473_en.htm?locale=en
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skills; (3) enabling access to expertise; (4) strengthening system-wide capabilities and 
exploiting complementarities; (5) enhancing innovation demand; (6) improving frameworks for 
innovation, including regulation and standards; and (7) facilitating exchange and dialogue about 
innovation.  

Innovation is, for modern economies, the main driver for growth. The OECD estimates that 
for high-income countries investments in innovation – intangible assets like skills, R&D, 
software – account for 60…70% of labour productivity growth. Innovation is also good for job 
creation (European Commission 2016a). 

More insight reseach on growth engines in industry provided Bogliacino and Pianta (Bogliacino 
and Pianta 2011) who tested the relevance of two “engines of growth”, i.e., the strategies of 
technological competitiveness (based on innovation in products and markets) and cost 
competitiveness (relying on innovation in processes and machinery) and their impact on 
economic performance. They show that these two “engines of growth” operate differently ii 
different industry groups. They explored the existence of two distinct “engines” of labour 
productivity growth –the search for technological competitiveness, with efforts to improve 
performance through new products and new markets, and the strategy of cost competitiveness, 
based on process innovation and labour-saving technological change. The former relies on 
product innovation, requires substantial internal innovative efforts, reflected by formal R&D, 
patenting and design activities, with the objective to enlarge product range and opening up new 
markets. The latter, rooted in process innovation, aims at increasing efficiency through labour-
saving investment, restructuring and flexibilization of production, and cut-price competition. 

The EC has proposed that MS and regions concentrate resources on thematic priorities linked 
directly to the Europe 2020 objectives. The new Cohesion Policy (CP) requires that funds be 
allocated in four key areas for economic growth and job creation (EC, 2014d)152: 

 Research and Innovation. 
 Information and Communication Technologies (ICT). 
 Enhancing the competitiveness of small and medium-sized enterprises (SMEs).153

 Supporting the shift towards a low-carbon economy. 

The European Innovation Scoreboard 2018 shows improving performance and accelerating 
progress for Europe, and a positive outlook. However, while the Union’s innovation gap with 
the United States, Japan and Canada is foreseen to diminish, South Korea leads and China is 
catching up very fast (Figure 45). Europe needs to reinforce its efforts to ride the next wave of 

152EC, 2014d. The EU’s Cohesion Policy Fund statement. Available from 
http://www.euractiv.com/sections/energy/eu38-billion-money-pot-could-unlock-2030-clean-energy-deal-303255

153 The central principles governing the internal market for services guarantee EU enterprises the freedom to 
establish themselves in other MSs, and the freedom to provide services on the territory of another MS other than 
the one in which they are established. These central principles governing the internal market were set out in the 
EC Treaty. The objective of the Directive 0123/2006 of 12 December 2006 is to eliminate obstacles to trade in 
services, thus allowing the development of cross-border operations. It is intended to improve competitiveness, not 
just of service enterprises but also of European industry as a whole( transposition date by the end of 2009). 
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innovation and move towards cleaner and smarter industry and higher competitiveness, well-
being and cohesion (Hollanders and Es-Sadki 2018). 

Figure 45. Global innovative performance of selected countries 

Source: (European Commission 2018a). 

Raising investment in R&D to 3% of the EU’s GDP is one of the five priorities of the Europe 
2020 Strategy. This target is for the EU as a whole and is based on 1% public investment and 
2% private investment. The Innovation Union, launched in 2010, is one of the 7 flagship 
initiatives of the Europe 2020 strategy for smart, sustainable and inclusive growth.154 It aimed 
to build on Europe’s strengths and address its weaknesses with respect to innovation and 
thereby make Europe more competitive. Raising investment in R&D to 3% of the EU’s GDP 
is one of the five priorities of the Europe 2020 Strategy. This target is for the EU as a whole 
and is based on 1% public investment (a target already met or nearly met in many MS) and 2% 
private investment 

The Innovation Union plan contained over 30 action points and aimed to do three things: 

 make Europe into a world-class science performer, 

 remove obstacles to innovation like expensive patenting, market fragmentation, slow 
standard-setting and skills shortages, 

 revolutionise the way public and private sectors work together, notably through 
Innovation Partnerships between the European institutions, national and regional 
authorities and business. 

154 https://ec.europa.eu/info/research-and-innovation/strategy/goals-research-and-innovation-policy/innovation-
union_en
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The Innovation Union introduced a more strategic and broad approach to innovation by 
including actions that aimed to tackle both the supply and demand side elements of the 
innovation eco-system: the public sector, businesses, academia and finance.  

The last report on the Innovation Union is available for 2015. It gives overall view on the large 
number of programs and instruments supporting innovation in the EU. 

The European Innovation Scoreboard 2018 analyses different aspects of innovation in the EU. 
Inter alia it concludes that larger EU companies expect their R&D expenditures in the EU to 
increase, on average, by 3.5% per annum for the period 2017-2018. Nominal GDP has increased 
by 2.8% in 2017 and is expected to increase by 2.3% in 2018. The EU’s business R&D intensity 
is therefore expected to increase from 1.32 in 2016 to 1.34 in two years’ time. R&D expenditure 
in the public sector has been falling since 2013 after a more stable performance between 2009 
and 2013 Venture capital expenditures shows a declining performance from 2010 to 2013 and 
an increasing performance from 2013 to 2016. A linear regression for 2013-2017 has been used 
to estimate an increase from 0.116 (three-year average) to 0.146 (three-year average) in two 
years’ time. 

Eurostat uses “Innovation Output Indicator” to measure innovation level. It comprises number 
of patent applications, employment in knowledge-intensive activities, high-tech and medium-
high-tech products exports, knowledge-intensive services exports, employment in fast-growing 
firms in innovative business industries (European Commisssion 2018). 

Except for technical innovation, the design and timing of policy interventions is crucial for 
reducing innovation barriers and improvements in energy efficiency (Huisingh et al. 2015). 

Energy prices 

The north-south divide of the power prices in Europe remained. Lower shares of renewable 
energies in the southern countries and high shares of coal in the Eastern European countries and 
Germany foster the power price difference between northern and southern countries ((Jones et 
al. 2018). Different power prices produce incentives for EM implementation, especially in the 
EIIs.
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Figure 46 Average day-ahead wholesale electricity prices in selected countries in 2017 

Source: (Jones et al. 2018). 
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Figure 47 Electricity prices in the selected countries and the EU in 2004-2017, in €/kWh 

Source: Eurostat. 

Actors and networks  

There are different actors on the energy efficiency scene involved in EM: 

 governments (national and local), 

 energy efficiency agencies, 

 business associations and municipal associations, 

 energy utilities, 

 equipment manufacturers, 

 big buyers (public authorities, business chains, etc.), 

 energy auditors, 

 non-governmental organisations, 

 international organisations, 

 R&D communities. 

Each of them has in principle different scope of interests, duties and activities. In practice there 
is overlapping of activities and lack of effective co-operation. 
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EM, as an instrument of energy efficiency policy, offers a wide range of benefits to different 
groups of stakeholders (Table 36). 

Table 36. Benefits of EM for different groups of stakeholders 

Group of stakeholder Benefits 

Governments (national and 
local) 

Politicians 

Contribution to national energy security and Paris Agreement commitments, 
protection of the low-income households, gains votes, offers attractive 
customer-oriented policy 

Energy utilities 
New energy services possible, keeps customers, shows care of customers’ 
interests, contribution to „Green Economy”, compliance with environmental 
requirements 

Energy efficiency agencies Creation of profitable market for EM related services 

Business associations and 
municipal associations 

Lowering energy costs; improvement of public acceptance by supporting 
sustainable development; contribution  

Equipment manufacturers 
Creation of market for high energy efficient products; innovation increase; 
lower costs of energy; lower material demand 

Big buyers (public 
authorities, business 
chains, etc.) 

Lowering energy costs; mitigation of pollution emission; improving 
organisation’s or local energy security 

End users 
Lower energy bills, being a partner not a subject to energy monopolistic 
practices, social problems realise, to give particular help to lower income 
consumers (contributing to the alleviation of fuel poverty) 

Energy auditors 
Attractive segment of business opportunities; comprehensive framework of 
professional activities embracing full scope of energy efficiency measures 

Non-governmental 
organisations 

Effective practical tool to meet sustainable objectives 

International organisations 
Assistance in meeting global goals, e.g. climate change abatement, poverty 
fight; water management, access to energy 

R&D communities 
Scientists 

New research areas, multidisciplinary approach, public recognition, vast 
funding opportunities 

Source: Own work. 

In practice the complex interrelation among the different stakeholders is well visible in energy 
efficiency projects when considered in the whole cycle of investments from concept to market 
stage (Figure 48). 
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Figure 48. Understanding energy efficiency projects' development cycle and energy efficiency markets 

Source: Jaffe and Stavins, 1994. 

Different barriers encountered in energy efficiency projects may substantially decrease the 
realized energy savings as compared with full energy saving potential of the program 
(project)155 (Figure 49). 

155 Technical potential, defined as the complete penetration of all measures analysed in applications where they 
were deemed technically feasible. Economic potential, defined as the technical potential of those energy-
efficiency measures that are cost effective when compared to supply-side alternative. Achievable potential, the 
amount of savings that would occur in response to specific program funding and measure incentive levels. 
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Figure 49. Potentials in energy efficiency program (project) 

Source: Guide to Resource Planning with Energy Efficiency A Resource of the National Action 
Plan for Energy Efficiency2007. 

EM as defined in this report should due to embracing all stages of the projects, better planning 
and coordination among stakeholders should maximise tapping the potential. 

Investment in energy efficiency stimulates GDP and employment increase. The study 
(Cambridge Study, 2015)156 reveals that in majority of cases the GDP increase varied from 
0.3% to 1.3%. The modelling done concludes that the reduction of 30% by 2030 in primary 
energy demand for Europe2 would have a modest impact on GDP (-0.2% in the CGE157 model 
and +1.1% in the macro econometric model) compared to baseline by 2030. 

Description of how the different elements interact/work 
together 

EM is deeply embedded in legislation. Table 37 illustrates the cross-cutting nature of the EM 
as it is present in a number of directives, regulations, strategies, plans across many areas of 
economy and affects many aspects of social life. The number of instruments used for EM 
implementation is also large and complex in management due to many reasons, e.g. large 
number of stakeholders with varied, often diverse, interests, possible variety of combinations 
of voluntary and obligatory approaches. 

156 Cambridge Study, 2015. Assessing the Employment and Social Impact of Energy Efficiency. Final report 
Volume 1: Main report November 2015. https://ec.europa.eu/energy/en/news/energy-efficiency-employs-nearly-
1-million-eu

157 Computable General Equilibrium. 
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The definition of EM requires an indication of the concepts and terms associated with the EM 
and within boundaries of the analysis, which have been arranged in Table 37. 

Table 37. Objectives and legal boundaries of Energy Management and examples of implementation in industry 

Energy Management 

Objective 
Resources and 
Instruments 

Political Regulation and 
Incentives 

Examples of implementation 

Increasing energy 
efficiency by 
reducing the 
energy needed to 
operate 

Better energy 
management 

Energy Efficiency 
Directive 2012/27/EU) 

Energy Management Systems 
(EMS), e.g. ISO 50001 

ISO 14001 (Environmental Energy 
Systems) 

Eco-Management and Audit 
Scheme (EMAS)158

Energy efficiency obligation 
schemes, e.g. White Certificate 

BREF, BAT  

Consumer information and 
empowering, e.g. smart meters 

Promotion of efficiency in heating 
and cooling 

Better trained personal  

Development of energy services 

Internet of Things 

Industry 4.0  

Industrial Automation (IA) 

Energy auditing Energy Efficiency 
Directive 2012/27/EU 

Standardisation, e.g. EN 16247-1 
(Energy audits) 

Measuring and Verification 
Protocol 

Measuring apparatus 

Benchmarking 

Lower energy 
demand by 
energy-related 
products 

ErP Directive 125/EC/2009 
(ecodesign requirements 
for energy-related 
products) 

Energy Labelling Directive 
2010/30/EU 

Regulations on minimal energy 
efficiency levels 

Life Cycle Assessment approach 

Energy labels  

158 http://ec.europa.eu/environment/emas/index_en.htm
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Energy efficient 
buildings 

Energy Efficiency 
Directive 2012/27/EU 

Energy Performance of 
Buildings Directive 
2010/31/EU  

Long-term strategy for investment 
in building renovation 

Exemplary role of public bodies’ 
buildings 

Building renovation and retrofitting 

NZEB159

Public Private Partnership on 
Energy-Efficient Buildings (EeB) 

Smart City concept 

Public 
procurement 

Public Procurement 
directives: 

Directive 2014/24/EU 

Directive 2014/25/EU 

Green Public Procurement 
Communication COM (2008) 400 

Increasing 
competitiveness by 
reducing energy-
related costs 

Energy 
transformation, 
transmission and 
distribution 

Energy Efficiency 
Directive (EED, 
2012/27/EU) 

Energy Market Directive 
(2009/72/EC and 
2009/73/EC) 

Energy efficient oriented tariffs  

Smart Grids 

High-efficiency Cogeneration 
(CHP) 

Efficient district heating and cooling 

Demand Side Management (DSM) 

Demand Forecast Systems 

Decreasing 
environmental 
pollution by 
reducing emissions 
and material 
demand 

Reduction of 
pollution 

Industrial Emissions 
Directive (IED, 
2010/75/EU)160

EU Emission Trading 
Directive 

CCS Directive (Directive 
2009/31/EC) 

Waste Framework 
Directive (2008/98/EC)

BREF161, BAT  

Environmental Technologies Action 
Plan

Continuous Emission Monitoring 
Systems  

Best environmental management 
practice for the waste management 
sector162

Waste-to-energy163

Low-carbon technologies 

Sustainable 
Consumption and 

Package on the Circular 
Economy (2015) 

Directive 2009/172/EC on the 
Reduction of the Impact of Certain 

159 Nearly-zero energy buildings. 

160 The JRC Reference Report on Monitoring of Emissions to Air and Water from IED Installations has been issued 
on 02/07/2018 http://eippcb.jrc.ec.europa.eu/

161 The final draft of the revised BREF for Waste Incineration (WI) has been issued on 14/12/2018. 
http://eippcb.jrc.ec.europa.eu/

162 https://ec.europa.eu/jrc/en/research-topic/waste-and-recycling

163 Towards a better exploitation of the technical potential of waste-to-energy 
https://ec.europa.eu/jrc/en/publication/eur-scientific-and-technical-research-reports/towards-better-exploitation-
technical-potential-waste-energy
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Production 
(SCP) 164  Circular 
Economy 

Plastic Products on the 
Environment165

EU Sustainable Development 
Strategy (SDS), 

Circular Economy Action Plan 
COM(2015) 614 final)  

Sustainable Consumption and 
Production Action Plan COM 
(2008) 397  

Environmental Technologies Action 
Plan

Resource Efficiency Roadmap

Resource efficient technologies 

REAPro (Resource Efficiency 
Assessment of Products) method166

Source: Own work. 

Concerning EM and its impact on innovation, energy efficiency policy is the leading, but good 
correlation with other polices may substantially improve and accelerate the diffusion of 
innovation.  

Table 38 presents risks and uncertainties around EM due to insufficient development of 
different policies or poor coordination between them. 

Table 38. Risk and uncertainties around EM due to policies 

Weakness Description/Comments 

Gap between energy and 
environmental policies 

Both sides are not willing to bridge the gap in a satisfactory for them 
way 

No progress in including “external costs” into the cost of energy sector 
operation 

Lack of co-operation and co-ordination between main actors 

Symptoms of “silos” among central government bodies 

Insufficient incentives for EM Diverted interest among parties 

Low costs of environment pollution, including GHG emission 

164 https://ec.europa.eu/jrc/en/rsearch-topic/sustainable-production-and-consumption

165 Directive 2009/172/EC of the European Parliament and of the Council on the Reduction of the Impact of Certain 
Plastic Products on the Environment, , http://ec.europa.eu/environment/circular-economy/pdf/single-
use_plastics_proposal.pdf.Europe 2020 strategy

166 The JRC has developed the REAPro (Resource Efficiency Assessment of Products) method to assess the 
material efficiency of products according to several parameters, including reusability/recyclability/recoverability, 
recycled content, use of key resources (including critical raw materials), and durability (including reparability sand 
upgradability) https://ec.europa.eu/jrc/en/research-topic/green-and-resource-efficient-europe
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Uncertainty about Paris 
Agreement future and its 
mechanisms 

Strong commitment of the EC is not sufficiently supported by all MSs 
and other global powers 

Withdrawal of the US from the agreement 

High business risk in EM 
investments 

Unsecure energy sector and industry perspectives  

High global competitions in many industries 

Risk of “carbon leakage” 

Inception phase of “derisking” methods 

Low public awareness on EM 
benefits 

Not considered as effective remedy for energy weakness even by its 
advocates 

Neglecting EM as a cost-effective means against energy poverty 

Underdevelopment of energy 
services 

Slow development of energy services market 

Unclear rules of rewarding energy service provides 

Shallow knowledge on EM 
technical aspects 

Narrowing concept of EM to EMS 

Missing energy saving procedures and verification protocols 

Lack of personnel trained in EM 

Source: Own work. 

Main lessons: barriers and enablers 

Table 39 presents the main specific barriers and Table 40 key enablers with in the innovation 
system due to EM (these are not standard items for energy efficiency, see Annex 6.5 and Annex 
6.6).  

Table 39. Main barriers to the innovation system due to EM 

Barriers Description 

Political Incoherence of many EU politics with general trend to support innovation technologies 

Legal Inadequate regulatory or legal frameworks to support EM, e.g. flexible tariffs, ESC 

Inadequate system of rewarding grid system operators missing incentives for innovative 
technologies and increased risk 

Market incentives for energy suppliers to supply more rather than save energy 

Technical Insufficient progress in some key technologies, e.g. in steel industry, enabling EM 

Limited access to robust EM technical means and skills, e.g. for measurement, 
monitoring and verification of energy savings 

Economic Capital constraints and corporate culture leading to more investment in new production 
capacities rather than EM; 

Low share of energy in costs of final products 

Greater weight given to addressing upfront (first) costs compared to recurring energy 
costs, especially if these costs are a small proportion of production costs 

High costs of investments required by some EM investments, especially in core 
technology 
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Uncertain business risks, due to e.g. volatility of energy prices; perceived too high costs 
of EM as compared to potential benefits 

Lack of transparency in functioning energy markets, e.g. energy subsidies  

Lack of awareness of the financial or qualitative benefits arising from EM 

Lack of financial incentives for innovation technologies, e.g. EM 

Lack of awareness and experience among investors and financiers of potential financial 
returns: local banking sectors tend not to prioritise energy efficiency finance, due to 
inexperience and lack of competition in the area, high transaction costs associated with 
smaller projects, and risks associated with assessing and securitising revenues generated 
through energy savings; 

Organizational Insufficient knowledge of staff to implement EM  

Societal Insufficient awareness of staff on importance and benefits of EM 

Low interest of top management in EM 

Source: Own work. 

Table 40 should be read together with tables from Annex 6.7 to have full recognition of benefits 
from industrial energy efficiency projects. 

Table 40. Key enablers for the innovation system due to EM 

Enablers Description 

Political Energy efficiency, including EM, is one of the main pillars of EU energy policy 

Development of Circular Economy forcing better EM and material circulation, e.g. steel 
scrap, plastic products 

Technical Substantial improvement of some production technologies entering market stage of 
development 

Market demand for higher quality products, e.g. steels, chemical products 

Rapid development of technologies enabling EM, e.g. ICT, Smart Metering, Smart Grid, 
automation 

Economic Rising costs of energy make EM more profitable 

Need to compliance with environmental requirements 

New instruments in the EU ETS, e.g. Modernisation Fund 

Development of energy service market, including EM 

Organizational Improving quality of energy and environmental international standards 

Societal  Improve worker safety, thus reducing risks of negative health impact or accidents 

Building closer links between the staff and the enterprise meeting objectives beneficial to 
both 

Source: Own work. 

It is common to analyse any industrial sector as an isolated system with no or only few links to 
the ambient like other elements of the whole economy. Combating climate change is such 
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global initiative which has forced many different sectors to transform themselves in relation to 
other sector’s changes. A good example of such strong and immediate interdependence is the 
relationship between coal and steel industry. The EC praises the Germany “Energiewende” as 
a programme mainly aiming at energy transition which simultaneously constitutes a model of 
how to implement an integrated strategy that addresses several sectors and technologies in the 
economy and enables bottom-up learning processes. With its missions to fight climate change, 
phasing-out nuclear power, improving energy security by substituting imported fossil fuel with 
renewable sources, and increasing energy efficiency, Energiewende paves the way to 
technological transition and growth across different sectors through targeted transformations in 
production, distribution and consumption. This has directed even a traditional sector like steel 
to use the “green” to change. Indeed, German innovation policy has placed pressure on steel to 
lower its material content through the use of a “reuse, recycle and repurpose” strategy 
(European Commission 2018b). 

Many energy efficiency instruments stemming directly from the EU or national energy policy 
are not directly applicable at the company’s level which encountered specific barriers. Bunse 
et al. (2011) noticed that “Solutions are not generally suitable for energy management in 
production on company, plant or process level. There remains a gap between the solutions 
available and the actual implementation in industrial companies”. 
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EU case – Energy Management in steel sector 

Steel sector in the world 

World crude steel167 production reached 1.69 billion tonnes in 2017, up 3.9% from 2016. Crude 
steel production increased in all regions except the CIS last year (Division 2018).  

Looking at the key countries and regions, China’s crude steel production reached 831.7 million 
tonnes in 2017 (+3% over the previous year) such that the country’s share of world output was 
49.2%. Increases in crude steel production were also registered last year in the EU-28 (+3.8% 
to 168.1 million tonnes), the US (+4% to 81.6 million tonnes), the Republic of Korea (+3.6% 
to 71 million tonnes), Turkey (+13.1% to 37.5 million tonnes) and Russia (+1.3% to 71.3 
million tonnes) whereas the figure for Japan was virtually unchanged (-0.1% to 104.7 million 
tonnes)  (Division 2018). 

Table 41 Largest steel-producing countries (million tonnes) in 2013-2017 

Source: (Division 2018). 

The global increase in BOF production (+2.3% to 1.228 billion tonnes) was bettered by the 
upturn in scrap-intensive EAF production (+8% to around 445 million tonnes). There was a 
smaller increase in global BF iron production (+1.1% to 1.180 billion tonnes) but stronger 
growth in global DRI production (+7.5% to 71.9 million tonnes (Division 2018). 

Table 42 Production of crude steel and primary iron in the world (million tonnes) 

2013 2014 2015 2016 2017 % 2017/
2016

Crude Steel Production 1650 1669 1620 1627 1690 +3.9

167 Crude steel is the total of usable ingots, continuously cast semi-finished products (slabs, billets and blooms) 
and liquid steel for castings. These forms follow from the production of liquid steel for which iron is reduced from 
iron ore and steel scrap is melted (Griffin 2015).



154 

of which:

Basic Oxygen Furnace (BOF) 1206 1229 1201 1200 1228 +2.3
Electric Furnace (EF) 427 428 403 412 445 +8.0
(Share BOF of Crude Steel) in % 73.1 73.6 73.1 74.1 72.7

(Share EF of Crude Steel) in % 25.9 25.6 24.9 25.3 26.3

Blast Furnace Iron Production 1207 1 186 1 157 1167 1 180 +1.1
(Ratio B F Iron / Crude Steel) in 
%

73.2 71.1 71.4 71.7 69.8

Direct Reduced Iron (DRI) 
Production 

67.9 68.3 63.9 66.9 71.9 +7.5

(Ratio DRI / Crude Steel) in % 4.1 4.1 3.9 4.1 4.3

Source: (Division 2018). 

Territory/country 

Production
[million tonnes]

Percentage of total production
[%]

BOF EF BOF EF

European Union (28) 100.6 67.5 59.8 40.1 

of which Germany 30.6 12.7 70.6 29.4 

Other Europe 13.8 28.5 32.6 67.5 

of which Turkey 11.6 26.0 30.8 69.2 

C.I.S. 68.4 27.2 66.9 26.7 

of which Russia 47.7 22.0 66.9 30.8 

North America 37.8 78.0 32.6 67.4 

of which US 25.8 55.8 31.6 68.4 

South America 30.0 13.2 68.6 30.2 

of which Brazil 26.7 7.2 77.6 21.0 

Africa 4.3 10.0 30.0 70.0 

of which South Africa 3.7 2.6 59.2 40.8 

Middle East 2.2 30.1 6.9 93.1 

of which Iran 2.2 19.0 10.5 89.5 

Asia 966.2 189.2 83.5 16.4 

of which China 777.7 54.0 93.5 6.5 

Oceania 4.8 1.2 79.5 20.5 

of which Australia 4.1 1.2 77.0 23.0 

World 
Total 66 countries 1228 445 73.0 26.5
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BOF – Basic Oxygen Furnace; EF – Electric Furnace 

Source: (Division 2018). 

On an average annual basis since 1990, the amount of steel produced worldwide has expanded 
by 3.0%, but these rates slow to 0.8% per year. Forecasts by the World Steel Association, 
released in October 2018, suggest that global steel demand will continue to grow in 2019, 
albeit at a slower pace (1.4%) than in 2018 (Mercier, Mabashi, and Steidl 2019).

It can be noticed that advanced economies (OECD/EU) now account for 30% of global steel 
production, down from 60% in 2000; (and for 25% of aluminium production, also down from 
around 60% in 2000). 

Figure 50 Evolution of crude steelmaking capacity in OECD/EU economies and non 

Source: (Mercier, Mabashi, and Steidl 2019). 

Recent market data suggest that steel consumption growth stalled in most economies in 2018, 
and that the 2017 recovery may be losing momentum (Mercier, Mabashi, and Steidl 2019).  

Growth in industrial energy demand in the IEA “Sustainable Development Scenario” slows to 
an annual average of 0.5% till 2040. A significant contributing factor is that production of steel 
in China in 2040 is projected to be lower than today (IEA New Policies Scenario). 

The iron and steel sector is one of the largest industrial CO2 emitters, accounting for 4…7% of 
the world's anthropogenic CO2 emissions. In 2015, around 5% of GHG emissions came from 
the steel industry – accounting for around 2.8 G tonnes of CO2.  

Steel industry is characterized by low degree of vertical integration compared with many 
other commodity industries. Upstream integration by steelmakers has been driven by desire 
to secure supply and increase profit margins in the value chain. Steel industry increased 
investment in upstream assets during commodity boom years, e.g. steelmakers increased 
vertical integration into mining. Compared to other industries, life cycle of investments in iron 
and steel sector are long, depending on technology production route its varying from 10-15 
years and up to 40 years. 
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Over the last years, steel players have been "squeezed" between production overcapacity, 
volatile raw material cost and the increased pressure coming from downstream (end-
users) (McKinsey 2014).

Globally, surplus capacity in steel industry is likely to remain a long-term problem.
McKinsey report (Chalabyan, Mori, and Vercammen 2018) analyses the implications of the 
overcapacity challenge for the global steel industry in the main steel-producing regions with 
regards to industry consolidation, capacity rationalization, and return to economic profitability. 
After the demand peak for steel in 2013, capacity continued by inertia of capital investment 
to expand to 2016, increasing the worldwide capacity by additional 60 million tonnes 
disregarding the diminishing market. This led after 2016 to a severe overproduction crisis
with industry profits dropping to zero or into loss for the majority of players. There’s been 
further deterioration in average steel-industry earnings before interest, taxes, depreciation, and 
amortization (EBITDA), which has fallen to 9…10%, far from the minimum EBITDA margin 
of 17% necessary for the long-term sustainability of the steel business (Chalabyan, Mori, and 
Vercammen 2018).  

Globally, excess steelmaking capacity reached about 375 million tonnes per annum in 
2015-16. The excess is now projected to drop to around 300 million tonnes towards the end of 
the decade, with total production capacity stabilizing at 2.2 billion tonnes by 2020. As a result, 
average plant utilization is expected to improve gradually, yet remain below 76% – a significant 
drop from the high of 83% 10 years ago, when the industry was booming.168 With low rate of 
recovery estimated at 0.8% per year on average from 2016 to 2025, the industry faces “a 
volatile decade”.

The gap between global capacity and production is likely to have narrowed in 2018, reflecting 
the relatively strong growth in global steel production. The gap between capacity and 
production is expected to have declined to 425.1 mmt in 2018 (Figure 51 A). As a result, global 
production of steel as a per cent of capacity may have increased from 77.2% in 2017 to 81.0% 
in 2018 (Figure 51 B) (Mercier, Mabashi, and Steidl 2019).  

168 Despite the upward trend to an average of 71% in the first five months of 2017, this figure is far below the 
healthy threshold of 80%—and it’s also below the 75 to 80% level seen from 2010 to 2014, reflecting the severe 
global slump (Chalabyan, Mori, and Vercammen 2018). 
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Figure 51 Global crude steelmaking capacity and crude steel production 

Source: (Mercier, Mabashi, and Steidl 2019). 

In the last World Energy Outlook 2018 (IEA 2018b) it is noticed that investment in new steel 
capacity has globally slowed dramatically since 2013 and coal-based capacity additions now 
trail gas- and electricity-based additions for the first time in several decades. 

Steel production due to its energy demand is essential topic of interest to the IEA (IEA 2018b). 
While the both, steel production processes, i.e. BOF and EAF, are electro-intensive, the main 
energy costs to the BOF process is coking coal, while electricity is the primary energy cost of 
the EAF process. 

In China the wholesale electricity prices have been constantly higher by several magnitudes (2- 
3) than in the EU, implying that competitiveness problems of some energy intensive industries 
(e.g. steel sector) vis-à-vis China do not actually stem from electricity prices (European 
Commission 2019b).  

Steelmaking raw material prices 

Prices of key steelmaking raw materials declined between early 2011 and the 
beginning of 2016, contributing significantly to lower steel production costs during that 
period. Nevertheless, this trend reversed in 2016, when raw material prices slowly 
climbed back towards their 2011 levels. Prices of steelmaking raw materials continued 
to increase in 2017, albeit at a slower pace. In 2018, iron ore prices stayed relatively 
flat, while scrap prices and coking coal prices declined (Figure 52). 



158 

Figure 52 Prices for key steel-making raw materials 

Source: (Mercier, Mabashi, and Steidl 2019). 

Steel sector in the EU 

Steel production in EU increased to 14,453 thousand tonnes in May from 14,064 thousand 
tonnes in April of 2019. Steel Production in EU averaged 13,655 thousand tonnes from 1990 
until 2019, reaching an all-time high of 19,178 thousand tonnes in March of 2007 and a record 
low of 8,457 thousand tonnes in December of 1992. 

Figure 53 Steel production in the EU in 2010-2018 in thousands of tonnes 

Source:  

In the E.U., steel production declined slightly (-0.2%) in 2018 as a whole, reversing gains earlier 
in the year. Steel output increased in the United Kingdom (U.K.) (+3.5%) and in Italy (+1.7%). 
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The largest decreases in steel production were experienced in Poland (-2.3%), Germany (-
2.0%), and Spain (-1%) (Mercier, Mabashi, and Steidl 2019). 

Steel industry production sites in the EU27 are shown in Figure 54 (Hummel and Canapa 
2013b). High concentration of the industry in some regions may cause high societal problems 
when the industry falls into recession and face closing down. 

Figure 54 Steel industry production sites in the EU27 

Source: (Hummel and Canapa 2013b). 

Steel sector production in the EU 

EU steel industry production value compared with other industries is presented in Figure 55. 
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Figure 55. EU steel industry production value of production compared with other industries 

The steel sector in the EU plays a significant role in the European industry - has an annual 
turnover of €166 billion, is responsible for 1.3% of the EU GDP. The EU is the second steel 
producer in the world after China, producing on average 170 million tonnes of crude steel per 
year (European Commission 2016b). 
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Figure 56. Share of world crude steel production in chosen countries in 2015 

Source: (European Commission 2016b). 

Figure 57. Crude steel production per selected EU countries in 2015 (Jan-Nov) 

Source: (European Commission 2016b). 

The steel sector, which and provides 328,000 direct jobs and an even greater number of indirect 
and dependent jobs, is of great importance to the EU economy as far as the number of people 
working in the EU-28 countries with the steel industry employment is concerned (Table 43).  

Table 43. Number of workers in steel industry in the chosen EU countries in 2016 

Country Number of workers 

Germany 84,931 

Italy 34,226 

Poland 21,700 

United Kingdom 14,469 

Source: (European Commission 2016b). 

There is no increase in steel capacity in the EU. There are no capacity investments 
underway in the EU (English 2018). Steelmaking capacity in Europe decreased from 278.3 
million tonnes to 276.9 million tonnes in 2017 (-0.5%) and is likely to remain stable between 
2018 and 2020. There have been many closures in recent years which have affected raw steel 
production facilities as well as downstream and upstream activities. With respect to the 
economies of OECD countries located in “Other Europe”, i.e. Norway, Switzerland and 
Turkey, there are currently no investment projects in steel production capacity. As of 2015, the 
EAF investment project in production capacity, which was under way and which amounted to 
0,5 million tonnes per year in Turkey (Corbus Celik plant in Hatay province), was suspended. 
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In addition to the suspension of this project, three investment projects which involved the 
installation of two BOFs (the Icdas plant in Biga and the Kardemir plant in Zonguldak) and an 
EAF plant (the Jolbulan Bastug plant in Osmaniye), for a total capacity of 10 million tonnes 
per year, were cancelled. Across Europe, nominal crude steel production capacity fell by several 
million tonnes in 2016 to 278.3 million tonnes per year (OECD, 2017). 

Figure 58 shows the correlations between the world production volume and EU, and over the 
last years there has been a negativity trend in the reduction of installed capacity in EU, which 
was 222.6 million tonnes at the end of 2016. The increasing dynamics of the world steel 
production index is due to Asian markets. 

Figure 58. Steelmaking capacity in the World and the European Union in years 

Source: OECD. 

Energy consumption in the EU steel sector 

IEA concludes that in worldwide industry, the average energy needed to produce a tonne of 
crude steel in 2040 decreases by 25% from today’s levels (…), thanks largely to increases in 
recycling rates and equipment efficiency. The most significant gains are in less energy-intensive 
sectors, however, largely thanks to improvements in electric motor systems and deployment of 
heat pumps. 

Over the last 40 years, steel unite energy consumption in European industry has dramatically 
decreased by 50% (Figure 59, Figure 60). This is mainly due to the increased use of recycled 
iron scrap, from a 20% share in the 1970s to around 40% today, while iron production from 
iron ore has decreased. However, the full transition to recycling is limited by the availability 
and quality of scrap metal (European Commission 2013b). 
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Figure 59. Energy consumption per tonne of steel produced in the EU in the years 1973-2017, in GJ/tonne steel 

Source: www.eef.org.uk

Figure 60. Final energy consumption per tonne of crude steel in the EU in the years 1991-2016 [toe/t of steel] 

Source: Odyssee-Mure 
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Figure 61. Total CO2 emissions of steel per ton (included electricity) in the EU in the years 1991-2016, in tCO2/t of steel] 

Source: Odyssee-Mure. 

In 2013, the production of one tonne of crude steel consumed 0.305 toe/t on average in EU-28. 
Crude steel is the product which has most reduced its energy consumption per unit of production 
(by -12.1%) (Tsemekidi-tzeiranaki et al. 2018). 

The IEA “Future is Electric Scenario” the share of 2040 steel production using an EAF process 
increasing from 48% to 50%, will result in an electricity demand increase of just under 30 TWh, 
or 2% of the total increase in 2040 industry electricity demand compared to the IEA “New 
Policies Scenario”. Climate Action Tracker also predicts that by 2050, EAF production could 
account for around half of steel production in major steelmaking countries, but is ultimately 
limited by scrap availability and quality (Climate Action Tracker 2019). 

Technology developments and demand in steel sector, alike as in the chemical, will impact 
the global coal demand (Figure 62). Over the IEA outlook period till 2040, electricity-based 
routes (EAF) account for the majority of steel production growth. Alongside efficiency 
improvements, this means that coal use in the iron and steel industry declines by around 50 
million Mtce169 by 2040. 

Specifically, since domestic steel manufacturing in China decreases and more of it is made in 
EAF, coking coal production in China is predicted to decline by around 40% to 2040. This 
lower demand together with lower steam coal demand will result in decline of coal production 
in China, by far the world’s largest coal producer, at an average rate of 0.4% per year till 2040. 

169 Mtce – million tonnes of coal equivalent (equals 0.7 Mtoe). 
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Figure 62. Global coal demand by sector in the IES “New Policy Scenario” 

Source: (IEA 2018b). 

It is striking that while consumption of coal in power sector will decrease in 2040 as compared 
to 2017, consumption of coal in industry is to increase despite small decrease in iron and steel 
industry. 

GHG emission from the EU steel industry 

Data from the Global CCS Institute shows that CO2 emissions in Europe are some of the lowest 
in the world at 1.3 tCO2/t of steel. However, to meet a target of 0.2 tCO2/t of steel, more radical 
solutions are required (Euractive 2019) (see also Figure 61). 

Identification of key elements of the innovation system 

To achieve a forecasted doubling of global steel consumption by 2050, whilst meeting climate 
change targets, the industry must deliver significant decarbonisation. Short term options to 
increase recycle rates exist, while medium term options are available to reduce the carbon 
intensity of steel production by around 90% using a range of radical new technologies 
(Environment Agency (UK) 2018). 

Innovation strategies in iron and steel sector are strongly dependent on industry structure, on 
the global scale and national, it might be different due to external factors, like a cost of raw 
materials, environmental aspects and simply demand factor. Innovations are traditionally 
predominantly of a technological nature, with conventional (“old”) operational 
organizational structures and business cases. Product innovation is only possible through 
downstream product differentiation in specialized market segments but lacks in the bulk 
segments for standardized basic materials. Instead, iron and steel industry (as one of EIIs) 
rely mostly on process innovation that tends to follow predefined technological 
trajectories through incremental innovation aimed at enhancing productivity. Through 
learning by doing, the engineers operating the factories generate incremental process 
innovations that trigger partial reinvestments. Also, many of the process innovations used 
by iron and steel sector firms are outsourced to, or co-developed with, technology providers 
(Wesseling et al. 2017). 
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As part of the study on energy efficiency saving potential (ICF Consulting 2015), an analysis 
of the steel sector was carried out, which showed limited potential for reducing emissions and 
increasing energy efficiency (Figure 63). The head strategy pursued by industry will apply the 
currently used (standard) techniques until 2025. Different technical and organisational means, 
including EM, show some energy efficiency potential in steel production till 2050 however 
none of the options are breakthrough.  

There is no way of reducing CO2 levels to where the scientists say these should be by 2050, 
unless radical new ways of making steel (breakthrough technologies) are identified, 
developed, and introduced.  

Figure 63 Total steel sector technical potential170 till 2050 

Source: ICF 2015. 

Product innovation in the steel industry 

Steel products are constantly evolving, driven in part by R&D conducted in collaboration 
with steel-using industries. Some examples of product innovations include (Silva and De 
Carvalho 2016): 

 High Strength Low Alloy Steels: These steels are stronger than ordinary carbon steels, 
and are well suitable in applications that exert significant amounts of stress often at low 
temperatures. High-strength steels can be used to increase the fuel efficiency of cars by 
reducing the weight of its parts. These steels are also used in trucks, cranes, and bridges. 

170 Technical potential is commonly measured by comparing the baseline to best practice technology (BPT) and 
best available technology (BAT). BPT is defined as the best performing proven technology that is economically 
attractive and BAT is defined as the best performing proven technology regardless of financial (Griffin 2015). 
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 Improved Heat Resistance: Steel products that are more heat resistant are suitable in 
the manufacture of machines that operate at high temperatures. By allowing thermal 
engines, for example, to operate at higher temperatures, these steels can result in 
improved energy efficiency. Moreover, since a given amount of steel used in these 
applications yields higher performance, the resource-savings are beneficial to the 
environment. 

 Efficient Electrical Steels: These steels can reduce the losses in electric motors and 
converters, and thus contribute towards energy savings. 

 Corrosion-Resistant Steels: Steel products have become increasingly resistant to 
corrosion, thanks to developments in coating. The industry strives to maintain steel’s 
attractiveness as a material used in the automotive and other applications by developing 
steels that are resistant to wear, have long-lasting stability, and have tailored surface 
hardness. Corrosion-resistant steels also extend the lifetime of the product. This reduces 
disposal requirements and, thus, improves the environmental impact of a given steel 
product. 

Patents in the steel industry 

Patenting activity in steel varies significantly across economies and over time. Figure 64 
compares the patent stock by economy in 2012 against the same measure ten and forty years 
earlier (Silva and De Carvalho 2016). The patent stock indicates the accumulation of experience 
and knowledge over several years and decades, depreciated overtime. The US, Japan, and 
Germany accounted for the majority of patents during the 2000s, which is reflected in the patent 
stock in 2012. By 2012, US’s patent stock was more than five times that of Korea, the economy 
with the fourth largest steel patent stock right after Germany. The UK and Italy are also active 
in patenting although they are far behind the leaders.
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Figure 64 Steel patent stock by economy in 2012 

Source: (Silva and De Carvalho 2016). 

The efforts of reduction GHG emission are observable by increasing over the last decades the 
number of patents that relate climate change mitigation. The rate of innovation in carbon 
mitigation related technologies in steel has been increasing over the last decades. Figure 
65 depicts the evolution of the number of patents that relate climate change mitigation in the 
steel sector. It is interesting to observe that, from 1970 until around the financial crisis of 2008, 
the number of low-carbon patents in steel technologies increased very rapidly (Silva and De 
Carvalho 2016). It supports the thesis that climate policy is a strong drive of innovation in 
the steel industry. 
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Figure 65 Carbon mitigation related patents in steel 

Source: (Silva and De Carvalho 2016). 

Patenting activity is very different across economies. Figure 66 shows the carbon mitigation, 
steel related patents across selected economies. The US boasted the highest carbon mitigation 
patentstock in 2012 as well as in 2002 and 1972. A large number of carbon mitigation patents 
related to steel production were also patented by Japan and Germany during the last ten years, 
resulting in a very highstock of steel-related carbon mitigation technologies in these economies 
(Silva and De Carvalho 2016). 

It is important to note that innovations relevant to mitigation in the steel sector come from 
a wide variety of actors. Indeed, steelmaking companies do not appear to be predominant as 
the owners of patents for steel-related carbon mitigation technologies. 

Out of the top 100 entities with the highest patent stock in this field in 2012, only two 
steelmaking companies were identified – Thyssenkrupp and JFE Steel. By and large, patenting 
activity in steel-related carbon mitigation seems to be carried out mostly by companies in 
upstream mining companies (Sumitomo MetalMining) or downstream automotive companies 
(Nissan Motor), business services companies that focus on providing services and technologies 
for steel companies(e.g. Outotec), or even public research institutes (e.g. Korea Institute of 
Industrial Technology) and universities (e.g. Massachusetts Institute of Technology). However, 
it should be noted that innovative research projects resulting in patented inventions may be 
carried out in collaboration with or commissioned by steelmaking companies (Silva and De 
Carvalho 2016). 
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Figure 66 Stock of steel patents categorised as low carbon 

Source: (Silva and De Carvalho 2016). 

Technologies, infrastructures and knowledge 

Technology in the steel sector 

The steel industry value chain includes all the processes required to transform raw materials 
(mainly coal, iron ore, and scrap) into finished steel products. The iron and steel industry 
broadly consists of (European Environment Agency (EEA) 2016): 

 primary facilities that produce both iron and steel; 
 secondary steel making facilities; 
 iron production facilities; 
 offsite production of metallurgical coke. 

Generally, the following infrastructures are required to produce iron, steel and steel finished 
products:  

 coke ovens; 
 blast furnaces; 
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 steel furnaces;  
 rolling and finishing mills.  

Sinter and pellet plants are additional facilities which may be used in the steel industry.  

Steel mills produce iron and steel using the raw materials of coal (or natural gas), iron ore and 
limestone.  

There are three major routes for iron production (Figure 67 and Figure 68): 

 blast furnace (BF),  
 smelt reduction (SR), 
 direct reduction (DR),  

and two routes for steel production: 

 basic oxygen furnace (BOF), 
 electric arc furnace (EAF). 

Remus et al. (Remus et al. 2013) provide general information on the iron and steel sector and 
information and data on general industrial processes and techniques used within this sector.  

Silva and De Carvalh (Silva and De Carvalho 2016) provide extensive account of the history 
of the steel industry. Gan et al. (Gan 2011) summarise the present status of different kinds of 
steels and relative technologies and review steels over past decades and also provide the 
forecast of advanced steels in the future. 

Figure 67. Iron and steel production route 
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Source: World Steel Association. 

Figure 68 Modern steel making processes 

Source: (Hummel and Canapa 2013b). 

Figure 69 depicts Spectrum of steel production routes (Fischedick et al. 2014). 
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Figure 69  Spectrum of steel production routes 

Source: (Fischedick et al. 2014). 

Below we will brief on conventional (ISM) and few emerging steel process technologies such 
as the Hismelt, Corex and Midrex processes. 

Integrated iron and steel mill (ISM) 

For the conventional integrated iron and steel mill (ISM), iron production consists of three key 
sections:  

1. Ore preparation, comprising of the sinter and occasionally the pellet plants where fine 
grains of ore particles are agglomerated to form a porous grained iron ore clinker used 
for charging to the BF.  

2. Coke making, where raw coal is heated in the absence of air to produce coke for use in 
the BF.  

3. Iron making in the BF, where the coke is oxidised into carbon monoxide in the 
presence of hot air and iron ore (in the form of pellets and sinter) is reduced using carbon 
monoxide to iron metal of 93–95% (pig iron). Limestone is also added to act as a flux 
to remove sulphur and other impurities present in the ore. 

After the BF, the still impure molten pig iron is mixed with scrap iron (from recycling) and 
oxygen is blown on to the mixture at the BOF. The pig iron is manufactured into steel by 
reducing the carbon content of the pig iron from 4% to 1%, removing further impurities and 
adding ferro alloys such as chromium, nickel, titanium or manganese. This is followed by 
casting, rolling and other downstream processes where the molten steel is cast into billets, slabs 
or blooms called semi-finished steel products. The semi-finished steel products are further 
processed in a series of rolling and finishing operations to produce finished steel products. 
Figure 70 shows a simple schematic of a conventional integrated iron and steel mill separated 
into two parts: (1) iron production and (2) steel production (Ho, Bustamante, and Wiley 2013). 
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Figure 70 Schematic for a conventional integrated steel mill 

Source: (Ho, Bustamante, and Wiley 2013). 

Top gas recycling BF (TGRBF) 

One promising technology identified by the ULCOS programme to reduce CO2 emissions from 
conventional integrated iron and steel mills involves retrofitting a conventional BF with a top 
gas recycling BF (TGRBF) (Ho, Bustamante, and Wiley 2013). The TGRBF process enables 
injection of pure or enriched O2 instead of preheated air into the furnace. Assuming that there 
is no air ingress, this eliminates or reduces the concentration of nitrogen in the BF gas, 
increasing the concentration of CO2 and CO to facilitate CO2 separation from the CO. The CO 
is then recycled back into the furnace for use as a reducing agent. This decreases the overall 
amount of coke required by the furnace. Although the final carbon emissions per tonne of steel 
produced is dependent on the recycle rate used by the TGRBF, the CO2 emissions from a 
TGRBF steel mill have been reported to range from 0.8 to 1.3 t CO2/t steel produced (including 
captured CO2). The TGRBF has been tested on a pilot scale BF in 2007 by ULCOS, using 
Vacuum Pressure Swing Absorption (VPSA) to separate CO2 from the BF top gas stream 
(mainly CO and H2). (Ho, Bustamante, and Wiley 2013). 
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Figure 71 Schematic for an integrated steel mill with TGRBF 

Source: (Ho, Bustamante, and Wiley 2013). 

Integrated route with CCS (BF-CCS) 

This route is based on the regular BF-BOF route as described above. The BF is equipped with 
top gas recycling (TGR) and carbon capture and storage (CCS). After capturing the BF gas 
most of its CO2 content is removed via pressure swing absorption (PSA), compressed, and 
transported to an underground storage site. The remaining CO-rich BF gas is re-circulated into 
the BF for further burning. All technologies used in this route are already technically available. 
The unresolved questions regarding storage technique and storage site impede an early market 
entry of this route before 2020 (Fischedick et al. 2014). 

Smelting reduction (SR) 

In this two-step process, iron ores are heated and pre-reduced by the off-gas coming from the 
smelter gasifier. Pre-reduced iron ores are then fed into the smelter-gasifier where they are 
melted. The smelter gasifier uses oxygen and coal as a reducing agent (instead of coke). This 
process produces hot metal which has then to be converted into liquid steel in a BOF. As with 
a BF, this process generates slag that can be granulated for further use. Only the Finex and 
Corex technologies have reached medium size industrial applications. The use of the smelting 
reduction technology is driven by the necessity to replace coke by coal. It is therefore used 
primarily in regions without sufficient primary energy sources (the surplus of waste gases being 
provided to public heating systems). A typical smelting reduction unit has a CO2 intensity about 
25% higher than the BF route (Hummel and Canapa 2013b). 
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Corex process 

In the Corex process, the smelting reduction processes use pure or enriched O2 instead of air 
to reduce the iron ore into pig iron and uses conventional coal in place of coke. In the smelting 
reduction process molten pig iron is formed using directly injected coal and iron ore fines in 
the smelting reduction vessel, eliminating the coke ovens and sintering plants. Smelting 
reduction vessels comprise of two separate reactors. In the first reactor, iron ore is reduced to a 
sponge-iron. This is followed by a smelting gasifier for the second reactor to melt the sponge 
iron and produce reducing gases. The steel production route following the Corex smelting 
reduction process can be via the BOF or EAF (Figure 72) (Ho, Bustamante, and Wiley 2013). 

Figure 72 Schematic for the integrated Corex steel mill 

Source: (Ho, Bustamante, and Wiley 2013). 

Hismelt process 

The Hismelt process is another smelting reduction process, though not at commercial scale. It 
was operated at demonstration scale from 2005 to 2007 with a capacity to produce 0.8 million 
tonnes pig iron per annum. The heart of the Hismelt process consists of the vertical water-
cooled smelt reduction vessel (SRV). This smelter contains a liquid iron bath with a slag layer 
above. Figure 73 shows the Hismelt iron production route followed by steel production in a 
BOF (Ho, Bustamante, and Wiley 2013). 
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Figure 73 Schematic for an integrated Hismelt steel mill 

Source: (Ho, Bustamante, and Wiley 2013). 

Direct reduced iron (DRI) process 

Alternative to BOF and EAF is the direct reduced iron (DRI) process in which iron is produced 
by heating iron ore (65…70% iron content), The final product is sold as a pallet or briquette 
(called HBI or hot briquette iron). The pure iron content in the briquettes is around 90…97%, 
the rest being mainly carbon with trace amount of other impurities. DRI or sponge iron is 
consumed mainly by mini mills (which can melt only rich source of metal, like steel scrap, but 
not iron ore) to improve quality of the steel. 

DRI process is followed by steel production in an EAF. In DRI, iron ore comes into contact 
with a hot stream of H2 and CO, reducing it to iron, water and CO2 (Figure 74).  

Commercialised DRI technologies include the Midrex 171  and Hylsa processes, which use 
natural gas rather than coal for iron ore reduction. As a consequence, the CO2 emissions from 

171The only direct reduction facility in Europe is located in Hamburg, Germany. The plant started up in 1971 and 
was the first MIDREX unit in the world to be built. Because of the steady increase in energy prices following the 
first oil shock, DRI technology never took off in Europe, no other DRI plant having ever been erected in Europe 
since then. The DRI plant in Hamburg feeds an EAF producing high quality steel (Hummel and Canapa 2013b). 
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these processes are considerably lower than those from conventional iron and steel making 
processes with CO2 emissions reported at 0.65 t CO2/t steel for the DRI component and 0.45 t 
CO2/t steel for the EAF component. Some new DRI processes such as the FINEX process have 
CO2 capture applied as part of the production process (Ho, Bustamante, and Wiley 2013). 

Figure 74 Schematic for the Midrex DRI process followed by EAF steel production 

Source: (Ho, Bustamante, and Wiley 2013). 

Because of its relatively high electricity consumption, the CO2 intensity of the DRI-EAF 
process depends to a high degree on the CO2 emissions associated with the procured electricity. 
Contrary to integrated steelmaking, direct reduction does not produce granulated slag, which 
leads to CO2 savings in the cement sector (in 2010 the production of granulated BF slag in the 
EU amounted to 215 kg per tonne of hot metal). When taking into consideration this side effect 
as part of a holistic approach, the CO2 intensity of DRI-EAF steelmaking is some 20% below 
the CO2 intensity of the BF route (Hummel and Canapa 2013b). 

In DRI the reduction process consumes prodigious amount of gas therefore it is economically 
viable only where natural gas is abundant and relatively cheap. 

Evolution of the production of direct reduced iron, by main processes is shown in Figure 75 
and the DRI steel production in Figure 76. 
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Figure 75. Evolution of the production of direct reduced iron, by main processes. 

Source: Midrex Technologies, Inc. 

Figure 76. World DRI Production by Region, 2017 (million tonnes) 

Source: Midrex Technologies, Inc. 

As provided in the study “Macro economic co-benefits and costs: the case of the European Iron 
and Steel Industry”(Gabriel Bachner, Jakob Mayer, Karl Steininger, Annela Anger-Kraavi, 
Alistair Smith 2017), the DRI technology may be a bridge technology since direct reduction 
plant use natural gas as reducing agent in direct reduction plants and it has a potential for 
gradual introduction of “Green Hydrogen” generated using RES.  
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Direct reduction is a solid-state reduction process for iron ore with a reducing gas (typically 
natural gas), already in operation since the 1970s. Hydrogen can be used as innovative reducing 
gas in a fluidized bed reactor which minimizes sticking of the iron ore particles during reduction 
and allows the direct use of fine ore instead of pellets (Circored technology). Since the direct 
reduction does not allow the separation from gangue only ores with high iron and low gangue 
content can be used. Subsequently, the solid hot briquetted iron (HBI) is fed into an EAF 
together with scrap for steel production. With 100% RES hydrogen production, this route can 
be virtually free of CO2e emission. This technology is appraised to have the maximum CO2 
saving potential but market entry is not expected before 2030 (Fischedick et al. 2014). 

Mini mill steel production facility 

A mini mill is a steel production facility that produces steel products using a combination of 
recycled and re-melted scrap steel in an EAF. The melted steel is then cast into billets (Figure 
77). 

Figure 77 Schematic for a mini mill using an EAF 

Source: (Ho, Bustamante, and Wiley 2013). 

Electrowinning (EW) 

The electrolysis of iron ore is a rather immature technology with proven results only in 
laboratory scale but still without industrial scale pilot plants. With electricity as reducing agent 
the future potential of this technology in an electricity-dominated world is significant. In the 
current research, electrolysis of iron ore in an alkaline solution at 110°C and subsequent refining 
in an EAF is simulated. Depending on the electricity mix used for electrolysis this route is 
potentially carbon free. Market entry is not expected before 2040 (Fischedick et al. 2014). 

Specific energy consumption 

Specific energy consumption per ton of hot rolled product around Europe are varying within 
17…23 GJ/t for integrated steel production route (IR) and 3.5…5.5 GJ/t for electric route (EAF) 
(Figure 78).  
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Figure 78. Specific energy consumption per ton of hot rolled product by steelmaking technology 

Source: (European Commission 2013b). 

Cagno et al. (Cagno, Ramirez-Portilla, and Trianni 2015) divided foundries into four categories 
according to specific energy consumption (SEC). The differences among categories are very 
large ans indicate the adoption of BAT technologies. They assumed that when a foundry 
adopted less than 50% of the applicable BATs, it was considered to have a low adoption level 
(BAT-L), and when it adopted more than 50%, it was classified as having a high adoption level 
(BAT-H). The large margins for the latter points at still untapped energy efficiency potential. 

Table 44 Ranges of specific energy consumption (SEC) for different alloys 

Alloy SEC [kWh/tonne steel] Sources of information 

Poor (1) Good 
(2) 

Very 
good (3) 

Excellent 
(4) 

Steel Higher 
than 
2530 

2530–
2205 

2205–
1075 

1075–
730 

BAT Reference Document for Iron 
and Steel Production BAT 
Conclusions for Iron and Steel 
Production 

Aluminium Higher 
than 
830 

830–
705 

705–490 490–390 Industrial Efficiency Technology 
Database: Iron and Steel BAT 
Guidance Note for the Non-Ferrous 
Metals 
US Aluminium Production Energy 
Requirements 

Ductile cast 
iron 

Higher 
than 
1200 

1200–
1000 

1000–
800 

800–750 BAT Guidance Note for Ferrous 
Metals Foundries 
Energy Saving Opportunities for the 
Metal Casting Industry Global 
Industrial Energy Efficiency 
Benchmarking 

Grey cast 
iron 

Higher 
than 
1100 

1100–
900 

900–700 700–650 Foundrybench D19 and D16 
The Smitheries and Foundries 
BREF 
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Source: (Cagno, Ramirez-Portilla, and Trianni 2015). 

Material demand and balance in iron and steel production 

Efficient use of natural resources is essential for the sustainable development of the iron 
and steel industry. Industry uses advanced technologies and techniques to increase production 
efficiency and facilitate the use of by-products. Steel can continuously be recycled without the 
loss of key properties such as strength, ductility or formability and can be reused without 
restriction. 

Complexity of steel flow on the example of the EU market is shown by Sankey diagram172 of 
steel flows in fifteen European countries (EUR-15) in 2004. The grey area is supposed to 
represent steel accumulated in capital goods (machinery, buildings etc.) over a certain life time. 

Figure 79 EU-15 Steel flows in EU-15 in 2004 (in million tonnes) 

172 “A Sankey diagram is a directional flow chart where the width of the streams is proportional to the quantity of 
flow, and where the flows can be combined, split and traced through a series of events or stages” (source: defunct 
Chemical Engineering Blog) http://www.sankey-diagrams.com/sankey-definitions/
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Source: The European Confederation of Iron and Steel Industries (EUROFER) 
http://www.eurofer.org/eurofer/Publications/pdf/2007-SteelFlowsLQ.pdf

Therefore, steel is a material that has a significant potential to enable the transition to a 
knowledge-based, low carbon and resource-efficient economy.173 It has an important role to 
play in the development and market roll-out of more efficient, safe and reliable low-carbon and 
resource efficient technologies. 

The key raw materials for steel production are iron ore, coal, limestone and recycled steel 
(scrap) (Figure 80). As an actual example of such flow can serve the diagram of iron and steel 
flows in the EU in 2000 shows that an input of about 120 million tonnes of iron ore (of which 
98 million tonnes was imported) yielded 98 million tonnes of primary crude steel, i.e. produced 
directly from iron ore and coke (Figure 81). A further 65 million tonnes, representing 40% of 
total crude steel production, were produced as secondary crude steel, produced from scrap steel. 
The output of about 135 million tonnes of steel in finished steel products in EU15 countries is 
based on a gross total of direct and indirect solid material flows of about 739 million tonnes, 
including about 422 million tonnes overburden and 121 million tonnes of other mining waste 
from the extraction and refinement of iron ore, ferroalloys (chromium, manganese and nickel), 
and hard coal. Only about 18% of the solid materials moved for the manufacture of the iron and 
steel cycle end up in the finished product (Figure 81).174

Figure 80 Material balance in iron and steel production 

Source: http://www.sankey-diagrams.com/tag/steel/ 

173 Staff Working Document SEC(2011)1609: Materials Roadmap Enabling Low Carbon Energy Technologies 

174 http://mfadiagrams.blogspot.com/2011/10/eu-iron-and-steel-flows.html
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Figure 81 Overview of iron and steel flows in the EU-15 in 2000, in million tonnes 

Source: Source: OECD, 2008. Measuring material flows and resource productivity 
http://mfadiagrams.blogspot.com/2011/10/eu-iron-and-steel-flows.html

Figure 82 Material flows and resource productivity in iron and steel production 
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Source: OECD, 2008. Measuring material flows and resource productivity.

Energy and material consumption values are strongly depending on the technology used, 
specific steel plants conditions, including access to the raw materials, energy production 
sources etc.  

The integrated steelmaking route, based on the BF and BOF, on average uses 1,400 kg of iron 
ore, 800 kg of coal, and 120 kg of recycled steel to produce 1,000 kg of crude steel175. This may 
be misleading in the analysis of technological processes, but in the integrated steel production 
process ferrous scrap is also used to obtain some steel grades. 

In contrast, the EAF mainly uses recycled steels and DRI or hot metal and electricity. On 
average, the recycled steel line uses 880 kg of recycled steel in combination with a variety of 
other sources (DRI, hot metal and granular iron). The consumption of carbon and limestone is 
insignificant (16 kg and 64 kg respectively) to produce 1,000 kg of crude steel.  

The environmental imperatives are also strong with production from scrap leading to vast 
reductions in air pollution (around 86%), water use (40%), water pollution (76%) and mining 
waste (97%). One tonne of steel produced from scrap (EAF) reduces CO2 outputs by 231 tonnes 
compared to virgin ore (European Commission 2013a). Bureau of International Recycling, 
claims that steel recycling uses 74% less energy, 90% less virgin materials and 40% less water; 
it also produces 76% fewer water pollutants, 86% fewer air pollutants and 97% less mining 
waste. Recycling of one tonne of steel saves 642 kWh of energy, CO2 emissions are reduced 
by 58% through the use of ferrous scrap.176

Recycling of uncontaminated steel scrap can offset the use of over 1,200 kg of iron ore, 7 kg of 
coal and 51 kg of limestone for a tonne of steel scrap used. Producing steel from scrap steel 
instead of virgin ore reduces energy inputs by around 75%, and saves about 90% of raw 
materials inputs.  

Due to the inherent recyclability of steel, the value of the raw materials invested in steel 
production far exceeds the useful life of the steel product.177 For the sustainable development 
of industry and technological trajectories, the raw material base of geographical ranges in which 
industry operates is of key importance. 

CO2 emission from iron and steel technologies 

World Steel Association has been working on the following GHG abatement measures (Silva 
and De Carvalho 2016): 

 development and application of new steels to improve the energy efficiency of steel-
using products in society; 

175 https://www.worldsteel.org/en/dam/jcr:5b246502-df29-4d8b-92bb-afb2dc27ed4f/Sustainable-steel-at-the-
core-of-a-green-economy.pdf

176 https://bir.org/industry/ferrous-metals/

177 https://www.worldsteel.org/en/dam/jcr:16ad9bcd-dbf5-449f-b42c-
b220952767bf/fact_raw%2520materials_2018.pdf
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 increase expenditure on R&D to identify breakthrough steelmaking technologies with 
the potential of reducing steel’s CO2 emissions significantly; 

 improving plant performance through benchmarking and technology transfer; and a 
common measurement and reporting system for steel plant CO2 emissions. 

There is very limited scope for further emission reduction through efficiency 
improvement. With reduction of iron ore being the largest energy-intensive step for the 
production of primary steel, there is limited energy savings potential when comparing current 
state-of-the-art of BF to practical minimum energy requirements. On the other hand, the use of 
coke and limestone as fluxing and reducing agents at BF results in process emissions (thought 
to be around 6% of total emissions) that cannot be avoided via energy efficiency or alternative 
fuels, but which can be mitigated using CCS (Silva and De Carvalho 2016).

Almost 70% of the CO2 emitted from iron and steel mills is from the CO2 and CO formed in 
the BF during the reduction of iron ore to molten iron (Error! Reference source not found.). 
However, “the iron and steel mill has an interlinked energy network in which the BF gas (BFG) 
is collected, cleaned and reticulated around the plant as a low-grade fuel.” Combustion of the 
CO and H2 in the BFG provides heat for other processes such as the sinter plant, BF stoves, 
lime kiln, other reheating furnaces and the onsite power plant. This interlinked energy system 
enables the iron and steel mill to minimise the use of external energy sources. However, as 
a result the large volume of CO2 which is generated in the BF (up to 40% of the total emissions) 
is released to the atmosphere at several smaller point sources around the iron and steel mill (Ho, 
Bustamante, and Wiley 2013). 

Figure 83 Breakdown of the CO2 emissions from the iron and steel production process at a conventional integrated steel mill 
(ISM) 

Source: (Ho, Bustamante, and Wiley 2013). 

Figure 84 shows the simplified mass balance surrounding the TGRBF with an annual steel 
production rate of 5 million tonnes/yr. It was taken that the calorific value of the top gas 
increases from 3.45 MJ/N m3 to 9.18 MJ/N m3 compared to the top gas from a conventional 
BF. For the TGRBF based steel mill, it is assumed that the total energy input for this process is 
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the sum of the energy required by a conventional integrated steel mill plus the energy required 
for extra oxygen production. Any energy that cannot be provided by the COG and TGRBF 
export gas is assumed to be supplemented by an additional natural gas combined cycle power 
plant (Ho, Bustamante, and Wiley 2013).  

Figure 84 Schematic and simplified mass balance around the TGRBF 

Source: (Ho, Bustamante, and Wiley 2013). 

That example shows that energy and material demand as well as CO2 emission depend very 
much on the technology. These are also dependent on the size of the plant and the way the 
technology process has been controlled. The latter is directly linked with the EM which 
opens energy and material savings if properly design and run. 

Amounts of CO2 emitted at ISM, TGRBF, Corex and Hismelt at the different steel mills vary 
slightly as summarised (Ho, Bustamante, and Wiley 2013). 

Ho et al. (Ho, Bustamante, and Wiley 2013) proved that opportunities exist to capture CO2 at 
different process units during iron production, however there are less opportunities during steel 
production. At a conventional iron and steel mill, the four major point sources during the iron 
production that may be considered for CO2 capture in the future include the onsite power plant, 
sinter plant, coke oven batteries and the BF stoves. 

Unit cost structures of different steel production technologies 

Unit cost structures of basic steel production technologies, i.e. BF-BOF and DRI-H2-EAF are 
compared in Table 45. 

Table 45. Unit cost structures of different steel production technologies 

Technology-specific cost component BF-BOF 
[€/t steel] 

DRI-H2-EAF 
[€/t steel] 
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Refinery products (coke) 84 0 

Electricity* 0 219 

Iron pellets 0 84 

Iron ore 189 189 

Services 45 40 

Unskilled labour 5 4 

Skilled labour 44 40 

Capital (wear and tear) 48 48 

Total 415 624 

Difference between BF-BOF and DRI-H2-EAF - +209 

In countries producing oxygen steel (BOF), the BF is the most important energy consumer. The 
share of sintering and rolling in energy demand is around 10% in most countries. Only the use 
of EAF varies heavily, depending on the production structure of the countries (Figure 85) 
(Fraunhofer ISI, TU Vienna, and PwC 2014). 

Figure 85. Final energy demand in the iron and steel industry by process and country 

Source: (Fraunhofer ISI, TU Vienna, and PwC 2014). 

The secondary route could theoretically be close to CO2 emission free using current technology 
since it uses electricity as its main source of energy (see the lower boundary of the Scrap/EAF 
route in Table 46) (Morfeldt, Nijs, and Silveira 2015). 

Emissions from BOF plants are mainly direct process emissions, primarily arising from the 
reduction of the iron ore by the coke and oxygen in the BF using coke. BOF plants tend to emit 
between 1.8…3.0 tCO2e per tonne of primary steel produced. DRI-EAF plants emit 2…3 tCO2 
per tonne of steel when using coal and 0.7…1.2 tCO2/t steel when using gas. There is one more 
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production route, which not more under operation in EU- open hearth furnace plant (OHF), 
some old, inefficient OHF plants emit more than 12 tCO2e per tonne of steel (Carbon Trust 
2011a). The distribution of emissions across technologies in Europe in average 1,3 tCO2e/tonne 
steel, mainly dominated by BFs. Emission data per site due to different type of technology route 
in the production process and penetration by region might be different. Other source reports 
very similar values (Table 46). 

Table 46 Energy and CO2 emission intensities of steel production processes 

Processes
Specific energy 
consumption 
[GJ/tonne steel]

Specfic CO2 emissions 
[tonne CO2/tonne steel]

Primary Route e BF/BOF 19.8…31.2

 Advanced BF 1.3…1.6

 Present Average BF 1.5…1.8

Primary Route e BF/OHF 26.4…41.6
Primary Route DR/EAF 28.3…30.9

 Coal-based 2.3…3.0

 Natural Gas-based 0.7…1.2

Secondary Route 
Scrap/EAF 

9.1…12.5 0.3…0.5 

Energy and CO2 emission intensities of steel production processes (International 
Energy Agency, 2007; World Steel Association, 2008). The range in energy de- mand 
depends on the technology used and the aimed steel product (World Steel Association, 
2008). The specific CO2 emissions are country averages for the  various routes and 
the ranges account for the difference in CO2 emissions for CO2- free versus coal-based 
electricity generation (International Energy Agency, 2007

Source: (Morfeldt, Nijs, and Silveira 2015). 

Emissions from EAF are mostly indirect – they are not emitted by the plant, but by the 
electricity generators providing the electricity to power the process. Conversely, emissions 
from BOF plants are mainly direct process emissions, primarily arising from the reduction of 
the iron ore by the coke and oxygen in the BF using coke. The most significant step from a 
GHG perspective is the iron making (~55%) followed by the sintering of the iron ore and coke 
(~13%), steel making and the hot rolling of the finished steel (~12% each), and the mining of 
iron ore (~9%) (Carbon Trust 2011b). 
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Figure 86 Greenhouse gas emissions by step in the blast oxygen (BOF) production of steel 

Source: (Carbon Trust 2011b). 

Table 47 shows the energy intensity of the different steel manufacturing routes and their sub-
units. Both best practice and laggard, i.e. most inefficient technologies still in operation. 
Indication of the worst-case scenario technologies are shown. The OHF is the most inefficient 
processing route. It is estimated that completely replacing OHFs with BOF would save 
around 100 PJ per year (or 2% of total energy savings potential). The majority of steel is 
produced using the BF-BOF route. The BAT for this production route has an energy efficiency 
of 19.8 GJ per tonne of crude steel. The energy intensity of the scrap-EAF secondary steel 
production route is much lower than the BF-BOF route. Switching from BF-BOF to scrap-EAF 
can make significant energy savings (implications for the overall lifecycle emissions are 
discussed in the section on lifecycle and systems approach). The limiting factors for 
development are the supply of cheap electricity and scrap steel (Napp et al. 2014). 

Table 47 Final energy intensity values in the iron and steel production 

Unit operation  Best practice  
[GJ/t crude steel] 

Laggard  
[GJ/t crude steel] 

Materials preparation 
Coke production  0.84  6.7 
Sintering  1.5  3.2 
Iron production 
Blast furnace 11.6  18.6 
Direct reduced iron  10.9 16.9 
Steel production 
Basic oxygen furnace+refining -0.45  2.2 
Electric arc furnace  2.4  9.5 
Smelt reduction  13  18 
Post-processing 
Casting, rolling and finishing 0.6  8.6 
Overall energy intensities of whole process route 
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BF-BOF 14.1  39.3 
DRI-EAF 15.4  38.2 
Scrap-EAF  2.96  18.1 
Smelt-BOF 13.1 20.8 

 Note: Full process routes include relevant materials preparation and postprocessing. 

Sources: (Napp et al. 2014). 

Energy from biomass indeed risks competing with food production for land, and sequestering 
CO2 from power plants underground on an industrial scale is much delayed technology which 
economic viability is questioned by many. Ho et al. (Ho, Bustamante, and Wiley 2013) made a 
comparison of costs of CCS for different iron and steel technologies, e.g. conventional, Corex, 
Hismelt, Midrex and the mini mill. 

Scrap availability 

In view of Europe’s challenges in accessing low price energy and affordable raw materials, 
it clearly makes sense to maximise the amount of steel produced from scrap on economic 
grounds.  

In searching for ways to reduce the carbon intensity of steel production globally, it is tempting 
to try to raise the proportion of recycled steel made from scrap via the EAF process. However, 
there are limits to how much more steel can be successfully recycled. Growth in scrap steel is 
slower than growth in total production (Figure 87). Also, scrap demand is getting very close to 
total available scrap supply, indicating that already a very high percentage, perhaps as high as 
80-90% of all steel scrap is already recycled globally (Carbon Trust 2011b). This figure will be 
even higher in some countries, whilst others may offer some recycling opportunity. 

Figure 87  Growth in scrap availability versus crude steel production (Left); Utilisation of available scrap (Right) 

Source: (Carbon Trust 2011b). 
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(Morfeldt, Nijs, and Silveira 2015) used a global energy system model, ETSAP-TIAM and a 
Scrap Availability Assessment Model (SAAM) to analyse the relation between steel demand, 
recycling and the availability of scrap and their implications for steel production technology 
choices. Steel production using recycled materials has a continuous growth and is likely to be 
a major route for steel production in the long run. However, as the global average of in-use steel 
stock increases up to the current average stock of the industrialised economies, global steel 
demand keeps growing and stagnates only after 2050. Due to high steel demand levels and 
scarcity of scrap, more than 50% of the steel production in 2050 will still have to come 
from virgin materials.  

High caloric gases and waste heat 

Technologies in iron and steel production deliver a lot of waste-heat and high-calorific 
gases. Use of this heat potential can significantly reduce the energy requirements for the main 
technological processes. Table 48 summarises the key energy saving options from heat 
integration and waste heat recovery across the iron and steel plant (Napp et al. 2014). 

Table 48 Energy savings and economics of key waste heat recovery options 

Energy savings Costs Payback 
time 

Sinter plant heat recovery 55–120 MJ/t crude steel 
Electricity generated: 1.1 MJe/t crude 
steel  
(0.31 kWh/t crude steel) 

1.11$/t crude 
steel (Capex) 

2.8 years 

Coke oven gas (COG) recovery 
for coal moisture control

90 MJ/t crude steel >50 years 

Coke dry quenching (CDQ) 450 MJ heat/t crude steel (160 MJ/t 
crude steel recovered as electricity) 
250 MJ/t crude steel (coke savings in 
the BF)  
240–360 MJ steam/t crude steel (66–99 
kWh steam/t crude steel) 

35.5$/t crude 
steel (Capex) 

36 years 

Top-pressure recovery 
turbine

Electricity generated: 44.6–116 MJe/t 
crude steel 
(12.5–32.1 kWhe/t crude steel) 

30.2$/t crude 
steel (Capex) 

30 years 

BF heat recuperation 71–75.8 MJ/t crude steel fuel savings 2.05$/t crude 
steel (type of 
cost not stated) 

BOF gas recovery 535–916 MJ/t crude steel 
(depends on how the steam is 
recovered) 

33$/t crude 
steel (Capex 
and Opex) 

EAF scrap preheating using 
furnace off-gas

Electricity savings: 220 MJe/t crude 
steel (60 kW h/t crude steel) 

7.8–9.8$/t 
crude steel 
(retrofit Capex) 

Sources: (Napp et al. 2014). 

Coke oven gas (COG) can successfully be used as a fuel to replace natural gas in the coke 
oven or in furnaces and boilers. COG can also be used to supplement methane in methane 
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reforming processes to produce synthesis gas (syngas) 178 . However, this technology has 
unacceptable payback time of over 50 years. 

After coking, the coke needs to be cooled before exiting to prevent it oxidising in the presence 
of air. The traditional method using sprayed water (wet quenching) has slowly been replaced 
by an alternative known as “coke dry quenching” (CDQ). It uses inert gas to recover sensible 
heat from the coke. CDQ penetration is different in different countries, e.g. in Japan, 95% of 
plants exploits this technology, while the EU and the US are lagging. 

Blast furnace gas (BFG) can be recirculated and used again in the furnace; the CO and H2 
generated are used as a fuel. By combining BF gas with coke oven gas to increase its calorific 
value, it can be used in a CHP plant to generate electricity. A large volume of gas at slightly 
elevated pressure exits the BF. This pressure can be recovered from the gas exiting the BF using 
a top pressure recovery turbine (TRT) and used to generate electricity. A number of major steel 
mills around the world have TRTs installed. Alternatively, BF heat recuperation systems such 
as the hot blast stove and the BF gas preheating system can use heat from the BF to preheat the 
air entering the BF. 

The development of BOF gas recovery has generated the largest savings in this process step, 
making the BOF unit a net energy generator. The air entering the furnace is controlled such that 
the CO is not fully converted to CO2. High-pressure steam is generated from the sensible heat 
of the off-gas in a waste heat boiler. The exhaust gas is then cleaned and recovered for use as a 
fuel. Waste heat from the EAF can be used to preheat scrap, significantly reducing the power 
consumption of the EAF.179 This is a mature technology and has been applied to a number of 
plants in both the US and Europe. This process has the added advantage of increasing 
productivity by up to 33%, reducing electrode consumption by 40% and reducing dust 
emissions by 30%. In theory, heat can also be recovered from the BF slag, although as yet there 
are no commercially operating recovery systems (Napp et al. 2014). 

Of these technologies in Table 48, two seem expacially tractive - BOF gas recovery and EAF 
scrap preheating using furnace off-gas. 

Energy savings from improved process control on an iron and steel plant are also significant 
and economically attractive with surprisingly short payback time (Table 49). 

Table 49 Energy savings from improved process control in an iron and steel plant 

Energy or electricity savings Capital costs Payback 
time 

Sinter plant Fuel savings: 11 MJ/t crude steel 0.05 $/t crude steel 1.4 years 
Coke plant Fuel savings: 50 MJ/t crude steel 0.12 $/t crude steel (retrofit)  
Blast furnace Fuel savings: 360 MJ/t crude steel 0.54 $/t crude steel 0.4 years 

178 Synthesis gas (syngas): gas mixtures of CO and H2 generated by gasification of fossil fuels. The amount of 
hydrogen in the mixture can be enhanced by applying a water-gas shift reaction on the mixture, which converts 
H2O and CO into H2 and CO2 (IEA, ICCA 2013). 

179 A number of different systems have been developed including the Consteel tunnel-type preheater, Fuchs finger 
shaft and the Fuchs twin shaft. 
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BOF 3 years 
Hot strip mill Fuel savings: 260 MJ/t crude steel 1.21 $/t crude steel 1.2 years 

EAF Electricity savings: 108–124 MJe/t 
crude steel (30–34.5 kWh/t crude 
steel) 

1.03–1.62 $/t crude steel 0.5 years 

Sources: (Napp et al. 2014). 

The sinter plant can deliver significant amount of waste heat which is typically used to produce 
high-pressure steam for power generation. is possible and energy savings, either retrofit or new 
build, range from from 0.25 and 0.55 GJ/t sinter. Equivalent of around 5 MJe/t sinter (1.4 kWh/t 
sinter) of electricity can be produced.  

Auxiliary means of energy savings 

Considering crosscutting technologies in industry it is worth noticing the potential of improving 
driving system,e.g. mostly by using high efficiency motors and Variable Speed Drives (VSDs). 
It is estimated that two thirds of the electrical energy used in industry is consumed by electric 
drives. Seeking potential of improving the drives in iron and steel industry one can consider all 
large drives of fans, pumps, compressors, mils etc. (Table 50). 

Table 50 Example savings from improved motor systems in the iron and steel, cement and refinery sectors 

Sector Details Paybacktime Savings
Iron and 
steel

COG compressors 21 years 6–8 MJ/t coke

BOF ventilation fans 3 MJ/t crude steel

EAF flue gas fans 2–3 years 60 MJ/t

Cement AC motor on kiln drive 0.5–1% less electricity to drive kiln

VSD for kiln fan 40% reduction in motor electricity 
consumption

Refineries Advanced pumping system 50% reduction in pump electricity 
consumption

Note: VSD – Variable Speed Drive. 

Sources: (Napp et al. 2014). 

Fuel switching 

Fuel switching includes is another option of improving energy consumption in industry. In 
general, the process comprises the following options: (1) switching to less carbon intensive 
fuels such as replacing coal with natural gas; (2) co- firing with, or switching to waste and 
biomass; (3) switching to decarbonised electricity; and (4) switching to hydrogen (provided 
the hydrogen is produced via a low CO2 process, for example using decarbonised electricity 
to electrolyse water)  

Napp et al. (Napp et al. 2014) considers a few option of fuel switching in the iron and steel 
industry. Pulverised coal injection is an example of switching to a less carbon intensive 
fuel. The coal replaces coke usage in the BF. There is a limit to how much can be 
substituted, however, due to the structural role that the coke plays in the furnace. Payback 
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times for the injection of alternative fuels in the BF depend on the type of fuel but range 
from between 1.3 and 2.4 years. In Brazil, charcoal is used in small-scale BFs instead of 
coke. Charcoal is mechanically unstable compared to coke so substitution is limited to 
around 20%.  

Waste fuels can be used as a fuel for the sinter plant. Owing to reduced fuel costs, this 
option can be economically viable with a payback time of 0.5 years has been reported in 
some cases. Japan has increased its use of waste plastic in the iron and steel industry from 
0.46 million tonnes in 2005 to 1 million tonnes in 2010. Germany and Austria also make 
use of their waste plastics. Additionally, methane, CO or H2 produced from biomass would 
also reduce emissions from the BF. Biomass or waste can also replace the fossil fuels used 
in heating furnaces. The efficiency of these processes can be improved by gasifying the 
biomass first. Estimates indicate that around 10% of the fuel could be substituted (Napp et 
al. 2014). This is an example of industries interrelation and interdependence in the circular 
economy concept. 

Worldwide, roughly 70% of steel is produced through the BF/basic oxygen furnace system (BF-
BOF). The other third is produced through an electric arc furnace (EAF). A shift towards EAF 
would thus help the steel sector move towards a circular value chain. The energy intensity 
of this process is around one third of the BF-BOF process.

According to the World Steel Association statistics for 2017, the share of crude steel production 
in EAF technology was 40%, i.e. 67.52 million tonnes of steel produced180. 

Figure 88 shows breakdown of production by technology process in the four chosen countries 
and the EU. European primary steel is usually produced by either blast oxygen furnace (BOF), 
and occasionally in directly reduced iron electric arc furnace plants (DRI-EAF).  

Crude steel production in EU in 2017 amounted to 168.4 million tonnes, 40% was produced 
thanks to the electric route. It should be noticed that in Italy in 2017 as much as 80.3% of crude 
steel was produced by electrical technology, and 19.9% in the UK (Figure 88).  

180 https://www.worldsteel.org/en/dam/jcr:f9359dff-9546-4d6b-bed0-
996201185b12/World%2520Steel%2520in%2520Figures%25202018.pdf
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Figure 88. Crude steel production by process in selected countries and the EU in 2017

Source: Worldsteel. 

By-products in steel production 

A number of synergies between industries exist. One tonne of steel produces between 200 kg 
(EAF route) and 400 kg (BF/BOF route) of by-products. These slags, dusts and sludges contain 
a mixture of silica and oxides of calcium, magnesium, aluminium and iron. Over recent years, 
the usefulness of these supposed waste streams has been identified and a large percentage is 
recovered and used either within the steelmaking process or sold to other industries (Napp et 
al. 2014). 

Identification of the key incumbent and novel technologies 

The most modern installations in the EU steel industry are close to the limits of what 
current technologies can do, and the steel industry will struggle to achieve further 
significant CO2 emission reduction without the introduction of breakthrough 
technologies (Pardo et al. 2012).

The decoupling of GHG emissions growth from production growth cannot be achieved 
based on current technologies, therefore the IEA scenario relies on several measures, such as 
carbon capture and storage/use (CCS/CCU). According to “IEA Tracking Clean Energy 
Progress 2017”, there are technologies that require pilot projects to increase energy efficiency 
and reduce emissions: 

 Electrolysis for iron making.  
 Electricity-based hydrogen as reducing agent. 

To use electrolysis for iron making and wider sustainability benefits of electrolysis processes 
it is necessary to implement pilot projects based on infrastructure which allows to secure 
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renewable-based or carbon-free electricity, at this stage a concept has been implemented and 
proven only at experimental scale (International Energy Agency 2017).  

The technology of using hydrogen as a reducing agent in order to eliminate indirect emissions 
also needs to fill up the emission-free electricity for hydrogen production, which is connected 
with the development of the necessary infrastructure to secure the stable supply of electricity. 
Particularly important technology for countries with limited access to the raw materials 
necessary for steel production and surplus production of electricity from RES, hydrogen would 
displace fossil-based reducing agents. This includes, for instance, issues such as the need for 
generating back up technologies to support the penetration of variable renewable energy 
sources. 

The vision for the future BF is one that is both financially and environmentally sustainable with 
(Euractive 2019): 

 Return on Capital Employed (ROCE) that is competitive throughout the economic cycle. 

 CO2 emissions at less than 10% of current European average level. 

Critically, amongst the challenges facing the BF is decarbonisation. Significant steps have been 
made by the steel industry to increase the thermal efficiency of BF operation, but ultimately 
there is a hard limit in decarbonisation, associated with the need for carbon as a chemical 
reductant. 

To address this point, a number of technology opportunities have been identified (Table 51). 

Table 51. Key innovation opportunities for the future (BF) 

Source: (Euractive 2019). 

Napp et al. (Napp et al. 2014) recognise in the iron and steel sector three key ways in which 
significant energy savings and hence also CO2 emissions savings can be achieved, namely: 
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 switching to more efficient processing routes such as phasing out OHF (open hearth 
furnaces) and increased use of scrap with EAF (electric arc furnaces); 

 increased recovery of gases and heat integration from the BF (BF) and BOF (basic oxygen 
furnace); 

 adoption of efficient methods for casting and rolling of the final crude steel product. 

Breakthrough technologies are necessary to make a paradigm shift in industrial production that 
can change the way of steelmaking processes around the world. To tackle CO2 emissions 
government and international bodies need the invention and implementation of radical 
new production technologies (Quader, Ahmed, Ghazilla, et al. 2015).  

R&D programs in the steel industry 

Steelmakers are involved in many programmes to transfer technologies and best practices, 
thereby improving or replacing existing processes or reducing process steps. Steel producers 
are researching and investing in low carbon technologies that would radically reduce their 
environmental impact181.  

Breakthrough Programs  

In 2003, the World Steel Association launched “Breakthrough Programs”, an initiative to 
exchange knowledge and information on regional activities around the world. Seven 
national and regional breakthrough technology programmes exchanged information on their 
projects, exchanged information on common improvements and identified gaps or overlaps in 
research.182 This was already established at the beginning of 2000. Detailed description of the 
program can be found in (Quader, Ahmed, Arif, et al. 2015). 

From the list of global programs, the next European technological frontrunners can be 
highlighted (Table 52). 

Table 52. Main R&D programs in the steel industry 

Programme Involving Purpose Best results 

HIsarna ironmaking 
process 

. E-designed smelting reduction 
process. The HIsarna 
ironmaking process has 
reached a sizeable pilot stage. 

Potential reduction of 
approximately 20% of 
CO2 per tonne of steel 
produced. 

ULCOS Ultra-low 
carbon dioxide 
steelmaking (EU) 

All major EU steel 
companies, energy and 
engineering partners, 

Cooperative R&D initiative to 
research radical reductions in 
carbon dioxide (CO2) 

(1) Top gas recycling BF 
with CO2 capture and 

181 https://www.worldsteel.org/en/dam/jcr:0191b72f-987c-4057-a104-6c06af8fbc2b/fact_technology+transfer_2018.pdf

182 Research and investment is taking place in: the EU (ultra-low CO2 steelmaking, or ULCOS I and ULCOS II); 
Canada (Canadian Steel Producers Association); the US (American Iron and Steel Institute); Korea (POSCO); 
Japan (Japanese Iron and Steel Federation); South America (ArcelorMittal Brazil); China (Baosteel) and Taiwan 
(China Steel) and; Australia (BlueScope Steel/One Steel CSIRO coordination). 
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research institutes and 
universities. Also 
supported by the EC. 

emissions from steel 
production. Includes process 
science, engineering, 
economics and foresight 
studies in climate change 

storage (CCS) 183 ; (2) 
HIsarna with CCS; (3) 
Advanced direct 
reduction with CCS; (4) 
Electrolysis. 

Source: World Steel Association. 

Ultra-Low Carbon Dioxide Steelmaking (ULCOS)184

One of the most outstanding projects of the EU, which aims to decarbonise the steel industry is 
the “Ultra-Low Carbon Dioxide Steelmaking” (ULCOS) programme divided into two phases: 
ULCOS-1 (2004-2010) and ULCOS-2 (2010-50). ULCOS aims at reducing CO2 emissions 
from steel production technologies by 50% compared to current best practice.  

Both ULCOS I and ULCOS II programs are funded by privately and publicly. In ULCOS I 
60% cost was supported by ULCOS consortium and 40% was contributed by EC through its 
6th Framework and the RFCS programmes. Conversely, the level of public and private funding 
of ULCOS II has not been unveiled yet, but the structure of the funding makes it clear that it 
would be than 50%. The ULCOS program has been facing a series of challenges like achieving 
sufficient efficiency for real-world applications, cost effectiveness and mainly how to transform 
these revolutionary technologies  in the conventional BF process (Quader, Ahmed, Arif, et al. 
2015). 

ULCOS focuses on three groups of options (at different stages of development) (Morfeldt, Nijs, 
and Silveira 2015): 

 CCS embedded in current steel production technologies; 
 decarbonised steel production using hydrogen or electrolysis in the reduction process (e.g. 

the MIDREX process can use synthetic gas containing approx. 70% pure hydrogen as 
reduction agent); 

 use of biomass as reduction agent (potentially together with CCS).  

Many of these ideas depend on the availability of a carbon-free source of energy. Some of them 
imply a radical reduction of emissions of 50% or even higher.185

These processes have high potential to reduce emissions, but their implementation will require 
significant investments, which are not foreseen in the short-term. In fact, the technologies 
proposed will most likely require political incentives to become economically viable. Moya and 
Pardo (2013) confirm this by showing that major CO2 emission reductions in the steel industry 
would only be viable with long payback periods. Climate policy could introduce a cost for CO2 

183 ‘Carbon Capture and Storage’ or ‘CCS’ means a set of technologies that captures the carbon dioxide (CO2) 
emitted from industrial plants based on fossil fuels or biomass, including power plants, transports it to a suitable 
storage site and injects the CO2 in suitable underground geological formations for the purpose of permanent 
storage of CO2 (EUROPEAN Commission and Union 2014) 

184 ULCOS, 2012. 

185 https://hrcak.srce.hr/file/56088  
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emissions and potentially influence the cost-efficiency of certain technologies (Morfeldt, Nijs, 
and Silveira 2015).  

Top gas recycling BF (TGR-BF) 

Top gas recycling BF (TGR-BF) is a BF gas separation technology for clean steel production. 
Top gas used to absorb CO2 inside BF as a reducing agent. It effectively reduces carbon 
emission around 50%. The integration use of TGR- BF and CO2 capture and storage (CCS) 
technologies is helpful to remove nitrogen from the TGR-BF and oxygen injection into BF also 
effectively recover CO.  

HIsarna 

HIsarna is a bath-smelting technology that combines coal pre-heating and partial pyrolysis in 
a reactor. HIsarna uses a combination of three new ironmaking technologies: 

 Coal preheating and partial pyrolysis in a reactor. 
 Melting cyclone for ore melting.  
 Smelter vessel for final ore reduction and iron production.  

The main innovation aspect of HIsarna is that all core processes are directly hot-coupled. This 
means that the iron ore can be melted and reduced to hot iron without any intermediate gas 
treatment, cooling or dedusting.  

Figure 89 Principle of the HIsarna smelting reduction process 

Source: (Hummel and Canapa 2013b). 

ULCORED 
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ULCORED is a technology involves replacement of the traditional reforming stage with the 
partial oxidation of natural gas. This change is believed to reduce the capital expenses. There 
will be only one source of CO2 emissions in this process, and this will be clean enough to store 
the gas directly. ULCORED is built up for iron ore pre-treatment especially for sintering and 
preheating. To produce direct-reduced iron (DRI) for sending to EAF the reducing agent such 
as natural gas or biomass gas is used in a reaction level for iron ore sintering process. In gas 
purification process traditional reducing agent is replaced by natural gas. Top gas recycling and 
preheating processes reduce natural gas consumption (Quader, Ahmed, Arif, et al. 2015). By 
this technology we can reduce 60% CO2 emission and also it is an economic and efficient 
process since natural gas is expensive. 

Figure 90 Principle of the ULCORED process 

Source: (Hummel and Canapa 2013b). 

Electrolysis (ULCOWIN) 

Electrolysis of iron ore is a breakthrough process concept that proposes to reduce iron oxides 
electrochemically, without using any direct carbon. ULCOWIN is the more mature 
embodiment, based on room-temperature electrowinning of an alkaline solution in which ore 
particles are dispersed. The process has been developed from scratch during the ULCOS project 
and has reached the scale of a small-scale laboratory pilot plant that can produce 4 kg samples 
of pure iron. The process is currently being debugged and scaled up so it can become a candidate 
for large-scale production, mimicking what is done in non-ferrous metal production, like 
aluminium or magnesium, as part of two research projects that are part of ULCOS II. Ten years 



202 

of work will still probably be necessary before a pilot at a scale commensurate to those 
implemented for the previously analysed process routes can be designed, erected and tested. 
ULCOWIN would therefore become a candidate process route at about the time when the price 
of carbon-free electricity becomes competitive, if this ever happens (Hummel and Canapa 
2013b).

The principle of the direct electrolysis of iron ore has been applied in ULCOWIN project which 
products are iron and oxygen with zero carbon emission. The ULCOWIN technology is 
different from others conventional smelting process, where a new method is employed for steel 
production. Its reaction temperature is around 110°C where iron ore and iron are used as an 
anode and cathode precipitation respectively. Electrolysis of iron ore does not omit CO2. 
Although, its initial production rate has very low production efficiency, only 5 kg iron per day, 
but its cost is reasonable. Hence, the ULCOS team developed a process named ULCOLYSIS 
for melting iron ore at 1600°C by using electric direct reduction. This is the least developed 
technology in contrast with the other three alternatives (Quader, Ahmed, Arif, et al. 2015). 

Indicative figures for the economic performance of the ULCOS breakthrough technologies 
compared with the current average BF in Europe are shown in Table 53. 

Table 53 Environmental and economic performance of TGR-BF compared with current EU average technology for pig-iron 
production 

Current EU 
average BF

TGR-BF 
configuration

HIsarna ULCORED

Production capacity 
(million tonnes 
HM/y

0.5–5.0 0.5–5.0 0.5–1.0 0.5–1.0

Economic aspects
CAPEX 
Greenfield 100% 105% 75% 200%-no CCS
Brownfield 25% 65% 
OPEX (incl. energy, 
excl. depreciation 
costs)

100% 120% 90% 80–90%-no CCS

HM=hot metal (or pig-iron). 

Note: the proportions should be interpreted as relative scores, as the performance of the 
reference average BF is set at 100%. The other data are absolute figures. 

Source: (Quader, Ahmed, Arif, et al. 2015). 

Table 54 provides a review of main project technological route under the ULCOS and possible 
achievements of CO2 mitigation effect, which might be different due to the stage of deployment 
of CCS technology.  

Table 54. Abatement potentials of the ULCOS Technologies 

Technology Expected potentials for direct CO2 
mitigation effects 

level of technology and market 
development 

Top gas recycling BF 
(ULCOS-BF) 

15% without CCS  Laboratory: done 
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60% with CCS Pilot: done 

Demonstrator: tbc 

Deployment: > 2020 onwards 

Bath smelting (Hisarna) 20% without 

CCS 80 % with CCS 

Laboratory: done 

Pilot: done 

Demonstrator: 2020 Deployment: > 
2030 

Direct reduction 
(ULCORED) 

5% without CCS 

80% with CCS 

Laboratory: done 

Pilot: done 

Demonstrator: 2020 Deployment: > 
2030 

Electrolysis (ULCOWIN) 30% with today’s electricity 
generation mix 98% with CO2 free 
electricity generation 

Laboratory: ongoing 

Pilot: 2020 

Demonstrator: 2030 Deployment: > 
2040 

HYBRIT  Fossil free value chain based on 
hydrogen reduction 

Laboratory: ongoing 

Pilot: 2021-2024 

Demonstrator: 2025-2035 
Deployment: > 2040 

Source: Eurofer 2016. 

Green Hydrogen 

The case of “Green Hydrogen” can well illustrate the problems of promoting new technologies 
in industry and as such it deserves some attention. Despite the individual characteristics of 
production processes in industry, it is possible to express some general remarks valid across 
some chemical processes like ammonia production, oil refining or steelmaking.  

The use of RES energy to produce “Green Hydrogen” to deliver process decarbonisation, fuel 
and storage alternatives can also be an option for a potential cross-sectorial deep 
decarbonisation, e.g. in steel industry (Table 55). “Green Hydrogen” opportunities in selected 
industrial processes, e.g. steel or ammonia production are discussed in (Borschette 2018). 

Table 55. "Green Hydrogen" as an option in steel industry 

“Green Hydrogen” 1. HYBRIT, H2Future, SuSteel and SALCOS (Steel) 

2. Hydrogen as a reducing agent (cf. the CIRCORED process – Steel) 

3. Hydrogen production with CCS

Source: European Commission 2017a. 

Currently the market does not explicitly recognise a higher value for products with a lower 
carbon footprint. In a global trade reality, cost is the main driving force behind product fluxes. 
Use of “Green Hydrogen” is, and will remain for some years, more expensive than hydrogen 
obtained from fossil fuels. Unless products with low profit margins are granted an added value 
proportional to their contribution to reduced GHG emissions, they will not be able to compete 
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against the currently available commodities. This seems to be especially relevant for ammonia 
and refined oil products, somewhat less so for steel. 

Introduction of flexibility in the industrial production process seems to be the biggest short 
term technical hurdle, if “Green Hydrogen” is to be employed. Due to the intermittent nature 
of renewable electricity, green hydrogen production cannot be continuous. This issue can be 
mitigated by using hydrogen storage, and by devising process routes fed by hydrogen derived 
from both fossil fuels and green hydrogen. Designing an adjustable process where SMR-derived 
and renewable derived hydrogen can co-exist, is likely to be the main short term challenge in 
terms of process design.  

The development of processes which are able to integrate “Green Hydrogen”, will require 
significant CAPEX commitments from industry. This seems to be highest for the steel 
industry. Also, the development of a suitable infrastructure capable of harnessing an adequate 
amount of renewable energy and distribute green electricity and/or green hydrogen to relevant 
industrial locations will need large capital investment. “It is unlikely that industry alone will be 
able to face these challenges”. Public funding and cooperation with Transmission System 
Operators (TSO) and energy providers will be required. 

The amount of electricity required for greening the products of the three industrial processes 
considered, through the use of “Green Hydrogen” is significant. Today, part of the energy 
demand is provided by fossil fuels, considering also their role as feedstock. The overall 
consumption of energy for total or partial substitution of SMR-derived hydrogen with “Green 
Hydrogen” produced by electrolysis is expected to be higher, in comparison with current 
processes for ammonia production and oil refining, but lower or the same for steelmaking 
(DRP+EAF). For all three industries, a process based completely on the use of “Green 
Hydrogen” requires large amounts of renewable electricity production. For steelmaking, natural 
gas seems to be a bridging choice on the path towards exclusive green hydrogen utilisation, 
while ammonia production and oil-refining are already employing natural gas through SMR. 
To give an order of magnitude, the energy needed for producing a MJ of hydrogen through 
electrolysis using an EU electricity mix, is estimated to be around four times that required to 
produce the same amount of hydrogen through SMR.  

Fossil-free steelmaking based on hydrogen direct reduction is also less advanced. For example, 
the HYBRIT steel plant in Luleå, Sweden, is only expected to be commercially viable in 2035 
(Climate Action Tracker 2019). The simpler approach of fuel substitution by hydrogen could 
also displace more than 25% of fossil fuel used for iron reduction in BFs by 2040 if 
transformational technologies are successfully developed and demonstrated (Climate Action 
Tracker 2019). 

CCUS 

CCUS involves technologies which separate CO2 from the energy and industrial emission 
sources and transports and stores it underground. With CCUS the energy supply cost must 
include not only the fuel cost, but also the CO2 capture, transportation and storage costs 
(Wennersten et al., 2015). Currently, CCUS is still in the early stages of technological 
development, and the high cost and several internal & external uncertainties makes the role of 
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CCUS unclear in future emission reduction, especially for developing countries. (Huisingh et 
al. 2015). 

Technological trajectories 

The theoretical starting point is the approach based on the TIS, presents the dynamics behind 
the emerging transition towards a zero-emission economy. A significant reduction of CO2 
emissions and energy consumption from the iron and steel industry can be achieved via main 
technological trajectories (Table 56). 

Table 56. Technological trajectories in iron and steel sector development 

Technological trajectory186 Example 

Incremental- the improvement of process efficiency 

Energy efficiency improvement through BAT 
deployment 
Increased share of recycled steel production 
Massive uptake of EM 

Substitution- large-scale innovations in the steel-
making process or combinations of them that 
would require the replacement of existing capacity, 
the construction of new capacity, or both 

Development of new and rapid commercialisation of 
currently developed innovative ironmaking 
technologies 

Breakthrough 
Top gas recovery BFs (TGR-BF)
Combination of technologies with CCS/CCU 

Source:  

Although, it is not possible to predict the rate of diffusion or shrinking of the steel production 
technologies, the example of long-term modelling by ETSAP-TIAM (Figure 91) shows the 
possible trajectories of technology changes (Morfeldt, Nijs, and Silveira 2015). 

Figure 91 Technology competition in the binding climate target scenario (3.5 RF scenario) for Demand Stagnation in 2050, 
based on ETSAP-TIAM results 

186 Trajectory A trajectory is the direction of change of a specified variable over time. 
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Source: (Morfeldt, Nijs, and Silveira 2015). 

Development of new and rapid commercialisation of currently developed 
innovative steel and ironmaking technologies 

Several innovative technologies are being developed worldwide to improve or replace the BF 
(BF). The modern BF is a very efficient technology, but it has technical separations associated 
with top filling of ores and coal, it requires well-prepared raw materials – coke (a product of 
coal processing) and sintering and granulating (agglomerated iron ore). The mentioned coke 
production processes and sintering/pelletizing are energy intensive. The analysed literature and 
publication of the IEA within the framework of the main R&D directions (Table 57) for the 
steel and iron sector allows for the selection of the main R&D directions, which are divided 
into the following categories (Shatokha 2016): 

 supply of innovative steelworks capable of producing hot metal directly from iron ore 
and coal as well as from industrial waste; 

 capturing CO2 from the top of the BF and recycling the remaining gas mixture;  
 back into the BF. 

Table 57. Tracking technology iron and steel R&D challenges to achieve the sustainable energy transition 

Industry Sector Key technologies Technological developments R&D focus areas 

Iron & Steel Coke oven gas (COG) 
reforming 

COG reforming partially converts 
carbon compounds into hydrogen and 
carbon monoxide. Through 
integration with oxy BFs, coke 
consumption is considerable reduced 
for pig iron production and it enables 
CO2 capture 

Develop commercial scale 
demonstrations 

Blast furnaces with 
top gas recovery 

Top gas reuse in oxy BFs reduces coke 
use in pig iron making and can enable 
easier carbon capture. 

Develop commercial scale 
demonstrations 

Upgraded smelting 
reduction (SR) and 
DRI 

Enhanced SR and DRI processes have 
reduced energy intensity compared to 
their standard commercial process, 
respectively, and facilitate CO2 
capture through oxygen operation 

Develop commercial scale 
demonstrations for upgraded 
SR and promote long-trial 
pilot plant testing for upgraded 
DRI 

Source: (International Energy Agency 2017a). 

SET Plan 

The two main routes for steel production, i.e. BF and EAF, are already well optimised 
thermodynamically. Therefore, the three activities proposed in the SET Plan focus on the 
integrated route, with the aim of increasing energy efficiency, but also of reducing CO2 
emissions and maintaining competitiveness in the frame of the EU ETS reform that will 
reduce the amount of free CO2 emission allowances in the future. 
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Table 58. Main activities proposed for steel industry in the Implementation Plan for Action 6 in SET Plan 

Area Activity Description187

STEEL CO2 emission avoidance 
through direct reduction of 
iron ore using hydrogen 

There are some ongoing projects that contribute to the hydrogen 
reduction, including hydrogen plasma-based iron ore reduction 
(SUSTEEL), electrolyser projects (H2Future, GrInHy) and 
feasibility studies (HYBRIT-PFS and MACOR) for future projects 
of full scale integration of hydrogen reduction in steel plants. 

STEEL Hisarna smelting reduction 
process for lowering energy 
consumption and CO2 
emissions of steel production 

HIsarna is a Smelting Reduction process concept, in which the 
main savings come from handling raw materials directly 
without the need for agglomeration or coking. 

STEEL Top Gas Recycling – Blast 
Furnace (TGR-BF) using 
plasma torch 

TGR-BF technique will recover all CO + H2 in the top gas of 
the BF, for re-injection in the furnace. This will increase the 
carbon-efficiency in the furnace by 80%, reduce specific 
energy consumption and CO2 emissions. 

Source: Own work based on (European Commission 2017d). 

Heat and cold recovery technologies (HEAT) are instrumental for intra-plant optimisation and 
inter-plant integration (industrial symbiosis) to enable cascade use of heat (or cold) between 
cross-sectoral plants in industrial parks, and with district heating/cooling networks (European 
Commission 2017d). 

In the SET Plan four main areas of cross-cutting R&I activities (SYST) have also been 
identified as having large potential for energy saving due to their applicability in steel and 
chemical industries. 

These on heat better utilization and system integration are together presented in Table 59. 

Table 59. Main cross-cutting activities proposed for steel and chemical industries in the Implementation Plan for Action 6 in 
SET Plan 

Area Activity Description188

HEAT New technologies for 
utilisation of high temperature 
waste heat in industrial 
systems, from the heat 
production to the delivery and 
end use 

Design, build and test more sustainable processes/components by 
developing the necessary knowledge and technology to propose new 
techniques and integrating energy recovery, storage and utilisation. 
Demonstrate new processes on pilot industrial scale for validation 
of solutions to improve the environment impact using the new waste 
heat recovery approach. 
Map the waste heat sources (inventory) in energy-intensive 
industrial sectors, understand the quality and quantity of the energy 
in form of waste heat available and perform technical / financial 
feasibility studies of the different possibilities for heat usage. 

HEAT Heat pumps and refrigeration 
converting low grade heat or 
cool into higher grade heat or 

Heat pumps converting low grade heat (typically 50°C-120°C) into 
higher grade heat (up to 200/250°C) and refrigeration cycles 
converting low grade cooling into higher grade cooling. 

187 The detailed description of the activities is given in the Activity Fiches in Annex 4 in (European Commission 
2017d). 

188 The detailed description of the activities is given in the Activity Fiches in Annex 4 in (European Commission 
2017d). 
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cool Development of pilot and demonstrate innovative heat pump or 
refrigeration concepts to make cost effective use of waste heat or 
cool at highest efficiencies by using advanced thermal cycles or 
unique concepts. 

HEAT Heat-to-Power (electrical) 
recovery (low and high 
temperature) 

Low temperature waste heat recovery as usable power using 
advanced heat cycles. Screening of concepts using Organic Rankine 
Cycle (ORC), thermo electric, magneto caloric, Stirling. Down-
selection and development of two concepts and demonstration 
(1MWe) of one heat extraction system coupled to an existing plant. 
High temperature waste heat recovery using the supercritical-CO2 
cycle to generate electrical power: The use of s-CO2 technology 
(largely studied for nuclear and solar applications) for waste heat 
recovery requires development of turbomachinery, heat exchangers 
and bottoming cycle components. 

HEAT Polygeneration (heat, cold, 
electrical power) and hybrid 
plants 

Hybrid plants for waste heat recovery integrating renewable energy 
into industrial plants and processes. A hybrid plant will be 
developed, integrating renewable energy into industrial plants and 
processes reducing the reliance from external energy. The 
technology will be demonstrated in a relevant environment. 
Advanced compact CHP plants of industry scale. Further 
development of advanced compact CHP- plants of industry scale for 
generation of electricity, steam and heat (i.e. polygeneration) for 
industrial application with fuel conversion ratios > 90%. Special 
requirements are operational and fuel flexibilities including low 
calorific gases. 

SYST Industrial symbiosis between 
industries to valorise energy 
losses streams and better 
manage energy globally 

Industrial symbiosis initiatives which involve the exchange of 
material and/ or energy flows between two or more production sites 
or sectors can help in saving energy and materials, hence improve 
carbon, energy and resource efficiencies. Building real industrial 
symbiosis is however a complex topic, not only from the 
technological standpoint, but also from the operational standpoint: 
in order to be materially possible, safe, and cost effective for all 
partners, and for society as a whole, the energy and material transfer 
between different industrial units will require a very good 
coordination regarding, e.g. production cycles, management of 
unexpected stoppages. 

SYST Non-conventional energy 
sources in the process industry 

Energy coming from renewable sources challenges the process 
industries as there is a paradigm shift from the requirements on the 
demand side governing the energy usage to the coming necessary 
flexibility of the production processes to adapt to the available 
supply. The challenge for the production processes is to react to 
highly fluctuating energy supply. 
The development of prediction tools for the demand side, combined 
with matching and optimising algorithms, as a tool for intelligent 
support for decision processes, together with the establishment of 
platforms for data collection and processing, would support the 
balancing of energy flows in industrial plants and the collaborative 
management of energy intensive plants in an industrial symbiosis 
concept. 

SYST Digitisation: Further 
integration in process and 
plant management including 

Significant steps toward higher energy efficiency will be driven by 
digital technologies and process automation, providing new ways to 
improve flexibility in plants, optimise consumption and reduce 
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plant/process design phase 
and processing plant retrofit 

GHG emissions. 

SYST Improving exchange of 
technological, economic, 
behavioural and social 
knowledge; training, 
capacity building and 
dissemination 

This activity aims at increasing cooperation between academia, 
industry, authorities, research institutions, communities in order to 
adopt an industrial symbiosis approach opened also outside 
industrial plant perimeters (e.g. buildings, district heating/cooling 
networks), along the following two strands: 
1. Mapping the methodological approaches and tools (covering 
diagnosis, evaluation and optimisation of energy efficiency of 
systems and processes) available in academia, research 
organisations, as well as best practices and business models 
experienced in pilot plants from industry. The objectives are: to 
reinforce technology networks in order to utilise resources and 
transform them to useful products and energy services; to contribute 
to the development of innovative business models along the value 
chain; and to disseminate these tools/models and so facilitate the 
implementation of energy and resource optimisation and industrial 
symbiosis. 
2. Improve the level of awareness and overall ‘sustainable energy 
management culture’ of industrial companies and SMEs. This 
includes: providing exchange of knowledge between universities, 
research organisations and industry, including training to industry 
on how to best use methodological approaches and tools; providing 
training and capacity building programs to industry staff at all 
levels. 

Source: Own work based on (European Commission 2017d). 

Casting 

The process of casting involves the transformation of liquid steel into a solid state for shaping 
to the final product form. Traditionally, crude steel was first cast into ingots by pouring molten 
metal into moulds. These ingots were then further cut or shaped into the desired final product. 
Before the advent of continuous casting in the 1960s, casting was a discontinuous process 
entailing the pouring of crude steel into permanent moulds or ingots.  

Today, ingot casting has largely been replaced by continuous casting. Here, molten metal is 
continuously poured into the top of a long mould, the metal cools as it passes down the length 
of the mould and is cut to the desired size as it exits the other end. Continuous casting is 
normally followed directly by hot rolling in order to shape the metal into the final product (Napp 
et al. 2014). 

Continuous casting lowers unit energy costs since primary and intermediary rolling mills and 
some reheating furnaces are not needed. As a result of the enhanced productivity from 
continuous casting, it is nowadays the commonly used method for steel production globally. 
Since the mid-1970s, considerable R&D efforts have been directed towards developing a 
process that would allow steel to be cast as close to the shape of the finished product as possible, 
so-called “near-net-shape casting” (Silva and De Carvalho 2016). 

A recent development is thin-slab casting, which reduces the thickness of slab to 50 to 60 mm 
from the 200 to 300 mm thickness produced by early conventional slab casters. Less 
commercially proven technologies include near-net-shape strip casters (10-15mm thickness) 
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and thin-strip casters, which can cast strip with thicknesses reaching as little as 1mm. For long 
products, research in rod, wire and section casting technologies may eventually remove the 
need for some primary rolling stages. Considerable development work is also being conducted 
to develop technologies that supplement casting, including electromagnetic applications to 
control fluid flow, advanced vision systems to detect defects in the steel product, liquid steel 
temperature control in the mould and tundish, and advanced ceramics for clean steel production 
Research is also being conducted on innovative filtering techniques to prevent inclusion 
particles from entering the casting machine (Silva and De Carvalho 2016). 

Rolling 

Semi-finished steel products from the caster undergo significant further processing and 
treatment. The steel produced and cast in the melt shop into semi-finished shapes is processed 
into the desired shape by hot and cold rolling. Development efforts in this area have been 
spurred by the desire to reduce operational costs, minimise yield losses, increase productivity 
and improve product quality. Technological advances have centered on increased rolling 
speeds, greater equipment integration, and longer roll lives due to less wear and tear, among 
others. 

Coating 

Coated steels have been developed in response to demand for greater corrosion resistance. 
Developments in processes such as electro galvanizing, which bonds zinc to steel 
electrochemically, have improved the coating and corrosion resistance of many steel products. 
Much collaboration between steelmakers and vehicle manufacturers is taking place to develop 
coatings with enhanced wear resistance and improved adhesive qualities, self-healing 
properties, and properties that reduce defects from cutting and forming (Silva and De Carvalho 
2016). 

Complementary and substitute technologies 

It is necessary to use end-of-pipe (an approach to pollution control which concentrates upon 
effluent treatment or filtration prior to discharge into the environment, as opposed to making 
changes in the process giving rise to the wastes) 189 technologies to reach ambitious targets of 
energy efficiency and GHG emissions cutting under EU 2050 Roadmap.  

Utilisation of waste heat 

In manufacturing industries, iron and steel industry is one of the most energy-intensive 
heat producing where heating is to be the second largest energy-consuming operation.
Around 20–50% of energy input is estimated to be lost as waste heat in various processes in the 
form of hot exhaust gases, cooling water, and heat lost from hot equipment surfaces, molten 
slag and heated products. As a by-product during steel making process, molten slag (35%) and 
hot exhaust waste gases (10%) are the main sources of high temperature waste heat energy. 
However, this huge amount of heat has not been well recycled in the entire steelmaking 
industry. Only a small portion of waste heat is recovered as a result of immature heat recovery 

189 https://www.eea.europa.eu/help/glossary/gemet-environmental-thesaurus/end-of-pipe-technology
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technologies. Figure 92 shows waste heat generated from various processes of steel production 
in a typical steel mill (Quader, Ahmed, Arif, et al. 2015). 

Figure 92 Waste heat in different processes of iron and steel production 

Source: (Quader, Ahmed, Arif, et al. 2015). 

In its last proposal on the allocation of CO2 allowances for industry after 2020, the EC has 
proposed granting free allowances to BFs which burn gases generated by the combustion of 
coal and coke. 

As the document (Euractive 2019) stated, emissions from flaring will have to be reduced as of 
2026 when steel factories will have to produce carbon allowances to continue the practice. 

Sophisticated method of optimisation, including evolutionary computation in BF iron making, 
can be found in (Nicholson 2017). 

CCS in the steel industry 

CCS for industrial applications requires massive funding. Only through demonstration-
scale projects can CCS overcome the public’s concerns. Given the high uncertainty in terms of 
the regulatory framework, environmental and health & safety aspects as well as liability 
surrounding such investments, financing must at the initial stage come from public authorities. 
The supply side of CCS needs planning certainty. Carbon pricing under the EU ETS is unlikely 
to meet this fundamental requirement. As a global leader in the fight against climate change, 
the EU must provide resources which are consistent with its objectives. Any policy aimed at 
promoting CCS has to be accompanied by mechanisms offsetting the costs for industries prone 
to “carbon leakage” (Hummel and Canapa 2013b). 

Silva and De Carvalh (Silva and De Carvalho 2016) provide some examples of integrating CCS 
with steel technologies:  



212 

 An upgraded smelting reduction (SR) technology combining a hot cyclone and a bath 
smelter avoids the use of coke or sinter, and maximises the CO2 content of the off-gases 
through pure oxygen operation, making CO2 capture more straightforward. 

 Oxy BF and top gas recycle: The CO2 content of the top gas is raised by replacing the 
air in the BF with oxygen. The top gas is recycled back to the BF as reducing agent, 
after partially capturing the CO2 contained, which decreases coke requirements. 

 Coke oven gas (COG) reforming: Increasing the hydrogen concentration of COG 
through reforming tar contained in the gas provides an effective reducing agent to 
reduce iron ore in BF and SR processes with a direct benefit on net energy consumption. 
The integration of this technology in oxy BFs maximises the emissions reduction benefit 
and enables an easier implementation of carbon capture.  

 An upgraded Direct Reduction Iron (DRI) process that reuses off-gases from the 
shaft as reducing stream after CO2 capturing. This process also avoids the need for coke 
or sinter.  

 CO2 capture applied to on-site utilities and general combustion equipment. 
Addition of a post combustion CO2 capture unit to one or more of hot stoves, steam 
generation plant, coke oven batteries and lime kiln. 

H2FUTURE 

Renewable hydrogen generation projects, H2FUTURE 190  project in Linz (Austria), 
investigating hydrogen electrolysis technology on an industrial scale. 

Figure 93. ArcelorMittal, LanzaTech and Primetals Technologies breakthrough biofuel production facility scheme. 

ArcelorMittal, LanzaTech and Primetals Technologies will build Ghent (Belgium), Europe's 
first plant to produce bioethanol from metallurgical gases. 

190 https://www.h2future-project.eu/
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ArcelorMittal has been working on a project with Lanza Tech in New Zealand since 2011 to 
produce bioethanol from process gases. Bacteria play a key role in the process, with LanzaTech 
scientists isolating rabbits from the gastrointestinal tract. It is thanks to them that harmful 
reptiles turn into fuel. A pioneering investment can be a breakthrough in the process of reducing 
greenhouse gas emissions. It will be able to produce 16,000 tonnes of bioethanol. The second 
phase of the investment is to be launched, which will increase the production capacity to 
47 million tonnes. Each tonne of ethanol replaces 5.2 barrels of petrol and means a reduction 
of 2.3 tonnes of CO2 emissions. The bioethanol produced will reduce GHG emissions by more 
than 80% compared to conventional fossil fuels. It will primarily be used as an admixture for 
gasoline, but can also be further processed, for example into a drop-in jet fuel191. 

Generally, new innovative projects are focused on pilot or demonstrations scale and none of 
them didn’t rich market saturation level. More detailed description of innovative technologies 
based on (Schneider and Vogl 2018) is to be found in Annex Error! Reference source not 
found.. 

Business practices, non-tangible, tacit knowledge 

Over the past decades, the structure of the steel and iron market has been formed and has 
not recognised significant changes in conjunction with the high technology entry barrier.
The EU market is dominated by two key production technologies, BOF and EAF, the potential 
of which is largely at the limits of technical efficiency potential.  

The iron and steel sector is dominated by large international companies with five big 
steelmakers. The industry is highly matured and consolidated. Steel is globally traded and 
highly price sensitive. The sector faces high barriers to entry and high inertia technological 
changes. After several years of revenue contraction due to the recession, the gradual economic 
recovery of the automotive and construction sectors is holding a promise of resurgent global 
demand and increasing sales volumes. Competition in this sector is high and global (WSP 
Parson Brinkerhoff; and DNV GL 2015). 

The various available nearer term emissions reduction opportunities carry a cost, a number of 
which are illustrated by the industry “marginal abatement curve” 192  (Figure 94). A key 
assumption in this analysis made by McKinsey surrounds the cost of capital used, or the 
“discount rate”, which can be thought of as the interest rate that would need to be paid on a 
loan to pay for any new equipment required. The left-hand chart uses a social cost of capital of 
only 4% and therefore shows much lower overall costs. At this rate, approximately 40% of the 
total abatement opportunity would be economic at a cost of carbon of €39/tonne – the highest 
cost of carbon in the EU ETS over the period to 2020 forecast by the EC. The right-hand chart 
uses a discount rate of 20% for breakthrough R&D projects (e.g. CCS), and 15% for 
investments to improve best available technology, which more closely reflects the level of 
interest rate applicable to industry funding of such projects. This more accurately reflects the 

191 http://www.arcelormittal-warszawa.com/upload/files/magazine/27_15.pdf

192 Marginal abatement cost (MAC) curve is a graph that indicates the cost associated with the last unit (the 
marginal cost) of emission abatement for varying amounts of emission reduction (Griffin 2015). 
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cost of carbon required to make such actions break even. At this higher discount rate, only 
~25% of abatement opportunities are economic at €39/tonne CO2. 

The cheapest actions are coke-substitution and onsite co-generation of heat and 
electricity. The most expensive changes are smelt reduction and direct casting. In-between 
lies CCS. It should be noted that these costs assume that research has delivered the technology 
as predicted. As can be seen, there are few abatement opportunities that cost nothing (without 
policy-led incentives such as a cost of carbon). Therefore, the industry needs some form of 
encouragement to take action and accelerate investments to further reduce the costs 
beyond that which can be achieved from basic energy efficiency improvements.

Figure 94 Abatement cost in 2030 (social discount rate, 4%) (Left); Abatement cost in 2030 (project discount rate, 15%-20%) 
(Right) 

Source: (Carbon Trust 2011b). 

Among different pathways to achieve CO2 emissions reduction, more attention must be paid to 
industrial symbiosis, a system's approach which is designed to build upon win-win synergies 
between environmental and economic performances through physical sharing of “waste”
energy, exchanging of waste materials, by-products and infrastructure sharing among co- 
located entities. For China's integrated steel mills (ISMs), it was shown that: 1) the three of the 
most effective symbiotic measures for CO2 abatement were BF gas recycled on site as fuel 
and/or sold off-site, coke oven gas recycled on site as fuel and/or sold off-site, and BF slag sold 
to cement producing companies; 2) utilization of gaseous and solid waste or by-products far 
outweighed the use of sensible heat in terms of their contributions to CO2 abatement, which 
indicated the abundant potentials in sensible heat recovery; 3) cleaner production inside an ISM 
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contributed more to CO2 abatement than symbiotic measures with other enterprises did  
(Huisingh et al. 2015). 

Some analyse conclude that deep reductions in the carbon intensity of iron and steel 
production are possible in the medium term under certain conditions. For example, Carbon 
Trust provided an analysis demonstrating that technologies that can reduce carbon intensity of 
BOF steel are available (Figure 95). The most feasible reduction opportunities are a range of 
efficiency improvements, particularly around the use of coke and cogeneration of heat and 
electricity, which manufacturers usually implement as a matter of course on new plants because 
they reduce costs. Modern best practice plants emit ~22% less CO2e/t steel with operating costs 
of ~17% less per tonne steel and include use of combined cycle power plant (CCPP) technology. 
Further reductions require the use of alternative technologies, some of which are technically 
possible, but not currently cost effective. Broadly, these can be broken down into four 
categories: coke substitution, alternative coal-based technologies, CCS and electricity based 
steel-making (EAF). Combining the above technologies and taking account of overlapping or 
mutually exclusive savings gives the potential to reduce emissions per tonne of steel by ~70 – 
90% over the next 20 – 30 years, if R&D delivers at the rate possible (Carbon Trust 2011b). 

Figure 95 Technologies that can reduce carbon intensity of BF steel 

Source: (Carbon Trust 2011b). 

SET-Nav project 

Considering the future technology development in iron and steel industry in the EU in 2050, 
one can cite the findings of the SET-Nav project which predicts in one of its pathways (the 
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Directed Vision/National champions) CO2 emission reduction from the iron and steel industry 
by 85% in 2050 compared to 2015. This immense reduction mainly results from replacing 
oxygen steel (BOF route) with electric steel (EAF route) in combination with CCS as major 
mitigation option. In another pathway (the Diversification/Localisation), an even stronger 
switch to secondary steel production (EAF) is predicted with the remaining BOF steel 
production completely substituted with innovative steel production technologies until 2050 
using either RES hydrogen (DR H2+EAF or DR H2 plasma) or RES electricity (DR 
electrolysis). This pathway predicts an emission reduction of 87% in 2050 compared to 2015. 

Morse project 

European organisations will jointly renew the steel industry.193 The Morse (“Model-based 
optimisation for efficient use of resources and energy”) project, which began in the autumn 
2017, will improve the products, business operations and competitiveness, as well as the energy 
and raw material efficiency, of the European steel industry. The focus is on developing software 
tools that will be used to reform, accelerate and manage heavy production processes.  

The main sponsor of the four-year project is the EU which, together with the project companies, 
is providing €5.7 million.  

Via the Morse project, European companies are jointly developing more advanced tools to 
improve steel quality and the management of complex processes. New ways of managing the 
entire production chain, lowering the consumption of energy and raw materials in particular, 
and reducing yield losses are being sought for the industry. CO2 emissions will also be reduced.  

A special development target is software tools, which are being tested in close cooperation with 
various steel mills in Europe.  

Four organisations from Finland are participating in the project: VTT Oy, SSAB Europe Oy, 
Outokumpu Stainless Oy and SW-Development Oy.  

The key objective of Morse is to strengthen the production and competitiveness of the European 
steel industry. We will optimise production by using model-based and intelligent software 
solutions. At the same time, software companies will be able to specialise and offer new top 
products for the process industry.

i3upgrade project194

The use of RES in the steel industry is very important for responding to climate change. 
For this reason, researchers at Friedrich-Alexander-Universität Erlangen-Nürnberg (FAU) 
have now initiated the i3upgrade project in conjunction with partners from all over Europe to 
recycle the CO2 from the steel manufacturing process and thus reduce emissions. Scientists 
intend to use methane synthesised from “green hydrogen” from renewable energy sources and 
BF gases to replace natural gas. In addition, methanol, which is an important base chemical, 
will be produced from the BF gases. 

193 https://www.eurekalert.org/pub_releases/2017-11/vtrc-ncf112217.php

194 https://www.eurekalert.org/pub_releases/2018-09/uoe-uhm091918.php
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The project, which is being funded at a total of 3.3 million euros by the European Research 
Fund for Coal and Steel and managed by the EC, started in June 2018 and is scheduled for 
completion at the end of November 2021. Two million euros of this funding is being provided 
by the EU. The aim of the project is to enable researchers to test the feasibility of dynamic 
methane and methanol synthesis using BF gases in experiments.195

Current innovation European R&D steelmaking projects 

Current innovation European R&D steelmaking projects are summarised in Table 60. 

Table 60. Current innovation European R&D steelmaking projects 

Innovation 
Technology 

Companies Research Institutes Pollution 
reduction 
potential 

Main R&D subject Funding Planned 
progress 

Hydrogen based DRI 

HYBRIT SSAB, LKAB, 
Vattenfall, Sandvik) 

Lund University, SEI, 
KTH, Swerea MEFOS, 
SP, Luleå Tekniska 
Universitet 

Fossil free Fossil free value chain 
(2045) 

Swedish Energy 
Agency, companies 

End of demo 
2035 

SALCOS 

GrInHy 

Salzgitter AG 

Salzgitter, Boeing, 
sunfire 

Fraunhofer 

VTT (Finland), 
Politecnico de Torina, 
ipm (CZ) 

up to 85% H2enriched DRI 

High temperature 
reversible electrolyser 

EU H2020 FCH2JU Full 
implementati
on 2040 

H2FUTURE Voestalpine, 
Verbund, Siemens, 
Austrian Power Grid 

K1MET, Energy 
Research Centre of the 
Netherlands 

min. 80% PEM electrolyser EU H2020 FCH2JU 6 MW PEM 
electrolyser 
by 2021 

SuSteel Voestalpine K1MET, 
Montanuniversität 
Leoben 

Hydrogen plasma 
reduction 

reaching 
demo scale 
2019 

Electrowinninig 

SIDERWIN ArcelorMittal, 
Cockeril, Electricite 
de France, CFD 
Numerics, 

Funacion Tecnalia 
Research & 
Innovation, 
Universidade de 

87% of 
direct 
emissions 

Low temperature direct 
electrolysis of iron ore 

EU H2020 SPIRE TRL 6 by 
2022 

Quantis, Mytilineos 
Anonimi Etairia, N-
Side, Dynergie 

Aveiro, NTUA, NTNU 2017 

CCS/CCU 

Carbon2Che
m 

ThyssenKrupp, 
Clariant, Siemens, 
BASF, AkzoNobel, 
Evonik, Covestro, 
Linde 

Max Planck Institute 
for Chemical Energy 
Conversion (MPI-
CEC), Fraunhofer 
UMSICHT, 

20 million 
tonnes 
CO2/y; 

50% of 
emissions 
from 

Ammonia and 
methanol production 
from steel gases; 
catalyst development 

GER BMBF Largescale 
before 2030 

195 In in the laboratories of the Chair of Energy Process Engineering at FAU. 
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process 
gases 

HIsarna Tata (ULCOS), 
RioTinto, 

ArcelorMittal, 
ThyssenKrupp, 
voestalpine, Paul 
Wurth 

Up to 80% Upscaling of smelting 
reduction process 

Tata 

Ijmuiden 

Demo starting 
2020 

Steelanol ArcelorMittal, 
Primetals, 
Lanzatech, E4Tech 

LCA 
needed 

Fermentation of steel 
offgases to produce 
Ethanol 

H2020 

Low Carbon Energy 

Production of 
65,000 t/y of 
ethanol in 
2019 

STEPWISE SSAB, Kisuma 
Chemicals, Johnson 
Matthey, Amec 
Foster Wheeler, Tata 
Steel Consulting 

Energy research center 
of the Netherlands 
(ECN), 

Politecnico Milano, 
Swerea Mefos, 
Universitatea Babes 
Bolyai 

Steelmakin
g CO2 
intensity 
below 0.5 t 

CO2/t steel 

Demonstrate sorption 
enhanced watergas 
shift reaction for CCS 
from steel off gases 

H2020 

Low Carbon Energy 

FreSme SSAB, Tata Steel, 
Carbon 

Recycling 
International, ideals, 
Stena Rederi, 
Kisuma Chemicals, 
Array Industries 

ECN, Swerea Mefos, 
Kemijski Institut, 
Politecnico Milano 

80% of BF 
emissions 

Use of methanol 
produced from steel 
offgases to fuel a ship 

H2020 

LCE2016 RESCCS 
RIA 

End user 
demo 2020 

VALORCO ArcelorMittal CO2 separation in 
amine process CCU to 
Ethylacetate 
(fermentation), 
methanol 

ADEME Move to 
demonstration 
phase in 2020 

Carbon4PU
R 

Covestro, 
ArcelorMittal, 
Recticel N.V., South 
Pole Carbon Asset 
Management, Grand 
Port of 

Marseille, PNO 
Consultants, Megara 
Resins S.A. 

Dechema, TU Berlin, 
Ghent University, 
Leiden University, 
RTWH Aachen, 
Imperial College 
London,  

French Atomic Energy 
and Alternative 
Energies Commission 

2060% 
CO2 

reduction in 
PU 
production 

Polyurethane 
production from steel 
offgases 

H2020 SPIRE 2017 

i3upgrade Voestalpine, Air 
Liquide 

Universität Erlangen 

Nürnberg,  

Central Mining 
Institute (Polen), 

Montanuniversität 
Leoben, 

K1MET, Centre for 
Research and 
Technology Hellas, 
Scuola Superiore 
Sant’Anna 

Enrichment of steel 
offgases with hydrogen 
from electrolysis to 
produce methane. 

Research Fund for 
Coal and Steel 

2021 proof of 
concept on 
laboratory 
scale 

Process Optimisation  
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IGAR ArcelorMittal 0.1 – 0.3 t 
CO2/t steel 

Plasma torch 
technology to reform 
steel plant gases and 
inject them in the BF, 
replacing coke by 
electricity. 

Full size 
system 2022 

Source: Own work. 

 Actors and networks  

From the perspective of EM development in industry, e.g. in the steel industry, six main 
categories of stakeholders can be identified - society, partners, investors, customers, employees 
and the environment organisation- in order to build and explore ways to take into account the 
expectations of all (Table 61).  

Table 61. Main stakeholder categories, roles and activities in the process of EM development 

Stakeholder Role Activities 

Society Serve as a responsible corporate 
citizen for social development  

Development of the local community and fulfil social 
responsibilities to contribute to the society  

Take a leading role in bringing forth a just society in 
corporation with civic groups and the government  

Contribute to creating social value and culture as a free 
corporate citizen.  

Partner Attain shared market growth for 
sustainable cluster development  

Ensuring fair trade practice through healthy 
communication and mutual trust  

Foster competitiveness and growth via win-win 
cooperation  

Establishing a virtuous circle of sustainability and 
inclusive growth to enhance the competitiveness of the 
ecosystem  

Investor Provide a solid 
evidence to motivate 
shareholders invest in 
the iron and steel sector 

Increasing shareholders value through sustainable 
market development 

Protect other shareholders interest via increasing 
corporate value 

Ensure transparent management and active 
communication. 

Customer Fulfil customers’ expectation  Advance the ecosystem of the market and accomplish 
sustainable growth with customers. 

Customer-oriented and trust -based relationship.  

Employee Support for EM to meet the 
organisation’s objectives, e.g. 
economic, environmental and 
societal  

Establish EMS in his organisation 

Foster employees’ abilities and qualification in EM 

Ensure fair compensation to the employees for EM 
involvement 
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Environmental 
organization 

Sustainable sectorial 
development in line with 
environmental protection 

Sustainable environment protection through low-carbon 
technology growth 

Development new materials, raw material and energy 
sources. 

Supporting sustainable sectoral development through 
energy efficiency improvements and applying new 
technologies 

Source: Own work. 

There are three different categories of players in the steel industry (Filiep Deforche, Jim 
Hemerling, Dowon Kim, Walter Piacsek, Michael Shanahan, Meldon Wolfgang 2007):  

 The use of RES in the steel industry is very important for responding to climate 
change. For this, and can be divided into two sub-categories:  
o Companies which have access to developing countries and provide high added value 

products (technology leaders, such as ThyssenKrupp and Riva);  
o Companies which are based in developing countries and provide steel commodities 

(for instance steel makers located in new member states); 
 Niche specialists, which provide only a narrow range of products, usually very 

specialized, are present in few locations (ICF Consulting 2015).  

R&D are often presented through cooperation with global players, as technology providers and 
research institution. At the initial stage network also include small companies with specific 
knowledge often not related to the specific sector but can be supplementary to the steelmaking 
processes. 

Along wide network on supra and national level steel association (e.g. Italy- Federacciai196 and 

Assofermet197 – Italian National Association of iron and Steel Trader; United Kingdom- UK 
Steel198) consolidate main steel market players, covering also number of actors and networks 
not related the steel association (such as IT’s companies), but taking leading role in sectoral 
R&D. 

Moreover, through the European Innovation Partnership on Raw Materials, the industry 
cooperates with relevant actors at EU, national and regional levels to accelerate innovations 
that ensure secure, sustainable supplies of both primary and secondary raw materials. 

RFCS projects 

To provide evidences of distribution of technology innovative system, an analysis of projects 
co-financed by the RFCS which started between 2015 and 2018 was performed. Main purpose 
was to highlight how TIS network is distributed around Europe. Projects listed in the steel 

196 www.federacciai.it 
197 www.assofermet.it 
198 www.uksteel.org.uk
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technological groups were selected out of 145 projects grouped in nine technological groups. 
Figure 96 shows number of projects financed by the RFCS. 

Figure 96. Number of projects in steel industry co-financed by RFCS between 2015 and 2018

Source: (RFCS 2018). 

Germany takes the leading position with 24 projects; second position takes Austria - 10 projects 
and third one is shared by Poland and the Czech Republic with 8 projects. Italy and United 
Kingdom have 7 and 2 projects respectively. Further description of the projects is provided in 
national case studies sections 4.3 and 4.4 .  

There were some examples identified of evidences of collaboration among global players and 
national level actors, which were mainly represented by universities and laboratories. For 
example, among:  

 Italy: Centro Sviluppo Materiali Spa, Scuola superiore di studi universitari e di 
perfezionamento Sant'Anna;  

 United Kingdom: Materials Processing Institute; 
 Germany: VDEH-Betriebsforschungsinstitut GmbH.  

A number of global players, e.g. subsidiaries, companies, are linked to European 
technology innovative system. Out of own R&D capacities they also supporting local 
institutions. For example, in Europe, Tata Steel Research & Development operates from centres 
in two countries, providing capability for manufacturing and commercial operations. In 
Nederland’s the IJmuiden Technology Centre on the integrated steelworks site of TATA, and 
in the UK consolidated R&D activities are at the University of Warwick campus199, employing 

199 https://www.tatasteeleurope.com/en/careers/uk/Research-and-Development#
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almost 1,000 researchers across Britain. Under the analysis number of ArcelorMittal 
subsidiaries were identified. Company itself has 10 research sites located in Europe, North 
America, and South America. In 2017, ArcelorMittal's R&D expense was $278 million200.  

Error! Reference source not found. presents the location of the identified major production 
and research centres of the steel sector in Europe. 

Figure 97 Location of the identified major production and research centres of the steel sector in Europe 

Source: • 

Figure 121. EU steel value chain –R&D network 

Source: EUROFER. 

Technological group description of programs in the Research Fund for Coal and Steel (RFCS) 
are shown in Table 62. Both coal mining and steel production are covered since the two 
industries are merging nowadays therefore possible synergies can be found. 

200 https://corporate.arcelormittal.com/what-we-do/research-and-development/research-centres
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Table 62 Research Fund for Coal and Steel (RFCS) technological group description 

Technical 
Group Coal 1 

Coal mining 
operation, mine 
infrastructure and 
management, 
unconventional use of 
coal deposits 

Modern techniques for surveying deposits 

Integrated mine planning 

Highly efficient, largely automated excavation and mining 
technologies corresponding to the geological characteristics of 
EU hard coal deposits 

Appropriate support technologies 

Transport systems 

Power supply services, communication and information, 
transmission, monitoring and process control system 

Health and safety in mines, gas control, ventilation and air 
conditioning, occupational health safety 

Reduction of greenhouse emissions from coal deposits 

Return to the mine of mining waste, fly ash, desulphurisation, 
other forms of waste 

Refurbishment of waste heaps and the industrial use of residues 
from coal production and consumption 

Protection of water tables and the purification of mine drainage 
water 

Protection of surface installation against the effects of subsidence 
in the short- and long-term CO2 geological storage 

Upgrading coal deposits; coal bed methane, enhanced coal bed 
methane, underground gasification, others 

Technical 
Group Coal 2 

Coal preparation, 
conversion and 
upgrading 

Coal beneficiation 

Coke making 

Coal-derived carbon materials 

Coal gasification (hydrogen, syngas, synthetic natural gas etc.), 
including chemical and process aspects of underground coal 
gasification 

Coal liquefaction 

Environmental issues associated with coal upgrading processes 

Technical 
Group Coal 3 

Coal combustion, clean 
and efficient coal 
technologies, CO2 
capture 

Clean and efficient coal combustion 

Integration of the coal chain, from mining to the final product 
(electricity, heat, hydrogen, coke) 

Carbon management strategy 

Reduction of the environmental impact of installations using EU 
coal, lignite and oil shale 

Reduction in emissions from coal utilization 
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Clean and efficient coal technologies 

CO2 capture 

Co-combustion of coal with solid waste or biomass 

Zero emissions and high efficient power generation 

CHP from coal 

Coal contribution to global energy security 

Technical 
Group Steel 1 

Ore agglomeration and 
Ironmaking 

Ore agglomeration, sintering and pelletising processes 

New and improved iron-ore reduction processes (including DRI 
& C-free reduction) 

Ironmaking processes and operations including slag treatment 

Standardisation of testing and evaluation methods 

Maintenance and reliability of production lines 

Reduction of emissions, energy consumption and improvement 
of the environmental impact 

Instrumentation, modelling and control of processes 

Technical 
Group Steel 2 

Steelmaking processes Electric arc furnace processes 

Physicochemical metallurgy of liquid steel and slag 

Recycling of steel scrap 

Secondary metallurgy techniques 

Standardisation of testing and evaluation methods 

Maintenance and reliability of production lines 

Reduction of emissions, energy consumption and improvement 
of the environmental impact 

Instrumentation, modelling and control of processes 

Technical 
Group Steel 3 

Technical 
Group Steel 4 

Casting Continuous casting and near net shape casting techniques with or 
without direct rolling for flat and long products 

Chemistry and physics of solidification 

Ingot casting 

Maintenance and reliability of production lines 

Reduction of emissions, energy consumption and improvement 
of the environmental impact 

Standardisation of testing and evaluation methods 

Instrumentation, modelling and control of processes 

Hot and cold rolling 
processes 

Reheating furnaces 

Hot and cold rolling 
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Thermal treatments 

Standardisation of testing and evaluation methods 

Maintenance and reliability of production lines 

Reduction of emissions, energy consumption and improvement 
of the environmental impact 

Instrumentation, modelling and control of processes 

Technical 
Group Steel 5 

Finishing and coating Heat treatment technology 

Chemical treatments, finishing and coating techniques including 
new technologies 

Coating development, including new coatings 

Surface characteristics 

Corrosion properties 

Standardisation of testing and evaluation methods 

Maintenance and reliability of production lines 

Reduction of emissions, energy consumption and improvement 
of the environmental impact 

Instrumentation, modelling and control of processes 

Technical 
Group Steel 6 

Physical metallurgy and 
design of new generic 
steel grades 

Precipitation, re-crystallisation, microstructure & texture and 
ageing 

Predictive simulation models on microstructures & mechanical 
properties 

Development of steel with improved properties at low and high 
temperatures such as strength and toughness, fatigue, wear, creep 
and resistance against fracture 

Magnetic properties 

New steel grades for demanding applications 

Standardisation of testing and evaluation methods 

Technical 
Group Steel 7 

Steel products and 
applications for 
automobiles, packaging 
and home appliances 

Technologies relating to the forming, cutting, welding and 
joining of steel and other materials 

Design of assembled structures to facilitate the easy recovery of 
steel scrap and its re-conversion into usable steels and techniques 
for recycling 

Steel-containing composites and sandwich structures 

Prolonging service life of steel products 

Standardisation of testing and evaluation methods 

Technical 
Group Steel 8 

Steel products and 
applications for 

Structural safety and design methods, in particular with regard to 
resistance to fire and earthquakes 
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building, construction 
and industry 

Technologies relating to the forming, cutting, welding and 
joining of steel and other materials 

Design of assembled structures to facilitate the easy recovery of 
steel scrap and its re-conversion into usable steels and techniques 
for recycling 

Prolonging service life of steel products 

Standardisation of testing and evaluation methods 

Technical 
Group Steel 9 

Factory-wide control, 
social and 
environmental issues 

Instrumentation, control and automation including artificial 
intelligence and information technologies 

Analytical techniques 

Working conditions and quality of life at the work place 

Energy, water and material flow management 

Ergonomic methods 

Occupational health and safety 

Reduction of exposure to occupational emissions 

Standardisation of testing and evaluation methods 

New processes for sustainable steel production 

Recovery and valorisation by-products 

Techniques for classification and preparation of steel scrap 

Control and protection of the environment in and around the 
workplace 

Restoration of steelwork sites 

Recovery of spent liquors 

Water treatment 

Life cycle assessment and sustainable products 

Source: Own work. 

Productivity in the steel industry 

Firms at the frontier in the steel industry do not appear to exhibit a significantly better 
productivity performance when compared to non-frontier firms. Panel A in Figure 98 does not 
show a decoupling in productivity growth between firms at the frontier and other firms except 
for the last year (2009). During the first decade of the 2000s, productivity growth was very 
close to zero, except during the initial years of the financial crisis where frontier firms seem to 
have held better than non-frontier firms. Productivity for frontier steelmaking companies 
declined at an average annual rate of 2.3%, while productivity for non-frontier steel firms 
declined at an average annual rate of 4.5%. In practice, this suggests that steel has been less 
dynamic during the 2000s, when compared to other industries (Silva and De Carvalho 
2016). 
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Figure 98 Frontier productivity growth across industries 

Source: (Silva and De Carvalho 2016). 

Institutions and policies 

The EC stated in 2013 “The European steel industry finds itself with the simultaneous effects 
of low demand and overcapacity in a globalised steel market whilst at the same time being 
confronted with high energy prices and needing to invest to adjust to the green economy and 
produce innovative products” and “The Commission considers it essential that Europe remains 
an important steel producing region for economic, social and environmental reasons as well 
as for security of supply” (European Commission 2013a). 

In the EU, steel demand depends on the economic and financial status of a few key steel using 
industries – for example the construction and the automotive sectors account for a combined 
share of approximately 40% of steel demand. Engineering as well as electrical and electronic 
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equipment industries are also important drivers for the steel industry’s prosperity201 (European 
Commission 2013a). 

R&D in the steel industry 

Investments in R&D in the steel sector are relatively low in comparison with other sectors 
in manufacturing (Figure 100) (Silva and De Carvalho 2016).  

Analysing the research and development in the steel industry, concluded Silva and De Carvalho 
(Silva and De Carvalho 2016) that “The analysis shows that investments into R&D were 
drastically reduced during the run up to the financial crisis but are slowly increasing. Results 
from an analysis of patent applications suggest that the direction of invention in steel-related 
technologies is turning towards climate change mitigation. However, a recent downward trend 
could be of concern given the environmental challenges ahead”.

The key question is not so much about the number of inventions, but rather about their quality 
and the extent to which they are implemented and disseminated – only then it is possible to reap 
the economic and environmental benefits (Silva and De Carvalho 2016). 

R&D investments can be an important driver of productivity growth and are likely to be 
important for the steel industry to move towards increased energy efficiency and reduce CO2 

emission in the future (Silva and De Carvalho 2016). 

Even incremental innovations can be very important when considered in long period. Figure 99 
how different improvements to the EAF technology through time contributed to substantial 
gains progress in energy efficiency and productivity (Silva and De Carvalho 2016). 

201 The Commission will continue promoting the key steel using sectors, specifically through the Commission’s 
initiative ‘CARS 2020’ initiative, inter alia stimulating the demand of alternative fuel vehicles21 and through the 
Commission’s ‘Sustainable Construction’ initiative to increase the energy and resource efficiency and encourage 
renovation of the building stock. 
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Figure 99 Incremental innovations in Electric Arc Furnace technology 

Source: (Silva and De Carvalho 2016).  

Further increasing energy efficiency, supporting R&D of CCS, reusing industrial wastes 
and diversifying product applications are important goals for the steel industry. 
International collaboration and industry-government cooperation will be needed to 
further improve the energy and environmental performance of the steel sector (Silva and 
De Carvalho 2016). 

R&D expenditures 

Expenditures by steelmaking companies are amongst the lowest, comparable to R&D 
investments made by companies in the shipbuilding industry, but much below R&D spending 
in chemicals or plastics. This is visible both in terms of the share of R&D in total assets of the 
company (Panel A), but also in R&D relative to physical capital investment (Panel B), across 
the 1992 and 2014 period (Figure 101). 

Figure 100 Comparison of R&D intensities in steel and total manufacturing in selected countries 

Source: (Silva and De Carvalho 2016). 
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Figure 101 R&D investments by steelmaking companies 

Source: (Silva and De Carvalho 2016).  

Source: (Silva and De Carvalho 2016).  

Figure 102 compares R&D intensity (R&D expenditure divided by value-added) in selected 
economies for the period 2001-2009 (Silva and De Carvalho 2016). It is visible that R&D 
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intensity declined between 1998 and 2007 for several large steelmaking economies that 
historically exhibit high levels of R&D intensity.202

Figure 102 R&D intensity in the steel industry for selected economies 

Source: (Silva and De Carvalho 2016).  

Analysis of the functioning of the components 

European Council initiative to rectify the EU steel industry 

On 9 November 2015, an extraordinary meeting of the European Council’s Competitiveness 
Council was held to discuss challenges facing the steel industry in the EU. 203 Some of the points 
agreed upon included:  

Trade 

● Improving the speed and efficiency with which the EC can begin and resolve trade 
defence investigations. 

● Enabling better use of policy instruments to enforce trade defence. 

● Intensifying discussions through the OECD with major steel producers like China, Russia 
and India to safeguard EU interests. 

202 However, where available, data for 2008 and 2009 suggest an inversion of this trend. The latest information on 
absolute expenditure in R&D in the steel sector for the period 2011-2013, suggests that investments in R&D across 
several economies are increasing. For example, R&D investment in China and Korea has increased about 50% 
and 10%, respectively (Silva and De Carvalho 2016). 

203 HC Deb 10 November 2015 HCWS300.  
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● Improving the access that EU steel exporters have to “third markets”. 

Industrial development 

 Using EU funds to modernise the steel industry, including retraining and reintegration of 
redundant steel workers into the labour market. 

 Engage high level stakeholders in the industry to agree a plan of action to modernise the 
industry. 

 Implement the EC’s “circular economy” strategy to reduce waste and increase efficiency 
in manufacturing. 

Energy 

 Supporting energy intensive industries within existing State Aid rules. 
 Reviewing the EU ETS to ensure that the steel sector remains competitive whilst also 

reducing emissions. 
 Implementing the EU EnU. 

State Aid rules 

EU MSs are bound by strict rules which prohibit most financial assistance to failing companies 
since this assistance could distort competition between companies in the EU. These rules are 
the EU State Aid regulations and these are sometimes cited as one of the barriers to further 
Government support for the steel industry (Rhodes 2018). 

Seeking various types of mitigation options in the steel industry, the project FORECAST 
(Hartner, Kranzl, and Fritz 2019) clustered the options as:  

 incremental and BAT energy efficiency improvements, e.g. excess heat use, optimised 
control systems, high‐efficiency electric motors, variable speed drives, or very sector 
specific technologies like coke dry quenching in steel, 

 advanced energy‐ and resource efficient processes, e.g. radical process improvements 
(INNOV ≥TRL 5), e.g. thin slab or strip casting in steel finishing, 

 fuel and feedstock204 switching, fuel switching to RES, e.g. stronger fuel switching to  
biomass, power‐to‐heat and power‐to‐gas technologies, radical changes in industrial 
process technologies like switch to hydrogen, more district heat  demand from excessive 
heat, fuel switching to biomass and electricity (<500°C), switch to biomass or electric 
boilers to provide steam in chemicals industries, RES‐H2 direct reduction to replace 
basic oxygen furnace route in steelmaking,  

 CCS, e.g. CCS for major energy‐intensive point sources, 
 recycling and re‐use, e.g. stronger switch to secondary production (e.g. electric steel, 

secondary aluminium), 
 material efficiency and substitution, e.g. increase in material efficiency and substitution.  

204 Feedstock: describes the precursor compounds for a specific chemical process. Within the process chains of the 
chemical industry, most feedstocks originate from fossil fuels (coal, oil, natural gas) (IEA, ICCA 2013). 
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EM as defined in this report addresses to different extent most of them. 

The persistent price-cost squeeze on all steel producers make them seek further cost 
reduction to remain cost competitive. McKinsey (Chalabyan, Mori, and Vercammen 2018) 
promote benchmarking as an effective tool to meet excellence. It has helped some steel 
producers identify further cost-improvement opportunities in the range of 5…10% of the total 
cost base. To address these issues, steel producers can choose from several options, e.g. 
consolidation and structural capacity reduction, customer orientation and commercial 
excellence, operational excellence. Operational excellence is the means which the steel 
producers control completely. Steel producers can inter alia focus on increasing energy and 
material efficiency, for example, by reducing the fuel rate at a BF; reducing the yield losses in 
steelmaking, continuous casting, or rolling; or reducing consumption of energy and 
consumables (Chalabyan, Mori, and Vercammen 2018). EM can serve as an effective tool in 
the process of seeking operational excellence. McKinsey proposes a technical or 
operational benchmarking approach in the steel industry consisting of three steps: 
baselining, normalization and benchmarking, and opportunity sizing and prioritization (Figure 
103). Operational key performance indicators (KPIs) selected for benchmarking shall therefore 
comprise energy and GHG emission indicators. McKinsey gives a few examples of such KIPs, 
e.g. related to BF productivity or gas consumption in a hot strip mill. 

Figure 103 A three-step approach for benchmarking steel operations 

Source: (Chalabyan, Mori, and Vercammen 2018). 

Analysis of relevant past system transition 
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In 2013 the EC warned “Today, the European steel sector finds itself in a very difficult 
situation” (European Commission 2013a). With the Communication Steel: Preserving 
sustainable jobs and growth in Europe, the Commission took steps to strengthen the EU’s 
defence against unfair trading practices.  

Carbon leakage in the steel industry 

For steel industry which has a relatively long value chain introduction of an enforceable system 
preventing “carbon leakage” seems to present insuperable obstacles. Hummel and Canapa 
(Hummel and Canapa 2013b) argue that imposing a CO2 tax on imports of crude steel would 
inevitably displace the problem to the next step of the value chain, namely hot rolled products, 
and so on down to fabricated products in which the amount of steel, its origin and carbon 
footprint would be almost impossible to trace. 

In terms of protection against the risk of “carbon leakage”, free allocation (based on 
meaningful benchmarks to push the whole sector to best-practice) seems to be the most 
effective and practicable policy instrument (Hummel and Canapa 2013b). 

Main lessons: barriers and enablers 

European steelworks are highly integrated into the existing structures, while changes of 
business infrastructure on the national level require significant investments and what is more 
important harmonised strategy or vision of sectoral transformation. 

Investments R&D and innovation could help the industry to lower its future capital 
requirements and operating costs, while possibly also increasing profits and reducing resource 
and energy use. While this would ultimately help the industry become more economically 
viable, the industry’s currently low level of profitability, its high debt, and difficulties in access 
to finance can act as significant barriers for investments in R&D and innovation (Silva and De 
Carvalho 2016).

Hydrogen-based steel production could become a major technology option for production from 
virgin materials, particularly in a scenario where CCS is not available. Imposing a binding 
climate target will shift the crude steel price to approximately $500 per tonne in the year 2050, 
provided that CCS is available. However, the increased prices are induced by CO2 prices rather 
than inflated production costs. It is concluded that a global climate target is not likely to 
influence the use of scrap, whereas it shall have an impact on the price of scrap. Finally, the 
results indicate that energy efficiency improvements of current processes will only be sufficient 
to meet the climate target in combination with CCS. New innovative techniques with lower 
climate impact will be vital for mitigating climate change. 

Increasing the amount of scrap recycled in Europe will firstly require better functioning 
secondary metals markets. This will depend on the cost of retrieving metals embedded in 
abandoned structures, discarded products and other waste streams and its relation to primary 
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metal prices205. In order to facilitate re-use and recycling, environmentally optimised product 
design should incorporate ease of dismantling and separation of all steel components. By 
maximising recycling, more steel can be kept in circulation. The Eco-Design Directive206

allows for the possibility to set out requirements on the on the recyclability, dismantling of 
products in a cost-effective way, which could contribute to ensuring better access to high grade 
scrap metals (European Commission 2013a). 

Due to its electricity-intensive nature, the EAF route combined with RES energy could 
contribute to the decarbonisation of steel making. In contrast, the decarbonisation potential of 
the BF-BOF route is more limited due to the integral role of coal in this process, which can only 
be partially replaced by lower carbon fuel sources. 

Decarbonising steelmaking requires looking beyond these scenarios based on currently 
available technology. To rapidly decarbonise the steel sector, investments must be made to 
intensify R&D, demonstrate and introduce to the market innovative steel production routes such 
as processes that integrate CCS, electrolysis using RES energy or a route using renewables-
based hydrogen. 

Similarly, to other EIIs, energy costs are one of the main competitiveness drivers for the 
European steel sector. The steel industry estimates that energy costs represent up to 40% 
of total operational costs depending on the segment of the value chain. European industry 
is faced with higher energy prices than most of its international competitors, a trend which has 
been amplified by price development dynamics of recent years (European Commission 2013a). 

The steel sector faces longer-term challenges which require continued investment in 
breakthrough technologies. It is therefore of interest to review how the EU supports the steel 
industry in its modernisation path (European Commission 2016b). Several EU funds actively 
support the steel industry on its modernisation path by facilitating investment and helping 
the development and deployment of innovation.

In respect of energy costs faced by EIIs, MSs are encouraged to compensate indirect financing 
costs of RES energy support schemes as allowed under the 2014 Energy and Environmental 
Aid Guidelines. The 2012 EU ETS guidelines also allow MS to offset higher electricity costs 
faced by some energy intensive industries as a result of EU ETS rules on electricity 
generators under certain conditions. The EC also stands ready to swiftly provide additional 
guidance on the competition assessment of long-term energy supply contracts upon request by 
individual companies. 

Not only is steel fully recyclable without loss of quality but by-products of steelmaking (e.g. 
slag) are almost fully utilised. Therefore, with regards to the Europe2020 flagship initiative on 
Resource Efficiency207, the steel industry is well positioned to benefit from an increased focus 
on Life-Cycle Approach (LCA), increase in recycling rates and better use of by-products. 

205 http://scripts.cac.psu.edu/users/n/w/nwh5089/Steel%20Recycling%20Process.pdf

206 Directive 2009/125/EC. 

207 COM(2011) 21 
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The research made by Johansson (Johansson 2015) deserves special interest since it is based on 
interviews made in the Swedish steel industry which is one of the most advanced in the world. 
The results shown that the majority of the barriers to improved energy efficiency 
experienced by the respondent have their roots in the company, which implies that at least 
theoretically they may be removed by sound EM practices (Table 63). Some of them are 
trivial and prove that ambitious and motivation of the staff play important role in EM success.

Table 63 Barriers to improved energy efficiency experienced by the energy managers interviewed in the Swedish steel industry 

Category Barrier 

Technology-
related barrier 

Seasonal variations in the DHS heat demand (barrier to industrial excess heat recovery and 
export to DHS) (E)

Intermittent excess heat flow (barrier to industrial excess heat recovery and export to DHS) 
(I) 

Organisational Lack of time (I)

Lack of personnel (I) 

Lack of direct contact between energy manager and senior management/CEO (I)  

Lack of internal dialogue (I) 

Information 
barriers 

Information not clear by the technology suppliers (E)

Lack of pre-studies (I) 

Economic Risk of production disruption (I) 

Investment criterion—too long payback period (I/E) 

Market Low willingness to invest due to recession (E) 

Behavioural Production managers have other priorities (I)

Other priorities for capital investments (I)  

Personnel without commitment for energy efficiency (I)  

Personnel resist change (I) 

Territorial thinking (I) 

Barriers related to 
competence  

Technology suppliers lack energy competence and holistic view (E)  

Lack of people with higher education in the energy field (I/E) 

Awareness Lack of awareness of the potential of engaging employees (I) 

The barrier may have its origin within the firm (I) or outside the firm (E). 

Source: (Johansson 2015). 

Table 64 presents driving forces for improved energy efficiency experienced by the energy 
managers interviewed in the Swedish steel industry. Many of them are also staff- an knowledge-
dependent. 

Table 64 Driving forces for improved energy efficiency experienced by the energy managers interviewed in the Swedish steel 
industry 

Category Driving forces 

Organisational  Cooperation within the corporate group (I/E 
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Information drivers Networking with other energy managers: knowledge and information 
sharing (E)

Well-prepared pre-studies (I)

Economic Cost reduction from lowered energy use (I) 

Behavioural People with real ambition (I)  

Senior management prioritises energy issues (I) 

Drivers related to competence Energy manager has knowledge and experience of production processes (I) 

Awareness Making employees aware of energy issues (I) 

Government/politics Compliance with regulatory issues (E) 

The barrier may have its origin within the firm (I) or outside the firm (E). 

Source: (Johansson 2015).

Future of the EU steel industry 

Greening the steel industry 

Traditional steel is made by smelting iron ore with carbon in BFs, in the process producing 
massive amounts of CO2. “Green steel” is made by melting existing scrap steel in electric arc 
furnaces. 

The call for greening steelmaking as direct consequence of climate change mitigation in the 
steel industry drives the innovation process. Silva and De Carvalh (Silva and De Carvalho 2016) 
are of the opinion that industrial application of already existing technologies could significantly 
contribute to reduce GHG, e.g. wider diffusion of the use of more energy-efficient production 
practices could significantly reduce CO2 emissions. In the longer-term breakthrough 
technologies will be required to make further reduction. The widespread application of CCS 
combined with RES has mostly been cited as absolutely necessary technology. 

The “Green steel” initiative launched in the UK is believed to be a game-changer (Rhodes 
2018). 

Transition to circular economy 

Transitioning to circular economy strategies can further reduce steel demand. This could 
include implementing measures to increase material efficiency, such as lightweight product 
design, increasing product lifespans, using products more intensively, and better manufacturing 
processes. In addition, transitioning to circular product designs that enable the re-use of steel 
without melting and the substitution of steel with lower emissions-intensive materials, such as 
aluminium and plastics in vehicles, can also lower steel demand. 

Sa et al. (Sa et al. 2015) concluded on the literature review, there are indications that EMSs are 
positively related to a top management support and ambitious, productivity, and firm’s climate 
friendly R&D. However, large organizations often have some difficulties over SMEs in 
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ensuring effective EM. In larger organizations, lines of communication are generally wider, 
organizational structures are complex enough, and access to a top management is rather 
difficult. All of these characteristics can be real disadvantages for effective EM for large 
companies, especially for foundry industries which have more complex production process 
than, for example, non-energy intensive companies where the major energy use is in the support 
processes. However, proper meeting schedule between the energy group’s members can 
be a means of overcoming the mentioned problems. Other tools for EM success in large 
industries could be a centralized focus and energy manager’s high desire to save energy 
and environment. This finding is also probed by Brunke et al. (Jean-Christian Brunke, Maria 
Johansson 2014). The energy manager’s background is another important aspect which has had 
a direct impact on the EM success at the studied company. 

Digitization and Industry 4.0 entering the EU steel industry 

The term Industry 4.0 was originally proposed in the German High Tech 2020 Strategy 
launched in 2011 (European Commission 2017a).“Industrie 4.0” is a national strategic 
initiative by the German government. It aims to drive digital manufacturing forward by 
increasing digitisation and the interconnection of products, value chains and business models 
as well as to support research, the networking of industry partners and standardisation. 

Although the commonly accepted and understood definition of Industry 4.0 is missing, Arens 
quotes the descriptive definition proposed by (Hofmann and Rüsch, 2017)208 “… a shift in the 
manufacturing logic towards an increasingly decentralised, self-regulating approach of value 
creation, enabled by concepts and technologies such as cyber-physical-systems (CPS), 
Internet-of-Things (IoT), Internet-of-Services (IoS), cloud computing or additive 
manufacturing and smart factories, so as to help companies meet future production 
requirements”. 

Arens (Arens 2019) writes about two initiatives which deal with digitalisation and Industry 4.0 
in the European steel industry (Table 65). 

Table 65 Initiatives which deal with digitalisation and Industry 4.0 in the European steel industry 

Group  Type of partners Members 
ESTEP Working 
Group Integrated 
Intelligent 
Manufacturing (I2M) 
(2008) 

European or multinational 
steelmakers 
Plant manufactures and several 
European universities and R&D 
institutions 

ThyssenKrupp Steel Europe, Salzgitter 
Flachstahl, Hüttenwerke Krupp Mannesmann, 
Arcelor Mittal Ruhrort & Bremen, Dillinger, 
Voestalpine, Stahlwerke Thüringen, 
Stahlinstitut VDEh, VDEh-
Betriebsforschungsinstitut BFI. 

Working Group 
Industrie 4.0 of 
Steelinstitute VDEh 
(2014) 

European or multinational 
steelmakers (from German 
speaking countries) 
Research institution of the 
Steelinstitute VDEh 

Arcelor Mittal, Tata Steel, ThyssenKrupp Steel 
Europe, Voestalpine, Ilva, Primetals, Danieli, 
VDEh-Betriebsfoschungsinstitut BFI, Centro 
Sviluppo Materiali, Centre d'Excellence en 
Technologies de l'Information et de la 

208Hofmann, E., Rüsch, M., 2017. Industry 4.0 and the current status as well as future prospects on logistics. 
Comput. Ind. 89, 23–34. 
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Communication, Scuola Superiore Sant'Anna, 
Lulea University 

Source: Own work based on (Arens 2019). 

The Research Fund for Coal and Steel (RFCS), the most important supporting program for 
technology development in the European iron and steel industry, is also contributing to 
digitizing this industry (Arens 2019). She reviewed a large number of projects from 2003 to 
2018 and found 156 that meet the criteria of “digitization and Industry 4.0”. The total budget 
of all of them amounted to €272 million what gives an average of €1.7 million per project. The 
figures may indicate that the resources are highly dispersed and possibly do not have the 
potential to initiative deep changes towards Industry 4.0. 

Out of the 156 projects funded, 140 were rated by experts. Out of these, 53 projects were 
classified by experts as relevant to Industry 4.0 (Figure 104 Number of projects that cover 
aspects of digitalization by RFCS-categories vs. total projects in these categories (2003–2018)). 
On average about every second project shows aspects of digitalisation, and the consulted 
experts rated on average 15% of all projects as relevant for industry 4.0. The category “factory-
wide control, social and environmental issues” seems to be the most relevant group for projects 
on digitising the steel industry and Industry 4.0.

Figure 104 Number of projects that cover aspects of digitalization by RFCS-categories vs. total projects in these categories 
(2003–2018) 

Number of projects that cover aspects of digitalization by RFCS-categories vs. total projects in 
these categories (2003–2018) 

Interesting findings are on the involvement of different main actors in the RFSC projects (Arens 
2019). In total, about 200 actors are incorporated in the 156 projects that cover aspects of 
“digitalisation” and about 100 actors in the 53 “Industry 4.0” projects identified by the experts. 
However, only 78 and 32 participate in two or more projects in the mentioned categories, 
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respectively. There are nine actors209 participating in 20 or more projects that cover aspects of 
digitalisation, among these, there are also actors210 that play a major role in the “Industry 4.0”
projects rated by the experts. The VDEh-Betriebsforschungsinstitut (BFI), a German based 
research institution with close ties to the Steelinstitute VDEh, is involved in 79% of the 
Industry 4.0-projects identified by the experts. Arcelor Mittal, the Scuola Superiore Sant’Anna 
and the Centro Sviluppo Materiali, both Italian based research institutions are also deeply 
involved in developing “Industry 4.0” in the steel industry, holding a share of 49%, 45% and 
42%, respectively. 

Number of projects that cover aspects of digitalization by RFCS-categories vs. total projects in 
these categories (2003–2018) 

Figure 105Number of projects that cover aspects of digitalization by RFCS-categories vs. total projects in these categories 
(2003–2018) 

The research shows that all major actors of the European steel industry are active in the 
field of digitizing this industry. Major actors who were previously not associated with the 
steel industry were identified as involved in the projects. It can be because steel industry is “a 
close circle” with no or very few new entranced. Remarkably, plant manufactures or IT-
providers seem only to play a minor role in RFCS projects on digitizing the steel industry. 

The global steel tycoon, ArcelorMittal, has been involved in the largest number of projects, 
followed by ThyssenKrupp and Tata Steel and to some extend also Gerdau and Voestalpine are 

209  These are namely VDEh Betriebsforschungsinstitut BFI, ArcelorMittal, Swerea Mefos/Kimab, Centro 
Sviluppo Materiali, Tata Steel, Scuola Superiore Sant Anna, ThyssenKrupp, Centre de Recherches Metallurgiques 
and Gerdau. 

210 These are namely VDEh Betriebsforschungsinstitut BFI, ArcelorMittal, Scuola Superiore Sant Anna, Centro 
Sviluppo Materiali, Swerea Mefos/Kimab. 
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relevant actors as well. It was found that manufacturers rarely participate in R&D projects. 
Large research institutions like the VDEh Betriebsforschungsinstitut BFI, ArcelorMittal, the 
Scuola Superiore Sant Anna, the Centro Sviluppo Materiali, and Swerea Mefos/Kimab are most 
common in the projects too.  

This concentration shows that main players in the iron and steel industry recognise the decisive 
role technological innovation may play in seeking market advantage. Arens (Arens 2019) 
claims that all major actors of the European steel industry are active in the field of digitizing 
this industry. Future research could correlate the amount of identified R&D projects with 
relevant factors describing the size of the actor (e.g. produced tonnes of steel for steel 
companies, number of scientists for research institutions, or turn over for plant manufactures) 
to identify if some actors are especially active in this field. She has not identified any new 
entrants into the steel industry. 

Deloitte (Deloitte 2018) made a survey among steel manufactures in Russia asking about 
implementation of advanced innovative technology, e.g. energy saving technologies, 
alternative energy sources, electronic document management (EDM), advanced ERP systems 
(CRM, SAP, etc.), full automation of business process chain, full automation of selected 
business processes, IoT (machine-to-machine communication, IoT-technologies), augmented 
or virtual reality, blockchain technology, big data, and computer intelligence. This full set on 
novel technologies indicates that they are considered as possible options in the steel industry in 
the near future. Their even partial implementation would place that very traditional industry of 
steelmaking among developing industries despite the very traditional core technologies it uses. 

Long-term perspective 

The future outcome of technologies in the iron and steel industry is not clear (Hagenbruch 
and Zeumer 2017), (McKinsey 2014), (Chalabyan, Mori, and Vercammen 2018). Steel 
industry have low profit margins, due to the high fixed cost, overcapacity and unfair 
competition. On the one hand, factors which slow down development of current technologies 
around market are accelerating the progress of new, innovative technologies. The most of pilot 
projects consider strong increase of the environmental policies costs and access to low cost 
carbon-free energy. This circumstance will speedup deployment of steelmaking processes 
based on hydrogen. Predominantly, incremental innovations, such as energy management with 
typically stepwise effects such as productivity increases, energy cost reduction and more 
efficient material use have entered the markets. Similarly, with access to the steel scrap, high 
level of uncertainty of scarp price and accessibility limiting the substitution of integrated 
steelmaking process by electric. 

It is of interest to discuss the predicted (modelled) future of the EU steel industry necessary to 
meet the 2050 EU industry GHG reduction objectives. A radical change of technologies in steel 
sector is predicted in all scenario considered in the SET-Nav project (Figure 106). Especially a 
strong substituting BF steel production is assumed as necessary. EAF supported by other 
novel technologies is assumed as main technological innovation till 2050. In quantitative 
terms, production in the European steel industry is stagnating assuming a constant development 
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in established steel producing countries (e.g. Austria, Germany) as well as a decoupling of value 
added and physical production based on historic trends while for selected new MSs, still slight 
increase in steel production is predicted. 

Figure 106 EU28 crude steel production by process in 2015-2050. SET-Nav project prediction 

Source: (Hartner, Kranzl, and Fritz 2019). 

Lee (Lee 2015) researched the status of energy management practices in the Korean steel 
industry focusing on drivers and barriers to energy efficiency, the circumstances in which these 
practices arise and the extent to which public policy or organizational change may overcome 
them. He found that market-based factors (e.g. cost savings, energy tax, capital budget, cost of 
identifying and analysing business opportunities, beneficial loans for energy efficiency 
investments), as well as organizational/individual behavioural factors (e.g. technical risk, lack 
of manager’s influence, owner’s demand, top management commitment, and corporate 
reputation, owners’ demands) play important roles in energy efficiency investment towards 
sustainable development in the steel industry. Regulatory institutional factors (e.g. carbon tax) 
did not have much effect on energy efficiency investment. This last finding may be not true in 
the EU industry working under hard pressure from the climate policy, e.g. EU ETS.  

There is a risk that these findings are only valid for the Korean steel industry although Lee 
noticed that his conclusions do not differ from previous studies (Thollander and Ottosson, 
2008211; Sorrell et al., 2004212). 

Modelling of the roadmaps in the steel industry 

211 Thollander P, Ottosson M, 2008. An energy efficient Swedish pulp and paper industry – exploring barriers to 
and driving forces for cost-effective energy efficiency investments. Energy Efficiency 1: 21–34.

212 Sorrell S, O’Malley E, Schleich J, Scott S. 2004. The Economics of Energy Efficiency. Elgar: Cheltenham, 
UK. 
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All the major long-term models of energy demand possess modules on the steel sector. It is 
obvious taking into account the crucial role in the energy demand and GHG emission of the 
sector. 

Rather few models are built especially to model iron and steel sector future (Griffin 2015). The 
JRC produced the ISIM model to simulate production and consumption of steel, energy demand 
and CO2 emissions over the period 1997-2030. New and retrofit technology routes were 
assessed but from a top-down perspective with limited detail. Moreover, technologies 
incorporating CCS were not included and the assessment preceded developments associated 
with the ULCOS programme. Over the past few years focus has shifted to the development of 
bottom-up technological modelling. In 2012 the JRC published such a study assessing the 
impact on the European iron and steel sector of technology diffusion out to 2030 (European 
Commission 2012c). The assessment is reasonably transparent in terms of assumptions on 
process performance and the economics of plant and resource flows. However, the time horizon 
of the study is inconsistent with the expected course of development of key technology options 
assessed including CCS.  

In 2013 the Boston Consulting Group (BCG) and the Steel Institute VDEh produced a bottom-
up assessment of the European iron and steel sector out to 2050 (Boston Consuting Group 
2013). The study was commissioned by EUROFER, who elaborate on the findings in their 
publication “A steel roadmap for a low carbon Europe 2050” (Hummel and Canapa 2013a). 
The BCG/VDEh study does not state many of the assumptions used in its model simulations 
nor does it disclose critical variables, e.g. fuel and feedstock prices. Moreover, technologies are 
compared by their steelmaking process routes (to the level of hot-rolling) with consideration of 
steam and power generating plant, or other ancillary plant such as onsite oxygen production, 
omitted or accounted for with simplifying assumptions. Key breakthrough technologies such 
as HIsarna, ULCORED, and ULCOWIN were also omitted from the analysis (Griffin 2015). 

Summary of Energy Management (EM) in the EU iron and 
steel industry case 

Table 66 describes and evaluates issues which are typical for the whole steel industry at the EU 
level. This national case tables for UK (Table 115) and Italy (Table 117) the do not repeat all 
issues which are common for the EU industry. 

Table 66 Summary of Energy Management (EM) in the EU iron and steel industry case 

Issue Description 

Technology relevance 
for deep 
decarbonization 

EM can highly contribute to deep decarbonisation of the EU steel industry 

EM can serve as an effective tool in the process of seeking operational excellence 

EM builds coherent framework for energy saving and contribute to meeting other 
sustainable and societal objectives 

Climate policy is a strong drive of innovation in the steel industry 

Invention in steel-related technologies is turning towards climate change mitigation 
(increasing number of patents related to climate change mitigation in the steel sector) 
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Similarly, to other EIIs, energy costs are one of the main competitiveness drivers for 
the EU steel sector since energy costs represent up to 40% of total operational costs 
depending on the segment of the value chain 

Technology developments and demand in steel sector, alike as in the chemical, will 
impact the global coal demand 

Through EM, the steel industry is well positioned to benefit from an increased focus 
on Life-Cycle Approach, increase in recycling rates and better use of by-products 

Traditional high value attributed to technological progress and innovation as a crucial 
innovation drive in industry development 

Twofold contribution to decarbonisation through EM – through lower energy 
consumption in the industry, lower emission technologies, and by manufacturing 
better quality products e.g. higher quality steel 

Increased recycle of steel scrap contributes to circular economy 

Current status of this 
technology 

(development stage, 
demonstration, 
mature, full diffusion) 

Further increasing energy efficiency by EM, supporting R&D of CCS, reusing 
industrial wastes and diversifying product applications are important goals for the 
steel industry 

EM role and its advantages are well understood although it encounters many typical 
barriers 

Existing technologies in the steel industry can significantly contribute to reduce 
GHG, e.g. wider diffusion of the use of more energy-efficient production practices 

EAF supported by other novel technologies is assumed as main technological 
innovation till 2050 

In the longer-term breakthrough technologies will be required to make further 
reduction, e.g. CCS, hydrogen-based steel production, electrolysis using RES energy 

EM improvements will only in combination with CCS be sufficient to contribute to 
the climate objectives in fair proportion to energy consumption 

Steel industry traditionally represents high technical culture what enables adoption 
of innovative technologies 

High number of organisations with established EMS in the steel sector, e.g. with 
ISO 50001, ISO 14001, EMAS 

Inability to prove economic viability is one of the main implementation barriers in 
EM (measurement and verification (M&V) methodologies are very general and not 
standardised) 

EM low-emission technologies in the steel sector are subject of intensive R&D works 

Potential penetration 
rate/market share of 
this technology 

Time to reach this 
stage 

Relatively low penetration of EM into steel industry due to high investment costs, 
long investment cycle, high business risk 

Incremental innovations are often downgraded in the pursuit for a “break-through” 
technology 

Assessment of the case 
as a success or a 
failure? Why? 

Failure 

Over the last 40 years, steel unite energy consumption in the European steel industry 
has dramatically decreased by 50% 

“Energy efficiency gap” still exists in the steel sector – economically viable 
technologies are in place however they are not fully exploited 

Concerning productivity, steel industry has been less dynamic during the 2000s, 
when compared to other industries 
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Yearly increase of energy consumption in the EU industry is about 1.6% 

Minimal progress in energy efficiency in industry in 2000-2016 (saturation observed 
and resulting need for additional effective measures and incentives) 

Lack of effective long-term EU strategy of industry transformation (Industry 4.0) 

EM saving potential not fully exploited (“energy efficiency gap”) 

Lack of sectorial targeted energy saving goals 

EM is not priority in the steel industry practice 

Main technology, 
technological, 
infrastructure and 
knowledge barriers 
for this technology 

Were they overcome 
(in case of success) or 
not overcome (in case 
of failure) 

Cost as main driver of 
success (or failure) or 
not

Thermodynamically, most modern installations in the EU steel industry are close to 
the Carno limit 

Steel industry despite large energy efficiency potentials is hard to reduce GHG 
emission due to the nature of core technologies 

Many modern technologies can be implemented only when the existing technologies 
are completely removed (limited options for partial retrofit) 

Lack of breakthrough technology implemented at industrial scale, e.g. CCS, RES 
electrolysis, “green (RES) hydrogen”  

Steel products are constantly evolving, driven in part by R&D conducted in 
collaboration with steel-using industries 

All major actors of the European steel industry are active in the field of digitizing 
this industry 

A shift towards EAF would help the steel industry move towards a circular value 
chain (the energy intensity of EAF process is around one third of the BF-BOF 
process) 

Specific CO2 emission in the steel industry in Europe is some of the lowest in the 
world 

Effective functioning of trade chambers, industrial associates supporting steel 
industry 

High usage of coal in technologies where lower emission substitution is possible, e.g. 
as energy carrier or feedstock 

There are some options of replacing coal by RES energy although coal is not 
replaceable in many technology operations in steel production 

Insufficient interest in energy savings in auxiliary technologies, e.g. waste heat 
recovery, electrical drives 

Growing share of RES in national power capacity will make RES-based steel 
technologies more attractive 

Low use of RES energy in technological processes, e.g. hydrogen RES steel 
electrolysis 

Very high investments cost in core technologies and long duration of investment in 
instable global market deter EM high-cost improvements 

EU steel industry compete in global markets with producers who advantage from 
lower energy prices, environmental duties and labour costs 

Large manufacturing capacities in existing high-emission technologies block 
introduction of low-emission technologies 

Risk of import substitution in the EU market and difficulty with adoption common 
EU market expansion strategies 

Numerous cases of increasing own power capacity in fossil fuels to lower costs of 
electric taken from the power grid (power autarky) 
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Many barriers lie at the level of enterprises and are human related 

Insufficient involvement in Demand Side Management with the power utilities, e.g. 
in the case of EAFs  

Methodological and practical problems with reliable assessment of energy 
consumption in complex multioperation technological processes 

Limited number of benchmarks mostly due to unwillingness of industry to reveal 
energy, environmental and economic data 

High pressure from employees and union trades on improving work conditions that 
can partly be accomplished by EM implementation 

Low rate of R&D preparation to meet standards of Industry 4.0 

Shortage of highly-trained energy managers 

Well-functioning networks co-operating with R&D institutions, e.g. private research 
institutions, academia, industrial laboratories 

Costly and high-risk process of technology transfer from R&D stage to pilot and then 
to industrial stage 

Difficult economic position of the EU steel industry in recent years keeps the industry 
in balance between cost cutting and investments in novel capacity 

International collaboration and industry-government cooperation is needed to further 
improve the energy and environmental performance of the steel sector 

High EM investment cost, especially of large steel mills, with the risk of not 
achieving final profit (risk of stranded assets) 

The supply chain has increasingly globalised, evidenced by increasing 

import penetration and export shares of output  

Crucial actors that 
contributed to the 
success/failure of this 
technology 

Politicians:  

 It is politically essential that Europe remains an important steel producing 
region for economic, social and environmental reasons as well as for 
security of supply 

 Determination to build low-carbon EU economy despite protests from few 
MSs 

 Recent EC support for reindustrialisation as a key element of EU 
competitive economy 

 Strong political support for climate policy and following strong coal phase-
out energy policy 

 Growing power of “green” oriented parties on the EU political arena 
 Intensive public discussion on and support for strong climate policy 
 Strong support for RES and other low-emission energy technologies at EU 

and national levels 
 Efforts to remove distortion in power internal market to make it more 

competitive 
 Need to increase low public funding for R&D in low-carbon technologies 

in the steel sector 
 Poor co-ordination among complementary policies to support EM, e.g. 

innovation policy, tax policy, energy market regulation 
 Unsuccessful innovation policy despite different efforts by the government 
 EU energy efficiency legislation incapable to force deep industry 

decarbonisation, e.g. energy efficiency directives, EU ETS 
 Lack of concrete EM measures in the steel industry in NEEAPs of the 

majority MSs 
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Industry:  

 Steel industry has low profit margins, due to the high fixed cost, 
overcapacity and unfair global competition 

 Main players in the EU steel industry recognise the decisive role 
technological innovation may play in seeking market advantage 

 EU steelworks are highly integrated into the existing structures, while 
changes of business infrastructure on the national level require significant 
investments and what is more important harmonised strategy or vision of 
sectoral transformation, e.g. automobile, construction 

 Strongly export oriented steel industry in all producing MSs due to high 
competition in global steel market 

 Enjoy the privilege of being economically and socially “important” 
economy sector which may demotivate to  

 Low interest in EM in the steel industry 
 Difficulties to place EM in long-term strategies of the steel sector or the 

company 
 Many subsequent technological operations and long value chain make 

difficult to assess real costs and benefits of EM 
 Not fully recognised benefits of EM in the steel industry, e.g. 

environmental, economic, societal 
 Low R&D funding by private sector insufficient to overcome the barrier of 

pilot implementation at acceptable risk  
 Insufficient co-ordination of R&D co-operation between research 

institutions and industry 
 Small number of innovative companies in the steel industry 
 Inability to implement EM due to impropriate internal organisation, e.g. 

lack of knowledge, lack of capital, incompetent staff, difficulties with 
knowledge transfer in global companies 

 Long decision process in large steel companies 
 Insufficient information on EM, e.g. technologies, barriers, benefits, 

financing sources, risk, uncertainties 
 Volatile energy and raw material prices cause business risks 
 Lack or weak support from the MS’s governments 
 Instrument introduced by the EED are considered inappropriate for EIIs, 

e.g. steel industry, while bespoken instruments, e.g. voluntary agreements, 
would bring about cost effective energy savings 

 EEIs are doubly regulated by the EED and EU ETS what may bring 
overlaps and not lead to cost optimal investments 

 EII’s objective is to increase competitiveness by cost effective energy use 
reduction which may not coincide with cost optimal GHG emission 
reduction  

 Ineffective use of EU ETS revenues for low-emission technology transition 
in the steel industry 

 Possible lack of access to investment capital especially in cases of difficult 
economic standing of the company 

Financial institutions: 

 Possible unwillingness of financial institutions to finance industry operating 
at highly competitive markets at times of economic hardship and instability 

 Moderate incentives for low-emission technologies from environmental or 
energy efficiency funds 
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 Slow rate of withdrawing of some financial institutions from financing 
high-emission investments 

 Emerging barrier of financing due to withdrawal of key international 
financing institutions from financing high-emission technologies, e.g. 
EBRD, EIB 

Customers: 

 Low awareness of customers of negative impacts of emissions from EIIs, 
e.g. from the steel industry 

 Demand for bringing new products onto the market without obligation to 
trace “carbon-foot” 

Society: 

 Low recognition of the role of the EIIs, e.g. steel industry, in climate policy 
compared with e.g. stronger interest shown to power system, buildings 

 Weakly organised citizens’ movements supporting sustainable 
development of a society 

 Lack of interest to force inclusion of external costs of energy into total costs 
of industry 

Institutions (or lack 
thereof) contributed 
to make this case 
study a success/failure 

Crucial role of 
particular governance 
aspects in the process 

Large EU steel industry (2nd in the world)  

Traditional world’s leadership in steel technologies 

Global capital concentration in steel industry is very high what limits the intervention 
from the side of national governments 

Globally, surplus capacity in steel industry is likely to remain a long-term problem 

Steel industry is characterized by low degree of vertical integration compared with 
many other commodity industries 

Steel market is global and highly competitive, in opinion of many, not always 
governed by fair rules 

"Squeezed" between volatile energy and raw material costs and the increased 
pressure on price coming from end-users 

With low rate of production recovery estimated at 0.8% per year on average from 
2016 to 2025, the industry faces “a volatile decade” 

Investments in R&D in the steel sector are relatively low in comparison with other 
sectors in manufacturing 

Well-educated labour force (academic, non-academic, vocational) 

Stringent rules of public support and not always clear rules of eligible state 
compensation place the EU steel sector in an disadvantageous position against other 
global competitors 

Large share of steel production capacity located in few regions of MSs  

International positive publicity about the steel sector unlike e.g. the power sector  

High flexibility in logistics requirements (timely procurement to increase the quality 
of production and streamline the production process) 

Lack of “green” criteria in public procurement what deters transition towards 
innovate and more sustainable production 

Volatile global demand and unfair competitions impedes investments in 
manufacturing capacity (launch of new facilities) 

Lack or unclear recognition of increasing revenues by energy savings and energy 
related environmental costs reduction 
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Not fully recognised potential of EM contribution to reduction of production costs 
(including energy resources)  

Energy saving objectives are not well integrating into operational, maintenance or 
purchase procedures 

Business risks and risk of perturbation in production deter large investments which 
may result in losing clients or penalty payments  

Insufficient targeted economic incentivises for EM implementation in EIIs, e.g. in 
the form of tax reduction, risk sharing or loan guaranties from private and public 
financial institutions, e.g. EIB, EBRD 

High quality of domestic products reduce the risk of replacement of domestic 
products by import (”carbon leakage” consequence)??? 

High energy prices as compared with other large global steel producers support EM 
as a means of operational cost reduction 

Relative easiness and short-term flexibility for global companies to shift production 
among countries according to current economic, environmental or societal 
circumstances 

Crucial role of the world’s largest steel companies may impede innovation process 
in some countries while supporting in others 

Slow deployment of BAT due to lack of legal or economic obligations 

EM as innovation drive is badly embedded in old business models (lack of premium 
for innovation risk) 

Difficulties to enter onto new markets impedes investments in manufacturing 
capacity (launch of new facilities, production increase) 

Policies measures or 
regulations 
contributed to making 
this a success or a 
failure 

EU is a world’s leader in low-carbon energy and climate policy, e.g. energy 
efficiency and development of RES, what gives EM strong political support  

EU climate and environmental legislation and regulatory policy insufficiently 
support low-carbon transition in industry  

Weak correlation of low-carbon industry transformation with energy sector, circular 
economy and other policies 

Delayed EC industrial policy weakly supporting industrial restructuration 

Low EU priority of industry decarbonisation, including the steel industry, as 
compared with other economy sectors, e.g. power sector, building sector, transport 

Shortcomings of government sustainable oriented regulation of the industry 
(administrative, trade, economic and other barriers) 

Positive, however insufficient, impact of EU ETS on innovation trend in EEIs (low 
prices of emission allowances) 

Weak and delayed EU policy on energy efficiency, e.g. lack of obligation of 
appointment of energy manager, late introduction of energy audit obligation 

Existing public support to EIIs, including steel industry, through preferable energy 
prices for industry, tax reduction and exemptions from the energy efficiency 
obligation 

Lack of obligation of undertaking EM actions as a prerequisite of granting public 
support to EIIs 

Role of EU level 
innovation system/ EU 
regulation in the 
success/failure 

Steel industry is not considered at the EU level as an innovation industry 

Steel industry rely mostly on process innovation that tends to follow predefined 
technological trajectories through incremental innovation aimed at enhancing 
productivity 
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Through learning by doing, the engineers operating the factories generate 
incremental process innovations that trigger partial reinvestments 

Seeking transformation steel producers can choose from several options, e.g. 
consolidation and structural capacity reduction, customer orientation and 
commercial excellence, operational excellence including energy efficiency 

Innovations in the steel sector are predominantly of a technological nature, with 
traditional organizational structures and business cases 

Product innovation is only possible through downstream product differentiation in 
specialized market segments but lacks in the bulk segments for standardized basic 
materials 

A large number of technological projects in steel industry co-financed by RFCS 

A number of global players, e.g. subsidiaries, companies, are linked to EU 
technology innovative systems and benefit from them 

Rate of innovation in carbon mitigation related technologies in steel has been 
increasing over the last decades (patent survey) 

Innovations relevant to GHG mitigation in the steel sector come from a wide variety 
of actors, not necessarily from the steel industry 

Domination of few largest companies in EU R&D programs with small number of 
SMEs involved 

Slow rate of transition to Industry 4.0 model 

Reflection of the EU 
level case study to the 
experience of any 
particular country 

National cases are much driven by EU policies, e.g. by energy, environmental 
policies; too less extent by innovation trends 

Few global companies, including the EU ones, derive substantial benefits from EU 
R&D programs 

EU R&D programs seem to be to much dispersed, not strongly focused on crucial 
decarbonisation challenges tackled in truly interdisciplinary way in long term 
perspective 

What main barriers 
do you think are 
currently not well 
represented in IAMs? 

Unclear impact of EU ETS on low-carbon technological progress in the steel sector 
after 2020 (Modernisation Fund, Innovation Fund) 

Barriers due to lack of new business models in EIIs rewarding for innovation aimed 
at energy savings and lowering environmental burden 

Low priority of improving industry corporate image as a “green” business through 
Corporate Social Responsibility 

Source: Own work.  
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EU case – Energy Management in chemical industry 

Technologies, infrastructures and knowledge 

World’s chemical industry 

The chemical industry is one of the largest and most R&D-intensive manufacturing sectors in 
all advanced economies, and its innovative patterns and productivity growth processes can have 
profound impacts on economic growth as a whole. 

European chemical industry is a part of world’s chemical industry and therefore it is reasonable 
to give some comments how the industry has been doing worldwide. 

Globally, chemical industries are the largest consumer of energy compared with all other 
energy intensive industries. Many of the chemical processes (distillation, evaporation, drying, 
etc.) require high temperatures, which can be facilitated by using RES or fossil fuel energy. 
Chemical industries have extensive use of auxiliary equipment such as pumps, compressors and 
conveyers, which also require significant amounts of high-grade energy (Ramsagar Vooradib, 
Maria-Ona Bertrana, Rebecca Frauzema, Sarath Babu Anneb 2018).213

Energy consumption in the world’s chemical industry 

The chemical sector is the largest industrial consumer of both oil and gas, accounting for 14% 
(13 mb/d214) of total primary demand for oil and 8% (300 billion m3) of gas (IEA 2019). 

Despite being the largest industrial energy consumer, it is the third industry subsector in terms 
of direct CO2 emissions – behind iron and steel and cement. This is largely because around half 
of the sector’s energy input is consumed as feedstock, the emissions of which are calculated 
downstream in other sectors (e.g. waste and agriculture). 

GHG emission from the world’s chemical industry 

Global direct CO2 emissions from the chemical and petrochemical subsector reached 1.25 Gt 
in 2017, a 2% increase from the previous year. In the Sustainable Development Scenario (SDS), 
despite continued strong growth in demand, the sector's emissions increase at a much more 
modest rate before peaking around 2025 and returning to today's level by 2030 (Figure 107). 
To get on track, efforts from government and industry are needed to address CO2 emissions 
from chemical production – such as the use of electrolytic hydrogen as a feedstock or the 
application of CCUS – as well as from the use and disposal of chemical products (IEA 2019). 

213 This issue has not been sufficiently studied in this report which mainly concentrates on core technologies. 

214 mb/d - million barrels per day. 
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Figure 107 Global direct CO2 emissions from primary chemical production 

Source: (IEA 2019). 

Chemical and petrochemical industry in the EU 

Chemical products 

The chemical industry creates an immense variety of products which impinge on most aspects 
of people’s lives. It comprises of the companies that produces industrial chemicals through 
converting raw materials such as oil, natural gas, air, water, metals, minerals into thousands of 
various final products – basic, specialty and consumer chemicals (Table 67).  

Table 67 Main subsectors in the EU chemical industry, their main product and characterisation 

Subsector Manufacturing 
Products covered 

Characteristic 

20.13 
Inorganic 
basic 
chemicals 

Chemical elements, inorganic acid 
such as sulphuric acid, bases such as 
caustic soda, alkalis and other 
inorganic compounds such as chlor-
alkali (chlorine and hydroxides) 

Capital and energy intensive 

EU-based companies are mostly large 
multinational groups operating multiple 
production sites and trading chemicals in a global 
market. They operate under high standards of 
compliance on health, safety and environment 
(HSE) 

20.14 Organic 
basic 
chemicals 

Manufacturing of chemicals using 
basic processes, such as thermal 
cracking and distillation.  
Ethylene crackers (olefins, aromatics, 
solvents) 

Capital and energy intensive 

Companies operating in EU are mostly large 
multinational groups operating multiple production 
sites and trading chemicals in a global market. About 
100 large companies manufacture base organic 
chemicals in the EU and present comparable 
operating structure.  
High HSE standards 

20.16 Plastics 
in primary 
forms 

Manufacturing of resins, plastic 
materials and elastomers. 
Manufactures of polymers in primary 
forms are in most cases integrated to 

Polymer units are homogeneous with regards to HSE 
and regulatory requirements and represent 80% of the 
production in volume of the subsector 
High HSE standards 
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petrochemicals sites 
Polypropylene 
Polyethylene 
Polycarbonate 
Polystyrene 

20.20 
Pesticides 

Manufacturing of pesticides and 
agrochemicals excluding fertilisers 
and nitrogen compounds.  
Organic agrochemicals, insecticides, 
herbicides, fungicides, biocides 

Mix of SMEs and a small number of large 
enterprises 
The subsector is homogeneous concerning HSE 
requirements and product compliance. 

20.41 Soaps & 
Detergents 

Comprises a very large number of 
end products and preparations
Professional/industrial cleaning, 
Household/consumer detergents 

Products and operators can be divided into two 
homogeneous sub-groups, manufacturing 
household and consumer detergents and industrial 
cleaning and disinfectants 
The structural organisation of the business, HSE 
concerns and the regulatory requirements differ for 
both groups and the proportionality of compliance 
efforts vary with the size of the company

20.30 & 20.59 
Specialty 
chemicals

Coating materials (paints, varnishes, 
etc.) 
Silicones

Most heterogeneous group concerning products, 
applications, production processes, HSE 
requirements and business structure

Source: own work based on (Maroulis et al. 2016). 

The production of chemicals-based goods includes chemical reactions and physical changes, 
which present different degrees of hazard that may require specific risk management measures. 

The main factors driving structural differences between production chains are (Maroulis et al. 
2016): 

 raw materials (crude oil, mineral, organic, waste, simple/complex molecules);
 the number of steps in the chain (transformation or simple formulation);
 the number of components or building blocks entering the production chain;
 the complexity of the end-products;
 the amount of emissions, by-products, and waste or residue;
 the final application of the product (industrial or consumer use).

The manufacturing complexity of some basic chemical products is illustrated in Table 68. 

Table 68 Illustrative examples of complex production chains of basic products in the chemical industry 

Production steps
Inorganic Basic 
Ammonia 

Inorganic Basic 
Chlorine 

Organic Basic 
Ethylene

Raw material Natural gas, LPG, air 
Sea water, Brine 
(sodium chloride) 

Crude oil, petroleum 
gas

Process steps I
Desulphurisation, steam 
reforming, air separation 

Separation of ions by 
electrolysis 

Naphtha and refined 
gas production

Intermediate 
chemicals

Hydrogen, nitrogen 
Chlorine, caustic soda, 
hydrogen 

Naphtha, gas oils, 
gas feeds

Process II
steps

Catalytic reaction 
Separation, purification, 
chemical reactions 

Cracking, 
separations

Semi-finished 
Products

Anhydrous liquid 
ammonia 

Vinyl chloride Ethylene
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End products
Nitric acid, ammonium 
nitrate, urea 

PVC Polyethylene

Source: (Maroulis et al. 2016). 

Characteristic of the EU chemical industry 

The EU chemical industry covers five main sectors (petrochemicals, polymers, basic 
inorganics, specialties and consumer chemicals)215 broken down into 16 subsectors. Five of 
these subsectors (paints, varnishes and similar coatings; printing ink and mastics; soap and 
detergents, and cleaning and polishing preparations; perfumes and toilet preparations; plastics 
in primary forms; and other organic basic chemicals) account for over 65% of EU chemical 
companies (Eurostat, 2015) (Maroulis et al. 2016).  

The sector is also characterised by geographical concentration, as about 76% of EU chemical 
companies are located in only seven EU countries: Italy (16%), Spain (12%), Germany (11%), 
France (10%), the United Kingdom (9%), Poland (7%) and the Czech Republic (6%) (Figure 
108). Moreover, seven countries - Germany (30%), France (14%), the Netherlands (10%), Italy 
(10%), Spain (7%), the United Kingdom (7%), and Belgium (7%) - accounted for 85% of EU 
turnover in the chemical industry in 2012 (Figure 108). A similar pattern of concentration is 
visible by subsector, with 73% (2012) of EU chemicals turnover generated by six subsectors: 
organic basic chemicals, plastics in primary forms, paints and coatings, inorganic basic 
chemicals, perfumes and toilet preparations, and soaps and detergents (Maroulis et al. 2016). 

Figure 108 Share of EU chemical companies (left) and share of turnover (right) by country, 2012 

Source: (Maroulis et al. 2016). 

215 Consumer chemicals: consumer chemicals represent a large group of chemicals sold to final consumers, such 
as soaps and detergents as well as perfumes and cosmetics (IEA, ICCA 2013). 
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Position of the chemical industry216 among other sectors of the EU economy in terms of VA 
and employment is significant (Figure 109). 

Figure 109 Sectoral analysis of Manufacturing (NACE Section C), EU-28, 2016 (% share of sectoral total) 

Source: Eurostat https://ec.europa.eu/eurostat/statistics-
explained/index.php?title=File:F1_Sectoral_analysis_of_Manufacturing_(NACE_Section_C),
_EU-28,_2016_(%25_share_of_sectoral_total).png

By 2030 the value of sales of chemicals production in the EU-28 is projected to increase by 
almost half in volume, but the global market share will decrease by more than 2.5% points to 
12% by 2030. It is worth noting that in 2001 the EU's share of world market sales was 29.9% 

216 The term chemistry has roots in the Greek term khumeia meaning pouring together; the Egypt term khemein 
meaning preparation of black powder and the Arabic term al-kimia leading to alchemy as the art of transformation. 
Chemistry developed over ca. 1.300 years driven by key discoveries and innovations, which can be structured in 
three periods: the ancient period (until 7th century) characterized by trial and error, the middle age (7th- 17th 
century) characterized by the alchemists and the modern times (after 17th) characterized by scientific chemical 
research (Kannegiesser 2008). 
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(Cefic 2017). Final energy consumption in the EU chemical sector drops in from 51 million 
tonnes in 2015 to 39 million tonnes in 2050 in Baseline projections, with 16 million tonnes 
electricity, 9 million tonnes steam, 9 million tonnes natural gas and 3.5 million tonnes biomass. 
In the chemicals sector also, PRIMES model confirms the existence of many available options 
for the sector in the context of the minus 80% ambition, with the further reduction of natural 
gas appearing in all scenarios. Electrification together with demand side measures (energy 
efficiency, circular economy) are the deployed solutions for achieving net zero GHG emission 
reduction in the PRIMES scenarios (European Commission 2018b). 

The chemical industry is a large energy user; but chemical products and technologies also 
are used in a wide array of energy saving and/or RES energy applications so the industry 
has also an energy saving role (IEA, ICCA 2013). 

The chemical industry can be a consumer of the CO2 produced in its own processes or from 
other industrial sectors, e.g. iron and steel, cement, refineries, leading to the avoidance of 
emissions if embedded in long lived material or at least the reduced use of fossil fuel 
(Bazzanella and Ausfelder 2017), (European Commission 2018b). The production of methanol 
from hydrogen and CO2 is identified as a beneficial option, assuming that it is economic in the 
future. Certain studies calculate the potential for capturing and storing or using CO2 to 90% for 
petrochemicals, basic inorganics and polymers and 75% for specialty and consumer chemicals 
(Cefic 2013), (European Commission 2018b).  

The extent to which chemical companies invest in environmental activities, mainly for 
pollution control and to resort to cleaner technology, highly varies among EU countries, from 
no investment reported in some countries to peaks of around €190 million for pollution 
control in France (Figure 110), and €360 million for cleaner technologies in Germany, 
reflecting substantial discrepancies in environmental agenda and priorities (Maroulis et al. 
2016). 

Figure 110 Investments in equipment and plant for pollution control - all subsectors of the EU chemical industry (€ million) 
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Source: (Maroulis et al. 2016). 

Figure 111 Investments in equipment and plant linked to cleaner - all subsectors of the EU chemical industry (€ million) 

Source: (Maroulis et al. 2016). 

“The European chemical industry is part of this general framework. While European chemical 
firms have played a crucial role in the early stages of the industry - the modem chemical 
industry has developed in Great Britain in the second half of the Nineteenth century - and 
during most of the Twentieth century, some indications suggest that in the last decades Europe 
has started losing grounds vis-it-vis the other advanced regions, especially in the high-tech 
segments” (Fabrizio Cesaroni, Alfonso Gambardella 2004). 

Costs in the chemical industry 

Factors affecting cost of production from product to product include the following 
(Maroulis et al. 2016):

 cost of raw materials,
 cost of energy required,
 cost of reactants, catalysts and process equipment,
 effectiveness of the process (percentage yield, by-products, purification steps),
 cost and the amount of labour needed, 
 cost of risk reduction measures required during production, storage, transport and 

handling.

Al of these items are subject to save costs. EM is mainly related to the costs of energy but it 
can also reduce material costs throughout the whole production cycle. 

R&D trends in the chemical industry 

Table 69 shows some processes, which are subject to intense fundamental research activities 
(IAE; ICCA; Dechema; 2013). Naturally, this type of gamechangers217 requires long term 

217Game changers: technologies that significantly change the status quo of current production and value chains in 
the chemical and petrochemical industry (IAE; ICCA; Dechema; 2013). 
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developments with a high level of uncertainty. No attempt has been made to quantify the 
potential impact of these processes as both commercial entry and energy consumption of a real 
process based on these routes are unclear. 

Table 69 Novel process routes for large volume chemicals 

Target product Feedstock Process route 

Aromatics  Lignin  
Catalytic hydrocracking or catalytic pyrolysis over zeolite (ZSM-5) 
catalyst 

Aromatics  Ethanol  Conversion over a zeolite catalyst to aromatics 

Ethylene  Methane  Alkane activation and carbon linking reactions 

Methanol  Methane  
Alkane activation and partial oxidation to methanol  

Direct methane to methanol 

Methanol  CO2  Hydrogenation of CO2 

Propylene oxide  Propylene  Direct epoxidation with oxygen 

Source: (IAE; ICCA; Dechema; 2013). 

Technologies in the chemical industry 

In the chemical industry, it is important to distinguish between “processes” and “products”. 
The process refers to all steps – which may be many, both catalytic and non-catalytic, and 
involve a wide range of technologies – by which feedstock is transformed into products 
(ethylene, propylene, ammonia, methanol, etc.). The process typically involves a wide range of 
stages and technologies, many or all of which require energy inputs and may result in GHG 
emissions (IEA, ICCA 2013). 

The most energy intensive processes in the chemical sector are related to the manufacturing of 
petrochemicals and basic inorganics. Considering that the industry comprises a large number 
of different products, and case studies relate to the energy efficiency improvement (through EM 
and interconnected measures), the analysis has been focused on the most energy intensive 
processes and technologies, such as cracking, reforming, Haber-process and electrolysis for 
chlorine.  

This demand for chemical products has a direct impact on energy demand (and consequently 
CO2 emissions). Globally, the sector accounts for approximately 11% for oil and 8% for natural 
gas demand (IEA 2018a). 

More than half of the energy inputs to the sector are consumed as “feedstock”, or raw material. 
Feedstocks undergo a complex series of chemical transformations and ultimately leave the 
sector embedded in chemical products – for example the million or so plastic bottles consumed 
every minute around the globe. 

The fossil fuel feedstocks take long path through the chemical and petrochemical sector (Figure 
112). This Sankey diagram depicts the passage of fossil fuel feedstock through the chemical 
and petrochemical sector in 2015. The thickness of each line is sized in proportion to the annual 
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mass flow it represents. HVC: High Value Chemicals (ethylene, propylene, benzene, toluene 
and mixed xylenes). 

Figure 112 Passage of fossil fuel feedstock through the chemical and petrochemical sector in the world in 2015

Source: IEA 2018a.

Analysing development in chemical industry the IEA (IEA, ICCA 2013) narrowed its roadmap 
from top18 basic chemical products to 4 product groups that have the highest energy and 
emission impacts, namely ammonia, olefins, BTX aromatics (benzene, toluene, xylenes), and 
methanol. All four have in common that they are or can be produced through catalytic 
processes. 

Even though the chemical sector consumes roughly as much energy as the steel and cements 
sectors combined, it emits less CO2 than either sector. Still, this amounts to around 1.5 GtCO2, 
which is 18% of all industrial-sector CO2 emissions, or 5% of total combustion-related CO2 
emissions (IEA 2018a) (Figure 113). 
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Figure 113 Global final energy demand and direct CO2 emissions by sector in 2017 

Source: (IEA 2018a). 

Petrochemical industry 

Despite the complexity and diversity of the petrochemical industry it is possible to divide most 
production processes into five subsequent process steps (Galitsky et al. 2008):  

1. Supply and preparation of the raw materials.  

2. Synthesis of the crude product from the raw materials via one or more chemical 
reactions. 

3. Separation and refinement of the desired product from the crude product stream. 

4. Storage, packaging and shipment of the product. 

5. Abatement of emissions and waste streams. 

The most important chemical primary products made from crude oil are olefins (particularly 
ethylene and propylene) and aromatic hydrocarbons (particularly benzol, xylenes) which 
are produced using steam cracking and reforming. Consequently, the greatest future potential 
for natural gas in the chemical industry therefore lies in the production of precisely these 
primary products (IAE; ICCA; Dechema; 2013).  

Olefins are unsaturated hydrocarbons containing one or more pairs of carbon atoms linked by 
a double bond. They are obtained by the cracking of petroleum fractions at high temperatures. 

The olefin components ethylene, propylene, butene and butadiene are used for the production 
of plastics and synthetic rubbers.  

Olefins (ethylene and propylene) are relatively stable compounds that contain one or more pairs 
of carbon atoms linked by a double bond. When the bond is broken, the molecules can quickly 
form two new single bonds, stimulating a variety of reactions. Olefins are formed in large 
quantities during the “cracking process” (breaking down of large molecules) by which 
petroleum oils are transformed into gasoline. At present, the most common process for 
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producing olefins is “steam cracking” of naphtha, which is noncatalytic. They can also be 
produced by catalytic cracking of naphtha or by catalytic dehydration of methanol (MILION 
TONNESOs), but these processes are much less common. Olefins, particularly ethylene and 
propylene, are widely used in the petrochemical industry, for example in the production of 
polymers used to manufacture synthetic rubber and other plastics. Global ethylene and 
propylene production in 2012 was 220 million tonnes (IEA, ICCA 2013). 

Furthermore, for olefin production from alkanes, activation of these alkanes to introduce 
double bonds and subsequently other functionalities will grow important with increasing 
significance of natural gas. Examples of required catalytic technologies are the 
dehydrogenation of propane to propylene, and the partial oxidation of alkanes with oxygen for 
direct production of methanol from methane, ethanol or acetic acid from ethane, or propanols 
or acrylic acid from propane (IAE; ICCA; Dechema; 2013). 

The IEA in its report on the future of global petrochemical sector (IEA 2018a) concludes: 

 The growing role of petrochemicals is one of the key “blind spots” in the global energy 
debate. The diversity and complexity of this sector means that petrochemicals receive 
less attention than other sectors, despite their rising importance.  

 Petrochemicals are rapidly becoming the largest driver of global oil consumption. 

 The combination of a growing global economy, rising population, and technological 
development will translate into an increasing demand for petrochemical products.  

 Increasing global competition in the industry is driven by new supply dynamics for 
chemical feedstocks. After two decades of stagnation and decline, the US has returned 
to prominence as a low-cost region for chemical production thanks to the shale gas 
revolution.  

 Oil companies are increasingly pursuing integration along the petrochemical value 
chain. 

 Petrochemicals face a number of climate, air quality, and water pollution challenges. 

In the CTS it is also remarked that the high demand for lighter oil products required for 
petrochemical feedstocks may cause problems for refining. It is remarkable that oil demand for 
plastic production overtakes that for road passenger transport by 2050. This may have important 
consequences for refiners whose technologies are currently set up to produce both heavy and 
light products.

In regards to petrochemical sector, its high energy needs are provided by fuel combustion 
directly (via heaters or furnaces) and indirectly (via steam). The fuel required for the production 
of steam and power or firing the furnaces comes from fuels that are produced by the refinery 
itself or from external resources – refinery fuel gas, fuel gas system, liquid refinery fuel, solid 
fuels. 

Within petrochemical sector the manufacture of petroleum products involves the 
transformation of raw crude oil and natural gas to various forms of petroleum, such as fuels 
used for vehicles and combustion fuels for the generation of heat and power, materials for 
chemical industry, specialty products, as well as energy as a by-product of the process. Short 
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overview of the technical aspects of each of the energy intensive process is presented below in 
order to follow through the energy flows and indicate possibilities of EM measures 
involvement.  

Production of basic chemicals from hydrocarbon feedstock. The most important building 
blocks of the petrochemical industry are olefins (ethylene, propylene, butylenes and butadiene) 
and aromatics (benzene, toluene, xylenes) produced from hydrocarbon feedstocks such as 
ethane, naphtha, gas oil or aromatic mixtures from catalytic reforming in refineries (Galitsky et 
al. 2008). Process blocks for the production of petrochemical building blocks are shown in 
Figure 114 Process blocks for the production of petrochemical building blocksFigure 114. 

Figure 114 Process blocks for the production of petrochemical building blocks 

Source: (Galitsky et al. 2008).  

There ae also many other products in each of the chains of the main products (Galitsky et al. 
2008). 

An example of such chain for the case of ethylene is shown in Figure 115. 



263 

Figure 115 The ethylene production chain 

Source: (Galitsky et al. 2008).  

Refining  

The refining process involves removing impurities and transforming raw materials such as 
crude oil and natural gas into various usable products. The refining process is split into two 
main phases: 

 the desalting of the oil and subsequent distillation into various fractions, further 
distillation of the lighter components is carried out in every refinery in order to 
recover methane and ethane for use as refinery fuel, propane and butane, gasoline-
blended components, and petrochemical feedstocks; 

 downstream processes (breaking, combining, and reshaping fractions) in order to 
change the molecular structure of hydrocarbon molecules, converting some of the 
distillation fractions into marketable petroleum products. 

The processing within these phases include desalting, distillation, base oil production, bitumen 
production, coking, catalytic cracking, catalytic reforming, alkylation, isomerisation, 
polymerisation, hydrogen plant processing, etherification, product treatment, gas separation, 
refining (cooling and energy systems), and natural gas plant processing, of which some are 
described in more detail below. 

Desalting 
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Desalting is the process of removing varying quantities of inorganic compounds (such as salts, 
sand, and silt) from crude oil and heavy residues, due to them being detrimental to the activity 
of catalysts. This is done by washing the crude oil or heavy residues with water at high 
temperature and pressure in order to dissolve, separate, and remove the salts and other water 
extractable components. The feedstock is first preheated to 115-150°C and mixed with water 
in a globe valve mixer to dissolve and wash out the salts. 

Distillation 

In the petrochemical industry, distillation is the most important separation process. In 
distillation, products are separated based on their difference in boiling points. The starting 
mixture is separated into two fractions: a condensed vapor that is enriched in the more volatile 
components and a remaining liquid phase that is depleted of these components.  

After desalting process crude oil goes through atmospheric and vacuum distillation. The 
Atmospheric Crude Oil Distillation Unit (CDU) is the first important processing step in a 
refinery. Crude oil is heated to elevated temperatures and then generally subjected to distillation 
under atmospheric pressure (or slightly higher), separating the various fractions according to 
their boiling range. Atmospheric residue is heated up to 400°C, partially vaporized (30-70%), 
and flashed into the base of the vacuum column at a pressure between 40 and 100 mbar (0.04-
0.1 kg/cm2). The unvaporised part of the feed forms the bottom product and its temperature is 
controlled at about 355°C to minimize coking. The flashed vapor rising through the column is 
contacted with wash oil to wash out entrained liquid, coke and metals, then the washed vapor 
is condensed in two or three main spray sections. In the lower sections of the column, the heavy 
vacuum distillate and optional medium vacuum gas oil are condensed. In the upper section of 
the vacuum column, the light vacuum distillate is condensed. 

Distillations can be divided into subcategories according to the operating mode (batch or 
continuous), operating pressure (vacuum, atmospheric or pressurized), number of stages, the 
use of inert gases, and the use of additional compounds to aid separation. Heat is provided by 
process heaters and/or by steam while process integration is a key issue. Energy efficiency 
opportunities exist in the heating side and by optimizing the distillation column (Galitsky et al. 
2008). 

After distillation

Depending on the type of final products manufactured in the refinery, different processes take 
place after distillation: 

 base oil production – intermediate product used to manufacture lubricating greases, 
motor oil and metal processing fluids; 

 bitumen – residue derived from certain crude oils after vacuum distillation has removed 
waxy distillates, typically mixed with other components like gravel to produce asphalt; 

 coking – severe thermal cracking process used to reduce the refinery production of 
low-value residual fuel oils and transform them into transportation fuels, the process 
also produces petroleum coke, which is a form of solid carbon with varying impurities 
(delayed and fluid coking – process of producing the coke material, flexicoking – 
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second part of the coking process, gasification of the coke produced in the fluid coking 
process; 

 catalytic cracking and reforming (processes already mentioned); 
 alkylation – low temperature reactions with strong acids to yield high-quality motor fuel 

after blending; 
 isomeration – reaction that rearranges the molecules of the feedstock (butane, pentane, 

or hexane-rich feed stream) in the presence of hydrogen and a catalyst; 
 polymerization – process of reacting monomer molecules together in a chemical 

reaction to form polymer, used e.g. to convert propene and butene to high-octane 
gasoline blending components; 

 hydrogen production – process of producing hydrogen for use in hydrocracking and 
other hydrogen-consuming refinery process units from natural gas to heavy residue oils 
and coke (reforming operations for hydrotreating, steam reforming of light ends or 
natural gas, partial oxidation (gasification) of heavy oil fractions to produce syngas); 

 etherification – addition of different ethers to the gasoline in order to meet both oxygen 
requirements and vapor pressure limits for improved performance and environmental 
requirements, most commonly used additives are methyl tertiary butyl ether (MILION 
TONNESBE), ethyl tertiary butyl ether (ETBE), and tertiary amyl methyl ether 
(TAME); 

 final product treatment to achieve certain specifications associated with sulphur, 
nitrogen, or oxygen contaminants; 

 gas separation – recovering and separating C1-C5 and higher compounds from various 
refinery off-gases; 

 cooling of the feed and product streams to allow refinery process operations to take 
place at the right temperatures and to bring products to their appropriate storage 
temperature (air cooling, direct water cooling, once-through system, circulation system, 
wet closed system, hybrid systems, refrigeration systems); 

 purification (natural gas plant) – removing the treatment chemicals and any 
contaminants from the well-head stream in order to produce a methane-rich gas, which 
satisfies statutory and contractual specifications. 

Cracking 

Cracking is the process by which saturated hydrocarbons are converted into more sought-after 
unsaturated species. This is a dehydrogenation reaction that can be affected either catalytically 
or thermally. In Western Europe, the steam cracking process accounts for more than 95% of 
ethylene and butadiene production and 75% of propylene production. Propylene is also 
recovered from refining operations, in particular from Fluidized Catalytic Cracker off-gas and 
through the dehydrogenation of propane. There are two main technological processes related to 
that term, such as catalytic cracking and steam cracking.  

Catalytic cracking is the most widely used conversion process for upgrading heavier 
hydrocarbons into more valuable lower boiling hydrocarbons. A number of different catalytic 
cracking designs are currently in use worldwide, with the fluidized and moving bed reactors 
being by far the most prevalent in world refineries. Fluid catalytic cracking (FCC) units are by 
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far the most common catalytic cracking units. In the process, oil and oil vapours preheated to 
250–425°C come into contact with hot catalyst at about 680–730°C in the riser reactor. To 
enhance vaporization and subsequent cracking, the feed is atomized with steam. The fluidized 
catalyst and the reacted hydrocarbon vapours are separated mechanically in a (two-stage) 
cyclone system and any hydrocarbon remaining on the catalyst is removed by steam stripping. 
The catalytic cracking processes produce coke, which collects on the catalyst surface and 
diminishes its catalytic properties. The catalyst therefore needs to be regenerated continuously 
essentially by burning the coke off the catalyst at high temperatures. 

Steam cracking is the process in which suitable hydrocarbons are heated to very high 
temperatures, in the presence of steam, to split or ‘crack’ the molecules into the desired lower 
olefin products. It is utilized in ethylene, butadiene and propylene production. 

Reforming 

Reforming is another mentioned energy intensive process in the chemical industry. It can be 
divided into two groups – catalytic and continuous catalytic regeneration reforming. 

The purpose of a catalytic reformer is to upgrade the octane of streams of heavy naphtha218

leaving the hydrotreating units for use as a gasoline blendstock. Inter-heaters are needed 
between the reactors to provide the heat required for the endothermic dehydrogenation reaction. 
As the naphtha feed charge proceeds through the reactors, the reaction rates decrease and the 
reheat needed lessens. In continuous catalytic regeneration reforming freshly regenerated 
catalyst is introduced at the top of the first reactor and flows by gravity from top to bottom. 
From here it is passed on to the next reactor. The reaction mixture from the last reactor is used 
to preheat the fresh feed and further cooled down prior to being fed to the low-pressure 
separator. There the hydrogen-rich gas is separated from the liquid phase. The gas is 
compressed and partially recycled to the naphtha feed. The remaining vapour is then further 
compressed, recontacted with the liquid from the low-pressure separator, cooled and fed to the 
high-pressure separator. Any excess of this hydrogen-rich gas is routed to the refinery hydrogen 
system to be used in hydrogen-consuming units like hydrotreaters. 

Reducing Gas Flaring 

Another area of close attention in the chemical industry is the reduction of flaring, the 
intermittent burning of flammable gases or liquids.219 Flaring does not occur during normal 
steady-state operations, but does occur in episodes when a plant is operating outside its intended 
design conditions, such as unplanned overpressure of plant equipment during a process upset. 
The relief valves that protect equipment are tied into the flare system.  

Another reason for gas flaring is the production of unusable “off-spec” material that has no 
other place to go and cannot be stored or purified. This usually occurs during process upsets or 

218 Naphtha: a certain refinery cut in the oil distillation that contains a wide variety of compounds. Naphtha is 
generally fed into crackers to produce most basic precursor chemicals within the chemical industry value chain 
(IEA, ICCA 2013). 

219 Usually the flared material is combusted at the tip of a tall tower called a flare stack. 
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when a plant is restarting after a shutdown. There are two ways to reduce flaring—by 
maximizing the stability of plant operations to avoid upset conditions and by finding practical 
opportunities for storing, purifying, or reusing unwanted materials. A typical world-scale 
olefins plant may flare several thousand metric tons of hydrocarbons per year (Patt and 
Banholzer 2009). 

Inorganic chemicals production 

Ammonia 

Ammonia is one of the most widely used chemicals in the world. Ammonia is a compound of 
nitrogen and hydrogen with the formula NH3; it is a colourless gas with a pungent smell. It is 
extensively used as a fertiliser – 88% of all ammonia goes into fertilisers – but is also used in 
the production of explosives, cleansers and refrigerants, and serves as a building block in many 
pharmaceuticals and in cleaning products, as well as an anti-microbial agent in food processing 
(IEA, ICCA 2013). Current ammonia production globally is around 190 million tonnes per 
year, and represents a market of around $80 billion. 

Anhydrous ammonia is the source of nearly all the synthetic nitrogen fertilizers produced in the 
world. Ammonia is produced by combining nitrogen with hydrogen. The nitrogen is obtained 
from the atmosphere, while the hydrogen is obtained from natural gas mainly, and to some 
extent from naphtha, coke-oven gas, refinery gases and heavy oil (IEA 2019). 

Ammonia is produced by combining nitrogen and hydrogen in the “Haber-Bosch” process 
(Figure 116. Nitrogen is relatively simple to extract from the air while nearly all of the hydrogen 
is produced today using steam methane reforming (which breaks down natural gas using steam) 
and coal gasification (mainly in China). Both of these processes result in CO2 emissions, and 
the production of ammonia caused over 200 million tonnes of CO2 emissions in 2017. 
Switching to hydrogen produced by electricity – whether by electrolysis or by “methane 
splitting” – could therefore also play a part in climate change mitigation, provided that the 
electricity is generated from low-carbon sources (IEA 2018b). 

Figure 116 Ammonia synthesis: a simplified schematic 

Source: (IAE; ICCA; Dechema; 2013). 

The Haber-Bosch process is a process that fixes nitrogen with hydrogen to produce ammonia. 
It can be shortly described in a few steps as follows: 
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1. Hydrogen and Nitrogen are extracted and purified with all impurities removed for the 
process. 

2. Both gases are mixed and the mixture is pumped into a compressor. The compressor 
has extreme conditions, with a pressure of 200 atm. The high pressure causes the 
particles to gain kinetic energy and makes the temperature rise up to about 300 degrees 
Celsius. This causes the covalent bonds in the hydrogen and nitrogen molecules to split 
up. 

3. The compressed molecules now enter a converter (reactor). The converter is a tank 
heated up to a temperature of 400-450 degrees Celsius and is pressurized at 200atm. 
Inside the compressor, there are shelves of hot iron (Fe3+) to act as the catalyst. 
Aluminium oxide (Al2O3) and potassium oxide (K2O) are used as promoters to 
increase the catalyst's efficiency. 

4. The gaseous hydrogen and nitrogen react on the surface of the hot iron to form gaseous 
ammonia. However, some of the gases remain unreacted. In addition to the above, the 
production of ammonia is a reversible reaction and so some of the ammonia formed will 
decompose back to hydrogen and nitrogen gas. As a result, the final yield is only about 
12-15% of its original reactants. 

5. The mixture of hydrogen, nitrogen and ammonia is then removed and cooled, where 
under the right pressure, the ammonia liquefies and is collected. 

6. The unreacted hydrogen and nitrogen gases is sent back into the converter and steps 3, 
4 and 5 are repeated. 

Country specific energy efficiency improvement measures include: 

• integration of gas turbines and the replacement of existing gas turbines that are used 
to heat the reformer or to preheat the hydrocarbon feed and the combustion air; 

• reformer improvements, e.g. pre-reforming, better arrangement of convection coils 
or adding additional heat transfer surface, increasing efficiency of the reformer; 

• improving shift reaction with better catalysts or using isothermal shift reaction; 
• improving the CO2 removal by using advanced solvents, pressure swing absorption 

or membranes; 
• lower pressure catalysts for the ammonia synthesis process; 
• process integration, control and maintenance. 

Dramatic improvements in energy use for ammonia occurred prior to 1930, over the last five 
decades improvements have been more incremental (IAE; ICCA; Dechema; 2013). 
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Figure 117 Historic example: Haber-Bosch changed the game for ammonia synthesis 

Source: (IAE; ICCA; Dechema; 2013). 

Natural gas costs are 70…90% of the production cost of ammonia (Table 70). So, when 
natural gas prices increase, production costs for ammonia rise. This may or may not translate 
into higher ammonia prices, depending on the global supply situation. Because gas prices play 
such an important role, the energy efficiency of gas-based ammonia plants tends to converge 
while newer plants have similar efficiencies across regions (IEA 2019). This cost relationship 
gives natural advanages for chemical industry in these countries where costs of natural gas are 
much lower than in other countries. This issue is widely discussed in the light of cheap shall 
gas in the US and the competiteveness of chemical industry in the EU. In IEA projections to 
2025, methanol production capacity additions are highly concentrated in North America and 
the Asia Pacific region owing to the availability of low-cost gas (US) and coal (China) for 
feedstock (IEA 2019). 

Table 70 Inorganic Basic Chemicals – Indicative cash cost structure: Ammonia 

Cost categories Cost 
[%] 

Raw materials (Nitrogen and Methane) 82.5 

Processing costs 17.5 

Labour 3.8 

Energy (electricity) 5.0 

Maintenance 5.0 

Other Variable 2.5 

Other Fixed 1.3 

Typical total cash cost 100.0

Source: (Maroulis et al. 2016).
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Hydrogen-based production of ammonia and methanol 

Ammonia production involves combining nitrogen with hydrogen in the Haber-Bosch process. 
Hydrogen can be produced either through steam reforming (with natural gas as the feedstock) 
or through electrolysis (with electricity as the feedstock). Hydrogen produced by electrolysis is 
often referred to as electrolytic hydrogen. The IEA (IEA 2019) recommends ammonia 
production using electrolytic hydrogen. This process route could avoid generating 
CO2 emissions in ammonia production if RES electricity is used for hydrogen production.  

The production route of methanol production using electrolytic hydrogen and CO2 could avoid 
direct fossil fuel use in methanol production if renewable electricity is employed for hydrogen 
production and CO2 can be obtained from either biogenic sources or unavoidable industrial 
sources. In the short to medium term, fossil-based and otherwise avoidable emissions can also 
be used. In a strong decarbonisation scenario, unavoidable CO2 emissions from fossil-based 
industrial by-products would become scarce in the long term, so extracting it from the 
atmosphere through biomass cultivation or air capture would become increasingly important 
(IEA 2019). 

Generation of hydrogen is one of the largest energy-consuming steps in the production of the 
crucial chemical products, namely ammonia and methanol. The possibility of produsing 
hydrogen using RES energy could significantly reduce the fossil-fuel use and GHG emission. 
Catalysis could be an enabler for efficient hydrogen generation, particularly in areas such as 
photocatalysis or photovoltaic-assisted water electrolysis (using solar energy to help split 
water). The following options of RES-genrated hydrogen usage are possible (IAE; ICCA; 
Dechema; 2013): 

 production of H2 from electrolytic water cleavage using electricity from RES; 
 ammonia synthesis from H2 and nitrogen gas (N2), omitting steam reforming and/or 

water-gas shift from gas or coal; 
 methanol synthesis from H2 and either coal or CO2 as the carbon source.  

One of the key process steps to produce hydrogen today is electrolytic water cleavage, which 
is a highly energy-intensive process (Figure 118). Renewable hydrogen production is currently 
very energy intensive. Production of hydrogen with RES electricty for use in ammonia and 
methanol production would increase signifcantly the energy consumption for the overall 
process chain. 
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Figure 118 Process steps involved in hydrogen from the water cleavage option 

Source: (IAE; ICCA; Dechema; 2013). 

The roadmap “Energy and GHG Reductions in the Chemical Industry via Catalytic Processes“
(IEA, ICCA 2013) focuses on the role of catalytic processes in reducing energy use and GHG 
emissions in the chemical sector. Around 90% of chemical processes use catalysts for efficient 
production. Catalysis220 is an important source of technology-based efficiency improvement 
potential; indeed, this work shows an energy savings potential approaching 13 EJ by 2050 – 
equivalent to the current (2013) annual primary energy use of Germany.  

BTX aromatics 

BTX aromatics (benzene, toluene, xylenes) are characterised by double-bonded carbon 
molecules that can be modified easily, and by a specific smell that prompted the use of 
“aromatics” as a group name. They are most commonly formed by catalytic reforming of 
naphtha in petrochemical refining. The BTX aromatics are vital to petroleum refining and 
petrochemical industries; demand for all three has risen rapidly in recent years. Global 
production of benzene in 2012, for example, was 43 million tonnes – an increase of 2 million 
tonnes over the previous year. They are also used in health and hygiene food production and 
processing, transportation, information technology and other sectors (IEA, ICCA 2013). 

The key aromatic building blocks benzene, toluene and xylenes are produced from three 
different sources. The two main sources are pyrolysis gasoline from the steam cracking process 
and reformates from catalytic reforming in refineries. An additional minor source is coke oven 
light oil from coke production (Galitsky et al. 2008). 

Aromatics are produced from three types of resources (IEA 2019): 

220Catalysis: a concept in chemistry by which the speed of a chemical reaction towards a specific outcome is 
enhanced by using a catalyst. Catalysis cannot make a thermodynamically impossible reaction possible, nor does 
it change the overall energy balance of a reaction. However, it may shift the processing conditions towards a 
technically more accessible environment and strongly enhance the yield of the desired product compound (IEA, 
ICCA 2013).
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 Hydro-treated coke-oven benzole. 
 Hydro-treated pyrolysis gasoline from steam cracking. 
 Reformate from catalytic reformers in refineries 

As for all large volume organic chemical processes, energy is a major cost factor in the 
production of aromatics (benzene, toluene and xylenes). The use of energy is essentially still 
cost-driven, but there is a growing tendency to incorporate as much energy integration as 
possible. Many opportunities to optimize heat recovery and usage are typically exploited in the 
design phase of new plants, but many are also applicable as project within existing units. 
Logically, energy integration not only applies to the aromatics plant as such, but also its 
surrounding units (e.g. the refinery), and the energy infrastructure as a whole (Galitsky et al. 
2008). 

This process route of producing aromatic compounds from methanol could replace fossil 
fuel feedstocks with low-carbon methanol to produce aromatics using conventional naphtha 
steam crackers, if low-carbon methanol were available. The method currently being explored 
uses technology similar to what has already been commercialised for methanol-to-olefin 
production, which employs a silver-impregnated zeolite catalyst (IEA 2019). 

Chlorine  

A number of energy-intensive inorganic chemicals are widely used. This group embraces inter 
alia chlorine and sodium hydroxide, carbon black, soda ash and industrial gases. The inorganic 
chemicals that are of lesser relevance from an energy perspective (IEA 2019). 

Chlorine is produced by passing an electric current through a solution of brine (common salt 
dissolved in water) – chlorine production through electrolysis. In industry, elemental chlorine 
is usually produced by the electrolysis of sodium chloride dissolved in water. This method – 
the chloralkali process, now provides most industrial chlorine gas. The production of chlorine 
results in the co-products caustic soda (sodium hydroxide, NaOH) and hydrogen gas (H2).  

Chlorine can also be produced by the electrolysis of a solution of potassium chloride, in which 
case the co-products are hydrogen and caustic potash (potassium hydroxide). There are three 
industrial methods for the extraction of chlorine by electrolysis of chloride solutions: 

 the membrane cell process, nowadays most widely used in Europe (64%); 
 the mercury cell process, being phased out worldwide because of the toxic character of 

mercury (use today less than 20%); 
 the diaphragm cell process (used for nearly 14% of installed capacity). 

The energy efficiency of these processes differs, depending to some extent on the process 
design (Table 71). The energy efficiency of current membrane cells is about 63%, compared to 
the theoretical minimum (IEA 2019). 

Table 71 Energy efficiency of Chlorine production processes 

Process Electricity consumption 

[GJel/ t Cl2] 

Stem consumption 

[GJ/ t Cl2] 



273 

Mercury  11.8 0 

Diaphragm 10.0 2.2 

Membrane  8.6-9.2 0.6 

Source: (IEA 2019). 

Table 72 Inorganic Basic Chemicals – Indicative cash cost structure: Chlorine 

Cost categories
Cost 
[%] 

Raw materials 20.0 
Processing costs 80.0 
Labour 4.0 
Energy (electricity and steam) 36.0 
Operation and maintenance 28.0 
Other Variable 5.0 
Other Fixed 7.0 

Typical total cash cost 100.0

Source: (Maroulis et al. 2016). 

Methanol 

Methanol is the simplest alcohol and is also known as methyl alcohol. Methanol is a light, 
colourless and odourless liquid that is highly flammable. It is catalytically produced from 
carbon monoxide, carbon dioxide and hydrogen. Methanol is most commonly used to make 
other chemicals; about 40% is converted to formaldehyde, and further processed into plastics, 
plywood, paints, explosives, antifreeze, solvent, textiles and fuel. It is also used in anti-freeze, 
solvents, and fuels for vehicles (including recent biofuels) and can serve as energy carrier. 
Global methanol production in 2012 was estimated at 58 million tonnes (IEA, ICCA 2013). 

Methanol production is currently expanding the most quickly of all primary chemicals (7% 
growth in 2017) - the rate of increase was “297” in 2017 in relation to “100” in 2000. For 
ammonia the growth was “135” and for HVC “165” (IEA 2019). 

Methanol production requires creation of a syngas composed of CO, CO2 and hydrogen gas. A 
wide variety of feedstocks can be used to produce the syngas: natural gas and coal are currently 
the most common, but biomass and waste can also be used. It can also be made from a 
combination of hydrogen (produced by natural gas-based steam reforming or electricity-based 
electrolysis) and waste CO2 from industrial processes. 

Methanol is mainly produced by steam reforming of natural gas followed by methanol synthesis 
over a copper catalyst (Galitsky et al. 2008). A typical methanol plant uses 30 GJ of natural gas 
per tonne of methanol (IEA 2019).  

The production of methanol is similar to that of ammonia. A syngas is produced from natural 
gas with steam reforming or sludge and other hydrocarbons using partial oxidation. In Germany 
the majority of the methanol originates from oil-based hydrocarbons. Methanol and ammonia 
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production often occurs in the integrated plants and energy efficiency measures for both 
processes are similar. 

Taghdisian et al. (2015) proposed an eco-design method for sustainable production of methanol 
by implementing a multi- objective optimization CO2-efficiency model that was formulated to 
maximize methanol production and minimize CO2 emissions, i.e., so-called green integrated 
methanol case (GIMC). In GIMC, the source of CO2 is the methanol plant itself where injected 
CO2 is supplied from reformer flue gas. Comparing GIMC with the conventional reference 
methanol case (RMC), using the multi-objective approach in the GIMC would lead to the 
reduction of16% in the CO2 emission with respect to the RMC at the expense of 5% decrease 
in the methanol production (Huisingh et al. 2015). 

The mercury cell technique is phased out in Germany due to already mentioned mercury 
emissions and also high energy use. The diaphragm cell technique is being converted to the 
asbestos-free membrane cell technique. An example of an emerging technology for the purpose 
of chlorine production is the use of Oxygen-Depolarised Cathodes (ODC) instead of the 
common metal cathodes in membrane cells. The main energy efficiency improvement measure 
(with the highest potential) is the replacement of factories using mercury or diaphragm cell 
technique to new plants using membranes. The second measure, applicable in the existing 
plants, is to replace currently used membranes with ODC or different, better membranes. The 
last highly impactful energy efficiency measure in chlorine production is heat recovery and 
process control in general. 

Ethylene 

Ethylene is produced via steam cracking of hydrocarbon feedstocks such as ethane, propane, 
butane, naphtha or gasoline (Galitsky et al. 2008).

Table 73 Organic Basic Chemicals – Indicative cash cost structure: Ethylene 

Cost categories Cost
(%)

Net Feed cost (Ethylene only) 66.7 
Processing costs 33.3 
Labour 2.2 
Energy (heat, steam, electricity) 22.2 
Maintenance 5.6 
Other Variable 0.6 
Other Fixed 2.8 

Typical total cash cost 100.0

Source: (Maroulis et al. 2016). 

Galitsky et al .(Galitsky et al. 2008) list energy efficiency improvements that can be made in 
the ethylene production:  

 Cracking section
o More selective furnace coils.
o Improved transfer line exchangers (TLEs) with higher heat recovery at lower pressure 

drop.



275 

o Increased fuel efficiency in the cracking furnaces (typically 92-94%).
o Secondary TLEs for gas crackers. 
o Use of gas turbine exhaust as furnace combustion air.

 Cracked gas cooling and compression
o Higher gasoline fractionator bottom temperature.
o Improved use of heat available in quench water.
o Lower pressure drops in compressor system inter-stages.

 Cold fractionation and refrigeration systems
o Additional expander on gas de-methaniser to optimize feed pre-cooling.
o Addition of side re-boilers to provide more efficient cold recuperation.
o Use of extended surface exchangers to improve heat transfer performance. 

 Utility systems
o Addition of gas turbine/electric generator.
o Optimization of steam and power balance.
o Improved compressor/driver efficiencies.

Prophylene 

Propylene, the other main olefin, is produced in two different ways; as co-product in 
ethyleneproduction and by petroleum refineries from the fluid catalytic cracking (FCC) off-
stream (Galitsky et al. 2008).

Table 70 Inorganic Basic Chemicals – Indicative cash cost structure: Ammonia Table 72, Table 
73 shall be taken with caution as they indicate limited number of available industrial case at 
certain years, for details see (Maroulis et al. 2016). Although, they well illustrate the relative 
proportion of energy and feedstock in the cost of production of ammonia chlorine and ethylene. 
In the case of ethylene and ammonia, the largest part of the energy needed is contained in the 
raw material (naphtha and natural gas). This major part of costs is particularly sensitive to 
global energy prices affected by the global supply and demand for feedstock and fuels. The 
additional energy needed for processing (cooling, compression, liquefaction, storage…) is more 
sensitive to European and national measures affecting the prices of electricity. For the above 
reasons the production of ethylene, ammonia and chlorine, which are qualified as energy 
intensive, can be affected either by international market price drivers and/or by regional and 
national measures. 

Energy consumption and GHG emission from the world’s chemical sector 

Having made the review of the different basic chemical products, it is interesting to see the 
energy consumption (Figure 119) and GHG emission (Figure 120) from the world’s chemical 
sector. It helps us to catch the importance and scale of the products. 

Taking into account only process-related energy for the manufacture of products from 
feedstocks, total world energy consumption of the chemical and petrochemical industry was 
estimated at 15 EJ/yr in 2010. 221  Together, the four products - olefins, ammonia, BTX 

221 This value excludes the energy used to produce feedstocks and the energy content of the feedstocks used in the 
process. 
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aromatics and methanol - use 7.1 EJ/y, or 47% of total energy consumption for the sector 
(Figure 119).  

Enlarging the group to the 18 largest-volume chemicals (excluding chemicals made by 
electrochemical reactions) increases the energy demand to around 9.4 EJ/y, or 63% of the total 
process-related energy, compared to much lower energy use by thousands of small-volume 
products.222 Thus, the production of olefins, ammonia, BTX aromatics and methanol within the 
category of large-volume chemical products requires about 80% of the total energy demand in 
the group (IAE; ICCA; Dechema; 2013). 

Figure 119 Global energy consumption versus production volumes of top 18 large-volume chemicals in 2010 

Source: (IAE; ICCA; Dechema; 2013).

The world total GHG emissions from the chemical and petrochemical processes amounts to 
1.24 GtCO2-eq annually. GHG emissions of the 18 largest volume chemicals are 960 million 
tonnesCO2-eq/y, or more than 75% of the total (Figure 120). 

222 For reference, the US uses 93 EJ of primary energy and Germany used 13.7 EJ in 2010 (IEA statistics). 
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Figure 120 Global GHG missions versus production volumes of top 18 large-volume chemicals in 2010 

Source: (I.AE; ICCA; Dechema; 2013). 

Identification of key elements of the innovation system 

Kannegiesser (Kannegiesser 2008) provides a list of drivers in the chemical sector which 
enforce changes: 

• Globalization: increase of world trade driven by emerging markets especially in Asia 
is a main trend not only in the chemical industry. Besides managing global material 
flows, companies face new markets with suppliers, customers, but also new competitors 
from emerging markets. 

• Consolidation: consolidation of the industry will drive the occurrence of increasingly 
large and complex corporations that needs to be managed. 

• Commoditization and margin pressure: product portfolios former being specialties are 
confronted with commoditization, standardization leading to margin pressure.  

• Innovation: recently several innovation areas emerged such as biotechnology, 
nanotechnology, energy technologies as gene technology leaving the research 
laboratories; new products are expected to be using these basis technologies for new 
applications as well as substituting former products. 

• Legislation: specifically, EU legislation targets to ensure health of consumers 
controlling toxic impact of chemicals; corporations are confronted with precise 
documentation and test procedures requiring systems support to handle complexity. 
Globally, trade policies of the GATT and WTO has well as compatibility of standards 
and compliances are further conditions to be considered  
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• Sustainability: overall objective for human beings formulated by the United Nations in 
the 1990s is to ensure sustainable development for future generations; chemical 
companies have already started to translate this objective into their industry practice 
with respects to products developed and sold, energy and natural resource efficiency in 
their processes, climate protection, corporate social responsibility for the workforce as 
well as stakeholders in production and consuming areas; sustainability as an objective 
also already inspired operations research and supply chain literature. 

Vdovenko et al. (Vdovenko et al. 2019) classified projects in the chemical industry according 
to the novelty and quality of the proposed technologies as: 

● Breakthrough technologies that lead to the creation of completely new markets.  
● Disruptive technologies that allow creation of a new product or technology with a 

unique architecture and value structure. 
● Large-scale enabling technologies that lead to the transition to more efficient 

technologies within traditional markets. 
● Small-scale enabling technologies that incrementally and gradually improve the product 

within one or more specific markets.  

They predict that chemical industry projects will be implemented based on the use of 
breakthrough, disruptive and enabling technologies in the forecast period until 2030. 
Furthermore, thanks to breakthrough technologies, it will be possible not only to achieve import 
substitution for several chemical products manufactured domestically, but also to gain a 
promising niche in the global market for new domestic products. 

The main areas of innovation in the chemical industry are as follows: 

● In the mineral fertilizer industry, innovations lie with the production of special 
composites with a full set of macro- and microelements applied for greenhouses, 
particularly, hydroponic ones. 

● Fiber production will be dominated by polyester fibers, cellulose hydrate fibers, 
polyacrylonitrile staple (PAN) fiber and PAN flagellum. 

● In tire manufacturing, Run Flat technology will enable the development of safe tires 
using a special component that increases stiffness in case of pressure loss.  

● Plastic manufacturing will include new technologies that allow one to create products 
with specific properties that are in demand in mechanical engineering, defence and 
automotive industries, the food industry (innovative packaging) and the manufacture of 
medical and hygienic products. This production technology is based on a new 
generation of materials called raflon (modified ultra-wear-resistant 
polytetrafluoroethylene). 

These technologies required are now at the design and technological stages whereas the 
progress in these areas will be possible if appropriate breakthrough technologies are developed 
to industrial stage. 

There are alternative pathways to producing chemicals, including recycling of 
thermoplastics and increased use of alternative feedstocks such as water, CO2 and 
bioenergy. These alternatives have the potential to reduce demand for primary chemicals made 
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from fossil fuels, cutting both energy use and CO2 emissions. For example, for each tonne of 
polyethylene being recycled, roughly one tonne of ethylene demand can be avoided, saving the 
equivalent of at least 1.5 tonnes of oil (IEA 2018a). 

Together with traditional routes equipped with CCS, the untapped potential of these 
alternative routes to decouple chemicals production from CO2 emissions is high. Global 
recycling of plastic was estimated to reach only 18% of all non-fibre plastic waste in 2014. 
Meanwhile, bioplastics only make up about 1% of the plastic produced around the world, each 
year, and electrolytic routes are still at the pilot project phase. Clearly there is much scope for 
progress. In theory, the chemical sector could do without fossil fuels entirely, though carbon 
and hydrogen in its feedstock will remain a necessity, whatever their origin (IEA 2018a). 

R&D works 

Experts estimated annual R&D expenditure in the EU chemical industry in 1996–2016 at 
an average level of €8.1 billion (Vdovenko et al. 2019). 

Improve feedstock efficiency 

There is a need for further R&D to develop catalytic improvements to convert heavy oils into 
refinery ready feedstocks.  

New catalytic technologies for the production of olefins and aromatic compounds or their 
direct secondary products from natural gas are needed. Synthesis gas is becoming an 
increasingly important platform both for the production of fuels like gasoline, diesel or kerosene 
and for the chemical industry in general. It is very likely that natural gas will become more 
important for the chemical industry in the future as it is a raw material which is easy to transport 
and handle, and some of the heavier feedstocks are becoming heavier with greater impurities 
and have a supply position with a long-term question mark. In addition, the use of coal and 
biomass will increase due to regional needs and advantages (IAE; ICCA; Dechema; 2013). 

Synthesis gas from a variety of different raw material sources (natural gas, coal, renewable 
resources) with an optimized CO/H2 ratio achieved with the aid of improved water-gas shift 
catalysts will represent one of the fundamental raw material sources of the future, as in principle 
any raw material containing carbon can be synthesized via this interim stage. Coal as the source 
of carbon with the lowest hydrogen content is the most problematic raw material in terms of 
GHG emissions and would therefore benefit from catalytic processes enabling the re-use of 
CO2 as carbon source in chemical production. The conversion of biomass into synthesis gas is 
an alternative for the medium to long term (IAE; ICCA; Dechema; 2013).  

IEA gives a list of research topics on chemical technologies used for synthetic gas production 
(IAE; ICCA; Dechema; 2013): 

 Production of synthesis gas from methane, coal or biogenous sources with subsequent 
GTL ("gas to liquids") processes via two principal routes: (a) synthesis of methanol and 
its conversion to dimethylether, C2 and C3 olefins as well as of gasoline, plus (b) 
Fischer Tropsch synthesis with subsequent conversion of the products via hydro-
isomerization and hydrocracking as well as oligomerization of olefins. 
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 Continuous optimization of already established methods on the basis of synthesis gas 
(oxosynthesis, acetic acid, Fischer-Tropsch). 

 Optimization of catalyst activity, selectivity and lifetime in gas-to-chemicals processes, 
with more selective process control in the process in order to avoid broad product 
distributions. 

 The development of highly selective, direct synthesis gas conversion processes into end 
products like hydrocarbons or oxygenates. 

 New catalysts for conversion of synthesis gas to ethanol and higher alcohols. 
 Further development of methanol synthesis catalysts with performance criteria which 

are carefully selected to match the origin of the synthesis gas (coal, gas, biomass). 
 Improved control of the water-gas shift activity in order to avoid the production of CO2 

and the resulting methanation. 

In terms of chemical CO2 utilization, the following research areas shall be mentioned (IAE; 
ICCA; Dechema; 2013): 

 Photocatalytic or electrocatalytic activation modelled on natural processes. 
 Synthesis of products with high added value, in which CO2 remains in the product as a 

C1 building block (for example polycarbonates, polyurethane). 
 Hydrogenation of CO2 with hydrogen from regenerative sources. 

Fuels from gas and coal 

It can be expected that the bulk of fuels for mobile applications will continue to be based on 
hydrocarbons. The proportion of compounds containing oxygen in the fuel pool will increase 
slightly, as on the one hand biogenous carbon sources are being developed and on the other 
hand a certain concentration of oxygen in the fuel has a positive effect in terms of combustion 
properties. Alongside conventional fuels from fossil sources, there will be regionally varying 
proportions of biogenous fuels based on renewable raw materials, such as biodiesel or ethanol.

New routes to polymers 

More energy-efficient methods for monomer production and polymerization will be the central 
topics of catalytic and process engineering research and development. Related to the above-
mentioned gas-based routes to olefins is the subsequent production of polymers. Polymers are 
generally made up of simple chemical monomers, with the olefins (ethylene, propylene, 
butylene, butadiene and octane) being key monomer building blocks, which are polymerized 
into corresponding specialized, high-performance materials using catalytic methods. Olefins 
are currently still primarily produced from fossil raw materials (crude oil). In the future, natural 
gas (see above) and renewable raw materials will also become more important. Research efforts 
are required on new techniques and catalysts for the production of monomer building blocks 
on the basis of new raw materials (e.g. methane -> synthesis gas -> methanol -> olefins). Here, 
top priority goes to the improvement of zeolite-based MILION TONNESO catalysts (methanol-
to-olefins). Alongside methanol as a C1 source, it makes sense to develop more efficient 
synthesis routes to higher alcohols (propanol, butanol), so that these products can then be 
converted into olefins via catalytic dehydration  
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The primary objectives of catalyst development are: improvement of the mechanical stability 
of powdery and formed catalyst types, optimization of resistance to catalyst poisons and better 
control of product distribution and hence more efficient and therefore more sustainable 
utilization and recycling of raw materials. Concerning biomass-based routes, research on 
processes and biocatalytic systems for the saccharification of lignocellulose into bioethanol as 
a raw material for ethylene should be strengthened. Subsequently, single-step processes for the 
conversion of ethylene, preferably regenerative ethylene, into propylene, e.g. via catalytic "one-
pot" combination of ethylene dimerization/isomerization/metathesis into C3 monomer could be 
envisioned. 

In the production of various large volume polymers, such as polyethylene, polypropylene, 
polystyrene and polyvinylchloride, various options exist to reduce energy consumption. In the 
“Reference Document on Best Available Techniques in the Production of Polymers” (2007)223

the following options are mentioned that are considered best practice and reduce energy 
consumption (Galitsky et al. 2008): 

 Introducing an EMS and the use of advance equipment monitoring and maintenance 
systems. 

 Using a containment system to avoid emissions. The contained material (unreacted 
monomer, solvent and polymers) can be recycled (if possible) or used as fuel. An 
example of such a technique is the recovery of monomer from reciprocating 
compressors in high pressure PE plants. 

 Using power and steam from cogeneration where possible. 
 Recovering the exothermic heat of reaction through generation of low-pressure steam.  
 Using a gear pump instead of or in combination with an extruder if applicable. 
 Online compounding extrusion. 
 Re-use of waste products such waste solvents, waste oils and catalyst residues. 

Hydrogen production 

R&D is required on hydrogen production from cultivated biomass or from the exploitation of 
secondary materials via autothermic reforming, the improvement of water electrolysis 
processes, both in terms of the electrocatalysts and in terms of process control and long-term 
efforts on photocatalytic water cleavage with new catalyst systems (IAE; ICCA; Dechema; 
2013). 

State-of-the-art processes for hydrogen production include steam reforming and/or the partial 
oxidation of natural gas or other fossil carbon sources. For the production of large volume 
products such as ammonia and methanol this syngas production is integral part of the process. 
Alternatively, production of synthesis gas is possible from biomass or waste materials via the 
modification of classic reforming. Here, the variable composition of the raw materials 

223 . Reference Document on Best Available Techniques in the Production of Polymers August 2007 

http://eippcb.jrc.ec.europa.eu/reference/BREF/pol_bref_0807.pdf
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represents a particular challenge in terms of the robustness of the catalysts (IAE; ICCA; 
Dechema; 2013). 

Olefins and polyethylene synthesis from biomass 

Olefins (ethylene, propylene) and subsequent products can be produced from biomass in 
different ways, but in all cases biomass (the primary feedstock) is converted into a secondary 
feedstock which is then used for olefin production. A common pathway is the fermentation of 
sugar-/ starch-rich biomass (such as sugar cane, sugar beet and maize) to ethanol (as secondary 
feedstock), which is then converted (by dehydration) into ethylene. Alternatively, biomass can 
be gasified into a synthetic gas, which is used for methanol production (secondary feedstock). 
Olefins are then made using the MILION TONNESO process. Converting the biomass (the 
primary feedstock) into the fuel (the secondary feedstock) for HVC production is very energy-
intensive. Using biomass as a feedstock for chemical products can be 10…15 times more 
energy-intensive compared with the established fossil-based routes (Figure 121).  

Figure 121 Energy use for biomass versus fossil routes to HVC, including the total process chain 

Source: (IAE; ICCA; Dechema; 2013). 

The carbon content contained in biomass, e.g. CO2 captured in biomass, used as a primary 
feedstock allows the process to start from a point of “negative” emissions, which significantly 
reduces total CO2 from the end product, potentially even arriving at CO2-neutral emissions 
(IAE; ICCA; Dechema; 2013). (IAE; ICCA; Dechema; 2013).  

The carbon and energy impacts of biomass need to be evaluated on a case-by-case basis using 
LCA methodologies. 

The DECHEMA model (IAE; ICCA; Dechema; 2013) identified four main areas in which 
investment in catalytic technologies are expected to deliver a medium to high return on 
investment: feedstock production efficiency for olefins; alternative paths to fuel production; 
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use of biomass as feedstock for ethanol/ethylene and BTX; and alternative hydrogen production 
(Table 74 Top catalyst/process development opportunities and technology needs) 

Table 74 Top catalyst/process development opportunities and technology needs 

Technology  Improvement needs  Current development 
stage 

Feedstock production efficiency: 
olefins  

Return on investment: 
HIGH 

Catalytic naphtha crackers and 
ethane/propane cracker  

Viability for natural gas crackers Pilot scale for catalytic 
naphtha crackers; lab-
scale for ethane oxidative 
dehydrogenation 

Methanol-to-olefins  Improvements of efficiency and 
MILION TONNESO catalysts  

Emerging, first 
commercial plants 

Alternative means of fuel 
production: fuels  

Return on investment: 
HIGH 

Gas-to-liquid technologies: Fischer-
Tropsch synthesis with subsequent 
conversion of the products via 
hydro-isomerization and 
hydrocracking as well as 
oligomerization of olefins 

Process improvements, small mobile 
facilities for production in remote areas 
to access stranded gas 

Commercial 

Biomass as feedstock: 
ethanol/ethylene and aromatics  

Return on investment: 
MEDIUM 

Saccharification of lignocellulose 
into bioethanol as raw material for 
ethylene 

Processes and biocatalytic systems  Research stage 

Lignin to aromatics (BTX)  Depolymerisation of lignin components 
and defunctionalisation  

Fundamental research 

Hydrogen production  Return on investment: 
MEDIUM 

Water electrolysis Optimised processes for unsteady 
operation; improved stability for 
operations under pressure (30 to 40 
bars); development of electrodes with 
low noble metals and other rare 
elements content 

Commercially available in 
small-/medium-sized 
facilities 

Photocatalytic water splitting Lab-scale development of highly 
efficient (performance), corrosion-
resistant (longevity) photoelectrode 
materials and processing technologies; 
development of electrodes without 
noble metals and other rare elements 
and with reduction >50% of 

Fundamental research 
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overpotential in H2 generation with 
respect to current state 

Source: (IAE; ICCA; Dechema; 2013). 

Biomass as chemical feedstock 

Efficient use of biomass as feedstock requires innovative value chains on the basis of 
carbohydrates instead of hydrocarbons and defunctionalisation instead of functionalisation as 
the synthesis strategy (IAE; ICCA; Dechema; 2013). 

Heat recovery in the chemical industry 

The chemical and petrochemical industry is one of the largest users of combined heat and power 
(CHP or cogeneration), particularly since the 1980s CHP offers energy efficiency, economic, 
emission reduction and energy security advantages (IEA 2019).  

This short overview of various processes taking place in chemical and petrochemical industrial 
plants, based on the analysis carried out for the purpose of EU-MERCI Project, explains the 
demand for the large amount of energy and various raw materials, and provides the basic 
understanding of the direction of energy flows in that specific sector224 . The most direct 
reasoning shows that almost each stage of the chemical compounds manufacturing involves 
electricity or heat demand, production of which correlates to GHG emissions. This suggests 
that the highest mitigation potential in that particular industrial sector comes from actions 
dedicated to reducing energy consumption or improving its current utilization. Based on that 
findings, the main focus of the technological innovativeness of the EM case study will be waste 
heat to most or all of the described chemical and petrochemical processes. 

According to the analysis conducted during I-ThERM project there are at least a few 
possibilities of recovering significant amount of process heat in chemical sector, with the 
temperatures ranging from low (≤100C) to high (≥ 300C) (Table 75). 

Additionally, overall waste heat potential estimated in that sector, in comparison to other 
industrial areas in the EU, is one of the largest (Table 76). It is calculated based on the 
waste/rejected heat that can be possibly further distinguished by its applicability according to 
the respective temperature range as the percentage of the consumed energy for each temperature 
range respectively.225

Table 75 Identification of the processes with waste heat potential in chemical sector 

224  EU-MERCI stands for EU coordinated “MEthods and procedures based on Real Cases for the effective 
implementation of policies and measures supporting energy efficiency in the Industry”. 

225 Literature review of energy use and potential for heat recovery in the EU28 Report, I-ThERM, June 2016. 
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Source: I-ThERM: Industrial Thermal Energy Recovery Conversion and Management. 

Table 76 . Waste heat and Carnot’s potential for each industrial sector in the EU 

Source: I-ThERM: Industrial Thermal Energy Recovery Conversion and Management.226

CCS in the chemical industry 

226 The exergy content of waste/rejected heat can be calculated by Carnot's theorem, which states that the maximum 
efficiency of a heat engine is determined by the two available heat reservoirs. Waste heat at lower temperature 
level has a significantly smaller share within Carnot's potential. Thus, Carnot's potential provides a more precise 
indication on whether waste heat could still perform technical work or, better, be used for heat transfer. 
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CCS is a new technology that requires significant development and investment to bring to scale 
in industry.  

CCS could be a vitally important technology for the chemicals sector and across industry more 
broadly, based on a projected impact of 25% CO2 emissions reduction in 2050, as noted in the 
CCS in Industrial Applications Roadmap (IEA, 2011). Later, in (IEA 2019) it is repeated that 
CCUS applied to the chemical sector is needed to enable chemical production methods that use 
CO2 as a feedstock. Combined with permanent storage, it could drastically reduce 
CO2 emissions and even create negative emissions if combined with biomass-based production 
methods. 

Its use in the chemical industry presents specific challenges, however. CCS is a relatively costly 
emissions reduction technology due to high energy needs, and is most efficient and cost 
effective when capturing large amounts of CO2 that is of quite high purity. Large facilities for 
the production of ammonia, methanol, ethylene oxide, hydrogen and products from coal 
gasification might have sufficient scale to make CCS financially feasible (depending on 
location). Crackers can also be high-volume sources (1 million tonnesCO2/yr), but their flue 
gas is more dilute (4% to 7% CO2, lower concentration than a coal-fired power plant which 
can be 10% CO2 to 12% CO2) and drive up the CO2 capture costs (IAE; ICCA; Dechema; 
2013). 

Sector stakeholders should also pursue opportunities to use, rather than just store, CO2 as is 
now being done in enhanced oil recovery (CO2-EOR) projects. Several CO2-EOR projects 
pump CO2 captured from chemical sources into oil reservoirs to build up pressure, thereby 
facilitating easier recovery of hydrocarbons. Procedures can be devised to retain additional CO2 
in the formation (IAE; ICCA; Dechema; 2013). 

Chemical conversion of CO2 into chemicals and fuels  

An alternative to CCS is to find a productive use for captured GHG, primarily CO2 and 
methane. The potential of economic and environmental benefits of using COR2R as a feedstock 
for the synthesis of commodity chemicals and fuels for decades has been known for long. CO2, 
a waste product, contributes heavily to global warming. Nevertheless, despite the large amount 
of fundamental research that has been performed regarding the conversion of COR2R into more 
valuable products there are relatively few examples of industrially viable processes. 

In (National Academies of Sciences 2018) it is examined the roadblocks to 
commercialization of technologies that could utilize captured GHG. These 
technologies are mostly in their infancy, but, if successful, could create GHG mitigation 
technologies that can be operated at little cost or even turn out to economically viable. 
The authors made two key findings: 

1. Carbon utilization technologies have a role to play in future carbon management and 
the circular carbon economy.  

2. To play a meaningful role in carbon management, carbon utilization needs to be done 
at scale. The scale of carbon waste utilization will depend on the pace of technology 
development and future energy, market, and regulatory landscapes.

Generally, CO2 utilization can be categorized into three main pathways:  
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1. mineral carbonation to produce construction materials,  
2. chemical conversion to produce chemicals and fuels, 
3. biological conversion to produce chemicals and fuels. 

Methane utilization pathways include chemical and biological conversion to produce chemicals 
and fuels, as well as the direct use of methane as a fuel.  

In this report only chemical conversion of CO2 into chemicals and fuels will be presented. 

Major fine and commodity chemicals that are currently synthesized from CO2 on a pilot plant 
scale include: 227

• Methanol Production. 
• Dimethyl Ether Production. 
• Formic Acid Production. 
• Methane Production. 
• Carbon Monoxide Production. 
• Ethylene and Ethanol Production. 
• Dimethylcarbonate and Diphenylcarbonate Production. 
• Polymer Production. 
• Carboxylic Acid Production
o Acrylic and Methacrylic Acid Production. 
o Furan-2,5-Dicarboxylic Acid Production. 
o Benzoic Acid Production. 
o Oxalate and Oxalic Acid Production. 

• Fuel (Hydrocarbon) Production. 
• Carbon Nanotube Production. 

Table 77 Major fine and commodity chemicals that are currently synthesized from CO2 

227A pilot plant is defined as a precommercial system, which produces a chemical or fuel on a smaller scale than a 
full plant and is used for learning purposes. 
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a. Amount of product that is produced per year.  PSOEC = solid oxide electrolyser cell. 

Source: (National Academies of Sciences 2018). 

The authors of (National Academies of Sciences 2018) came to few finding, conclusions and 
recommendations:

Finding 4-1 At present, there are very few industrial processes that convert COR2R into fuels or 
chemicals. 

Finding 4-2 Most of the research and development of COR2R utilization processes has targeted CR1R  

compounds (methane, CO, methanol, and formic acid) with a few prominent exceptions such 
as organic carbonates and polymers. Processes that produce compounds with C–C bonds have 
received less attention and are at an earlier stage of development.  

Finding 4-3 Catalyst performance is a limiting factor in many COR2R conversion processes. There 
is a substantial need for improved heterogeneous, homogeneous, and (photo)electrochemical 
catalysts. Major pathways that would reduce the cost of COR2R conversion and create multiple 
high-value products. Challenges include minimizing the energy input required for COR2R 

conversion and improving catalyst selectivity, stability, and tolerance to common impurities in 
waste COR2R streams.  

Finding 4-4 Research on catalysts for COR2R conversion is often conducted using reactors and 
reaction conditions (e.g., single-pass conversion) that are not suitable for the economic large-
scale synthesis of chemicals or fuels at reasonable rates. The factors that affect catalyst 
performance in simplified laboratory reactors may differ from those that affect performance in 
a reactor engineered for larger-scale and higher rates. 

Finding 4-5 Many COR2R conversion processes that have been investigated require stoichiometric 
additives that cannot readily be regenerated. This requirement likely precludes commodity 
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chemical or fuel synthesis because such additives can have an economic value or energy 
demand that exceeds that of the chemical or fuel product.  

Finding 4-6 In electrochemical COR2R conversion, water oxidation to OR2R is typically used as the 
anodic reaction to supply the protons and electrons for COR2R reduction. Although water is by far 
the most scalable substrate, processes that use alternative oxidation substrates (e.g., those 
derived from agricultural waste or industrial by-products) could allow for COR2R conversion with 
lower energy demand and generate a more valuable coproduct than OR2R.  

Conclusion 4-1 The grand challenge for converting COR2R waste streams into useful products is 
to develop processes that require minimal amounts of non-renewable energy, are economically 
competitive, and provide substantial reductions in greenhouse gas emissions compared to 
existing technology.  

Recommendation 4-1 Researchers should continue research efforts to improve existing 
catalysts or discover entirely new catalysts to advance many COR2R conversion processes to 
industrial viability.  

Recommendation 4-2 Researchers should focus on COR2R conversion processes that avoid 
stoichiometric additives or use additives that are easily regenerated for developing processes 
that could be used for commodity chemical or fuel production.  

Recommendation 4-3 Researchers should integrate catalysis research with reactor design at an 
early stage to accelerate the development of COR2R conversion processes by rapidly identifying 
the factors that affect catalyst performance on larger scales at synthetically relevant rates.  

Recommendation 4-4 Researchers should increase attention to COR2R conversion processes that 
produce non-traditional targets, especially those with C–C bonds, to have transformative 
impacts.  

Recommendation 4-5 Researchers should explore processes that combine COR2R reduction with 
the oxidation of substrates from other waste streams (e.g., agricultural or biomass waste or 
industrial by-products) to open new pathways that would reduce the cost of COR2R conversion and 
create multiple high-value products. 

Recommendation 4-6 Researchers should develop reactor technologies that are tailored to the 
demands of carbon dioxide conversion processes, including systems that integrate capture with 
conversion. 

Key barriers for commercialization for target products of CO2 waste stream chemical 
utilization are shown in Table 78 (National Academies of Sciences 2018).

Table 78 Key barriers for commercialization for target products of carbon dioxide waste stream chemical utilization 

Product Key Barriers
Methanol Direct hydrogenation of CO2: low selectivity, catalyst inhibition by water 

Electroreduction of CO2 in water: high overpotentials, low selectivity
Dimethyl Ether Similar challenges to methanol production Formic Acid 
Methane Electroreduction of CO2: very high overpotentials, low selectivity 
Formic Acid Homogeneous hydrogenation of CO2: stoichiometric added base required for 

high turnover, separation of formic acid from reaction medium/base recycling 
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Photoelectrochemical and electrochemical reduction of CO2: poor catalyst 
stability, separation of formic acid from reaction medium

Carbon Monoxide Electroreduction of CO2: high flux of CO2 to cathode required, low per-pass 
conversion

Ethylene and Ethanol  Electroreduction of CO2: low selectivity, poor catalyst stability
Dimethylcarbonate and 
Diphenylcarbonate 

Alcohol/CO2 condensation: low per-pass conversion  
Alcohol/urea condensation: low selectivity, low per-pass conversion 

Polymers  Polycarbonates: tendency of product to decompose into cyclic carbonates; high-
purity CO2 required 
Polyether carbonates: understanding catalyst structure–polymer property 
relationship for tailored products 

Acrylic and Methacrylic 
Acid 

Very low catalyst turnover frequencies; requirement for stoichiometric 
additives 

Furan-2,5-Dicarboxylic 
Acid 

Low reaction rates, salt recycling process for carbonate regeneration not proven 
on large scale 

Oxalate and Oxalic Acid High overpotential, low selectivity 
Benzoic Acid Requirement for stoichiometric additives 
Hydrocarbon Fuel Low selectivity, lack of understanding of carbon-carbon bond formation steps 
Carbon Nanotubes Properties of currently produced carbon fibers not suitable to act as 

replacements for carbon fibers 

Source: (National Academies of Sciences 2018). 

Circular economy and digitalization in the chemical industry 

Circular economies will gain in importance, and digitalization will lead to extensive 
changes in all sectors. The report of Deloitte and Verband der Chemischen Industrie e.V. 
(Deloitte&VCI 2017) discusses novel aspects of digitalisation in the chemical industry referring 
to the following topics: digital systems; open access; adaptive technology-enhanced learning; 
personalised technology-enhanced learning; wireless technologies; mobile technologies; 
ubiquitous technologies; digital game; intelligent toy enhanced learning; computer supported 
collaborative learning; technology-enhanced assessment; formal education; informal 
education; Big Data; learning analytics; technology-enhanced science, technology, 
engineering, and math education; technology-enhanced language learning; motivational 
aspects; emotional aspects; recommender systems; semantic Web technologies; e-learning; 
people with disabilities; smart learning environments; virtual worlds; knowledge management 
and technology-supported educational innovation. This list illustrates the complexity of the 
transition to the new phase of chemical sector development.  

Seven levers can be distinguished for activities in a circular economy (Figure 122). 
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Figure 122 Seven circular economy levers (“Rs”) in the chemical sector 

Source: (Deloitte&VCI 2017). 

Chemical sector in the SET Plan 

In the Implementation Plan for Action 6 in SET Plan, R&I activities specific to the chemical 
sector have been structured along three main areas (Table 79) (European Commission 2017d). 

Table 79. Main activities proposed for the chemical sector in the Implementation Plan for Action 6 in SET Plan 

Area Activity Description228

CHEM Process and plant (re-
design), and 
optimisation: 
intensification and 
modular approach 

Process intensification, including new catalyst development can provide 
major opportunities for resource and energy efficiency as chemical 
reactions can be achieved at optimal conditions with significantly less 
side reactions creating fewer by-products, and using fewer auxiliary 
materials.

CHEM Separation technologies Separation technologies are essential in chemical processes for the 
purification of the products, recycling of solvents or catalysts, further 
valorisation of by-products or gaseous effluents, removal of harmful 
substances etc. Most mature separation technologies are energy 
intensive, and separation operations can represent up to 50% of energy 
consumption in chemical plants. Therefore, intensified separation 
technologies and their control technologies have to complement higher 
selectivity of the reactions. 

CHEM Power to-X & 
unconventional energy 

Energy supply in the chemical industry is mostly based on fossil 
resources. Access to cost competitive renewable electricity can be an 

228 The detailed description of the activities is given in the Activity Fiches in Annex 4 in (European Commission 
2017d). 
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sources opportunity for the chemical industry to reduce its carbon footprint. The 
development of advanced electricity-based process technologies has to 
be developed for optimal utilization of low carbon electricity in the 
chemical industry. 
The direct utilisation of electricity for electrochemistry and use of 
unconventional energy sources (e.g. microwaves, ultrasound, plasma) in 
particular, will bring significant efficiency gains in existing chemical 
processes and can also be used for the production of functional products 
which are difficult to obtain using conventional processes. Electricity 
will also be used indirectly for heat/steam/vapour generation or upgrade. 

Source: Own work based on (European Commission 2017d). 

Chemical industry and power industry 

The chemical industry is responsible for huge energy consumption of which part is contained 
in hydrocarbon raw materials, primarily in oil and natural gas, and the other part is used to 
transform raw materials into useful chemical products through reaction and purification steps. 

The key difference between the chemical industry and the power industry is that, in the 
production of chemicals, most of the enthalpy of the starting materials is preserved in the final 
products. In the power sector, the enthalpy is transformed into electrical energy (and losses). 
Since both sectors rely on the same hydrocarbon resources, conservation in the chemical sector 
also benefits the fuels sector (Patt and Banholzer 2009). 

EM in a broader sense connects the chemical sector with the energy sector. The identified 
common issues affecting both sectors are presented in the Table 80. 

Table 80. Issues binding the problems of the energy and chemical sectors that may be considered within the framework of 
Energy Management 

Issues Examples Comments
Political and regulatory 
environment 

Eliminate barriers to the introduction of 
BAT 

Eliminate subsidies for high-emission 
energy technologies 

Promotion of energy-saving and low-
emission chemical technologies 

Introduce a system of incentives for the 
use of energy-saving technologies 
Benchmarking systems 

New energy generation 
technologies  

New biofuels, e.g. methanol, fuel cells Modern products for energy use 

Development of new 
energy storage methods 

Electrochemical energy storage 
technologies 
Development of hydrogen technologies 

Energy storage is a key issue in the 
development of smart grids 

Improving energy 
efficiency 

Wider use of BAT technology Greater savings will require the use of 
emerging technologies 

Use of waste heat Improvement of production processes 

Active participation in the White 
Certificates System 

Improvement of production processes 
and company activities 

Use of recommendations of obligatory 
energy audits 

The obligation to audit results from the 
Energy Efficiency Act 

Promotion of best practices to reduce 
energy intensity and emissions 

IEA recommendation (e.g. IEA, 2013: 
Technology Roadmap Energy and 
GHG Reductions in the Chemical 
Industry via Catalytic Processes) 
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Elimination of barriers to a low-material-
intensive economy 

IEA recommendation 

Impact of climate policy Impact of climate policy instruments 
such as the EU ETS on energy 
purchasing costs and the purchase of 
EUAs 

Part of the chemical sector, e.g. 
petrochemical industry, refining 
industry, fertilizers, chlorine and 
ammonia production, is included in the 
energy-intensive industries 
The possibility of using the Market 
Stabilization Reserve (MSR) in the EU 
ETS for investment purposes 

carbon leakage hazard for some 
branches 

Limited pass-on of costs to customers 
due to global competition 

Reduced emissions of pollutants and 
dusts 

National and international requirements 
(e.g. IED) 

Possibility of providing 
auxiliary services in the 
power sector  

Development of own electricity 
generation capacities, mostly in 
cogeneration technology 

Opportunities for the development of a 
new business niche 

Possibility to use energy 
from renewable sources  

Increased use of RES energy in energy-
intensive technologies 

Cheap energy from RES allows to 
change the economic calculation of 
energy-intensive technologies 

Research and 
development 

Innovative products, methods and means 
of production 

Many technologies have not yet 
reached market maturity 

Source: Own work based on (Bielecki and Skoczkowski 2018a). 

Production process optimization, where the criterion is long-term profit maximization, may 
take into account an additional factor related to the possibility of the company's implementation 
of services for the power industry. However, this requires the introduction of stable rules for 
the functioning of the energy market, the development of correct energy models of production 
processes and the implementation of technologies creating intelligent energy networks. 

Business models in the chemical industry 

The tendency to include social values in industry is exemplified in the chemical sector as “green 
chemistry”, seen as an alternative to traditional chemistry. It deals with replacing the wasteful 
or harmful processes and products that contribute to hazard.229 It is hoped that it can become a 
viable alternative to traditional, or ‘‘brown” chemistry what requires works both in R&D sector 
and industry, e.g. allocation of research funding, launching of research programs, and then the 
employment of green chemistry practices in industry. Logar (Logar 2011) discussed the values 
of successes and failures of chemistry as compared to the emerging green chemistry, in which 
the promoters attempt to incorporate new and expanded values, such as health, safety, and 
environmental sustainability, to the processes of prioritizing and conducting chemistry 
research. He showed how such values are becoming increasingly public. “Green chemistry” is 

229 Green chemistry is distinct from the idea of environmental chemistry, which is closer to the end-of-pipe 
solutions that government regulatory programs have historically pursued. Although both focus on the amelioration 
of negative environmental effects, environmental chemistry can focus on the reduction of negative impacts after 
chemical production, while green chemistry explicitly deals with the reduction of harm by considering risk during 
research and production (Logar 2011). 
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currently growing in both adherents and influence, but is still minuscule in comparison to the 
broader discipline of chemistry. 

In traditional chemical industry business models, the products are sold by volume. It can be 
assumed that in these traditional models, chemical manufacturers have no strong incentives to 
help customers use their chemicals more efficiently. Because they earn money by selling higher 
volumes, inefficient use by customers will increase the sales of chemical producers (Buschak 
D. 2014). 

Several years ago, predominantly environmental concerns encouraged the development of 
innovative business models in which chemical waste is avoided. Such business models promote 
servitization in the chemical industry by linking the physical offers of chemicals companies 
with the provision of additional services to customers. These innovative business models 
include the following (Buschak D. 2014): 

 Chemical product services (CPS) describe business models that shift the focus from 
the sale/use of chemical products to the sale/use of chemical product/service 
combinations that jointly fulfil the demands of customers and suppliers. 

 Chemical management services (CMS) are defined as business models in which a 
customer engages with a service provider in a strategic, long-term contract to supply 
and manage the customer’s chemical and related services. 

Chemical leasing is a business model in which the chemicals required for a specific service 
are not sold to the customer but are rather made available for use and maintained. 

Ernst&Young (E&Y)230 claims that chemical companies can increase efficiency through 
managing costs, promoting digitalization and adjusting their product portfolio. Chemical 
companies are witnessing intensified cost pressures to protect margins. This pressure is 
compounded by the need to invest in digitalizing their operations. Big data and analytics can 
now enable more efficient plant operations, promote low-cost and sustainable R&D, and 
support business negotiations. The industry also continues to pursue growth, both in technology 
and talent, through consolidation. To overcome the talent gap, chemical companies must 
adopt new strategies including early talent identification, new recruitment methods and 
a focus on millennials. 

Frank Jenner231, E&Y expert, tries to answer the question what the chemical industry could 
look like in 2025. He makes a vision which predicts quite different business models for the 
chemical industry soon. The digital revolution will inherently move the chemicals industry 
toward new business and operating models, driven by the disintegration of classical 
industries and the formation of digital ecosystems that combine products and services, 
enabled by technology. In the new ecosystem world, how you integrate, and which role you 

230 https://www.ey.com/en_gl/chemicals

231 https://www.ey.com/en_gl/chemicals/what-the-chemical-industry-could-look-like-in-2025



295 

play in which ecosystem, will be more crucial than the size of your assets. Recent chemical 
industry trends - such as digital supply chains, vertical and horizontal integration with 
everybody and everything (such as the Internet of Things), big-scale merger and acquisitions, 
and the move downstream toward special chemicals - are important. However, they’re short-
term scale-ups and optimizations for the current mode of operation. They will not ensure the 
long-term success of a chemical company because they stay within their current scope of 
industry thinking: seeking new competitive advantages by establishing newer, stronger market-
entry barriers, be it low costs or unique values or services. 

Modelling the future of the chemical industry 

DECHEMA modelling development of chemical industry recognises the following five 
scenarios: Business-as-usual (BAU), Incremental improvement, Best practice technology 
(BPT), Emerging technologies and Game changers (IAE; ICCA; Dechema; 2013). This model 
tries to find out the gap between “theoretical minimum” of energy consumption in production 
of 18 main chemical products and 130 catalytic processes and the “real” energy demand.  

The IEA model of chemical sector examines the chemical sector with detailed modelling of the 
top five products while the DECHEMA model examines more closely how catalysis and 
technology might advance in parallel. The two scenarios are complementary while providing 
different views. Although they represent different approaches, they produce similar conclusion: 
“the potential to improve energy efficiency and reduce emissions in the chemical industry is 
substantial – and collective effort by all stakeholders is needed to achieve them” (Table 81 
Global energy savings and emissions reduction projected in 2050The models give slightly differ 
quantitative results. 

Table 81 Global energy savings and emissions reduction projected in 2050 by the IEA and the DECHEMA models 

Model Energy savings Emissions reduction 

IEA  16.0 EJ  
1.6 GtCO2/yr (Low-Demand Case) 

1.8 GtCO2/yr (High-Demand Case) 

DECHEMA  13.2 EJ  1.0 GtCO2-eq/y 

Source: (IAE; ICCA; Dechema; 2013). 

Based on country comparisons, improved final energy efficiency potential in the chemical and 
petrochemical industry is 8.5…11 EJ per year. This includes 4 EJ of fuel savings potentials, the 
remainder is electricity savings, CHP, recycling and energy recovery (Table 82) (IEA 2019). 

Table 82 Global annual energy savings potential in the Chemical and Petrochemical Industry 

Estimated Savings
[EJ]

Heat 4 

Electricity 1 

Recycling and Energy Recover 2 - 4 
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CHP 1.5 - 2 

Total 8.5 - 11 

Note: Heat, electricity and recycling are expressed in final energy units. Energy recovery and CHP refer to the 
energy content of the waste and saved fuel. 

Source: (IEA 2019). 

Actors and networks 

The chemical industry in Europe is very well organised and supported by many organisations 
and platforms which work as lobby organisations, e.g. represent the industry in talks with the 
EC, co-ordinate EU wide activities, organise R&D programs. The main organisations are: 

 The European Chemical Industry Council - Cefic is a committed partner to EU 
policymakers, facilitating dialogue with industry and sharing broad-based expertise. 
Cefic represents large, medium and small chemical companies across Europe, which 
directly provide 1.2 million jobs and account for 14.7% of world chemical production. 
Based in Brussels since its founding in 1972, Cefic interacts on behalf of its members 
with international and EU institutions, non-governmental organisations, the international 
media, and other stakeholders. www.cefic.org

 SusChem is the European Technology Platform for Sustainable Chemistry. It is a forum 
that brings together industry, academia, policy makers and the wider society. SusChem 
was officially launched in 2004 as a European Commission supported initiative to 
revitalise and inspire European chemistry and industrial biotechnology research, 
development and innovation in a sustainable way. www.suschem.org

 PlasticsEurope is a leading European trade association with centres in Brussels, Frankfurt, 
London, Madrid, Milan and Paris. The association networks with European and national 
plastics associations and has more than 100 member companies that produce over 90% 
of all polymers across the EU28 member states plus Norway, Switzerland and Turkey. 
www.plasticseurope.org

IEA in its “Technology Roadmap Energy and GHG reductions in the chemical industry via 
catalytic processes” (IAE; ICCA; Dechema; 2013) identified a number of stakeholders related 
to the leading theme of the roadmap (Figure 123). This set of stakeholders is typical to 
stakeholders in other chemical processes or sectors. It shows a need of close collaboration 
among many stakeholders in this highly innovation-dependent industry. 
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Figure 123 Collaborators with closest ties to catalysis (example of stakeholder set in the chemical industry) 

Source: (IAE; ICCA; Dechema; 2013). 

This roadmap recommends stakeholder collaboration: 

 Creating public-private partnerships that help minimise technological and financial 
risks, while also fostering acceleration of activity through joint effort on shared goals. 

 Government-industry collaboration within the United Nations Framework Convention 
on Climate Change (UNFCCC) process to explore key elements for successful 
frameworks, e.g. ensuring that the global political framework effectively limits the risk 
of “carbon leakage”. 

 Government and industry jointly defining effective national policy measures; local and 
regional action must be guided by good coordination with trade associations. 

Institutions and policies 

Table 83 provides an exemplary list of industry associations and chemical industry subsectors 
in their interests. 

Table 83 Industry associations and chemical industry subsectors in their interests 

Industry association Subsector 

Petrochemicals Europe 20.14 Organic basic chemicals

Plastics Europe 20.16 Plastics in primary forms

International Institute of Synthetic Rubber 
Producers

20.17 Synthetic rubber in primary forms
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European Tyre and Rubber Manufacturers’ 
Association (ETRMA)

20.17 Synthetic rubber in primary forms

European Man-Made Fibres Association (CIRFS) 20.60 Man-made fibres

European Industrial Gases Association (EIGA) 20.11 Industrial gases

EuroChlor 20.13 Inorganic basic chemicals

European Crop Protection Association (ECPA) 20.20 Pesticides and agrochemicals

Association of paints, coatings, inks (CEPE) 20.30 Paints, coatings, mastics and inks

International Association for Soaps, Detergents and 
Maintenance (AISE)

20.41 Soaps and detergents, 
cleaning and polishing preparations

International Fragrance Association (IFRA) 20.53 Essential oils

Silicones Europe 20.59 Other chemical products

Source: (Maroulis et al. 2016). 

Chemical package of legislation 

Before REACH (Registration, Evaluation and Authorisation of Chemicals) (Regulation No 
1907/2006) entered into force in 2007, chemicals used industrially and in consumer 
products were monitored and controlled mainly by a number of different regulations and 
directives such as the Existing Substances Regulation (ESR) (Council Regulation No 
793/93) on the evaluation and control of the risks of existing substances and the Regulation 
“Notification of new Substances” (NONS). Under the ESR and NONS regulations, the 
main responsibility for monitoring and risk assessments was placed upon regulatory 
authorities, while companies marketing the chemicals had the obligation to provide all the 
necessary information about their products (Maroulis et al. 2016). 

REACH amended or repealed all previous regulations and introduced an integrated system 
of registration and authorisation for all chemical substances and products containing 
chemical substances produced or supplied in the EU. REACH assigned technical, scientific 
and administrative aspects of the implementation of the Regulation to a new EU agency, 
the European Chemicals Agency (ECHA). 

The new principle of “no data, no market” (Article 5) introduced by REACH is that only 
substances registered with ECHA are lawful. 

Since the REACH legislation came into force in 2007, the chemical industry has been working 
with the European Chemicals Agency (ECHA), ensuring that  16, 220 substances have been 
registered, and 174 substances of very high concern identified.  Through significant input from 
the chemical industry, ECHA now has an information database on almost 130,000 
chemicals. Besides REACH Legislation and the CLP Regulation (classification, labelling and 
packaging of substances and mixtures) Cefic is also acting at the global level under the UN’s 
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Strategic Approach to International Chemicals Management (SAICM), which aims to achieve 
the sound management of chemicals.232 

The monitoring and authorisation system was complemented by a system of classifications, 
packaging and labelling regulated by the Dangerous Substances Directive (DSD) (Directive 
67/548/EEC) and the Directive 1999/45/EC - classification, packaging and labelling of 
dangerous preparations and their amending acts. After a transition period, both Directives were 
replaced by the Classification, Labelling and Packaging (CLP) Regulation 1272/2008, which 
entered into force in January 2009. The former was repealed in 2010 and the latter in June 2015 
(Maroulis et al. 2016). 

The continuous efforts of the scientific community to improve the understanding of the 
potential impact of chemicals on health and environment can cause changes to the harmonised 
classification of chemicals. Following the adoption of new classifications proposals by the 
relevant committees of experts and by the European Commission, the revised harmonised 
classifications are published in Adaptations to Technical Progress (ATP) (Maroulis et al. 
2016). 

In parallel with REACH, especially for persistent organic pollutants (POPs), the Regulation 
(EC) No 850/2004 of 29 April 2004 sets provisions regarding production, placing on the market 
and use of chemicals, management of stockpiles and wastes, and measures to reduce their 
unintentional release (Maroulis et al. 2016). 

Risks and hazards of plant protection products and biocides are addressed by a group of 
legislation comprising: 

● Regulation No 1107/2009, which repeals the Council Directive 91/414/EEC, concerning 
the placing of plant protection products on the market (including daughter or associated 
legislation on the approved list of substances - Regulation EU No 540/2011, data 
requirements for active substances - Regulation EU No 283/2013 - and plant protection 
products - Regulation EU No 284/2013). 

● Directive 2009/128/EC on the sustainable use of pesticides, and the Biocides Directive 
(Directive 98/8/EC) and subsequent Biocide Product Regulation concerning the placing 
on the market and use of biocide products (Regulation EU No 528/2012). 

In addition to all above regulations aiming, among other things, to protect human health, the 
General Product Safety Directive and Market Surveillance Directive (2001/95/EC) focus 
explicitly on consumer safety. The main requirement for companies is to inform consumers of 
the risks associated with the products they supply, and they must take appropriate measures to 
prevent such risks and be able to trace dangerous products (Maroulis et al. 2016). 

The method of classifying and labelling adopted by CLP is based on the United Nations’ 
Globally Harmonised System (GHS). Any supplier of chemicals must classify, label and 
package substances and mixtures according to the CLP Regulation. Obligations apply all 

232 https://cefic.org/our-industry/
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along the supply chain and each operator (such as manufacturers, distributors, transporters, 
manufacturers of mixtures) must abide by these rules. 

Energy legislation related to the chemical industry 

The majority of energy legislation in Europe does not target specific sectors or consumers. 
Although energy legislation does not directly address the chemical industry, it affects the 
availability and the price of purchased energy and thus is of particular importance for 
energy intensive industries like the chemical industry whose energy costs can exceed 50% 
of production costs (petrochemicals, chlorine, ammonia) (Table 84). In addition to the 
above, energy legislation affects chemical companies producing their own electricity. On-
site production of energy is often necessary to ensure appropriate, constant and secure 
supply of power for continuous manufacturing processes. In this case legislation 
influencing the production, the distribution and the storage of energy has also an impact on 
the costs of energy, hence the cost of chemicals manufacturing (Maroulis et al. 2016).

Energy legislation related to the chemical industry includes the Renewable Energy 
Directive (Directive 2009/28/EC), the Energy Taxation Directive (Directive 2003/96/EC), 
and the Energy Efficiency Directive (Directive 2012/27/EC), including daughter or 
associated legislation setting implementation measures.

Table 84 Impact of energy legislation on different sectors in the chemical industry 
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Energy Taxation Directive (Directive 2003/96/EC)  

Promotion of COGENERATION based on a useful heat 
demand in the internal energy market and (Directive 
2004/8/EC, amending Directive 92/42/EEC on efficiency 
requirements for new hot-water boilers fired with liquid or 
gaseous fuels - was repealed by the Energy Efficiency Directive 
with effect in 2014) 



Renewable Energy Directive (Directive 2009/28/EC)  

Energy Efficiency Directive (Directive 2012/27/EC)  

Source: (Maroulis et al. 2016).

Emissions and industrial processes legislation 

The Waste Framework Directive (Directive 2008/98/EC) introduces two principles with 
direct implications on cost in industry (Maroulis et al. 2016):
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 The principle of extended producer responsibility, which may include the 
acceptance of returned products and of the waste that remains after those products 
have been used, as well as the subsequent management of the waste and financial 
responsibility for such activities. This may also include the obligation to provide 
publicly available information to the extent to which the product is re-usable and 
recyclable. Thus, the extended producer responsibility principle leads to direct 
compliance costs, including substantive administrative burdens due to information 
obligations.

 The polluter pays principle which states that costs of waste management shall be 
borne by the original waste producer or by the current or previous waste holders, thus 
leading to substantive obligations.

In addition, legislation in this area sets rules for the production, collection, transportation, 
packaging, treatment and storage of hazardous waste233 or specific types of products234. 
These activities should be carried out in conditions providing protection for the 
environment and human health, including action to ensure traceability from production to 
final destination and control of hazardous waste, in order to meet the requirements. This 
will impose information obligations on operators in the chemicals sector, as well as 
transaction costs with upstream suppliers for tracing purposes.

Under the Seveso Directives235, companies that produce or use dangerous chemicals are 
obliged to take all necessary measures to prevent major accidents and to limit their 
consequences for human health and environment. Compliance with the directive implies 
that companies will provide the necessary information to the competent authorities and will 
invest in the necessary safety equipment and measures preventing accidents. 

Impact of emissions and industrial processes legislation on different sectors in the chemical 
industry is presented in Table 85. 

Table 85 Impact of emissions and industrial processes legislation on different sectors in the chemical industry 

Emissions and industrial processes legislation 
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233 Waste Framework Directive (Directive 2008/98/EC), Packaging and Packaging Waste Directive (Directive 
94/62/EC), Landfill of Waste (Council Directive 1999/31/EC), Directive on waste electrical and electronic 
equipment 2012/19/EU (WEEE). 

234 Directive on waste electrical and electronic equipment 2012/19/EU (WEEE) which repealed previous WEEE 
Directive 2002/96/EC and End of Life Vehicle (ELV) Directive 2000/53/EC. 

235 Seveso III Directive (Directive 2012/18/EU) to prevent chemical accidents; Seveso II Directive 96/82/EC to 
prevent chemical accidents. 
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National Emission Ceilings (NEC) (Directive 2001/81/EC)     

Air quality framework Directive 
(Directive 96/62/EC and Directive 2008/50/EC) 

    

First Daughter Directive Sulphur - Nitrogen - particles 
(Directive 1999/30/EC) 

    

Second Daughter Directive Benzene – CO (Directive 
2000/69/EC) 

    

Third Daughter Directive - Ozone (Directive 2002/3/EC)     

European Pollutant Release E-PRTR (Regulation (EC) 
No166/2006)  

    

Fourth Daughter Directive PAH's (Directive 2004/107/EC) -     

Group 3.d Measures addressing industrial emissions to water 

Water Framework Directive (Directive 2000/60/EC)   

Environmental Quality Standards EQSD (Directive 
2008/105/EC) 

  

Group 3.e Measures regulating waste 

Landfill of Waste (Directive 1999/31/EC)  

Packaging and Packaging Waste Directive (Directive 
94/62/EC) 



End of Life Vehicle (ELV) (Directive 2000/53/EC)  

Waste Framework Directive (Directive 2008/98/EC)  

WEEE on waste electrical and electronic equipment 
(Directive 2012/19/EU) 



Group 3.f Measures to prevent industrial risks and accidents 

Seveso II Directive to prevent chemical accidents (Directive 
96/82/EC) 

  

Source: (Maroulis et al. 2016).

Cost assessment for the EU chemical industry 

The aim of the study “Cumulative Cost Assessment for the EU Chemical Industry“ (Maroulis 
et al. 2016) was to analyse the cumulative costs of the most relevant EU legislation with a 
bearing on the chemical industry in the 28 MSs during the period 2004-2014. The study, which 
covers the whole chemical sector236, provides quantification of the cumulative costs related to 
those packages of EU legislation with the highest cost impact, and quantify the cumulative costs 
in the subsectors of the chemical industry; demonstrates how the costs have changed over time; 
compares the costs with relevant financial indicators for the chemical industry. 

236These are, according to the statistical classification of economic activities in the EC (NACE): 20.13 — inorganic 
basic chemicals; 20.14 — organic basic chemicals; 20.16 — plastics in primary forms; 20.20 — pesticides and 
agrochemical products; 20.41 — soaps and detergents, and cleaning and polishing preparations; 20.30 — paints, 
varnishes and similar coatings and 20.59 — other chemicals products. 
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From the point of view of innovation, cost assessment plays important role as it indicates where 
costs can be reduced due to novel solutions, helps to identify economically viable investments. 

When all legislation relevant to chemical companies is cumulated, the estimated average annual 
total direct cost borne by the subsectors covered by the study during the period 2004-2014 
approaches €9.5 billion, representing around 2% of their turnover and 12% of the value added. 
Comparing cost with Gross Operating Surplus (GOS), which can be used as a proxy for profit, 
the cost represents as much as 30% of this value, indicating that legislation cost is among the 
important factors shaping the profitability of the EU chemical industry. In addition to the 
estimated cumulative cost, companies also bear indirect legislation costs, passed on to them 
through feedstock and other inputs (e.g. electricity or machinery) (Maroulis et al. 2016). 

Among the legislation packages, the emissions and industrial processes package represents 
approximately 33% of the regulatory cost (4% of the subsectors’ value added), the chemicals 
package 29% (3.5% of value added) and workers’ safety 24% (2.9% of value added). The 
contribution of the other legislation packages to the overall regulatory cost is much smaller 
(Maroulis et al. 2016). The share of the energy package is around 9% (1.1% of the value added), 
transport 3% (0.3% of value added), product-specific 1% (0.2% of value added) and customs 
and trade only 0.4% (0.05% of value added). Although the other reported figures do not include 
costs associated with national legislation, the estimation of the energy taxes cost, which 
represents 69% of the energy package, does contain the contribution of national legislation 
(Maroulis et al. 2016). 

The study provides a quantitative assessment of all costs (monetary obligations, capital 
expenditure, operating expenses and administrative burden) incurred by EU chemical 
companies with regards to the EU legislation most relevant to them. 

The pieces of legislation, which affect the chemical industry in the EU, have been grouped into 
seven packages on the basis of their overarching and specific policy objectives as follows: 
chemicals, energy, emissions and industrial processes, workers’ safety, product-specific, 
customs and trade, and transport legislation (Figure 124). Only the first three, namely 
chemicals, energy, emissions and industrial processes, are discussed in this report as they exert 
the main impact on the industry as far as innovation is concerned. The other have minor 
importance and therefore are not presented. 
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Figure 124 Cumulative cost per subsector and its composition by legislation package – annual share of value added 2004-
2014 

Source: (Maroulis et al. 2016). 

Monetary obligations amount approximately to 20% of the regulatory cost. They include 
mainly taxes, levies, charges and registration fees. The latter contributes to the financial 
viability of the monitoring and enforcement system by covering part or all of their costs. Out 
of all monetary obligations, those stemming from the chemicals legislation package, 
representing 7% of the total cost, are related to the sustainability of the enforcement and 
monitoring system. The remaining monetary obligations (representing 13% of this type of 
costs) are linked directly to energy and environmental policy objectives (taxes and allowances 
related to the EU ETS) (Maroulis et al. 2016). 

The major milestones of the evolution of cost is the introduction of REACH237 and CLP in 2007 
and 2008 respectively (affecting the cost of chemical legislation) and investment by companies 
after 2009, in anticipation of the enforcement of Seveso III238 in 2012 and EU ETS Phase 3 in 
2013. Energy legislation also contributes to costs, especially after 2012. One can expect that 

237 REACH Registration, Evaluation, Authorisation and Restriction of Chemicals. 

238 Seveso III Directive (Directive 2012/18/EU) to prevent chemical accidents including priority legislation in 
force at the start of the examined period 2004-2013 (Seveso II Directive 96/82/EC to prevent chemical accidents). 
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CLP 239  and REACH costs will decrease after 2017 and 2018 respectively, while cost of 
compliance with Biocides and PPP240s will continue to expand. Costs of compliance with 
workers’ safety and transport legislation should remain stable (Figure 125) (Maroulis et al. 
2016). 

Figure 125 Evolution of cost in the EU chemical industry due to legislative packages over the period 2004–2014 — Index 
2004=1 

Source: (Maroulis et al. 2016). 

Benchmarking is widely applied in the chemical and petrochemical industry. Provided 
that system boundaries are well defined, benchmarking provides a useful basis for plant 
efficiency comparisons. The plant level results of current benchmarking studies and even the 
country averages are usually confidential. Therefore, indicators on a country level can 
supplement benchmarking. Benchmarks of EU chemical and petrochemical facilities have 
been run by several organisations (IEA 2019). 

Analysis of the functioning of the components 

Until last two decades the chemical process industries were designed using traditional methods 
and the main focus was on primary tasks (reaction & separation) and economics. At present, 
the energy consumption and waste release in manufacturing industries are serious concerns that 

239 CLP Classification, Labelling and Packaging. 

240 PPPs Plant Protection Products.
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need to be addressed to avoid the disruption of environmental cycles and make the process 
sustainable. Therefore, currently the vision of sustainable process design is to conceptualize 
new processes considering reactions, separations and economics along with energy 
conservation, safety, environmental and social impacts (Ramsagar Vooradib, Maria-Ona 
Bertrana, Rebecca Frauzema, Sarath Babu Anneb 2018).

The current capacity in the chemical area does not always meet the market demand what 
provides additional challenges for this sector in the future but on the other hand gives 
new impulses to technology change and innovation boost. For example, the mismatch 
between refinery configurations and product demand in the IEA Sustainable Development 
Scenario (SDS) would increase the incentives for refiners to deepen integration with 
petrochemical operations, and thereby boost the direct production of chemical products relative 
to transportation fuels. There are various technological pathways to increase chemical product 
yields beyond the levels that a refinery can typically produce (less than 10%). Several Asian 
refineries have co-located steam crackers and para-xylene facilities that provide higher 
chemical yields; high-severity fluid catalytic cracking technologies allow companies to achieve 
chemical product yields of over 30%; while companies in China are building integrated 
petrochemical and refining facilities that aim to have chemical yields of around 40%. There are 
even more ambitious schemes being pursued in the Middle East to bypass refining operations 
and produce chemicals directly from crude oil

Analysis of relevant past system transition 

Main lessons: barriers and enablers 

The definition of EM proposed in this research underlines the aspects of energy efficiency, 
related to economic effects and reduction of emissions of CO2 and other pollutants. The 
chemical industry significantly improves the efficiency of energy use, which is reflected in the 
forecast of increased sales of production. Benchmarking studies suggest that potential energy 
efficiency improvements for olefins and aromatics range from 10% for polyvinyl chloride to 
40% for various types of polypropylene (IEA 2019). 

Energy efficiency improvements and fuel switching in chemical industry can reduce 
significantly emissions in 2050 compared to 2010 by 55-60%, largest share of reductions 
coming from fuel switching (Cefic 2013), (EC Joint Research Centre 2017), (Bazzanella and 
Ausfelder 2017).  

Ruthenberg et al. (Rudberg, Waldemarsson, and Lidestam 2013) provide cases showing 
that energy is not treated strategically even in energy intensive companies. On the example 
of a Swedish chemical company they found several obstacles hindering energy being treated 
strategically, e.g. organizational integration of EM or the perception that energy is not “core”
for the business due to a relatively small share of energy costs within total costs. They 
conclude that the main prerequisites for establishing a strategic perspective on a company's 
energy system are political continuity regarding energy issues as an external factor and the 
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establishment of an energy manager who has the main responsibility for the energy 
management in a company as well as the possibility to integrate energy planning and initiate 
energy-saving activities corporate-wide as an internal factor. 

Discussing the future technologies in the chemical industry, the project SET-Nav241 considered 
methanol and ethylene as man products deserving attention. While in the Reference and the 
Directed Vision/National champions pathway the demand for ethylene is still increasing, 
ethylene production is assumed to remain on the level of 2015 in the 
Diversification/Localisation pathway due to improvements in plastic recycling and the 
substitution by bio-based products. Recent ban on using plastic table ware in the EU makes the 
scenario much reliable. In addition, large shares of conventional methanol and ethylene 
production are substituted until 2050, using RES hydrogen based methanol production and RES 
H2 methanol based ethylene production (Hartner, Kranzl, and Fritz 2019) (Figure 126). 

Figure 126 EU28 methanol & ethylene production by process in 2015-2050. SET-Nav project prediction 

Source: (Hartner, Kranzl, and Fritz 2019). 

In the chemical industry fuels - especially natural gas - are not only used for energy uses but 
also as feedstock for the production of e.g. olefins (ethylene, propylene, others), ammonia and 
methanol. SET-NAV projects forecasts that using CCS in one of the pathways (the Directed 
Vision/National champions) results in an emission reduction of 87% in 2050 as compared to 
2015. In another pathway (the Diversification/Localisation), significant CO2 emission 
reduction of about 71% is possible, mainly by using hydrogen-based processes in ammonia, 
ethylene and methanol production and switching process heat generation to the direct use of 
electricity. shows the proportion of the EU process emissions from subsector and 
product/process (in million tonnes CO2-equ) in 2050. 

241 Navigating the Roadmap for Clean, Secure and Efficient Energy Innovation. 
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Figure 127 EU process emissions by subsector and product/process in 2050. SET-Nav project prediction 

Source: (Hartner, Kranzl, and Fritz 2019). 

In the Directed Vision/National champions pathway final energy demand (FED) decreases by 
16% compared to 2015 to 3,137 TWh including energy demand for industrial CCS. The 
decrease in FED in the Directed Vision/National champions pathway is mainly driven by 
energy-efficiency innovations. Biomass and ambient heat gain shares while fuel oil is nearly 
phased out by 2050 and coal demand is falling substantially (Figure 35, Figure 36). In the 
Diversification/Localisation pathway, FED decreases by 27% compared to 2015 to 2,806 TWh 
in 2050. In this pathway, electricity becomes the dominant energy carrier in 2050 while the use 
of biomass is limited on current level. In addition, final energy demand for hydrogen (58 TWh) 
mainly from the steel industry becomes relevant until 2050. As in Directed Vision/National 
champions fuel oil is nearly phased out by 2050 and coal demand is falling substantially. In 
both pathways, natural gas still plays an important role in 2050 (Figure 128). 

In addition to the final energy demand, the Diversification/Localisation pathway creates an 
additional demand for RES hydrogen, which is needed as feedstock for the chemical industry 
for the production of ammonia, methanol and consequently ethylene (Figure 129). Total 
hydrogen feedstock demand for the EU adds up to 384 TWh in 2050 in the 
Diversification/Localisation pathway. In the Directed Vision/National champions pathway 
feedstock for chemicals is still based on fossil fuels: natural gas feedstock and naphtha 
feedstock.
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Figure 128 EU final energy demand by sub-sector and energy carrier in 2015-2050. SET-Nav project prediction 

Source: (Hartner, Kranzl, and Fritz 2019). 

The drastic increase in electricity demand (+107% from 1,041 TWh to 2157 TWh) in the 
Diversification/Localisation pathway is driven by the large-scale use of electricity for process 
heating: this includes heat pumps where applicable, but also electric boilers for industrial steam 
generation and electric furnaces e.g. in glass melting or even electric clinker kilns. As well as 
the use of hydrogen: 549 TWh electricity for hydrogen feedstock plus 83 TWh electricity for 
hydrogen in the steel industry. In the chemical industry, innovative processes using hydrogen 
enter the market in 2030 and substitute large shares of the conventional methanol and ammonia 
production in 2050. However, these mitigation options can only exploit their full potential if 
renewable electricity is used. In the Directed Vision/National champions pathway high 
financial support for biomass leads to a use to broad use of biomass where it is technical feasible 
(e.g. cement and lime production). In the Directed Vision/National champions pathway the 
demand for biomass increases from 251 TWh in 2015 to 506 TWh in 2050. In comparison the 
demand for biomass decreases in the Diversification/Localisation pathway to 229 TWh in 2050 
(Figure 129) (Hartner, Kranzl, and Fritz 2019)
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Source: (Hartner, Kranzl, and Fritz 2019). 

Figure 129 Feedstock energy content by country in 2050. SET-Nav project prediction 

Vdovenko et al. (Vdovenko et al. 2019) made generic conclusions on the conditions required 
to develop the chemical industry:

● The chemical industry is the leading sector in developed countries; all conditions 
are in place for the sustainable growth of chemical production. The development of 
a competitive environment is accompanied by the introduction of mutually beneficial 
forms of interfirm cooperation and the concentration of industrial production and capital 
in various fields, including scientific research. 

● Structural changes in the chemical industry are based on the superior development 
of the knowledge intensive low-tonnage chemical production focused on obtaining 
raw materials from other countries and developing production in countries with 
accessible raw materials and cheap labour. The role of the state is being strengthened in 
the process of creating the enabling conditions for the successful development of 
chemical research aimed at creating new materials, biotechnologies and other promising 
areas.  

● The state policy focused on the development of knowledge-intensive and 
technologically complex industries, including the chemical industry, is the main 
factor that accelerates economic growth. This policy is characterized by the rapid 
diffusion of technological innovations through global trade channels as well as global 
production and distribution networks of transnational corporations.  
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● To achieve the innovative breakthrough in the chemical industry, it is necessary to 
adopt digital data collection and processing methods, particularly big data 
technology and complex mathematical modelling of studied processes, as well as 
conducting fundamental experimentation in chemistry. Furthermore, it is highly 
relevant to develop computer and spin chemistry, nanochemistry and femilion 
tonnesochemistry, as well as single-molecule chemistry, which is of great interest. 

The aim of the research made by Grach and Darkow (Inga-Lena Darkow 2013) was to examine 
how the future of the chemical industry in Europe will evolve and what the key risks and 
uncertainties will be. They found that sustainability will play a vital role in the future, not 
only as an economic factor, but also for corporate image considerations. Resource scarcity 
will dominate the industry in the future even more than today, and alternative sources of 
feedstock for production processes will be essential. More stringent rules and regulations will 
influence the industry's ability to compete on a global scale. A lack of qualified personnel poses 
one of the most serious threats. Overall, the European chemical industry faces a rather uncertain 
future in terms of complexity and dynamics, but a total production shift away from Europe 
seems to be unlikely. 

The results of the Cefic Delphi study242 on the mid-century future of the chemical industry in 
Europe in the context of the world of 2050 gave the three following observations: 

● A multipolar world, facing many challenges, in which Europe’s chemical industry 
competes successfully on the basis of technological innovation, digitization, cross-
industry collaboration, increasing use of low-carbon-electricity, sustainable use of 
renewable feedstocks for value-added production and services. 

● The UN sustainable development goals, including human health and safety as well as 
environment and climate protection are pivotal for the industry and its business models. 

● The chemical industry playing a central role in Europe’s evolving circular economy, 
with strong emphasis on molecule recirculation and transparent information flows 
across value chains. 

The EC released its Strategy for Plastics in a Circular Economy243 which poses a great challenge 
for the plastics industry to increase the circularity of a material that offers extraordinary benefits 
for society.244 The answer of the plastic industry is positive and consists in: 

● Design materials with enhanced separation and recycling properties. 

● Design articles/products to encourage reuse. 

242 The study was conducted by the Copenhagen Institute of Futures Studies (CIFS) on behalf of the European 
Chemical Industry Council (Cefic) in June 2018 https://cefic.org/app/uploads/2019/01/Cefic-Delphi-Report-
Final.pdf

243 . http://ec.europa.eu/environment/circular-economy/pdf/plas-tics-strategy-brochure.pdf

244  Concrete targets on resource efficiency set by the EC are directed to municipal and plastic waste or to 
landfilling, e.g. a common EU target  to recycle 65% of municipal waste by 2035 (55% by 2025 and 60% by 2030) 
(European Parliament 2018). 
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● Develop repair solutions that extend the lifetime of plastic articles. 

● Innovate advanced recycling technologies to increase the value retrieved from plastic 
waste. 

Incorporate alternative feedstocks in the production of plastics - feedstocks that take waste or 
by-products from other sectors and processes, such as biological feedstock from the agricultural 
industry, carbon-based feedstock from the chemical industry and chemical and secondary 
plastics from the plastic industry. 

ECOFYS in the report “Greenhouse gas emission reductions enabled by products from the 
chemical industry” (Brug et al. 2017) studied seven important solutions to which the chemical 
industry fundamentally or extensively contributes, namely wind and solar power, efficient 
building envelopes, efficient lighting, electric cars, fuel efficient tires, lightweight materials, 
packaging.  

The chemical industry contributes to the deployment of (Brug et al. 2017): 

● RES through the supply of key materials for wind turbines and solar PV panels, 
including gear oils for wind turbine gearboxes, resins for blades and coating materials 
for wind turbines, and silicon ingots, semiconductor gas and sealant for PV panels. 

● Deep renovation through the production of wall and roof insulation materials like 
expanded polystyrene (EPS) and polyurethane (PUR), or key components of windows 
and doors. 

● Transport, through fuel-efficient tires, lightweight materials and electric cars. 

IEA concludes in (IEA, ICCA 2013) that to stimulate the development of emerging 
technologies for these energy-intensive HVC245 processes in chemical industry, policies are 
needed that encourage industry, academia and national laboratories to collaborate on R&D 
focused on major barriers related to investment challenges, risk and uncertainty (Table 86). 

Table 86 Key barriers in energy-intensive High-value Chemicals (HVC) processes in chemical industry 

Barriers 

High capital cost of replacement, new build, retrofits 

Uncertainty of future energy costs 

Protection of intellectual property 

Sustained funding of long-range research for major breakthroughs 

Competitive opportunities, rate of return on energy efficiency projects 

Low financial funding for innovation 

Commercial scale up of new and unproven technologies 

245 High-value chemicals (HVC): a general term to describe the products of naphtha cracking. Ethylene and 
propylene are the main products, but HVCs also include e.g. butadiene and aromatics. The term HVC is also used 
in the context of catalytic olefin technologies and methanol-to-olefin technologies (IEA, ICCA 2013). 
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Balance research in conventional hydrocarbon processes with new technology 

Source: (IEA, ICCA 2013). 

The roadmap (IEA, ICCA 2013) proposes a set of near-term actions for stakeholders which 
shall be undertaken to reduce the GHG emissions required by 2050 to limit the long-term global 
average temperature rise to 2°C. 

Table 87 Near-term actions for stakeholders which shall be undertaken in the chemical industry to reduce the GHG emissions 
required by 2050 

Lead stakeholder Actions 

Industry 

Identify top catalyst opportunities 

Prompt collaboration with academia and government labs 

Share best practice policies for the promotion of energy efficiency and GHG 
emissions reduction 

Accelerate capital investments and R&D 

Encourage R&D on alternative feedstocks and new catalytic routes to polymers with 
lower energy use and environmental footprint; collaborate on studies of hydrogen 
production, use and economics 

Governments 

Increase incentives and reduce barriers for energy efficiency improvements; establish 
staged incentives encouraging development of emerging technologies and game 
changers 

Create long-term policy frameworks that invigorate catalyst/process R&D for high 
energy consuming processes  

Introduce policies facilitating the use of best practices where new facilities will be 
built  

Eliminate energy subsidies and policy instruments (also market-based schemes) that 
may create local cost burden and be barriers to more energy-efficient technology 
investments 

Stimulate academic and national lab research on high-volume/high-energy use 
processes  

Foster cross-cutting R&D in areas involving alternative feedstocks, such as H2 
(including photocatalysis or water cleavage for lower cost hydrogen production) and 
use of biofuels, that will lower economic hurdles, aid development and help scale up 
development 

Ensure strong intellectual property protection is in place in developing countries, to 
encourage global industry leaders to invest there and to incentivise R&D 

Facilitate public-private partnerships that help minimise technological risks and 
create options to increase energy efficiency or reduce CO2 emissions 

Universities and other 
research institutions 

Discuss with industry leaders top prospects for gains in fundamental knowledge that 
will lead to good return on investment 

Encourage students and peers to research chemistry and engineering projects that 
will lower energy use and GHG footprint of industrially relevant chemical processes 

Financial institutions 
Aid industry/financial institutions flexibility for means to aid attractive projects and 
low long-term economic risks 

Aid flexibility in industry/utility partnerships to save energy 
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Non-governmental 
organisations 

Support industry initiatives to reduce energy use and GHG emissions via 
improvements in catalysis and related process improvements 

Source: (IEA, ICCA 2013). 

The annexes to the roadmap “Energy and GHG Reductions in the Chemical Industry via 
Catalytic Processes” contain supplementary material and more detailed technical information 
and data not included in the core roadmap.246 They provide illustrative examples of what is 
meant by Best Practise Technology (BPT). 

Figure 130 shows the cumulated theoretical energy loss for 20 processes (calculated based on 
2010 production and reflect the difference of BPT energy consumption and the theoretical 
minimum). This difference includes an “excess energy use” which is lost as waste heat and 
“losses due to non-selectivity” corresponding to the formation of undesired by-products.247

Figure 130 Cumulated theoretical total energy loss for major chemical processes based on 2010 global production 

Sources: (IAE; ICCA; Dechema; 2013). 

Table 88 shows the current SECs248 of average and best practise plants (BPT) compared to the 
theoretical minimum for a number of selected processes. 

Table 88 Specific energy consumption of average plants, best practise technology plants and theoretical 

246http://iea.org/media/freepublications/technologyroadmaps/TechnologyRoadmapCatalyticProcessesAnnexes.pdf

247 The theoretical numbers do not necessarily reflect real improvement potentials as there may be large technical 
hurdles, they rather merely indicate how far processes are from the optimum. 

248 Specific energy consumption (SEC): the amount of energy, expressed in GJ/t, that an average plant requires to 
produce a specific product.
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Process 

Averaged 
SEC

[GJ/t] 

BPT SEC 
[GJ/t] 

Theoretical 
Minimum

[GJ/t] 

Ammonia (from coal, partial oxidation) 27.92 22.00 8.1 

Ammonia (from natural gas, steam ref.) 15.38 7.2-9.0 5.8 

Ethylene (from naphtha) 16.5* 12.0 8 (5*) 

Propylene (from naphtha) 16.5* 12.0 5* 

MeOH (from methane via syngas) 13.9 9.0-10.0 5.12 

Acrylonitrile (from propylene) 15.5 12.9 -10.3 

* per t high value chemicals (HVC) 

Sources: (IAE; ICCA; Dechema; 2013). 

There are also technologies considered as biomass gamechanger option (IAE; ICCA; Dechema; 
2013):  

1. Lignocellulosic biomass gasification and subsequent methanol synthesis, followed by 
an MILION TONNESO process to olefins. 

2. Direct fermentation of sugar/starch rich biomass (e.g. sugar cane, sugar beet or maize 
starch) to ethanol, subsequent dehydration to ethylene, eventually followed by 
polyethylene synthesis.

Assessing the refining sector for energy and GHG reductions is much more difficult than 
the chemical sector. It is mostly because of variety of feeds in refinery units that change on a 
regular basis make these estimates very difficult. The feed changes according to current prices 
and the catalysts change follow the fluctuations of the feeds.  

The options of technology improvements in the petrochemical industry are similar to those 
recommended for the chemical sector: 

1. Constant improvement in catalytic processes (FCC, Reforming, Hydrocracking) are 
essential to reduce energy consumption in refining processes. 

2. Game changers such as bio-based feeds for liquid fuels conserves fossil fuels. 

3. Game changers such as processing of heavy bitumen (tar sands) to synthetic oil and its 
treatment before traditional refining operations will see greater application which brings 
along higher energy consumption and GHG emissions. 
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Table 89 shows the specific energy consumption (SEC) for the catalytic processes for US 
refineries.249 It is visible that BPT level plants consume 20…30% less energy than the average 
refinery. The listed theoretical minimum which is equal to the thermodynamic minimum energy 
requirement is not achievable in practise. Instead, a practical operational limit of 30% or higher 
above theoretical is assumed.

Table 89 Specific energy consumption of catalytic process steps in US oil refineries 

Energy consumption [GJ/bbl] FCC250 Reforming Hydrotreating 

SEC US refineries (average) 0.19 0.28 0.086 

SEC of BPT level plant 0.14 0.21 0.06 

Theoretical minimum 0.04 0.083 0.03 

Practical operational limit 0.1 0.16 0.04 

Source: (IAE; ICCA; Dechema; 2013). 

Patt and Banholzer (Patt and Banholzer 2009) discussing the energy efficiency in the chemical 
industry in the US concluded that the industry has undertaken five major initiatives to improve 
its energy efficiency: (1) improving existing processes; (2) commercializing new processes; (3) 
recycling waste; (4) investing in renewable raw materials; and (5) creating products that enable 
energy savings. Innovation in all of these areas is an absolute necessity for long-term 
sustainability. 

A large variety of opportunities exist within the petrochemical industries to reduce energy 
consumption while maintaining or enhancing the productivity of the plant. Galitsky et al. 
(Galitsky et al. 2008) estimated major areas for energy-efficiency improvement in the US 
petrochemical industry  - utilities (30%), fired heaters (20%), process optimization (15%), heat 
exchangers (15%), motor and motor applications (10%), and other areas (10%). 

While the chemical and petrochemical industry is already one of the largest combined heat and 
power (CHP) users, a significant potential for expanded use remains. Improving energy 
efficiency in the petrochemical industry should be approached from several directions. 
Crosscutting equipment and technologies such as boilers, compressors and pumps, common to 
most plants and manufacturing industries including the petrochemical industry, present well-
documented opportunities for improvement (IEA 2019). 

Benchmarking studies suggest that potential energy efficiency improvements for olefins and 
aromatics range from 10% for polyvinyl chloride to 40% for various types of polypropylene 
(IEA 2019). 

Galitsky et al. (Galitsky et al. 2008) consider implementation an organization-wide energy 
management program as one of the most successful and cost-effective ways to bring about 

249 The SECs of catalytic refinery steps in Table 89 are indicative only.  

250 Fluid catalytic cracking (FCC). 
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energy efficiency improvements. Their energy guide (Galitsky et al. 2008) presents a variety of 
energy efficiency measures that are applicable to specific processes employed in the 
petrochemical industry. 

The IEA identified an innovation gaps in the chemical industry. It points out that (IEA 2019): 

 Developing and deploying innovative technologies and process routes is crucial for 
chemical and petrochemical sector decarbonisation. 

 Key new and emerging low-carbon processes involve replacing fossil fuel 
feedstocks with electrolytic hydrogen, bio-based feedstocks, electricity as a 
feedstock and captured CO2. Further development of carbon capture, utilisation, 
transportation and storage technologies will also be important for decarbonisation. 

Forecast for the world’s chemical industry 

The sector’s substantial energy consumption is driven by demand for a vast array of chemical 
products.  

Demand for primary chemicals has grown strongly in recent years and is expected to 
continue in the SDS what makes the need for reduction of the energy and CO2 emissions 
intensity of production even more pressing (Figure 131). 

Figure 131 Global growth in primary chemical production in the Sustainable Development Scenario of the IEA 

Source: (IEA 2019). 

To get on track with the SDS trajectory, the IEA recommends that “direct emissions need to peak as soon as possible and 
decline to the current level by 2030, despite a more than 30% increase in demand for primary chemicals. In the short to 

medium term, this is achieved primarily by decreasing coal use and raising energy efficiency” (IEA 2019). These 
recommendations can be summarised as “lower-carbon process energy mix and energy efficiency” ( 

Figure 132). Coal accounted for an estimated 33% of process energy used in primary chemical 
production in 2017, which is over 1.5 times more than in 2000. The share of coal must fall to 
28% by 2030 to be on track with the SDS. 
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Increased energy efficiency – through both incremental improvements to existing 
methods and step changes resulting from switching to fundamentally more efficient 
methods (e.g. from coal- to natural gas-based processing) – is another key mitigation 
mechanism to be exploited in the near term. In the SDS, the average process energy intensity 
of primary chemical production declines 10% from the current level by 2030 (IEA 2019). 

Figure 132 Fuelling primary chemical production in Sustainable Development Scenario of the IEA 

Source: (IEA 2019). 

There have also been calls to ban consumption of certain plastics, particularly for single-use 
purposes and for which substitutes exist.251 As demand for plastics drives demand for high-
value chemicals (HVCs), which are the key precursors to most plastics, HVC demand increased 
5% between 2016 and 2017 (IEA 2019). Regional HVC production capacity additions are 
expected predominantly in North America, the Middle East and the Asia Pacific region. 

The Clean Technology Scenario (CTS) prepared by the IEA (IEA 2018a) proves that an 
ambitious pathway which substantially reduces environmental impacts from the chemical 
sector is attainable (Figure 133). In the CTS, air pollutants from primary chemical production 
decline by almost 90% by 2050; and water demand is nearly 30% lower than in the base 
scenario. The CTS also calls for waste management improvements to recycling stressing the 
needs to mostly curb the plastic leakage to oceans. By 2050, cumulative CO2 emission savings 
from increased plastic recycling and reuse are equivalent to about half the annual emissions 
from the chemical sector today. 

251  European Union (2018), Directive 2009/172/EC of the European Parliament and of the Council on the 
Reduction of the Impact of Certain Plastic Products on the Environment, http://ec.europa.eu/environment/circular-
economy/pdf/single-use_plastics_proposal.pdf.Europe 2020 strategy
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Figure 133  Annual world’s pollutants from chemical production 

Source: (IEA 2018a). 

BP’s Energy Outlook 2018 (BP Energy 2018) provides some considrations about energy related 
to the chemical sector. 

In the Evolving Transition (ET) scenario of the BP Outlook, the industrial sector accounts for 
around half of the increase in energy consumption, although improving energy efficiency 
causes growth of industrial use outside of the non-combusted sector to slow. In contrast, the 
non-combusted use of fuels, particularly as a feedstock in petrochemicals, is projected to be the 
fastest growing source of demand. 

The non-combusted use of fuels252 becomes an increasingly important component of overall 
industrial demand over the Outlook. 

The non-combusted use of oil, particularly as a feedstock within petrochemicals, takes over as 
the main source of growth for liquids demand after 2030, reflecting the more limited scope for 
efficiency gains relative to transport. Over the Outlook as a whole, non-combusted uses of 
liquid fuels increase by 7 Mb/d. 

The impact of single-use plastic on liquid fuels is substantial although is hardly known to the 
public audience (BP Energy 2018). 

252 Non-combusted includes fuel that is used as a feedstock to create materials such as petrochemicals, lubricant 
and bitumen. 
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Figure 134 Global demand for liquid fuels and plastics 

Source: (BP Energy 2018). 

The CTS indicates to carbon capture, utilisation and storage (CCUS), catalytic processes, and 
a shift from coal to natural gas as the key routes of decarbonisation (Figure 135). Some of the 
most cost-effective opportunities for CCUS can be found in the chemical sector, which explains 
its leading role among scalable options for reducing emissions. Catalytic alternatives to 
traditional process routes can provide more than 15% of energy savings per unit of production. 
Shifts from coal to natural gas for both ammonia and methanol production, mainly in China, 
result in decreases in both process emissions and energy intensity. Despite falling investment 
costs, processes based on electricity and biomass struggle to compete on cost in most regions, 
due to high prices in a world where these low-carbon energy carriers are in high demand (IEA 
2018a). 
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Figure 135 Global cumulative direct CO2 emission reductions in the Clean Technology Scenario (CTS) from primary chemical 
production in 2017-2050 

Energy efficiency recommendations for the chemical industry 

The IEA provides a list of recommendations for the chemical and petrochemical industry which 
are necessary to meet the SDS objectives (IEA 2019): 

 Production 
o Directly stimulate investment in RD&D. 
o Establish and extend plant-level benchmarking schemes. 
o Pursue effective regulatory actions to reduce CO2 emissions. 
o Require the chemical industry to meet stringent air quality standards. 
o Adjust fuel and feedstock prices to reflect actual market value. 

 Use and disposal 
o Reduce reliance on single-use plastics other than for essential, non-substitutable 

functions. 
o Improve waste management practices around the world. 
o Raise consumer awareness about the multiple benefits of recycling consumer 

goods. 
o Design products with disposal in mind. 
o Extend producer responsibility. 

A clear institutional framework defining stakeholder responsibilities 
throughout the value chain (from chemical production to the use and disposal 
of chemical products) is a prerequisite to ensure cost-efficient, concerted 
action. 

 Improve data collection 

Improving collection, transparency and accessibility of energy performance and 
CO2 emissions statistics on the chemical subsector would facilitate research, regulatory 
and monitoring efforts (including, for example, multi-country performance 
benchmarking assessments). 

Data on energy intensity with more regional granularity is especially needed to enable 
better performance assessments and comparisons. 

Industry participation and government co-ordination are both integral to improve data 
collection and reporting. 

 Innovation gaps 
o Ammonia production using electrolytic hydrogen. 
o CCUS applied to the chemical sector. 
o Methanol production using electrolytic hydrogen and CO2. 
o Producing aromatic compounds from methanol. 

Summary of the EU chemical and petrochemical industry case 

Table 90 Summary of the case of Energy Management in the EU chemical and petrochemical industry 
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Issue Description 

Technology relevance for deep 
decarbonization 

EM enables to attain large energy savings across the whole industry 

Accounts for environmental, economic, societal objectives too 

Potentially large option to replace coal as feedstock and fuel, e.g. 
by gas, RES 

Current status of this technology 

(development stage, demonstration, 
mature, full diffusion)  

EM advantages are well recognized among all stakeholders 

Gaining momentum due to recent energy saving and GHG 
emission reduction targets in the EU 

Potential penetration rate/market 
share of this technology 

Time to reach this stage 

Insufficient implementation of existed low carbon technologies 
identified by EM 

Assessment of the case as success or a 
failure? Why? 

Success.  

Large untapped potential of energy efficiency which can be 
realized by EM 

Progress in EM induced energy saving could have been faster if 
strong regulations and incentives are in place 

Main technological, infrastructure and 
knowledge barriers for this technology 

Were they overcome (in case of 
success) or not overcome (in case of 
failure) 

Cost as main driver of success or 
failure or not 

Low EC priority to decarbonisation of “traditional” energy 
intensive industries 

Early stage of implementation of many low-carbon technologies 

Weak incentives for improving energy efficiency in industry, 
including chemical industry 

Large potential of integration chemical technologies with RES 

Highly unfair competition in global chemical markets 

Need for further R&D works 

Some EU-wide successful R&D programs 

Strong impact of volatile feedstock costs on revenues as compared 
to energy costs 

Too low priority of EM at corporate level 

High investment costs in some cases discourage to undertake the 
EM identified high-cost investments 

The supply chain has increasingly globalised, evidenced by 
increasing import penetration and export shares of output 

Crucial actors that contributed to the 
success/failure of this technology 

EC – late call for EU reindustrialisation 

Industry – good economic condition of the whole industry; 
insufficient interest in EM implementation 

Customers – low awareness of environmental harmfulness of 
chemical products, e.g. plastic bottles; large demand for products 

Institutions (or lack thereof) 
contributed to make this case study a 
success/failure  

Crucial role of particular governance 
aspects in the process 

Highly concentrated global companies 

Extremely large number of small producers 

Strong formal networks 

Active EU level industrial societies, platforms 

Strong educational system at all levels (high, vocational) 

Well-developed and functioning R&D in chemical industry 
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Policies measures or regulations 
contributed to making this a success or 
a failure 

EU ETS is too weak driver for deep technology transition 

Role of EU level innovation system/ EU 
regulation in the success/failure 

Supportive role of the EU innovative system 

Reflection of the EU level case study to 
the experience of any particular 
country 

Latest EC interest in protection fair competition in chemical 
industry in global markets 

EU opportunities are well used in the German chemical industry 

What main barriers do you think are 
currently not well represented in 
IAMs?  

Societal issues, especially in areas where chemical industry is in 
crisis or already closed 

Lack of data on EM impact on the industry due to data 
confidentiality, lack of statistics 

Methodologies to assess economic gains due to EM 

Commonly accepted just share of GHG reduction among different 
economy sectors, e.g. power, industry, building, transport, 
agriculture 

Long value chain with unclear energy routes 
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4. National Case Studies 
In the next two sections technologies and infrastructures of chemical sector of Germany and 
Poland are described in detail, although the technology is not so much dependant on the location 
of the plant, and in fact both German and Polish chemical technologies are similar. The 
difference is more visible in the knowledge distribution, process optimization and also final 
products. All of these issues are mostly related to the social aspects of manufacturing, and can 
be specifically linked to the EM. 

Energy Management in Germany’s chemical sector

Chemical industry has been chosen for analysis of EM as innovative solution in Germany.  

The GDP in Germany was worth $3,997 billion in 2018. The GDP value of Germany represents 
6.45% of the world economy. GDP in Germany averaged $1983 billion from 1970 until 2018, 
reaching an all-time high of $3997.76 billion in 2018 and a record low of $215 billion in 
1970.253

Chemical industry in Germany 

Energy consumption the German industry 

German’s industry is central to the whole of the economy. Industry’s share of total economic 
output, stable at a whopping 23% for two decades, is much higher than in most other developed 
countries. After a dip in the wake of the financial crisis, employment in the sector has steadily 
risen, and currently stands at 7.6 million (out of a population of 83 million and total employment 
of more than 44 million).254

In Germany over the period 2000-2016, energy consumption by manufacturing branches did 
not change significantly (Figure 136). Primary metals and chemicals account for half of the 
consumption. The first one had a stable behaviour while the second presents a yearly increase 
of about 1.6%, which decelerated since 2008. In addition to primary metals and chemicals, 
other energy-intensive branches such as non-metallic minerals, paper and food are also 
representative, and all together constitute almost the 80% of energy consumption in industry.  

253 https://tradingeconomics.com/countries

254 https://www.cleanenergywire.org/dossiers/energy-transitions-effects-economy
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Figure 136 Final energy consumption in the manufacturing sector by branches in Germany since 2000 

Source: (Eliana Lopez, Barbara Schlomann, Matthias Reuter 2018). 

In 2017, the energy consumption in the German industry was nearly unchanged compared with 
the previous year (+0.1%). The Federal Statistical Office (Destatis) also reports that the major 
part was used for energetic purposes such as electricity and heat production (87%). The 
remaining 13% of the energy sources consumed by industry were used, for instance, for the 
production of chemical products such as motor fuels, fertilisers or plastics. As in the previous 
years, the main energy sources in industry were natural gas (29%), electricity (21%), coal (17%) 
as well as mineral oils and mineral oil products (17%).255

Energy efficiency trends in the German industry 

The decomposition of energy consumption confirms the minimal progress in energy 
efficiency that was achieved in industry over the period 2000-2016. The activity effect, i.e. 
the industrial growth, had an increasing impact on energy consumption, whereas structural 
changes towards less energy-intensive branches caused a significant reduction that 
compensated for almost half of the activity impact (Figure 137). The remaining difference, 
together with other effects (mainly negative savings due to inefficient operations), counteract 
the 8.4 million toe achieved technical savings and finally resulted in an energy consumption 
rise of 3.79 million toe. In the period 2008-2012, the decreasing impact of structural changes 
and the gained energy savings leaned towards energy efficiency progress, but their impact was 
less significant. However, energy consumption increased by 1.5 million toe due to activity 
notwithstanding the critical drop in value added, which was a consequence of the economic 
downturn. This trend in industry is due to the fact that during an industrial recession, the energy 
consumed per unit of production tends to increase as process energy does not decrease in 
proportional to activity (as the efficiency of equipment drops when not used at full capacity) 

255 https://www.destatis.de/EN/Press/2018/11/PE18_426_435.html
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and as the other energy uses (e.g. for heating and lighting of the premises) remains roughly 
constant Source: (Eliana Lopez, Barbara Schlomann, Matthias Reuter 2018). 

Figure 137 Decomposition of final energy consumption in the industry in Germany for the periods 2000-2016 and 2008-2016, 
million toe 

Source: (Eliana Lopez, Barbara Schlomann, Matthias Reuter 2018). 

Economic situation in the German chemical industry 

The German chemical-pharmaceutical industry started the year 2019 in a difficult economic
environment with weak growth mainly to slowdown in the whole EU economy. The VCI 
maintains its forecast for 2019 of a drop in chemical production by 3.5%. Producer prices 
should rise by 1% in the course of the year. The industry’s sales are projected to decline by 
2.5% to €197.9 billion.  

After the automotive, machinery and electrical industries, the chemical sector is the fourth 
largest employer in Germany. Employment in the chemical-pharmaceutical industry was 
constant, compared with the previous year, amounting to 462,500 (March 2019).256

256 https://www.vci.de/vci-online/presse/pressemitteilungen/weak-dynamics-in-german-chemical-business-vci-
report-business-situation-german-chemical-industry-1st-quarter-2019.jsp
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Chemical products can be found in all areas of day-to-day life and are used in 90% of all day-
to-day products.257  The chemical, steel and electricity industries employ more than half a 
million people in Germany and generate total sales of around €264 billion.  

Recent data signals that Germany is far from losing its manufacturing base or its 
competitive edge (Figure 138). Quite to the contrary, sustained economic growth, fuelled by 
its formidable export prowess and domestic consumption, has pushed employment to a record 
high. Lack of skilled labour has become a key business concern. 

Since the turn of the millennium, when the “Energiewende” started in earnest, industry – from 
machinery to chemicals and car making – has grown by around one third. 

Figure 138 Economic growth, power and energy, GHG emission in Germany 1990-2017 

Source: https://www.cleanenergywire.org/factsheets/germanys-energy-consumption-and-
power-mix-charts

Germany is one of the leaders on the chemical industry market, including petrochemicals and 
pharmaceutical chemical products. The German chemical sector is the largest chemicals 
industry in Europe and the third largest in the world. According to the German Chemical 

257 https://www.thyssenkrupp.com/en/newsroom/content-page-162.html
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Industry Association (VCI) Germany accounted for 28% of the €519 billion in sales in the total 
European market in 2015 (Figure 145).  

The share of chemistry in energy demand is high as it consumes one fifth of the energy needs 
of the manufacturing sector. As shown in Figure 139 the basic chemical industry in Germany 
represents 19% of the industry final energy consumption. The chemicals responsible for the 
majority of this share are ethylene, chlorine, carbon black, ammonia and methanol and 
polymers. Carbon black can be produced efficiently by producing heat and power with the 
burned fuels. Furthermore, polyethylene is a major product in the polymer section and was thus 
chosen to represent this product category. 

Figure 139 Final energy consumptions by sectors in Germany in 2017 

Source: (VCI 2019). 
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Figure 140 Share of chemistry in consumption of manufacturing in Germany 

Different indicators illustrating the chemical sector in Germany are presented in Figure 141. 

Source: (VCI 2019). 

Figure 141 Different indicators illustrating the chemical sector in Germany 

Source: (VCI 2019). 
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The energy costs index in Germany, which represents the costs in relation to the industry’s 
gross production value, was at its lowest since the start of the analysis in 2010. This was due to 
sinking energy costs and rising industrial production, and costs fell most for energy-intensive 
industries.258 Especially many smaller companies do suffer from high power prices, because 
they do not enjoy the full range of industry exemptions259, and therefore might move production 
abroad as a result.260

“If we [Germany] want to keep up in the international comparison, we need to set the course 
for more investments and innovation, speed up the optimisation of digital infrastructure and 
the administration’s digitalisation, improve education, an affordable energy supply, and 
adjustments in corporate taxation,” according to Tillmann, head of chemical industry 
association VCI. He added: “The chemical industry in particular is a proponent of the energy 
transition, not an enemy. Chemical products and solutions play an important role for the energy 
transition: Raw materials for renewable power production, or for power storage as a 
precondition to link up heat, mobility and electricity in the future, are part of many company 
portfolios”. 

Concerning specific energy consumption (SEC) and specific GHG emission in 1990-2017, it 
can be concluded that a tremendous progress has been done (Figure 142, Figure 143). A bit 
worrying is the stagnation of the SEC after 2004 what may suggest that a state of saturation has 
been met and further progress requires new initiatives.

258 https://www.cleanenergywire.org/news/call-franco-german-energiewende-alliance-industry-energy-
costs/german-industrys-energy-costs-continue-decrease-significantly

259 (Ausnahmeregelungen für die Industrie) To protect the competitiveness of German industry, energy-intensive 
industrial companies which are exposed to international competition are exempt from surcharges on electricity 
bills, notably the → EEG surcharge which funds the development of renewable... 

260 https://www.cleanenergywire.org/dossiers/energy-transitions-effects-economy



331 

Figure 142 Energy consumption and production in the German chemical industry since 1990 

Source: (VCI 2019). 

German has a goal of reducing GHG emissions by 55% in 2030 compared to 1990 and the 
chemical industry could significantly contribute to reaching the goal. The technical potential 
for final energy consumption reduction in chemical industry of 14% until the year 2035 with 
respect to the base year 2007 is achievable with the most measures being economically feasible. 
The economic potential was only 1%-point lower than the total technical potential (Bühler et 
al. 2018). 

Figure 143 Greenhouse gas emissions and production in the German chemical industry since 1990 
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Source: (VCI 2019). 

Historically, during the period 1960 to 2010, chemical and pharmaceutical industry revenue in 
Germany increased from €12 billion to €171 billion – resulting in an average nominal growth 
rate of 5.4% per year (real growth rate: 3.1% per annum), and over the same period, the number 
of employees decreased from 458,000 to 415,000 (Figure 144)261. With around 11% of total 
manufacturing industry revenue in 2015, the chemical industry was then the fourth-largest 
industrial sector in Germany after the automotive, mechanical engineering, and metal sectors. 

Figure 144. Revenue and number of employees in German Chemical Industry 

Source: GTAI based on VCI. 

Looking at the more recent data, chemical sector revenues in the German chemical sector have 
slightly been diminishing over the recent years amounting to €145 million in 2016 (Figure 145). 
In the same year the chemical industry in China – with revenue of €1,409 billion and a global 
share of about 40% – was the largest market in the world, followed by the US (€519 billion), 
Germany (€148 billion), and Japan (€136 billion) (Figure 146).  

261 GTAI, Industry overview, The chemical Industry in Germany, 2017/2018 
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Figure 145. Chemical Industry revenues in € billion in chosen EU countries, 2011-2016  

Source: GTAI based on VCI, Chemiewirtschaft in Zahlen 2017. 

Figure 146. Chemical industry revenue in € billion, 2016 

Source: GTAI based on Cefic. 
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There are about 3,700 companies involved in the process of manufacturing chemical products 
in Germany, of which almost 96% are small and medium-sized enterprises (SMEs)262,263 (Table 
91). It is worth noting, the large number of SMSs in the chemical sector (96%) which are by 
definition less prone to EM due to lack of resources.  

Businesses and research institutes involved in the sector invest substantially in research and 
development activities, which makes the industry a driving force for innovation, including new 
processes and materials, or benefits for fields such as energy efficiency, electricity storage and 
mobility. 

Table 91. Structure of the German companies involved in the Chemical Industry 

Number of employees Number of companies Percentage 
Cumulative 
percentage 

1-9 1533 41,4 41,4 

10-19 556 15,0 56,4 

20-49 527 14,2 70,7 

50-99 391 10,6 81,2 

100-249 368 9,9 91,2 

250-499 172 4,6 95,8 

500-999 85 2,3 98,1 

1000 and more 69 1,9 100,0 

Total 3701 100,0 

Source: VCI, Chemiewirtschaft in Zahlen. 

Segmentation of the chemical market by revenue in Germany is stable. Petrochemicals bring 
the highest revenue and detergents as well as care products the lowest (Figure 147).  

262 In a European context, an SME has been defined by the European Commission as being a company with fewer 
than 250 employees and an annual turnover of less than 50 million euros (or total assets of less than 43 million 
euros), but in this context the German definition is being used. According to this definition produced by the Institut 
für Mittelstandsforschung (IfM) Bonn, SMEs are businesses with an annual turnover of less than 50 million euros 
and with fewer than 500 employees. 

263 Source of the data: VCI, Chemiewirtschaft in Zahlen 2018, Tab. 18a. 
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Figure 147. Chemical market segmentation in Germany by revenues in 2010-2016  

Source: GTAI based on VCI, Chemiewirtschaft in Zahlen 2017.

Germany’s chemical industry exports around the globe. In 2015, more than 70% of German 
exports remained within Europe, while 12% and 10% were exported to Asia and North America 
(NAFTA) respectively. 

Main product manufactured in the German chemical industry 

Ammonia (Bühler et al. 2018).

In Germany, ammonia is primarily produced from natural gas using steam reforming and partial 
oxidation from other hydrocarbons, in particular heavy fuel oil and distillation residues. In the 
steam reforming process, sulphur is first removed from the natural gas and is then put in a 
primary reformer where steam is added at high temperature and pressure (700–800°C at 40 
bar). In the secondary reformer, air is added to the gas mixture, where the temperature is in- 
creased to 1200°C. The output consists primarily of hydrogen and carbon monoxide. The 
following water–gas shift transformation takes place at temperatures between 200°C and 
400°C, where carbon monoxide and steam are transformed to carbon dioxide and hydrogen. 
Carbon dioxide is removed in a CO2-removal process, as the ammonia synthesis only requires 
hydrogen and nitrogen. The small fraction of remaining carbon dioxide is converted to methane 
to ensure no carbon dioxide is present to harm the catalysts. After compression of the syngas, 
the ammonia synthesis takes place, wherein nitrogen and hydrogen react exothermally to 
ammonia. When using hydrocarbons, other than natural gas, the first reformers are replaced by 
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a gasifier using oxygen as a gasification agent. Sulphur is then removed from the produced 
syngas. Finally, carbon dioxide is removed and nitrogen is added264.  

For the production of ammonia, many process specific energy efficiency opportunities are 
available. Improvements of the reforming process have a high potential to reduce the energy 
consumption. Possible process improvements are the integration of gas turbines and the 
replacement of existing gas turbines used to heat the reformer or to preheat the hydrocarbon 
feed and the combustion air. Overall reformer improvements, such as pre-reforming, 
rearrangement of convection coils and additional heat transfer surfaces, would increase the 
reformer efficiency. The shift reaction could be improved by using better and sulphur resistant 
catalysts, as well as having an isothermal shift reaction. In the CO2 removal section high energy 
savings can be achieved with advanced solvents, pressure swing absorption or membranes used 
to efficiently remove CO2 from the synthesis gas.265 The ammonia synthesis itself could be 
improved by smaller, better and lower pressure catalysts. Overall measures targeting a higher 
degree of process integration, improved process control and maintenance can further contribute 
to reduced energy consumption. In Table 92 Aggregated and quantified energy efficiency 
measures for the production of ammonia in Germany and an overview of the implemented 
values for the five selected measures are shown. Investments in the reformer are divided into 
small and large improvements. The first ones require only minor changes to the process, e.g. 
extended preheating of the carbon feed and combustion air or lowering the steam to carbon 
ratio. Large reformer improvements are for instance the installation of more efficient gas 
turbines, burner modifications in the reformer, pre-reforming or modified heat recovery coils. 
The integration of ammonia production, with power generation and nitrogen production is a 
further option to increase the overall energy efficiency of the system. 

Table 92 Aggregated and quantified energy efficiency measures for the production of ammonia in Germany 

Measures [–] Energy 
savings 

[GJ t-1]

Applicability 
[%]

Investment 

[€ GJ-1]

O&M 

[€ GJ-1a-1]

Overall Measures 2.22 20 10 N/A 
Small Reformer 1.40 20 18 N/A 
Improvements
Large Reformer 4.00 90 N/A 
Improvements
Ammonia Synthesis 1.00 25 25 1

CO2 Removal 0.90 30 15 3

Source: (Bühler et al. 2018). 

Olefins 

264 Fabian Bühler et al. Evaluation of energy saving potentials, costs and uncertainties in the chemical industry in 
Germany, 2018. 

265 Synthesis gas (syngas): gas mixtures of CO and H2 generated by gasification of fossil fuels. The amount of 
hydrogen in the mixture can be enhanced by applying a water-gas shift reaction on the mixture, which converts 
H2O and CO into H2 and CO2 (IEA, ICCA 2013). 
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Olefin production via methanol is considered an “emerging technology” (IAE; ICCA; 
Dechema; 2013). The “methanol-to-olefin process” (MILION TONNESO) circumvents steam 
cracking of naphtha or ethane and allows producing olefins from gas or coal instead of oil. 
Figure 148 shows a comparison of olefin production via MILION TONNESO vs. naphtha 
steam cracking; the entire process chain including feedstock production (methanol for MILION 
TONNESO) and olefin production (MILION TONNESO or cracking) are considered. It is 
shown that methanol production clearly dominates the energy consumption for the gas-based 
route via methanol and MILION TONNESO, and nearly 200% of the energy for steam cracking 
is required for this process. However, it is hoped that more efficient methanol synthesis and 
more selective catalysts for the MILION TONNESO process will improve the SEC of the entire 
process chain, but it is questionable if the SEC of naphtha cracking will be reached any time 
soon. On the other hand, if methanol is produced with renewable hydrogen substantial GHG 
savings can be achieved.

Figure 148 Comparison of olefin production via “methanol-to-olefin process” (MILION TONNESO) vs. naphtha steam 
cracking 

Sources: (IAE; ICCA; Dechema; 2013). 

Ethylene 

Ethylene is produced in the cracking process, where the preheated feedstock is mixed with 
process steam and cracked at temperatures of around 850°C. The resulting gas mixture is 
quickly cooled down and afterwards fed to low temperature, high-pressure distillation columns. 
The condensate produced during the cooling processes contains several by-products; aromatics 
in particular. In Germany the majority of ethylene is produced with naphtha as a resource. 

For the production of ethylene, three potential energy efficiency measures were identified 
(Table 93). Overall energy efficiency measures include heat recovery and improved process 
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control. Improvements of the steam cracker can result in high savings. Potential measures 
include: 

● Advanced furnace material to reduce coking in the pyrolysis section and thus increasing 
heat transfer. 

● Improved coating and shapes of tubes and coils can act as catalysts and increase ethylene 
yields. 

● Integration of gas turbines to produce steam and gas, where combustion gases can be used 
for preheating the feedstock. 

Improving the distillation columns can further reduce the energy input. This could be achieved 
by Heat Integrated Distillation Columns (HIDiC) and the integration of heat pumps. 

Table 93 Aggregated and quantified energy efficiency measures for the production of ethylene in Germany 

Measures [–] Energy savings 

[GJ t-1]

Applicability 
[%]

Investment 

[€ GJ-1]

O&M 

[€ GJ-1a-1]
Overall measures 0.39 20 9.6 1.5
Steam cracker 
optimisation

1.14 40 12.0 5.5

Advanced 
distillation columns

0.40 20 17.5 2.0

Source: (Bühler et al. 2018). 

Methanol 

The production of methanol is similar to ammonia. First, a syngas is produced from natural gas 
using steam reforming or sludge and other hydrocarbons using partial oxidation. In Germany 
the majority of the methanol originates from oil-based hydrocarbons. The energy 
efficiency measures are thus assumed to be the same as for ammonia, as production often occurs 
in integrated plants for ammonia are also used for methanol (see Table 92). Exceptions are 
improvements in the ammonia synthesis. Some specific energy efficiency improvements, such 
as integrating heat pumps in distillation columns, are possible and can yield low payback times. 

Chlorine 

Chlorine is produced by electrolysis of sodium chloride solution. Different industrial production 
processes exist. The main production processes are mercury, diaphragm and membrane cell 
electrolysis. The mercury cell technique is phased out in Germany, due to the high energy use 
and mercury emissions. Also, the diaphragm cell technique is being converted to the asbestos-
free membrane cell technique. An emerging technology is the use of Oxygen-Depolarised 
Cathodes (ODC) instead of the common metal cathodes in membrane cells. The highest 
potential for energy efficiency is thus the replacement of old factories using the mercury 
or diaphragm cell technique to new plants using membranes (Table 94). It is assumed that 
all plants will be converted. In addition, the replacement of currently used membranes with ODC 
or improved membranes can reduce energy consumption in the existing and future plants. As a 
further measure, the heat recovery and process control of existing plants would lead to further 
energy savings. 
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Table 94 Aggregated and quantified energy efficiency measures for the production of chlorine in Germany 

Measures [–] Energy savings

[GJ t-1]

Applicability 
[%]

Investment costs

[€ GJ-1]

O&M costs

[€GJ-1a-1]
Mercury to 
membrane

3.54 100 225.83 N/A 

Heat recovery 0.12 20 3.00 N/A 
Process control 0.35 20 20.00 2
ODC membrane 2.97 25 0.75 0.075
Diaphragm to 
membrane

0.30 100 0.75 N/A 

Improved 
membrane

0.65 100 1230.00 N/A 

Source: (Bühler et al. 2018). 

Polyethylene 

Polyethylene is the world’s most widely used plastic.  

Polyethylene266 is produced from ethylene. Three main products exist: namely high-, low- and 
linear low-density polyethylene. Linear low-density polyethylene (“LLDPE”) is the fastest 
growing type. It is particularly well suited for making plastic films that are both flexible and 
strong, but not transparent (IEA 2019). 

The polymerisation of the raw material can occur at high pressures, primarily for low-density 
polyethylene or at low pressures with catalysts. Different types of reactors are used. They can 
be back mix, fluidised bed, tubular or autoclave reactor. Besides waste heat recovery and overall 
measures including process control, static mixer reactors are seen as having a large potential 
(Table 95). Static mixer reactors increase heat and mass transfer during polymerisation by 
improving mixing during varying flow regimes. 

Table 95 Aggregated and quantified energy efficiency for the production of polyethylene in Germany 

Measures [–] Energy savings

[GJ t-1]

Applicability 
[%]

Investment
costs

[€ GJ-1]

O&M costs

[€GJ-1a-1]

Static mixer reactor 0.67 22 10 1.96 
Overall measures 0.05 20 19 2.45 

Waste heat recovery 0.07 20 3 N/A 

Source: (Bühler et al. 2018). 

Similarly, production output of basic chemicals – including benzene, chlorine, and ethylene – 
has remained nearly constant since 2000 as a result of continuous productivity improvements 
(Figure 150). 

Table 96 shows that the implementation of the discussed measures in the production of the 
considered chemical products results in absolute energy savings of almost 20 PJ per year. 

266Polyethylene: a plastic compound, derived from linking ethylene units (IEA, ICCA 2013).



340 

Table 96 Summary of the results for each chemical product – energy saving and reduction of specific costs annually in Germany 

Chemical product Energy savings

[PJ year-1]

Reduction of specific costs

[€ GJ-1]

Ammonia 4.81 −4.58

Ethylene 9.70 −2.26

Chlorine 7.34 −6.64

Methanol 2.12 −3.97

Polyethylene 0.47 −4.93

Source: (Bühler et al. 2018). 

Based on the total final energy consumption in the chosen subsectors for 2007 and the potential 
measures to reduce this consumption as described above, a reduction of 24.4 PJ (7.6%) per year 
would be possible if all measures were implemented (Figure 149). These savings would require 
investments of almost €2 billion, however most measures are economically viable.  

Figure 149 Energy use and energy saving potential for the analysed sub-sectors in the chemical industry in Germany in 2007 

Source: (Bühler et al. 2018). 

Basic chemicals production volume in Germany in 2000-2015 is shown in Figure 150. 
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Figure 150. Basic Chemicals Production Volume in Germany in 2000-2015 

Source: GTAI based on VCI. 

Energy intensity in the chemical sector 

In the manufacturing sub-sector, only chemicals and non-metallic minerals showed an 
improvement in energy intensity. Other both energy-consuming and energy-intensive branches, 
such as primary metals, paper and food, increased their energy intensity over the whole period 
(Figure 151). 
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Figure 151 Development of energy intensity in manufacturing branches in Germany, 2000-2016 

Source: (Eliana Lopez, Barbara Schlomann, Matthias Reuter 2018). 

There were some branches with a considerable energy efficiency progress (e.g. cement, non-
ferrous metals and chemicals), and others with an increasing ODEX, i.e. a worsening of energy 
efficiency (e.g. steel, paper, non-metallic minerals and food). The ODEX seems to slowly leave 
the stagnation state caused by the crisis (Eliana Lopez, Barbara Schlomann, Matthias Reuter 
2018). Although in the chemical industry it remains constant. 

Figure 152 ODEX index for some manufacturing sectors in Germany in 2000-2016 

Source: (Eliana Lopez, Barbara Schlomann, Matthias Reuter 2018). 

The energy efficiency potential in the German chemical industry is large.  

Bühler et al (Bühler et al. 2018) created a marginal cost curve of energy efficiency measures 
for the chemical industry in Germany, quantified the uncertainties of the results and found the 
most influential input parameters. They provided a cost curve for the current technical potential 
amounting to 24.4 PJ per year, of which 23 PJ had negative lifetime costs. It was shown that 
uncertainties have a non-negligible impact on the final energy saving potential and costs, as 
well as the shape of marginal cost curves. The standard deviation of the energy saving potential 
was found to be 3.1 PJ. 

The "Chemical Industry in Figures" provides a comprehensive overview of key figures of 
the German chemical industry.267

267 https://www.vci.de/vci-online/die-branche/zahlen-berichte/chemical-industry-in-figures-online.jsp
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Identification of key elements of the innovation system 

Germany is well known for its global industrial competitiveness. The “hidden champions” 
are one of the explanations of such success (Table 97). Bogdan et al. (Bogdan et al. 2015) 
remark “In aspiring to expand its capacity and sales beyond the borders of Poland, Polish 
process manufacturers have a unique opportunity to apply lessons from the experience of 
Germany’s large process manufacturers (as well as the smaller, so-called “hidden 
champions”.

Table 97 The hidden power of German process manufacturing 

The German process-manufacturing sector is by far the largest in the EU in terms of gross 
value added. It is over twice the size of the Italian sector, the second largest. Much of the 
value is created by Germany’s so-called “hidden champions”—companies that are global 
market leaders but have revenue below €3 billion and a low public profile. Most of these 
companies own more than half the global market for their products 268 . They typically 
specialize in manufacturing a narrow range of high-quality products. For example, Gerriets, 
producer of theatre curtains, dominates the world market, and Heraeus Electro-Nite produces 
60 percent of the sensors used in steel smelters worldwide. To compensate for the narrow 
range of products and to enjoy economy of scale, these companies are vertically integrated 
and pursue a broad international strategy. Winterhalter Gastronom, for example, supplies 
ware-washing systems to hotels and caterers around the world, offering comprehensive 
solutions: dishwashers, water treatment systems, chemicals, and service. The secret of 
success for these hidden champions are:  

 A focus on growth and attaining global market leader position, with limited price 
competition. 

 Close relations with clients: the share of employees working with clients is five times 
higher than in big corporations, which enables direct sales. 

 High and efficient investment in R&D: on average these companies invest 5.9% of 
revenue, way above the average for the German economy of 1.8%, but they achieve 
patents at one-fifth the cost of large German corporations. 

 High employee motivation, creativity, and flexibility, with low attrition rates—2.7% 
versus the national average of 7.3%. 

Source: (Bogdan et al. 2015). 

In response to the Circular Economies, a new phase of development has been beginning 
in the German chemical industry. Following industrialization and coal chemistry (Chemistry 
1.0), the emergence of petrochemistry (Chemistry 2.0), and increasing globalization and 
specialization (Chemistry 3.0), the industry is entering a new phase with Chemistry 4.0, in 

268 Hermann Simon, Hidden Champions of the 21st century: The Success Strategies of Unknown World Market 
Leaders (New York: Springer, 2009). 
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which digitalization, circular economy, and sustainability play key roles (Table 98 and Figure 
153). 

Table 98 Development from Chemistry 3.0 to Chemistry 4.0 in Germany 

Chemistry 3.0
Globalization & Specialization 

Chemistry 4.0
Digitalization & Circular Economy 

Drivers for 
transformation

Globalization, the European internal 
market, growing competition from gas-
based chemistry, the influence of 
financial markets on corporate 
strategies, commodification 

Digital revolution, sustainability, 
climate protection, closing material 
cycles

Raw materials 
Increasing use of renewable raw 
materials and natural gas 

Intensive use of data, recycling of 
carbon-containing waste, H2 from 
renewable energies in combination 
with CO2 used to produce base 
chemicals269

Technology 

New synthesis and production 
processes through biotechnology and 
gene technology, enlargement of 
individual processes 

Digitalization of manufacturing 
processes 

Research 
Close cooperation between basic 
research in universities and application-
oriented research in companies 

Decentralization of R&D in customer 
markets, utilization of Big Data, joint 
development with customers 

Corporate 
structure 

Internationalization of trade and on-site 
production abroad, specialization and 
growth in SMEs, consolidation through 
M&A, creation of chemical parks 

Expanding the spectrum of value 
creation: chemical sector becomes a 
supplier of extensive and sustainable 
solutions for customers and the 
environment 

Products 

Expanding product range, specialty 
chemicals oriented to specific customer 
requirements, new drugs, replacement 
of traditional materials with chemical 
products 

More flexible cooperation as part of 
economic net- works, digital business 
models, and consolidation 

Environment, 
Health and 
Safety 

Environmental protection integrated 
into production, increasing product 

With Chemie3 270
(ecology, economy, and 

social affairs), sustainability becomes a 

269 Base chemicals: base chemicals or commodity chemicals are a broad chemical category including polymers, 
bulk petrochemicals and intermediates, and the starting point for a huge range of final products (IEA, ICCA 2013). 

270 “Chemistry to the 3" is the sustainability initiative of the German chemical industry. Since May 2013, the 
Alliance of chemical industry association (Verbandder ChemischenIndustrie e.V., VCI), trade union 
(Industriegewerkschaft Bergbau, Chemie, Energie, IG BCE) and employers’ association 
(Bundesarbeitgeberverband Chemie, BAVC) campaigns for sustainable development: five milestones to achieve 
until 2017 and 12 guiding principles are at its centre. All three associations develop information and support offers 
to their members in order to breathe life into the concept. For instance, the “Sustainability Guidelines For The 
Chemical Industry In Germany” and the “Progress report” deliver practical examples and details. Moreover, the 
alliance of BAVC, VCI and IG BCE set up a sustainability check for its members, which encourages employers 
to thoroughly and systematically reflect upon all three dimensions of sustainability (economic, social and 
environmental) and deduce risks and opportunities for their companies. The check encourages to rethink how to 
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safety through expanded review of 
material properties, Responsible Care 

comprehensive model and future concept 
for the industry 

Source: (Deloitte&VCI 2017). 

Figure 153 Trends in the chemical industry in Germany up to 2030 

Source: (Deloitte&VCI 2017). 

The German chemical industry is in a phase of change and development. Digital processes 
and data-based operating models are applied more frequently. Half of SMEs intend to invest 
extensively into the digitalization of their processes and business activities. Likewise, the 
importance of digital business models to the future viability of the German chemical industry 
has been recognized, and digital business models are undergoing dynamic expansion: 30% of 
chemical SMEs in Germany already achieve 5% of their revenue through digital business 
models, and a further 40% intend to introduce digital business models in future years 
Digitalization will therefore become an integral part of the business and success model of the 
chemical industry (Figure 154) (Deloitte&VCI 2017). 

strategically structure company resources, understand the expectations of stakeholders, act in a transparent manner 
and encourage ownership among both employers and workers for the company’s actions and aims in the field of 
sustainability (ECEG 2017). 
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Figure 154 Overview of implications of digitalization in the chemical industry in Germany 

Source: (Deloitte&VCI 2017). 

The main challenges the German’s chemical industry faces are (Verband der Chemischen 
Industrie 2019a):  

• Companies are operating in a rapidly changing environment. International competitive 
pressure is increasing constantly, and the industrial policies of China and the US are 
transforming the economic order as a whole. Emerging markets are catching up.

• At the same time, the challenges of climate and environmental protection are growing, 
so that established production methods are reaching their inherent limits and lose social 
acceptance.

• Many fields of technology are undergoing radical change: New processes are altering 
the economy and thus also society - from biotechnology, digitalisation and new drive 
systems to the circular economy.

The German chemical-pharmaceutical industry is facing this challenge of completion 
from other countries which massively invest in education and research and create 
innovation-friendly framework conditions. In 2017, the industry invested about €10.8 billion 
in R&D and worked consistently on eliminating company internal obstacles to innovation. But 
industry alone cannot defend Germany’s leading position – support from politics is needed. 
Politicians and society should be open to innovation and thus facilitate progress. (Verband 
der Chemischen Industrie 2019b). 

In 2006, the German government bundled a range of existing policies and instruments
together under the umbrella of one overarching “High Tech Strategy”. The main initial goal 
was to contribute to higher R&D spending through increasing public R&D and incentivising 
private R&D in a more coordinated manner. To that end, existing initiatives across government 
were bundled with innovation and research and industry was involved as a stakeholder in the 
design and further development of measures. Initially, the exercise was a response to the 3% 
Barcelona goal and the underlying requests to coordinate activities within EU member 
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countries. Over the years, however, a more strategic definition of goals was developed, with 
buy-in from a range of departments and a more fine-tuned, pro-active design of instrument 
mixes. In 2012, an action plan (until 2020) was agreed at Cabinet level, giving a clear signal 
that the approach would be continued and broadened for the longer term. It included 10 “future 
projects”, derived from clear societal needs, but defined broadly enough to allow for flexibility 
and inclusion. The policy mix was not, therefore, designed from scratch, but evolved from 
existing bundled activities that were, over time, connected together more systematically against 
defined goals (Cunningham et al. 2013). 

The review of the “High Tech Strategy” highlights two sets of issues. First, at the level of 
alignments, there needs to be a top-level initiative to drive the sector-based administrations to 
communicate and coordinate their views, visions, strategies and activities. This cannot be a 
one-off and has to be periodically reiterated, especially since in democratic countries the time 
span of such initiatives goes far beyond one electoral term. To bear fruit, it should gather a 
quasi-consensus, which points towards the importance of political stakeholder involvement. 
Second, comprehensive mixes do not pose traditional public coordination challenges, since the 
broader the strategic complementarity, the more diverse the actor groups engaged in the 
governance of policies (Cunningham et al. 2013).

Assessing the new “National Industry Strategy 2030“ the Verband der Chemischen Industrie 
e.V. (VCI) (Verband der Chemischen Industrie 2019a) remarked that “So far, it strongly relies 
on selectively promoting individual fields of technology and protecting domestic industries. 
This approach lacks an openness to different technologies – whereas an innovation-friendly 
environment and better location conditions are most important for the chemical industry”. The 
strategy does not sufficiently address the SMEs and is missing the European dimension. R&D 
promotion programmes need to take into account the specific needs of both SMEs and large 
companies. 

The VCI, speaking on behalf of the chemical industry, is calling for the following: 

• An industry strategy for a strong location
o A package of measures is needed that strengthens the industry location in a truly 

substantial manner: new growth impulses from digitalisation and circular economy are 
required for a modern, innovative and sustainable industry. Furthermore, the German 
strategy needs to be embedded in Europe. 

• Create openness and scope for innovation
o The following is recommended for more innovations from Germany that subsequently 

create value: research promotion with an open mind to a wide range of technologies, 
well-funded project support, and easier access to venture capital. Also needed is a 
science-based societal dialogue on the potentials and risks of new technologies. 
Funding for innovative companies and start-ups needs to be improved, mainly by 
means of investment-friendly framework conditions for venture capital. 

• Improve the location conditions for investment and production 

o An industrial policy should provide impetus for investment and production. The policy 
should tackle urgent infrastructure investments, support the digitalisation of industry, 
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make further efforts for trade liberalisation, and ensure that regulation is efficient, 
unbureaucratic and legally sound. Moreover, Germany should face up to the 
international tax competition.

These postulates are strongly pro-innovative and indicates that the future of the German’s 
chemical sector to large extent depends on the ability of adopting innovative technologies, 
public (governmental) support and better conditions to attract private capital. There is also 
demand to introduce an "innovation check" in the impact assessment of legislation since 
political framework conditions should not render innovations more difficult or even stand in 
their way. Instead, existing and future provisions should undergo an innovation check. This 
applies not only to new technologies but also, for example, for the circular economy and the 
energy transition (Energiewende) (Verband der Chemischen Industrie 2019a). 

Germany – the innovative industry of advanced manufacturing 

Advanced Manufacturing (AM) meaning the convergence of information and communications 
technologies with manufacturing processes to drive real-time control of energy, productivity 
and costs across factories and companies was identified as one of the highest-priority 
manufacturing technology areas in need of federal German investment. 

The OPC Foundation (Object Linking and Embedding for Process Control) is cooperating with 
the key German Association, the VDMA the (German Mechanical Engineering Industry 
Association). This led to the signing of MOU (memorandum of understanding) by the two 
parties in June 2016 in order to build an international standards structure utilizing the OPC UA 
Machine Vision Companion Specification.  

In April 2016, the two major international players, the International Internet Consortium (IIC) 
and the German-led Industrie 4.0, agreed to collaborate for the benefit of interoperability of 
systems from the different domains. The relevant associations in Germany, such as the ZVEI 
(The German Association for Electrical & Electronic Industry), VDMA (German Engineering 
Association), BitCOM (Federal Assocaition for Information Technology, Telecommunications 
and New Media), are driving the discussions. 

The fourth industrial revolution is ongoing in Germany, which is the fifth largest robot market 
in the world with about 20,000 industrial robots utilized in various industries each year. The 
main industries are automotive, electrical and electronics, metal working, chemical rubber and 
plastics, and the food industry. Germany is home to the Europe’s largest advanced materials 
market. The strong growth of its high-tech industries requires appropriate materials, which 
drives the development of the chemical industry. 

Today’s energy sector remains one of the industries least affected by digitalisation, according 
to the following graph by the Boston Consulting Group, implying it might have a long way to 
go (Figure 155)..271 

271 https://www.cleanenergywire.org/dossiers/utilities-and-energy-transition
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Figure 155 Industries in Germany in different stages in the adoption of digital technology 

Source: https://www.cleanenergywire.org/dossiers/utilities-and-energy-transition

Actors and networks 

Actors within a given innovation system are defined as the people, companies, or organizations 
that make decisions according to their own internal logic, as well as due to external pressures 
and factors, that lead (or do not lead) to innovation. Different type of actors within different 
sectors have different characteristics, motivations and strategies, which have to be 
appropriately described and understood (Malerba 2002). Examples of how actors within 
innovation systems differ are: incumbent multinational companies; small, niche entrepreneurs; 
government departments or regulators; consumers or citizens. 

An understanding of actors within a given innovation system can be gained through different 
means, for instance by engaging with industry associations, considering company directories 
and catalogues, as well as through an analysis of patent inventors and applicants and of 
patenting volumes/areas for each of the relevant actors/firms, bibliometric analysis to identify 
sources of knowledge, or interviews and discussions with technology or industry experts. 

In the case of EM in the chemical industry of Germany producers of chemical products, 
distributors and supporting institutions can be specified.  

Producers in the chemical industry in Germany 

The largest and most influential producers are as follows: 
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● BASF – chemical company and the largest chemical producer in the world; main 
business segments: chemicals (solvents, amines, resins, glues, electronic-grade 
chemicals, industrial gases, basic petrochemicals, and inorganic chemicals, and the most 
important customers for this segment are the pharmaceutical, construction, textile, and 
automotive industries), plastics, performance products, functional solutions, 
agricultural solutions and Oil & Gas; 115,500 employees worldwide; 

● Linde plc – world's largest industrial gas company by market share as well as revenue; 
Linde's revenue in 2016 were €16.948 billion, with 59,715 employees; 

● Evonik Industries - the largest specialty chemicals company in the world, owned by 
RAG Foundation, employs about 33,000 people and carries out activities in more than 
100 countries; operational segments include six business units: Advanced 
Intermediates, Consumer Specialties, Coatings & Additives, Inorganic Materials, 
Health & Nutrition and Performance Polymers; 

● Covestro – Bayer spin off formed in the fall of 2015 and formerly Bayer Material 
Science, Bayer's $12.3 billion materials science division; products include coatings and 
adhesives, polyurethanes that are used in thermal insulation, adhesives, electrical 
housings, and as a component of footwear and mattresses, and polycarbonates; 16,200 
employees; 

● Lanxess – a specialty chemicals company based in Cologne, Germany, areas of interest: 
additives for lubricants and fire retardants 19,000 employees;  

● Bayer AG – a German multinational pharmaceutical and life sciences company and one 
of the largest pharmaceutical companies in the world; top-selling products include: 
Kogenate, Xarelto, Betaseron, Yasmin, Nexavar, Trasylol, Cipro, Rennie 
(pharmaceutical products) and fungicides, herbicides, insecticides (agricultural 
products); 120,800 employees. 

Distribution companies in chemical industry in Germany 

The distribution companies include chemicals distributors such as: Brenntag Group, Helm, 
Biesterfeld, Ter Group, Tockmeier Chemie, Nordmann, Rassmann, Ehmann & Voss, Atlantic 
Chemicals Trading, Haeffner & Co. 

One of the main advantages of the chemical sector in Germany is its highly developed 
infrastructure. Around one third of chemicals are transported by pipeline. Major chemical 
sites are interconnected through a network of pipelines transporting raw materials such as 
propylene, ethylene and crude oil. Thirteen refineries and eight steam crackers supply 
Germany’s chemical industry with all of the necessary building blocks for organic chemistry 
(Figure 156)272. 

272 GTAI, Industry overview, The chemical Industry in Germany, 2017/2018 
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Figure 156. Germany’s Chemical Industry infrastructure – pipeline network 

Source: Source: GTAI. 

Supportive institutions in chemical industry in Germany 

All the above mentioned are connected through the network of supportive institutions. Of the 
best examples of such is the European Chemical Site Promotion Platform. Its goal is to support 
the chemical sector and help with the visibility, recognition and indirectly with the investments 
through: 

● ensuring that Europe's unique selling points as a location for new chemical investment 
are understood and appreciated throughout the international chemical investment 
community; 

● explaining why Europe, thanks to its economic and political maturity, still offers 
tremendous opportunities for smooth and profitable chemical operations in the years 
ahead; 

● interacting with the chemical industry to attain maximum realization of Europe's 
potential; 

● providing a one-stop shopping platform for information on Europe that international 
chemical companies need to facilitate their evaluation process for potential new 
investments. 

DECHEMA Gesellschaft für Chemische Technik und Biotechnologie e. V. (Society for 
Chemical Engineering and Biotechnology) is a non-profit scientific and technical society based 
in Frankfurt am Main, Germany. It has more than 5,500 private and institutional members, 
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among them scientists, engineers, companies, organisations and institutes. DECHEMA aims at 
the promotion and support of research and technological progress in Chemical Technology and 
Biotechnology. DECHEMA regards itself as interface between science, economy, state and 
public. 

Chemical parks in Germany 

One of the main advantages of the chemical industry sector of Germany is the number of large 
chemical parks and their infrastructure (Figure 157). Such facilities create many opportunities 
of energy efficiency improvement. The technology is distributed more fluently and with fewer 
challenges. The location of the German parks enables smooth co-operation with similar parks 
in the neighbouring countries. 

Figure 157. Chemical Parks in Central Europe (orange means ECSPP membership) 

Bettervest273 is a crowdfunding platform that allows private investors to put their money into 
energy generation and energy efficiency projects - and later participate in the returns from the 
efficiency measures. The small investments are pooled together and used to fund energy 
efficiency projects at established companies, municipalities and other big energy consumers 
that can realise substantial financial gains by decreasing their energy use. Bettervest’s intention 
is to serve as a platform that “makes the energy efficiency market accessible to private 
investors”. It finances itself through a commission on the amount invested as well as through a 
handling fee during the contract period. The company says it occupies a niche in energy finance 
that has previously been largely ignored. Many of the projects it helps fund have investment 
costs in the range of one to two million euros, a sum too high for many smaller investors 
(especially in developing countries), but under the radar for bigger institutional capital holders. 
Bettervest says it wants to open the world of energy finance to small-scale private investors, 

273 https://www.cleanenergywire.org/news/finance-start-bettervest-connects-small-investors-green-energy-
projects
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who can take part in projects with investments starting at €50. Investments are capped at 
€10,000 to make sure they still fall under small investor regulation. The company says its 
business model does not interfere with conventional banking, which is why it doesn't consider 
conventional banks as competitors. 

The German chemical industry provides integrated parks with pipeline grids for a whole 
range of chemical substances including 1,3-Butadiene, Acetic acid, Acetone, Acetylene, 
Acrylic acid, Ammonia, Benzene, Butene-1, Carbon dioxyde, Carbon monoxide, Chlorine, 
Chloromethane, Ethanol, Ethyl acetate, Ethylene, Ethylene oxide, Formaldehyde, Hydrochloric 
acid, Hydrogen, Isopropyl alcohol, Methanamine (methylamine), Methanamine, N-methyl- 
(dimethylamine), Methanamine, N,N-dimethyl- (trimethylamine), Methanol, Methylene 
chloride, Natural gas, n-Butanol, Nitric acid, Nitrogen, Oleum (fuming sulfuric acid), Oxygen, 
Propionic acid, Propylene, Sodium bisulfite, Sodium hydroxide, Steam, Styrene, Sulfur 
dioxide, Sulfuric Acid, Sulfur trioxide, Toluene and Vinyl acetate. 

Two out of the twenty-seven clusters are located near a sea harbour, twenty-four have a railway 
connection, twenty-five are accessible by highway, and twenty-one can be accessed via a 
waterway. The integrated chemical sites in Germany as presented on this website cover a total 
area of approximately 12,900 hectares of which 1,520 hectares is currently available for new 
development. Around one third of chemicals are transported by pipeline. The major chemical 
carbon source, crude oil, is distributed by an advanced network of pipelines. Thirteen refineries 
and eight steam crackers supply Germany’s chemical industry with all of the necessary building 
blocks for organic chemistry. The country’s highway system has one of the highest high-way 
kilometre-density levels in Europe and the rail-way track is 37,860 km. 

German Chemical Parks infrastructure: 

● the diversified oil supply structure ensures a stable supply basis for the German chemical 
industry; 

● Germany gets its oil from the Mediterranean, the North Sea and from Russia via pipelines; 

● pipelines for ethylene and propylene complement the supply structure for chemical parks; 

● chemical parks are connected to a network of pipelines for natural gas, naphtha, hydrogen, 
carbon monoxide and technical gases. 

Location of the German chemical park is depicted in Figure 158 and their list is in Table 99. 
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Figure 158 German Chemical Parks infrastructure 

Source: Internet. 

Table 99 List of Chemical Parks in Germany 
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Source: Internet. 

Chemical park operators enable the smooth running of production facilities, as they assume 
responsibility for all tasks that support production activities. This includes the provision of 
primary chemicals via internal piping networks, road systems and waterways; centralized or 
specialized shops for all types of repair work; and water, electricity, and steam. Chemical parks 
supply reliable energy based on a wide energy mix and judicious energy management. Due to 
large facilities it is easier for the companies to cut energy costs, e.g. by optimizing peak loads. 
Additionally, most chemical parks have wastewater treatment plants and waste disposal 
systems. 

The centralization of logistics and product transport is another strong point of Germany’s 
chemical parks - for both raw material supplies and exports of chemical products. German 
chemical parks are located along major trans-Europe and international transportation routes that 
connect companies in Germany and other European countries by roads, rail, and inland 
waterway networks (Figure 157). About half of the raw materials processed at chemical sites 
arrive by road, one-third by rail, 15% by pipelines, and 10% by water. More than 40% of 
Germany’s chemical parks are connected through a network of pipelines that supply German 
chemical sites with raw materials and intermediates such as crude oil, ethylene, and propylene. 
Pipelines between parks provide natural gas, naphtha, hydrogen, carbon monoxide, and 
industrial gases, enabling integrated production. 

German chemical park sites also provide close contact with universities, technical colleges, and 
other research institutes where companies can find partners for innovation. 

Many chemical parks in Germany are organized into five “chemical regions” that are roughly 
distributed around the nation’s perimeter: 

● CeChemNet – the network of the Central German chemical sites — the Central 
European Chemical Network (CeChemNet) — incorporates six sites in the towns of 
Bitterfeld, Leuna, Schkopau, Böhlen, Zeitz, and Schwarzheide. The CeChemNet 
partners are InfraLeuna, P-D ChemiePark Bitterfeld‑Wolfen, Dow Olefinverbund, 
Infra‑Zeitz Servicegesellschaft, and BASF Schwarzheide. The region’s parks include 
600 companies, employing about 27,000 people. 

● ChemCoast – located directly on the seacoast, Chem-Coast e.V. is an interstate 
initiative, supported by the governments of Lower Saxony and Schleswig-Holstein, for 
strengthening the sustainability and economic power of the Northern German chemical 
locations of Brunsbüttel, Seelze, Stade, Walsrode, and Wilhelmshaven. 

● ChemCologne – this region, which includes the ABCD-cities of Aachen, Bonn, 
Cologne, and Düsseldorf, consists of 10 chemical and industrial parks that include about 
230 companies of all sizes and from virtually all chemical industry sectors, and employ 
about 75,000 people. A few of Germany’s largest chemical companies operate multiple 
plants in the area, including Bayer (CHEMPARK), LANXESS, and Evonik. 

● ChemSite – situated in the German state of North Rhine-Westphalia near the nation’s 
northwestern border with the Netherlands and Belgium, ChemSite is the chemical and 
plastics cluster in the Ruhr region, Europe’s largest industrial area. 
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● ChemDelta Bavaria – the Bavarian Chemical Triangle region occupies a high-tech area 
in southeast Germany includes 30 companies, employing more than 25,000 people. 

Chemical parks are an offshoot of the structural changes brought on by globalization. In 
German chemical parks chemical manufacturers can focus on manufacturing chemical 
products, without spending their time on building and developing infrastructures. Synergies 
arise from having many companies at one location: companies can jointly obtain energy, raw 
materials, and intermediates, and they can share plants and facilities, leading to further savings, 
which is crucial for their market dominance. 

Integrated iron and steel mills 

German power sector transition “Energiewende” must have strong impact on the rest of 
the national economy. 

"Energiewende will turn economy inside out" and “In growing parts of German industry, 
resistance to the Energiewende has given way to concerns that the energy transition’s home 
country could miss the boat in the global movement towards a low-carbon future”.274

Overall waste heat potential estimated in the chemical and petrochemical sector, in comparison 
to other industrial areas in the EU, is one of the largest (Table 100). It is calculated based on 
the waste/rejected heat that can be possibly further distinguished by its applicability according 
to the respective temperature range as the percentage of the consumed energy for each 
temperature range respectively275. Germany has been identified as a country with the highest 
waste heat potential of 25.4% (16,2 TWh) in chemical and petrochemical sector in the EU and 
the highest Carnot’s potential of 11.8% (7,6 TWh). Additionally, this specific sector has higher 
waste heat potential that any other sectors in Germany, and the second highest Carnot’s 
potential, exceeded only by iron and steel industry. 276

274 https://www.cleanenergywire.org/dossiers/energy-transitions-effects-economy

275 Literature review of energy use and potential for heat recovery in the EU28 Report, I-ThERM, June 2016. 

276 http://www.itherm-project.eu/
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Table 100 Waste heat and Carnot’s potential for each industrial sector in the EU 

Source: I-ThERM: Industrial Thermal Energy Recovery Conversion and Management. 

As a diversified industrial company Thyssenkrupp is both steel producers and builders of 
chemical plants. This is why we play a leading role in developing the technology. It will take 
about 15 years until the concept will be applicable on an industrial scale. Great importance is 
attached to recycling in the steel industry – and has been for a long time: BF gas was first used 
to generate energy for the steel mill at the end of the 19th century. Now for the first time, 
Carbon2Chem® is using the gases from the steelmaking process as a raw material for chemical 
production.

Carbon2Chem®277 aims at using emissions from steel production as raw material for 
chemicals. It will use surplus energy from RES in the process. Thus, the project is an 
essential contribution to climate protection as well as energy transition. 

Europe’s integrated iron and steel mills now convert all their process gases. Most of them are 
used in power plants to generate electricity. Many mills are now autonomous and rarely have 
to buy in electricity.  

An integrated iron and steel mill comprises coke plant, BF, BOF melt shop, auxiliary equipment 
and processing facilities. Steel mill gases are generated in the BF, the BOF melt shop and the 
coke plant. In the coke plant, coke is produced by heating coal in the absence of air. Coke is 
harder than coal and porous, facilitating the flow of hot air in the BF and stabilizing the column 
it forms with the iron ore. 

Germany is the biggest steel producer in the EU and the seventh biggest worldwide. As a basic 
industry, the steel sector is of great importance for value chains in Germany. The many 

277 https://www.thyssenkrupp.com/en/newsroom/content-page-162.html 
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innovations from this branch of industry and its close integration with other sectors contribute 
to the success of e.g. the automotive, chemical and machinery industries. 

Thyssenkrupp calls its “Carbon2Chem” project an “essential contribution to climate protection 
as well as energy transition,” but admits it will take about 15 years before the concept will be 
applicable on an industrial scale. With Carbon2Chem Thyssenkrupp not only wants to use steel 
mill gases to generate electricity, it also wants to produce valuable chemicals from them. The 
advantage is that the share of BF gases used to produce chemicals will no longer be burned off 
and less carbon dioxide (CO2) will be generated. The carbon – including the CO2 – is used for 
a second time in chemical production. 

Among other things, steel mill gas contains hydrogen and nitrogen. It also includes large 
quantities of carbon in the form of carbon monoxide (CO), carbon dioxide (CO2) and methane 
(CH4). Carbon, hydrogen and nitrogen form the basis for numerous chemical products. 

Steel mill gas comprises 44% nitrogen, 23% carbon monoxide, 21% carbon dioxide, 10% 
hydrogen and 2% methane.  

Nitrogen and hydrogen can be used to make ammonia. In turn, ammonia can be used to make 
mineral fertilizer – the prerequisite for feeding the majority of the world’s population. The so-
called Haber-Bosch process used for this was developed in 1910. The chemical reaction takes 
place at a pressure of 200 bar to 300 bar and a temperature of 350°C to 450°C. A catalyst 
accelerates the conversion.  

Carbon, i.e. carbon monoxide and carbon dioxide, and hydrogen form the basis for methanol. 
Methanol can be used to power cars and aircraft or make other chemicals. Here again, the 
manufacturing process was developed in the early 20th century. 

Methanol is one of the most widely produced organic chemicals. It is now mainly produced in 
a process involving pressures of 50 bar to 100 bar and temperatures of 200°C to 300°C. Metallic 
catalysts are also used here to accelerate the chemical reaction. Most of the carbon needed to 
produce methanol is currently obtained from fossil fuels such as natural gas. 

Carbon is a basic material for chemistry. The same is true of carbon dioxide. We can use a large 
amount of the CO2 from steelmaking in chemical production, meaning that the harmful gas is 
no longer emitted into the air.  

Carbon dioxide is an unavoidable by-product of pig iron production. In chemical terms, iron 
ore - the starting material for steel - is an iron oxide, i.e. a compound of iron and oxygen. To 
obtain iron from it, the two components must be separated. Carbon is needed to achieve this: It 
combines with the oxygen to form carbon monoxide and ultimately carbon dioxide, leaving the 
iron. 

Producing hydrogen is an energy-intensive process. Hydrogen is produced by water 
electrolysis, which uses electricity to separate water into oxygen and hydrogen. We want to 
obtain the required electricity from RES energies - whenever there is a surplus and the cost of 
green electricity is particularly low. So here again Carbon2Chem displays an excellent carbon 
footprint. 
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One challenge of the transition to RES is the sharply fluctuating availability of electricity from 
wind and solar power set against the need for a reliable energy supply. By using surplus 
electricity for the Carbon2Chem process we are helping to keep the electricity supply in 
balance. 

Electricity surpluses are still a challenge for our energy system. Surplus electricity often has to 
be diverted to neighbouring countries for a fee. Carbon2Chem offers the opportunity to use 
large-scale industrial facilities like steel mills and chemical plants as energy buffers.  

We then activate our chemical production when large quantities of energy are available at low 
prices. In this situation the steel mill gas streams are split so that part is available for steel 
production requirements and part for chemical production using renewables. This strategy is 
known as load management or demand side management. This helps stabilize the power grid 
and contributes toward the energy transition.  

However, this is also where the major technical challenges of our development project can be 
found. Although the chemical processes for producing ammonia and methanol are well-
established, the plants which use these processes are designed for continuous operation around 
the clock, 365 days a year. Fluctuations in operations and changes in temperatures and pressures 
damage core components of these plants.  

Above all, the typical catalysts are sensitive to changes in operating conditions and gas 
composition. So one of the central development tasks for Carbon2Chem® is to find catalysts 
which can cope with operating fluctuations without any impact on performance. 

R&D institutions 

The development of the sector in Germany is possible due to the advanced R&D 
laboratories. Germany is Europe’s biggest research spender, with total research and 
development (R&D) expenditure of around €84 billion in 2014. The industry sector is 
responsible for the largest share of R&D spending, with companies responsible for 70% (€57 
billion) of R&D expenditure. 

Germany is home to four globally renowned non-university research organizations that 
are active in dealing with the challenges posed by future chemical issues. These are the 
Max Planck Society (13 institutes), Fraunhofer-Gesellschaft (6 institutes), Helmholtz 
Association (4 institutes), and the Leibniz Association (5 institutes), (Figure 160). 
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Figure 160. R&D in Germany – Chemical Research and Development Close to Sites (left) and R&D in Germany – non-
university Research and Development Close to Sites (right) 

Source: Internet. 

Additionally, Germany is amongst countries with the highest patent registration rate in 
the chemical sector worldwide (Figure 161).  
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Figure 161. European Granted Patent Registrations, Chemistry and Polymers  

Source: EPO 2013. 

In comparison to the other developed EU countries Germany has a larger number of 
specialists with the secondary and post-secondary level of education, and scientist, which 
may lead to the more developed R&D (Figure 162). 

Figure 162. Employee qualification (2011, percent of total number in the EU 27)  

Source: Eurostat 2013. 

Institutions and Policies 

In the case of EM in Germany the main institutions and policies have been shown in Figure 
163. The main goal of EM is to increase energy efficiency. Waste heat utilization is just an 
exemplary measure of achieving such a goal. It means that the institutions and policies that 
support improvement of energy efficiency, additionally support EM, e.g. indirectly Waste Heat 
Utilization, which can be seen as a technological innovation.  
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Figure 163. Policy package to increase energy efficiency in industry with selected German/EU policies 

Source: Internet. 

Energy Management in Germany 

EM in Germany corresponds directly with energy efficiency measures and as such has been 
described further on. 

According to the available data Germany is one of the most energy efficient countries in 
Europe, in terms of both actual energy consumption (e.g. in comparison to GDP), but also in 
regards to ambitious energy efficiency targets and implemented measures278. 

An indicative national energy efficiency target for Germany, as notified by the Federal 
Government to the EC within the framework of the Europe 2020 strategy is for the primary 
energy consumption to be equal to 276.6 million toe in 2020. This would correspond to 
reduction in final energy consumption to 194.3 million tonnes in the same year. However. 
according to the estimation carried out for the purpose of the 2017 projection report for 
Germany (Regulation No 525/2013) total primary energy consumption might be reduced 
slightly below the target to 273.8 million toe. It is an evidence for Germany to be on a right 
tack in its energy efficiency policy. In 2010 and 2011, the German government set energy and 
climate targets for 2020 and 2050 (2010 Energy Concept and 2011 Energy Package): That 
estimate has been divided into four main sectors: private households – 70.5 million toe. 

278 Energy Efficiency trends and policies in Germany, Fraunhofer ISI, Odyssee-Mure. 
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commerce/trade/services – 46.3 million toe. industry – 85.2 million toe and transport – 
71.7 million toe (in percentage share – Figure 164). 

Figure 164. Energy efficiency targets of Germany adopted for the Energiewende, 

Source: Wuppertal Institute, 2017. 

In terms of change in the primary energy consumption in Germany there are specific policy 
measures that have had the largest impact. The EU-wide example of the most impactful policy 
in regards to energy efficiency improvement, functioning in Germany as well, is the EU ETS. 
It is specifically aimed at thermal power plants with on output of 20 MW or above. It means 
that such policy targets a large number of industrial installations, such as coking plants, 
refineries and other. In the system monetary value is assigned to GHG emissions in order not 
to exceed emissions allowances. This encourages to invest in energy efficiency measures to 
reduce the energy consumption and overall GHG emissions.  

Additionally, power plants and industrial installations are also subject to the regulatory 
framework outlined in Directive 2010/75/EU on industrial emissions. These regulations include 
licensing, operation and closure of industrial plants and description of the best available 
technologies for the licensing of new installations and emissions limit for large combustion 
plants in each sector. This gives a crucial information on minimum standards for energy 
efficiency in a specific industry. Germany transposed mentioned directive by means of 
amendments to the Federal Immissions Protection Act (Bundes-Immissionsschutzgesetzes), the 
Water Act (Wasserhaushaltsgesetz), the Waste Management and Product Recycling Act 
(Kreislaufwirtschaftsgesetz) and two separate packages of regulations containing additional 
emissions limits. 
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Another example of policy introducing marketplace transition to the increase of energy 
efficiency is entailed by §19a of the Energy Act (Energiewirtschaftsgesetz) implemented by the 
Federal Government. It targets L-gas consumption in order to switch to H-gas, with higher 
caloric value. The purchase of the necessary new devices will result in the increase of energy 
efficiency. 

Cogeneration is also one of the most impactful measures in achieving the energy efficiency 
target in Germany, which translates to the actions promoting and encouraging to its utilization. 
For the cogeneration of electricity and heat in most industrial installations it is necessary to 
have a license – 13th and 17th Federal Immissions Protection Regulations (Bundes-
Immissionsschutzverordnung) – specificity of the installation or heat output of 50 MW and 
above). Additionally, use of local resources and accessibility of the district heating systems are 
also regulated by Renewable Energies Heat Act (Erneuerbare-Energien-Wärmegesetz) and 
Energy Saving Regulation (Energieeinsparverordnung) – demand side. On the cost side, an 
energy tax exemption applies to highly efficient cogeneration plants – §53a of the Energy Tax 
Act (Energiesteuergesetz). For some investment types special funding programs exist as well, 
e.g.: KfW programmes – “IKK (Investment Credit for Municipalities), IKU (Investment Credit 
for Community and Social Enterprises) Energy-Efficient Urban Redevelopment – Supplying 
Neighbourhoods” in the public sector, the market incentive program (Marktanreizprogramm) 
for funding of the measures to promote renewable energy in the heating sector, the Mini 
Cogeneration Program for small-scale and micro cogeneration units, heating networks, and 
fund of the investments under the Cogeneration Act (Kraft-Wärme-Kopplungsgesetz) for 
heating networks and heat reservoirs. Additionally, on the revenue side, bonus for cogenerated 
electricity and the exemption from the levy under the Renewable Energies Act (Erneuerbare-
Energien-Gesetz) for self-generated electricity are available. 

In terms of potential for primary energy savings reducing distribution losses is another measure 
in Germany practices. Distribution losses relate to flare and pipeline losses for electricity, gas 
and district heating, which translates into higher consumption of primary energy. The grids for 
fixed-line energy sources are regulated by the state on the basis of the Energy Act (Part 3 
“Regulation of grid operation”), which states the requirements for grid development plans that 
pursue technical security and stability of the grid. Distribution losses have been also targeted 
by state regulation in the fee structure enshrined in the Electricity Grid Fee Regulation 
(Stromnetzentgeltverordnung). It means that distribution losses must be listed under a separate 
cost item, which ensures its visibility, incentivizing operators to reduce this cost further. 

Not only primary energy is a direct target of energy efficiency policies in Germany. Reduction 
of the final energy consumption results in primary energy savings as well, and therefore a 
number of policy measures in Germany are aimed at reducing final energy consumption instead 
of directly targeting primary energy. Those actions are related to the Article 7 of the EED – 
Energy efficiency obligation schemes. According to the directive, Each MS has to set up an 
energy obligation scheme (or alternative measures), that will ensure that specific obliged parties 
achieve a cumulative end-use energy savings target by 31 December 2020. The target had to be 
equal to at least the equivalent to achieving new savings each year from 1 January 2014 to 31 
December 2020 of 1,5 % of the annual energy sales to final customers of all energy distributors 
or all retail energy sales companies by volume, averaged over the most recent three-year period 
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prior to 1 January 2013279. In order to satisfy the need for the energy efficiency scheme (or 
alternative measures) National Action Plan on Energy Efficiency in Germany (NEEAP) was 
released in 2014.280 It represents a comprehensive energy efficiency strategy which summarizes 
the relevant goals as well as outlining a great many new immediate measures, funding sources 
and the remits of individual stakeholders, establishing energy efficiency as the second pillar of 
the energy transition in Germany, right after Renewable Energy Sources.281 It also serves as the 
basis for immediate measures aimed at optimizing and further developing existing measures. 
NEEAP includes a number of energy efficiency improvement.282

In addition to immediate measures listed above, the NAPE also defines areas of long-term work 
with the aim of adopting additional energy efficiency improvement measures over the coming 
years, and also improving and further developing existing measures. 

Overall, according to the results of an analysis based on the Odyssee-Mure databases, a 
methodology and criteria for assessing the successfulness of energy efficiency policies have 
been established.283

Another chain of activities in term of achieving energy efficiency targets in Germany, based on 
the Article 8 of EED involves energy audits and EMS. According to the definition by DIN EN 
16247-1, “an energy audit is a systematic inspection and analysis of the energy use and energy 
consumption of a plant, a building, a system or an organization, with the aim of identifying and 
reporting on the energy flows and the potential for energy improvements”. Its purpose is to 
highlight the potential energy savings which could be made by that specific company284. The 
provisions of Article 8(4) to (7) of EED stipulate that all companies which do not qualify as 
small and medium-sized enterprises (SMEs) must perform an energy audit pursuant to DIN EN 
16247-1. The Federal Government transposed this requirement into national legislation on 15 
April 2015 by amending the Act on energy services and other energy efficiency measures 
(Gesetz über Energiedienstleistungen und andere Energieeffizienzmaßnahmen). 

The amendments to the Act on energy services and other energy efficiency measures obliged 
all non-SMEs to perform an energy audit by 5 December 2015 and every 4 years thereafter. 
Companies might have alternatively introduced an energy management system (pursuant to 
DIN EN ISO 50001). According to the supervisory authority in the form of the Federal Office 
for Energy Efficiency and the Federal Ministry for Economic Affairs and Energy it is assumed 

279 Directive 2012/27/EU of the European Parliament and of the Council of 25 October 2012 on energy efficiency. 

280 Germany has not implemented an Energy Efficiency Obligation scheme, instead opted for alternative measures 
to meet the energy efficiency target. 

281 Although, according to the Green Paper on Energy Efficiency by Federal Ministry for Economic Affairs and 
Energy (BMWi) Germany has already adopted Energy Efficiency First principle, for the reason of cost 
optimisation of the Energy Transition and strengthening the decarbonisation effect of renewable energies. 

282 National Action Plan on Energy Efficiency, Federal Ministry for Economic Affairs and Energy (BMWi), 
Germany, 2014. 

283 Synthesis: Energy Efficiency Trends and Policies in the EU, Odyssee-Mure, 2015. 

284 Deutsches Institut für Normung. 
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that around 50,000 non-SMEs throughout Germany were obliged to carry out an energy audit 
under the Act on energy services and other energy efficiency measures before the end of 2015, 
and either did so or introduced an energy management system (EMS) pursuant to DIN EN ISO 
50001. Apart from non-SMEs, certain SMEs have voluntarily performed energy audits or 
introduced an EMS as well, either under funding programs, e.g. “Energy Advice for SMEs”, or 
outside such. It is estimated that approximately 60,000 energy audits or energy management 
systems had been performed or introduced in Germany under such programs by 2016. The 
Federal Office for Economic Affairs and Export Control keeps a list of the accredited internal 
or external auditors who perform the audits, which currently numbers 3,760 auditors. 

Various findings regarding the audit/EMS obligation have already emerged from the ongoing 
evaluations. An analysis of industry trends reveals that companies with a local or national 
presence tend to prefer audits – local: 45% audit, 27% EMS, the likelihood that a company will 
introduce an EMS increases the more it moves into the international market – International: 
18% audit, 45% EMS. It can also be observed that companies in energy-intensive industries 
and in the manufacturing/processing sectors prefer to introduce an EMS, whereas companies in 
the services sector tend to perform energy audits since their energy requirements account for 
only a small proportion of their actual value creation. It means that companies in the 
manufacturing sector, including chemicals and petrochemicals, which consume high levels of 
energy, prefer to introduce EMS. Since an EMS may be introduced as an alternative to an 
energy audit, the demand for these systems has increased since the introduction of the 
obligation. However, the increase in demand for energy management systems has been much 
smaller than that for audits, since 48% of companies with an EMS had already put it in place, 
before the introduction of the audit obligation285. 

Energy efficiency support programs in German industry 

Several policies targeting industry's energy consumption and CO2 emissions are included in 
3rd and 4th National Energy Efficiency Action Plans (NEEAP). Some additional measures are 
part of the “National Action Plan Energy Efficiency" that was launched in December 2014 
(Eliana Lopez, Barbara Schlomann, Matthias Reuter 2018). 

The Federal Ministry for Economic Affairs and Energy (BMWi) has launched an Energy 
Efficiency Fund starting in 2008. Therein was two programmes called "Promotion of energy-
efficient cross-cutting technologies in SMEs" and "Promotion of energy-efficient and 
climate-friendly production processes". The first one provides funding in form of investment 
grants for energy-efficient pumps, drivers or compressed-air systems. Especially SMEs could 
benefit since January 2014 as additional financial incentives were created. Implementation and 
execution of the support programme are by the Federal Office of Economics and Export Control 
(BAFA). Besides the promotion for investment in technologies available on the market, the 
exchange of individual technologies like systematic optimisation is equally promoted. Up to 
30% of the investment costs could be reimbursed if the achievable energy saving amounts at 

285 National Energy Efficiency Action Plan (NEEAP) 2017 for the Federal Republic of Germany, pursuant to 
Directive 2012/27/EU of the European Parliament and of the Council of 25 October 2012 on energy efficiency, 
BMWi. 
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least 25% compared to the old system. In May 2016, a new programme was launched under the 
4th NEEAP to provide funding for waste heat avoidance and waste heat utilization in 
commercial enterprises (Eliana Lopez, Barbara Schlomann, Matthias Reuter 2018).  

This "Waste Heat Utilization" initiative is open to all applicants and technologies. Investments 
in the replacement, modernization, expansion or new construction of installations are funded if 
they will result in the avoidance of waste heat or the utilisation for the first time (internally or 
externally) of waste heat.  

Operated by the BMWi, STEP up! is a competitive funding programme that aims at providing 
financial support for corporate investments in power efficiency improvements, on the basis of 
a tendering procedure. The intention is to incentivise companies to invest in highly efficient 
power-saving technologies, to reduce their power consumption and to become more 
competitive. Funding is awarded for the efficiency measures with the best cost/benefit values. 
Two rounds of competitive tendering take place each year (one in the spring and one in the 
autumn). €300 million of funding is available for the pilot phase that will run until 31 December 
2018 (the last phase was started in 2018). It would be extended from 2019 onwards if the 
programme proves successful (Eliana Lopez, Barbara Schlomann, Matthias Reuter 2018).  

In 2016, Federal Ministry for Economic Affairs and Energy, the European Investment Fund 
and KfW bank launched two new large-scale instruments for funding venture capital. The 
"Coparion" fund totals €225 million and is aimed at companies in the start-up and early growth 
phase. The ERP/EIF Growth Facility totals €500 million and is designed to make large-scale 
growth possible. This service will make Germany more attractive for venture capital.286

Description of how the different elements interact/work 
together 

The German chemical industry has been a major site for the development and application of 
the science-based technologies that gave rise to these products, and has had an important role 
as exemplar, stimulus, and competitor in the international chemical industry. The power of 
German chemical industry has been built on connections between university chemists and 
industrial managers (John E. Lesch 2013).  

The chemical industry shall undergo deep technical, economic, and social changes.
Companies should scrutinize their current portfolio of products and services and adjust their 
business models. The chemical industry should continue and accelerate the transformation 
process that has begun, both as a sector overall and on company level (Deloitte&VCI 2017).  

286 https://www.bmwi.de/Redaktion/EN/Pressemitteilungen/2016/20160315-gabriel-wir-bringen-innovation-und-
wachstumsfinanzierung-voran.html
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Figure 165 Recommended actions for companies and their associations 

Source: (Deloitte&VCI 2017). 

In the process of transformation to Chemistry 4.0, chemical associations can help companies to 
systematically identify these opportunities and support them by exchanging between them. 
Digitalization and circular economy offer new, not yet established growth options, frequently 
in economic networks. 

Companies must define digitalization, the circular economy, and innovation as integral parts of 
their corporate strategy, and consider the interactions between these. Business models 
developed by economic networks require extensive analysis of incentive structures, value 
contributions, and compensation structures, on the basis of which chemical companies should 
identify their best strategic role (Deloitte&VCI 2017). 

The initiative “Energy Efficiency Networks” is based on the concept of Learning Energy 
Efficiency Networks (LEEN287), which targets energy efficiency in companies from different 
sectors (Figure 166). The energy efficiency current situation is measured and experiences 
around this topic are shared in moderated meetings among a group of 10-15 companies, which 
is recruited by the network operator. After joining this energy efficiency network, energy 
review or audits are performed, highlighting energy efficiency potentials. This is followed by 
the networking process of information exchange among member companies and external 
experts, aiming at finding solutions on how to exploit the energy efficiency potential of each 
company. The focus of this exchange of experience is on a set of common cross-cutting 
technologies, and in order to secure an open exchange of ideas, plans and experiences, the 
companies participating in the network should not be in competition in the same sector. The 
performance of each company is continuously monitored and controlled on a yearly basis. The 
network operating period is typically from three to four years (Eliana Lopez, Barbara 
Schlomann, Matthias Reuter 2018). It provides a tool “leenize” which is a specialized and easy 
to use online solution for centralized planning, tracking, reporting and benchmarking of energy 

287 www.leen.de
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efficiency initiatives and measures across multi sites. This approach shows how important is to 
exchange experience among industrial partners. This process shall be supported by dedicated 
programs and cannot be left for the initiative of industry itself.  

Figure 166 LEEN network process in the German industry 

Source: (Eliana Lopez, Barbara Schlomann, Matthias Reuter 2018). 

The chemical sector provides financial support (around €12 million per year) to young 
researchers and academic teachers as well as to schools via its “Fund for the Chemical 
Industry”288 (ECEG 2017). 

Program TraWi-Transfer of experiences for the creation of an economy-oriented, work-based 
vocational education and training (VET) in the structures of school-oriented educational and 
training systems. It aims at: 

 strengthen the cooperation between VET-providers and industry, 
 exchange good practices, 
 transfer of experiences with company-based VET models. 

Project partners are FAVEO, a German-Polish foundation for VET. The foundation was built 
between the two Polish trade unions in the chemical sector (OPZZ and Solidarnosc) and QFC, 
an education subsidiary of IG BCE. Project partners are the regional organisation of BAVC 
(ArbeitgeberverbandNordostchemie) in the East Germany and several chemical companies 
from Poland and the Czech Republic (AnwilS.A., D&R Dispersions and Resins Sp.z.o.o., 

288 https://intranet.bavc.de/bavc/intranet/web.nsf/id/pa_ausbildung_in_der_chemie.html
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Grupa Azoty, Zaklady Chemiczne “Police” S.A., Grupa Lotus S.A. and Grupa PCC) as well as 
the 2 unions (ECEG 2017). 

EU, EMCEF (trade union), ECEG (employers), FECCIA (trade union) were engaged (2008-
2010) in the project “The impact of demographic change on the chemical industry in 
Europe”.289 In this project, the impact of demographic change on the chemical industry in 
Europe was studied in seven countries: Belgium, the Czech Republic, Germany, Spain, France, 
Italy and the UK. The results of the study were intended to form the basis for further academic 
discussion and exchange with employers and employees working in the chemical industry 
(ECEG 2017). 

Another concern of the EU, Industrie All Europe (trade union), ECEG (employers and the 
chemical industry is the recognition and validation of acquired competence in the chemical 
industry. These partners carried out “Framework Agreement on Competence Profiles for 
process operators and first line supervisors in the chemical industry”. This framework 
agreement on job competences and training covering the chemical sector in 27 EU countries 
was the first of its type in the chemical industry and only the second across all European sectors 
related to training, education and lifelong learning. This is a vivid example as to how both trade 
unions and employers' organisations in the chemical sector have worked to help businesses and 
workforces through the global economic crisis and build a platform for sustainable growth. 
Main drivers in the negotiation of this agreement included future needs for good training and 
skilled workers in times of demographic changes and ageing workforce. Anticipating 
demographic risks and preparing to tackle this challenge is a key issue for the future of a 
sustainable European chemical industry (ECEG 2017).  

Main lessons: barriers and enablers 

Although Germany is one of the leaders in regards to industrial energy efficiency in Europe and 
EM measures are a prime chance for some companies to be involved in mitigation of the climate 
change through decreased usage of fossil fuels, not all cost-effective measures are 
implemented. Publications show that there is a gap between the potential cost-effective energy 
efficiency measures and measures actually implemented (“energy gap”). List of barriers 
comprises: 

● high investment cost, especially for large industrial plants, with the risk of not achieving 
final profit, 

● no sense of urgency, 
● technological issues, 
● lack of accountability. 

Enablers in the field of EM improvement in the chemical sector in Germany are mainly related 
to the strengths of the industry in general, such as: 

● integrated clusters and chemical parks, 

289 http://demographicsinchemistry.eu/index.php?id=20&L=1
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● innovative chemical sector, 
● high energy prices, 
● specialized small and medium-sized enterprises, 
● globalized industry with activities in all centres of growth, 
● well-educated labour force (academic, non-academic, e.g. via dual education), 
● close supplier-customer relations, 
● strong research and university infrastructure, 
● physical infrastructure, located in the Central Europe, 
● good cooperation between companies and unions (social partnership), 
● experience, 
● processes of digitalization of the chemical industry, 
● publicity. 

Seeking support to expand innovation support in the chemical industry it is recommended 
to strengthen political support measures which should accompany the sector’s internal change 
and embrace its customer industries. Investment in future-oriented fields are crucial and should 
be stimulated through research funds open to all companies in the form of project funding plus 
additional tax incentives, start-up finance for novel projects in the circular economy, easier 
access to venture capital, as well as support for start-ups and private-public partnerships, for 
example as pilot projects. Such measures would meet the needs of the new dynamic business 
environment (Deloitte&VCI 2017). 

The German chemical industry supports the EU for achieving the global 2oC target 2050 and 
actively contributes to this with its products and by participating in the EU ETS. However, it is 
stated that it is important to bring the climate policy in a reliable shape and to avoid duplicate 
regulation. Furthermore, the national climate policy, too, should allow as much flexibility as 
possible in how the long-term climate goals are achieved.290 VCI expressed some concerns 
about government’s responsibility to ensure supply security and affordable electricity prices 
due to the coal phase-out. It is stated that necessary is a compensation mechanism to ease 
for all power consumers the burden of rising electricity prices.  

Summary of Energy Management (EM) in the German 
chemical industry case 

Table 101 should be read together with complementary Table 90 on chemical industry at the 
EU level. This national case table does not repeat all issues which are common for the EU 
industry. It tries to address the country-oriented profile. 

Table 101 Summary of Energy Management (EM) in the German chemical industry case 

Issue Description 

290 https://www.vci.de/vci-online/top-themen/international-and-national-climate-policy.jsp



373 

Technology relevance for deep 
decarbonization 

EM can highly contribute to deep decarbonisation of the German chemical 
industry 

EM builds coherent framework for energy saving and contribute to secure 
meeting other sustainable and societal objectives 

Traditionally high technical culture in German industry 

Traditional high value attributed to technological progress and innovation 
as a crucial driver in industry development 

Twofold contribution to decarbonisation – through lower energy 
consumption in the industry, and by manufacturing better quality products 
e.g. higher quality steel 

Current status of this 
technology 

(development stage, 
demonstration, mature, full 
diffusion)  

“Energy efficiency gap” still exists – economically viable technologies 
are in place however they are not fully exploited - not all cost-effective 
measures are implemented 

EM role and its advantages are well understood although it encounters 
many typical barriers 

Very many organisations with established EMS, e.g. ISO 50001, 
ISO 14001, EMAS 

EM low-emission technologies in the chemical sector are subject of 
intensive R&D works 

Potential penetration 
rate/market share of this 
technology 

Time to reach this stage 

Relatively low penetration of EM into this EII due to high investment 
costs, long investment cycle, high business risk 

EM legally “started” with imposing energy efficiency obligation (2006) 

Assessment of the case as a 
success or a failure? Why? 

Success 

Yearly increase of energy consumption in industry about 1.6%, 

Minimal progress in energy efficiency in industry in 2000-2016 

Long-term national strategy of industry development (Industry 4.0, 
Chemistry 4.0) 

EM is moderate priority in EEI’s practice 

Main technology, technological, 
infrastructure and knowledge 
barriers for this technology 

Were they overcome (in case of 
success) or not overcome (in case 
of failure) 

Cost as main driver of success or 
failure or not

Lack of breakthrough technology implemented at industrial scale, e.g. 
CCS 

Secured supply of natural gas as feedstock for German chemical industry 

Well-functioning of trade chambers, supporting chemical industry 

High usage of coal in technologies where lower emission substitution is 
possible, e.g. as energy carrier or feedstock 

Insufficient interest in energy savings in auxiliary technologies, e.g. waste 
heat recovery, electrical drives 

High share of RES in national energy mix opens option for future RES-
energy usage in highly energy intensive chemical technologies 

Many barriers lie at the level of enterprises and are human related 

Sufficient number of number of benchmarks in the chemical industry 

High pressure from employees and union trades on improving work 
conditions that can partly be accomplished by EM implementation 

Leadership in preparation to meet standards of Chemistry 4.0 

Sufficient number of highly-trained energy managers 
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Well-functioning networks closely co-operating with R&D institutions, 
e.g. technology parks, private research institutions, academia, industrial 
laboratories 

Difficult economic position of the chemical industry (beginning 2019) 

High EM investment cost, especially for large industrial plants, with the 
risk of not achieving final profit 

Crucial actors that contributed 
to the success/failure of this 
technology 

Politicians:  

 Strong position of “green” oriented parties on the political arena 
(strong public support) 

 Political consensus on and decision made to build strong low-
carbon economy 

 Political decision to carry out decarbonisation in power sector 
(Energiewende), e.g. phase-out coal by 2038 

 Traditional strong support for industry as a key element of 
export-oriented economy 

 Strong support for RES and other low-emission energy 
technologies at EU and national level 

 Low motivation to remove distortion in energy markets 
 High public funding for R&D in low-carbon technologies 
 Understanding of the need of co-ordination among 

complementary policies to support EM, e.g. innovation policy, 
tax policy, energy market regulation 

Industry:  

 Strongly export oriented industry, including chemical sector 
 Enjoy the privilege of being economically and socially 

“important” economy sector 
 Moderate interest in EM 
 Well recognised benefits of EM in chemical industry 
 High R&D funding by private sector 
 Long-term unique system of R&D co-operation between 

research institutions and industry 

Financial institutions: 

 Strong financing system capable of financing deep industrial 
transitions 

 Strong incentives for low-emission technologies, e.g. KfW 
 Slow rate of withdrawing from financing high-emission 

investments 

Society: 

 High awareness of people of negative impacts of large industrial 
emissions 

 Strongly organised citizens’ movements supporting sustainable 
development of society 

 Inability to force introduction of external costs of energy into 
total costs of industry 

Customers: 

 High awareness of customers of negative impacts of large 
industrial emissions 
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 Lack of interest to force introduction of external costs of energy 
into total costs of industry 

 Demand for bringing new products onto the market without 
obligation to trace “carbon-foot”

Institutions (or lack thereof) 
contributed to make this case 
study a success/failure  

Crucial role of particular 
governance aspects in the 
process 

Highly globally competitive innovative chemical industry (3rd in the 
world) 

Long-term world’s leadership in chemical industry 

Experience in doing business in the global markets 

Well-educated labour force (academic, non-academic, e.g. via dual 
education), 

Effective framework of participation in EU legislation initiatives at all 
stages of preparation 

Large number of specialized SMSs in the chemical sector (96%) which 
are by definition less prone to EM due to lack of resources 

Extensive physical technical infrastructure located in the Central Europe 

Close supplier-customer relations 

Strong research and university infrastructure 

Good cooperation between companies and unions (social partnership) 

International positive publicity 

Logistics requirements (timely procurement to increase the quality of 
production and streamline the production process) 

Lack of “green” criteria in public procurement what deters transition 
towards innovate and more sustainable production 

Business risks and risk of perturbation in production 

High quality of domestic products reduce the risk of replacement of 
domestic products by import (”carbon leakage” consequence) 

High energy prices as compared with other large chemical global 
producers support EM as a means of cost reduction 

Development of chemical industry despite costs of “Energiewende” 
imposed on the whole economy 

Relative easiness and short-term flexibility of shifting production between 
countries for global companies according to economic, environmental or 
societal circumstances 

Policies measures or regulations 
contributed to making this a 
success or a failure 

Germany is a world’s leader in low-carbon energy and climate policy, e.g. 
development of RES 

Strong correlation with low-carbon energy transformation, circular 
economy and other policies 

Strong long-term industrial policy supporting deep industrial 
decarbonisation 

High priority of chemical industry decarbonisation together with other 
economy sectors, e.g. power sector, building sector, e-mobility 

Highly stable climate and environmental legislation and regulatory policy 

Public support to EIIs including chemical sector through preferable energy 
prices for industry, tax reduction 

Positive, however insufficient, impact of EU ETS on innovation trend 
(low prices of emission allowances) 
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Role of EU level innovation 
system/ EU regulation in the 
success/failure 

Chemical industry is considered as an innovation industry 

Crucial role of the world’s largest chemical company (BASF) 

Domination of few largest companies in R&D programs with small 
number of SMEs involved 

Large public and private financing of R&D (3% of GDP) 

Integrated clusters and chemical parks 

Effective participation in EU R&D programs on technology development, 
e.g. 7FP 

Highly advanced process to transition to Industry 4.0 model 
(Chemistry 4.0) 

Reflection of the EU level case 
study to the experience of any 
particular country 

National cases are much driven by EU policies, e.g. by energy, 
environmental policies; too less extent by innovation trends 

Few global companies, including EU ones, derive substantial benefits 
from EU R&D programs 

What main barriers do you 
think are currently not well 
represented in IAMs?  

Unclear impact of EU ETS on low-carbon technological progress in EEIs 
after 2020 

Barriers due to lack of new business models in EIIs praising for innovation 
aimed at energy savings and lowering environmental burden 

Low priority of improving industry corporate image as a “green” business 
through Corporate Social Responsibility 

Source: Own work. 
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Energy Management – Poland’s chemical industry 

Chemical industry has been chosen for analysis of EM as innovative solution in Poland.  

Poland, unlike the other three MSs analysed, is a country which still remains in economic 
transition from centrally governed model to market economy. This transition makes Poland’s 
starting point differ and it is why Poland received more attention in general description. 

Poland being in political and economic transition since late 1989 and its EU membership since 
2004 despite an impressive catching-up process, still has productivity level substantially below 
those in the rest of the “old” EU. Therefore, continual raise of productivity, remains a key 
priority for economic policies in Poland (Bijsterbosch and Kolasa 2009). 

Poland - the innovative industry of advanced manufacturing 

Economy 

The GDP in Poland was worth $586 billion dollars in 2018. The GDP value of Poland represents 
0.94% of the world economy. GDP in Poland averaged $275 billion from 1985 until 2018, 
reaching an all-time high of $586 billion in 2018 and a record low of $63.90 billion in 1987.291

Taking the latest data, Poland is the sixth largest MS in terms of both area and population. In 
2017 the country reached GDP of €475 billion (ca. €12,263 per capita), while its nominal GDP 
was the 8th largest in the EU. The country's economic development implies an increase in 
energy demand. Poland is one of the very few EU countries planning to increase its final 
energy consumption – it is expected to rise by 14% by 2020 as compared to 2005. 

Basic statistical data illustrating “green growth” in Poland in recent years is given in Table 102. 

Table 102 “Green growth” in Poland in years 2012-2017 

Green growth performance 2012 2013 2014 2015 2016 2017 

Macroeconomic  
Energy intensity  
Carbon intensity 
Resource intensity (reciprocal of 
resource productivity)  
Waste intensity 
Energy balance of trade  
Weighting of energy in HICP 
Difference between energy price 
change and inflation  
Real unit of energy cost 
Ratio of environmental taxes to 
labour taxes 
Environmental taxes 

kgoe / € 
kg / € 
kg / € 

kg / € 
% GDP 
% 
% 

% of value 
added ratio 

% GDP 

0.25 
1.03 
1.80 

0.42 
-3.4 
15.4 
2.9 

21.2 
0.21 

2.6 

0.25 
1.01 
1.68 

- 
-2.7 
15.7 
-1.3 

20.1 
0.19 

2.4 

0.23 
0.94 
1.62 

0.44 
-2.6 
14.9 
-0.1 

19.9 
0.20 

2.6 

0.23 
0.92 
1.53 

- 
-1.6 
15.7 
0.6 

20.3 
0.20 

2.7 

0.23 
0.91 
1.55 

0.42 
-1.4 
13.5 
-1.9 

20.8 
0.20 

2.7 

0.23 
- 1.58 
- 

-2.0 
13.7 
-0.1 
- 

- 
2.7 

291 https://tradingeconomics.com/countries
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Sectoral 
Industry energy intensity 
Real unit energy cost for 
manufacturing industry excl. 
refining 
Share of energy-intensive 
industries in the economy  
Electricity prices for medium-
sized industrial users  
Gas prices for medium-sized 
industrial users 
Public R&D for energy 
Public R&D for environmental 
protection  
Municipal waste recycling rate 
Share of GHG emissions 
covered by ETS* Transport 
energy intensity

kgoe / € 
% of value 
added 

% GDP 

€ / kWh 

€ / kWh 

% GDP 
% GDP 

% 
% 
kgoe / € 
kg / €

0.12 
24.7 

14.1 

0.09 

0.04 

0.01 
0.02 

12.0 
51.7 
0.83 
2.25 

0.12 
22.0 

13.9 

0.09 

0.04 

0.01 
0.02 

15.1 
52.4 
0.76 
2.06 

0.12 
21.1 

13.8 

0.08 

0.04 

0.01 
0.03 

26.5 
51.9 
0.76 
2.06 

0.11 
21.6 

13.9 

0.09 

0.04 

0.01 
0.03 

32.5 
52.1 
0.80 
2.19 

0.11 
22.0 

14.1 

0.08 

0.03 

0.00 
0.03 

34.8 
49.9 
0.88 
2.45 

0.10 
- 

-  

 0.09 

0.03 

0.00 
0.03 

33.8 
-  
0.95 
- 

Security of energy supply 
Energy import dependency 
Aggregated supplier 
concentration index  
Diversification of energy mix 

%  
HHI  

HHI 

31.8 
29.8 

0.36 

26.4 
27.0 

0.37 

29.5 
27.4 

0.36 

29.9 
27.2 

0.35 

30.8 
25.7 

0.34 

38.3 
- 0.33 
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All macro intensity indicators are expressed as a ratio of a physical quantity to GDP (in 2010 prices) 
Energy intensity: gross inland energy consumption (Europe 2020-2030) (in kgoe) divided by GDP (in EUR) 
Carbon intensity: greenhouse gas emissions (in kg CO2 equivalents) divided by GDP (in EUR) 
Resource intensity: domestic material consumption (in kg) divided by GDP (in EUR)  
Waste intensity: waste (in kg) divided by GDP (in EUR) 
Energy balance of trade: the balance of energy exports and imports, expressed as % of GDP 
Weighting of energy in HICP: the proportion of 'energy' items in the consumption basket used for the 
construction of the HICP Difference between energy price change and inflation: energy component of HICP, 
and total HICP inflation (annual % change) 
Real unit energy cost: real energy costs as % of total value added for the economy 
Industry energy intensity: final energy use in industry (in kgoe) divided by gross value added of industry, 
including construction (in 2010 EUR) 
Real unit energy costs for manufacturing industry excluding refining : real costs as % of value added for 
manufacturing sectors 
Share of energy-intensive industries in the economy: share of gross value added of the energy-intensive 
industries in GDP Electricity and gas prices for medium-sized industrial users: consumption band 500–20 
00MWh and 10 000–100 000 GJ; figures excl. VAT. 
Recycling rate of municipal waste: ratio of recycled and composted municipal waste to total municipal waste 
Public R&D for energy or for the environment: government spending on R&D for these categories as % of GDP 
Proportion of GHG emissions covered by EU emissions trading system (ETS) (excluding aviation): based on 
GHG emissions (excluding land use, land use change and forestry) as reported by MSs to the European 
Environment Agency. 
Transport energy intensity: final energy use in transport sector including international aviation, (in kgoe) divided 
by transport industry gross value added (in 2010 EUR) 
Transport carbon intensity: GHG emissions in transport sector divided by gross value added of the transport 
activities Energy import dependency: net energy imports divided by gross inland energy consumption plus 
consumption of international maritime bunkers 
Aggregated supplier concentration index: Herfindahl-Hirschman index (HHI)  for net imports of crude oil and 
NGL, natural gas and hard coal. Smaller values indicate larger diversification and hence lower risk. 
Diversification of the energy mix: Herfindahl-Hirschman index of the main energy products in the gross inland 
consumption of energy 

Source: (European Commission 2019a) European Commission and European Environment 
Agency, European Commission and European Environment Agency (Share of GHG 
emissions covered by ETS); European Commission (Environmental taxes over labour taxes); 
Eurostat (all other indicators). 

Energy sector 

Poland is still the largest European coal-based economy with hard coal being the main 
energy resource although its share is decreasing. The energy sector faces the challenge of 
reducing GHG and pollution. Electricity generation is dominated by coal, and rising demand 
for electricity has recently been met by new, mainly coal power plants (European Commission 
2019a). 

Hard coal and lignite accounted for 50.8% of Total Primary Energy Supply (TPES) and 80.9% 
of electricity generation in 2015 (International Energy Agency 2016). Simultaneously, Poland’s 
energy dependency on import was 28.6% in 2014 – one of the lowest in the EU due to extensive 
usage of domestic coal and relatively high natural gas production covering 30% of demand. 
The latest governmental draft of the ”Energy policy for Poland till 2040” assumes 60% share 
of coal in the energy mix in 2040, increase RES energy from offshore wind farms, and 
replacement of lignite by nuclear energy after 2030. Thus, in the next two decades coal will 
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still be important source of energy although its consumption by power sector will decline by 
nearly 19%. Except this government’s proposal, there are many projections of energy future of 
Poland which show different trajectories of decarbonisation of Poland’s power sector. They 
assume different mix of gas, RES or nuclear technologies but to more or less extent promote 
coal. 

Meeting main sustainable energy indicators for Poland for 2020 in the assessment of the 
EC remains a challenge (Table 103). Greater energy efficiency and more extensive use of 
RES would allow Poland move towards cleaner energy and help limit air pollution (European 
Commission 2019a). 

Regarding progress in reaching the national targets under the Europe 2020 strategy, Poland 
performs well in the following areas: poverty reduction, tertiary education, reducing early 
school leaving and the employment rate. Progress is limited in R&D investment, energy 
efficiency, renewable energy and GHG emissions (European Commission 2019a). 

Table 103. Main sustainable energy indicator and their latest assessment by the EC (2019) 

Main sustainable energy indicator Latest assessment by the EC 

Greenhouse gas (GHG) emissions target: 

National greenhouse gas (GHG) emissions 
target: 
+14 % in 2020 compared to 2005 (in non-ETS 
sectors) 

In 2016 Poland had, for the first time, higher emissions 
in sectors outside the EU ETS than its annual emission 
allocations. In 2017 non-ETS emissions were 3 
percentage points higher than the annual target 
according to the preliminary data. This means that 
Poland will have to use allocations banked over 2013-
2015 or other flexibilities foreseen under the Effort 
Sharing legislation to comply with the obligations for 
2016 and 2017. According to the latest own national 
projections, Poland is still expected to achieve its 2020 
target. 

2020 Renewable energy target: 15% 

Share of renewable energy in all modes of 
transport: 10% 

In 2017, renewable energy had a 10.9% share in the 
gross final energy consumption. Investment in new 
renewable energy capacity has slowed down, 
presenting a challenge for achieving the 2020 
renewable energy target of 15%. 

Energy efficiency: reduction of energy 
consumption 

Poland has set an indicative national energy 
efficiency target of 13.6 million tonnes primary 
energy savings in 2020 reaching a 2020 level of 
96.4 million tonnes primary energy 
consumption and 71.6 million tonnes final 
energy consumption. 

Contrary to the EU trend, since 2005, Poland has 
increased both its primary energy and final energy 
consumption due to strong economic growth and 
historically high energy intensity of the Polish 
economy. In 2017, Poland’s primary energy 
consumption reached 99.8 million tonnes, exceeded its 
2020 indicative target. Final energy consumption, at 
71.0 million tonnes was just below the 2020 indicative 
target. 

Source: Own work based on (European Commission 2019a). 

Environment 
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The Polish economy is among the least carbon-efficient. The country also hosts the most air- 
polluted cities in the EU, especially in the southern and central regions. (European Commission 
2019). The GHG intensity of the Polish economy remains among the highest in the EU and 
high air pollution remains a major health-related concern (Figure 167). 

Figure 167. Air pollution in regions according to number of days with exceeded PM10 limits, 2017 

Source: Supreme Audit Office (https://www.nik.gov.pl/aktualnosci/dbaj-o-zdrowie-nie- 
oddychaj.html ). 

Further improving energy efficiency is key to mitigating energy demand and GHG 
emissions. Poland has made significant achievements in decoupling economic growth and 
GHG emissions. Nevertheless, the GHG intensity of the Polish economy (emissions per € of 
GDP) remains among the highest in the EU being almost three times higher than the EU 
average. In recent years, transport emissions have continued to grow strongly (14% increase 
between 2012 and 2016). According to the latest national projections, Poland is expected to 
achieve its 2020 emission target for sectors outside the EU ETS. However, the 2030 target (a 
reduction of emissions by7% compared to 2005) could be missed by a wide margin if no 
additional measures are taken (European Commission 2019). 

Trends in different industrial pollutions are depicted in Figure 168.  
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Figure 168. Industrial pollution in Poland – example statistics 

Source: European Environmental Agency, 
https://www.eea.europa.eu/themes/industry/industrial-pollution/industrial-pollution-country-
profiles-2018

In 2018, Poland launched a 10-year Clean Air Program, aiming to invest into energy efficiency 
renovations of residential houses. 

Industry 

Industry has a substantial impact on the country’s economic development. In 2017, 
manufacturing accounted for 27% of Poland’s GDP, and the country was the sixth largest 
manufacturing country in the EU. Majority of the industry production is covered by six main 
sectors: food, metal, automotive, electronics and electrical engineering, chemical and 
machinery.  

Technologies in manufacturing in Poland are rapidly changing although the fourth 
industrial revolution (Industry 4.0) lies ahead of Poland. 

In 2017, manufacturing grew by 6.2%, outpacing the country’s overall 4.6% GDP growth rate. 
Manufacturing of machinery and equipment (not specified) and electrical equipment 
experienced a significant increase. The Purchasing Managers Index (PMI), an indicator of the 
performance of the manufacturing sector, reflects this growth, showing an annual average of 
53.6 points. Polish Central Statistical Office (Polish Central Statistical Office) further confirms 
the positive outlook for Poland’s manufacturing sector, reporting that 66.3% of industrial 
companies were planning substantial investments in 2017. This compares with 45.6% in 2016. 
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In 2016, Poland’s manufacturing sector included 217,700 industrial enterprises with roughly 3 
million employees. Approximately 2,000 companies are state-owned and are 215,600 privately-
owned, 3,360 of which are foreign-owned. State ownership of manufacturing enterprises 
decreased from 600 in 2005 to 168 in 2016. However, under the state control remain key, 
strategic industries like mining, power generation, gas and oil sectors. 

In 2016, industry in Poland was responsible for 23% of energy consumed and 71% of water 
used. 

Although there are a lot of challenges ahead of the Poland’s industry, including chemicals and 
petrochemicals, together with the challenges and barriers stand the new opportunities for the 
future. 

Identification of key elements of the innovation system 

Poland lags on innovation, with recent legal changes only partially addressing challenges. 
Innovative activities by companies are hindered by a number of obstacles. 

Despite continuous and sizeable efforts to improve the innovative capacity of the economy 
Poland continues to rank in the lower end of moderate innovators in the European Innovation 
Scoreboard (European Commission, 2018e). 

Technologically advanced industries have been developing rapidly in Poland, with advanced 
manufacturing, pharmaceuticals, and other high-tech sectors experiencing annual growth of 
between 7% and 10% since 2004. Collectively, these industries form a relatively small share of 
Poland’s economy - 2% of GDP compared with 5% in Germany. Though their share of total 
economic activity is small, technologically advanced industries can have powerful indirect 
effects on overall economic growth. The innovative research and design that drives 
competition in specialized industries such as pharmaceuticals or aeronautics can 
indirectly contribute to positive developments in other industries, such as chemicals and 
basic materials (Bogdan et al. 2015). 

The process manufacturing sector is emerging as a stronghold of growth in Poland. The sector 
includes segments of auto manufacturing, furniture, food processing, textiles, and chemicals. It 
is second only to the service industries in advancing Poland’s competitive position, and as such 
is poised for competitive expansion on the international market. 

R&D investment in the chemical sector amounted to €0.7 billion in 2018 (Cefic 2019). 

Strategy for sustainable development 

On 16 February 2016 Poland’s government adopted a national “Strategy for Responsible 
Development”. It aims to develop the Polish economy, and companies, including their 
productivity and foreign expansion, promoting investment and innovation, including 
better   cooperation between science and business.  

The strategy is based on the following principles: 
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 sustainable economic growth increasingly driven by knowledge, data and organizational 
excellence, 

 socially sensitive and territorially sustainable development, 

 effective state and economic institutions contributing to growth, 

 social and economic inclusion. 

The quantitative government’s 2020 goals include: 

● Increasing investment to over 25% of GDP. 

● Raising R&D spending to 2% of GDP from 0.8% today. 

● Raising the number of medium-sized and large enterprises to over 22,000. 

● 70% increase in Foreign Direct Investment by Polish companies. 

● Industrial production growth to outpace GDP growth. 

● Polish GDP per capita to reach 79% of the EU average. 

It has elements directly addressing sustainable economic growth in industry: 

● reindustrialisation, 

● support for innovative companies, 

● development of SMEs, 

● increased availability of development funds, 

● strengthening through international collaboration. 

Supporting adoption of new technologies 

Despite past successes, links between industry and research/universities are weak.
Therefore, they are to be refurbished so that R&D and industry build closer links enabling high-
technology adoption. 

Adoption of new technologies is to be underpinned by range of activities and initiatives: 

● Start in Poland programme – commercialisation of innovative solutions created by start-
ups. 

● Rapid decisions on support for initiatives with the biggest innovation impact (so-called 
“first speed” programmes). 

● Reform of scientific and research institutes to make them work better for the economy. 

● New acts supporting and improving legal aspects of innovation activity. 

Strategies embracing the chemical sector 

In the “Strategy for Responsible Development” it was concluded that consumption of 
chemical products per head in Poland remains below the EU average. It is therefore decided 
that the chemical industry should develop production of higher value-added products. 
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It is planned that sectoral programmes will support the adoption of new technologies and 
products. Chemical industry is named as a key sector and receives support through the 
INNOCHEM programme dedicated for chemicals. 

“National Smart Specialisations” announced within the “Strategy for Responsible 
Development” embraces elements related to chemical industry: 

 KIS 3. Biotechnological and chemical processes, bioproducts and products of specialist 
chemistry and environment engineering 

 KIS 4. Effective, low-emission and integrated systems of energy production, storage, 
transmission and distribution. 

 KIS 7. Modern technologies of extracting, processing and use of natural raw materials 
and manufacturing of their substitutes. 

 KIS 8. Minimization of the production of wastes and methods of waste treatment. 

Technologies, infrastructure and knowledge 

The number of chemical companies is larger than 11,000. With 2016 sales of €35.7 billion, 
the chemical industry, including pharmaceuticals, rubber and plastics, is the second largest 
industry in Poland after food processing. It accounts for almost 12% of turnover of industrial 
output, ahead of motor vehicles. The sector employs 279,000 people: 74,000 in chemicals, 
23,000 in pharmaceuticals and 182,000 in production of rubber products and plastics goods.  

Polish chemical production covers all segments of the industry: basic organics and inorganics, 
petrochemicals, polymers, agrochemicals, specialties, cosmetics and pharmaceuticals. Basic 
chemicals account for over 65% of chemical production (Cefic 2019). 

Figure 169. Share in the value of sold production in 2017 by divisions of the Polish Classification of Goods and Services 
(PKWiU 2015) 
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Source: Central Statistical Office. 

In the period of 2010-2015, chemical sector in Poland increased production sold by 41% and 
amounted to $35 billion in 2015 (Figure 170). The growth of the Polish chemical sector 
outpaced other European markets substantially and helped to increase Polish role on 
European chemical market. According to the Polish Central Statistical Office, chemicals 
production grew 2.2% in 2016. Further production growth is expected to follow the forecast 
GDP expansion of 3.6% and the on-going economic rebound in the eurozone. Production of 
chemicals increased 6.7% (in constant prices) year-on-year in Q1 of 2017 (Figure 170). 

Figure 170. Value of Polish chemical sector production sold in 2010-2015 [USD billion] (left) and Volume production index 
for chemical industry in the EU in 2010-2016 [index 2010=100%] (right) 

Divisions within the Polish chemical industry, by types of products and companies, include: 

 coking industry – for example: the coking plants "Radlin", "Jadwiga", "Dębieńsko" in 
Bytom, Zdzieszowice, Wałbrzych, Zabrze, and Dąbrowa Górnicza; and foundries in 
Kraków, Częstochowa, and Dąbrowa Górnicza; 

 cleaning products industry; 

 fertilizers industry – for example: Grupa Azoty S.A., with plants in Puławy, Police, 
Tarnów-Mościce, Kędzierzyn-Koźle, Chorzów, Gdańsk, Grzybów; Anwil S.A. in 
Włocławek; Zakłady Chemiczne "Alwernia" S.A. in Alwernia; Zakłady Chemiczne 
"Siarkopol" in Tarnobrzeg; LUVENA S.A. in Luboń; and Fosfan S.A. in Szczecin; 

 paint and varnish industry – for example: production plants in Cieszyn, Dębica, Wrocław, 
Włocławek, Chorzów and Pilawa; 

 petrochemical industry – government owned PKN Orlen, with refineries in Płock, 
Jedlicze, and Trzebinia; and the Lotos Group, with refineries in Gdańsk, Czechowice, and 
Jasło; 

 plastics production and processing industry - for example: Basell Orlen Polyolefins Sp. z 
o.o., Grupa Azoty, Anwil S.A., Synthos S.A., and CIECH Sarzyna S.A.; 

 pharmaceutical industry - for example: pharmaceutical plants in Warsaw, Kraków, 
Rzeszów, Poznań, Kutno, Starogard Gdański, Jelenia Góra, Pabianice, Łódź, and 
Grodzisk Mazowiecki; 
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 plant protection industry; 

 soda (sodium carbonate) industry – CIECH Soda Polska S.A., including plants in 
Inowrocław and Janikowo); 

 sulfuric acid industry – for example: KGHM Polska Miedź, Grupa Azoty POLICE, 
Zakłady Górniczo-Hutnicze Bolesław SA. 

 synthetic fibers industry – Including plants in Toruń, Gorzów Wielkopolski, Tomaszów 
Mazowiecki, and Sochaczew. 

Poland has relatively small reserves of natural resources used as primary chemical production 
feedstock, with domestic crude oil and natural gas extraction not being able to cover internal 
demand. Almost 97% of crude oil and 72% of natural gas used in Poland in 2015 was imported. 
In contrary Poland has significant reserves of coal, however currently coal is not being used as 
chemical feedstock in Poland except for coke production. 

Production of Polish chemical sector can be divided into three main product segments (Figure 
171): 

 chemical processing – the largest segment of Polish chemical production market with 
$19 billion (59%) of sold production in 2015; plastic articles and rubber articles are the 
biggest product groups within the segment accounting for 85% of the chemical processing 
sold production value; 

 bulk chemicals – bulk chemicals production is also an important segment of Polish 
chemical industry – in 2015 it generated production sold amounting to $10 billion (31%); 
two key bulk chemicals product groups are plastics and fertilizers (55% share of bulk 
chemicals); 

 specialty chemicals – specialty chemicals is the smallest segment of Polish chemical 
sector; production of this segment focuses on consumer chemicals, which account for 
96% of specialty chemicals production sold value. 
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Figure 171. Value of production sold by selected Polish chemical segments in 2015 ($ billion)  

Source: (Ernst&Young 2017). 

Polish chemical industry is not only about chemicals production. There is a number of 
chemical technologies developed by local entities available for potential investors. Polish 
chemicals R&D is focused more on specialized technologies, with bulk production being 
backed up by foreign technologies. Examples of the developed/being developed technologies 
(Ernst&Young 2017): 

 Ammonothermal technology/gallium nitride – used for production of bulk gallium 
nitride; 

 Manufacturing of 9-decene and 1-decene acid – manufacturing of 9-decene and 1-decene 
acid from biomass with the use of next generation of metathesis catalysts; 

 Bioremediation technology - aimed at bioremediation of contaminated soil and water. It 
is based on the process of eradicating and transforming pollutants into less destructive 
forms by leveraging natural abilities of specific microorganism; 

 Sulphur binder technology - sulphur binder manufacturing by sulphur polymerization 
(liquid solvent with modifier); 

 Sulphur concrete and asphalt concrete modification - used for the production of sulphur 
concrete and to enhance asphalt concrete by converting industrial waste into new 
products; 
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 POM – manufacturing POM (polyoxymethylene, polyacetal, polytrioxane) from 
methanol; 

 Cyclohexane – manufacturing cyclohexane from benzene. 

There is a significant trade exchange on chemical products between Poland and abroad. 
Poland has a longstanding trade deficit in chemicals: in 2016 imports exceeded exports by 
€7.5 billion. The biggest deficit occurs in pharmaceuticals, primary-form plastics chemical 
products and organic chemicals. The chemical industry location is concentrated in southern 
Poland. There are also large chemical sites in north-west Poland near the border with Germany, 
and in central and eastern Poland. Manufacturers include some leading international chemical 
companies (Cefic 2019). 

Poland is a net importer of bulk chemicals and the deficit has remained high in the last 
years. Trade balance on specialty chemicals products and on chemical processing products has 
been positive since 2013. Increase of net import of bulk chemicals, as well as increase in net 
export of more processed chemicals is in line with Polish chemical industry development noted 
in the last years. Chemical products categories with highest positive trade balance in 2015 are 
consumer chemicals, rubber materials and plastics materials. At the same time, plastics and 
agrochemicals are among chemical products with the biggest trade deficit.

In 2015 value of bulk chemicals and chemical products imported to Poland amounted to $28 
billion and deficit on trade exchange on chemicals amounted to $4.4 billion. Ethylene polymers 
were the most important bulk plastics import categories. Among imported chemical products 
the most important were plastic films, plates, sheets and belts with total value of $2.4 bn in 
2015. Rubber industry is also important from export perspective. In 2015 value of tires 
exported from Poland amounted to $1.7 billion and there was also $300 million of rubber 
export. 

Polish chemical sector is dominated by imports from the EU, in particular from Germany. 
German products account for almost 30% of the overall chemical imports to Poland (Figure 
172, Figure 173). China, US and Russia are the main non-European partners of Polish chemical 
sector in terms of imported goods (Figure 173).  

Figure 172 Import of key bulk chemicals and key chemical products in Poland in 2015, ($ million) 
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Figure 173 Import of bulk chemicals and chemical products in Poland in 2015, (% billion) 

Source: (Ernst&Young 2017). 

Gearing in the Polish chemicals sector is average, and many companies use investment credits 
in order to finance their investment projects for innovations. Polish banks are generally willing 
to provide loans to the chemicals sector. The Polish benchmark interest rate has been low at 
1.5% for two years, and the subsequent low interest rates for credit has spurred chemicals 
businesses to use bank loans to finance their investments. The payment behaviour has been 
good over the past years (2016-2017), and the number of non-payments and insolvencies has 
been low. The most impactful on the profitability of the Polish chemical sector are changes in 
raw material prices. Costs for raw materials account for a large share of total costs, meaning 
that changes in certain raw material markets (availability and price) significantly affect the 
activities and financial performance of businesses. Similarly, the cost of fuel inputs plays a 
significant role in the profitability, and therefore productivity of the sector in Poland. 

Staff in the chemical industry 

The chemical industry is one of the most automated sectors. It requires much more investment 
than most other sectors. The chemical industry also requires highly-qualified personnel 
including scientists and engineers. The number of employees is not as important in this sector 
as their qualifications and know-how.

R&D policy and innovation 

Poland’s innovation performance remains far below the EU average, much of which is 
due to meagre R&D investments, especially private ones, and modest cooperation of 
public and private innovation partners (Table 104).  

Polish manufacturing is just beginning to make the move to Industry 4.0. The amount of 
automation in Polish factories is low. Six percent of manufacturers report making moves 
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towards Industry 4.0. Only 15% of Polish manufacturers are fully automated, while 76% have 
yet to complete the automation process, and 14% of Poland’s manufacturing remains wholly 
manual. According to the International Federation of Robotics, Poland’s level of robotization; 
at 22 robots per 10,000 industry employees; is far below both the EU and Central European 
average. In addition, the EC ranks Poland as 24th among the 28 MSs in its digitization 
assessment. 

The Polish government in order to prepare and support the reindustrialization helps with the 
funding for innovative projects such as national intelligent specializations, industry research, 
experimental means of manufacturing. These projects, with a budget of $200 million, are 
supervised by the National Centre for Research and Development (NCBiR) and the Agency for 
Industry Development (ARP). A key element of Industry 4.0 in Poland is the “Platform for the 
Industry of the Future” launched in 2018. The purpose of the platform is to integrate the efforts 
of both public and private organizations to improve industry using data, technological support, 
streamlined efforts to access new technologies, and general know-how. 

Poland (like Italy) is a Moderate Innovator (while Germany and the UK belong to the 
Innovation Leaders) (Figure 174) (European Commission 2018b). Over time, Poland’s 
performance has increased relative to that of the EU in 2010 (Figure 175). The employment 
share in manufacturing is well above the EU average. GDP per capita and the employment 
share in high and medium high-tech manufacturing are well below the EU average. 

Figure 174. Performance of EU Member States’ innovation systems 

Source: (European Commission 2018a). 



392 

Figure 175. Poland’s innovation index in years 2010-2017and relative to EU in 2017 

Source: (Hollanders and Es-Sadki 2018). 

Investments to support skills development, innovation, better infrastructure and cleaner 
energy are crucial for Poland’s future growth. High priority investment needs have been 
identified to enhance research and innovation capacities and the uptake of advanced 
technologies, to be implemented in synergies with other EU programmes and initiatives such 
as Horizon Europe, Life, Coal Regions for Transition Initiative, Catching-up Regions Initiative 
and others (European Commission 2019a). 

Table 104. Main sustainable energy indicators in Poland and EC assessment 

Main sustainable energy indicator Latest assessment by the EC 

R&D target set in the 2013 NRP: R&D 
intensity target is 1.7 % for 2020 

In 2017, R&D intensity in Poland was 1.03% of GDP 
composed of 64% private investment (0.67% of GDP) 
and 35% public investment (0.36% of GDP). 
This is still significantly below the target. R&D 
intensity has been growing on average by 6.3% 
annually over the 2007-2017 period. There has been a 
7% increase in 2017 as compared to 2016. BERD has 
increased by 19.7% annually in the 2010-2017 
timeframe, growing from 0.63% of GDP in 2016 to 
0.67% of GDP in 2017. 

CSR 3:292

Strengthen the innovative capacity of the 
economy, including by supporting closer 
collaboration between business and research 
institutions. 

Poland has made limited progress in addressing CSR3 
in strengthening the innovative capacity of the 
economy through: increased R&D tax incentives with 
higher rates of tax deductions. Limited progress in 
supporting closer collaboration between business and 
research institutions.  

Source: (European Commission 2019a). 

292 2018 country-specific recommendations (CSRs).
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Table 105. Expenditures on R&D in Poland in years 2012-2017 

Research and innovation 2012 2013 2014 2015 2016 2017

R&D intensity
General government expenditure on 
education as % of GDP 

0.88 
5.40 

0.87 
5.30 

0.94 
5.30 

1.00 
5.30 

0.96 
5.00 

1.03 

Source: (European Commission 2019a). 

Actor and networks 

In case of the EM in the chemical industry of Poland producers of chemical products, 
distributors and supporting institutions can be specified.  

Producers in chemical industry in Poland 

The largest and most influential producers are as follows: 

● BASF Poland – over 800 employees, €865 mln of turnover, main products include 
industrial chemicals, plastics, pesticides, construction chemicals, cosmetics and 
household chemicals, varnishes, catalytic converters; partnerships with the Warsaw 
University of Technology, Wroclaw University of Technology, University of Warsaw, 
University of Wroclaw; 

● Bayer Poland – 930 employees, main areas of interest: pharmaceuticals, consumer 
health, crop science and animal health; 

● Bridgestone Poland – plants in Poznan and Stargard are dedicated to passenger and 
truck/bus tires, respectively, with daily production capacities of 28,800 and 3,864 units, 
opened in 2000 and 2009, respectively. Main area of interest – rubber (tire production 
facilities); about 800 employees; 

● Ciech Group – main products: soda (used in glass melting, detergents and cleaning 
agents, fertilizers, dyes and more), salt, sodium bicarbonate (toothpaste, wellness 
products, drugs), calcium chloride (additive for plastics, laboratory reagent, footpaths, 
drying in chemical synthesis processes), anti-ice (de-icing, removal of snow drifts). 
CIECH Group employs in total 3 876 people under employment agreements (as at 
31.12.2017), including 2 951 men and 925 women. The localization of the CIECH 
Group plants enables us to optimize logistics efforts and expand the distribution network 
which is of particular importance in the area of the soda products. Plants in Poland and 
Germany guarantee access to key raw materials and markets, and stability of supplies 
in Europe. In the CIECH Group, research, innovation and development activities are 
concentrated in CIECH R&D which coordinates and carries out activities in this area 
for production companies of the Group; 

● Debica - Tire Company Dębica S.A. is the leader on the Polish market among the 
producers of tires for passenger cars, delivery and freight vehicles. Since 1995 
American concern The Goodyear Tire & Rubber Company has become the strategic 
investor in the company and through Goodyear S.A., officially registered in 
Luxemburg, it holds ca. 81.4% of the share capital. TC Dębica is the largest in Europe 
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and one of the world's largest factories among the Goodyear concern companies. We 
produce tires of the following brands: Dębica, Goodyear, Dunlop, Fulda and Sava, 
selling our products to the Polish market as well as to 60 other countries on 6 continents, 
including Great Britain, Germany, France, Spain, Italy, US and Brazil. According to 
Institute of Economics of the Polish Academy of Sciences, TC Dębica S.A. is the largest 
investor and employer in Debica and in Podkarpacie region. It employs almost 2,900 
people and cooperated with more than 300 local companies; 

● Grupa Azoty - The Grupa Azoty Group is one of the leading players on the European 
fertilizer and chemical markets. The Group comprises a number of entities, including: 
Grupa Azoty S.A. (the Parent, based in Tarnów), Grupa Azoty Zakłady Azotowe 
Puławy S.A, Grupa Azoty Zakłady Chemiczne Police S.A., and Grupa Azoty Zakłady 
Azotowe Kędzierzyn S.A. Grupa Azoty is currently the EU's number two manufacturer 
of nitrogen and compound fertilizers, and its other products, including melamine, 
caprolactam, polyamide, oxo alcohols and titanium white, enjoy an equally strong 
standing in the chemical sector, with a wide range of applications across various 
industries; the company now employs almost 14,000 staff. 

Figure 176. Grupa Azoty – logistics and production in Poland and Germany 

● Grupa Lotos - vertically integrated oil company based in Gdańsk, Poland. The company 
is listed in the Polish index WIG30. Its main activity branches are: crude oil production, 
refining and marketing of oil products. The company is a leader in lubricants on the 
Polish market. Grupa Lotos is a producer of unleaded gasoline, diesel, fuel oils, aviation 
fuels, motor and industrial lubricants, bitumens and waxes, about 7,500 employees; 

● Michelin Poland – main area of interest – rubber (tire production facilities); 4,500 
employees; 

● PCC Rokita – one of the leading chemical companies in Poland and the biggest in Lower 
Silesia. It is owned by a German company PCC SE (seated in Duisburg), which operates 
on international markets of chemical raw materials, transport, energy, coal, coke, fuels, 
plastics and metallurgy, about 1,400 employees; 
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● PKN Orlen - operates six refineries and the region's largest network of service stations 
located in Poland, the Czech Republic, Germany and Lithuania, processes crude oil into 
gasolines, diesel oil, fuel oil and aviation fuel, producer of petrochemicals, and products 
used as basic feedstocks by a large number of chemical companies; about 22,000 
employees; operating in fuel production and sales followed by petrochemical and 
chemical production, PKN Orlen is the biggest player on Polish chemical market ($22 
billion of revenues in 2015). 

Figure 177. PKN Orlen - logistics and production in Poland and neighbouring countries 

• Synthos Group – main areas of interest: tire and rubber industry, construction 
chemicals, thermal insulation, packing, wood and furniture industry, paper industry, 
agriculture (fungicides, seed treatments, herbicides) and cosmetics, 3,000 
employees (including 100 in R&D). 

Consolidated revenues generated by selected producers on Polish chemical market in 2015 
show the differences among companies (Figure 178). Polish chemical market has more than 
11 thousand companies specialized in various chemical subsectors, but the chemical 
market is dominated by big companies. Revenues generated by top 8 chemical producers 
account for more than 30% of Polish chemical production value.  
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Figure 178 Selected producers on Polish chemical market by consolidated revenues generated in 2015, [$ billion] 

Source: (Ernst&Young 2017). 

Distributors in the chemical industry in Poland 

Distributors in the chemical industry in Poland are shown in Table 106. 

Table 106 Selected chemicals distributors operating in Poland 

Source: (Ernst&Young 2017). 

Supportive institutions in chemical industry in Poland 

Main supportive institutions in the Polish chemical industry include: 
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1. Chemical clusters such as: 
 Tarnów Industrial Center – the main goal of the cluster is to create conditions to 

entice companies from the chemical, construction and electrical sector to locate 
production projects in Tarnów; among 37 shareholders, there are among others: the 
Tarnów Commune, communes of the former Tarnowskie voivodeship, Zakłady 
Azotowe w Tarnowie-Mościcach S.A., Zakłady Mechaniczne “Tarnów” S.A., 
Industrial and Trade Chamber in Tarnów, as well as the Craftsmanship Chamber 
and the Small and Medium Entrepreneurship Chamber. 

 Pomeranian BioEcoChemical Cluster – the Pomeranian BioEcoChemical Cluster 
associates Pomeranian representatives of the following sectors: biotechnology, 
chemistry, pharmacy, cosmetics and environment protection; the cluster’s assets 
include very strong research and development base, the potential of which is built 
by the three largest Pomeranian universities: University of Gdańsk, Gdaosk 
University of Technology and the Medical University of Gdańsk; the cluster also 
host two administrative institutions (the Pomeranian Special Economic Zone and 
the Gdynia Innovation Center), which manage two science and technology parks in 
the Tricity (Gdańsk, Gdynia and Sopot). 

 The West Pomeranian Chemical Cluster "Green Chemistry" – an association of 
persons and institutions whose goal is to integrate the community of West 
Pomeranian entrepreneurs from the chemical sector and related companies, and 
cooperating with this sector. Companies have own experimental laboratories and 
cooperate with the R&D area. The most important products promoted by this cluster 
include: an innovative photocatalytic paint – anti-allergic, resistant to washing, 
high-performance, permeable to steams and gases; polymer material for the Polish 
cardiac valve; materials for hydrogen technologies, nanofillers for polymeric 
materials and technical utilization of waste from polymeric materials; modern 
intelligent fertilizers, innovative dry polyelectrolyte and emulsions and water 
solutions for draining and thickening of sludge on all types of devices; titanium 
white – titanium dioxide (TiO2) pigment. 

 The Specialized Chemistry Cluster “CHEM-STER” was launched in August 2013. 
The main goal of the cluster is to tighten cooperation between research units, 
companies and the business environment with a view to develop and carryout R&D 
projects, acquire funds to finance them, and the joint promotion of the brand of the 
Cluster outside. The cluster was founded by the Institute of Heavy Organic 
Synthesis „Blachownia" and Kędzierzyńsko-Kozielski Park Przemysłowy Sp. z o.o. 

2. Governmental supervising institutions: 

 Chemical Substances Office/Chemical Substances Inspector; 

 National REACH Information Center. 

3. R&D institutes: 

 Industrial Chemistry Institute; 

 Institute of Fertilizers; 
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 Institute of Heavy Organic Synthesis „BLACHOWNIA"; 

 Organic Industry Institutes; 

 Institute for Engineering of Polymer Materials and Dyes. 

4. Industry organizations: 

 Polish Chamber of Chemical Industry; 

 Polish Associations of Plastics Processors; 

 Associations of Manufacturers of Construction Chemistry; 

 Plastics Europe Foundations Poland; 

 Polish Research Laboratories Club; 

 Polish Technical Gases Foundation. 

New chemical technologies are often developed in cooperation between companies and 
research institutes. There is a number of research institutes specializing in chemicals such as 
Industrial Chemistry Research Institute (largest chemical scientific institute in Poland) and the 
Institute of Heavy Organic Synthesis (Institute carrying out research in the field of organic 
chemistry). 

Institutions and policies 

Energy efficiency improvement 

Poland overachieved its national energy efficiency target understood as realizing by 2016 final 
energy savings of at least 9% of the average inland consumption of such energy in 2001-2005. 
The increasing primary and final energy intensity is attributable to the fact that Polish GDP has 
been growing faster than the rate of energy consumption. In 2006-2015, the average annual rate 
of improvement in energy intensity exceeded 3% (without the adjustment for climate 
conditions). 

In the years 2005-2015, there was an increase in the share of the transport and service sectors 
in the final energy consumption, and a drop in the share of industry, households and agriculture. 
The share of industry declined from 26% to 24%. The changes reflect the trends in the 
development of the Polish economy (e.g. rising foreign trade), as well as measures taken by the 
industrial sector such as rationalization of energy consumption in response to growing prices 
of energy carriers. Although the gap between Poland and the European average in regards 
to the key energy performance indicators has decreased, the most efficient economies (e.g. 
Germany) remain well ahead. 

National energy intensity of GDP also dropped significantly during 2006-2016. Industry played 
the large part in the attainment of that target (Figure 180).  
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Figure 179. Energy intensity of GDP  

Source: Energy efficiency in Poland in years 2006–2016, Central Statistical Office. 

All measures and activities applied enabled the manufacturing industry to develop with the 
continuous energy efficiency improvement (Figure 179).  

Figure 180. Energy intensity indicator (2000=100)  

Source: Energy 2018, Central Statistical Office. 

In the structure of the total final energy consumption in manufacturing branch chemical sector 
in Poland takes second place (18,05% in 2016) after the mineral industry (20,48% in 2016) 
(Figure 181). 
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Figure 181. Structure of final energy consumption in manufacturing by branch  

Source: Energy efficiency in Poland in years 2006–2016, Central Statistical Office. 

From 2006 to 2016 the energy intensity of the chemical industry decreased significantly due to 
the industrial energy efficiency improvement measures introduced during that time in Poland. 

Figure 182. Energy intensity indicator in energy intensive industries 

Source: Energy efficiency in Poland in years 2006–2016, Central Statistical Office. 

Overall, the energy efficiency in Poland is improving each year quite significantly, and although 
the most advanced economies are still far ahead, in recent years, Poland has been catching up. 

National energy efficiency target for 2020 and its realisation 

Pursuant to Article 3(1) of the EED, Poland set its national energy efficiency target for 2020. It 
is defined as reduction of primary energy consumption in the years 2010-2020 by 13.6 million 
toe (Table 107). 

Table 107. Energy efficiency targets for 2020 – pursuant to Directive 2012/27/EU
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Source: Poland’s Ministry of Energy. 

By the end of 2015, the industry sector generated the greatest primary energy savings (Table 
108.  

Table 108. Overview of primary energy savings in Poland  

Source: Poland’s Ministry of Energy. 

Energy Management measures in Poland 

Energy efficiency has since the economic transition (1989) been declared a top priority in 
energy strategies for Poland although this declaration mostly remained verbal and has been 
weakly supported by subsequent governments. Energy efficiency topics have more been of the 
interest of the Polish energy-related decision-makers since at least 2007 when the first Energy 
Efficiency Action Plan for Poland was published.  

Energy Management programs 

The very first initiatives to support financing of energy efficiency measures appeared in Poland 
in mid nighties of the last century. The support scheme to finance thermal modernization 
measures in buildings, medium-sized heat sources and heat networks was created in 1998 in 
the form of the Thermal Modernization293, managed until now by the Bank Gospodarstwa 
Krajowego (BGK). So far it helped over 40,000 projects in the building sector and involved 
many commercial banks. Preparation of the scheme was supported by the EU from the PHARE 
funds and by Denmark within bilateral intergovernmental co-operation.  

After Poland joined the EU and received support within the EU cohesion policy, the National 
Fund for Environment Protection and Water Management (NFOŚiGW) became the 

293 Converted later into the Thermal Modernization and Repair Fund. 
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implementation agency of the Operational Program “Infrastructure and Environment” 
(OP I&E) and prepared several programs to support energy efficiency measures in public, 
residential buildings, heat sources and industry.  

Energy efficiency was also subject of programs managed by the National Fund for Environment 
Protection and Water Management, co-financed by EEA grants and within the “Green 
Investment Scheme”. The Ministry of Energy (former Ministry of Economy) in cooperation 
with National Fund for Environment Protection and Water Management developed in 2014 the 
nation-wide advisory scheme for RES and energy efficiency, financed by the EU, which relys 
on the resources and infrastructure of the Voivodship Funds for Environment Protection and 
Water Management. Promotion of financing instruments takes place also by the support of the 
EC and the World Bank. To mention the early World Bank project to support ESCO in Cracow 
and to develop the pipeline of energy efficiency measures in municipal economy. Then, the 
POLSEFF initiative towards increase of energy efficiency in SMEs was implemented by the 
EBRD with the support of the EC. Currently, the EBRD is running the POLREFF initiative of 
financing energy efficiency measures in single-family houses. 

Investment to improve the energy efficiency of buildings and industry is key for curbing 
the country’s rising energy consumption. Poland was among the few EU countries where 
energy consumption was on the rise in recent years. While the transport sector contributed most 
to this growth, the highest potential for its reduction are opportunities to realise energy 
efficiency gains in the industry and household sectors, especially as regards buildings. This 
would require substantial investment from public and private sources, leading to large cost 
reductions (European Commission 2019a). 

The most important financial instruments supporting the delivery of energy efficient 
investments in Poland include programs implemented by the NFOŚiGW and Regional 
Environmental Protection Funds, funds of the OP I&E, Regional Operational Programs 
(ROPs), as well as BOŚ Bank, and the Thermal Modernization and Repairs Fund. 

Improving energy efficiency will continue to be one of the priorities of the national energy 
policy. With regard to enterprises, the focus will be on reducing the losses of electricity, heat 
and warm water services. 

Energy efficiency measures for the purpose of industry are as follows: 

● support for entrepreneurs as regards low-emission and resource-efficient economy. Part 
1 –energy/electricity audit of enterprises; 

● support for entrepreneurs as regards low-emission and resource-efficient economy. Part 
2 – Improving energy efficiency; 

● Financial facility for SMEs (PolSEFF); 

● Operational Programme Infrastructure and Environment 2007-2013 (Measure 9.1) – High 
efficiency energy generation; 

● Operational Programme Infrastructure and Environment 2007-2013 (Measure 9.2) – 
Efficient energy distribution; 
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● Improving energy efficiency. Part 3 – Energy efficient investments in small and medium-
sized enterprises; 

● Operational Programme Infrastructure and Environment 2014-2020 (Measure 1.2) – 

● Promoting energy efficiency and use of renewable energy sources in enterprises; 

● Supporting projects related to low-emission and resource-efficient economy. Part 4 – 
Energy efficiency in enterprises; 

● Regional Operational Programmes for 2014-2020. 

Energy Obligation System in Poland  

In Poland the energy efficiency obligation (EEO) imposed by Art. 7 of the EED (2012 was 
implemented in the form of White Certificates System (WCS). EEO implemented in the 
form of WCS is the single measure applied as implementation of Art. 7 of the EED what means 
that are not forbidden however the law does not call them explicitly. For example, there are no 
“voluntary agreements” that are by many considered as suitable for EIIs. 

The purpose of the Polish WCS is to drive energy efficiency both in the public and in the private 
sector.  

The Polish WCS had originally been established within the framework of the Directive 
2006/32/EC (ESD) on energy end-use efficiency and energy services, and it aimed at the 
indicative energy saving cumulative target of 9% in the ninth year after the ESD came into 
force, i.e. in 2016. Now, the WCS is also supposed to contribute to meet one the goals of the 
EU climate and energy package, namely the 20% energy savings in 2020 compared to the 
„business as usual” scenario of PRIMES.  

The WCS was assessed by Poland’s government as the most favourable system of those 
mentioned in the ESD for the following reasons: 

 achieves biggest energy savings in the shortest time, 
 covers a broad group of users,  
 gives possibility to choose initiatives from a broad scope of initiatives aiming at 

increasing energy efficiency which are most effective in terms of energy saving, 
 provides incentives for enterprises to invest, 
 produces the lowest strain on the national budget. 

Obligated parties include all entities selling energy to end users (energy companies selling 
electricity, natural gas or heat to end users connected to the grid within the borders of Poland); 
end users connected to the Polish grids who conduct transactions on the Polish Power Exchange 
on their own; and commodity brokerage houses and trade brokerage houses making similar 
transactions. 

Obliged parties should obtain and then submit WC for redemption, or to pay so called 
substitution fee. Those who fail to take any of these possibilities shall pay penalties. 

Poland’s WCS allows and accepts only measures from the list of eligible energy saving 
measures published by the Minister of Energy. The list covers a very wide range of measures 
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implemented in order to increase energy efficiency (energy efficiency measures) including inter 
alia “energy recovery in industrial processes”.

There are two main methods of calculation of savings:  

• Simplified energy efficiency audits for deemed savings projects.  

• Energy efficiency balance audit, i.e. making energy balance of the whole machine, 
equipment, process or building in which the energy improvement measure has been 
done.  

The detailed rules and methodology for different types of energy audits are specified in decrees 
and regulations issued by the government (based on the ESD Annex IV; guidance laid down in 
“International Performance Measurement and Verification Protocol” are also widely used 

Minister of Energy (previously of Economy) (MoE) exercises general supervision of the WCS 
but every day administrative routine has been allocated to the President of URE who is in 
practice responsible for its effective and smooth functioning and the results obtained.  

The MoE has the right to issue a regulation in which he sets out detailed conditions and 
procedures for WCS.  

President of the Energy Regulatory is in charge of issues related WCs’ issuing, redemption and 
collecting substitution fee. He also supervised the phase of monitoring and verification of 
results. 

The entity which manages the revenues from the substitution fee and penalties is required to 
report to the Minister of Energy the amount of funds earmarked for such projects and the final 
energy savings realized. WCs are associated with alienable property rights which represent a 
tradable commodity,294 and as such are tradable on a commodity exchange or a regulated 
market.295

WCS is in operation since 1 January 2013 and envisaged to end 31 March 2016. On 29 
December 2015 EEA extended till 31 March 2017 which make some turmoil on the WC market. 
Then, WCS has been radically revised by new Energy Efficiency Act of May 20, 2016. 

New Energy Efficiency Act (2016) 

● WC will be granted only for planned energy efficiency investments or finished after 
the 1st January 2014; 

● Auctioning system removed; continuous and permanent call for energy saving 
investment introduced; 

o WC will be granted to everyone who implements energy efficiency measure; 

● The value of WC is determined in final energy; 

294 Within the meaning of the Act of 26 October 2000 on commodity exchange markets (Journal of Laws of 2016, 
item 719, as amended). 

295 Within the meaning of the Act of 29 July 2005 on trade in financial instruments (Journal of Laws of 2016, item 
1636, as amended). 
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● EU ETS installations are covered by the scheme;  

o EU ETS included and eligible 

● EEA includes provisions which gradually will phase out the possibility to pay the 
substitution fee instead of carrying out the energy efficiency investments; 

● eligibility of paying substitution fee will be steadily limited, i.e. 30% in 2016; 20% 
in 2017; 10% in 2018; 

● substitution fee will be increased by 50% in 2017; then by 5% annually 

● possibility to meet the obligation by paying a substitution fee has been limited only 
to situation when there is not enough WC in the market; the value of substitution fee 
has been significantly increased. 

The WCS is the key energy efficiency support mechanism, used both for the purpose of 
industry as well as services.  

The old WCS proven to be effective and the cumulative final energy savings have exceeded 3 
million toe up to 2016 (Table 109).  

Table 109. Energy savings under the White Certificate System 

Source: Poland’s Ministry of Energy, Annual report drawn up in accordance with Part 1 of the 
EED. 

Energy audits 

Another example of the measures supporting energy efficiency in Poland is the obligation 
to conduct an energy audit by large enterprises. It was introduced by the Act of 20 May 
2016 on energy efficiency (Journal of Laws, item 831). Pursuant to Article 36 and 37 of the act, 
any entrepreneur, as defined by the Act of 2 July 2004 on the freedom of economic activity 
(Journal of Laws of 2016, item 1829, as amended) – every large enterprise is required to carry 
out an energy audit or have it carried out every 4 years. 

Entrepreneurs which put in place an EMS, as defined by the Polish “Standard on energy 
management systems”, and on the requirements and recommendations concerning their use, or 
an environmental management system, are exempt from the obligation if energy auditing is 
conducted within the framework of such systems. 

Analysis of the functioning of the components 

Analysis of relevant past system transition 
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Main lessons: barriers and enablers 

Cefic in its annual report (Cefic 2019) provides strengths and weaknesses of the Polish chemical 
industry (Table 110).

Table 110 Strengths and weaknesses of the Polish chemical industry 

Strengths Weaknesses 

High resource and energy efficiency, especially in 
manufacturing fertilizers and petrochemicals 

High energy prices in comparison to the added value 
of the manufactured products 
High energy prices in comparison to some other 
countries 

Well-educated and efficient labour force
Relatively low cost of labour  

Heat and power sourced from hard coal and lignite, 
with a big environmental impact 

Good supplier and customer relations Heavy reliance upon imported raw materials 

Good industrial R&D centres, university and technical 
university infrastructure 

Heavy reliance upon gas imported from Russia: gas 
pipelines are still being modernised and connected to 
LNG import facilities. However, the level of 
diversification of gas supplies increases year to year 

Safety expertise 
Poor rail infrastructure and high rail transport costs, 
but the situation is changing for the better due to large 
investments in the transport infrastructure  

Source: (Cefic 2019) (slightly modified). 

The aims of the project “Safe Chemistry” (“Bezpieczna Chemia”), managed by Poland’s PIPC 
(employers), was to strengthen the awareness of the work safety in PIPC member companies 
and other enterprises representing chemical industry. Moreover, the project contributed to the 
promotion of highest standards of operations in the field of safety, promotion of BAT, 
strengthening the awareness of the work safety and hygiene as well as fire protection standards 
and make notifications about issues related to work safety and hygiene and technological 
process safety (ECEG 2017) 

Poland can be regarded as one the EU leaders of industrial production, although in terms of 
industrial energy efficiency there is still a lot to do. It is especially crucial in Poland due to the 
coal-dominated energy mix of Poland’s economy. Energy efficiency is a great measure of 
climate change mitigation through decreased consumption of fossil fuels. Poland, although 
continuously developing, is still behind more advanced countries such as Germany – one of the 
leaders in regards to industrial energy efficiency in Europe. The technological differences in 
chemical sector between the two countries turn out not to be that significant.  

The programme “ChemHR” 296 , run by the Poland PIPC (employers) aims to strengthen 
cooperation between universities and chemical sector companies. It works to modify the 
academic curriculum for the outstanding students in the light of the requirements voiced by the 
companies participating in the project. Moreover, it sets up a system of practices and studies 

296 http://chemhr.pl/
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designed to meet the requirements of particular PIPC member entities participating in the 
project. The program is a part of wider trend to increase sustainability as part of our shared 
responsibility for the future of European chemical industry (ECEG 2017). 

Summary of Energy Management (EM) in Poland’s chemical 
industry case 

Table 111 should be read together with complementary table on chemical industry at EU level. 
This national case table does not repeat all issues which are common for the EU industry. It 
tries to address the country-oriented profile. 

Table 111 Summary of Energy Management (EM) in Poland’s chemical industry case 

Issue Description 

Technology relevance for deep 
decarbonization 

EM can highly contribute to deep decarbonisation of chemical industry in 
Poland 

The Polish economy is among the least carbon-efficient 

The country's economic development implies an increase in energy 
demand 

Investments to support skills development, innovation, better 
infrastructure and cleaner energy are crucial for Poland’s future growth 
(EC) 

Investment to improve the energy efficiency of buildings and industry is 
key for curbing the country’s rising energy consumption (EC) 

Although the gap between Poland and the European average in regards to 
the key energy performance indicators has decreased, the most efficient 
economies (e.g. Germany) remain well ahead 

Total final energy consumption in the chemical sector takes the second 
place in all manufacturing industries in Poland (18,05% in 2016) 

Current status of this 
technology 

(development stage, 
demonstration, mature, full 
diffusion)  

“Energy efficiency gap” still exists – economically viable technologies are 
in place however they are not fully exploited 

EM role and its advantages are not fully recognised and encounters many 
typical barriers 

Low number of organisations with established EMS, e.g. ISO 50001, 
ISO 14001, EMAS 

Traditional high technical culture in the chemical industry in Poland 
creates foundations for successful EM implementation (lack of barrier due 
to insufficient technical knowledge) 

Energy Efficiency Obligation is implemented as White Certificate System 
(unknown impact on the chemical industry) 

Obligation to conduct an energy audit by large enterprises 

EM low-emission technologies in the chemical sector are not subject of 
intensive R&D works 

Potential penetration 
rate/market share of this 
technology 

Relatively low penetration of EM into the chemical industry due to high 
investment costs, long investment cycle, high business risk 

Very large energy efficiency potential in waste heat 
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Time to reach this stage Large energy efficiency potential in auxiliary technological equipment, 
e.g. electrical drives, pumps, electrical heaters, transport 

Assessment of the case as a 
success or a failure? Why? 

Failure 

Poland’s chemical industry suffers for majority of the problems of the 
other MS’s chemical industries. Additionally, it is still coping with 
problems related to the previous economic model, e.g. state ownership and 
political influence, high material and energy intensity, centralised models 
of governance and managing, weak R&D support, strong influence of 
owners maximising profits at societal and environmental costs. 

The industry has been unable to take all the beneficiaries offered by EU 
membership. In the majority of cases because of poor or much delayed 
decision of the government on implementation. Lack of own capital was 
also a barrier.  

There were also some strong sides, e.g. well developed, although 
economically ineffective in competitive markets, chemical industry 
infrastructure inherited from the previous political system, long tradition, 
highly trained technical personnel, good international business co-
operation and links. 

EM has not been up-graded to high priority and failed to be promoted as 
a real driver for innovation. 

Minimal progress in energy efficiency in industry in 2000-2016; 
stagnation in recent years is observable 

Lack of action plans to put into operation national strategy of development 

Lack of sectorial targeted energy saving goals 

EM is not priority in the chemical industry development and practice 

Main technology, technological, 
infrastructure and knowledge 
barriers for this technology 

Were they overcome (in case of 
success) or not overcome (in case 
of failure) 

Cost as main driver of success or 
failure or not

Industry has a substantial impact on Poland’s economic development - in 
2017, manufacturing accounted for 27% of Poland’s GDP, and the country 
was the sixth largest manufacturing country in the EU 

Chemical industry is the second largest industry in Poland  

Polish chemical market has more than 11 thousand entities, but the 
chemical market is dominated by big companies 

The sector is the second largest industry in Poland (VA) and employs 
279,000 people 

In the period of 2010-2015, chemical sector in Poland increased 
production sold by 41% and amounted to $35 billion in 2015 

In the period of 2010-2015, chemical sector in Poland increased by 41% 
and amounted to $35 billion in 2015 

Poland has a longstanding trade deficit in chemicals: in 2016 imports 
exceeded exports by €7.5 billion 

Lack of breakthrough technology implemented at industrial scale, e.g. 
CCS 

Secured supply of natural gas as feedstock for chemical industry (growing 
diversification of supply) 

Weak-functioning of trade chambers, industrial associates supporting 
chemical industry at the EU level 

Insufficient interest in energy savings in auxiliary technologies, e.g. waste 
heat recovery, electrical drives 
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Low share of RES in national energy mix 

Low use of RES energy in technological processes, e.g. hydrogen RES 
based production 

EU industry compete in global markets with producers who advantage 
from lower energy prices, environmental duties  

Lower labour costs in Poland are getting not advantages in the mid-term 
perspective 

Perspective of substantial increase of electric energy posses a threat to the 
industry which up to now benefits from lower energy prices then in other 
countries 

Large manufacturing capacities in existing high-emission technologies 
impede transition to low-carbon production 

Numerous cases of increasing own power capacity in fossil fuels to lower 
costs of electric taken from the power grid (power autarky) 

Many barriers lie at the level of enterprises and are human related 

Limited number of national benchmarks mostly due to unwillingness of 
industry to reveal energy, environmental and economic data 

Low pressure from employees and union trades on improving work 
conditions that can partly be accomplished by EM implementation 

Low rate of preparation to meet standards of Industry 4.0 

Shortage of highly-trained energy managers 

Poland’s innovation performance remains far below the EU average, much 
of which is due to meagre R&D investments, especially private ones, and 
modest cooperation of public and private innovation partners 

R&D investment in the chemical sector amounted to €0.7 billion in 2018  

Good industrial R&D centres, university and technical university 
infrastructure  

Despite past successes (before the transition started), links between 
industry and research/universities are weak 

Poorly-functioning networks co-operating with R&D institutions, e.g. 
technology parks, private research institutions, academia, industrial 
laboratories 

There is a number of chemical technologies developed by local entities 
available for potential investors. Polish chemicals R&D is focused more 
on specialized technologies, with bulk production being backed up by 
foreign technologies 

High EM investment cost, especially for large industrial plants, with the 
risk of not achieving final profit 

Crucial actors that contributed 
to the success/failure of this 
technology 

Politicians:  

 Strong coal-oriented energy policy 
 Weak political support for climate policy 
 Lack of strong “green” oriented parties on the political arena 
 Lack of public discussion on climate change; strong public 

support for coal-oriented power sector 
 Missing decision on or declaration to build low-carbon economy 
 Weak support for RES and other low-emission energy at the 

national level 
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 Strong impact of politicians in state-owned companies, e.g. in 
chemical and energy sectors 

 Low motivation to remove distortion in energy markets, e.g. 
administrative “freezing” energy tariffs in 2019 

 Low public funding for R&D, also for in low-carbon 
technologies 

 Loosely co-ordination among complementary policies to support 
EM, e.g. innovation policy, tax policy, energy market regulation 

 Unsuccessful innovation policy despite different efforts 
undertaken by the government 

 Unstable energy efficiency legislation 
 Lack of concrete EM measures in NEEAPs  

Industry:  

 Strongly export oriented chemical sector 
 Enjoy the privilege of being economically and socially 

“important” economy sector 
 Low interest in EM in chemical industry 
 Not fully recognised benefits of EM in chemical industry 
 Low R&D funding by private sector 
 Insufficient co-ordination in R&D co-operation between 

research institutions and industry 
 Small number of innovative companies in the chemical industry 

Financial institutions: 

 National financing system is  
 not able to finance deep industrial transitions 
 Moderate incentives for low-emission technologies from 

environmental fund (NFOSiGW) 
 Slow rate of withdrawing from financing high-emission 

investments 
 Ineffective use of EU ETS revenues for low-emission technology 

transition in industry and power sector 
 Emerging barrier of financing high-emission coal technologies 

due to withdrawal of key international financing institutions 

Customers: 

 Chemical markets are getting demanding and in the case of 
strategic customers are not only ruled by “lowest price” criterion 

 Demand for bringing new products onto the market without 
obligation to trace “carbon-foot” 

Society: 

 Low awareness of people of negative impacts of large industrial 
emissions except that from power sector 

 Weakly organised citizens’ movements supporting sustainable 
development of society 

 Low recognition of the role of the EIIs, e.g. chemical industry, in 
climate policy compared with e.g. stronger interest shown to 
power system 

 Inability to force introduction of external costs of energy into total 
costs of industry 
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Institutions (or lack thereof) 
contributed to make this case 
study a success/failure  

Crucial role of particular 
governance aspects in the 
process 

Highly globally competitive innovative chemical industry (3rd in the 
world) 

Long-term world’s leadership in chemical industry 

Highly trained employees at all levels (high, vocational) 

Ineffective framework of participation in EU legislation initiatives at all 
stages of preparation 

Large number of SMSs in the chemical sector (96%) which are by 
definition less prone to EM due to lack of resources 

Extensive physical technical infrastructure located in the Central Europe  

Underfinanced research and university infrastructure, weakly oriented on 
co-operation with industry partly due to wrongly system of assessment of 
researchers not rewarded for innovation 

Good cooperation between companies and unions (social partnership) 

Logistics requirements (timely procurement to increase the quality of 
production and streamline the production process) 

Lack of national energy efficiency agency responsible for implementation 
national energy efficiency policy 

Lack or unclear recognition of increasing revenues by energy and energy 
related environmental costs reduction 

Not fully recognised potential of EM contribution to reduction of 
production costs (including energy resources)  

Business risks and risk of perturbation in production 

Insufficient targeted economic incentivises for EM implementation in 
EIIs, e.g. in the form of tax reduction, risk sharing or loan guaranties from 
private and public financial institutions, e.g. EIB, EBRD 

Threat of ”carbon leakage” impedes launch of new facilities, production 
increase despite deficit in national trade of chemicals  

Relative easiness and short-term flexibility of shifting production between 
countries for global companies according to economic, environmental or 
societal circumstances 

Lower energy prices as compared with other large chemical global 
producers does not support EM as a means of cost reduction 

EM as innovation driver is badly embedded in old business models (lack 
of premium for innovation risk) 

Policies measures or regulations 
contributed to making this a 
success or a failure 

Energy policy not supporting development of RES 

Ineffective industrial policy weakly supporting industrial restructuration 
towards low-emission mod 

Weak correlation of industrial policy with energy sector, circular economy 
and other policies 

Low priority of chemical industry decarbonisation together with other 
economy sectors, e.g. power sector, building sector, transport 

Shortcomings of government sustainable oriented regulation of the 
industry (administrative, trade, economic and other barriers) 

Weak climate and environmental legislation and regulatory policy 
supporting low-carbon transition in industry 
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Delayed and rather reluctant implementation EU policy on energy 
efficiency, e.g. lack of obligation of appointment of energy manager, late 
introduction of energy audit obligation 

Public support to EIIs including chemical industry through exemptions in 
the White Certificate System without precondition to undertake EM 
actions 

Positive, however insufficient, impact of EU ETS on innovation trend 
(low prices of emission allowances) 

Lack of public information of economic impact (loss, revenues) of the 
EU ETS on the chemical industry in the previous and current periods of 
implementation (free allocation, auctioning) 

Role of EU level innovation 
system/ EU regulation in the 
success/failure 

Chemical industry is considered as an innovation industry 

Unclear role of the world’s largest chemical companies in supporting 
novel technologies in Poland’s chemical industry 

Domination of few largest companies in R&D programs with small 
number of SMEs involved 

Highly insufficient public and private financing of R&D (around 1% of 
GDP) 

Insufficient participation in EU R&D programs on technology 
development, e.g. 7FP 

Delayed process to transition to Industry 4.0 model (Chemistry 4.0) 

Reflection of the EU level case 
study to the experience of any 
particular country 

National cases are much driven by EU policies, e.g. by energy, 
environmental policies; too less extent by innovation trends  

What main barriers do you 
think are currently not well 
represented in IAMs?  

Unclear impact of EU ETS on low-carbon technological progress in the 
chemical industry after 2020 

Unknow impact of deep fluctuations of feedstock and energy prices on the 
global markets because of political instability, protectionism, local 
conflicts, deep differences in access and prices in different countries, e.g. 
oil, gas, cheap shall gas, phase-out of coal from power sector and the 
following change of coke prices 

Unrecognised willingness of global companies to finance R&D in some 
countries and the long-term its impact of “national” innovation capacity 

Impact of integration of energy systems on EIIs, including the chemical 
industry 

Fair social transition in regions heavily dependent on EII(s) facing the 
threat of closing, and in this context, replacement by highly-innovative 
industries 

Source: Own work. 
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Energy Management – UK steel industry 

Steel industry has been chosen for analysis of EM as innovative solution for the UK. 

The GDP in the UK was worth $2,825 billion in 2018. The GDP value of the UK represents 
4.56% of the world economy. GDP in the UK averaged $11,94 billion from 1960 until 2018, 
reaching an all-time high of $3,084 billion in 2007 and a record low of $72.33 billion in 1960.297

For the UK, steel industry has been chosen for analysis of EM as innovative solution. 

Description of the steel sector 

The steel sector is highly vertically integrated between iron-making and steel making activities, 
and steel finishing activities. Hence, most steelmaking in the UK takes place in integrated 
steelworks, which cover many of these activities (Cambridge Econometrics 2017). 

Steel production in the UK increased to 650 thousand tonnes in May from 644 thousand tonnes 
in April of 2019. Steel production in the UK averaged 1,338 thousand tonnes from 1969 until 
2019, reaching an all-time high of 2,848 thousand tonnes in April of 1970 and a record low of 
131 thousand tonnes in February of 1980. 

Figure 183 Steel production in the UK in 2009-2019 in thousand tonnes 

Source: https://tradingeconomics.com/united-kingdom/steel-production

UK steel requirement in the period of 2007-2017 is shown in Figure 184. Only a fraction of the 
requirement is delivered by domestic UK production. 

297 https://tradingeconomics.com/countries
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Figure 184 UK steel requirement in 2007-2017 

Source: https://en.wikipedia.org/wiki/Teesside_Steelworks

The UK steel industry is already under considerable pressure from variety of forces, resulting 
in the steel sector crises 2015/2016. From the peak reached in 2011 by the beginning of 2016, 
steel prices have more than halved, with factors contributing to growth including global 
overcapacity, weaker demand in Europe and increased supply from China. Environmental taxes 
force different types and size of business to operate in a more environmentally friendly way. 

The crises commenced in Autumn 2015 when cheap Chinese steel – of reportedly questionable 
quality – flooded the global market, resulting in the closure or reduction in capacity at major 
plants in Redcar, Scunthorpe, Scotland and South Wales.298 It’s thought that around 7,000 jobs 
have been directly affected to date (October 2018). 

Continued global overcapacity in the steel sector demonstrates the need for effective and 
meaningful innovation. Luckily, the UK has led the world in the field of industrial innovation 
for centuries. It’s a pedigree that is still very much alive today and nowhere more so than in our 
nation’s foundries.  

298 https://www.themanufacturer.com/articles/what-does-the-future-hold-for-the-uk-steel-industry/
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More recently, Donald Trump, US president, imposed tariffs on US imports of steel (25%) and 
aluminium (10%). Intended as a large measure against Chinese dumping, the result is a rather 
blunt approach to what was, and remains, a complex global issue – overcapacity. This event 
well illustrates how strong dependent is economy on politically motivated decision which might 
have not much in common with to rational business. 

UK steel industry: statistics and policy 

Economic output of the steel industry totals £1.6 billion, 0.1% of the UK economy and 0.7% 
of manufacturing output. There are 600 business involved in the industry. These businesses 
employ 32,000 people in the UK, 0.1% of the total (Table 112) (Rhodes 2018).  

Table 112 Manufacture of iron and steel in the UK in 2016 

Total % of UK 

Economic output (£ million) 

Businesses (£ million) (2017) 

Employees  

1,563  

615  

32,000  

0.1% 

0.04% 

0.1% 

Manufacture of iron and steel in the UK 

Source: (Rhodes 2018). 

In 2015 and 2016 the economic output of the steel industry in the UK declined rapidly as several 
plants closed and international orders were cancelled. Economic output from the steel industry 
declined by 8% real terms in 2015 and 30% in 2016, the biggest annual percentage decline 
since 2008 (when it declined by 46%). The decline of the steel industry over the past 25 
years contrasts with the fortunes of the manufacturing sector as a whole, which has not 
seen an overall decline in output. In fact, total manufacturing output was up (only by 4%)
in 2016 compared to 1990 in real terms. The performance of the whole economy has followed 
a far more positive path – total output increased by 68% between 1990 and 2015 (Figure 
185) (Rhodes 2018). 

Figure 185 Economic output by industry in the UK (in real terms)
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Source: (Rhodes 2018).  

The steel industry’s importance to the whole economy has declined over this period, from 
0.4% of total output in 1990 to the current total of less than 0.1%. 

The UK imports about 6.5 million tonnes of raw or semi-finished steel a year, while exporting 
8 million tonnes in scrap metal – most of it is steel (2016).  

“Green steel” initiative offers the opportunity to reduce those imports and to recycle steel and 
other metals (Rhodes 2018).

In 2016, the UK produced 8 million tonnes of steel. China produced 808 million tonnes in the 
same year (50% of the world’s production). The EU as a whole produced 162 million tonnes of 
steel in 2016. The UK was the seventh largest steel producer in the EU, after Germany 
(Germany produced 42 million tonnes of steel, 26% of EU steel production), Italy, France, 
Spain, Poland and Belgium. (Figure 186 and Figure 188).  

Manufacture of iron and steel in the UK 

Figure 186 Steel production in the world - top ten producers and UK in 2016, in million tonnes

Source: (Rhodes 2018). 

UK crude steel production plummeted to 7.3 million tonnes in 2016 reflecting the full year 
effect of the closure of the SSI plant at Teesside. Output continued to reduce in 2017 and again 
in 2018 as a result of cutbacks at other steel producing facilities. Within the overall production 
figure, steel produced by EAF appears to have bottomed at 1.5 million tonnes with 2018 
registering growth of 7% (Bureau 2019). 
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Figure 187 UK crude steel production in 1998-2018, in million tonnes 

Source: (Bureau 2019). 

The UK was the second biggest European producer of steel in 1967, the fifth biggest in 2015, 
and the seventh biggest in 2016. UK steel production fell by 30% in 2016, after falling by 10% 
in 2015 (Rhodes 2018). 

Figure 188 Steel production in selected European countries, million tonnes 

Source: (Rhodes 2018). 
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In 2016, the UK steel exports were worth £3.7 billion, down £1.1 billion or 24% on the 2015 
figure. Steel imports were worth £5.2 billion, roughly the same as in 2015. The UK’s steel trade 
deficit was worth £1.5 billion in 2016. This is the largest deficit in at least 20 years, four times 
larger than the next largest deficit recorded in 2012 (Rhodes 2018). 

In 2015, slightly over half of UK steel exports are to the EU, whilst almost two thirds of steel 
imports are from the EU (Figure 189) (Rhodes 2018): 

 52% of UK steel exports are to the EU. 
 69% of UK steel imports are from the EU. 

Figure 189 UK trade in iron and steel, value, in £ billions

Source: (Rhodes 2018).  

UK exports of steel products have plummeted since the peak in 2014. The closure of the SSI 
plant at Teesside was by far the main contributor to this decline as almost all production was 
exported. Brexit has added uncertainty to the steel sector’s future direction Despite the 
favourable exchange rates evident since the Brexit referendum, export activity has not 
increased. Despite weak Sterling import levels have continued to creep upwards (Bureau 2019).  

Steel demand in the UK continues to grow. Even in a highly developed, service led economy 
like the UK’s, steel consumption and economic growth are still integrally linked. UK steel 
demand softened in 2018 by 2%. Demand from the construction sector was flat but demand 
from the automotive sector fell by 9% (Figure 190) (Bureau 2019). 
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Figure 190 UK demand - steel mill products (in million tonnes) and import share (in %) in 2006-2018 

Source: (Bureau 2019). 

The Government’s 2017 study “Future capacities and capabilities of the UK steel industry” 
identified a huge, and growing, £6.0 billion annual demand for steel products in the UK by 
2030 up from £3.8 billion today (UK Steel 2018). 

The GHG emissions from the UK industrial sector can be split by sub-sector including 
emissions from energy use (including those indirectly emitted from electricity use) and process 
emissions. Sub-sectors with significant process emissions are steel, chemicals, cement, 
aluminium, glass, ceramics and lime.  

A number of sub-sectors were found to dominate GHG emissions from the industrial sector in 
the UK: steel (25%), chemicals (19%), cement (8%), food & drink (7%), paper (6%), plastics 
(6%) and so on. Thus, just six sub-sectors account for 71% of UK emissions.  

The 2015/16 crisis in the UK steel industry 

The crisis in the UK steel industry is worth relating since it shows how governments can protect 
the national industries from all the risks the globalisation brings. 

Autumn 2015 brought a crisis into the UK steel industry with the closure or reduction in 
capacity at major plants in Redcar, Scunthorpe, Scotland and South Wales. In response, the UK 
government introduced a number of measures to support the industry and those affected by the 
closures. 

In summary, the combination of fierce international competition and high domestic costs made 
many UK steel plants uncompetitive. The industry responded with a series of plant closes, 
company mergers and staff lay-offs. Some of the most notable events in the crisis were: 
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 The closure (“mothballing”) of the Sahaviriya Steel Industries (SSI) plant in 
Redcar, Teeside in September 2015, which included the second largest BF in 
Europe. 

 The reduction in capacity at the Port Talbot plant in South Wales by Tata through 
late 2015 and early 2016.299

 The sale of Tata’s Scunthorpe site in April 2016. 
 The transfer of British Steel pension liabilities to Greybull Capital in April 2016  

It is estimated that between September 2015 and March 2016, 7,000 steel industry jobs were 
lost. 

The dynamics of the global steel industry has changed significantly in recent years. From the 
peak reached in 2011 by the beginning of 2016, steel prices have more than halved, with factors 
contributing to growth including global overcapacity, weaker demand in Europe and increased 
supply from China.  

The UK steel industry has been under considerable pressure from these forces, resulting 
in the closure of steel plants in 2015/2016300 (BEIS 2017).  

Investments in the UK steel sector 

Investment was highly volatile in the basic steel sub-sector over 1997-2015, though with a clear 
downward trend (Figure 191. Gross investment has been mainly for replacement and 
modernisation, rather than capacity expansion (Cambridge Econometrics 2017). 

299 In September 2017, the German manufacturing firm ThyssenKrupp announced that it was taking over Tat’s 
European steel operations including the Port Talbot steel works (Rhodes 2018). 

300 https://en.wikipedia.org/wiki/Teesside_Steelworks
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Figure 191 Real investment in the UK basic steel sub-sector, 1995-2015 

Source: (Cambridge Econometrics 2017). 

Political prospects for the UK steel industry 

The recent fall in international demand for steel, combined with continuing growth in 
production has created a glut of steel on the international market. This has pushed steel prices 
down, magnifying the comparative expense of steel produced in the UK, where overheads are 
higher than in some other countries. Some analysts have questioned the economic viability of 
the UK steel industry, but the Prime Minister has stated that the Government is committed to 
supporting this industry, which she describes as “vital” (Rhodes 2018).  

These challenges the UK steel industry faces include: 

 Massive growth in the volume of steel produced international, especially in China, since 
the early 2000s. 

 Slowing growth in China and other emerging economies means steel consumption has 
ceased to keep pace with the growth in production. 

 This has produced a surplus in steel in China, much of which has been exported. Since 
2009, there has been a 300% growth in Chinese steel exports, and the EU has seen a 50% 
increase in Chinese steel imports over this period. 

 A glut of steel on the international market has pushed prices down. 
 At the same time, the cost of overheads in the UK is high by international standards. 

Industrial electricity prices in the UK are more than 50% above other major EU 
economies. Business rates are also high in the UK, and the strong pound (prior to the EU 
referendum) has made UK exports less attractive.  

All this has made international investors question how cost effective and sustainable the 
UK steel industry is in the long run.
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Identification of the key elements of the innovation system 

The UK steel industry is committed to proactive R&D investment to support the Industrial 
Strategy with the objective of developing a world class capability which will, in turn, support 
the UK manufacturing base (UK Steel 2018). It is important that the strong declaration comes 
from the UK Steel which represents the opinion of the industry. 

Some steel markets are getting demanding and in the case of strategic customers are not only 
ruled by “lowest price” principle seeking more than just the lowest price. The ratio of quality 
costs to benefits of products, environmental performance, delivery costs and performance and 
value-added services are just a few examples that highly advanced producers can provide 
throughout their value chains. 

A general slowing of industrial energy intensity improvements has been observed in both the 
UK, and more widely in other developed nations. Reduction in energy demand caused by 
energy intensity improvements in the 1980s were observed to have been significantly 
influenced by public industrial energy R&D programmes, especially within the EIIs. As a result 
of these trends, there is expected to be relatively larger energy improvement potential in non-
energy-intensive (NEI) sub-sectors of industry, particularly in SMEs. This does not mean that 
the improvement potential in EIIs has “run its course”, but that larger interventions and 
major changes to the current system may be required to obtain significant improvements, 
rather than relying on relatively small, continual changes (Barrett et al. 2018).  

An interdisciplinary assessment of the UK iron and steel sector is presented in (Griffin 2015). 
He made a detailed bottom-up thermodynamic and techno-economic study of the UK iron and 
steel sector. It combines thermodynamic, technical, and economic analyses and contributes a 
range of new and up to-date quantitative and qualitative outputs.  

Technologies, infrastructure and knowledge 

Crude steel production peaked at 28Mt in 1970 and declined dramatically after the energy crises 
of 1973 and 1979. Production capacity underwent significant rationalisation after the second 
crisis and after a more gradual decline sector output in 2007 was half the output in 1970. The 
fuel price hike and recession of recent years led to a steep drop in production and the large blast 
furnace at Teesside was mothballed for over two years. However, the drop in production was 
not accompanied by a drop in production capacity (15…16 million tonnes) and production has 
seen a recovery in 2013 and 2014. (Griffin 2015). 

Ore-based steelmaking was, until the crisis 2015/2016) in three integrated steelworks (Teesside 
works, Port Talbot, and Scunthorpe) of similar production capacity and scrap-based 
steelmaking is spread over four electric arc steelworks (Rotherham, Tremorfa, and two in 
Sheffield). Five companies share production from these seven sites (Griffin 2015). 
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Figure 192 Simplified process flow diagram of the UK iron and steel sector 

Source: (Griffin 2015). 

Simplified 2009 UK iron and steel industry energy flows are shown in Figure 193. The energy 
intensity of primary manufacture is about four times higher than that of recycling and is 
restricted to the use of carbon intensive fuels. The structural balance between each route can 
therefore have a significant influence on the average energy and emissions intensity of the 
sector (Griffin 2015).
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Figure 193 Simplified 2009 UK iron and steel industry energy flows 

Source: http://www.sankey-diagrams.com/tag/steel/ after the Energy Statistics Team of the UK 
Department of Energy and Climate Change (DECC). 

Production is based on the primary route (BOF), which manufactures new steel from iron ore, 
and the secondary route, which recycles steel by re-melting scrap (EAF) (Figure 192). Steel in 
the UK is mainly produced using the BOF route, through which around 83% of crude 
steel is produced, with the remaining 17% produced in EAF steelworks (Cambridge 
Econometrics 2017).  The share of EAF is low as compared with other EU countries.

The basic open heath furnace (OHF) was ultimately phased out in 1979 owing to its inefficiency 
and high running costs compared with the newer BOF technology (Figure 194) (Griffin 2015).  

Figure 194 Proportion of crude steel production via UK steelmaking furnaces, 1956-2013 

Source: (Griffin 2015). 
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Historical net energy demand and intensity (SEC) trends are displayed in Figure 195. Energy 
intensity after the 80s’ fell to a much lower level owing to deep structural rationalisation. 
Energy intensity continued to fall over the 1980s before stagnating. This may indicate on low 
rate of novel technologies and organisational improvements related to EM. Energy demand, 
however, reduces gradually from the 1990s (Griffin 2015).  

Figure 195 Net energy demand and intensity of the UK iron and steel sector, 1973-2011 

Source: (Griffin 2015). 

In 2007 about 80% of net sector energy was demanded by the following processes (Griffin 
2015): 

● Blast furnace, including stoves and blowers (53%) 

● Coke oven (9%). 

● Sinter plant (8%). 

● Hot rolling mill, including reheat furnace (7%). 

● Electric arc furnace, including secondary metallurgy (2.5%). 

● Basic oxygen furnace, including secondary metallurgy (0.5%). 

● Casting, including continuous casting machine and ingot casting soaking pit with primary 
mill (0.4%).

The remaining 20% is dominated by boilers and power generation plant, and finishing processes 
downstream of hot-rolling such as cold rolling and coating operations. Ironmaking (coke oven, 
sinter plant and blast furnace) accounts for 70% of sector energy demand.  

This energy balance gives guidance where the main energy gains can be sought. Griffin (Griffin 
2015) considered the effect on SEC of retrofitting an additional technology portfolio to the 
UK baseline sites and compares this to the BAT sites. The portfolio includes: coke dry 
quenching, blast furnace coal injection, blast furnace slag heat recovery, sinter plant main 



426 

exhaust and cooler exhaust heat recovery; maximum BOFG and heat recovery, scrap 
preheating, and 33% thin slab casting. He also made analysis of energy and GHG emission 
reductions options in the UK steel sector assuming different sets of replacement technologies
like DRI, MIDREX, biomass ULCORED with and without CCS. 

Actors and networks 

The iron and steel manufacturing industry is mainly represented by British Steel Ltd, Celsa 
Steel (UK) Ltd and Tata Steel Europe Ltd., Liberty Steel, Forgemasters, Outokmpu 
Manufacturing location in the UK has typically been in the northern areas of England, with 
15.9% in Yorkshire and 14% in the West Midlands. Yorkshire contains the highest 
concentration with plants owned by Tata Steel Europe Ltd – the industry’s largest operator 
(IBIS World 2016b)301. Table 113 shows main manufactures in the UK steel industry (UK Steel 
2018). 

Table 113 Main manufactures in the UK steel industry 

301 http://www.eumerci-portal.eu/documents/20182/38527/5+-+UK.pdf (p.17) 
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Source: (UK Steel 2018). 

Main actors in steel processing, rolling & distribution are described in (UK Steel 2018). 

There were also some positive symptoms. Liberty House Group has emerged as a major player 
in the UK steel sector, having acquired steelmaking facilities in Newport and Kent in 2016. 
Liberty House’s strategy aims to fully integrate steel production in the UK, underpinned by 
EAF steel production powered by low-carbon, renewable energy. Greybull Capital bought the 
Scunthorpe Steelworks in 2016, and have reported a profit in their first year of ownership 
(Cambridge Econometrics 2017). 

Tata Steel UK has two UK based technology centres: one at the University of Warwick with a 
second, similarly-sized at the University of Swansea (UK Steel 2018). 

Institutions and policies 

The UK “steel industry” case is very much focused on R&D as a means to support the 
sector offered by the government. 

The Government Office for Science ensures that government policies and decisions are 
informed by the best scientific evidence and strategic long-term thinking. One of its leading 
objectives is “Identifying gaps and opportunities for the UK, particularly in emerging 
technologies, to drive economic growth” (Environment Agency (UK) 2018).  

In the UK government interest in next-generation technologies is fourfold (Environment 
Agency (UK) 2018): 

 It is looking for potential enablers of long-term economic growth and productivity in the 
UK. 

 It is seeking the means to improve the delivery of public services. 
 It wants to understand opportunities to enrich the lives of our citizens, as the internet has 

done, while mitigating risks associated with technology. 
 Finally, it is interested in ways that technology might enhance and inform policy 

development within government itself, particularly by gathering better and more detailed 
evidence. 

The government publishes its strategic technological reports entitled “Technologies and 
Innovation Futures” (TIF), the first of which was carried out in 2010. TIF2 (2012) identified a 
number of significant, multi-use technologies, subsequently classified as the Eight Great 
Technologies:302

 Advanced materials. 
 Satellites. 
 Energy storage. 

302 www.ons.gov.uk/ons/rel/household-income/expenditure-on-household-fuels/2002---2012/full-report--
household-energy-spendingin-the-uk--2002--2012.html ; www.carbontrust.com/resources/guides/sector-based-
advice/chemicals
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 Robotics and autonomous systems. 
 Agri-science. 
 Regenerative medicine. 
 Big data. 
 Synthetic biology. 

None of these directly relates to iron and steel although energy remains in focus with such 
topics like smart grid or solar fuel.  

TIF3 (2018) remarks “The greatest future opportunities lie in enabling existing and emerging 
technologies to interact with each other”. This conclusion especially well addresses all EII 
where co-existence of “old” and “novel” technologies is inevitable for decades. The main lever 
activities envisaged in TIF3 which the government can undertake to support technologies, 
address market failures and tackle roadblocks to innovation are summarised in Figure 196. 

Figure 196 UK government policy levers for supporting emerging technologies 

Source: (Environment Agency (UK) 2018). 
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Focus of different policy instrument types 

All of the UK’s policy instruments support low and medium cost technologies with mostly 
medium complexity. There are no significant differences amongst the policy instruments in 
terms of the cost and complexity of technologies supported.  

The existing policy mix mainly supports replacement and/or upgrade of existing technology 
but some policy instruments (regulations, information, advice, billing feedback, smart 
metering, and the energy labelling for vehicles) also support new technologies. Most policy 
instruments provide support for specific technologies such as building insulation for example 
but there are also multiple instruments in place which provide more general support for energy 
efficiency technologies. 

Table 114 lists each policy instrument type and their respective focus in terms of technologies, 
their cost and complexity. 

Table 114 Focus of policy instruments in the UK 

Policy 
instrument 

type 
Technology focus 

New vs existing 
technology 

Cost of 
supported 

technology 

Complexity 
of 

supported 
technology 

Energy 
Efficiency 
Obligations

Yes, specific technologies 
supported 

Supports replacement 
and/or upgrade of existing 
technology 

Low Low 

regulations Depending on sector specific 
technologies supported and 
general support of energy 
efficiency improvements  

Supports new technology 
and replacement and/or 
upgrade of existing 
technology 

Low-
medium 

Medium 

information, 
advice, 
billing 
feedback, 
smart 
metering 

Depending on sector specific 
technologies supported and 
general support of energy 
efficiency improvements  

Supports new technology 
and replacement and/or 
upgrade of existing 
technology 

Low Medium 

Loans No, general support of energy 
efficiency improvements 

Supports replacement 
and/or upgrade of existing 
technology 

Medium Medium 

Grants Yes, specific technologies 
supported 

Supports replacement 
and/or upgrade of existing 
technology 

Low Low 

Energy or 
CO2 taxes 

No, general support of energy 
efficiency improvements 

Supports replacement 
and/or upgrade of existing 
technology 

Low Medium 

Energy 
labelling 
schemes 

Yes, specific technologies 
supported 

Supports new technology Medium Medium 
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Source: Project ENSPOL303

Impact of the climate policy on the steel sector 

Environmental taxes force different types and size of business to operate in a more 
environmentally friendly way. 

The climate policy has been affecting electricity prices for UK steel producers. 

Compensation and exemptions for this policy was only introduced significantly after their 
introduction, through the Energy Intensive Industries (EII) package. The EII package was 
introduced by the government in 2011 to be implemented in 2013, following pressure from 
industries facing rising electricity prices. However, most of the package was not implemented 
until 2016. 

The following policies are covered by the EII (Cambridge Econometrics 2017): 

● Renewables Obligation (RO), introduced in 2002. The EII grants 85% compensation to 
the steel sector for the RO, but this was only implemented in 2016.

● Feed in Tariffs (FiTs), introduced in 2008. Again, the 85% compensation was not 
implemented until 2016.

● ETS and the Carbon Price Support (CPS) – the EII compensates for around 85% of the 
carbon cost. However, the ETS was introduced in 2005, eight years before EII 
compensation was introduced (although most of the lag was due to a delay in state aid 
rules allowing compensation). The CPS was compensated for since its introduction in 
2013.

● Climate Change Levy (CCL), introduced in 2001as a tax on energy use by businesses.  – 
the EII grants a 100% exemption to all metallurgical processes. Previously, the steel 
sector was able to obtain an 80% discount through CCAs (rising to 90% in 2013) 304. The 
CCL obliged parties may get reliefs or be exempt from the tax, for example if they use a 
lot of energy because of the nature of your business or buy energy-efficient technology 
for their business.305

● Contracts for Difference (CFD), introduced in 2014 – the EII provides an 85% exemption, 
but only due to start in 2017.

EEIs covered by the CCL (including iron and steel, cement and chemicals manufacturers) are 
eligible for entering into Climate Change Agreements (CCAs), whereby they agree with 
government two-yearly targets for improving their energy efficiency or lowering their GHG 

303 https://ec.europa.eu/energy/intelligent/projects/en/projects/enspol

304 The exemption applies to energy used in products and processes covered by the following NACE codes (NACE 
Rev 2) (Environment Agency (UK) 2018): NACE code 23; NACE code 24; NACE code 25.5; NACE code 25.6. 
It was announced in March 2013 that energy used in metallurgical and mineralogical products and their eligible 
processes would be 100% exempt from CCL from 1 April 2014. 

305 https://www.gov.uk/green-taxes-and-reliefs
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emissions—if they meet the targets, they receive a significant discount on the CCL. The 
introduction of the CCL with CCAs resulted in energy efficiency improvements in many 
of the industries covered fairly quickly, with the steel, cement and chemicals sectors all 
outperforming their energy efficiency targets in 2002 (Napp et al. 2014).306

Electricity prices 

Industrial electricity prices in the UK are more than 50% above other major EU economies. UK 
electricity prices were higher due to wholesale and network costs rather than carbon costs 
(Cambridge Econometrics 2017). 

Cambridge Econometrics (Cambridge Econometrics 2017) concluded that carbon costs form a 
relatively small to modest share of industrial electricity costs, this share is projected to increase 
up to 2030. Furthermore, total electricity prices for UK steel producers are project to increase 
by 53% over 2016-2030. Hence, energy efficiency is crucial to the UK steel sector’s future 
competitiveness. 

Compensation for energy intensive industries 

On 17 December 2015, the UK government announced that its application to allow 
compensation for the energy costs of EIIs under State Aid rules had been granted by the EC. 

Compensation for climate change policy in the UK, unlike for example in Germany, was 
introduced late and the total value of compensation provided has been a lot lower. 
Compensations and exemptions for a range of climate change policies that had not been fully 
implemented until 2016 (Cambridge Econometrics 2017). 

Steel procurement pipeline  

In 2016, the government produced the first “Steel public procurement pipeline”. This document 
brings together all the planned and ongoing infrastructure projects in the UK which use steel, 
and records the dates of the project and the amount of steel required. The purpose of this 
document is to enable more accurate planning by steel manufacturers, and was something 
requested by the UK Steel Council of industry leaders set up after the steel crisis. 

Sector deals 

One of the key components of the Industrial Strategy is the Sector Deals.307 The industrial 
strategy white paper announces that four sector deals have been completed: life sciences, 
construction, artificial intelligence and the automotive sector, and that deals with the creative 
industries, digitalisation, and a number of other sectors are close to being agreed. A steel sector 
deal is not mentioned in the industrial strategy (Rhodes 2018). 

306 Ekins P, Etheridge B. The environmental and economic impacts of the UK climate change agreements. Energy 
Policy 2006;34(15):2071–86. 

307 These are …partnerships between the government and industry on sector specific issues can create significant 
opportunities to boost productivity, employment, innovation and skills (Rhodes 2018). 
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Innovation in the steel industry 

Manufacturing Research Hubs 

A £30 million R&D investment in British manufacturing will ensure the UK can seize new 
opportunities in steel production, pharmaceuticals and the revolution in transport 
infrastructure.308

Three new £10 million Manufacturing Research Hubs will link major industry players including 
Tata Steel, Siemens, and Rolls-Royce to world-class research teams.  

The Hubs will pioneer new practices to ensure these established manufacturing sectors can meet 
evolving industry need, seize new opportunities and tackle key issues such as sustainability and 
productivity. 

The three new Hubs will focus on steel production, bio-manufacturing, and electrical machines 
and will be funded by the Engineering and Physical Sciences Research Council (EPSRC), part 
of UK Research and Innovation (UKRI). 

The SUSTAIN Manufacturing Hub will be at Swansea University. It has been co-created by 
the five major UK steel producers (Tata, Liberty, British Steel, Celsa, and Sheffield 
Forgemasters) and the three principal Universities that have expertise in this area (Swansea, 
Warwick and Sheffield). It aims to provide academic leadership in steel innovation, influence 
policy, work with existing hubs and speed the implementation of research findings through to 
manufacture.  

The ambition is to radically transform the carbon intensity of the process of producing the 
world's most widely used advanced material and at the same time tailor its application to 
emerging manufacturing opportunities for electrification of transport, manufactured buildings 
and sustainable packaging.  

It will also look to embed the industry in communities essentially as energy hubs - an aspiration 
which is clearly applicable to other sectors such as glass, petrochemicals and cement. 

The aim of SUSTAIN is to transform the whole steel supply chain, making it cleaner, greener 
and smarter, and more responsive to the fast-changing needs of customers. Its work will be 
concentrated on two areas:309

 Zero waste iron and steelmaking, with the aim of making the industry carbon-
neutral by 2040: steel is already the world's most recycled material, but the network 
will investigate new ways of making the industry's processes and products even greener, 
such as harvesting untapped energy sources, capturing carbon emissions and re-
processing societal and industrial waste streams.  

308 https://www.eurekalert.org/pub_releases/2019-02/eaps-usp021219.php

309 https://www.eurekalert.org/pub_releases/2019-02/su-sgc021119.php
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 Smart steel processing: like any 21st century industry, steelmaking involves masses 
of data. SUSTAIN will develop new ways of acquiring and using this data in new 
metallurgical processes, which can deliver bespoke high-tech products. 

Steel is at the heart of UK manufacturing sectors such as the car industry, construction, 
packaging and defence. It is an indispensable component of the UK's future national 
infrastructure such as transport, communications and energy, and for high-tech 21st century 
industries, from energy-positive buildings to wind turbines and electric vehicles. 

The work of SUSTAIN is projected to: 

 Double UK steel manufacturers' gross value added (GVA) by 2030. 
 Boost jobs in the industry to 35,000. 
 Increase productivity by 15%. 

ASSURE2 project310

The ASSURE2 project is looking to significantly cut steel production costs, and reduce energy 
consumption through exploring the use of belt casting technology. 

Belt casting is a significantly lower energy production route compared to traditional continuous 
casting techniques, as belt casting is a near net shape casting process, producing strip that needs 
minimal hot deformation to achieve the required product thickness. 

It is also very efficient because it can minimize or eliminate any reheating processes, which 
reduces overall costs. Furthermore, there are certain advanced high strength strip (AHSS) steel 
grades which are commercially attractive but cannot be produced using conventional casting 
techniques - which could be manufactured using belt casting. 

The long-term sustainability of UK steel making requires lower energy production - (energy 
constitutes 20-40% of the cost of steel production) - together with the development of high 
value steel products. These factors combined will provide the UK steel industry with a 
competitive advantage in the international market.  

Analysis of the functioning of the components 

Towards a more “circular economy”– engaging producers and consumers

The role of publics, society and decision-makers in achieving transitions in UK energy and 
materials was studied by Barrett et al. (Barrett et al. 2018). 

It might be argued that a step change in reducing the energy expended by UK industry can only 
come about if we are able to identify new ways of designing, using, and delivering products, 
materials and services. Before firm recommendations can be made to decision-makers 
regarding the combined technical and social feasibility of new products and material strategies, 

310 https://www.eurekalert.org/pub_releases/2016-12/uow-usp121216.php
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a fundamental set of research questions will need to be addressed311. These concern how various 
publics will respond to innovative proposals for product design, governance and use. For 
example, more energy efficient products may need to operate differently or look very different, 
while a significant shift from an ownership model to a service delivery model (e.g., direct car 
ownership to car clubs and rental) can also deliver considerable material efficiency and energy 
demand reduction. Pigdeon et al. 312 recently examined some of the critical issues concerning 
the design and conduct of public deliberation processes on energy policy matters of national 
importance. In order to develop their argument, they employed as an illustrative case study, 
some of their earlier work on public values and attitudes towards future UK energy system 
change. They note that national-level policy issues are often inherently complex; involving 
multiple interconnected elements and frames, analysis over extended scales, and different 
(often high) levels of uncertainty. It is their view that facilitators should engage the public in 
terms of ‘whole systems’ thinking at the problem scale, provide balanced information and 
policy framings, and use different approaches that encourage participants to reflect and 
deliberate on the issues.  

Cherry and Pidgeon313 recently undertook a linked study for the UK Government Office for 
Science in which they examined innovative business models for designing, using, and 
delivering products and services that will potentially lead to radical reductions in embodied 
carbon/energy, but could result in profound social challenges. They explored two examples of 
resource-efficient business models: Product Service Systems (PSS) and Collaborative 
Consumption (CC).  

PSS focuses on service provision rather than on product sales. This will provide a good quality 
and experience at an affordable price, whist reducing waste and resource use. It shifts ownership 
patterns, but retains consumers’ behaviour and product use practices.  

On the other hand, CC encompasses a broad range of peer-to-peer approaches: internet selling, 
renting, swapping, sharing and gifting products and services. These may have more radical 
implications for the way in which consumers conduct their lives or interact with other citizens 
and businesses. Cherry and Pidgeon conclude that there is a need for much better understanding 
of the utilisation of new consumption practices, and how they might enhance or disrupt the 
provision of a service. They also suggest that the UK government has a role in incubating 
new resource-efficient businesses, at the same time as offering consumers a simple 
alternative that improves their lifestyles (Barrett et al. 2018). 

To drive the uptake of fuel-switching away from carbon-intensive coal and gas, the UK iron 
and steel, cement and chemicals industries are (as of 2011) eligible for a RES heat incentive 

311 C. Cherry C. Hopfe, B. MacGillivray, N.Pidgeon, Homes as machines: Exploring expert and public imaginaries 
of low carbon housing futures in the United Kingdom, Energy Res. Social Sci. 2017 (23) 36–45. 

312 N. Pidgeon, C. Demski, C. Butler, K. Parkhill, A. Spence, Creating a national citizen engagement process for 
energy policy, Proc. Natl. Acad. Sci. 111 (Supplement 4) (2014) 13606–13613.  

313 C. Cherry, N. Pidgeon: The citizen and new business models, in: From Waste to Resource Productivity: 
Evidence and case studies, Government Office for Science [GO-Science], London, UK, 2017, Ch. 9 – Citizens, 
pp. 127–132. 
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(RHI), a government payment for each unit of RES heat generated, thereby subsidising the 
installation of technologies such as biomass and biogas combustion to produce high grade heat 
(which together could meet three quarters of total industrial heat demand by 2030). Payments 
are intended to compensate installations for the additional cost of RES over fossil fuel heat, for 
their initial capital investment in the technology, and for any non-financial barriers to the uptake 
of the technology (Napp et al. 2014). 

Analysis of relevant past system transition 

Cambridge Econometrics (Cambridge Econometrics 2017) made an analysis of the past of the 
UK steel sector. They conclude that the sector was already declining in the long term before 
the recession, though a modest recovery in basic steel production occurred over 2000-07. In the 
earlier years, there were two closures of integrated steelworks in 1992 and 2001314, both linked 
to low profitability driven by, among other things, combinations of weak demand, increasing 
competition from imports, a strong pound or low global steel prices. Since the recession, 
increased global competition from low-cost producers amid weak demand in the UK and the 
EU and low steel prices have driven UK closures and plant sales. 

Rather than climate change policies, the key factor behind the decline of the UK steel 
sector was the combination of cheap imports from China and weak demand in the EU, 
alongside structural change driven by globalisation (Cambridge Econometrics 2017). 

Energy efficiency

Hummel and Canapa (Hummel and Canapa 2013b) admit that energy-efficiency is a key to 
competitiveness. However, they have some objections to the policy instruments used to 
increase energy efficiency in the steel sector. They raise the inappropriateness of some 
measures imposed by the EED and inconsistences with the EU ETS. The EED which imposes 
a pre-defined level of energy savings for a wide spectrum of users does not fit for EEIs, e.g. 
steel industry. First of all, energy used in the steel industry is regulated directly or indirectly by 
the EU ETS. The fact that investments in energy efficiency have to respond to two sets of 
obligations creates confusion and hinders participants from making optimal investment 
decisions. The conflicting rules could eventually lead to investments in energy efficiency which 
are not the cheapest on the market but dictated by the application of the energy efficiency 
obligation schemes. It’s also worth stressing that the Eco-design directive also has a bearing on 
energy efficiency to some degree.  

To rectify this situation the EU’s energy efficiency policy should be focused on tapping energy 
efficiency potentials which are not captured by the EU ETS. It should focus not only on energy 
use not regulated by the EU ETS (e.g. transport and households), but also on measures within 
the EU ETS relating to limited savings potentials and for which the economics are often unclear. 

314 Before the 2008-09 recession, there were two closures, namely in 1992 the Ravenscraig steelworks in Scotland, 
owned by British Steel was closed during the UK recession of 1991-92, and in 2001 a second integrated steelworks, 
Llanwen in Wales, was closed by Corus. 
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Carbon pricing – which is inherently volatile – does not provide the right incentive for 
this type of investment because the main objective of the EU ETS is to reduce CO2 
emissions in absolute terms, not decrease the specific energy consumption of an industrial 
process. Therefore, improving the sector’s competitiveness by reducing energy 
consumption through cost-effective investments in energy efficiency requires specific 
incentives. In this regard, voluntary agreements have been relatively successful and could 
be used as basis to address more focused energy efficiency issues. Voluntary agreements 
should be promoted with bespoke incentive schemes aimed at overcoming the technical and 
economic hurdles to energy conservation and energy recovery. Steelmaking sites strive to make 
the most out of energy flows. However, there is still untapped potential due to technical and 
economic limitations (low temperature waste heat sources) or the unfavourable regulatory 
framework (conversion of waste gases into fuels). In general, the gains from energy-
efficiency investments are difficult to appraise, making the economics highly uncertain 
and hence leading to funding issues.  

Hummel and Canapa (Hummel and Canapa 2013b) propose the following actions to improve 
energy efficiency in the UK steel industry: 

 coherent policy package with no overlaps giving clear incentives, focusing on cost-
effective measures; 

 under certain circumstances, sector-specific incentives give better results. In the steel 
industry for example, CO2 emissions do not decrease in a linear way with energy 
efficiency. This is due to the fact that process CO2 emissions would occur anyway, 
regardless of how waste heat or waste gases are being recovered. Therefore, bespoke 
approaches should be preferred, e.g. incentives through voluntary agreements; 

 in particular, the recovery of important quantities of low-grade industrial waste energy 
(waste gases, heat and pressure) should be promoted through incentives similar to those 
for RES; 

Funding remains an important issue, as in general, capital is accessible for short pay-back 
periods and therefore for projects with big energy saving potentials. Public funding or private-
public programmes enable the financing of projects which are not eligible for regular bank 
loans. 

Main lessons: barriers and enablers 

Barrett et al. (Barrett et al. 2018) argued that reducing industrial energy demand could 
make a substantial contribution towards the UK government’s goal of significant (80%) 
decarbonisation by 2050, whilst simultaneously improving productivity and creating 
employment opportunities. This sector of the UK economy accounts for some 21% of total 
delivered energy and 29% of CO2 emissions. They put the focus on the complexity and 
diversity of the industrial sector with an emphasis on the situation in the UK. It is very diverse 
in terms of manufacturing processes, ranging from highly energy-intensive steel production and 
petrochemicals processing to low-energy electronics fabrication. The former typically employs 
large quantities of (often high-temperature) process energy, whereas the latter tends to be 
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dominated by energy uses associated with space heating. Around 350 separate combinations of 
sub-sectors, devices and technologies can be identified; each combination offers quite different 
prospects for energy efficiency improvements and carbon reductions, which are strongly 
dependent on the specific technological applications. This gives rise to significant “industrial 
complexity”. Nevertheless, the lessons learned are applicable across much of the industrialised 
world. Some element of sectoral aggregation is therefore inevitable in order to yield policy-
relevant in- sights. In order to determine the scope for industrial energy use and CO2 emissions 
reduction a number of top-down and bottom-up energy analysis and carbon accounting 
techniques have been assessed. Both fossil fuel and process GHG emissions will need to be 
significantly reduced out to 2050. Ultimately, all industrial energy use and emissions result 
from the demand for goods and services. Energy is required at each stage in the manufacture of 
a product from raw material extraction through to the final distribution and eventual disposal. 
The required energy and associated GHG emissions at different points along these UK 
supply chains emanate from many different countries, due to the growth of globalization. 
In the short term, a variety of currently-available technologies (BATs) will lead to further 
energy demand and CO2 emissions reduction in manufacturing, but the prospects for the 
commercial exploitation of innovative technologies out to the middle of the 21st century are far 
more speculative. However, the attainment of significant falls in carbon emissions depend 
critically on the adoption of a limited number of key technologies, e.g., CCS and CCU), energy 
efficiency and heat recovery techniques, and biomass, alongside a decarbonisation of the 
electricity supply. Efficiency gains can be made in industry, including in the use of heat 
and improvements in processing. Changes in the use of materials needed to manufacture 
products (such as material substitution, light-weighting and “circular economy” interventions) 
can also lead to emissions reductions. Finally, altering the way the final consumer (industry, 
households or government) use products, such as via product longevity and shifts from goods 
to services, will lead to energy demand reductions. New models of ownership and value 
extraction are also developing, including platforms for selling or disposing of second-hand 
articles, sharing ownership of goods, and recycling unwanted products. However, it is unclear 
whether these platforms are generating a more “circular economy”, or whether they are acting 
to increase overall consumption. The reality may involve a mixture of both outturns. Thus, the 
challenges, insights and opportunities associated with industrial decarbonisation over the 
transition towards a low-carbon future in the UK have been described with the purpose of 
providing a valuable evidence base for industrialists, policy makers, and other stakeholders 
(Barrett et al. 2018). 

Summary of Energy Management (EM) in the UK iron and 
steel industry case 

Table 115 should be read together with the complementary Table 66 on steel industry at EU 
level. This national case table does not repeat all issues which are common for the EU industry. 
It tries to address the country-oriented profile. 

Table 115 Summary of Energy Management (EM) in the UK iron and steel industry case 
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Issue Description 

Technology relevance for deep 
decarbonization 

Climate policy should be a strong drive for innovation in the UK steel 
industry 

EM can contribute to deep decarbonisation of the UK steel industry – it 
can introduce low-cost measures which bring about substantial energy 
savings even it the current infrastructure 

EM builds coherent framework for energy saving and contributes to 
meeting other sustainable and societal objectives 

Similarly, to other EIIs, energy costs are one of the main competitiveness 
drives for the EU steel sector since energy costs represent up to 40% of 
total operational costs depending on the segment of the value chain 

Total electricity prices for UK steel producers are projected to increase by 
53% over 2016-2030 

EM can serve as an effective tool in the process of seeking operational 
excellence. It can help to increase competitiveness. 

Existing technologies are highly technologically matured and refined. 
Despite that they can still significantly contribute to reduce GHG, e.g. by 
wider diffusion of the use of more energy-efficient production practices 
based on benchmarks and model solutions 

There is a need for a technical or operational benchmarking approach in 
the steel industry 

In the longer-term breakthrough technologies will be required to make 
further reduction, e.g. CCS, hydrogen-based steel production, electrolysis 
using RES energy 

Steel industry is well positioned to benefit from an increased focus on 
Life-Cycle Approach, increase in recycling rates and better use of by-
products 

Threat that steel industry may be closed or reduced to margin despite the 
fact it has a 150-year history and is almost considered a “national” industry 

High share of foreign capital in the steel industry makes it prone to global 
crises in the steel market when corporations are seeking financial 
optimisation 

Limited opportunities for governmental intervention due to EU Public Aid 
regulations 

Latest governmental strategy to innovate steel industry as a means of 
eligible public support 

Large financial public support for steel R&D together with main steel 
producers, e.g. creation of university-based steel research hub 

Low share of steel produced in EAFs as compared with other MSs, e.g. 
Germany, Italy 

Traditional high value attributed to technological progress and innovation 
as a crucial driver in industry development 

Twofold contribution to decarbonisation – through lower energy 
consumption in the industry, and by manufacturing better quality products 
e.g. higher quality steel 

Increased recycling of steel scrap contributes to circular economy 
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Current status of this 
technology 

(development stage, 
demonstration, mature, full 
diffusion)  

“Energy efficiency gap” still exists – economically viable technologies 
are in place however they are not fully exploited, e.g. there is still untapped 
potential due to technical and economic limitations (low temperature 
waste heat sources) or the unfavourable regulatory framework (conversion 
of waste gases into fuels) 

Steel industry represents 0.1% of the UK economy and 0.7% of 
manufacturing output (2016) 

600 business involved in the industry; employ 32,000 people (2016) 

UK steel industry’s importance to the whole economy has declined over 
time, from 0.4% of total output in 1990 to the current total of less than 
0.1% 

In 2015 and 2016 the economic output of the steel industry in the UK 
declined rapidly as several plants closed and international orders were 
cancelled 

UK was the second biggest European producer of steel in 1967, the fifth 
biggest in 2015, and the seventh biggest in 2016 

UK’s steel trade deficit was worth £1.5 billion in 2016 (the largest deficit 
in at least 20 years) 

UK steel international trade is EU-oriented (52% of UK steel exports are 
to the EU; 69% of UK steel imports are from the EU) 

Steel demand in the UK continues to grow (£6.0 billion annual demand 
for steel products in the UK by 2030 up from £3.8 billion today) 

Industrial electricity prices in the UK are more than 50% above other 
major EU economies 

Energy constitutes 20…40% of the cost of steel production in the UK 

UK law allows compensation for the energy costs of energy intensive 
industries (EIIs) (compensations and exemptions for a range of climate 
change policies that had not been fully implemented until 2016) 

Government launched steel public procurement pipeline 

Steel sector deal315 is not mentioned in the Industrial Strategy 

Steel unite energy consumption in the UK steel industry has stagnated  in 
recent years 

Further increasing energy efficiency by EM, supporting R&D of CCS, 
reusing industrial wastes and diversifying product applications are 
important goals for the steel industry 

EM role and its advantages are well understood although it encounters 
many typical barriers 

Low number of organisations with established EMS, e.g. ISO 50001, 
ISO 14001, EMAS 

EM low-emission technologies in the steel sector are subject of intensive 
R&D works 

315Partnerships between the government and industry on sector specific issues can create significant opportunities 
to boost productivity, employment, innovation and skills (Rhodes 2018).
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Potential penetration 
rate/market share of this 
technology 

Time to reach this stage 

Relatively low penetration of EM into steel industry due to high 
investment costs, long investment cycle, high business risk 

Incremental innovations are often downgraded in the pursuit for a “break-
through” technology 

Assessment of the case as a 
success or a failure? Why? 

Failure 

The steel industry has outstanding history over the last 150 years. Over 
the period it has developed few core technologies which after continual 
incremental improvements have highly been advanced. However, there is 
steel energy efficiency potential which can be at least partly realised by 
EM. 

Rather than climate change policies, the key factor behind the decline of 
the UK steel sector was the combination of cheap imports from China and 
weak demand in the EU, alongside structural change driven by 
globalisation. 

The UK steel industry is on the slope, loosing markets and its global 
position. It does not stand up to meet the internal needs of UK for steel 
products. The imbalance of international trade is growing. It is fighting for 
survivance. Therefore, the time is not for deep changes including those 
which might improve the situation like the EM. The government policy 
despite political oral support is too weak to give strong impulse for 
development or at least maintaining the status quo. The undergone 
restructuration failed to balance the internal capacity with demand for steel 
on the highly competitive and violate markets with unfair competition.  

The downgrading of the steel industry is in contrast with many 
manufacturing industries in the UK which managed to keep their high 
global position. 

UK steel industry experienced a deep crisis in 2015/2016 which led to 
substantial loss of capacity and jobs. 

The industry is not on the list of innovative industries and therefore 
receives limited governmental backing although it is not “forgotten” 
sector of economy. 

UK steel industry has been not investing in low-carbon technology. Even 
the EAF technology has been stagnated for years.  

The accumulated human and knowledge capital should be advantages for 
UK steel industry if only the newly launched R&D succeed to deliver 
innovative products. 

UK government having strict EU on public aid has limited options to help 
the steel sector in market-oriented restructuration. Ownership of crucial 
UK steel assets by global companies also limits the government’s 
intervention. Recent program to set up R&D hubs seems the right step to 
help by creation research infrastructure capable of delivering better 
products and services by innovation. UK steel industry is exempted from 
GHG emission tax under the condition it invests in energy efficiency and 
curbs GHG emission. 
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Minimal progress in energy efficiency in industry in 2000-2016 

Long-term national strategy of industry development (Industry 4.0) 

Lack of sectorial targeted energy saving goals in the UK steel industry 

EM is not priority in the steel industry practice

Main technology, technological, 
infrastructure and knowledge 
barriers for this technology 

Were they overcome (in case of 
success) or not overcome (in case 
of failure) 

Cost as main driver of success 
orfailure or not

Lack of breakthrough technology implemented at industrial scale, e.g. 
CCS 

Very high investments cost in core technologies and long duration of 
investment in instable global market deter EM high-cost improvements 

All major actors of the European steel industry, including companies 
operating in the UK, are active in the field of digitizing this industry 

An increase of the EAF technology would help the steel sector move 
towards a circular value chain (the energy intensity of this process is 
around one third of the BF-BOF process) 

Specific energy consumption in the UK steel industry is higher than in 
many other MSs 

Well-functioning trade chambers, industrial associates supporting the 
steel industry 

Insufficient interest in energy savings in auxiliary technologies, e.g. waste 
heat recovery, electrical drives 

High share of RES in national energy mix encourages to use RES energy 
in EIIs, e.g. the steel industry 

Low current use of RES energy in technological processes, e.g. hydrogen 
RES steel electrolysis 

Large manufacturing capacities in existing high-emission technologies 

Risk of import substitution in the EU market and difficulty with adoption 
common EU market expansion strategies 

Numerous cases of increasing own power capacity in fossil fuels to lower 
costs of electric taken from the power grid (power autarky) 

Many barriers lie at the level of enterprises and are human related 

Insufficient involvement in Demand Side Management with the power 
utilities, e.g. in the case of EAFs  

Methodological and practical problems with reliable assessment of energy 
consumption in complex multioperation technological processes 

Limited number of benchmarks mostly due to unwillingness of industry 
to reveal energy, environmental and economic data 

Low pressure from employees and union trades on improving work 
conditions that can partly be accomplished by EM implementation 

Delayed start of preparation to meet standards of Industry 4.0 

Shortage of highly-trained energy managers 

Well-functioning networks closely co-operating with R&D institutions, 
e.g. technology parks, private research institutions, academia, industrial 
laboratories 

Difficult economic position of the steel industry in recent years 

High EM investment cost, especially for large industrial plants, with the 
risk of not achieving final profit 
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Crucial actors that contributed 
to the success/failure of this 
technology 

Politicians:  

 It is declared it is important the UK preserves its steel production 
capacity for economic, social as well as for security of supply 

 Strong sustainable-oriented energy and industrial policy makes 
unrealistic to preserve steel sector as a high-emission enclave. 
The sector faces the option of low-emission transformation or 
suffer from “carbon leakage” that eventually will lead to closing 
the industry 

 Growing importance od all “green” movements and gaining by 
them support in the society 

 Strong public support for sustainable-oriented power sector and 
“clean” industry, e.g. for RES, energy efficiency 

 R&D is traditionally a key element of UK development  
 Strong support for RES and other low-emission energy 

technologies in the UK gives opportunities for launching RES-
dependent technologies in the steel sector  

 Low public funding for R&D in low-carbon technologies in the 
steel sector 

 Loosely co-ordination among complementary policies to support 
EM, e.g. innovation policy, tax policy, energy market 

 UK is the EU leader in building liberalised competitive power 
market what lays healthy foundations for EM  

 Successful innovation policies in many industries strongly 
supported by the government and recent support for R&D in the 
steel industry 

 UK energy efficiency legislation alike the EU policy is incapable 
to force deep industry decarbonisation, e.g. energy efficiency 
directives, EU ETS 

 Lack of concrete EM measures in the steel industry in the UK 
NEEAP 

Industry:  

 UK steel industry have low profit margins, due to the high fixed 
cost, overcapacity and unfair global competition 

 Main players in the UK steel industry recognise the decisive role 
technological innovation may play in seeking market advantage, 
e.g. SUSTAIN Manufacturing Hub, ASSURE2 project 

 UK steelworks are highly integrated into the existing structures, 
while changes of business infrastructure on the national level 
require significant investments and what is more important 
harmonised strategy or vision of sectoral transformation 

 Steel industry is aware that energy efficiency improvement 
through EM is a key to competitiveness 

 Strongly export oriented industry, including the steel industry 
although the steel trade shows deficit 

 Enjoys the privilege of being economically and socially 
“important” economy sector what may make some await support 
and protection from the government 

 Low interest in EM in the steel industry due to different reasons, 
e.g. neglecting economic effectiveness of EM in comparison with 
efforts needed for energy efficiency improvements, lack of 
knowledge and trained staff, lack of financing 
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 Difficulties to place EM in long-term strategies whereas the 
industry is in crisis 

 Long decision process in global steel companies in times of 
business insecurity discourages low-level EM initiatives 

 Not fully recognised benefits of EM in the UK steel industry 
 Low R&D funding by private sector insufficient to overcome the 

barrier of pilot implementation at acceptable risk  
 Improving co-ordination in R&D co-operation between research 

institutions and industry 
 Inability to implement EM due to impropriate internal 

organisation, e.g. lack of knowledge, lack of capital, incompetent 
staff, difficulties with knowledge transfer in global companies 

 Insufficient information on EM, e.g. technologies, barriers, 
benefits, financing sources, risk, uncertainties 

 Volatile energy and raw material prices cause business risks 
 Insufficient support from the government except recent R&D 

grants 

Financial institutions: 

 Natural unwillingness of financial institutions to finance industry 
in crisis and not demonstrating convincing plans of recovery 

 Common politics of many institutions of withdrawing from 
financing high-emission investments 

 Ineffective use of EU ETS revenues for low-emission technology 
transition in industry and power sector 

Customers: 

 Some steel markets are getting demanding and in the case of 
strategic customers are not only ruled by “lowest price” criterion 

 Demand for bringing new products onto the market without 
obligation to trace “carbon-foot” 

Society: 

 Low awareness of people of negative impacts of large industrial 
emissions except that from power sector 

 Strongly organised citizens’ movements supporting sustainable 
development of society 

 Low recognition of the role of the EIIs, e.g. steel industry, in 
climate policy compared with e.g. stronger interest shown to 
power system 

 Inability to force introduction of external costs of energy into 
total costs of industry 

Institutions (or lack thereof) 
contributed to make this case 
study a success/failure  

Crucial role of particular 
governance aspects in the 
process 

Moderate size of the UK steel industry (7th in the EU) 

High capital concentration in the UK steel sector with predominant role of 
global companies 

Deep crises in the UK steel industry 2015/2017, e.g. closing some steel 
plants, major loss of jobs 

UK steel industry is very sensitive to fluctuations on global markets, e.g.  
surplus capacity in steel industry, energy and material prices 

Steel market is global and highly competitive what makes national 
markets like that of the UK a part of global competition 
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"UK steel industry is “squeezed" between volatile raw material cost, high 
energy and labour costs and the increased pressure coming from customer 
aware of their market power in times of fierce competition 

Highly trained but well-paid employees in steel industry make the 
operational costs high  

Well-educated research staff (academic, industrial) capable of taking part 
in large international research programs 

Research organisations, e.g. universities, strongly oriented on co-
operation with industry 

Effective framework of participation in EU legislation initiatives at all 
stages of preparation 

Close however getting loose supplier-customer relations 

Effective framework of transmission innovation from research int industry 

High flexibility in logistics requirements (timely procurement to increase 
the quality of production and streamline the production process) 

Lack of “green” criteria in public procurement what deters transition 
towards innovate and more sustainable production 

Volatile global demand impedes investments in manufacturing capacity 
(launch of new facilities) 

Lack or unclear recognition of increasing revenues by energy savings and 
energy related environmental costs reduction 

Not fully recognised potential of EM contribution to reduction of 
production costs (including energy resources)  

Energy saving objectives are not well integrating into operational, 
maintenance or purchase procedures 

Business risks and risk of perturbation in production 

Insufficient targeted economic incentivises for EM implementation in 
EIIs, e.g. in the form of tax reduction, risk sharing or loan guaranties from 
private and public financial institutions, e.g. EIB, EBRD 

High energy prices as compared with other large global steel producers 
support EM as a means of cost reduction 

Relative easiness and short-term flexibility of shifting production between 
countries for global companies according to economic, environmental or 
societal circumstances 

Slow deployment of BAT due to lack of legal or economic obligations 

EM as innovation driver is badly embedded in old business models (lack 
of premium for innovation risk) 

Difficulties to enter onto new markets impedes investments in 
manufacturing capacity (launch of new facilities, production increase) 

Policies measures or regulations 
contributed to making this a 
success or a failure 

Traditionally effective UK governance framework and procedures help 
decarbonisation of the whole UK economy. This conclusion may be 
hampered by Brexit around chaos.  

UK (like the EU) climate and environmental legislation and regulatory 
policy insufficiently support low-carbon transition in industry  

UK is the EU leader in low-carbon energy and climate policy, e.g. 
development of RES, effective energy efficiency in many sectors  
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Strong correlation with energy sector, circular economy and other policies 

Ineffective industrial policy weakly supporting industrial restructuration 

Low priority for steel industry decarbonisation as compared with other 
economy sectors, e.g. power sector, building sector, transport 

Positive, however insufficient, impact of EU ETS on innovation trend 
(low prices of emission allowances) 

Moderate public support to EIIs including steel industry discourages the 
industry from undertaking ambitious EM projects 

Role of EU level innovation 
system/ EU regulation in the 
success/failure 

Steel industry is not considered in the UK as an innovation industry 

Like elsewhere, UK steel industry rely mostly on process innovation that 
tends to follow predefined technological trajectories through incremental 
innovation aimed at enhancing productivity 

UK operated steel companies take part in a large number of technological 
projects in steel industry co-financed by RFCS between 2015 and 2018 

A number of global players, e.g. subsidiaries, companies, are linked to the 
UK technology innovative systems and benefit from them 

Crucial role of the world’s largest steel companies may impede innovation 
process in some countries while supporting in others 

Slow rate of transition of the UK steel  industry to Industry 4.0 model 

Reflection of the EU level case 
study to the experience of any 
particular country 

MSs may largely benefit from EU R&D programs unless they possess 
research capacities at the highest level  

Effective participation in EU R&D programs on technology development, 
e.g. 7FP 

National cases are much driven by EU policies, e.g. by energy, 
environmental policies; too less extent by innovation trends 

Few global companies, including the UK operating ones, derive 
substantial benefits from EU R&D programs 

What main barriers do you 
think are currently not well 
represented in IAMs?  

Unclear impact of EU ETS on low-carbon technological progress in the 
steel sector after 2020 (Modernisation Fund) 

Barriers due to lack of new business models in EIIs rewarding for 
innovation aimed at energy savings and lowering environmental burden 

Low priority of improving industry corporate image as a “green” business 
through Corporate Social Responsibility 

Source: Own work. 
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Energy Management – Italy’s steel industry 

Steel industry has been chosen for analysis of EM as innovative solution for Italy. 

The GDP in Italy was worth $2,074 billion in 2018. The GDP value of Italy represents 3.35% 
of the world economy. GDP in Italy averaged $964 billion from 1960 until 2018, reaching an 
all-time high of $2,391 billion in 2008 and a record low of $40 billion in 1960.316

Description of the steel sector 

Production 

Italy is the 2nd largest steel producer in Europe (after Germany) and the 10th largest 
producer in the world. Steel Production in Italy increased to 2,215 thousand tonnes in May 
from 1,950 thousand tonnes in April of 2019. Steel production in Italy averaged 2,047 thousand 
tonnes from 1969 until 2019, reaching an all-time high of 3,033 thousand tonnes in March of 
2007 and a record low of 750 thousand tonnes in August of 2009.317These figures show high 
dependence of steel sector on the demand deeply fluctuating over years and easiness of 
falling in the trap of stranded assets. 

Italian iron and steel sector generates turnover of around €40 billion and accounts 
approximately for 72,000 employees. 

The steel industry contributes to the turnover of the entire Italian manufacturing sector for about 
3.5% in direct terms and for about 35% through the activity of the user sectors. The steel 
industry is the cornerstone of the Italian manufacturing industry, placing itself at the top of the 
supply chain of strategic sectors: construction, mechanics, automotive, household appliances 
(Schweiger 2018). Italian steel sector output strongly fluctuates in recent years (Figure 197).  

316 https://tradingeconomics.com/countries

317 https://tradingeconomics.com/italy/steel-production
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Figure 197 Steel production in Italy in 2009-2019 in thousand tonnes 

Source: https://tradingeconomics.com/italy/steel-production

The general north-south divide in the Italian economy plays an important role in the regional 
distribution of the industrial hubs (Figure 198). The “industrial triangle” in the north of Italy 
between Milan, Turin and Genoa dates back to the beginning of the 20th century. The economic 
and social divide between north and south grew over the course of the interwar period. A major 
contributing factor here was Mussolini’s fascist industrial policy and restriction on internal 
migration (Valerie Ross 2016). 

Figure 198. Geographical distribution of sites in the Italian iron and steel sector 
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Source: (FEDERACCIAI 2018b). 

The steel production capacity is stable. The company Aferpi started closing its BOF 
in Piombino in 2017, which had a capacity of 2.9 million tonnes. On the other hand, as 
part of their business plan for revival of Piombino plant, Aferpi announced that it was 
ordering two new EAFs with a capacity of about 1.0 million tonnes each, during the 
2018-2019 period (English 2018).

Steel Trade Balance 

The position of export of the Italian steel export is strong and stable. Italy, as of 2017, is 
the world’s seventh-largest steel exporter. In 2018, Italy exported 17.4 million tonnes of 
steel, a decrease from 17.5 million tonnes in 2017. Italy’s exports represented about 4% of all 
steel exported globally in 2017. The volume of Italy’s 2018 steel exports was approximately a 
quarter the size of the world’s largest exporter, China. In value terms, steel represented just 
1.2% of the total amount of goods Italy exported in 2018. Italy exports steel to more than 
160 countries and territories. The top 10 countries accounted for 69% of Italy’s steel exports in 
2018 (Administration 2019). 

Italy has maintained a trade deficit in steel since 2015 (Figure 199). The only period 
since2005 where Italy has experienced a trade surplus was from 2012 to 2014.The volume of 
exports has grown 42% since 2009, with the volume of imports increasing 28% over the same 
period. In 2018, Italy’s steel deficit amounted to –3.5 million tonnes, which is 43% larger than 
Italy’s 2017 deficit at –2.4 million tonnes. 

Figure 199 Italy's trade steel mill exports and imports in 2005-2018, million tonnes 

Source: (Administration 2019). 

Italian crude steel production increased 2% 2017 and 2018, from 24.1 million tonnes to 
24.5 million tonnes. Apparent consumption (a measure of steel demand) has outpaced 
production since 2015.  

The gap between domestic production and apparent consumption grew in 2018 compared to 
2017, from –2.4 million tonnes to –3.5 million tonnes, as consumption of imports has grown. 
Steel exports as a share of Italy’s production has been decreasing since 2016, from 74.4% to 
71%, but is significantly higher than from 2009 to 2013 (Figure 200) (Administration 2019). 
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Figure 200 Overall production and export share of production of crude steel in Italy 

Source: (Administration 2019). 

Concerning steel export, the following very recent facts are available: 

 Exported 17.4 million tonnes in 2018. 
 42% steel export growth since 2009. 
 2018 export volume down 1% while export value up 13%. 
 Exports as a share of production down from 72.7% in 2017 to 71.0% in 2018. 
 Top three markets: Germany, France, Spain. 
 Top producers: Marcegaglia, ILVA SpA, Arvedi Group. 
 7 trade remedies in effect involving steel mill imports from Italy. 

Energy Management in the steel sector 

Italian steel sector mainly relying on electric steel production route (EAF), which covers over 
75.7% of total production, while integrated route takes just 24.3% (World Steel Association 
2018) (Figure 201). Italy is the 1st European steel producer of steel in electric technologies 
recycling ferrous scrap.  
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Figure 201. Production of crude steel by technologies in Italy, in years 2008-2017 

Source: (World Steel Association 2018). 

Over the past 25 years, the Italian iron and steel industry due to the continuous innovation 
of its plants and the introduction of increasingly efficient EM systems has reduced its total 
energy consumption per ton of steel by 25% (Figure 202).  

Significant emission reduction was observed in the steel sector during the past 25 years, 
Italian steel become approximately 38% less emission intensive per tonne of steel 
including electricity used (Figure 203).  

Figure 202 Final energy consumption per tonne of crude steel in Italy in the years 1991-2016 (toe/tonne of steel) 

Source: Odyssee-Murre. 
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Figure 203. Total CO2 emissions of steel per tonne (included electricity) in Italy in the years 1991-2016 (tCO2/tonne of steel) 

Source: Odyssee-Murre. 

Energy consumption per tonne of steel and process mix compares the specific consumption per 
tonne of steel in relation to the share of electric steel in total crude steel production (Figure 204) 
(ODYSSEE-MURE 2015). The vertical distance from the world benchmark (shown by the red 
line) shows the possible improvement with the present process mix. The distance to the 100% 
EAF process shows the potential theoretically open to process substitution. In reality, this might 
be restricted by the availability of iron scrap and quality requirements of the steel produced. 
The data shows that the EAF technology is well established in the Italian steel sector, 
although there is still room for improvement since the SEC is above the “best” line. 

Figure 204 Energy consumption per tonne of steel and process mix (2012) 

Source: (ODYSSEE-MURE 2015). 
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There are a few reasons for success of Italian steel sector, which may be generalized to 
two main factors: 

• Growth of demand. 
• Great level of quality. 

In practice, Italy boasts several excellences in the steel industry, which involve not only the 
production but also the processing, for example, the welding of stainless-steel tubes is carried 
out by companies such as Siera318 that work by craftsmen and are tailored to individual 
customer requirements and needs. 

Similarly, to the UK example, Italian government prepared some plans for industry of the 
future, National Industry 4.0 Plan. it supports private investments in the renewal of equipment 
through the measure of super-depreciation and those which use digital technologies and capital 
goods in “Impresa 4.0” through hyper-depreciation.319

Innovative cases in the Italian steel industry 

There were some cases identified which illustrates the innovation progress in the steel industry. 

Organic Rankine Cycle (ORC) turbines 

One example of this is the use of Organic Rankine Cycle (ORC) turbines at the Ori Martin 
steel plant in Brescia in northern Italy, which produces hot-rolled steel for the mechanical 
and automotive industries. During summer operations, the ORC system generates enough 
energy from waste heat to meet the electricity consumption needs of 700 local families. In 
winter, the waste heat is used to heat up 2,000 households through the local district heating 
network. This reduces the factory’s carbon footprint by 10,000 tons of CO2 a year, as well as 
eliminating the need for water-cooling.  

The heat recovery system, which have been installed by a third party, and the ORC turbine, 
which have been installed by Mitsubishi Heavy Industries Group company Turboden, capture 
the exhaust gases and turn them into electrical energy and thermal power. They are based on 
the conventional steam turbine systems found in power plants. Instead of generating steam 
from water, however, the ORC system vaporizes an organic fluid. This not only removes the 
need for water, it also enables the turbines to run at lower speeds and pressures – using less 

318 https://www.siera.it/en/processing/stainless-steel-welding/

319 Super-depreciation gives ability to increase by 140% the costs of the purchase of capital goods, tangible and 
intangible assets, for the sole purpose of income tax, by individuals with business income, including sole 
proprietorships subject to enterprise income tax (IRI), who are based in Italy for tax purposes. The assets must be 
for the technological and digital transformation of the processes in “Impresa 4.0” and also the solutions for energy 
efficiency are included. Hyper-depreciation, on the other hand, gives a super-valuation of 250% of the investments 
in new tangible assets, devices and technologies enabling transformation into “Impresa 4.0”, applicable to outright 
purchases and lease purchase agreements (ENEA 2018). 
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energy – while minimizing metal erosion. It’s a low-cost system requiring limited 
maintenance, which doesn’t need a qualified operator as it runs automatically. 

https://www.forbes.com/sites/mitsubishiheavyindustries/2018/12/11/these-innovative-
technologies-are-making-the-steel-industry-more-efficient/#

The circular economy 

Recycling is another way in which the steel industry can contribute to a cleaner and more 
sustainable future.  

Since steel in is 100% recyclable, it can be used repeatedly without loss of integrity. The 
industry has long been taking advantage of this by using scrap steel as an additional element 
in the steel making process, forming a circular loop where nothing is wasted. 

But steel production generates high volumes of waste materials like dust, fines and mill scale, 
all of which need to be handled and disposed of effectively. And by-product recycling 
solutions are one way to convert residual production materials into a useful and profitable 
resource.   

At Ori Martin in Brescia, for example, the dust accumulation and by-products of 
manufacturing are recycled. The plant is also fitted with a high-temperature water recycling 
circuit to avoid wasting water used for cooling steel bars as they emerge from the foundry. 

Adopting such a resource-efficient approach to manufacturing is not only economical, but 
also lowers the industry’s impact on the environment. 

https://www.forbes.com/sites/mitsubishiheavyindustries/2018/12/11/these-innovative-
technologies-are-making-the-steel-industry-more-efficient/#

Clearing the air 

In addition, steel companies are also finding ways to literally “clean up” their production 
process to meet increasingly stringent environmental protection regulations. 

For every tonne of steel produced, 10 to 25 kilograms of dust accumulates, which then enters 
the atmosphere through production exhaust air. 

Gas cleaning is a highly efficient dedusting solution that cleans dust from exhaust air and 
keeps production within strict pre-set emissions limits. A reliable dedusting system lowers 
operating costs and helps make the steel production process more sustainable. 

https://www.forbes.com/sites/mitsubishiheavyindustries/2018/12/11/these-innovative-
technologies-are-making-the-steel-industry-more-efficient/#

Actors and networks 

Top Producers 
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Steel production in Italy is diffused across many small– and medium-sized firms. After 
privatization of the country’s steel industry during the1980s and 1990s, only a small number of 
the earlier, larger steelworks remained (Administration 2019). However, there are few very 
large producers dominating the market left (Table 116). 

Table 116 Italy’s top steel producers in 2017 

Source: (Administration 2019). 

Steel industry associates  

Confindustria is the main association representing manufacturing and service companies in 
Italy, with a voluntary membership of more than 150,000 companies of all sizes, employing a 
total of 5,438,513 people (Figure 205).  

Figure 205 Confindustri associative network structure 

Source: www.confindustria.it

In this context, Federacciai, which is a part of Confindustria, and represents the Italian steel 
companies (123 member companies in 2017, which cover over 95% of the national production) 
has expressed a strong commitment, calling for creating initiatives in the economic, political 
and technical-scientific fields, to present and support, in every location, the reasons and 
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interests of the sector. This in in full coherence with its mission, because since its establishment, 
the federation has set itself the objective of protecting, supporting and relating to each other the 
manufacturing companies, processors and distributors of steel and related iron and steel 
products (FEDERACCIAI 2018a). 

Non-governmental and market actors 

There are few non-governmental and market actors, and sub-national authorities related to the 
steel sector: 

 The company Ricerca sul Sistema Energetico ‐ RSE S.p.A. develops research activities 
in the electricity energy sector. 

 FIRE is independent non-profit organization, whose purpose is to promote sustainability 
and the efficient use of energy. This organisation provides trainings, topics of which cover 
all the aspects of EM: 
o policies, regulations and technical standards; 
o electricity, gas, and other commodities markets and regulations; 
o main players and their market (energy managers, ESCOs, energy and technology 

suppliers, DSOs, installers, institutional bodies, etc.); 
o incentive schemes (white certificates, alternative measures, European funds, etc.); 
o energy efficiency solutions; 
o cogeneration, district heating, and RES; 
o methodologies to evaluate savings, M&V, IPMVP and CMVP certification; 
o energy audits (also on site); 
o EMS (ISO 50001); 
o investment analysis and feasibility studies; 
o project management; 
o energy performance contracting (EPC) and third-party financing (TPF). 

Institutions and policies 

In 2016, in a global context of economic recovery and low prices of raw materials, Italy 
proceeded on its path to strengthen its environmental sustainability, reduced its GHG emissions, 
and improved the efficiency and security of its energy system. The key elements of the starting 
point for the new Italy’s energy strategy was pointed out as (Ministerio Dell Ambiente 2017): 

● RES covered 17.5% of gross final energy consumption, 

● energy efficiency continued to grow - the GDP energy intensity dropped by 4.3% as 
compared to 2012, 

● Italy’s dependence on foreign supply sources continued to fall - energy imports were 
down by 7 percentage points versus 2010, 

● there remains an energy cost gap between Italy and the EU, which puts Italy at a 
disadvantage. 

Italy’s National Energy Strategy 2017 (Ministerio Dell Ambiente 2017), a ten-year plan, lays 
down the actions to be achieved by 2030, in accordance with the long-term scenario drawn up 
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in the EU Energy Roadmap 2050, which provides for a reduction of emissions by at least 80% 
from their 1990 levels.  

There are some of the core targets of the strategy: reducing final energy consumption by a total 
of 10 Mtoe by 2030; reaching a 28% share of RES in total energy consumption by 2030, and a 
55% share of RES in electricity consumption by 2030; strengthening supply security; narrowing 
the energy price gap; furthering sustainable public mobility and eco-friendly fuels; and phasing 
out the use of coal in electricity generation by 2025. 

The strategy proposes, among other key actions, the furthering energy-efficiency projects that 
maximise sustainability benefits, and keeping system charges low. The following steps are 
planned: 

● Energy-Efficiency Targets 
o curbing yearly energy consumption from 2021 to 2030 (10 Mton), 
o changing sectoral energy mixes to promote the achievement of non-ETS2 CO2 

emission reduction targets, by focusing on the residential and transport sectors. 
● Stepping up the decarbonisation of the energy system 
o accelerating the decommissioning of coal-fired thermal power plants by 2025, based 

on a detailed plan of infrastructural actions 
● Increasing public resources allocated for R&D of clean-energy technologies 
o doubling investments in R&D of clean-energy technologies: from €222 million in 

2013 to €444 million in 2021. 

The target of the strategy in this area of energy efficiency is to foster low energy-consumption 
initiatives having the best cost/benefit ratio, so as to achieve 30% of energy savings by 2030 
with respect to their trend in 2030, and give impetus to the Italian energy efficiency industry 
(e.g. construction of energy-efficient buildings and installation of energy-efficient facilities). 

The strategy lays down two specific energy efficiency targets for industry: 

● strengthening and streamlining the white certificates system, 
● promoting the energy efficiency of SMEs, by renewing schemes for co-funding energy 

audits and energy management systems. 

In further reducing energy consumption (by 1.5% per year under the EED), reliance will be 
made on improving technologies and adopting increasingly effective instruments in order to 
prevent marginal costs from rising. By reducing energy demand, energy efficiency will provide 
a cross-cutting contribution to lowering emissions and securing energy supply. 

Concerning research and innovation, it is remarked that on a global scale, Italy is among the 
promoters of Mission Innovation - a global initiative resulting from COP21 to launch leading-
edge clean-technology (clean-tech) projects - and committed to doubling the value of public 
resources allocated for investments in clean-energy research and development by 2021. 

The progressive transition towards low-emission models requires substantial efforts in 
supporting technological evolution, as well as research and development of new technologies. 
The Strategy aims to strengthen public support and create conditions to attract private 
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investments, with the goal of contributing to developing technological concepts that can sustain 
the energy transition at reasonable costs, and offer business and employment opportunities. 

Italy has relatively large number of industrial sites with ISO 50001 certificates, however there 
is an evident gap between Germany This gap is mainly related to the tax reliefs introduced by 
the German government for companies that are ISO 50001 certified (see Table 23) (Bonacina 
et al. 2015). 

Energy Efficiency Obligation 

Energy Efficiency Obligation (EEO) scheme is the main means for supporting and coordination 
of energy efficiency policies and measures in Italy. The EEO is implemented in the form of so-
called White Certificate System which was established in 2004. Italy was the first country 
worldwide that introduced the White Certificate Scheme.  

Industry companies can earn money by selling the White Certificates to energy companies 
obligated under the White Certificate Scheme. The program influences the ESCO market 
positively since market incentives for ESCOs are provided in the White Certificate Scheme. 
The high number of ESCOs that participate in the program proves the success of the policy. 

Figure 206 shows annual gradual increase of annual final energy savings in the Italian White 
Certificate Scheme (Energy Efficiency Watch 2015). 

Figure 206. Planned annual final energy saving under White Certificate Scheme in Italy in years 

Source:(Energy Efficiency Watch 2015). 

For companies with an energy consumption of more than 10,000 toe per year it is 
mandatory to appoint an energy manager.

Article 8(10) of Legislative Decree No 102/2014 reserves up to €15 million per year over the 
period 2014-2020 for the co-financing of regional programmes aimed at supporting the 
implementation of energy diagnosis or the adoption of management systems compliant with 
ISO 50001 in SMEs. Co-financing of the programme provided through national and regional 
resources in equal measure and 50% of the cost of energy diagnosis being covered. 

Main lessons: barriers and enablers 
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 There is no strong linkage between EM measures and iron and steel sector. While EM 
promoted through the national policies, voluntary and obligations scheme, it is almost 
impossible to trace a quantitative and qualitative evidences of implementation energy 
efficient measures by iron and steel industry.  

 National sectoral strategies not provide clear vision on the long-term vision and changes 
necessary to apply EM. 

 Lack of European practical guidance and best practices on EM in industry. 

Summary of Energy Management (EM) in the Italian iron 
and steel industry case 

Table 117 should be read together with complementary Table 66 on steel industry at EU level. 
This national case table does not repeat all issues which are common for the EU industry. It 
tries to address the country-oriented profile. 

Table 117 Summary of Energy Management (EM) in Italy’s iron and steel industry case 

Issue Description 

Technology relevance for deep 
decarbonization 

Climate policy, similarly to other EIIs in the EU, is a strong driver of 
innovation in Italy’s steel industry 

Invention in steel-related technologies is turning towards energy 
efficiency and climate change mitigation 

EM can contribute to deep decarbonisation of Italy’s steel industry 

Similarly, to other EIIs in the EU, energy costs are one of the main 
competitiveness drivers for the Italy’s steel sector 

EM can serve as an effective tool in the process of seeking operational 
excellence 

There is a need for a technical or operational benchmarking approach in 
the steel industry to have better recognition of energy flows and possible 
EM improvements 

Technology in the steel sector, alike as in the power sector planning 
complete coal phase-out, will have to be shifted to use more RES energy  

Italy is the 1st European steel producer of steel in electric technologies 
recycling ferrous scrap (much more energy effective than BOF) 

Traditional high value put on technological progress and innovation as a 
crucial driver in industry development – “innovation driven” development 

There is an energy cost gap between Italy and the EU, which puts Italy at 
a disadvantage position but creates strong incentive for EM 

Current status of this 
technology 

(development stage, 
demonstration, mature, full 
diffusion)  

Italy is the 2nd largest steel producer in Europe (after Germany) and the 
10th largest producer in the world 

Italy, as of 2017, is the world’s 7th-largest steel exporter 

The position of export of the Italian steel export is strong and stable  

Italy has maintained a trade deficit in steel since 2015 

The steel industry contributes to the turnover of the entire Italian 
manufacturing sector for about 3.5% in direct terms and for about 35% 
through the activity of the user sectors. The steel industry is the 
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cornerstone of the Italian manufacturing industry, placing itself at the top 
of the supply chain of strategic sectors: construction, mechanics, 
automotive, household appliances 

There are few very large producers dominating the market, however, steel 
production in Italy is also diffused across many SMSs 

Italian iron and steel sector accounts approximately for 72,000 employees 
and generate turnover of around €40 billion 

“Energy efficiency gap” still exists – economically viable technologies 
are in place however they are not fully exploited 

Italy is the 1st European steel producer by electric oven technologies 
(EAF, induction) made by recycling ferrous scrap 

Italian steel sector is mainly relying on electric steel production route 
(EAF), which cover over 75.7% of total production, while integrated route 
takes just 24.3% 

EAF technology is well established in the Italian steel sector, although 
there is still room for improvement since the SEC is higher than 
technically achievable 

Over the past 25 years, the Italy’s iron and steel industry has reduced its 
total energy consumption per ton of steel by 25% due to the continuous 
innovation of its plants and the introduction of increasingly efficient EM 
systems 

Energy Efficiency Obligation scheme is the main means for coordination 
of policies and measures - Italy was the first country worldwide that 
introduced the White Certificate Scheme 

For companies with an energy consumption of more than 10,000 toe per 
year it is mandatory to appoint an energy manager 

Italian government prepared National Industry 4.0 Plan which supports 
private investments in the renewal of equipment through the measure of 
super-depreciation and those which use digital technologies and capital 
goods in “Impresa 4.0” through hyper-depreciation 

Over the past 25 years, the Italian iron and steel industry due to the 
continuous innovation of its plants and the introduction of increasingly 
efficient energy management systems has reduced its total energy 
consumption per ton of steel by 25% 

Significant emission reduction was observed in the steel sector during the 
past 25 years, Italian steel become approximately 38% less emission 
intensive per ton of steel including electricity used 

Industrial electricity prices in Italy are amongst the highest in the EU what 
gives strong incentive for EM - high energy prices usually create positive 
impulses for EM however they are criticised by EEIs seeking public 
compensation 

Strong steel industry association (Federacciai) (123 member companies in 
2017, which cover over 95% of the national production) 

High number of organisations with established EMS, e.g. ISO 50001, 
ISO 14001, EMAS however far behind Germany 

EM low-emission technologies in the steel sector are subject of R&D 
works 
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In Strategy 2017 it is aimed at increasing public resources allocated for 
R&D of clean-energy technologies - doubling investments in R&D of 
clean-energy technologies from €222 million in 2013 to €444 million in 
2021 

Potential penetration 
rate/market share of this 
technology 

Time to reach this stage 

Relatively low penetration of EM into steel industry due to high 
investment costs, long investment cycle, high business risk 

High share of EAF technology makes the industry higher energy efficient 
as compared with industries with BOF technology domination 

Assessment of the case as a 
success or a failure? Why? 

Success 

There are few reasons for success of Italian steel sector, which may be 
generalized to two main factors: 

• Growth of demand 

• Great level of quality 

In practice, Italy boasts several excellences in the steel industry, which 
involve not only the production but also the processing, for example, the 
welding of stainless-steel tubes is carried out by companies such as Siera 
that work by craftsmen and are tailored to individual customer 
requirements and needs 

The super-depreciation economic support mechanism for the 
technological and digital transformation of the processes in “Impresa 4.0” 
and also the solutions for energy efficiency are included 

EM is regarded as a means of reduction of operational cost 

EM is not priority in the steel industry practice 

Main technology, technological, 
infrastructure and knowledge 
barriers for this technology 

Were they overcome (in case of 
success) or not overcome (in case 
of failure) 

Cost as main driver of success 
orfailure or not

Some technological innovations applied in the steel industry demonstrate 
interest in technological progress 

Lack of breakthrough technology implemented at industrial scale, e.g. 
CCS 

A further shift towards EAF would thus help the steel sector move towards 
a circular value chain 

Well-functioning trade chambers, industrial associates supporting steel 
industry 

High share of RES in national energy mix encourages to use RES energy 
in EIIs, e.g. the steel industry 

Italy’s steel industry competes in global markets with producers who 
advantage from lower energy prices, less restrict environmental duties and 
labour costs 

Well-functioning networks closely co-operating with R&D institutions, 
e.g. private research institutions, academia, industrial laboratories 

Crucial actors that contributed 
to the success/failure of this 
technology 

Politicians:  

 Politically it is essential that Italy remains an important steel 
producing for economic, social and environmental reasons as 
well as for security of supply 

 Strong sustainable-oriented energy policy 
 Strong political support for climate policy 
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 Strong public support for sustainable-oriented power sector, e.g. 
for RES, energy efficiency 

 Political determination to build low-carbon Italy’s economy 
following the EC leadership policy 

 In 2017, Italy committed to close its coal plants by 2025; it is 
however currently unclear if this is a complete move to RES, or 
whether it might lead to an increased role for gas; any of these 
two will lead to increase in energy prices 

 R&D is a key element of Italy development  
 Traditional strong support for industry as a key element of 

export-oriented economy 
 Low public funding for R&D in low-carbon technologies in the 

steel sector 
 Lack of concrete EM measures in the steel industry in NEEAPs 

Industry:  

 Steel industry have low profit margins, due to the high fixed cost, 
overcapacity and unfair global competition 

 Steel industry is aware that energy efficiency is a key to 
competitiveness 

 Strongly export oriented steel industry 
 Insufficient information on EM, e.g. technologies, barriers, 

benefits, financing sources, risk, uncertainties 
 Not fully recognised benefits of EM in the Italy’s steel industry 
 Inability to implement EM due to impropriate internal 

organisation, e.g. lack of knowledge, lack of capital, incompetent 
staff, difficulties with knowledge transfer in large companies 

 Lack of own capital to finance large investments in core 
technologies 

 Volatile energy and raw material prices cause business risks 

Financial institutions: 

 Natural unwillingness of financial institutions to finance industry 
in crisis and not demonstrating convincing plans of recovery 

 Common politics of many institutions of withdrawing from 
financing high-emission investments 

 Ineffective use of EU ETS revenues for low-emission technology 
transition in industry and power sector 

Customers: 

 Some steel markets are getting demanding and in the case of 
strategic customers are not only ruled by “lowest price” – this 
give advantage for produces of high-quality products 

 Demand for bringing new products onto the market without 
obligation to trace “carbon-foot” 

Society: 

● There are few non-governmental and market actors, and sub-
national authorities supporting the steel industry 

 Low awareness of people of negative impacts of large industrial 
emissions except that from power sector 

 Strongly organised citizens’ movements supporting sustainable 
development of society 
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 Low recognition of the role of the EIIs, e.g. steel industry, in 
climate policy compared with e.g. stronger interest shown to 
power system 

 Inability to force introduction of external costs of energy into 
total costs of industry 

Institutions (or lack thereof) 
contributed to make this case 
study a success/failure  

Crucial role of particular 
governance aspects in the 
process 

Large size of the Italy’s steel industry (2th in the EU) 

The steel production capacity is stable. New two EAFs are planned 

Data shows high dependence of steel sector on the demand deeply 
fluctuating over years and easiness of falling in the trap of stranded assets 

Italy’s steel industry, alike as in other countries, is very sensitive to 
fluctuations on global markets, e.g.  surplus capacity in steel industry, 
energy and material prices 

Investments in R&D in the steel sector are relatively low in comparison 
with other sectors in manufacturing 

Well-educated research staff (academic, industrial) capable of taking part 
in large international research programs 

Close supplier-customer relations 

Research organisations, e.g. universities, strongly oriented on co-
operation with industry 

Effective framework of transmission innovation from research int industry 

High flexibility in logistics requirements (timely procurement to increase 
the quality of production and streamline the production process) 

Lack of “green” criteria in public procurement for steel what deters 
transition towards innovate and more sustainable production 

High quality of domestic products reduce the risk of replacement of 
domestic products by import (”carbon leakage” consequence) 

High energy prices as compared with other large global steel producers 
support EM as a means of cost reduction 

Slow deployment of BAT due to lack of legal or economic obligations 

EM as innovation driver is badly embedded in old business models (lack 
of premium for innovation risk) 

Policies measures or regulations 
contributed to making this a 
success or a failure 

Italy is one of the leading countries in energy efficiency policies 

Italy is on the path to strengthen its environmental sustainability, reduced 
GHG emissions, and improved the efficiency and security of its energy 
system: 

● RES covered 17.5% of gross final energy consumption 
● energy efficiency continued to grow: the GDP energy intensity 

dropped by 4.3% as compared to 2012 
● Italy’s dependence on foreign supply sources continued to fall: 

energy imports were down by 7 percentage points versus 2010, 
● there remains an energy cost gap between Italy and the EU, which 

puts Italy at a disadvantage 

Italy’s National Energy Strategy 2017 (strategy 2017) lays down the 
actions to be achieved by 2030 to meet the EU GHG emission reduction 
(in EU globally at least 80% from the 1990 level) 

Core targets of the Strategy 2017: reducing final energy consumption by 
a total of 10 Mtoe by 2030; reaching a 28% share of RES in total energy 
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consumption by 2030, and a 55% share of RES in electricity consumption 
by 2030; strengthening supply security; narrowing the energy price gap; 
furthering sustainable public mobility and eco-friendly fuels; and phasing 
out the use of coal in electricity generation by 2025 

Strategy 2017 envisages two specific energy efficiency targets for 
industry: 

• strengthening and streamlining the White Certificates Scheme 
• promoting the energy efficiency of SMEs, by renewing schemes for 

co-funding energy audits and energy management systems 

Moderate priority of steel industry decarbonisation as compared with 
other economy sectors, e.g. power sector, building sector, transport 

Positive, however insufficient, impact of EU ETS on innovation trend 
(low prices of emission allowances) 

Role of EU level innovation 
system/ EU regulation in the 
success/failure 

Steel industry rely mostly on process innovation that tends to follow 
predefined technological trajectories through incremental innovation 
aimed at enhancing productivity 

Italian manufactures participate in projects in steel industry co-financed 
by RFCS, 7FP 

Effective regulation on EM in industry, e.g. EEO (White Certyficate 
Scheme), obligation of appointment of energy manager in large energy 
consumers, energy audit obligation 

Plans to increase public and private financing of R&D on sustainable 
development in industry (Energy Strategy 2017) 

Reflection of the EU level case 
study to the experience of any 
particular country 

MSs may largely benefit from EU R&D programs unless they possess 
research capacities at the highest level 

National cases are much driven by EU policies, e.g. by energy, 
environmental policies; too less extent by innovation trends 

What main barriers do you 
think are currently not well 
represented in IAMs?  

Unclear impact of EU ETS on low-carbon technological progress in the 
steel sector after 2020 (Modernisation Fund, Innovation Fund) 

Lack of reliable benchmarks for the purpose of the EU ETS (free 
allocation option for the 10% best producers) 
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Part C - Lessons learned 

5. Cross-Cutting Lessons for Sector/Technology 
The following lessons should be mentioned in this context (European Commission 2019): 

 Need for a strong and targeted policy framework to plan the investments including 
the ex post assessment of effectiveness of the existing policy measures to ensure that 
the estimated savings are actually achieved.  

 Focus on addressing the remaining barriers for policy uptake to increase the 
effectiveness of the existing policies rather than developing new policy measures. In 
this context, targeted awareness raising campaigns would help reaching out to the 
consumers and communicating about the benefits associated with energy efficiency. 

 Capacity building and exchange of best practices using existing policy support 
instruments to facilitate policy implementation in the MSs through, for example, the 
Concerted Action, relevant Committees and workshops/ seminars.  

 More rapid and efficient absorption of funding under the European Investment and 
Structural Funds to support energy efficiency investments. Ensure better and targeted 
use of public financing thanks to dedicated support mechanisms –e.g. the Smart 
Financing for Smart Buildings (SFSB) initiative. Those include the development 
together with the EIB of flexible energy efficiency and renewable financing platforms 
that could be deployed at national level to allow more attractive financing options to 
final beneficiaries. 

 Capacity building of public and private stakeholders to develop large-scale 
investment programmes and financing schemes through the national roundtables, 
public events and webinars organised by EC as part of the Sustainable Energy 
Investment Forums, and finally use of project development assistance under the ELENA 
facility, to support project promoters to prepare ambitious and large-scale bankable 
investment programmes in the field of sustainable energy. 

Driving forces for Energy Management 

In general, energy efficiency, comprising EM, offers a triple-win outcome:  

1. reduced GHG emissions,  
2. saving on scarce natural resources and reducing their depletion, 
3. reduced energy costs.  

Benefits of energy efficiency are well identified in the literature (Campbell 2014). It is of 
paramount importance to activate the multiple benefits of energy efficiency (Figure 207). 
Besides saved energy costs, truly impact assessments must also take into account a number of 
other benefits (Campbell 2014). Unfortunately, some of them are hardly to be monetised and 
included in fair cost-benefit assessment communicated to the politicians and the public.  
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Figure 207. Multiple Benefits of Energy Efficiency 

Source: Capturing the Multiple Benefits of Energy Efficiency, International Energy Agency, 
2014 

Figure 208 shows that most of the savings come from measures that are cross cutting across 
more than one sector (such as taxes, building regulations applying to domestic and non-
domestic buildings, financial incentives applying to multiple sectors). In relation to the savings 
from measures targeting a single sector, the residential sector is responsible for the largest share 
of the savings. 

Figure 208. Breakdown of savings by target sector (ktoe) 
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Source: (Rosenow 2015). 

Barriers to Energy Management 

Seeking reasons for possible missing the 20% energy efficiency target for the EU in 2020, it 
was concludes that it may be caused by (European Commission 2019): 

1. Delayed implementation of energy efficiency policies. 

2. Difference in the estimated energy savings and the actual energy savings achieved. 

3. Insufficient consideration of the impact of behavioural aspects such as the rebound effect. 

4. Lack of funding for energy efficiency policies and restrictions by EU state aid rules. 

Assessing the situation in industry it was said “The volume of industrial production rose at an 
annual rate of 1.4% between 2013-2016, and accelerated to 3.4% in 2017, which partly have 
contributed to an increase in energy consumption by 0.3% between 2014-2016, and could drive 
the energy consumption further up in the coming years. The economic crisis led the industry 
sector to make structural changes in order to ensure cost-efficiency, which in turn was 
responsible for low energy consumption trends over the recent years. As part of the cost-saving 
measures, energy intensive companies have introduced energy saving measures and energy 
management systems that in several MSs were supported by financing incentives and fiscal 
measures, and in some cases well before the Energy Efficiency Directive was enforced”
(European Commission 2019). 

EIIs have been among the slowest in the EU to reduce their GHG emissions and invest in 
solutions to decarbonise and maintain technological leadership. The report is very critical on 
the approach of the EII to meeting to EU CO2 reduction goals (Julie-Anne Richards, Klaus 
Röhrig 2018). 

The EIIs are highly capital-intensive with an average investment cycle of 20 to 30 years hence 
they need predictability of energy costs so as to limit investment risks. Long-term electricity 
contracts between suppliers and customers, which provide such planning certainty, are possible 
under EU competition rules (European Commission 2013a). 

State aid is always a problem when concerning eligibility of public support in achieving EU 
goals in energy and environment. These guidelines (EUROPEAN Commission and Union 
2014) apply to state aid granted for environmental protection or energy objectives in selected 
sectors. 

In respect of energy costs faced by energy-intensive industries, MSs are encouraged to 
compensate indirect financing costs of RES energy support schemes as allowed under the 2014 
Energy and Environmental Aid Guidelines. The 2012 Emission Trading System (ETS) 
guidelines also allow MSs to offset higher electricity costs faced by some energy intensive 
industries as a result of ETS rules on electricity generators under certain conditions (European 
Commission 2016b).  

In some countries with large share of EEIs there are pledges for special treatment due to high 
energy costs or other forms of compulsory carbon mitigation, e.g. being a subject to energy tax 
or participation in the EU ETS. Possible exemption for common rules shall be combined 
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with clear demonstration of undertaking actions to reduce energy consumption by active 
implementation EM measures. Energy intensive companies should, for example, be 
privileged by rebates on energy taxes or levies to stay globally competitive. Following 
Germany’s example, beneficiaries should be required to introduce certified energy management 
systems (ISO 50001). Additionally, there should be systematic monitoring if cost-effective 
measures that were identified in energy audits as within those are implemented (Noll 2016). 

Analysing energy efficiency barriers, the IEA notices that many energy efficiency measures, 
technologies and practices are already highly cost-effective but are impeded by additional 
barriers such as (Waide and Gerundino 2007): 

 lack of awareness of the cost-effective savings potential, 
 missing or partial information on energy efficiency performance and lack of common 

metrics, 
 lack of consideration of system and process energy efficiency issues, 
 split incentives e.g. the different economic incentives which exist between landlords 

who procure energy using equipment and tenants who pay the energy bill, 
 the fact that energy efficiency is often a minor determinant of capital-acquisition 

decisions and is bundled-in with more important decision factors. 

According to the Climate Action Network Europe (CAN Europe), the EU’s energy-intensive 
industries take advantage of three different levers:  

● an excessive number of free allowances under the EU ETS, 
● “extremely generous” tax breaks, 
● fiscal support from European governments.  

CAN Europe claims that in total, energy intensive industry made over €25 billion in windfall 
profits from the EU ETS during 2008- 2015 (Julie-Anne Richards, Klaus Röhrig 2018). Iron 
and steel, refineries and petrochemical sectors are among the top beneficiaries (Table 118). 
Windfall profits made by companies due to EU ETS participation in the MS under 
consideration amount to €4,705 million in Germany, €2,441 million in Italy, €1,043 million in 
Poland, and €3,152 million in the UK in 2008- 2015. In this way inadequate EU ETS rules like 
combination of too high caps, overgenerous free allowances and accumulated surplus permits 
what kept the emission allowances low, have discouraged innovation and restructuring. 

Table 118. Profits made by energy intensive industry through the EU ETS 

Source: (Julie-Anne Richards, Klaus Röhrig 2018). 



468 

The advantage of EM introduction is its wide, comprehensive and broad approach to all 
energy related problems in a company. EM gives solutions or alleviation to all barriers 
identified in industrial energy efficiency related cases (Table 119). It suitably embraces and 
links the internal company’s energy efficiency with external impacts, signals and partners. 

Table 119 Barriers to energy efficiency and role of EM in alleviation of the barriers 

Category of 
barriers

Description of the 
associated  barriers

Role of EM in alleviation of the barrier 

Economic Low capital availability, 
investment costs, hidden 
costs, intervention-
related risks, external 
risks, intervention not 
sufficiently profitable

Continuously delivers reliable information of all 
energy related costs 

Limits business risk by taking investment 
decisions on results of reliable energy audits 

Introduces comprehensive cost-benefit assessment 
in the whole life cycle 

Identifies external costs of energy efficiency to 
produce full spectrum of benefits beyond energy 
saving 

Introduces novel schemes of financing energy 
efficiency investments, e.g. by ESCO, TPF 

Organisational Complex decision chain, 
lack of time and other 
priorities of top 
management, issues on 
energy contracts, lack of 
internal control, 
divergent interests 

Offers comprehensive framework to all energy 
related issues 

Clears decision chain and allocates decision to top 
managers making them responsible 

Involves top management introducing procedures 

Establishes system of internal control, energy 
management and verification 

Sets clear objectives for energy savings and equals 
them with other company’s priorities 

Information Issues on energy 
contracts, lack of 
information on benefits, 
trustworthiness of the 
information source, 
unclear information by 
technology suppliers

Upgrades information on energy to other vital 
information of company 

Generates reliable information 

Gives signals to suppliers on importance of energy 
efficiency in technology choice and evaluation 

Gives signal to clients of organisation’s energy and 
environmental concerns 

May introduce a system of benchmarks and best 
practices 

Behavioural Inertia, lack of sharing 
the objectives and 
interest in energy 
efficiency topic, 
imperfect evaluation 
criteria, other priorities  

Links energy efficiency criteria with other 
essential priorities and objectives 

Sets system of energy efficiency evaluation criteria 

May introduce internal competition in energy 
saving and among companies in global 
corporations 
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Competences Difficulties in gathering 
external skills to identify 
inefficiencies and 
opportunities in order to 
implement interventions 

Introduces internal energy managers 

Identifies lack of internal competence 

Induces staff trainings 

Helps to recognise external competence sources 

Builds steady co-operation channels with external 
partners 

Awareness Lack of personal 
environmental/energy 
concern, ignorance about 
energy efficiency topic 

Suitably links environmental and energy issues 
into one EMS, e.g. EMAS, ISO 14001 

Increase personnel awareness, e.g. by introduction 
of EMS and active top management involvement 

Technology Technology not adequate 
or compatible, and 
technology not available 

Introduces energy efficiency as important criterion 
in technology purchase procedure 

Indirectly increases market of energy efficient 
technologies 

Increases technological innovation by introduction 
high energy efficient technologies 

Source: Own work with barriers taken from (Odyssee-Mure, n.d.). 

Brunke et al. (Jean-Christian Brunke, Maria Johansson 2014) anaysed320 impact of four aspects 
that are associated with the adoption of cost-effective energy conservation measures in the 
Swidish steel industry: barriers, drivers, energy management practices and energy services. As 
the most important barriers they identified internal economic and behavioural barriers. 
While ESCO companies, in particular TPF, played a minor role. At the level of a company, 
high importance was attached to energy management as the most important drivers. Energy 
management practices showed that steel companies are actively engaged in the topic, but need 
to raise its prioritisation and awareness within the organisation. When sound EM practices are 
included, the cost-effective energy conservation potential was assesed as 9.7%, which was 2.4% 
higher than the potential for solely adopting cost-effective technologies. This findings indicate 
rather low energy saving potential however it shall be not foregotten that the Swedesh steel 
industry represents high level of technology. 

The SET-Nav project revealed (Hartner, Kranzl, and Fritz 2019) that today's energy 
decarbonisation measures, e.g. ncremental and BAT energy efficiency improvements, 
advanced energy and resource efficient processes, fuel switching, recycling and re-use, as well 
as material efficiency and substitution on EU industrial energy demand and CO2 emissions, are 
not sufficient to accomplish the decarbonisation in industry as planned for 2050, although a 
slow but continuous decrease of industrial CO2 emissions is expected in the EU up to 2030 and 
2050. The two transition scenarios considered, i.e. TRANS-CCS and TRANS-IPT, have proved 
a reduction of industrial CO2 emissions by 70% compared to 2015 (which is equivalent to 82% 
reduction compared to 1990). They concluded that the remaining energy efficiency potentials 
due to applying the BAT technologies are limited. Also, fuel switching even from the least 
emissive fossil fuel, i.e. natural gas, to RES energy is limited because of the high temperature 

320 They used questionnaires and follow-up telephone interviews to collect data from members of the Swedish 
steel association. 
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needed in some industrial technologies, insufficnet production of sustainable biomass and 
competition for biomass from other sectors. Although incremental improvements of energy 
efficiency and fuel switching are key elements of industrial decarbonisation, acting alone 
they are not sufficient to industry decarbonisation by 2050 as desired.

Therefore, they recommended to combine the GHG reduction options in steel and 
chemical industries with support for RES and energy efficiency in other sectors and 
companies. In the long-term, RES-based electricity (power-to-heat) can play a more important 
role, particularly if electricity generation exploits low emission technologies. However, 
electricity is not yet competitive with biomass even in the most ambitious transition policy 
scenario, meaning that replacing biomass by electricity would require policies that are more 
specific. Improved material efficiency and the circular economy may have a huge mitigation 
potential. Although, it is still unknow what an effective policy mix should be and this probably 
would enatial adoption of a wide range of individual measures across the whole economy. Well 
designed and widely accepted schemes (procedures) of EM may largely contribute to better 
understanding, accopmplishent and co-ordination of such crosssectorial, multidisciplinary 
tasks. It is among others suggested by the SET-Nav to remove barriers to energy efficiency by 
development of EM schemes, audits, soft loans, and energy service market to supplement other 
market-based policies and instruments to work effectively. 

Despite the commonly acknowledged advantages of EM its contribution to overall energy 
savings may be surprisingly disappointing. Thollander and Ottosson (Thollander and 
Ottosson 2010) found that energy-management practices in the Swedish pulp and paper 
industry and the foundry industry that only40% of the pulp and paper mills and 25% of the 
foundries could be considered successful in terms of energy management.  

The results of the study can be symbolically represented in the form of a table. However, it 
shall be stressed that such assessment is very much subjective since it is not based of any 
methodology using predefined set of criteria. 

Energy Management EU DE IT PL UK 

Steel industry 

Chemical industry 

Moderate impact of EM 

Positive impact of EM 

Case not considered 
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6. ANNEXES 

Annex 1 Literature review of definition of energy management 

Table 120. Selection of definitions of energy management in the literature321

Source Definition 

O’Callaghan & Probert, 1977, p. 
128322

Energy management applies to resources as well as to the supply, 
conversion and utilization of energy. Essentially it involves monitoring, 
measuring, recording, analysing, critically examining, controlling and 
redirecting energy and material flows through systems so that least power 
is expended to achieve worthwhile aims. 

Kannan & Boie, 2003, p. 946323 Energy management is the judicious and effective use of energy to 
maximize profits and to enhance competitive positions through 
organizational measures and optimization of energy efficiency in the 
process. 

Association of German 
Engineers, 2007, p. 3324

Energy management is the proactive, organized and systematic 
coordination of procurement, conversion, distribution and use of energy 
to meet the requirements, taking into account environmental and 
economic objectives. 

Capehart et al., 2008, p. 1325 To us, energy management is: The efficient and effective use of energy to 
maximize profits (minimize costs) and enhance competitive positions. 

German Energy Agency, 2010, 
p. 9326

Energy management is considered as the proactive and systematic 
coordination of procurement, conversion, distribution and use of energy 
within a company, aiming on continuously reducing energy consumption 
and related energy costs.327

321 Schulze M., Nehler H., Ottosson M., Thollander P., 2016, Energy management in industry: a systematic review 
of previous findings and an integrative conceptual framework - modified 

322 O’Callaghan, P. W., Probert, S. D., 1977. Energy management. Applied Energy 3 (2) 

323 Kannan, R., Boie, W., 2003. Energy management practices in SME – case study of a bakery in Germany. 
Energy Conversion and Management 44 (6) 

324  Association of German Engineers, 2007. VDI Guideline 4602 Part I. Energy management - Terms and 
definitions 

325 Capehart, B. L., Turner, W. C., Kennedy, W. J., 2008. Guide to Energy Management, 6th ed. The Fairmont 
Press, Lilborn 

326 German Energy Agency (2010). Handbook for corporate energy management – Systematically reducing energy 
costs. Berlin 

327 This definition is worth noticing as it takes other than technological aspects and objectives. 
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Abdelaziz et al., 2011, p. 154328 Energy management is the strategy of meeting energy demand when and 
where it is needed. This can be achieved by optimizing energy using 
systems and procedures so as to reduce energy requirements per unit of 
output while holding constant or reducing total costs of producing the 
output from these systems. 

Bunse et al., 2011, p. 668329 In our research we define ‘energy management in production’ as including 
control, monitoring, and improvement activities for energy efficiency. 

German Federal Environment 
Agency, 2012, p. 16330

Energy management comprises the total of planned and executed actions 
in order to ensure a minimum of energy input for a predefined 
performance. 

Ates & Durakbasa, 2012, p. 81331 Energy management (EM) is considered a combination of energy 
efficiency activities, techniques and management of related processes 
which result in lower energy cost and CO2 emissions. 

Campbell, IEA, 2014332 Energy management is the activity within the operation of industrial, 
commercial and public sector facilities of monitoring, auditing, managing 
and implementing improvements to systems that demand and consume 
energy. 

Mobhwa, 2013, p. 3333 Energy management is the collective term for all the systematic practices 
for minimize and control both the quantity and cost of energy used in 
providing a service. 

Idrissa and Nwazor, 2017, p. 
1075334

Energy management can be defined as the process of monitoring; 
controlling and conserving energy in a system. It also means planning and 
management of energy production and consumption units. 

Guide to Energy Management 
by Barney L. Capehart, Wayne 
C. Turner, William J. Kennedy 

Energy management is the judicious and effective use of energy to 
maximize profits (minimize costs) and enhance competitive positions. 

328 Abdelaziz, E. A., Saidur, R., Mekhilef, S., 2011. A review on energy saving strategies in industrial sector. 
Renewable and Sustainable Energy Reviews 15 (1) 

329 Bunse, K., Vodicka, M., Schoensleben, P., Brülhart, M., Ernst, F. O., 2011. Integrating energy efficiency 
performance in production management – gap analysis between industrial needs and scientific literature. Journal 
of Cleaner Production 19 (6-7) 

330 German Federal Environment Agency (2012). Energy management systems within practice – ISO 50001: 
handbook for companies and organizations. 

331 Ates, S.A., Durakbasa, N. M., 2012. Evaluation of corporate energy management practices of energy intensive 
industries in Turkey. Energy 45 (1) 

332 Campbell N. Capturing the Multiple Benefits of Energy Efficiency, IEA, 2014. 

333 Mobhwa C., ENERGY MANAGE MENT IN SUGAR INDUSTRY IN SOUTH AFRICA, Proceedings of the 
World Congress on Engineering, Vol I, WCE, July 3 - 5, 2013 

334 Idrissa A., Nwazor N. O., 2017. Optimisation of Energy Management in a Process Industry: a Case Study. 2017 
IEEE 3rd International Conference on Electro-Technology for National Development (NIGERCON) 
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Energy Management and 
Remote Energy Management, 
2015 

Energy management is also the strategy of adjusting and optimizing 
energy, using systems and procedures so as to reduce energy requirements 
per unit of output while holding constant or reducing total costs of 
producing the output from these systems. 

(Bielecki and Skoczkowski 
2018b) 

In general, energy management can be understood as using means and 
methods aimed at sustainable cost-effective utilization of available energy 
related all energy resources to improve the functioning of energy systems 
and efficient use of energy whereas the safe functioning of the energy 
system and energy supply reliability and quality are secured.335

Kanneganti H, et al. 
Specification of energy 
assessment methodologies to 
satisfy ISO 50001 energy 
management standard. Sustain 
Energy Technology

Energy Management is the systematic monitoring and control of energy 
related activities. 

(Schulze et al. 2016) Energy management comprises the systematic activities, procedures and 
routines within an industrial company including the elements 
strategy/planning, implementation/operation, controlling, organization 
and culture and involving both production and support processes, which 
aim to continuously reduce the company's energy consumption and its 
related energy costs. 

O’Callaghan and Probert 
(1977)336

Resources, as well as the supply, conversion and utilization of energy. 

Source: Own work. 

Schultze et al. (Schulze et al. 2016) made an extensive literature research of energy 
management in industry and classified the articles reviewed according to their content (Figure 
209). This figure well illustrates the main issues covered by EM which are much beyond the 
standard concept of EMS. The largest proportion of the analysed studies represents mixed-
industrial studies which include a wide range of different industry sectors (19 articles) out of 
44 articles together. Single-sector studies mainly focus on the chemical industry (three articles), 
the food processing industry, the iron and steel industry or the pulp and paper industry (two 
articles each). These in particular represent high energy-intensity sectors within the 
manufacturing industry, where a high potential for a reduction of energy use as well as related 
energy costs is located (Schulze et al. 2016). They proposed an integrative energy management 
framework comprising the previously identified five key elements and associated actions 
(Figure 210). 

335 This definition of EM is taken from a narrower definition of Q-power management (Q- power is the reactive 
electrical power). 

336 O'Callaghan, P., Probert, S., 1977. Energy management. Applied Energy, Vol. 3 (2): 127-138. 
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Figure 209  Structuring the content of the reviewed articles 

Source: (Schulze et al. 2016). 



475 

Figure 210 Framework of an integrative energy management 

Source: (Schulze et al. 2016). 
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Annex 2 NACEE 2 sector included 

For statistical purposes, industries are categorised by the United Nations according to a uniform 
classification code such as International Standard Industrial Classification of All Economic 
Activities (ISIC) Rev. 4 337 . In this document similar classification will be used, i.e. 
Nomenclature statistique des activités économiques dans la Communauté européenne
(NACE)338 (European Union 2006).  

Table 121. Classification of the selected industrial branches (Iron and Steel, Chemicals and Petrochemicals) in NACE Rev. 2 

Sector NACE Rev. 2 

Section 

Chemicals and 
Petrochemical 

20 Manufacture of chemicals and chemical products     

20.1 Manufacture of basic chemicals, fertilisers and nitrogen compounds, plastics 
and synthetic rubber in primary forms 

20.2 Manufacture of pesticides and other agrochemical products 

20.3 Manufacture of paints, varnishes and similar coatings, printing ink and mastics 

20.4 Manufacture of soap and detergents, cleaning and polishing preparations, 
perfumes and toilet preparations 

20.5 Manufacture of other chemical products 

20.6 Manufacture of man-made fibres 

21 Manufacture of basic pharmaceutical products and pharmaceutical preparations 

22   Manufacture of rubber and plastic products  

337 https://unstats.un.org/unsd/cr/registry/regcst.asp?Cl=27

338 NACE is derived from ISIC, in the sense that it is more detailed. Both classifications have exactly the same 
elements at the highest levels, but NACE is more detailed at lower levels. NACE has been also used to designate 
the various statistical classifications of economic activities developed since 1970 specifically in the EU. It provides 
the framework for collecting and presenting a range of statistical data according to economic activity in the fields 
of economic statistics and in other statistical domains. Statistics produced on the basis of NACE are comparable 
at the European level and the use of NACE is mandatory within the European statistical system.  
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Iron and Steel 24 Manufacture of basic metals 

24.1Manufacture of basic iron and steel and of ferro-alloys 

24.2 Manufacture of tubes, pipes, hollow profiles and related fittings, of steel 

24.3 Manufacture of other products of first processing of steel 

24.4 Manufacture of basic precious and other non-ferrous metals 

24.5 Casting of metals 

24.51 Casting of iron 

24.52 Casting of steel 
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Annex 3 Macroeconomic and energy statistics of chosen 
Member States in years 

Table 122. Macroeconomic statistics in EU-28, Germany. Poland, Italy and the UK (2005-2016) 

European Union 
(EU28) 

Unit 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 
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Gross Inland 
consumption (non-
energy uses included) 

m
il

li
o

n 
to

n
ne

s

2
30

,9
5

34

2
27

,6
8

68

2
20

,4
0

72

2
15

,8
1

81

2
03

,5
9

76

2
08

,6
0

25

1
95

,3
1

89

1
97

,8
4

55

1
96

,4
0

14

1
84

,1
8

25

1
84

,9
7

08

1
81

,6
8

33

Value added of industry 
at exchange rate 

M
€2

0
10

3
06

5
41

,6
7

94

3
07

5
55

,2
7

97

3
08

8
58

,4
8

3
04

9
48

,8
7

9

2
89

6
00

,0
7

5

2
95

9
71

,2
7

67

2
96

2
60

,8
7

68

2
90

6
13

,6
7

53

2
90

4
68

,8
7

53

2
95

5
36

,8
7

66

2
98

5
77

,6
7

74

3
01

4
73

,6
7

81

Source: Own work after Eurostat. 

In accordance with the EED (2012/27/EU), the EU MSs have set up national indicative targets 
that, collectively, should help the EU to reach its 20% energy efficiency target by 2020.  

In 2016, the cumulative final energy consumption for all MSs was 1,108 million tonnes (2%) 
more than the EU-28 2020 target of 1,086 million tonnes. The approximated trend suggests that 
in 2017 final energy consumption increased further, to 1,120 million tonnes, which is 2.6% 
higher than the EU-28 2020 target. MSs can update their targets in their national energy 
efficiency plans, although this is not specifically mentioned in the EED. By 2014, 18 of the EU 
MSs reached their indicative national targets and this has continued up to 2016.  

In 2016, final energy consumption in Germany and France was 22 and 16 million tonnes, 
respectively, above these countries' indicative national targets. In 14 of the EU-28 countries, 
such as Greece, Latvia, Poland, Portugal and Romania, final energy consumption in 2016 was 
below their indicative national 2020 targets. 
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Annex 4 Energy intensity in chosen Member States 

In this section the energy intensive industry (EII) is defined. The changes of the EII is analysed 
to see the possible carbon leakage (EASME 2015). 

Final total energy intensity 

Total final energy intensity is defined as total final energy consumption (consumption of 
transformed energy, i.e. electricity, publicly supplied heat, refined oil products, coke, etc., and 
the direct use of primary fuels such as gas or renewables, e.g. solar heat or biomass) divided 
by GDP at constant prices, e.g. in year 2010.

For a comparison of GDP and final energy intensity in a year between countries, the GDP 
figures can be taken at purchasing power parity (PPP) to eliminate the differences in price 
levels, allowing meaningful volume comparisons of GDP figures between countries. Industry 
energy intensity is defined as final industry energy consumption divided by industry gross value 
added (GVA) at constant prices. This excludes final energy consumption and GVA from 
construction. 

The following industries are considered to be energy-intensive: food, pulp and paper, basic 
chemicals, refining, iron and steel, nonferrous metals (primarily aluminium), and non-
metallic minerals (primarily cement). Together, they account for about half of all industrial 
sector delivered energy use.  

Sometimes the classification is more detailed and covers industries which include iron and steel, 
cement, chemicals, refineries, copper, aluminium, paper, ceramic, lime, ferro-alloy, chlor-
alkali, gypsum, metal, clay, petroleum, and glass producers. These sectors use a high proportion 
of the total energy consumed globally (37%) and in addition some industrial processes produce 
CO2 directly as a by-product, for example cement manufacturing.  

Energy intensive and non-intensive industries 

According to the “Energy Products Tax” directive339 (… an "energy-intensive business" shall 
mean a business entity ... where either the purchases of energy products and electricity amount 
to at least 3.0% of the production value or the national energy tax payable amounts to at least 
0.5% of the added value”.

According to the Swedish Energy Agency a company is classified as energy-intensive if it 
fulfils at least one of the following two requirements: 1) the cost of purchased and internally 
generated energy in the company amounts to at least three% of the company’s production value, 
and 2) the company’s energy, carbon and sulphur taxes amount to at least 0.5% of the 
company’s added value (Sannö et al. 2019). In turn, Rohdin et al. (Rohdin and Thollander 2006) 
provide a description of non-energy-intensive companies as those whose energy cost does not 
exceed two% of sales or 5% of production costs. The method of calculation of gross value added 
and electro-intensity at the level of the undertaking under is specified in Annex 4 to 
(EUROPEAN Commission and Union 2014).  

339 Directive 2003/96 EC, OJ L283 of 31.10.2003). 
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The US Energy Information Administration (EIA) groups industries into energy intensive and 
non-energy energy intensive (Table 123). 

Table 123. Energy intensive and nonenergy intensive industries according to EIA 

Source: U.S. Energy Information Administration | International Energy Outlook 2016. 

Choosing the most suitable industries for analysis, it was also of concern to look at the share of 
energy costs and other cost components in the total costs of enterprises for various sectors 
(Figure 211) and the sector energy intensity. Both indicators somehow reflect willingness of 
the sector to save energy (Error! Reference source not found.).  
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Figure 211. The share of energy costs and other cost components in the total costs of enterprises for various sectors in the 
Dutch economy 

Source: data compiled by Andrea Ramirez, Utrecht University. 
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 Annex 5 Energy efficiency measures in chosen Member 
States 

MSs have implemented or plan to implement 479 policy measures. Some countries notified 
very few policy instruments (e.g. Italy) whereas others such as Germany adopted 112 policy 
instruments respectively. Some MSs have notified a single policy measure for the 
implementation of Article 7: Denmark, Poland and Bulgaria, and Luxembourg notified only 
EEOs whereas Sweden exclusively uses energy/CO2tax. This shows that there are significant 
differences in how MSs comply with Article 7. There have been attempts to develop criteria 
for selecting optimal policy measures for compliance with the EED (Mikučioniene, Martinaitis, 
and Keras 2014) but in reality MSs do not use a consistent approach when deciding on which 
policy measures to implement. In many cases existing policies determine the selection of policy 
measures for compliance with Article 7 (75% of all policy measures (Rosenow et al. 2015)), 
although some MSs have decided to follow the implicit recommendation of Article 7to adopt 
EEOs (Rosenow et al. 2016). 

Table 124. Energy efficiency measures in the four EU-countries analysed 
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Germany 0 0 4 7 0 3 0 3 1 18 

Poland 1 0 0 0 0 0 0 0 0 1 

Italy  1 0 0 2 0 0 0 0 0 3 

United 
Kingdom 

3* 0 1 6 6 3 0 0 1 20 

*Includes two EEOS notified as early actions (the Carbon Emissions Reduction Target and the Community Energy Savings 
Target) and a new obligation scheme in place from 2013 (Energy Company Obligation) 



484 

Annex 6 International Energy Management standards 

The ENERGY STAR™ programme was established in the United States in 1992 by EPA. It is 
focused on the energy efficiency of products, homes, buildings, industrial plants and 
organisations. ENERGY STAR™ provides a certification based on the achievement of actual 
energy performance levels for a specific facility and provides guidance as per the steps to take 
for the development of energy management programs. ISO 50001, released by the ISO in 2011 
focuses on an organisation's ability to manage their energy sources and energy use. It provides 
a framework that enables organisations to improve their understanding of their energy use and 
consumption and subsequently improve their energy performance and reduce carbon emissions. 
SEP™ e Superior Energy Performance®- is a certification program established by DOE in 
2007. SEP™ promotes and verifies superior improvements in energy management and 
performance in industrial facilities that have already achieved ISO 50001 certification 
((Finnerty et al. 2018). 

Table 125. Comparison of energy policy guidelines in ISO 50001, ENERGY STAR™, and SEP™ 

Source: (Finnerty et al. 2018) 
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Denmark became the first country in the EU to adopt the national energy efficiency standard. 
Under the joint initiative of the Confederation of Danish Industrialists, the Danish Federation 
of Small and Medium-Sized Enterprises, the Danish Energy Agency, a number of scientific 
institutions and several organizations, the first national standard was written: 

● Denmark: Denmark 
o DS 2403: 2001 Energy Management – Specifications. 
o DS/INF 136:2001 Energy Management - Guidance on Energy Management (Energy 

Management - Management).  

This experience has successfully influenced a number of other countries. 

● Sweden 
o SS 627750: 2003 Energy Management Systems – Specification (Energy Management 

Systems - Specification). 
● Ireland 
o I.S.393:2005 Energy Management Systems - Specification with Guidance for Use 

(Energy Management Systems - Specification for Guidance on use). 

Accepted national standards immediately began to justify themselves and to provide positive 
growth indicators at enterprises. But these standards had certain differences due to features 
countries and the specifics of the management process, so in 2006 it was organized by a 
specialized working group CEN (the European Committee for Standardization) Thanks to CEN, 
which considered the standardization of the energy management system as an important step 
towards improving the energy efficiency of European industry, the European standard EN 
16001 was harmonized in the short term. Standard EN 16001: 2009 (Brussels, 10 September 
2009). 

A number of companies, applied in its work the principles of the relevant standard, even before 
its official promulgation (on a voluntary basis), significantly increased their own energy 
efficiency, which allowed them to be certified later in accordance with EN 16001: 2009. The 
success of the principles of standardizing industrial processes in advanced countries has led to 
increased interest in energy management and the development of similar national standards in 
other countries. As a result, many countries in the world have also developed their own 
standards, and the process of standardizing energy management has reached a global 
level.

This annex also provides a list of standards prepared by ISO/TC 301 Energy management and 
energy savings. This TC is dealing with standardization in the field of energy management and 
energy savings ( https://www.iso.org/committee/6077221.html ). 

ISO/IEC 13273-1:2015

Energy efficiency and renewable energy sources -- Common international terminology -- Part 
1: Energy efficiency  

ISO/IEC 13273-2:2015
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Energy efficiency and renewable energy sources -- Common international terminology -- Part 
2: Renewable energy sources  

ISO 17741:2016

General technical rules for measurement, calculation and verification of energy savings of 
projects  

ISO 17742:2015

Energy efficiency and savings calculation for countries, regions and cities  

ISO 17743:2016

Energy savings -- Definition of a methodological framework applicable to calculation and 
reporting on energy savings  

ISO 50001:2018

Energy management systems -- Requirements with guidance for use  

ISO 50002:2014

Energy audits -- Requirements with guidance for use  

ISO 50003:2014

Energy management systems -- Requirements for bodies providing audit and certification of 
energy management systems  

ISO 50004:2014

Energy management systems -- Guidance for the implementation, maintenance and 
improvement of an energy management system  

ISO 50006:2014

Energy management systems -- Measuring energy performance using energy baselines (EnB) 
and energy performance indicators (EnPI) -- General principles and guidance  

ISO 50007:2017

Energy services -- Guidelines for the assessment and improvement of the energy service to 
users  

ISO/TS 50008:2018

Energy management and energy savings -- Building energy data management for energy 
performance -- Guidance for a systemic data exchange approach  

ISO 50015:2014
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Energy management systems -- Measurement and verification of energy performance of 
organizations -- General principles and guidance  

ISO 50021:2019

Energy management and energy savings -- General guidelines for selecting energy savings 
evaluators  

ISO 50045:2019

Technical guidelines for the evaluation of energy savings of thermal power plants  

ISO 50046:2019

General methods for predicting energy savings  

ISO 50047:2016

Energy savings -- Determination of energy savings in organizations  

Standards under preparation by ISO/TC 301 Energy management and energy savings 

ISO/AWI 50003 [Under development]  

Energy management systems -- Requirements for bodies providing audit and certification of 
energy management systems  

ISO/DIS 50004 [Under development]  

Energy management systems -- Guidance for the implementation, maintenance and 
improvement of an energy management system  

ISO/AWI 50005 [Under development]  

Energy management systems -- Modular implementation of the energy management system 
ISO 50001 including the use of energy performance evaluation techniques  

ISO/AWI 50009 [Under development]  

Guidance for multiple organizations implementing a common (ISO50001) EnMS  

ISO/DTR 50044 [Under development]  

Energy Savings Evaluation -- Economics and financial evaluation of energy saving projects  

ISO/DIS 50049 [Under development]  

Calculation methods for energy efficiency and energy consumption variations at country, 
region and city levels: relation to energy savings and other factors  
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Annex 7 Public Procurement 

EU public procurement legislation 

EU public procurement legislation requires all public contracts above a certain threshold to be 
put out for tender respecting the principles of transparency, equal treatment and non-
discrimination. These rules were further simplified in 2014. Rather than only award a contract 
on the basis of the best price, authorities are encouraged to integrate qualitative criteria, demand 
innovative, energy saving solutions or insisting on sustainable and socially inclusive 
approaches.  

By 18 April 2016, MSs were obliged to transpose the following directives into national law: 

 Directive 2014/24/EU on public procurement (the ‘Classical Directive’)340, 
 Directive 2014/25/EU on procurement by entities operating in the water, energy, 

transport and postal services sectors (the ‘Utilities Directive’)341,

 Directive 2014/23/EU on the award of concession contracts (the ‘Concessions 
Directive’)342. 

Summary of the EU current legal framework, rules, thresholds and guidelines can be found at 
http://ec.europa.eu/growth/single-market/public-procurement/rules-implementation_en.  

The need to develop a procurement workforce with the capacity to continually deliver value for 
money is also stressed in the 2015 OECD Recommendation on Public Procurement. 
http://www.oecd.org/gov/ethics/OECD-Recommendation-on-Public-Procurement.pdf 

Public procurement is also a subject of international standardisation as recently ISO published 
ISO 20400, Sustainable procurement – Guidance 343- the world’s first International Standard 
for sustainable procurement which aims to help organizations develop and implement 
sustainable purchasing practices and policies. 

Types of public procurement addressing energy efficiency 
criterion 

340 Directive 2014/24/EU of the European Parliament and of the Council of 26 February 2014 on public 
procurement and repealing Directive 2004/18/EC, OJ L 94, 28.3.2014, p.65.

341 Directive 2014/25/EU of the European Parliament and of the Council of 26 February 2014 on procurement by 
entities operating in the water, energy, transport and postal services sectors and repealing Directive 2004/17/EC, 
OJ L 94, 28.3.2014, p.243. 

342 DIRECTIVE 2014/23/EU of the European Parliament and of the Council of 26 February 2014 on the award of 
concession contracts (Text with EEA relevance) (OJ L 94, 28.3.2014, p. 1). 

343 http://iso26000.info/iso20400/
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Public procurement refers to the process by which public authorities, such as government 
departments, regional and local authorities or bodies governed by public law, purchase works, 
goods or services from companies. (http://ec.europa.eu/environment/gpp/pubs_en.htm).

Further information on public procurement is available at: http://ec.europa.eu/growth/index_en

Energy efficiency may be one of the very many environmental criteria in public procurement. 
Art. 6 of the EED uses the term “…with high energy-efficiency performance”. Other EU 
documents use more terms covering Energy efficiency related to “green” or “circular” policies. 

Green public procurement (GPP) is defined by the EU as “a process whereby public 
authorities seek to procure goods, services and works with a reduced environmental impact 
throughout their life cycle when compared to goods, services and works with the same primary 
function that would otherwise be procured” (COM (2008) p. 400 “Public procurement for a 
better environment”). To procure in an environmentally-friendly way involves looking beyond 
short-term needs and considering the longer-term impacts of each purchase.

Circular public procurement is an approach to greening procurement which recognises the 
role that public authorities can play in supporting the transition towards a circular economy. 
Circular procurement can be defined as the process by which public authorities purchase works, 
goods or services that seek to contribute to closed energy and material loops within supply 
chains, whilst minimising, and in the best case avoiding, negative environmental impacts and 
waste creation across their whole life-cycle. 

ISO 20400 uses the concept of sustainable procurement defined as “procurement that has the 
most positive environmental, social and economic impacts possible over the entire life cycle. 

Note 1 to entry: Sustainable procurement involves the sustainability aspects related to the goods or services and 
to the suppliers along the supply chains. 

Note 2 to entry: Sustainable procurement contributes to the achievement of organizational sustainability objectives 
and goals and to sustainable development in general.”

Green Public Procurement in the public procurement 
directives 

In terms of GPP, the following sections of the public procurement directives are worth drawing 
attention to:

 Defining the requirements of a contract: Defining technical specifications is guided 
through Article 42 and Annex VII of Directive 2014/24/EU; and Article 60 and Annex 
VIII of Directive 2014/25/EU. 

 Use of labels: Conditions for using labels are laid out in Article 43 of Directive 
2014/24/EU; and Article 61 of Directive 2014/25/EU. 

 Lowest price award and life-cycle costing (LCC): Awarding public contracts on the 
basis of the most economically advantageous tender is provided as part of Article 67 of 
Directive 2014/24/EU; and Article 82 of Directive 2014/25/EU.  



490 

 Innovation partnerships: Where a contracting authority wishes to purchase goods or 
services, which are not currently available on the market, it may establish an innovation 
partnership with one or more partners. This allows for the research and development 
(R&D), piloting and subsequent purchase of a new product, service or work, by 
establishing a structured partnership. The procedure for establishing an innovation 
partnership is set out in Article 31 of Directive 2014/24/EU. 

 Consulting the market: The procurement directives specifically allow for preliminary 
market consultation with suppliers in order to get advice, which may be used in the 
preparation of the procedure. Article 40 of Directive 2014/24/EU. 

For further information on public procurement legislation and other relevant documents, please 
consult the website of DG Growth.

Benefits of Green Public Procurement  

The benefits associated with GPP are not limited to environmental impact, but can include 
everything from social and health to economic and political benefits 
(http://ec.europa.eu/environment/gpp/benefits_en.htm).

Environmental benefits

GPP allows public authorities to achieve environmental targets.

Public procurement can be instrumental in addressing environmental problems such as:

 Deforestation, (e.g. through the purchase of wood and wood products from legally 
harvested and sustainably managed forests).  

 Greenhouse gas emissions (e.g. through the purchase of products and services with a 
lower CO2 footprint throughout their life-cycle). 

 Water use (e.g. through choosing more water-efficient fittings). 
 Energy efficiency and resource use (by choosing products which are more efficient 

and implementing environmentally conscious design principles, e.g. cradle-to-cradle). 
 Air, water and soil pollution (by controlling chemicals and limiting the use of hazardous 

substances). 
 Waste (by specifying processes or packaging which generate less waste or encouraging 

reuse and recycling of materials). 
 Sustainable agriculture (e.g. by purchasing organically produced food). 
 Sustainable transport (e.g. by replacing existing vehicles with cleaner and more energy 

efficient ones). 

GPP sets an example to private consumers. 

 Green purchasing means setting an example for the general public and the private sector, 
and influencing the marketplace. Establishing a GPP policy, and communicating 
initiatives and their results, demonstrates that action in this area is possible and that it 
leads to positive outcomes. It can also encourage private sector organisations to use 
green criteria for their own procurement. 
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GPP raises awareness of environmental issues. 

 GPP can also act as a useful channel for raising environmental awareness by 
identifying the environmental impacts of a particular product/service throughout its 
life-cycle and providing information on the benefits of greener alternatives. 

Social and health benefits 

GPP improves quality of life. 

 Policies on GPP can improve services to the public and thus enhance quality of life. 
Cleaner public transport, for example, improves air quality. Reduced use of toxic 
chemicals in cleaning products provides a healthier working environment.

GPP helps establish high environmental performance standards for products and services 

 GPP can help drive higher quality standards for products and services, delivering 
better performance for public authorities and ultimately citizens. New products and 
services which have been developed to meet the requirements of GPP may also 
become popular with private consumers, improving overall standards.  

Economic benefits 

GPP saves money and resources when life-cycle costs are considered. 

 GPP often leads to savings over the whole life-cycle of a purchase- both for public 
authorities and for society in general. Purchasing more energy-efficient IT 
equipment can save money in many different ways: for example, lower electricity 
use and easier recycling or reuse at the end of its life. Similarly, a more energy and 
water-efficient building may cost more up-front, but will save money in the long 
run. 

For further information please see the section on Life-cycle costing (LCC) 

GPP provides incentives to industry to innovate

 Promoting green procurement gives important incentives for industry to develop 
'green' technologies and products and promote them in the market place. In 
particular, small- and medium-sized companies may profit from environmental 
procurement, as it offers an opportunity to find markets for their innovative 
solutions and products. 

GPP can reduce prices for environmental technologies 

 Introducing 'green' tendering criteria can influence the marketplace and result in new 
entrants in the field of environmental technologies and products - potentially 
resulting in increased competition and reduced prices. 

Political benefits 

GPP is an effective way to demonstrate the public sector’s commitment to environmental 
protection and to sustainable consumption and production 
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 A clear majority of the EU’s citizens perceive the protection of the environment as 
one of the Union’s key priorities*. A visible focus on 'greening' the purchase of 
products and services will therefore likely result in a positive perception of the 
administration and/or government in charge.

Publications on Green Public Procurement 

The EC has published a number of guide books on GPP, e.g. Public Procurement for a Circular 
Economy (2017), Buying Green! Handbook (2016), Collection of Good Practices on GPP, GPP 
at a glance. All available at http://ec.europa.eu/environment/gpp/pubs_en.htm

The informative service “GPP News Alert” brings news, good practice and stakeholder insights 
http://ec.europa.eu/environment/gpp/alert_en.htm

The following IEE projects were requested to provide quantitative data on their procurements 
in a structured way: 

 IEE-12-844 GPP2020: massive Upscaling of GPP implementation in 8 MS, train-the-
trainer and train-the-procurer seminars, helpdesks, networking events, model tender 
documents, energy & CO2 saving calculation tools (http://www.gpp2020.eu/home/); 

 IEE-12-708 PRIMES: Develop basic skills and provide hands-on support on GPP for 
small and medium sized municipalities in 6 MS, sing GPP2020 materials (http://primes-
eu.net/); 

 IEE-13-707 Green ProcA: Promote and monitor GPP in SEAPs in COM 
municipalities (http://gpp-proca.eu/). 

The following H2020 projects are requested to do the same: 

 GreenS (649860): Establishment of permanent supporting structures, G.PP.S. – Green 
Public Procurement Supporters (Supporting Units) within Energy Agencies in 7 MS 
(http://greensproject.eu/en/);  

 CEPPI2 5 (649720): Capacity building for city authorities to embed (PPI) principles 
within the normal procurement processes of cities (http://www.ceppi.eu/home/); 

 SPP REGIONS (649718): Creation and expansion of European regional networks of 
municipalities working together on sustainable public procurement (SPP) and public 
procurement of innovation (PPI), builds upon Primes and GPP2020 
(http://www.sppregions.eu/home/). 
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Annex 8 Energy audits 

The energy audits referred to in Art. 8 of the EED shall fulfil the following requirements: 

(a) be up-to-date, measured, traceable operational data on energy consumption and (for 
electricity) load profiles; 

(b) comprise a detailed review of the energy consumption profile of buildings or groups of 
buildings, industrial operations or installations, including transportation; 

(c) build, whenever possible, in life-cycle cost analysis (LCCA) instead of Simple Payback 
Periods (SPP) in order to take account of long-term savings, residual values of long-term 
investments and discount rates; 

(d) be proportionate, and sufficiently representative to permit the drawing of a reliable picture 
of overall energy performance and the reliable identification of the most significant 
opportunities for improvement. 

Energy audits shall allow detailed and validated calculations for the proposed measures so as 
to provide clear information on potential savings. The data used in energy audits shall be 
storable for historical analysis and tracking performance. 
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Annex 9 Barriers to energy efficiency  

Market failures 

To establish guidelines ensuring that aid measures achieve the common objective, MSs should 
identify the market failures hampering an increased level of environmental protection or a well-
functioning secure, affordable and sustainable internal energy market. Market failures related 
to environmental and energy objectives may be different or similar, but can prevent the 
optimal outcome and can lead to an inefficient outcome for the following reasons
(EUROPEAN Commission and Union 2014): 

(a) Negative externalities: they are most common for environmental aid measures and arise 
when pollution is not adequately priced, that is to say, the firm in question does not face the full 
cost of pollution. In this case, undertakings acting in their own interest may have insufficient 
incentives to take the negative externalities arising from production into account either when 
they decide on a particular production technology or when they decide on the production level. 
In other words, the production costs that are borne by the undertaking are lower than the costs 
borne by society. Therefore, undertakings typically have insufficient incentive to reduce their 
level of pollution or to take individual measures to protect the environment.  

(b) Positive externalities: the fact that part of the benefit from an investment will accrue to 
market participants other than the investor, will lead undertakings to underinvest. Positive 
externalities may occur for instance in case of investments in eco-innovation (39), system 
stability, new and innovative renewable technologies and innovative demand-response 
measures or in case of energy infrastructures or generation adequacy measures that benefit 
many MSs (or a wider number of consumers).  

(c) Asymmetric information: this typically arises in markets where there is a discrepancy 
between the information available to one side of the market and the information available to 
the other side of the market. This could for instance occur where external financial investors 
have a lack of information about the likely returns and risks of the project. It may also come up 
in cross-border infrastructure collaboration where one party has an information disadvantage 
compared to the other party. Although risk or uncertainty do not in themselves lead to the 
presence of a market failure, the problem of asymmetric information is linked to the degree of 
such risk and uncertainty. Both tend to be higher for environmental investments with a typically 
longer amortisation period. It might reinforce a focus on a short-term horizon that could be 
aggravated by financing conditions for such investments in particular for SMEs.  

Respect for the “polluter pays principle” (“PPP”)344 through environmental legislation ensures 
in principle that the market failure linked to negative externalities will be rectified 
(EUROPEAN Commission and Union 2014). 

Market failures as identified in (EUROPEAN Commission and Union 2014) are particularly 
relevant for resource efficiency. In addition, market failures in that area are not often addressed 

344 ‘the polluter pays principle’ or ‘PPP’ means that the costs of measures to deal with pollution should be borne 
by the polluter who causes the pollution.; (EUROPEAN Commission and Union 2014). 
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by other policies and measures, such as taxation or regulation. State aid may in such cases be 
necessary (EUROPEAN Commission and Union 2014). 

Barriers to energy efficiency 

Table 126. Barriers to energy efficiency 

Source: (Finnerty et al. 2018)

Taxonomy of barriers to energy efficiency 

Table 127. Synthesis of the taxonomy of barriers to energy efficiency adopted for empirical investigation 
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Source: (Cagno and Trianni 2014) 

Table 128 Literature review of recent empirical studies focused on barriers to industrial energy efficiency 
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Source: (Cagno and Trianni 2014) 
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Figure 212. Analysis of perceived barriers by total sample 

Source: (Cagno and Trianni 2014). 
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Annex 10 Drivers to energy efficiency in industry 

The IEA distinguishes different types of benefits due to energy efficiency (Campbell 2014): 

Non-energy benefits (NEBs) is a term that has been commonly used (particularly in the United 
States) to describe the benefits of energy efficiency beyond traditional energy savings. This 
concept is distinct from “multiple benefits”, which refers to all benefits arising from energy 
efficiency, including traditional energy-related benefits and benefits in other areas.  

Benefit-cost ratio is the ratio of monetised outcome benefits to project investment costs (it can 
be understood interchangeably with cost-benefit ratio, used in some publications). This 
calculation is the result of a benefit-cost analysis, a commonly used method for assessing 
whether a policy delivers good value or return on investment for its actual cost  

Ancillary benefits/co-benefts have been traditionally used to describe the impacts of energy 
efficiency beyond reductions in energy demand – i.e. the benefits that occur in addition to a 
single prioritised policy goal. These terms have been used interchangeably with multiple 
benefits in other literature. 

Net benefit is the measure of the value of an outcome after the cost of delivering the outcome 
has been counted for and deducted. 

EM is one of the key policy actions (instruments) recommended for energy efficiency 
improvements in industry by the IEA (Table 129). 

Table 129 Policy actions to enhance industrial energy efficiency 

Source: Tracking Clean Energy Progress 2015, IEA. 

Table 130. Summary of drivers to energy efficiency projects in manufacturing organisations 
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Source: (Finnerty et al. 2018) 

Table 131. Summary of examples of non-energy benefits of energy efficiency investments 

Source: (Finnerty et al. 2018). 
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Annex11 Benefits of industrial energy efficiency 
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Figure 213. Benefits from industrial energy efficiency projects 

Source: Capturing the Multiple Benefits of Energy Efficiency, International Energy Agency, 
2014. 
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Source: Capturing the Multiple Benefits of Energy Efficiency, International Energy Agency, 
2014. 
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Annex 12 Impact of the EU ETS 

Combustion installations are the main source of EU ETS emissions, emitting 1,163 million 
tonnesCO2e in 2017 (Figure 214), 66% of the total verified emissions. Overall emissions in the 
EU ETS rose by 0.2% in 2017 compared with last year. Although emissions from the 
combustion sector declined by 0.3 %, emissions from the industrial sector increased by 1.1%. 
The overall increase in industrial emissions was recorded in 2017. 

Emissions from iron and steel installations accounted for 152 million tonnes CO2e in 2017, 
followed by cement and lime installations (152 million tonnesCO2e), refinery installations (127 
million tonnes CO2e) and chemical installations (79 million tonnes CO2e). 

Source: EEA, (European Environment Agency (EEA) 2018). 

In 2017, the 30 highest emitting industrial plants that are not power plants emitted 145.7 million 
tonnes CO2e, 25 % of the total industrial emissions. The highest emitting industrial plants are 
spread out across Europe, with no single country dominating the list. However, all of the top 
seven industrial emitters belong to the iron and steel sector. Overall, this sector accounted 
for 74% of the total emissions by the 30 highest emitting industrial plants, followed by refinery 
installations with 22% and chemical installations with 4% (European Environment Agency 
(EEA) 2018). 

Figure 215 shows that in 2017 the iron and steel sector received around 28 million tonnes 
more free allowances than it emitted, whereas the refinery sector received around 31 
million tonnes fewer free allowances than it emitted. Emissions have also been higher than 

Figure 214 EU ETS emissions by main activity type in 2017
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allowances (albeit to a lesser extent) in sectors such as chemicals, other metals (including 
aluminium) and other non-metallic minerals. However, the balance between free allocation and 
verified emissions by sector importantly depends upon the way in which waste gases are 
reported under the EU ETS. The fact that the majority of the sectors had less emission 
allowances allocated for free in 2017 than their verified emissions shows that the cap on 
emissions and thus the level of free allocation is continuously tightened through the so-called 
cross-sectoral correction factor whereas industrial growth returns to the EU. Industrial 
installations, however, continue to receive a large number of free allowances (based on 
historical production volumes, product-specific benchmarks and an installation's “carbon 
leakage” status) and industries could build up a reserve of allowances over several years after 
lower than expected output following the economic recession. 

Figure 215. Balance of free allocation and emissions, industrial sectors, 2017 

Source: EEA, (European Environment Agency (EEA) 2018). 
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In the first trading period, the verified emissions of installations in the cement and lime sector 
and the iron and steel sector increased by 7% and 6%, respectively. The verified emissions of 
most of the remaining sectors were more stable during the first trading period. All of the 
industrial activities covered by the EU ETS for the EU-25 experienced a decline in their verified 
emissions during the second trading period. The iron and steel sector and the cement and lime 
sector also experienced a sharp drop in verified emissions of 29% and 19%, respectively, in a 
single year (2009). During the third trading period, emissions across the various industrial 
sectors have stabilised at levels similar to those observed at the end of the second trading period 

The emission reductions of industrial installations since the start of the second trading period 
are primarily due to lower levels of output following the economic recession in 2008. This can 
be clearly observed in the 2008/2009 changes to the production volume index for all sectors in 
Figure 216. Secondary explanatory factors, such as improvements in energy efficiency and the 
increased use of biomass and waste as energy sources in production, may have further 
contributed to lower emissions levels. During the third trading period, the emissions and 
production volumes were relatively flat, but over the past 2 years emissions have started to 
increase as output has risen in response to improved economic conditions. The lower abatement 
by industrial installations than by combustion installations may reflect both higher abatement 
costs than the current EUA prices and relatively lower output levels in previous years, which 
have somewhat reduced the need for abatement in the short term. However, to ascertain the 
extent to which the EU ETS reduced specific emissions of production, a comprehensive review 
of transparent and comparable data on both production levels and verified emissions would be 
required for each of the industrial sectors  

Figure 216. EU ETS emissions by main industrial activity in the EU-25 (2005-2017) 
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Source: EEA, (European Environment Agency (EEA) 2018). 

The revision of the EU ETS as proposed by the EC caters even more for innovation, which is 
essential to support the efforts of the EU, MSs and industry. It foresees specific low-carbon 
funding mechanisms to support innovation: by the end of the decade an Innovation Fund with 
450 million allowances will be made operational and allow companies to apply for funding of 
projects to support large scale demonstration of breakthrough low-carbon technologies 
(European Commission 2016b). 
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Annex 13 Activities covered by the EU ETS 

General rules of functioning 

The EU has plans to reduce its greenhouse gases (GHG) emissions by 20% in 2020, by 40% in 
2030 and then even further by 80–95% by 2050, against 1990 levels. Nowadays the main policy 
instruments used by the EU in its efforts to reduce GHG emission are the EU Emission Trading 
Scheme (EU ETS) and the Effort Sharing Decision (ESD)345. The EU ETS related legislation 
started with Directive 2003/87/EC (EU ETS Directive). The EU ETS Directive as amended 
now precisely defines the mechanisms of allocation of the allowances. These are two: free 
allocation and auctioning. 

Since 2013 the main way of allocating allowances is the auctioning sales considered the most 
transparent and equitable method of allocating allowances and implements the principle 
„polluter pays”.

Free allocation is based on ex ante benchmarks, developed by the EC in consultation with 
industry sector for products not for sector or output. Free allocation is not foreseen for the 
electricity production. Provisions of art. 10(c) (article numbers are referred to the EU ETS 
Directive) specific for electricity sector are discussed in section 6. 

Free allocation is conditional - at least 50% of the revenues generated from the auctioning of 
allowances should be used for the following purposes: reduction of GHG emissions; 
development of RES, and other technologies contributing to the transition to a low-carbon 
economy; measures to avoid deforestation and increase afforestation and reforestation; forestry 
sequestration; capture and geological storage; a shift to low-emission and public forms of 
transport; research in energy efficiency and clean technologies; improvements in energy 
efficiency and insulation; covering of administrative expenses of the management of the 
European scheme. MS are required to inform the EC about how they use these proceeds.  

Allowances granted free of charge to the manufacturing industry are passed on to companies 
on the basis of harmonized rules to ensure equal treatment for this type of installation in the 
EU. 

Installations in sectors and sub-sectors, which are considered to be exposed to a high risk of 
“carbon leakage”346, are subject to special rules in order to support their competitiveness. 
Those meeting the requirements of the benchmarks, as a rule, receive free of charge all the 
needed allowances, depending on their historical emissions, for the whole period 2013-2020. 
Installations failing the benchmarks, receive proportionately lower allocation of free 
allowances in relation to their emissions so they are forced to reduce emissions or buy more 
allowances.  

345
http://ec.europa.eu/clima/policies/effort/documentation_en.htm  

346 The term " cabon leakage" refers to a situation that may occur if, for reasons related to the costs of climate 
policies the company shifted production to other countries with fewer restrictions on GHG emissions. This can 
lead to an increase of total emissions. 
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In sectors, which are not considered to be exposed to a significant risk of “carbon leakage”, 
other than energy, transformation for the fully auction system takes place progressively. The 
best 10% of the GHG installations for a given product in 2007-2008 are granted with more 
allowances than the others. Unites, placed in the top band of benchmark as a general rule 
received free of charge 80% of allowances, which they needed in 2013. This percentage is 
reduced each year and in 2020 is to be 30% with the intention to be totally ceased by 2027 
(article 10(a)). Installations which do not achieve the level set by benchmarks receive 
proportionately lower quantity of allowances. This system rewarding the best installations is 
designed as an additional incentive for companies to reduce emissions. In aviation throughout 
the all period 2013-2020 only 15% of allowances will be sold at auctions. Allowances not 
allocated free of charge will be sold at auctions. 

EC recently proposed EU ETS Reform 

In July 2015 the European Parliament agreed to reform the EU ETS operation in the 4th phase. 
The EC announced 15 July 2015 a proposal to revise the EU ETS based on the previously 
agreed MSR. 

The proposal aims at: 

 Revision of the EU ETS Directive in a manner to ensure emissions in the EU ETS are 
reduced by 43% below 2005 levels by 2030. 

 Promotion of low-carbon innovation and establish, for industrial sectors, appropriate 
provisions to address the potential risk of carbon leakage in the absence of comparable 
climate policy measures in other major economies. 

 Implement further EU ETS-related aspects of the 2030 climate and energy policy 
framework. 

The main changes embrace change of the annual rate at which the overall number of emission 
allowances will decline, revision of procedures on free allocation to carbon-leakage endangered 
industry based on predictable, robust and fair rules, the establishment of a modernization and 
an innovation funds, and optional free allocation of allowances to modernise electricity 
generation in some MS.  

The linear factor by which total amount of allowances decreases is set to 1.74% annually (2008-
2012). It aims at 70% reduction in the EU ETS by 2050, which is not in line with the EU’s 
agreed long term objective of 80…95% reduction by 2050 as compared to 1990. To meet the 
overall EU 40% target for 2030 (it demands 43% GHG reduction target in the EU ETS in 2030) 
the limit of GHG emissions will have to be lowered by 2.2% per year from 2021 onwards. This 
change will give an additional reduction of around 556 million tonnes of GHG in the period 
2021-2030 compared to the current annual decline of 1.74%. 

The allocation of free allowance will be kept although to better management of the system it is 
proposed to introduce (a) a more frequent alignment of the free allocation to production data; 
(b) updating the benchmarks used to calculate the free allocation; (c) list of sectors receiving 
the highest share of free allocation will be more targeted to those most exposed to the potential 
risk of “carbon leakage”. 
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Submission of the proposal had been proceeded by a public consultation on revision of the 
EU ETS Directive for the period after 2020 launched by the EC in 2014. The conclusions of 
this consultation are publicly available. 

The new rules are intended to solve the problem of imbalance between supply and demand in 
the market allowances, which inhibits the incentives for low-carbon investments in the EU. 

This is the first step towards achieving the EU's target for reducing GHG emissions by at least 
40% on the domestic market as its contribution to a new global climate agreement. The change 
has to rectify the current inefficiencies of the EU ETS and prove that it still remains the most 
effective system to limit GHG emissions in the post-Paris coming decade. The reformed 
EU ETS should inspire other international partners to use GHG prices as the driver for gradual 
but continual decarbonisation process of economies. The revised system should provide 
stronger incentives for innovation and restore the European industry competitiveness on global 
markets. Funding for low-carbon technologies are foreseen as support to countries with lower 
income. This will help to further stimulate the exploitation of RES and other low-carbon 
technologies, and energy efficiency which next to decarbonisation are key objectives of the EU. 
Implemented change of the EU ETS based on the MSR will strengthen the functioning of the 
electricity market in Europe, what will ensure, that energy will be delivered to customers in the 
most economical way.  

Looking at the planned changes and whereas recently adopted solutions designed to bring about 
changes in the prices of GHG emission allowances, one can certainly predict that allowance 
prices will rise. Assessing the market of GHG emission allowances in the long-term 
perspective, and assuming that, in accordance with the plans every year the EU will reduce 
emissions by roughly 1.1%, it is to be found that at the end of 2030 there will be surplus of 
allowances of nearly 400 million. Currently, surplus of GHG emission allowances amounts to 
more than 2 billion ones, with the price of more than 8 €/tonne. So, if we assume that in 2030 
the surplus will be 400 million, it means that the surplus will be small and one can estimate the 
price. This could be considered as an optimal state. However, we must remember that the MSR 
is at the same time about 3 billion weaned from carbon market.  

There is a real chance that the return to standard volumes auction will develop supply pressure 
and come to a stop the observed allowance price increase.  

The mechanism of national implementing measures provides for the possibility of applying for 
allocation of free emission allowances for production other than electricity generation. To 
calculate the amount of allowances specific formulae is used which indicates that over the 3rd

phase, some 43% of the total phase allowances of the 3rd phase (6.6 billion pieces) are to be 
allocated for free to industrial installations. 

The EU aims to integrate the EU ETS with similar systems operating in other countries. The 
principles of the merger, for example with Australian system have been already agreed. The 
EU ETS can afford to collect €80 billion for the combat with climate change. The EC expects, 
that part of the proceeds from emissions trading of the GHG, will be spent on financing climate 
projects in developing countries. 

Back-loading 
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To instantly counteract this negative phenomenon the EC proposed rather temporary 
solution - the so-called “back-loading”, (November 2012). It is merely administrative 
intervention in the GHG market consisting in the postponing of a certain fraction of the 
auctioned allowances. This intervention would make the EU ETS more insensitive to the 
imbalance between supply and demand of emission allowances. In December 2013 the 
European Parliament supported use of the back-loading, which started its operation in March 
2014. The European Parliament agreed to shift some allowances due to be auditioned in 2014-
2016 to be sold later in 2019-2020. 

This would, however, not affect the total amount of the allowances, which are structurally in 
surplus, and as only shifted in time they remain looming over the market. 

Despite the step it was commonly agreed that in the long-term this surplus continues to threaten, 
and undermines the right functioning market of the allowance.  

Market Stability Reserve 

Exploring further the long-term options, after public debate on the EU ETS, the EC limited the 
number of the options and proposed (January 2014) the so called Market Stability Reserve 
(MSR) to operate in the 4th phase. Effect of the MSR, is based on the assumption, that if the 
total number of allowances on the market exceeds a certain limit, the allowances will be shifted 
from the market to the stability reserve. If necessary, allowances would be restored on the 
market.  

At the time, when the number will exceed 833 million units in the year, from September of the 
following year by another 12 months oversupply in the amount of 1% per month will be phased 
out. In the opposite situation, part of the allowances will return on the market. It is now accepted 
rule that if a surplus on the market falls below 400 million, the powers of the reserve will be 
placed back on the market. The current surplus is more than 2 billion pieces (in 2013, this 
surplus was 2.1 billion; in 2014 it was reduced to some 2.07 billion; with no back-loading the 
surplus in 2014 would almost reach 2.5 billion allowances). However, allowances withdrawn 
so far in the framework of back-loading in quantity of 900 million will now be transferred to 
the MSR. It is believed this step will contribute to the rise of allowance prices.  

Higher rate of the allowances will necessitate restructuring of budgets in the EU ETS covered 
companies. They will be compelled to increase energy efficiency and invest in RES, to reduce 
the costs of purchase of GHG emission allowances. It is envisaged that energy-intensive 
industries remain to a large extent relieved from these higher costs to stay globally competitive 
since they are able to receive 6.3 billion free allowances worth up to €160 billion. It is envisaged 
that unallocated 550…700 million allowances will be shifted to the MSR in 2020. 250 million 
of the unallocated allowances from 2013-2020 will support a reserve for new and developing 
installations. The European Parliament and the Council approved the MSR in October 2015. It 
is worth noting that this decision coincided with adoption of the Communication on a 2030 
Climate and Energy Policy Framework setting higher reduction limit (i.e. 40% in 2030).  

It was also agreed that the total number of allowances will be reduced at the rate of 2.2% every 
year starting from 2021.  
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Under the auctioning system companies are forced to buy a steadily increasing proportion of 
their allowances at auctions. According to the EU plans, full auction will become effective by 
2027. However, eight MSs which joined the EU in 2004 or later, namely Bulgaria, the Czech 
Republic, Estonia, Cyprus, Lithuania, Hungary, Poland and Romania will remain the 
opportunity to use limited number of free allowances for power plants until 2019. In return, 
these countries are obliged to invest at least the equivalent of the free allowances in the 
modernization of the energy sector. Because of the lion share of the energy sector in the EU ETS 
emissions, it can be assumed, that from 2013 on, more than 40% of the total quantity of 
allowances will be sold at auction system. This amount takes into account the free transfer of 
entitlements in the eight MS. From 2013 onwards, 88% of allowances to be auctioned are 
distributed among MS in according to their shares, which were calculated on the basis of 
verified emissions from installations covered by the ETS in 2005. 10% will be distributed 
among the least affluent MS (19 MSs including Poland) as an additional source of allowances, 
in order to support from these revenues investments in these countries to reduce GHG emission 
and for adaptation of their economies to climate change policy. The remaining 2% of the 
allowances will be distributed as bonus, to those MS which, succeeded until 2005 in reducing 
GHG emissions by at least 20% in relation to their commitment in the Kyoto Protocol (Kyoto 
bonus). These are Bulgaria, Czech Republic, Estonia, Lithuania, Latvia, Hungary, Poland, 
Romania and Slovakia. It is assumed that the allowances issued starting 2013 shall be valid for 
the entire 3rd trade period (2013-2020). These general rules are subject to some exceptions laid 
down in art. 10 (a), (b) and (c) of the EU ETS Directive which allows free allocations to specific 
sectors when certain conditions are met. 

The MSR triggering mechanism is explained in Figure 217. The figure shows a schematic 
representation of projected allowances in circulation (size of the cumulative allowance surplus) 
that serves as the basis for intervention conditional on two quantity-based triggers (red and 
green line). 

Figure 217. The Market Stability reserve (MSR) triggering mechanism 

The legal framework around the reserve gives no discretion to the EC making the system fully 
transparent. 

The MSR was supposed to be established in 2018 and started operation at the beginning of 2019 
(the EC proposed 2021). Allowances, which by 2020 were suspended as part of back-loading 
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or have not been used, will be in reserve instead hit the carbon market. The MSR has been 
expected to contribute to a stable operation of the EU ETS to send proper signal to the investors. 
In time its operation should be limited to minimum to return to entirely market based operation. 

Modernization Fund 

Being aware of the high investment needs relating to energy efficiency and the modernization 
of energy systems in lower income MS, the Modernization Fund will be set up.  

Between 2021 and 2030, 2% of the allowances, approximately 310 million, will be lay by to 
establish the fund with contribution from all MS. The criterion for the fund eligibility was 
limited to MS with a GDP per capita of less than 60% of the EU average (in 2013), all in total 
10 MS including Poland. 

Innovation Fund  

To support investments in energy efficiency, RES, CCS and other low-carbon innovation in 
energy intensive industry, the Innovation Fund will be established after 2021. 

It will be supported with 400 millions allowances of estimated market value of €10 billion. In 
order to enable the investments earlier. i.e. before 2021, a further €50 millions of the 
unallocated allowances from 2013-2020 will be reserved to support breakthrough technologies 
in industry. 

Despite of all these efforts the EC is aware of the need for further possible reforms of the system 
based on experience which should be considered post-2020. These can embrace: 

 the validity of allowances across EU ETS phases; 
 the possibility for MS to exclude certain small installations from the EU ETS and subjecting 

them to equivalent measures; 
 the sustainable funding of the Union-wide single registry for the EU ETS. 

These efforts illustrate the wish of the EC to reduce GHG emission whereas support 
technological shift to low-carbon path. 

Firstly, it is not recognised and underestimated that climate change policy is the main drive for 
technology change in the pursuit to low-carbon economy. The following technologies fall into 
the category: 

 End-use energy efficiency (thermal integrity of buildings, lighting, electric appliances, 
motor drives, heat pumps, etc.). 

 Renewable energy in centralized and decentralized power generation, indirect heating 
and cooling applications, as well as for blending with petrol or diesel oil. 

 Supercritical coal plants, advanced gas combined cycle plants and combine heat and 
power production (CHP). 

 CCS. 
 Nuclear energy including 3rd and 4th generation of reactor technology. 
 Advanced transmission and distribution grids and smart metering. 
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 Plug-in hybrid and battery/full electric vehicles, both for passenger and freight road 
transportation (light commercial vehicles). 

 Improvements in conventional engines in transport. 

In addition, there is a list of other technologies that requires further R&D phase before entering 
the market, e.g. solar photovoltaics (PVs), remote offshore wind, demand side technologies. 

The back-loading can be considered as an ad-hock measure only applicable within the 3rd phase 
of the EU ETS. It is not likely that in long-term it can restore the balance between supply and 
demand in the allowance market.  

Therefore, the EC came up with the proposal of establishing the MSR to be put into action 
beginning the 4th phase of the EU ETS. Under the proposal, energy intensive industries will 
continue to receive free carbon emissions allowances, as compensation for the EU’s stricter 
climate rules, but fewer will be granted and fewer industries will qualify for them. The annual 
rate at which it reduces allowances, compared to the current EU ETS trading period, will also 
be speeded up.  

Around 45% of the European Union’s output of GHG is regulated by the EU ETS which 
covered 11,781 stationary installations in most industrial sectors. The scope of the EU ETS 
includes all combustion installations exceeding 20 MW and all installations in which the 
activities listed in Annex I of the ETS Directive are carried out (European Commission 2003). 
The total emissions of all stationary installations covered by the EU ETS in 2017 were 1 754 
million tonnesCO2e (European Environment Agency (EEA) 2018).  

The stationary installations covered by the EU ETS can be grouped into eight main categories, 
based on their main activities responsible for GHG emissions:  

1. fuel combustion (mainly electricity generation plus various manufacturing industries); 
2. refineries;  
3. iron and steel, coke, and metal ore production;  
4. cement, clinker and lime production;  
5. other non-metallic minerals (glass, ceramics, mineral wool and gypsum);  
6. production of pulp and paper;  
7. production of chemicals;  
8. other (opt-ins and capture of GHGs). 

Between 2016 and 2017, the total EU ETS emissions for stationary installations increased by 
about 0.2%. Emissions from combustion installations (mainly power plants) continued to 
decline, which partly reflects the phasing out of coal use in several MSs. In contrast, emissions 
from industrial installations grew by an average of 1.1%, primarily due to increased production 
output (European Environment Agency (EEA) 2018). 
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The EU ETS Directive1 has been revised and brought in line with the 2030 climate and energy 
targets.347

Article 191(2) of the Treaty on the Functioning of the European Union requires that the Union 
policy on the environment be based on the principle that the polluter should pay and, on this 
basis, Directive 2003/87/EC provides for a transition to full auctioning over time. Avoiding 
carbon leakage justifies temporarily postponing full auctioning, and targeted free allocation of 
allowances to industry is justified in order to address genuine risks of increases in greenhouse 
gas emissions in third countries where industry is not subject to comparable carbon constraints, 
as long as comparable climate policy measures are not undertaken by other major economies. 
Furthermore, free allocation rules should incentivise emission reductions in line with the 
Union's commitment to reduce the overall greenhouse gas emissions by at least 40% below 
1990 levels by 2030. Incentives for emission reductions for activities that produce the same 
product should be enhanced (European Commission 2018a). 

Originally, the Commission wanted to interrupt the allocation of free allowances for CO2 
emissions from gas “flaring” in BFs from 2021. Although, in its last proposal on the allocation 
of CO2 allowances for industry after 2020 (European Commission 2018a), the European 
executive has proposed granting free allowances to BFs which burn gases generated by the 
combustion of coal and coke (Euractive 2019). As the document stated, emissions from 
flaring will have to be reduced as of 2026 when steel factories will have to produce carbon 
allowances to continue the practice. 

Indeed, the practice of flaring, which has already been forbidden or is strictly regulated in most 
European industries – such as in refineries or oil extraction – is very harmful. Mixing carbon 
with coke and iron ore burnt at a high temperature produces twice the amount of CO2 as coal 
on its own. Moreover, the emitted particles heavily contribute to air pollution. 

Most European BFs have already established solutions which mean that flaring can be avoided 
by recycling the gas in heat circuits or by generating electricity. 

The total amount is approximately 6 million allowances, or €120 million a year.  

This is a decision that goes against the Paris Agreement and is the result of fierce lobbying by 
the steel sector with EU MSs and the European Commission. 

Table 132. Activities and sectors covered by the EU ETS in 2017 

347 Directive (EU) 2018/410 of the European Parliament and of the Council of 14 March 2018 amending Directive 
2003/87/EC to enhance cost-effective emission reductions and low-carbon investments, and Decision (EU) 
2015/1814, OJ L 76, 19.3.2018, p. 3. 
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Source: (European Environment Agency (EEA) 2018) 
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Annex 14 „Carbon leakage” 

“Carbon leakage” refers to the possible increase GHG emissions if, because of costs related to 
climate policies, businesses were to transfer production to other countries where industry is not 
subject to comparable carbon constraints, with associated risk of increasing global emissions 
and negative impacts on economic growth and employment (European Commission 2018a).  

Under the EU ETS, installations active in industry sectors can receive free allocations to 
mitigate potential risks of “carbon leakage”.  

Since 2013, power generators have been required to buy all their allowances, with exceptions 
made for some countries. Manufacturing industry received 80% of the benchmark allocation 
free in 2013. This proportion will decrease gradually year on year, down to 30% in 2020. For 
sectors and subsectors deemed to be exposed to a significant risk of “carbon leakage”, this 
“carbon leakage” factor will remain 100%. 

The steel industry is one of the largest sources of CO2 emissions. It is estimated that between 
4 and 7% of the anthropogenic CO2 emissions originate from this industry in EU-27, which 
generated 252.5 million tonnes of CO2 emissions on average during the period 2005 to 2008. 
It is also a sector deemed to be at risk of carbon leakage. Due to this risk, the steel industry will 
in principle be allocated emissions allowances at 100% of the benchmark based value for free. 
Under the ETS state aid guidelines it may receive financial compensation as from 1 January 
2013 until 31 December 2020, under the ETS third phase (European Commission 2013a). 

Overall, the demand for allowances was greater than the supply in 2017. Most power plants had 
to buy their allowances in 2017, while industrial installations, deemed to be exposed to a risk 
of “carbon leakag”' (i.e. the increase of emissions outside of the EU because production is 
relocated to places where there are no or lower carbon costs than in the EU), received EUAs 
for free. For the majority of industrial sectors, verified emissions were higher than the number 
of allowances received for free in 2017. This was due to increased emission levels, driven by 
economic growth and the continuous reduction of free allocation (European Environment 
Agency (EEA) 2018). 

Industrial installations received a larger number of free allowances in 2017, although not 
enough to completely cover their verified emissions. However, these allowances were not 
distributed evenly across all industrial sectors (European Environment Agency (EEA) 2018). 
Free allocation differs significantly across the various activities. The vast majority of industrial 
installations host an activity considered to be at risk of “carbon leakage”. Figure 218 shows 
free allocation and verified emissions based on the sector classification used for the “carbon 
leakage” assessment. 
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Figure 218. Verified emissions and free allocation 

Source: (European Environment Agency (EEA) 2018). 

The operators of industrial installations as a group receive free allowances that are just under 
their total verified emissions in 2017 The higher share of free allocation to industry reflects 
concerns about the exposure of industrial sectors to international competition. Free allowances 
to industrial installations under Article 10(a)(1) of the ETS Directive were distributed by 
applying harmonised allocation rules that were based on EU ETS-wide benchmarks and on 
historical production levels, as well on as whether or not the sector is recognized as exposed to 
a significant risk of “carbon leakage”. 

Estimated leakage rates for iron and steel range from as low as 0.5% to as high as 26%, and 
cement as low as 5% to as high as 70% (Napp et al. 2014). Such large ranges reflect difficulties 
in measuring leakage empirically from historical data, due to the limited time in which the EU 
ETS has been operational. There is also uncertainty in estimating leakage theoretically in 
models of production and trade, due to the many parameters (for example abatement costs, 
transport costs, and market structure) that must themselves be estimated in order to do this. 
These factors have contributed to on-going disagreements between industry groups and the EC 
over free allocation policies. A current example concerns the methodologies used to benchmark 
the emissions intensity of different industry installations in each sector across the EU, with 
installations due to receive free allowances during the 2013–2020 period of the EU ETS based 
on the emissions intensity of the 10% best performers. The benchmarking methodology has led 
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to a number of challenges, including a lawsuit from the European Confederation of Iron and 
Steel Industries (EUROFER) claiming that the benchmark level for hot metal is technically 
unachievable (Napp et al. 2014). 

For more on an empirical assessment of the risk of “carbon leakage” in Poland see (Sartor et 
al. 2013). 

The global trade in steel gives rise to the flow of “embodied” carbon in steel that moves from 
exporting to importing countries. Over 20% of emissions associated with the production of 
commodity steel are associated with commodity steel that crosses a national border, of which 
approximately 70% are flows between regions (i.e. 13% of emissions flow between regions). 
The 10 largest bilateral inter-regional flows are shown in Figure 219. The embodied carbon 
associated with inter-regional trade in iron and steel is dominated by flows from the CIS to 
Europe, and China to the rest of Asia (Carbon Trust 2011b).  

Figure 219 The 10 largest regional flows of CO2 emissions relating to the trade of iron and steel 

Source: (Carbon Trust 2011b). 

Imports of commodity steel into the EU ETS increases the sector’s emissions footprint by 25%. 
After accounting for exports, from an emissions perspective, EU consumption of steel 
commodity is 15% higher than domestic production (Figure 220). Once the trade in complex 
products is accounted for, the total emissions associated with EU consumption of steel is 44% 
higher than the emissions that fall within the EU ETS, and only just over a half of such 
emissions are associated with steel production that occurred within the EU and which are 
therefore covered by the EU ETS (Carbon Trust 2011b). 
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Figure 220 Ratio of EU iron and steel production to EU consumption 

Source: (Carbon Trust 2011b). 

The European Union is a large net importer of emissions embodied in steel; these emissions are 
not priced under the EU ETS. 
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Annex 15 Circular Economy 

In December 2015 the EC adopted Circular Economy Package 348  to stimulate Europe's 
transition towards a circular economy which will boost global competitiveness, foster 
sustainable economic growth and generate new jobs. It should enable transition to a stronger 
and more circular economy with more sustainable use of resources. It covers raw materials, 
products and waste, fostering energy savings and reduction of GHG emissions and embraces 
the full lifecycle (Circular Economy, 2015). 

With the Circular Economy package the Commission 349  has proposed to increase waste 
recycling rates, require sorting of construction and demolition waste and improve the 
functioning of the Extended Producer Responsibility schemes. It will develop targeted 
guidelines for use on demolition sites and facilitate the shipment of waste between MSs. These 
measures should result in more efficient supply chains and help create a real single market for 
secondary raw materials, such as ferrous scrap and recycled steel. Moreover, the Circular 
Economy package contains several measures aiming to incentivise innovative industrial 
processes. For example, industrial symbiosis allows waste or by-products of one industry to 
become inputs for another and in the process creating new market opportunities. Another 
innovative example is the use of the content of BF waste gases through carbon capture and 
utilisation. By stimulating these innovative models, the package will help increase material and 
energy efficiency of industrial processes. Moreover, facilitating the use of by-products such as 
steel slag, saves costs for companies, which otherwise would have to pay for waste disposal 
costs on these materials (European Commission 2016b). 

Circular Economy, trends to material efficiency has also energy demand. In some cases, IEA 
reports (IEA 2018b), material efficiency measures can help to reduce energy use: for example, 
vehicles can be made more fuel efficient through light-weighting. However, energy efficiency 
is sometimes achieved at the expense of material efficiency – for example, reducing energy 
demand in buildings through better insulation requires more materials. Increased recycling also 
has energy implications. Enhanced recycling of plastics can act to reduce growth in oil demand 
from the petrochemical industry, set to be one of the biggest continued drivers of oil 
consumption over the coming decades. This is reflected in the IEA Sustainable Development 
Scenario, where a doubling of recycling collection rates relative to the IEA New Policies 
Scenario leads to a reduction in oil demand of 1.5 mb/d by 2040. 

The impact on energy use of applying a wide range of circular economy (CE) approaches has 
recently been studied by Cooper et al.350 in a global context, across the EU-27, and in the UK. 

Towards a more ‘circular economy’– engaging producers and consumers 

348 Circular Economy, 2015. http://europa.eu/rapid/press-release_IP-15-6203_en.htm

349 European Commission, On the implementation of the Circular Economy Action Plan, COM(2017)33 final, EC, 
Brussels, Belgium, 2017. 

350 S.J.G. Cooper, J. Giesekam, G.P. Hammond, J.B. Norman, A. Owen, J.G. Rogers, K. Scott, Thermodynamic 
insights and assessment of the ‘circular economy’, J. Cleaner Prod. 162 (2017) 1356–1367. 
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Such crucial elements of sustainability as materials, waste and water are not embraced nor in 
the EED neither in the EPBD, although they are subjects of some European standards, e.g. 
EN15804, EN15978. 

Boosting material efficiency and a circular economy approach along the value chain requires a 
broad policy mix (Hartner, Kranzl, and Fritz 2019). 

The impact the circular economy may have on the European chemical industry, is to be 
considered at two level - circulating molecules and enabling the circular economy in 
downstream industries (Figure 221). 

Figure 221  Two aspects of circularity in chemicals 

Source: (Elser and Ulbrich 2017). 
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BAT Best Available Technique 

VA (GVA) Value Added (Gross Value Added) 
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BOF Basic Oxygen Furnace 

BOFG Basic Oxygen Furnace Gas 

BREF BAT Refence Document 

CCPP Combine Cycle Power Plant 

CDQ Coke Dry Quenching 

CO2 Carbon Dioxide 

COG Coke Oven Gas 

DH District Heating 

DHN District Heating Network(s) 

DRI Direct Reduced Iron 

EAF Electric Arc Furnace 

EC European Commission 

EED Energy Efficiency Directive 

EEO Energy Efficiency Obligation 

EII Energy Intensive Industry 

EM Energy Management 

EMAS Eco-Management and Audit Scheme 

EMS Energy Management System 

EnU Energy Union 

EPBD Energy Performance Building Directive 

EPC Energy Performance Contracting 

EPI Energy Performance Indicator 

ESCO Energy Saving Company 
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EU European Union 

EU European Union 

EUA European Unite Allowance 

FEC Final Energy Consumption 

FED Final Energy Demand 

FR Frame Program 

GDP Gross Domestic Product 

GHG Green House Gas 

GPP Green Public Procurement 

GPP Green Public Procurement 

HVC High Value Chemicals 

IoF Internet of Things 

IoS Internet of Services 

IS Industrial Symbiosis 

ISO International Standardisation Organization 

JRC Joint Research Centre 

JRC Joint Research Centre 

KET Key Enabling Technology 

LCA Life Cycle Assessment 

LCC Life Cycle Cost 

LCCA Life Cycle Cost Analysis 

mb/d million barrels per day 

MS Member State 

MSR Market Stability Reserve (in EU ETS) 

NEEAP National Energy Efficiency Action Plan 

OHF Open Hearth Furnace 

ORI Direct Reduced Iron 
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PPD Public Procurement Directive 

PS Power Sector 

R&D Research and Development 

R&I Research and Innovation 

RES Renewable Energy Source(s) 

SDS Sustain Development Scenario (by IEA) 

SME Small Medium Enterprise 

SR Sintering Reduction 

TIS Technology Innovation System 

toe Tonne of equivalent oil 

TRF Top Gas Recovery Turbine 

TSO Transmission System Operator 

WCS White Certificate System (Scheme) 

WP Winter Package 
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Annex 9 - Transport case study part 1 

 

Low carbon innovation in electric vehicle 

automotive manufacturing: Insights from BMW 

(Germany) and Fiat (Italy) 
 

Benjamin K. Sovacool, Claudio Saleta, and Edward Masterson-

Cox, University of Sussex 

1. Introduction  

The global automotive industry is both vast in its complexity and vital to the 

lifestyles of many residents in the industrialized world.  As The International 

Organization of Motor Vehicle Manufacturers argues, “automobiles are a liberating 

technology for people around the world … Automobiles provide access to markets, to 

doctors, to jobs, [and] nearly every car trip ends with either an economic transaction 

or some other benefit to our quality of life.”1  Orsato and Wells add that “there are 

few industries as large, diverse and influential as the automotive industry.”2 Also, the 

automotive industry is inherently innovative and has the third highest industry rating 

for R&D spending – 15.5% of global research and development spending in 2017.3   

The automotive industry is therefore characterized by highly complex value 

chains, very fragile sourcing structures, and high transport costs and the volume of 

many auto parts.4  Original Equipment Manufacturers, or OEMs, are the key player in 

the industry: “The OEMs in the EV industry are the ecosystem keystone players or 

orchestrators to coordinate the other stakeholders in obtaining knowledge mobility 

(during the design of new EVs), innovation appropriability (sharing profits in the EV 

ecosystem) and network stability (selection of EV ecosystem partners).”5 In some 

places, such as Germany, OEMs are extremely important national economic players.  

Truffer et al. note that “Motorized transport has a particular political position because 

of the strong relative role of the automotive industry in the country’s economy. Some 

of the globally most successful OEMs and OBMs are based in Germany, including a 

dense network of suppliers. It is estimated that about 5-7 Million jobs in Germany 

depend directly or indirectly on the automotive sector.”6 

However, the production and manufacturing processes for automobiles are not 

uniform. Automobile manufacturing in Japan was characterized historically by an 

emphasis on long-term growth, high levels of automation, skilled managers, and a 

focus on production methods, whereas in the United States it was marked by an 

emphasis on short-term growth, high legacy costs (to unions), delegation of authority 

to less skilled workers, and a focus on production results.7 8 9  In Sweden, automobile 

manufacturers were renowned for putting safety before profits, yet in Russia, 

managers put profits arguably above safety.10  Lane and Bachmann hold that British 

carmakers have less trust in their suppliers, German carmakers more.11  Hård and 

Knie even argue that the making and use of automobiles cannot survive without 

“cultural ambience”—the necessity for a technology to find a space within the overall 
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social or cultural “atmosphere.”12  Consequently, the manufacturing of automobiles 

do exhibit, and perhaps perpetuate, distinct cultural traits.    

This leads us to ask: how do innovation profiles differ when one assesses an 

emerging innovation such as the manufacturing of EVs?   

 

Defining electric mobility and electric vehicles (EVs) 

Electric mobility is the idea of substantially transitioning to passenger vehicles 

powered by electricity, including plug-in hybrid vehicles and “pure” battery electric 

vehicles—which we collectively refer to as electric vehicles (EVs).13  EVs can be 

promoted for a variety of reasons, from comfort or smoothness of ride, to cost-

savings, to carbon emissions reductions. However, it is perhaps the carbon emissions 

reductions that are most impactful at their diffusion in Europe.  According to the 

World economic Forum14 (with data from BNEF, 2018) it is evident that EVs are 

lower in CO2 emissions than gasoline engines globally.  In terms of total cost of 

ownership (TCO) there are many reports with estimates of approaching TCO parity 

with respect to ICE cars. For instance the INGbank15 did modelled estimates that 

BEV will reach parity in between the years 2023 and 2028 depending on savings in 

fossil-fuel, driving profiles, Led lights, expected ICE emissions regulations in 2021, 

forecast battery costs, and VAT tax for German retail price  

 

Figure 1: Grams of CO2 emissions per mile for gasoline vehicles and also for 

EVs in top developed countries. 

 

 
Why study Europe? 

Europe is currently part of a wave of new greener manufacturing techniques 

trying to make their products more sustainable.  The explosion of Fordism in the early 

20th century transformed modern production techniques, and process innovation is 

high in the automotive industry has been high in recent years in the context of climate 

change challenges, with efforts focused on reducing energy consumption, CO2 

emissions, waste, and water. European automotive manufacturers have significantly 

reduced the environmental impact over the last decade16. Between 2007-2016 

European car manufacturers achieved: a 25.8% reduction in CO2 emissions per car 

produced (see Figure 2); energy consumption per car produced decreased by 12.1% 

despite the cars’ complexity growing each year; long-term strategies for reducing 

water consumption have made it possible to reduce water use per car produced by 
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31.9%; and waste generated per unit produced by the manufacturing of passenger cars 

was reduced by 24.1%17.  

 

Figure 2. European CO2 emissions per unit produced (t/car) 

Source: 18 

2. Case Study Selection  

 This section briefly justifies our cases: selecting BMW and the i3 for 

Germany, and Fiat and the 500e for Italy. 

 

Why study BMW? 

BMW was founded in 1916, and it is currently headquartered in Munich, 

Germany. Blunck (2016) writes that BMW is the world leader in luxury car markets: 

“A total of 73 million cars were sold worldwide in 2014. About six percent of those 

were considered premium cars from the three leading German car makers: BMW, 

Audi, and Mercedes-Benz. Among the three companies, BMW is considered to be the 

market leader as proven by various indicators such as total sales, profitability, or 

employees.  In 2012, BMW was leading the automotive industry with an estimated 

brand value of US$24 billion.”19  At the end of 2017, the BMW Group had 129,932 

employees, delivered 2.46 million vehicles globally (excluding motorbikes).  EUR 

88.5 billion in revenues within the automotive segment, 98.7 billion as a group, 

profits as a group of 10.6 billion EUR (See Figure 3).20 

 

Figure 3: BMW Group Deliveries of Automobiles and Revenues, 2013-2017 
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Source: 21 

 

BMW is a traditional automaker for luxury, sort of niche market global 

premium brand, with long experience incrementally innovating for ICE vehicles. It is 

starting to introduce BEV and plug-in-hybrids during the last years; possesses an 

international supply-chain integrating altogether innovative designs at Germany’s 

headquarters with overseas build-to-order assembly lines and external suppliers, all of 

it equipped with automated technology. It is performance type of user and 

process/product innovator. BMW is relatively constrained to a pathway with a large 

supply-chain capital-intensive and contractual compromises that need time to change 

if required. Their supply chain is built flexible thus some leeway for variation is 

possible, although it won’t happen without important investment or overnight.  

The firm has assembling facilities and suppliers’ partners located all over the world 

(Figure 4). In 2014 the network of suppliers declared by BMW Group was the 

stunning number of 12000 in 70 countries22. 

BMW is an OEM that is at least trying to meaningfully address or incorporate 

sustainability issues. As Harald Krüger, Chairman of the Board of Management, 

wrote in the most recent 2018 annual report for the BMW Group, “Electric mobility is 

currently our main strategic focus.”23  It is also a company known for its “creative 

innovation,” “open innovation,” and “systems integrator” with a legacy of innovative 

practices and products.24 25 26 27 Figure 4 offers an overview of their corporate 

strategy.  

 

Figure 4: BMW corporate strategy 
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Source: 28 

 

Why study the i3? 

The i3 is the latest in a 40 year progression of EVs and BEVs (see Figure 5). 

Recent history traced back to at least 2007, when BMW launched project i.29   Project 

i was introduced at that time by CEO Norbert Reithofer, intended to explore 

sustainable mobility solutions via new vehicle concepts, innovations in design, new 

materials, new production techniques, as well as new processes and mobility services, 

as Figure 6 summarizes.  

 

Figure 5: Battery Electric Vehicles offered by BMW, 1970-2015 
 

 
 

Source: 30 

 

Figure 6: Summary of Project i Innovation Attributes at BMW 
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Source: 31 

 

Three attributes in particular suggest that the i3 was innovative.  The first is 

lightweight construction.  The i3 was designed to use a carbon-fiber-reinforced-plastic 

(CFRP) passenger compartment attached to an aluminum frame. CFRP uses 

composite material out of carbon fibers and a synthetic matrix.  It offers improved 

suspension and high level of energy absorption in a crash, is more resistant against 

corrosion, acids and solvents, and shows less fatigue over a long service life.32  It is 

durable and light, as Figure 7 indicates, 50% lighter than steel and 30% lighter than 

aluminum.  Exceptionally, BMW chose to keep its CFRP production in-house and 

designed organically, rather than relying on external suppliers, they set up a joint 

venture with the carbon fiber manufacturer SGL.33   

 

Figure 7: Weight of selected low-emission vehicles (in kilograms) 

 
Source: 34 

 

Second, the i3 has a specially designed electric drive train with a modular 

lithium-ion battery system (generally at 19kW with 8 modules of 12 cells).  This 

means (similar to other BEVs) that it has no starter, fuel system, engine oil, air filter, 

oil filter, clutch or gearbox.  It is simpler to maintain and service. The i3 in particular 

has 125 kW of mechanical power or 170 horsepower.  However, unlike other models, 

the lithium ion battery pack is replaceable at the modular level (meaning cells can be 
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repaired or replaced rather than the entire pack). Schenkl also details other 

innovations in i3 battery technology in Table 1.35  This is why BMW offers a 

mandatory 8 year battery warranty that covers 100,000 miles of travel.  
 

Table 1: Innovations in i3 lithium-ion battery technology, management and 

servicing  
 
 

Barrier BMW i3 Approach Result 

Service Offers Required Infrastructure 

limited capacity for 

storing energy per w 

eight 

Provision of 

replacement 

vehicle 

e.g. vehicle fleet management, 

processing platform (e.g. 

booking and payment system, 

internet portal), service and 

customer support 

facilities, mobile devices 

provided by the user including 

applications 

Improved 

range, 

flexibility 

integration of 

intermodal routing 

e.g. server and ICT 

infrastructure, mobile 

devices including 

applications, navigation 

system, provision of interface 

to adjacent 

systems (data of public 

transportation) 

Improved 

range, 

flexibility, 

operational 

readiness 

limited speed of 

charging process 

distribution, 

installation and 

allocation 

services regarding 

home charging 

e.g. wallbox, processing 

platform: accounting and 

payment system for 

electricity 

Flexibility, 

operational 

readiness, 

usability - long 

charging 

high raw material 

cost 

car-sharing, 

(Leasing) 

e.g. vehicle fleet management, 

processing platform: booking 

and payment system, mobile 

device provided by user with 

application 

Reductions in 

capital cost 

(one-off 

payment) 

Lacking system 

requirements of 

technology 

information and 

processing 

services regarding 

use of public and 

semi- public 

charging 

infrastructure 

e.g. processing platform: 

booking and payment 

system, smartphone provided 

by customer including 

application, provision of rapid 

charge stations including 

parking ground and other 

 

 

 

 

 

 

 

  

Flexibility, 

operational 

readiness, range 

probability  of default 

especially in early 

phases of the 

technology- lifecycle 

e.g. warranties, 

support 

services, mobility 

assistance 

services, tele- 

services, on- and 

offboard diagnostic 

e.g. mobile service vehicle 

fleet, call center, online status 

monitoring system 

Decreased risk 

of misuse or 

failure, 

reliability 

 

Source: Modified from 36 
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Third, the i3 came with optional use of proprietary charging technology as 

well as mobility as a service (MaaS) packages.  BMW offered two types of products 

with the i3 for charging at home, for those concerned about range anxiety. It also sold 

an optional MaaS plan bundled with the vehicle, where i3 users could rent traditional 

cars via Sixt and MINI at a discounted rate if they wanted to consider trips that 

exceeded the range of their i3.37   

Perhaps for these collective reasons, Wilden and Gudergan call the BMW i3 

nothing short of “revolutionary.”38  Design and pre-production of the i3 began in 

2011, and by 2013 BMW developed the i3 BEV model after investing EUR 3 

billion39. The resulting BMW i3 was presented40 as an “exceptional car with avant-

garde contours and high advance technology” (See Figure 8).   The BMW i3 is the 

only pure BEV model that the company produces so far. All BMW’s other EVs are 

plug-in hybrids electric vehicles (although announcement to launch newer pure EV 

models soon). The base price of this EV is £34,075 (from BMW’s UK website). 

Thanks to the fully electric drivetrain BMW eDrive, the BMW i3 accelerates from 62 

mph in 7.3 seconds (6.9 sec the improved version i3s) with 170 hp and 250Nm of 

torque. These are good performance metrics even though if compared to other EV 

these are slightly lower. However, the main performance feature as far as the public 

consumers concern is the range distance that the lithium-ion battery in the EV could 

provide.  

 

Figure 8:  BMW i3s at motor show in Frankfurt. 

 

 
 

BMW reports a range ride of 124 miles (199.6km, emissions free). Additionally, 

the car has optional extra-range with a petrol engine extender of 205 miles total 

(330km, 2-cylinder petrol engine in model with range extender). These numbers are 

idealized figures that are subject to much variation depending of type of use (city, 

highway or combination). Specific user driving style is a major influence on range as 

well. The length of range will vary based on road, traffic and weather conditions in 

addition to, but not limited to, driving style and power consumption within the vehicle 

(lights, air-conditioning, audio devices, videos, cell charging, etc). 

External reports from agency standards (EPA) show an evolution of the model’s 

cruise battery range (slightly different from the official report) since the original 

model was introduced:  

 

EPA range and pack sizes 

Original range model: 
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 BMW i3 (60 Ah lithium battery): 81 mi with 21.6 kWh for 3.75 mi/kWh efficiency. 

Present range reported: 

 BMW i3 (94 Ah): 114 mi with 33.6 kWh for 3.39 mi/kWh efficiency. 

Rumoured to be launched in 2018 vehicles: 

 BMW i3: 150 mi with 43.2 kWh for 3.47 mi/kWh efficiency. 

 

BMW i3 (94 Ah battery) EPA range and efficiency under different conditions: 

 
Range Km Efficiency kWh/100 km 

Combined City Highway Combined City Highway 

183 201 165 17,75 16,23 19,75 

 

 Another feature that is critically important for users’ adoption of EVs is the 

charging time.  Charging Li-ion EV battery-pack from 10 percent to 80 percent 

charge happens much faster that the last 20 percent charge up to 100 percent. BMW 

i3 takes 30 min to charge up to 80 percent its battery pack if using DC rapid charging 

(usually using the CCS protocol, 50kW). Whereas, the slow charging modality with 

AC type 2 plug imply about 3 hours (some reports state 6 hours) from cero charge to 

80 percent. If it uses a standard household outlet, charging may have a duration of 8 

hours. 

 The BMW i3 offers to the buyer the option to have a range extender. This is a 

small combustion engine with 647cc two-cylinder that add 124kg of weight.  It 

functions as a generator that supply additional electric charge to the battery.  

 

 Maintains charge to extend range by approximately a further 81 to 93 miles. 

 Manually activated when the vehicle is approximately at 75 percent state of 

charge 

 Maintains charge status under normal driving and load conditions 

 Automatically starts operating when the vehicle state of charge is estimated 

critical by the vehicle’s system. 

 

In the minds of BMW planners, the i3 had to be “able to deliver joy of driving in the 

mega cities of the 21st century was a big challenge that needed radical and innovative 

solutions.”41 Another team of engineers framed the i3 as a “major shift” in 

automobility, one that demands “a completely new ecosystem” for a driver or 

owner.42 

 

Why study Fiat? 

Fiat, was founded in the late 20th century in 1899 as Fabbrica Italiana 

Automobili.43 Most of its revenue comes from motor vehicles, which accounted for 

about 46% of the net revenue across the entire Fiat Group.44  The Fiat Group is the 

largest industrial enterprise in Italy and one of the founders of the European motor 

industry. 

Currently, the Fiat Auto Group (now known formally as Fiat Chrysler 

Automobiles, or FCA, after a merger with Chrysler) is engaged in designing, 

engineering, manufacturing, distributing and selling vehicles, components and 
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production systems worldwide through 159 manufacturing facilities and 87 research 

and development centers. Interestingly, and relevant for this case study, it was Fiat’s 

sustainability credentials that played a key role in the merger.  As President Barack 

Obama stated, “Fiat has demonstrated that it can build the clean, fuel-efficient cars 

that are the future of the industry, and as part of this agreement, Fiat has already 

agreed to transfer billions of dollars in cutting-edge technologies to Chrysler to help 

them do the same. Fiat is also committed to working with Chrysler to build new fuel-

efficient cars and engines right here in America.”45 

FCA operates in more than 40 countries and sells vehicles directly or through 

distributors and dealers in more than 140 countries. FCA designs, engineers, 

manufactures, distributes and sells vehicles under various brands including Abarth, 

Alfa Romeo, Chrysler, Dodge, Fiat, Fiat Professional, Jeep, Lancia and Ram brands 

and the SRT performance.46 In 2017, FCA shipped 4.4 million vehicles, had net 

revenues of €110.9 billion and Net profit of €3.5 billion. 47  FCA is currently the 

fourth largest manufacturer of automobiles in the United States (by annual sales), 

coming after GM, Ford, and Toyota, as Table 2 indicates. 48 It also dominates the 

European small car market, with the 500 and Panda accounting for 29.1 percent of all 

market share for minicars. 

 

 

 

 

 

Table 2: Major Automobile Manufacturers in the United States, 2015-2017 

 
Source: 49 

 However, more recent analysis highlights that FCA is divided, with Jeep and 

Alfa Romeo striding forwards successfully, with Fiat in particular really struggling in 

Italy. “Sales by market leader Fiat Chrysler Automobiles slumped 13 percent, as 

registrations of core brand Fiat fell 20 percent. Sales of Jeep SUVs rose 78 percent, 

buoyed by demand for the new Compass compact SUV, which was not available in 

March 2017. Alfa Romeo posted a 17 percent rise in registrations”50. Campbell 

supports Malan, highlighting that Fiat are set to double their profits in 2018, but 

primarily off the back of their SUV models51. Finally, Malan explains that new car 

sales fell in Italy partly because customers are postponing purchases as politicians 

negotiated to form a new government following recent elections52, but that this 

declining demand for Fiat is not a brand new development53. 

 Despite all of this, Fiat is still reputed to be an “innovation engine” within the 

automotive industry. In the late 1980s, Fiat initiated projects in these technologies 

focused on diesel engines, producing a Common Rail direct fuel injection system. In 
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the early 1990s, Fiat started working on petrol engines and developed a new family of 

VVA (Variable Valve Actuation) technologies (Uniair), which offered a range of 

benefits including increased power, better torque, fewer carbon emissions, and cost 

reduction.  That same decade, a new generation of the Common Rail system (known 

as Multijet) was also engineered, which significantly reduced fuel consumption and 

improved performance.  

Fiat thus regards innovation as central to their strategy, and has sought to (a) 

maintain and reinforce its in-house R&D activities; (b) build and enlarge its 

networking capabilities within the automotive sector and across different industries; 

and (c) complete and advance the development of the fuel-efficient engine 

technologies.54 As such, FCA has focused on establishing a new set of alliances to 

share development costs, to share risks and to speed up the deployment of its capital, 

and it has proceeded with a reshaping of its global footprint.55 Their current strategy 

outlined in their 2017 Annual Report is to “focus the majority of our research efforts 

in two areas aimed at improving vehicle efficiency and reducing fuel consumption 

and emissions: vehicle energy demand (including weight, aerodynamic drag, rolling 

resistance, heating, air conditioning and auxiliaries) and powertrain technologies 

(engines, transmissions, axles and drivelines, hybrid and electric propulsion and 

alternative fuels).”56 

Why study the 500/500e? 

Produced under the “Fiat” brand of Fiat-Chrysler Automobiles, the 500 is 

arguably the flagship vehicle of the entire Fiat group.  It is a “modern 

reinterpretation” of the old car launched in 1957 and has so far sold almost 4 million 

units.57  Also, the 500 is the most popular (in nominal terms only) Fiat model in the 

USA, with 12,685 units sold in 201758. Originally designed in 50s post-war Italy to 

get Italian families on the move affordably, the modern Fiat 500 resembles the chic 

and retro styling for which the car has become so popular – 2017 European sales were 

up 3.5% to 191,400 vehicles sold (Automotive World, 2018).  

The Fiat 500e is fundamentally an electric vehicle (EV) conversion, modelled 

on the popular, retro, Fiat 500. The 500e is the first BEV offered from the entire 

Chrysler Group and Fiat, which announced some plug-in concepts that never really 

got off the ground in 2009.59 By 2011, however, design was underway and the first 

vehicles were tested in late 2012. Table 3 shows the design specifications for the two 

models the latest annual catalogue, the 500e and 500e Sport.60 

Table 3: Design Specifications for the Fiat 500e and 500e Sport models  
 

ENGINE AND TRANSMISSION                                                                                                                                                        
83-kW Electric Drive Motor, 111 hp/147 lb-ft of torque with single-speed gearbox 

 MECHANICAL FEATURES                                                                                                                                                                 
Batteries — 12-volt/500-amp, maintenance-free (low-voltage lead-acid) 

Battery pack 
Brakes — 4-wheel antilock with 4-wheel regenerative 
Steering — Electric power 
Suspension — Heavy-duty with MacPherson struts front and torsion beam rear 

EXTERIOR FEATURES                                                                                                                                                                       
Fascia Inserts — Black (included with Black interior except with Electric Orange Tri-Coat) 

White (included with Black interior and Electric Orange Tri-Coat or Steam interior) 
Fog Lamps 
Headlamps — Bifunctional halogen projector 

Black-trimmed 
Mirrors — Accent-color, power, heated (included with Black interior and Electric Orange Tri-Coat or Steam interior) 



 

12 

 

Body-color, power, heated 
Orange, power, heated with Orange bodyside stripe 

Rear Spoiler — Eco 
Sunroof — Power 
Tires — P185/55R15 
Wheels — 15-inch x 5.5-inch front x 6.5-inch rear painted aluminum with Nero-accented inserts (unique to 500e models) 

15-inch x 5.5-inch front x 6.5-inch rear Nero-painted aluminum with Electric Orange inserts (unique to 500e models) 
Windows — Power, with front 1-touch down 
Windshield Wipers — Front, variable/intermittent 

Rear window wiper/washer 

 INTERIOR FEATURES                                                                                                                                                                        
Climate Control — Automatic Temperature Control (ATC) with micron filter 
Defroster — Rear window 
Door Locks — Power 
Instrument Panel — Accent-color bezel 
Mirror — Rearview auto-dimming with microphone 
Power Outlet — 12-volt DC auxiliary 
Seats — Front-seat armrests 

Front-seat memory 
Front seatback pockets 
Heated front 
Leatherette front bucket 
Rear 50/50 split-folding 

Speed Control 
Speedometer — Premium digital Thin Film Transistor (TFT) 
Steering Wheel — Leather-wrapped with audio controls 

 ENTERTAINMENT AND TELEMATICS SYSTEMS                                                                                                                           
GPS Navigation System 
Radio — SiriusXM® Satellite Radio3 with 1-year subscription 

Uconnect® 5.0 AM/FM/Bluetooth® with 5-inch touchscreen and Integrated Voice Command1 
Uconnect Vehicle Access via Vehicle Application 

Speakers — Alpine® Premium Audio System 
Steering Wheel-mounted Audio Controls 

 SAFETY & SECURITY                                                                                                                                                                         
Advanced Tire Pressure Monitoring System 
Air Bags5 — Advanced multistage front 

Driver-side knee blocker 
Supplemental front-seat side 
Supplemental side-curtain 

Child Seat Anchor System (LATCH) 
Daytime Running Lamps (DRLs) 
Head Restraints7 — Front-seat reactive 
ParkSense® Rear Park Assist System2 
Remote Keyless Entry 
Security Alarm System 
Sentry Key® Engine Immobilizer System 

 

The 500e is sharp contrast to the i3, as it is a vehicle that Fiat has said it does 

not want to sell. The CEO of FCA, Sergio Marchionne, has publicly attacked the 500e 

because Fiat loses money on every one it sells.  In a speech to the Society of 

Automotive Engineers 2013 World Congress in Detroit, Marchionne said of the 500e, 

“we will lose $10,000 per vehicle. Doing that on a large scale would be industrial 

masochism.” 61  He also said this a year later, in 2014: “I hope you don’t buy [the 

500e], because every time I sell one it costs me $14,000.” 62 More recent numbers 

from 2017 suggest as much as $20,000 may be lost per vehicle sold.63  Car and 

Driver thus aptly named the vehicle the “black sheep of the Fiat Chrysler 
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Automobiles family” and a “thorn in the side,” noting it was built to appease the state 

of California and its zero-emission mandates. 64  The Fiat 500e is thus only possible 

by cross-subsidies within the auto group.  In California, where it was launched in 

2013, the headline price was $32,500, which already includes the per car loss Fiat 

makes on each one that’s sold. (Fiat subsidies the loss as it gives them clean air 

credits they can use to keep selling guzzlers such as the Viper and other SRT 

models.)65  Marchionne has also been on record as criticizing government regulators 

for making mandates (such as those in California), for calling for more use of fossil 

fuels in automotive technology (such as natural gas), and for focusing instead on fuel 

economy improvements for traditional cars, rather than investing in EVs. 66  

In the context of the 500e as Fiats “black sheep”, market development for the 

overall product has been low and Fiat don’t appear to be reaching to a new market – 

not surprising for a product which, for each unit sold, loses money. Zhou et al. (2016) 

explained that ‘compliance cars’ are manufactured in small numbers and sold only in 

California or states with similar mandates in place67. Being sold only in California 

and Oregon, where EV sales are highest68, the 500e fits this architype.  

Despite being a compliance car, the 500e still boasts some novel technologies 

compared to its internal combustion engine (ICE) cousin.  The first, and most 

significant, is the drive and powertrain systems, or ‘conversion system’. Rather than 

an internal combustion engine, the Fiat 500e is powered an 83kw (111bhp equivalent) 

electric motor, and instead of a petrol tank there’s a 24kWh battery69. The first and 

second laws of thermodynamics withstanding, electric motors are significantly more 

efficient than ICEs because there are far fewer moving parts where energy can be 

‘lost’. Broadly speaking, electric motors are 5 times more efficient than ICEs; ICEs 

are 17-21% efficient at converting chemical energy (petrol/diesel) into kinetic energy, 

while electric motors are 90-95% efficient at converting electrical energy into kinetic 

energy70.  

The second novel technology is the regenerative braking system (RBS) which 

mirrors the “KERS” system used in Formula 1 cars71. The electric motor doubles-up 

as a generator when the car is “coasting” or braking, so the RBS recovers this energy 

and feeds electricity back into the motor to power the vehicle forwards, later on72. 

This novel technology makes this innovation significantly more efficient than its 

predecessor by essentially unlocking a new energy source when driving on the road 

(energy lost during braking and slowing down). 

The third novel technology is enhanced thermal management and cooling.  

Fiat veered away from the air-cooling system that has drawn some harsh criticism 

from certain LEAF drivers in favor of liquid cooling and heating. California weather 

can vary from the blistering heat of a Death Valley summer to the bitter cold of a 

High Sierras winter, so Fiat had to engineer for all conditions.73 

3. Mapping the TIS for the BMW i3 in Germany 

To be sure, the TIS surrounding any EV has different levels of organizational 

involvement.74  The TIS for the i3 can be divided it into four parts: 

 

1. Upstream components (batteries, materials) 

2. Manufacturing (onsite in Germany I believe) 

3. Sales, dealerships, and marketing (the various franchises that sell the i3 across 

the world) 

4. Electric vehicle charging/use 
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Upstream components (batteries, materials)  

Currently, BMW (and most other automakers) remains dependent on imported 

battery technology, meaning the TIS for the i3 involves a global supply chain.  The 

market technological leaders of lithium batteries manufacturing including those for 

used in EV are all from Japan, China and Korea. Based on the 2018 75 expected 

market share for lithium ion battery makers Panasonic Sanyo will dominate 33% 

fallowed by the Chinese BYD and the Korean LG Chem. German companies such as 

chemicals leaders like Bosch or Siemens used to be part of this list in the past.   

This is critical since Europe is falling behind in battery technology with 

respect to US but primarily versus Asian OEMs.  Also important due to the more 

automated, outsourced and manufacturing move towards generic battery suppliers. 

These effects will not take place overnight since more efficient new ICE engines are 

still competitive and appealing to a large majority of the consumers due to long time 

preference or lack of knowledge on EV as well as factors such as battery range-

anxiety76.  Recently had been a series of announcements to start the deployment of 

lithium-ion battery giga-factories by several international and European groups and 

also individual companies during the next years, as Table 4 indicates. 

 

Table 4: Lithium-Ion Battery Manufacturing Facilities Announced or in 

Progress in Europe (as of March 2018) 

 
There are companies and research institutes involved on these projects 

including part of the entire value chain of infrastructure manufacturing planners, 

Comapany	Name Status Location
Number	of	

Facilities

Country	of	the	

Company

Max	

Production
Year	1st	Production

Year	Project	

Finished	(Max	

production)

TerraE	(holding	

of	17	companies	

and	R&D	

Institutions)

Unknown

2	Unknown	

sites	in	

Germany

2 Germany 34	GWh Late	2019 2028

Daimler Construction

Kamenz	and	

Untertürkheim

,	Germany

2 Germany Unknown Unknown Unknown

LG	CHEM

Supposed	to	

start	operations	

soon

Wroclaw,	

Poland
1 South	Korea 4	GWh

Expected	production	

2018-2019
2019?

Northvolt	Swede	

TBD
Funding

Skellefteå,	

Sweden
1 Sweden 32	GWh 2020 2023

Samsung	SDI

Construction	out	

of	former	

samsung	plasma	

display	and	

panel	plant

Göd,	Hungary 1 South	Korea 2.5	GWh Mid/Late	2018 2018?

SK	Innovation Construction
Komaron,	

Hungary
1 South	Korea 7.5	GWh 2020 2020?

Fortum	TBD Rumored TBD TBD Finland TBD TBD TBD

TESLA,	

Gigafactory
Proposed TBD TBD USA TBD TBD TBD

Li-ion	Battery	Manufacturing	Facilities	Announced	or	in	Progress	in	Europe																																												

(information	from	Climate	Home	News,	March	2018)

http://www.climatechangenews.com/2018/03/28/europes-gigafactory-boom-mapped/
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material manufacturers, mechanical engineering, cell manufacturers and industrial 

end customers. From the planning point of view it suggests that stir is starting to take 

place in Germany and Europe in general.  TerraE holding may involve BMW among 

the companies to build two factories in Germany. Although the specific names of the 

holding companies announced last summer 2017 had not been disclosed yet. 

In 2019 BMW will open an R&D facility and production for battery-cell 

development. The company is creating a scalable electric modular system77. In 2020 

this intend “to fit all model series with any drivetrain, according to demand”. The 

expected range for batteries is about 435 miles with reduced weight as well as flexible 

vehicle architecture. BMW ambition with the flexibility strategy is to manage the 

assembly platform needed for quick adjusting any model, including hundreds of 

thousands Plug in EV. The plant’s and the vehicle’s design architecture is going 

through an improvement phase so in couple of years every car will be equipped 

optionally and accordingly with the demand as either ICE, a PHEV or a pure BEV78. 

 

Manufacturing (onsite in Germany) 

Four facilities in particular are involved in manufacturing the i3: the carbon 

fiber manufacturing facility (jointly owned with SGL) in Moses Lake, Washington, 

United States; the factory in Wackersdorf, Germany, where the carbon fiber is 

converted into fabric; the Landshut, Germany plant where the fabric is used to form 

the CFRP body; and the assembly site in Leipzig, Germany, where the vehicle is 

made. 79   

In order to produce and distribute 2.5 million vehicles worldwide the firm 

operates an intricate supply-chain logistic heavily relying on a build-to-order system 

that produces in response to buyers’ requests, which reduced costs in parts storage. 

The operation is coordinated using “just in time” and “just in sequence” (JIT/S) 

processes to deliver components towards the needed point in the assembly line using 

long horizons and short-horizon forecasts80. Utilizes also a “designing to defer 

product differentiation” methodology, to delaying the final product outline to the end, 

thus demand from customers rather than forecasts81.      

The Leipzig BMW i3 manufacturing plant uses four wind turbines (2.5 MW) 

to partially supply the electricity needed in the fabrication process82. The carbon 

intensive process to produced the carbon fiber lightweight and highly resistant parts 

BMW implement as much as possible renewable energy generation sources 

throughout the supply chain. This supply chain began in Otake, Japan in a joint 

venture with Mitsubishi Rayon Co. Ltd. and a German carbon fiber maker, SGL 

Group, where they produce the fiber precursor material needed for the BMW i3 (the 

total investment in the carbon fiber supply chain is about one billion dollars)83.  

The process move to Moses Lake in Washington state, USA (the largest 

carbon fiber plant in the world) where hydroelectric energy is utilized in the plant 

(joint venture between BMW and SGL) to produce fifty thousand tons. From here the 

roving fiber is sent to Wackersdorf, Germany for further preparation before molding.  

Then in two German sites, Leipzig and Landshut, parts go through a process 

of molding (being Leipzig the main i3 manufacturing plant). BMW molds all parts 

and assembly operations for various modules of the car (including roof panels, glass 

and joining all to the Drive Module that includes the battery pack and drive train) in a 

process driven as much as possible by robotic automation.   
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Sales, dealerships, and marketing  

Worldwide, BMW notes that 2017 reached a milestone in terms of its 

100,000th electric vehicle sold (total sales for that year surpassed 103,080 cars).  The 

group also expects to have sold 500,000 EVs by the end of 2019. It notes that the i3 in 

particular leads the market for EVs in Europe. It also saw a 15% increase in annual 

sales (See Table 5).  

 

Table 5: Deliveries of EV models for the BMW Group, 2016-2017 

 

 
Source: 84 
 

Table 6 shows BMW i3 registrations in Europe during the year 2017 ranked at 

second place with 7% market share. During the first quarter of 2018 the vehicle has 

sold 731 units in Germany85, ranked six; first is the Smart Fortwo with 1693 and 

second is the VW Golf with 1449 (to put in perspective, Tesla Model 3, the first 

mass-produced EV from a purely BEV OEM, which is still in ramp-up phase shows 

registration estimates for the first four months of 2018 in about 20,960 units so far 

and 2,673 vehicles per week average, up to 26 April 2018 in US mostly86; it clearly 

suggests it is possible to mass-market properly built BEV for a good enough 

performance and technological features under adequate policy framework. The 

projections toward the end of the year for Tesla Model 3 (in North America) are 

expected to be more than ten times the maximum sales of BMW i3 in 2017 (in 

Europe).  

 

Table 6: Registration in Europe for BEV and PHEV Models 

 
2017 Registration in Europe for BEV and PHEV Models 

BEV and PHEV Model December 2017     
Full 
Year 

EV     
Market 
Share 

Renault Zoe 3,380 31,410 10% 

BMW i3 1,979 20,855 7% 

Mitsubishi Outlander PHEV 1,837 19,189 6% 

Nissan Leaf 486 17,454 6% 

Tesla Model S 2,451 15,553 5% 

Volkswagen Passat GTE 1,291 13,599 4% 

Volkswagen e-Golf 1,369 12,895 4% 
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Tesla Model X 2,156 12,630 4% 

Mercedes GLC350e 975 11,249 4% 

BMW 225xe 919 10,805 4% 

BMW 330e 1,180 10,117 3% 

Volkswagen Golf GTE 983 9,267 3% 

Audi A3 e-Tron 616 8,356 3% 

Volvo XC90 T8 725 7,847 3% 

Mercedes C350e 399 6,861 2% 

BMW 530e 825 6,143 2% 

Hyundai Ioniq Electric 669 6,117 2% 

BMW X5 xDrive40e 553 5,944 2% 

Kia Soul EV 558 5,551 2% 

Smart Fortwo ED 1,707 5,191 2% 

Others 8,680 69,110 23% 

TOTAL 33,738 306,143 100% 

Source: 87. 

 

Electric vehicle charging/use 

The charging networks that are available for German automakers are either 

alliances sponsored by many automakers such as ChaDeMo and CCS or relatively 

slow charging infrastructure being deployed by independent electricity utilities or 

entrepreneurial actors. In a large majority the availability is for below the so-called 

normal 22KWh slow charging stations.  On the other hand, rather severe ramp-up 

production difficulties are still challenging for the better-known start-up pure BEV; 

Tesla. Since Tesla began production of its Model-3 small sedan last summer (for 

about six months now) the company had been facing important delays to the ramp-up 

process probably, among other factors, due to difficulties in lithium-ion battery 

manufacturing and the automated assembly line. Thus, it all suggests that it is early 

still to predict how fast can EV become a mass-market competitor to dominate a large 

portion of the market. However things can change on the blink of an eye if Tesla’s 

Model-3 mas-market production arises eventually. That would mean for incumbents 

that a middle price, not luxury car, is already taking away market share, which would 

point toward definitive technological success for BEV. Is it worth waiting? Aren’t 

there enough sings of a technological shift?  In Germany, the ratio of EV to publicly 

accessible charging points has been rising fast since 2011 up to 2015 (due to much 

slower increase of charging points than EV in use—See Figure 9).88 

 

Figure 9:  Comparison of ramp up for publicly accessible charging points vs 

Electric vehicles in Germany (NPE) 
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Figure 10 presents the three different charging technologies available or 

announced to be deployed soon. Normal charging is anything up to 22kW capacity; it 

is the slowest charging option. From 22kW to 44 kW is considered fast charging 

technology. Most of the EV technologies are arranged for charging only below 44kW. 

Between 150 kW charging capacity is considered to be very fast charging 

(Superchargers by Tesla). Only few models are operationally capable to charge using 

above 150 kW charging point connectors.   Germany had been creating the legal and 

standards framework89 conditions for landlord and tenant law about the private 

charging points; prerequisites for charging infrastructures in new buildings and 

reconstructions within building regulations; obligations to designate parking spaces 

with charging infrastructures (in road, petrol and service stations, airports and train 

stations and public housing sector). Another part is the national level regulation 

alignment for calibration law for AC and DC charging. Also included on it is the 

authorization for commercial use of charging stations in residential areas. 
 

Figure 10: Chargers categories used by German’s makes (excluding Tesla’s 

charger equipment) 
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It appears that Germany strategy is pushing for a rational standardization, up-

front, in accordance with other countries and international car makers in order to have 

systemic infrastructure deployment, cost-effective and standardized for all affiliated 

makes to access as well as sending the right signal to OEP’s charging complementary 

systems, buyers and business of e-mobility models to follow the standardization. This 

is most probably one reason for the slow deployment so far for high capacity very fast 

charging technology. Although part of it is also possibly due to the need to coordinate 

the launching of new long range EV models and newer battery technologies as well as 

charging systems and infrastructures. A coordinated action should be good for 

rationalizing deployment cost disbursements at the speed of the slowest part of the 

system. 

Until the end of 2017 only Tesla had been able to do substantial progress on 

deploying their superchargers network in Europe (as well as in USA and China). An 

association between Daimler, Ford, Volkswagen, BMW, Shell and other petrol 

stations brands for light cars and trucks have partnered to deploy the first fast 

charging network in Europe, IONITY, for 400 stations (starting in Germany, Austria 

and Norway).  This, similar to batteries, underscores the global nature of charging 

research and cooperation at this stage.   The first announcement was done from the 

beginning of 2017 but only recently (one year later) it has started to deploy the first 

20 stations90 91. The association with Shell intends to put IONITY “ultra fast” 

charging network in Belgium, France, GB, Netherlands, Austria, Poland, Slovakia, 

Slovenia, Czech Republic, and Hungary92. 

Policies, actors, and networks   

One strong element backing German EVs (including the i3) is the “Electric 

Mobility Showcase.”93 This is a national initiative taken by the National 

Electromobility Development Plan (NEDP, Schaufenster Elektromobilitat) in specific 

regions of Germany that are traditional homeground for established automotive 
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brands (See Figure 11).  These locations are Stuttgart, Baden Württenberg for Porsche 

and Daimler; Munich, Baviera for BMW; and Niedersachsen for VW.  The Showcase 

targets selected regions by integrating EVs into large-scale demonstration and pilot 

plans thereby giving the project visibility.  

 

Figure 11. “Electric Mobility Showcases” in Germany 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Showcase is complemented by the National Platform for Electric Mobility 

(NPE) within their Development Plan is the Electric Mobility Showcase along the 

three most important automotive industrial regions of Germany94. NPE is the agent 

that had been appointed to coordinate the technology diffusion and publicising the 

programed mass market ramp-up for the one million EV target up to 202095. One of 

the program’s main aims is the standardization of charging stations technology and 

EVs, which is established in a Roadmap official report (see Figure 12).  The platform 

although is part of the coalition formed with government and incumbent companies 

which is a modified type of Advocacy Coalition (Hekkert et al. 200796; and Suurs et 

al. 2012)97. Up to now the EV ramp-up and the deployment of fast charging stations 

with capabilities between 150 kW and 400 kW are both falling behind schedule. The 

large majority of charging points installed are below 22kW. Another important 

information brought up, but not necessarily going to take place anytime soon, is the 

recommendation by Germany’s upper house (Bundesrat) to push for all new vehicles 

in 2030 at the EU level to be “zero emissions” (it points towards political consensus 

being created).  

 

 

Figure 12. Standardization Roadmap for Electric Mobility 2020 from the NPE 
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Barriers to further TIS performance  

Mckinsey & Co.98 (2017; pp 13) asserts that exist a supply/demand mismatch 

that is complicated to overcome, at this stage, until enough investment in EV is 

incurred towards diversification of model options as well as for performance and 

price.  On February (2018) an article99 from Seeking Alpha (investors web platform) 

made a thorough account about the leading EV car models today (including BMW i3 

EV, on top of it). Not surprisingly the article calls the attention to the fact that EV 

models from incumbent automakers tend to be much less appealing looking than their 

own traditional competitive ICE models (as well as for mileage battery-range and 

price). The first obvious reason it explains is to avoid their EV to cannibalize their 

ICE models market share. The second argument is that the cost/price structure would 

have to be upraised in order to make competitive EVs, which in turn means a larger 

investment cost (at a faster pace than anticipated) to restructure capital intensive 

assembly lines that had been established for internal combustion engines: 

transmission and clutch factories, for instance.        

 Among the industrial apprehension that incumbents are having: 1) EV will be 

half as profitable as ICE cars, 2) then outsourcing of more component manufacturing, 

3) German jobs losses and, 4) even a somewhat overstated concern on “uncertainty” 

that EV would not sell enough which will create a huge problem for the industry, for 

employees and for European governments. The strong inertia (reticence) is quite 

evident from the leaders of the industry who have to be decisive in promoting a large 

part of the energy transition (concerning transportation) and the technological 

innovation required. Volkswagen, the largest automaker worldwide by sales and 

brand diversity, have increased its objective for EV from 30 to 80 models by 2025, in 

which case the company declared it will need four times Tesla’s gigafactory capacity 

for battery supply, only.  
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 So far we have highlighted the path dependency and the heavily compromised 

infrastructure of incumbents. However there are signs of defensive strategies, not 

without logical reasons, that incumbents and governments are following upon on the 

fashion described by Smink and Hekkert et al. (2013)100 “keeping sustainable 

innovation on a leash”.     

 A study101 published in March 2016 by Späth et al. go to the heart of German 

incumbent actors and government (regional, urban and state) officials drawing 

valuable insight on their personal stance towards the transition o energy mobility and 

sustainability. Right, there is substantial path dependency in Germany but it is 

critically important to understand the insights of its relative cohesiveness at the 

institutional and individual level of the incumbent and government. The paper 

highlights the aggregate nature of governments and multinational variety of actor’s 

different strategic approaches and opinions. This is a plausible possibility in many 

countries, regions or cities. However the major outcome of their study in the Stuttgart 

e-mobility region is that the long-standing industrial tradition (and influence) of ICE 

propulsion, which permeates the life of most individuals and organizations, give 

cohesion to the network of actors in the system.  The automakers say that it is about 

customers since:  

 

“nobody produces something that nobody wants to have… so when customers wishes 

for climate-friendly and emission-free vehicles, every company will move.”  

 

Customers think that their long-standing worldwide leading carmakers should be the 

ones to lead path towards newer electric vehicles. Politician’s opinions regarding 

electro mobility and the legal framework comes on the line of: “this may come later. 

Politics doesn’t create the legal framework a priori, it has to come afterwards”. Or 

for instance:  

 

“Of course one has to enact emission directives, but one must not forget that our 

wealth is built upon the combustion engine. It can be done very gradually but it would 

be absurd to do this from one day to the other”.    

 

Curiously the green party is the only one that takes the approach to suggest actions for 

change that goes against the “pro-industry positioning”. They observe that 

“skepticism” from government, industry and civil society discourse is “leading to 

resistance”. 

 Although this study focuses in the Stuttgart region, Späth et al. believe that a 

similar situation is taking place in Bavaria (BMW) and in Niedersachsen (VW) and 

points out the federal government interventions in EU blocking strict CO2 reduction 

targets in favor of German automakers.   

 Another challenge, rightly or wrongly, is perceived range – survey of early 

adopters of electric vehicles in general in Germany in 2015 noted that: “Due to 

adaption processes toward high range mobility in the past 100 years, a widespread 

introduction of BEVs within the next few years seems to be challenging. The limited-

range BEV is a highly incongruent product that cannot easily be integrated into 

existing schemata of automobility.”102 

 And, finally, ADAC (Allgemeiner Deutscher Automobil Club) in Germany 

(Europe's largest automobile club) has noted that charging was a key barrier:  “There 

is no clear regulation as to where public EV charging spots may be installed. 

There are unclear regulations regarding parking on spaces equipped with a 
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charging spot. If local authorities decide to proceed with the roll-out of charging 

infrastructure, including reserved parking spaces, in order to promote use of EVs, 

then this may raise new problems.”103 

4. Mapping the TIS for the Fiat 500e in Italy  

Similar to the i3, the TIS for the 500e can be divided it into four parts: 

 

 Upstream components (batteries, materials) 

 Manufacturing (onsite in USA I believe)  

 Sales, dealerships, and marketing (the various franchises that sell the 500e 

across the world, or at least sales data) 

 Electric vehicle charging/use infrastructure in California 

 

Interestingly, the Fiat 500e only available overseas, more precisely in California (and 

to a less extent Oregon).  This may be related to the fact that Italy has an extremely 

limited market for EVs so far, with a total vehicle stock of about 49.2 million vehicles 

in 2014 but fewer than 1,000 electric vehicles (less than 1%), resulting in a “very 

limited” domestic market.104 Changes in European markets are also forcing the 

company to look to North American markets.105 

Upstream components (batteries, materials)  

Scrosati (2003) highlights how in Italy, prior a turning point for lead-acid 

batteries there was consistent activity both on development and on research, and while 

lithium ion batteries were rapidly assuming a leading role in the consumer electronics 

market, “[f]ew lithium ion battery research programs carried out in the framework of 

government sponsored projects are in progress in Italian laboratories”106. 

 Driven initially by investment in telecommunications and the mobile phone 

market, both private and public  actors are investing heavily in batteries and energy 

storage technology, meaning that not only are battery prices falling, but their energy 

density (and thus performance quality) is also increasing, which solidifies the EV 

technological trajectory. Further contributions to this effort are to come from 

‘Gigafactories’, currently being developed in China, as well as in the USA by 

Tesla107, which better harness economies of scale to continue this trajectory. Private 

R&D is the not only driver however, as public funding mirrors this trend (see Figure 

13). 

Figure 13: Distribution of total investments in public co-funding in publicly co-

funded R&D projects 
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Source: 108 

 

Design and manufacturing (onsite in Mexico) 

Bosch produce the electric drivetrain for the Fiat 500e. While Fiat are not 

highly innovative, Bosch does have a highly innovative character: spending €7.3bn on 

research and development in 2017, 64,500 people work in R&D at Bosch 109 where 

they spend around €400m each year on driving e-mobility forward”110. 

Historically, in scale-intensive sectors such as automotive manufacturing, the 

main sources of technology are in-house design & production engineering 

departments, with specialised suppliers - mechanical and instrumental engineering, 

and software firms – adding their contribution to the overall design111. Bosch 

Automotive, for example, specialise in automotive components for ICEVs such as 

filters, spark plugs, brakes, bulbs, and electrical equipment rather than producing 

whole automobiles. 

On the contrary, Dijk et al. (2012) note that “[m]ore than with diesel and 

gasoline innovations, which have been developed only partly by first-tier suppliers 

(such as Bosch, Denso, Valeo and Delphi), EV research occurred mainly within the 

supplier network”112. Japanese automakers Nissan and Honda established close 

relationships with battery makers early on explains why the Toyota Prius was the first 

major success in hybrid cars, indicating the increasing centrality of battery technology 

in the future of the auto industry”113. This has been reflected by Bosch’s purchase of 

U.S. start-up Seeo Inc.114 whom specialise in solid-state battery technology.  

With the purchase of Seeo Inc. in September 2015, Bosch “bolstered its 

innovative strength”115 because Seeo specialise in innovative solid-state cells for 

lithium-ion batteries which more than double the energy density of batteries, Bosch 

noting that Seeo hold a number of patents in this area116. Bosch had expected to 

launch a new battery by 2020117. 
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Alongside improving battery density, in the race to develop the best electrical 

powertrain, Bosch has developed an all-in-one electrical powertrain which combines 

an electric motor, the transmission, and the power electronics in a single compact 

system. Combining the three “reduces the number of parts, saves space, and makes 

the powertrain unit less complex — all of which enhances efficiency and cuts 

cost.”118 The flexibility of the components is high: they’re scalable (from 50-300kW, 

or 1000-6000Nm) and can thus be installed in diverse vehicle classes, and the system 

can be adapted quickly and easily to meet varying requirements. This is good for 

users and even better for producers because this may “considerably reduce 

automakers’ costly development times in the future”119. Further, the new compact 

system weights the equivalent of just 60kg per 100kW120, and efficiency is 

additionally improved because the individual 3 cooling systems have been 

streamlined into one system for the whole unit, further enhancing efficiency and cost 

benefits121. 

Future technological development of the 500e faces an uncertain future. Bosch 

is the world’s largest automotive supplier but announced in February 2018 that 

development and production its own battery cells would cease because the investment 

cost is too high and they are not competitive enough in this industry compared to the 

Asian battery base122. “Bosch also plans to sell U.S. start-up Seeo Inc. which it bought 

in 2015 to enhance its expertise in next-generation lithium-ion batteries”123. 

Geopolitically that has implications for the future of battery technology and 

dominance in EV and renewables markets, in that Europe’s contribution to 

automotive innovation will be limited compared to that of China or  the United 

States. For the 500e, there is uncertainty for future technological development from 

both market development and technological development.  More broadly than Bosch 

specifically, future technology outcomes for the EV market are highly dependent on 

costs falling further and remaining low. What may balance this is Europe’s incoming 

“gigafactory boom” which will see at least seven new gigawatt-size battery factories 

are scheduled to start operating in Europe by 2020124, the economies of scale from 

which may bring costs down significantly. This addition also highlights the rise of 

new actors within the technology trajectory, which may explain the potential future 

fall of incumbent automotive producers like Bosch. 

Unlike the Germany case study (which saw the i3 manufactured across four 

separate plants), the Fiat 500e is manufactured at the Toluca Assembly Plant in 

Mexico, along with the Dodge Journey. To prepare for the build of the 500e, 

extensive changes were made in the plant, ranging from new torque tooling to 110 

new dies, from five new automated closure lines to a fully automated PVC sealant 

application system.125 

The FIAT 500e, the EV version of the gas-powered 500, aka Cinquecento, has 

receied uniformly positive reviews.  A “near consensus” view among critics (rare) 

included statements such as:126  

 Plugincars.com: “I found the 500e noticeably quicker and more maneuverable 

than the LEAF. It was a blast tossing the small electric two-seater around the 

crowded city streets, hills, and highways of L.A…the most affordable, stylish 

and fun (but somewhat cramped) electric car on the market.” 

 Wall Street Journal: “The Fiat 500e is just awesome, a nutty electric elf of a 

car. All dressed up in Playskool aero pieces and available in Life Savers 

colors, the 500e feels like the big-kid toy the Fiat 500 always wanted to be, 
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with an otherworldly electric hum to go with its whimsical aesthetics…It’s a 

lot of fun to drive.” 

 Autoblog: “The 500e is a blast, and we actually like it better than its liquid-

fueled 500 cousin… the heavy battery pack placed low in the 500e means the 

EV is more surefooted… When you’re driving around the city in the 500e, 

you quickly forget you’re not driving in a normal car.” 

 Green Car Reports: “The 2013 Fiat 500e may be a compliance car, but its 

engineers created an electric car that’s so much fun to drive that seemingly 

they want it to be more.” 

Nonetheless, the technological and market development of the 500e has been 

staggered. The drivetrain system being developed extramurally by Bosch is key 

because, what is arguably the most significant technology cluster, the power and 

drivetrain system, is not developed by Fiat. Devereux (2013) notes that the 500e 

doesn’t “look that different on the outside - indeed, they only changed three panels in 

the floor to make the e version”127, highlighting Fiat’s relative input (or lack thereof) 

to the development of the 500e. 

 

Sales, dealerships, and marketing  

Fiat report sales data for the Fiat 500, 500L and the 500X128, but they do not 

release any sales data for the 500e, supporting the motion that Fiat are not developing 

the 500e’s market. Fiat do not want to release the sales data. Fiat may be reluctant to 

make public the sales figures about a product which they’re required to sell by law to 

offset the environmental damage of their SUVs, particularly considering that they are 

set to make profits in 2018 off the back of sales of said SUVs, rather than the 500e 129 
130.  However, overall it appears that market development for the 500e is low, and 

low-priority. The lack of official figures from Fiat makes sales data on the 500e 

somewhat patchy. However, Inside EVs have compiled a meta-table of sales figures 

and release monthly sales figures (See Figure 14).  

 

Figure 14: Sales Figures for the 500e in the United States (2013-April 2018) 

 

 
Source: 131 
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However, as the figure illustrates, excluding a spike in early 2015, sales have 

been sporadic and consistently below 800 units per month, with 2017 annual sales 

showing a slow decline throughout the year. This is fitting with stage 2 and suggests 

that the 500e is either failing, or is still in relatively early market development - there 

is certainly no clear sales trajectory based on the above data. This supports the notion 

that the 500e have not been a priority for Fiat, despite the ZEV. 

As the market developed and the 500e began to sell, Fiat made alterations and 

improvements. Updated from the 2013 model, the 2017 500e underwent an interior 

refresh, but most significantly the new multimedia Uconnect system (see section 1, 

novel technologies) was added, which gives the driver greater control of the vehicle 

and helps track both the car and the drivers driving efficiency when on the road. 

However, this was the limit of technological changes and improvements as 

mechanically, the 500e “carried over to 2017 unchanged”132. 

A further issue than the lack of innovation on the car is the fact that it has been 

plagued by recalls (which exacerbates the lack of sales and market development 

explored above), the 500e being recalled for the fourth time by June 2015133, just two 

years after it went on sale. This further suggests that the 500e is a failure.  Costs not 

being internalised by FCA (they lose money on each one sold) has kept the price high, 

sales and market development is constrained, and technological development is facing 

an uncertain future. 

 A final factor hurting the 500e may be internal competition within the Fiat 

auto group. Fiat is more strongly pushing another alternate fuel vehicle in Europe, the 

bi-fuel CNG Fiat Punto Evo Natural Power, intended to be far cheaper (and to 

compete with the Ford Fiesta, Toyota Yaris, and the VW Polo).134  Abroad, the Fiat 

Group has been backing the Mio, especially in Brazil, sold as an “ultra-compact high-

tech zero emissions concept car” that is “2.5 metres long, 1.56 metres wide, and 1.53 

metres high, with futuristic lines and a cabin that seats two,” aiming to compete with 

the Smart car.135  Similarly, their latest Annual Report does not mention the 500e 

when talking about plans and development of “Hybrid and Battery Propulsion” cars. 

Instead, it notes the launch of the Chrysler Pacifica Hybrid (with an efficiency rating 

of 84 miles per gallon equivalent) and belt starter generator (“BSG”) technology that 

offers a claimed improvement in fuel economy and a reduction in CO2 emissions.136 

 In sum: the fact that the 500e has been updated and sales haven’t materialized 

is further evidence that the 500e is a failure. 

Electric vehicle charging/use 

The U.S. is a much bigger country than Italy, both geographically and per 

capita, and has been more of an innovation centre for EVs. EV charging infrastructure 

in the U.S. has been driven both by the private sector, e.g. Tesla, and the public 

sector, such as the ECOtality EV Project, an ARRA-funded project that is deploying 

approximately 14,000 chargers in 18 major U.S. cities 137 compared to only about 

9,000 charging stations in Italy. 

However, California in particular has a much more developed range of 

charging services and infrastructures.  As of October 2017, California had 13,822 

public charging stations and state regulators were weighing proposals from Pacific 

Gas & Electric, Southern California Edison, and San Diego Gas & Electric to build 

100,000 more at a cost of at least $1 billion.138  These public sites are already in 

addition to innumerable charging points at employers and working offices.  For 
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example, a 2013 survey of California plug-in electric vehicle drivers finds 37 percent 

have access to charging at work.139 

 

Policies, actors, and networks   

In terms of Fiat’s innovation activity, the Fiat 500e is an interesting case 

which represents the development of new product (an electric vehicle), but is, at the 

same time, an improvement to an existing product – a more efficient Fiat 500. This in 

the context of Fiat ditching ICEVs represents the technological trajectory of the 

innovation, as well as highlighting further that the 500e is a conversion of an existing 

model (the notion of the 500e as a ‘compliance car’ has already been intimated), 

which limits Fiat as a highly innovating actor. 

As aforementioned, Rome has banned diesel cars in the city center by 2024 to 

combat air pollution, which is not only damaging to human health but also poses a 

damage risk damage to many of Rome’s historic monuments. In addition, Fiat have 

committed to make EVs only by 2022. The most significant policy in the case of the 

Fiat 500e, however, is California’s Zero Emissions Vehicle (ZEV) mandate, which 

lead to the creation of the 500e. 

California’s clean air laws – ‘California Ambient Air Quality Standards 

(CAAQS)’ - are designed to reduce the harmful effects of air pollution140. This is the 

foundation for the Zero Emissions Vehicles (ZEV) Programme which was rolled out 

first in California, but has since been adopted by another 9 states, including Oregon 

(OR). “The law requires the six carmakers that sell the most vehicles in the state to 

deliver specified numbers of vehicles with no tailpipe emissions during model years 

2012 through 2014”141. Hence, Fiat developed the Fiat 500e. 

The Fiat 500e is essentially an EV conversion – an electrified model of Fiat’s 

bestselling European model. The reason behind the conversion, and the reason the 

500e is only sold in California and Oregon, was not an internal innovation drive from 

Fiat, but the result of the ZEV mandate. As Zhou et al. (2016) explain: “[C]ertain 

PEV models were built specifically to comply with ZEV mandates. These so-called 

“compliance cars” are typically conversions of existing ICE vehicle models, 

manufactured in small numbers, and sold only in California or states with similar 

mandates in place. While compliance cars do increase the number of PEVs in 

circulation, they may be sidestepping the original intentions of ZEV mandates, which 

broadly speaking are to increase electric miles travelled, reduce emissions, promote 

technology learning, and encourage manufacturers to develop affordable, mainstream, 

mass-market PEVs”142. 

The Fiat 500e is unique in that it cuts across four policy spheres, notably Itay 

and the European Union (where it was designed and is manufactured) and California 

and the United States (where it is exclusively sold).  Table 7 attempts to capture this 

complexity.  

 

Table 7: Overview of policies for affecting the Fiat 500e and electric mobility, 

2000 to present   
Year Actor Policy Description / 

Relevance for Fiat 

500e 

2002 California Air Resources 

Board 

Revisions to California 

Ambient Air Quality Standards 

Designed to reduce 

the harmful effects of 

air pollution across 

the state 
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2006/2007 Italian Ministry of 

Economy and Finance 

Quadro Strategico Nazionale Defines a national 

strategy for the 

widespread diffusion 

of electric vehicles 

charging 

infrastructure 

2007/2009 European Union  Europe 20-20-20 strategy Sets three key targets: 

20% cut in 

greenhouse gas 

emissions (from 1990 

levels); 20% of EU 

energy from 

renewables; 

20% improvement in 

energy efficiency. 

Relevant to EVs, 

creates fines and 

penalties for diesel 

vehicles failing to 

improve efficiency.   

2009 European Union  European Parliament 

Resolution (P7_TA2010 

0150) on  Electric Cars / 

Directive 2009/28/CE 

Sought to establish a 

single market for EVs 

across the European 

Union 

2009 European Union  Directive 2009/33/ECon  on 

the Promotion of Clean and 

Energy Efficient Vehicles 

Promotes energy 

efficient road 

transport vehicles 

across the European 

Union  

2009 United States Federal 

Government 

American Recovery and 

Reinvestment Act of 2009  

Established tax 

credits for purchasing 

electric vehicles 

2009 United States Federal 

Government 

American Clean Energy and 

Security Act of 2009 

Provided a tax credit 

of up to $7,500 for a 

new PEV purchases 

2011 United States Federal 

Government  

New Corporate Average Fuel 

Economy standards  

Require cars and light 

trucks from the 2012 

model year (which 

began sales during 

2011) to have an 

average fuel economy 

that is 16% greater 

than the 25.5 mpg 

average for cars and 

light trucks for 

previous model years. 

CAFE also requires 

the average fuel 

economy to be 33% 

greater in 2016 than 

in 2011 models 

2011 United States Federal 

Government 

Fuel Economy and 

Environment Label 

Replaces (and 

nationalizes) the 

California 

Environmental 

Performance Label, 

lists environmental 

attributes of vehicles 

(e.g., smog) at the 

point of sale 
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2014 Italian Ministry of 

Infrastructures and 

Transport 

National Plan for Electric 

Charging Infrastructure 

(PNIRE) 

Aims to establish 

electric vehicle 

charging points 

across the country  

2016 California Air Resources 

Board 

Updates to the Zero Emissions 

Vehicle (ZEV) Mandate  

Establishes the goal 

of having 1.5 million 

zero-emission 

vehicles (ZEVs) on 

the road by 2025 

Source: Authors compilation based on Comodi 2016; IEAHEV 2018a; IEAHEV 

2018b; Lo Schiavo, 2013; European Commission, 2016a; European Commission 

2015; Zhou et al, 2013; California Air Resources Board, 2012; California Air 

Resources Board, 2017a; Voelker, 2013. 

 

Barriers to further TIS performance  

Rusich & Danielis highlight the issue of high prices as the key problem which 

has plagued EV adoption; “the car[s] operated by conventional fuels (gasoline, diesel) 

have the lowest Total Cost of Ownership. This explains why they are currently 

dominating the Italian car market”143. Valeri & Danielis contend that “only a 

combination of changes such as the introduction of a subsidy equal to €5000, the 

decrease of the purchase price for BEVs by €5000, the increase in the battery range, 

and the increase in the conventional fuel price would significantly increase the BEVs' 

market share, raising it to about 15%.”144 

Formerly hindered by high investment from automakers in ICE technology, 

poor battery technology, as well as the fact that “public support for BEVs was not 

strong enough to counterbalance the industry lobby”145, an EV technological 

trajectory was constrained. The automotive industry also had a poor patent ratio 

where on average “around 80% of the patents were awarded to ICE-related 

technology, against only about 20% for technologies associated with pure battery EVs 

and Hybrid EVs”146, but from 2005 a new momentum for electric mobility emerged. 

High, or rather volatile oil prices have caused issues of uncertainty for many 

years and in many contexts, but as a special report in The Economist highlights, 

“clean power is shaking up the global geopolitics of energy”147, which strongly favors 

the trajectory of the EV over the ICEV. Oil price shocks and uncertainties have been 

exacerbated by the ‘green revolution’, demonstrable by the correlation between 

falling oil prices and the Paris accord of 2015. 

Prices for electric vehicles have historically been high, and EVs have been 

dismissed largely due to issues of range anxiety. The prominence of electric vehicles 

at the 2018 Geneva Motor Show148, however, indicates a union between the 

multiplicity of actors required for a technological trajectory to mature, including 

automakers and public support, which is indicative of the EV trajectory gathering 

momentum. 

 

5. Conclusion  

 

In comparing the BMW i3 and the Fiat 500e, we draw three conclusions.   

First, although both products represent a response from automotive firms to the 

imperative of decarbonisation, they very different approaches: with the i3, BMW 

decided on an endogenous, fairly radical approach to create new value by launching 

an innovation project as a niche within the own company to develop sustainable 
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“mega city vehicles” which later became an own sub-brand. They manufactured a 

new car with a unique design and prominently proclaimed that the “future is electric”. 

With the 500e, Fiat decided on an exogenous, fairly incremental approach to maintain 

value. They stuck to the tried-and-tested design of a recently relaunched model and 

openly portrayed the development of the 500e as externally imposed. Furthermore, 

BMW conducted extensive real-world experiments. Nothing of the kind is known for 

Fiat.  Even though in theory Fiat still would have benefited from the experience of 

R&D and production to bring the 500e to market, the opportunities for learning were 

limited, and the CEO himself spoke out against buying the car.  As Table 8 indicates, 

the innovation styles, profiles and functions for each product differ markedly. 

 

Table 8: Technological Innovation Styles and System Functions for the BMW i3 

and the Fiat 500e 
Function  BMW i3 Fiat 500e 

Innovation style Endogenous: BMW started with value 

creating strategies by developing an all 

new electric vehicle with highly 

innovative features and over time 

switched to more value maintaining 

strategies.  

Exogenous: Fiat started with a 

clear value maintaining strategy 

by developing a compliance car 

and recently seems to have 

switched to a value creating 

strategy.  

(F1) Knowledge 

development and 

diffusion  

More investment in R&D, in-house 

production, joint venture for carbon 

fiber production, leading in patents 

filed 

Little R&D, fewer partners 

involved in the development of 

the Fiat 500e, fewer patents 

filed 

(F2) Entrepreneurial 

experimentation  

Extensive field trials at different stages 

of the development process 

Fiat 500e is a conversion of an 

existing product, no known 

experimentation  

(F3) Market formation  Intensive marketing “Hello Future”, 

more 100.000 vehicles sold worldwide 

anti-marketing, vehicles only 

sold in California and Oregon as 

a compliance car  

(F4) Influence on the 

direction of search  

Germany pushing R&D projects in the 

incumbent industry and trying to 

protect the domestic car industry, 

wants to become a leading market and 

leading manufacturer of EVs 

California’s ZEV mandate as 

the sole reason to develop a 

compliance car 

(F5) Resource 

mobilization  

More than 2 billion investment in 

project i 

At first low investment strategy 

but recent announcements of 

heavy investments in 

electrification 

(F6) Legitimation  Sustainability strategy, but also 

attempts to preserve the industrial 

tradition 

The Fiat 500e is the “black 

sheep” of the Fiat group to 

sidestep the California ZEV 

mandate 

(F7) Development of 

positive externalities  

Development of new technological 

features that can also be used for other 

models, shift in self-reference from 

carmaker to mobility provider 

Fiat announced the development 

of a new all-electric Fiat 500 in 

the near future 

Source: Authors  

Second, drawing on insights from the emerging literature around global 

innovation systems we can conceptualize both the BMW i3 and the Fiat 500e as 

examples of local innovation subsystems that in principle compete internationally on 

the same highly standardized valuation subsystems.  This creates variance in terms of 

supply chains, design specifications, and deployment patterns.  The i3 is more global 

in its sales across the luxury EV market, the 500e limited to a few thousand units sold 

in California and Oregon.  
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Third, despite the inherent differences in the BMW i3 and Fiat 500e, the 

strategies of the two companies seem to converge over time due to the general market 

development and policies around electric vehicles. BMW has begun to look more like 

Fiat in terms of statements favoring conventional technology, and Fiat has more 

recently begun to public endorse electrification.  This underscores that innovation 

itself is a dynamic and constantly evolving process. 
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Annex 10 - Transport case study part 2 

Low carbon innovation in automated light rail: Insights from 
Poland and the United Kingdom 

Benjamin K. Sovacool and Asieh Haieri Yazdi, University of Sussex 

1. Introduction 

Defining light rail  
Both of our cases—the DLR and the PRT—involve light rail, at times also called “metros” or “light rail systems” 
(UITP 2012)  The European Conference of Ministers of Transport defines light rail as a rail-borne form of transport 
which can be developed in stages ranging from the modern tram to a rapid transport system operating on its 
own right of way, be it underground, at ground level or elevated (Kotos & Taczanowski, 2016).  Kołoś and 
Taczanowski (2016) add that the term “light rail” can denote any type of rail-based urban public transport system 
which is not a traditional “heavy” railway, i.e. traditional trams, fast trams which are separated from road traffic, 
tram-trains and hybrid solutions. The fundamental attributes of light rail, contrasted with heavy rail, are offered 
in Table. 1.  

Table 1: Factors distinguishing light and heavy rail  

 

Source: Kołoś and Taczanowski 2016 

The International Organization for Public Transport (UITP, 2012) defines light rail, or light rail transport (LRT) as: 

 a rail-borne form of transport... 
 ...which can be developed in stages... 
 ...from a modern tramway to a rapid transit system  
 Largely operated on its own right-of-way (underground, at ground level or elevated) 
 If exclusive right-of-way: METRO, regardless of capacity 
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LRT and metros can result in a high degree of freedom for the choice of vehicle width and length, and thus 
carrying capacity (above 30,000 passengers per hour per direction is possible).  Metro systems require heavier 
investment than light rail and can be implemented as the preferable option for large cities where demand 
justifies the high capital cost.  

Why study light rail 
UITP (2012) notes LRTs are a high volume form of urban transport, estimated that within the EU 15, 383 million 
people relied on metros, 8.3 billion annual passengers, 21.8 trips per person.  The 189 LR and tram networks 
carry approximately 10.4 billion passengers per year to be compared with 9.9 billion for 45 metro systems one 
clearly sees the high capacity of metro systems. Knowles and Ferbrache (2016) add that LRT systems exhibit 
spatial variation as well, which makes them interesting to study.  As they write, “geography matters where light 
rail is concerned as similar rail investments in different locations may not have the same impacts. For example, 
the importance of wider contextual factors has been shown to enhance and/or limit the impacts of rail-based 
investment, including economic factors (e.g., high quality labor force, and buoyant local conditions); investment; 
and policy and institutional frameworks.” 

LRTs are often sold for broader visions such as reshaping cities to be modern, to capture economic benefits in 
terms of jobs or increased mobility, to make city-scapes softer, to reclaim public spaces (Olesen and Lassen 2016).  
LRT therefore has a symbolic, boosting image.  Ferbrache and Knowles (2017) note that in Denmark (Ørestad and 
Copenhagen in particular) as well as the United Kingdom (Croydon and London in particular), LRT have helped to 
boost image and quality of city areas, potentially further fueling the idea of a ‘‘mythical allure.”  One implication 
here is that LRT systems need to be reconceived as complicated, dynamic urban development projects, rather 
than only “simple pieces of infrastructure” (Olesen and Lassen 2016). 

Advantages to light rail (including the environment, emissions, traffic) 
Light rail/metros credited with having multiple benefits, including economic and environmental aspects. 

Gadzinski & Radzimski (2016) argue because transit developments such as LRT are compact, mixed-use, and 
pedestrian-friendly, commuters typically use such transit 2 to 5 times more often, or even 2 to 10 times more 
often than commuters from other, more car oriented neighborhoods. Urban areas with LRT systems also tend to 
own 10–30% fewer cars, and drive 10–30% fewer miles. Also, other studies have exhibited that LRT users choose 
cars less often and walk more than non-users (Gadzinski & Radzimski, 2016). Knowles (2007) also suggests that 
LRTs have an environmental benefit to the extent that they displace car use, pollution, and congestion.  Knowles 
(2007) states that LRTs are also better in terms of overall load as well as traffic speed: “Although light rail vehicles 
(LRVs) cost between £850 k and £2.15 m each compared with £120–200 k for buses, they can carry up to three 
times more passengers and have an operating life three to four times longer. Light rail’s average speeds of 15–
22 km/h compare favorably with 10–14 km/h for buses in ordinary traffic and up to 18 km/h with bus priority.” 
 
Knowles (1992) adds that LRTs, which are much cheaper and quicker to construct than conventional 'heavy' 
underground (Metros) and suburban railways, are worth evaluating in urban areas with over 100,000 
population in corridors with 2,000 to 20,000 passengers per hour in one direction. Whereas Metros cost £19 
million or more per km and £6 million or more for each Underground Station, Surface Light Rail costs from £3 
million per km. This is because Light Rail routes are less heavily engineered; its lighter vehicles can travel up 
steeper gradients and around tighter curves, use less energy and are therefore cheaper to operate. A 
distinction needs to be made between totally segregated Light Rail systems, such as Tyne and Wear's, which 
use tunnels or viaducts to penetrate city centres, and surface Light Rail systems, such as Greater Manchester's 
Metrolink and South Yorkshire's Supertram, which partly use road alignments and cross the city centre on a 
mainly segregated surface route with priority at traffic lights. Total segregation provides the option of 
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automatic unstaffed trains. Surface Light Rail is cheaper and quicker to build and is more accessible and safer 
for passengers, whilst avoiding most of the traffic congestion which slows down trams. 
 
Kołoś and Taczanowski 2016 divide benefits into user and non-user classes: 
 
Table 2: User and societal benefits of light rail transport systems  

 

Olesen and Lassen (2016) note that LRT is also cheaper than underground metros. Knowles and Ferbrache 
(2016a) write that “as an option for cities investing in transport infrastructure, modern light rail (tram and light 
metro) systems can be highly attractive.” They note that the specific benefits of light rail include 

 more lightly engineered, and able to operate on steeper gradients and tighter curves than heavy rail 
trains 

 lower capital costs in rolling stock and infrastructure than new underground metros and suburban 
railways 

 ability to carry up to three times more passengers than buses, operate at higher speeds and have a much 
longer operating life  

 proven ability, more than buses, to secure significant modal switch from cars, and sometimes able to 
reduce road traffic volumes and congestion 

 faster and more reliable services than buses to and through the heart of city centers 
 
For these reasons, Ferbrache and Knowles (2016b) write that “LRT clearly has potential to influence sustainable 
city futures.” 

Disadvantages to light rail  
However, the proclaimed benefits of LRT systems are not a given – and are controversial. According to Hodgson 
et al. 2013 (Hodgson, et al., 2013); National Audit Office 2004, new LRT schemes often face a set of staunch 
barriers: 

 High cost due to lack of standardization, applying inappropriate heavy rail safety standards and the 92.5% 
share of paying to divert utilities from the line of route. 

 Poor financial performance discouraging private sector investment requiring better risk sharing and new 
methods of procurement, more reliable passenger forecasts and less fare evasion. 

 Cost of promoting light rail schemes, and need to utilize new funding sources including congestion 
charging and increased land value and trade from regeneration. 

 Slow planning and funding approval process. 

 Insufficient in-house expertise in some local authorities 
 
These points were picked up in a review by Hall (2011), who compared the UK institutional and funding context 
to that of France, with its plethora of light rail schemes successfully implemented in quite small urban areas. 
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Knowles (2007) points out that LRTs are more capital expensive than some other modes.  Knowles and 
Ferbrache (2016a) note that light rail can me more costly for cities than investment in bus systems. Ferbrache 
and Knowles (2016b) confirm as such, and write that “despite its potential value, light rail has not always been 
as well developed, based on competing ideas of sustainability, and the need for integrated planning and 
transport investment. In the latter case, this is particularly apparent in the UK where there has been a dearth of 
modern light rail and metro systems in provincial cities, and it has been noted that some existing systems have 
underachieved.  Problems include the difficulty of integrating LRT into existing and new urban policies, and 
failure to recognize that light rail alone is not enough to stimulate sustainability: additional conditions are 
important for success of the system, including supportive land use planning policies, inward investment, land 
value capture and urban regeneration initiatives.” 

Overview of cases 
In the case of the Transport Sector, two specific TIS will be explored: the DLR in the United Kingdom, and the PRT 
in Poland. Table 3 offers a summary of these different systems.   

Table 3: Comparing the basic features of the DLR and PRT 

 DLR (UK) PRT (Poland) 

Date commissioned  1987 2007 

Length of track Original: 13km 
Present: 31km (19.4 miles) 
Extension:  
 

21 miles to be developed later  

Initial cost (total) £77 million  Not implemented 

Initial cost (per km) £6 million 
(based on the first phase construction: 
13km, 13 stations) 

€3 .4million  
(Mikosza, 2014) 

Type of vehicles Bombardier  type types B90/B92/B2K Metrino-Pod 

Costs per unit  £14 million 
based on a new deal (RTM, 2018) 

€16k  
(Mikosza, 2014) 

Initial ridership (annual 
passengers) 

6.7 million (1987) Highest line capacity: 25,000 people per hour 
per direction 

Current ridership (annual 
passengers)  

122 million (2017) Not in-service  

Initial size (number of 
stations, track length, 
number of trains/cars, 
passenger volume)  

15 stations, 11 single-car electric multiple 
units (1987) 
284 (70 seated) per fleet 

Highest capacity: 100 pods in 1km of 2-way 
track 
5 passengers per pod 

Current size (number of 
stations, track length, 
number of trains/cars, 
passenger volume 

45 stations, 56 Bombardier- three-car 
trains with 149 individual units, 24 miles of 
track 

Not in-service  

Total cost (total) At least £277 million, given that the 
extension across the River Thames from 
Island Gardens to Greenwich, and then on 
south to Lewisham cost £200 m, involved 
4.3 km of track and 5 new stations at Cutty 
Sark, Greenwich, Deptford Bridge, 
Elverson Road and Lewisham. 

Not implemented 

Total cost (per km) £35 million €5 million  
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Integrated with other 
transport nodes 

Yes No 

Level of maturity Fully demonstrated  Under testing and development  

Main actors involved In development phase and take-off: 
National government, 
LDDC,  constructed by joint venture 
comprising GEC and Mowlam, 
original train built by Linke-Hofmann-
Busch (now Alstom), trains now built by 
Bombardier, operated and maintained by 
KeolisAmey Docklands on behalf of 
Transport for London (since 2014) 
 
 In steady-state phase: 
Greater London Authority, 
Mayor of London,  
Transport for London,  
Department for Transport,  
Network Rail,  
Training Operating Companies,  
Transport infrastructure providers,  
Service Providers 

In pre-development phase and knowledge 
development:  
Ollie Mikosza 
 
In entrepreneurial experimentation and 
production phase:  
Metrino Company 
 
In development phase: 
European Union 
CityMobil Reference Group members 
Opole Municipality 
 

Staff on board Driverless 
Passenger Service Assistant in each train 

Fully driverless 

Innovation dynamics Government/state led, project-based 
learning, systems integration, web of firms 
with integrator at the centre 

Market led, machinery, in-house product 
design with close link to users 

Strategy National: further the development of the 
Docklands  

Supranational: adhere to the CityMobil 
framework  

Source: Authors compilation  
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2. Case study: Docklands Light Rail (DLR) in the UK 
The Docklands Light Rail (DLR) network in the United Kingdom (UK) makes for a fascinating TIS to examine for 
multiple reasons.  Sometimes called a “super tram,” the DLR is a heavily engineered and automated light rail 
system (Knowles 2007).  It can run on streets, converted railway lines, or new alignments; can utilize on steeper 
gradients and tighter curves than trains; and operate driverless vehicles. The DLR in particular runs on an 
elevated track and partly in tunnel and on surface alignments.  the DLR had the most passengers and was the 
fastest growing LRT system in the UK throughout the 1990s and 2000s (Knowles, 2007); (Knowles & Abrantes, 
2008).  By 2006/07 the DLR alone had over a third of all light rail passengers in Britain and was the fastest 
growing light rail system – this reflects its key role in facilitating extensive office development and employment 
in Canary Wharf and in regenerating the Royal Docks area.  Updated statistics from the Department for 
Transport (2017) (Department for Transport, 29 June 2017)only confirm these trends recently: 

Table 4: Annual rail passenger journeys, vehicle miles, and revenue in the UK, 2016/2017 

 

The DLR also accounts for the largest chunk of increased demand for LRT services within the UK: 
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Figure 1: Light rail passenger journeys in England by system, 1983-2014 

 

Source: Department for Transport (2017) 

Currently, as of 2017, the DLR has 122 million passengers/year .  Stephen and Price (2017) note that the DLR 
turned 30 years old in 2017, during which time ridership has grown 18-fold from 6.7 million in its first year to 122 
million in 2016-17.  Initially just eight miles long, the DLR comprised 15 stations, served by a fleet of 11 single-
car electric multiple units, based at a small depot in Poplar. Thirty years later and it has undergone six extensions, 
and now serves 45 stations on 24 miles of track. As they conclude: “DLR has become one of the UK’s highest 
performing railways”  and “the DLR is at the heart of developments in east London. It plays a key role in the 
ongoing regeneration of the area, which is contributing to the continuing increase in residential and commercial 
populations.”  Church (1988) adds that when it was proposed, the DLR was the centerpiece of industrial 
development for the entire region, writing that it was a "critical piece of development infrastructure that gave 
further investment credibility to the physical opportunities of Docklands."  Knowles and Ferbrache (2016) frame 
the DLR as the “backbone” of the network and entire development of the Docklands. Indeed, the DLR has been 
credited with “unlocking” and “transforming” the docklands and east London (Knowles and Ferbrache 2014). 
Similarly, Grant (1990) called DLR a central driver “in the phenomenal growth in demand for development in the 
Isle of Dogs and Leatmouth.  Because of its links between the provision of high quality public transport and the 
overall design and development of the Docklands area, the DLR has been named “the regeneration railway” 
(Gleave 2005).  
 
Notwithstanding its technical features, the DLR is also innovative institutionally.  When it was launched, it was a 
model for project financing and partnerships for “all of Britain” (Church 1988).  The DLR was managed via a novel 
urban development corporation established in 1981, and the central government at that time had hoped to set 
up similar organizations and arrangements across the country.  
 
Church 1988, institutionally unique, an innovation as well; a model for all of Britain at the time, an urban 
development corporation was established, the London Docklands Development Corporation (LDDC), in 1981. At 
that time, central government has announced its intention to set up similar organizations elsewhere in Britain.  
Modelled on New Town corporations found elsewhere in Britain, the LDDC represented a distinct approach to 
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tackling the dramatic decline and extensive dereliction of these two inner-city areas; an approach that is 
characteristic of the Conservative administration of Mrs Thatcher. In this way, the LDDC (and the DLR, which it 
created) represents a QUANGO, a quasi-autonomous non-governmental organization. Carter (1991) thus notes 
that the DLR is an innovation not only in electrification and automation, but also financing and governance. 
 
A final reason the DLR makes for an interesting case study is the controversy and contestation over its 
germination.   Knowles and Abrantes (2008) note that while it has been hailed a success, the DLR was supposed 
to be a precursor to many more benefits and plans that did not materialize.  In this sense, the DLR can be 
interpreted a failure. Also, as the DLR increased house prices beyond the reach of local people, it has been 
criticized reinforcing unequal demographic and social patterns in an already unequal society. 
 

A brief history of the DLR 
Automated light electric light rail surprisingly long history in London. It dates back at least to 1914, when plans 
for the first automated underground electric “Mail Rail” train was planned, to move mail more quickly across 
the city. It was completed in 1928 and ran for almost eight decades.  The history of the DLR begins a few 
decades later.  While accounts vary, as Table 5 summarizes, we argue one can trace its genesis back to at least 
1968. Then, the 1968 Transport Act ushered in an era in Britain of urban rail investment partly supported by 
central government grants. Initially this led to investments in heavy rail schemes, such as the Liverpool ‘Link 
and Loop’ and Glasgow’s ‘Argyle Line’ and Underground modernisation schemes (Lee and Senior 2013).   Plans 
for a particular LRT within London began to surface in the 1970s.  In a scheme dreamed up by the Conservative 
minister Michael Heseltine, the “London Docklands Development Corporation” (LDDC) was set up to 
operationalize a series of earlier plans, studies, and working group findings in 1981 . This took planning (zoning) 
powers away from the five London boroughs that the LDDC spread over parts of. It also guaranteed companies 
moving in relief from local taxation for a fixed period. 
 
Table 5: Development timeline for the DLR Technological Innovation System 

Year Description  

1968 Transport Act  

1971 Redevelopment plans of central Government calls London Dockland 

1973 London Docklands Study Team 

1981 London Docklands Development Corporation (LDDC) created by Government under Local Government, 
Planning and Land Act 1980 

1982 Government approval for DLR construction 

1986 First phase runs 

1987 Royal opening by Queen Elizabeth II 

1988 6.7 million passengers carried by DLR in its first year 

1991 Extension opened to Bank  

1992  23 B90 units enter service 

1994 Extension opened between Poplar and Beckton, where new depot opens  

1995 47 B92 units enter service  

1997  Docklands Railway Management Ltd becomes franchise operator, owned by Serco  

1998 LDDC finished its work and ceased to operate on 31st March 1998 and was wound up three months later 

1999 Lewisham extension opened   

2002  24 B2K stock units enter service  

2004/2008 London Plan (in original and revised forms) establishes the Isle of Dogs and DLR area as one of “opportunity” 
and seeks to increase growth 

2005 London City Airport and North Woolwich extensions open  

2006  New franchise awarded to Serco Docklands 
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2009 55 B07 stock units enter service, extension opened to Woolwich Arsenal  

2011 Extension opened to Stratford International 

2012 12m passengers carried during London Olympic Games 

2014 KeolisAmey Docklands becomes franchise operator  

2017 Mayor’s Transport Strategy: Supporting Evidence; Challenges and Opportunities for London’s Transport 
Network to 2041 (Mayor of London, July, 2017) 

2017 The new London Plan; The Spatial Development Strategy (SDS) for Greater London  
Draft for public consultation (Mayor of London, December, 2017) 

2017 London Mayor’s draft Transport Strategy confirms replacement rolling stock project and extension to 
Thamesmead 

2018 Mayor’s Transport Strategy is published for long-term 2050 outlook. DLR aims for upgrading structure to 
increase capacity, improve frequencies, and improve reliability. 
 

Authors compilation, modified from Taplin 2010; Transport for London 2015; Stephen and Price 2017; Mayor of 
London, March, 2018.  
 
The LDDC strategy depended on there being good public transport links between the new office areas  and 
other areas of London. There were no passenger railway services to the largest of the areas nearest to central 
London, the Isle of Dogs. Mainline railway lines into the eastern London termini skirted its north. The lower 
part of the Isle is (still) only road accessible by two bridges over the old dock entrances.  It was proposed to 
build a conventional Underground railway line into the Isle of Dogs. Margaret Thatcher refused to agree that 
project because of its cost and demanded a cheaper option. 
 
Despite the lack of passenger rail lines, the docks had left a legacy of extensive railway infrastructure  to carry 
freight, including a viaduct that ran down the “spine” of the Isle. They could not carry heavy conventional trains 
but could be cheaply adapted to a light railway line.  Different configurations were debated, including 
underground and above ground options, and the LDDC voted for an automated, mostly elevated system that 
could use abandoned freight railway tracks.  Construction began in 1984, with an initial length of 12 km (7.4 
miles) connecting Tower Gateway, Stratford, and Island Gardens.  

Technologies and infrastructure 
Which are the incumbent and novel technologies in this specific case? 

The railway opened in 1987 with eleven “single-car” trains and 15 stations (Stephen and Price 2017) with two 
routes, Tower Gateway to Island Gardens, and Island Gardens to Stratford.  The German firm LHB supplied 11 
six-axle cars (shown in Figure 2), again based on the Stadtbahn-B design, but fitted with automatic train 
control.  It was built to a fixed price of £77 million, intended to carry 1500 passengers/hour/direction.   The DLR 
had to switch stock mid-ter. In 1989, DLR originally had 11 single-car trains, known as P86 stock. Built by Linke-
Hofmann-Busch (now Alstom), the stock was sold and moved to Essen, Germany, in 1991, as the vehicles did 
not meet safety regulations needed to run in DLR’s newly built tunneled extension to Bank.   As of 2017 the 
DLR has 45 stations shown in Figure 3 and 149 vehicles.  DLR stops frequently in stations like buses or 
undergrounds. These matching configurations helped it to be accepted by the users rapidly.  The rare 
underground stations (4 stations) use minimal staffing to comply with underground fire and safety 
requirements. 
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Figure 2: P86 Bombardier, DLR passing at Poplar bound to Stratford, 1987 
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Figure 3: DLR Routes Network, 2017 

 

Source: Transport for London  
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Which technologies will become obsolete? 

DLR is a well-established technology, renewing and upgrading projects help it to be at service continuously. 
(IanVisits, 2017) 

 Which ones are complementary?  

DLR is a matured light rail transport which is elaborated with an unmanned control system. Although it does not 
strictly meet the complementary technology definition according to (Teece, 1986), Gleave (2005) argues that the 
DLR remains highly integrated with both the Underground (notably the Jubilee line) as well as local bus services. 
Carmona (2009) also writes that DLR is part of a broad integrated transport master plan.  Church (1990) 
summarizes the main initiatives that comprised the LDDC's transport policy since the 1980s, including: 

 Light rapid transit- the Docklands Light Railway (DLR) opened in 1986 and is currently being extended 
eastwards with LDDC expenditure and westwards with funds from the LDDC and the developers of Canary 
Wharf, O & Y. 

 Roads - the LDDC has encouraged the Department of Transport who are responsible for certain major road 
improvements outside the LDDC's control to commit themselves to expenditure. The LDDC also funds its 
own program to improve other roads in Docklands. 

 Buses - bus service improvements have been funded partly by the LDDC, but also by London Regional 
Transport and a private sector company running minibuses. 

 Air travel- the LDDC supported the private sector Short Take-off and Landing Airport, London City Airport 
(LCA), in the Royal Docks which opened in 1987.  The most significant private sector addition to transport in 
Docklands has been the London City Airport. After a lengthy and heated public enquiry in 1983, this LDDC 
supported initiative started operating in 1987. Currently 80 seater propeller-driven de Haviland Dash 7s 
provide 21 daily flights to Paris, Brussels and Amsterdam. 

 River travel - the privately owned Thamesline passenger riverbus started operating in 1988 and has 
received support and financial funding from the LDDC. 

 Rail - the LDDC has supported and part-funded service improvements on the East London Underground line 
and facility improvements on the British Rail North London line 
 

Can specific technological trajectories be described? 

DLR elaboration can be matched up “demand pull” described by Dosi (Dosi, 1982) and social capabilities were 
influenced by organizational strengths that enabled London municipality to acquire the light rapid transport and 
use it better by automation technology. Also a fairly unique deployment model using a quango (more on this in 
section on institutions). It had a degree of supply push though. Stephen and Price (2017) note a unique strategy 
of building the LRT  when not much demand existed – it was a real case of “build it and they will come.” 

What is their level of maturity (i.e. experimentation, research, development, demonstration)? 

Fully Demonstrated, with plans for expansion shown in Figures 4 and 5. Both show that the main aim is to 
transform from a radial network to an orbital network. as much as possible. 

 

 

 



13 
 

Figure 4: Potential DLR extensions, 2011 

 

Source:  (Anon., 2011) 
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Figure 5: Potential mini-radial hubs and improved orbital rail links in inner and outer London 

 

 Source: (Mayor of London, March, 2018)) 
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Is there significant innovation activity (including patenting/product or process innovation, etc.)[Note that this 
step is closely linked with the work included in the Technology Matrix (Task 1.1. in INNOPATHS) and is related to 
the concept of Technology Readiness Levels.] 

Yes, the DLR in particular contains multiple overlapping innovations.   

First, automation.  Ferbrache and Knowles (2016) characterize DLR is a “driverless lightweight metro”. Taplin 
(2010) claims it was the first automated (or driverless) light rail in the world. Stephen and Price (2017) comment 
that the DLR remains well-known for its ‘driverless’ operation, also called “UTO “ or “Unattended Train 
Operation” 

Second, signaling.  DLR was the first to successfully pioneer moving block signaling. 
 
Third, extensions and sequential modularity.  Stephen and Price (2017) note that “DLR has a really exciting 
history, with an extension opened on average every four years up to 2011,” says TfL’s DLR Director “Passenger 
volume is now 18 times that of its first year, there are 13 times as many trains, and the fact that it’s grown with 
investment [in the areas it serves] makes it an unmitigated success story.  
 
Fourth, integration and ticketing.  Gleave (2005) comments that another innovation was coupling and integrated 
ticketing, which makes journeys more convenient, saves time and reduces the cost to passengers by avoiding the 
need to buy multiple tickets.  DLR has also benefited from the integrated ticketing and pricing that Transport for 
London provides, including the Oyster card.  
 
Should any relevant infrastructure be considered in the case study?   

DLR is mainly considered as the infrastructure of Dockland redevelopment plan.  Main economic aim of DLR 
construction is described by Ward (1986): “critical piece of development infrastructure that gave further 
investment credibility to the physical opportunities of Docklands.”  

What is the level of technology and market development (for each key technology or technology cluster): pre 
development,  development,  take-off, acceleration or stabilization?  

Stabilization, although subject to periods of intense growth.  Knowles (2007) notes huge spurts of expansion.  
Light rail provides a small but growing share of public transport in English conurbations. It increased its 
proportion of all rail and local bus passengers in Great Britain from 1.1% to 2.3% in the 10 years between 1994/95 
and 2004/05 and of just rail passengers from 4.3% to 7.1%. Light rail’s share of distance travelled increased over 
the same period from 1.2% to 1.9% of rail passenger kilometers.  

Are there estimates of the level of uncertainty around future technology outcomes? 

Not for short term: DLR first 1987 opened in Dockland area in the City of London. DLR remains the UK’s only 
driverless automatically operated passenger railway. Given the runaway success of DLR, prospects for continuing 
expansion of the system appear good (Railway Technology, 2018).   The extension and rehabilitation projects are 
under construction; e.g. the current number of vehicles is 94. With renewing and upgrading project, the capacity 
increases +10, the total number will be 104 in future between the years 2022-2024 (IanVisits, 2017). 

Stephen and Price (2017) note that very recently, how DLR will cater for growing demand was outlined in the 
Mayor of London Sadiq Khan’s draft Transport Strategy published in June 2017. It proposed the DLR’s first 
physical expansion since 2011 by extending from Gallions Reach to Thamesmead via a new Thames river crossing, 
while also confirming a requirement for new rolling stock by 2022.  It says that 43 new trains are needed to 
enable 33 of DLR’s oldest B90 and B92 stock trains to be withdrawn, and to strengthen services across the Royal 
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Docks area, which has been earmarked for 25,000 new homes and 60,000 new jobs.   The trains will have walk-
through carriages, which will increase capacity by 30%. The new layout obviates the need for longer trains, which 
would have required costly upgrades to infrastructure. They’ll also feature air conditioning - a first for DLR - plus 
mobile device charging points and real-time passenger information; the contract is expected to be awarded in 
summer 2018.  
 
As it states for “Policy 16”: “The Mayor, through TfL and the boroughs, and working with stakeholders, will seek 
to transform London’s rail-based services to provide safer, modern, reliable, integrated, accessible and user 
friendly services, with improved journey times and an increase in capacity of at least 80 per cent by 2041 to 
tackle crowding and facilitate mode shift to rail.”  Policy 16 is about upgrading rail transport experience. 
Implementation plan for policy 16 in DLR services: Deliver DLR upgrade between 2020-2041. The cost is 
categorized in high sector for budgeting (low (<£100m), medium (£100m-£1bn), high (>£1bn)). 
 
Does the literature provide consistent evaluation of future technological trajectories, or are there dissenting 
estimates? 

Extensive lock-in lead to difficult to change. 

Is there any information about uncertainty about future technology development and costs? (note links to Task 
1.1. in INNOPATHS).   

Limited uncertainty.  The technology is stable, the bids for negotiation are clear, and the costs are predictable by 
a safe margin. 

Actors and networks 
Case studies should consider four key different types of actors and networks: demand (consumers, or firms 
requiring technology and/or inputs); supply (firms, innovators); research and education (including university, labs, 
etc); supporting institutions (banks, venture capital, business angels, innovation and company support) (Hekkert 
et al. 2011, Malerba 2002, Nelson 1993). 
 
For each actor, specific characteristics should be considered. For instance, in the case of innovating firms, it is 
crucial to characterize their size and technological diversification (Pavitt 1984), their innovation intensity (low, 
medium, high) and whether they are incumbent and newcomers, as well as potential winners and losers in light 
of the energy transition.  
 
It is perhaps most useful to analyze or classify actor groups across two different phases of DLR growth—takeoff 
(including design, pre-development, and development) and maturity/stabilization (the TIS as it exists today).  
Tables 6 and 7 offers a summary of these different constellations of actors.  

Table 6: DLR Actors and Networks in takeoff/development phase 

Actor Description  

Central Government High level power in decision making for Docklands renewal  
 

London Dockland Study Team Central government commissioned the London Dockland Study Team to 
undertake a strategic assessment of the economic problems and potential of 
Docklands. 

Docklands Joint Committee (DJC) DJC included representatives from the five local boroughs, the Greater London 
Council (GLC), the Department of the Environment (DoE), and the local 
community. (DJC was replaced by  LDDC). 
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Department of the Environment 
(DoE) 

Membered in DJC by a representative 

Greater London Council (GLC) Membered in DJC by a representative 

local boroughs Representatives of five local boroughs membered in DJC 

local community Representatives of local community membered in DJC. 
No representatives of local community were in DLCC. Certain long-established 
local community organisations impacted by land usage. 
 

London Dockland Development 
Corporation (LDDC)  

LDDC in replace of DJC, was created by Government as an urban development 
corporation. 
LDDC was founded as  non-elected organisation. Its Board members were 
appointed by the Secretary of the State for the Environment.  
It was a single-minded, unbureaucratic, fast moving organization. 

Docklands Consultative Committee 
(funded by the London Labour local 
authorities) 

Oppositions against negative externalities and use of lands 

Neighbouring local Impacted by negative externalities 

Source: Compiled by the authors  
 
Table 7:  DLR Actors and Networks in maturation/stability phase  
 

Actor Description  

Greater London Authority 
(GLA) 

London assembly (elected 25-member) plus the Mayor of London 

Mayor of London Executive Mayor of London, elected by London assembly  

Transport for London (TfL) One of the GLA group of organizations, accountable to the Mayor, with responsibility 
for delivering an integrated and sustainable transport strategy for London. (Mayor of 
London, December, 2017, p. 528) 

Department for Transport 
(DfT) 

Government department responsible for the English transport network 

Network Rail The owner and infrastructure manager of 
most of the rail network in England, Scotland 
and Wales. (Mayor of London, March, 2018, p. 318) 

Train Operating Companies 
(TOCss)  

TOCs run rail passenger services, leasing and managing stations from Network Rail. 
TOCs are the consumer face of the rail industry, and generally apply for franchises to 
run specific routes from the Department for Transport. The London Overground 
franchise is managed by Transport for London. TOCs normally lease trains from rolling 
stock companies. (Mayor of London, March, 2018, p. 321) 

Transport Infrastructure 
Providers 

Private sector 

Service Operators Private sector 

Passengers End-users 

People living in the 
neighbourhood of tracks and 
stations 

Impacted by noise, vibration, fleet accident and injuries 

Source: Compiled by the authors  
 
 
What are the most consequential formal and informal networks in which the actors are organized? A key issue to 
be addressed is the geography of actors, namely paying attention to regional concentration, or to the 
internationalization of a given sector/technology. 
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Addressed mostly above. You have a constellation of actors involved, including: 
 

 National government (political parties, Labour, Conservatives): 

 LDDC and the GLA; 

 Various joint ventures between engineering firms such as GEC, Mowlam, Linke-Hofmann-Busch (now 
Alstom), and Bombardier (who currently make the trains); 

 KeolisAmey Docklands, who maintains and operates the DLR on behalf of Transport for London (since 
2014) 

 
Stephen and Price (2017) add that:  “Few companies can claim to have contributed so heavily to the 30-year 
success story of the Docklands Light Railway as Bombardier, which has manufactured each of the 155 purpose-
built electric multiple unit (EMU) vehicles that are currently in operation on the network. The 23 B90 vehicles 
from Bombardier were not only technically superior with increased acceleration, but they also enabled DLR to 
convert to two-car operation, and were shortly bolstered by an order for 47 near-identical B92 stock vehicles 
that were built between 1993-95.  Fully automated, the stock quickly established itself as a firm favourite with 
users, thanks to its capacious interior, large panoramic windows and striking red livery.” 
 
Customers/users do seem satisfied. Stephen and Price (2017) state that 99.5% of DLR trains ran on time 
between May 28-June 24, this year with a moving annual average of 99.2%. Meanwhile, 89% of passengers said 
they felt satisfied at the end of their journeys in the latest satisfaction survey 
 
To what extent is the technology used in a sector is produced within the sector or sourced from another sector? 
What is the relative importance of intra-mural/ intra-sectoral versus extramural/extra-sectoral R&D and 
knowledge, including cooperation with public research labs and universities (Pavitt 1984)? 
 
Typical core sector: government projects 

Main sources of technology: project-based learning 

Main direction of technical change: project delivery – cost, schedule and quality 

Type of innovation: systems integration 

Type of firm: web of firms based around project with systems integrator at centre (Pavitt, 1984) 

Are there key international actors who shape the innovation trajectory? 
 
Yes, especially Bombardier.  The international visitors of London might be considered as international actors or 
customers; e.g. DLR was crucial to the success of the London 2012 Olympic and Paralympic Games (Transport for 
London, 2018).  
 
Table 8: Cumulative orders and options for LRT systems in the UK 

Company Tram type Orders (%)  Options (%)  Total 

Alstom  781 (40.0) 249 (53.3) 1030 

 Citadis 711  249  960 
 Cityway 70  0  70 
Bombardier  398 (20.4) 136 (29.1) 534 
 Cityrunner 177  81  258 
 Classic 173  49  222 
 Incentro 48  6  54 
Siemens  489 (25.1) 12 (2.6) 501 
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 Combino 425  12  437 
 GTXN 64  0  64 
AnsaldoBreda  248 (12.7) 60 (12.8) 308 
 Sirio 248  60  308 

Source: Knowles 2007  

Are there “niches”, namely ‘protected spaces’ such as R&D laboratories, subsidized demonstration projects, or 
small market niches where users have special demands and are willing to support emerging innovations? Niche 
actors (such as entrepreneurs, start-ups, spinoffs) work on radical innovations that deviate from existing regimes 
(Geels 2011). 
 
DLR construction and implementation is a successful example of socio-technical regime which aims to capture 
the meta-coordination between different sub-regimes like lifestyle and user practices (Geels & Schot, 2007). DLR 
is similar to overground light rapid transport systems elsewhere in Europe which sustains society of London by 
societal values, demographical trends, and economical patterns. The existing regime is locked-in to DLR 
technology, as it is the main characteristics of this socio-technical regimes. The evidence is the renewal of DLR 
fleet with a little upgrade in capacity increase by 10, the total number of rolling stocks will be increased by 104 
in future between the years 2022-2024 (IanVisits, 2017). 

Policies and Institutions  
The goals of institutions and policies should be identified. Specifically, the case study should consider both formal 
(hard) and informal (soft) institutions. 
 

Carmona (2009 and Church (1992) note that the DLR has been deeply integrated into hard and soft institutions 
related to rail and transport planning in the UK.  It represents one of many nationwide infrastructure projects 
shown in Table 9.  Knowles (1992) noted that this investment plan required a “massive wave” of resources, and 
went so far as to claim that “Britain is poised on the brink of making its largest investment in urban rail 
passenger transport systems since the pre-1914 heyday of investment in suburban railways and municipal 
trams … The prospect of road traffic doubling by the year 2025 has nevertheless convinced over forty 
conurbations, cities and towns in Britain to consider building new rail mass transit systems.” 
 
Table 9: London's rail infrastructure investment program in the early 1990s  

Scheme Target Completion Cost (£m) Progress mid-1991 

Docklands Light Rail - - - 

Bank extension July 1991 135 Completed 
Capacity upgrade End 1992 115 Under construction 
Beckton extension End 1992 240 Under construction 
Lewisham extension 1994/5 130 Parliamentary Bill 

under discussion 

Jubilee Line extension 1997/8 1,000 Parliamentary Bill 
under discussion 

Chelsea-Hackney Line post 2000 1,300 Line safeguarded* 
Parliamentary Bill 

   planned for 
   November 1992 or 
   November 1993 

East-West Crossrail 1999 1,079 Line safeguarded* 
Parliamentary Bill 

   planned for 
   November 1991 
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East London Line    

Extension to Bishopsgate, Highbury and Dulwich 1997 115 Feasibility study only 

Airport Links 
Paddington to Heathrow 

 
1994 

 
190 

 
Construction to start 
mid-l990s 

Liverpool St. to Stansted March 1991 44 Already open 
Croydon-Heathrow Major Upgrading Programme Not known 210 Feasibility study only 

Relieve underground station congestion 2001 700 Under construction 
Improvements to Underground services 2001 400 Under construction 
Additional suburban rolling stock 1994 700 Under construction 
Lengthening suburban platforms 2001 65 Under construction 

Thameslink Metro 
Increased capacity at London Bridge and King's 

 
Not known 

 
325 

 
Under discussion by 

Cross with link to northern suburban services   British Rail 

Source: Church 1992. *Line safeguarded= all planning proposals for sites above planned tunnels must be approved by 
British Rail and London Underground. 
 

Knowles 2007 and Knowles and White (2003) write that during this period, light rail’s potential role in modern 
British urban transport was bolstered by: 

 A 1991 House of Commons Report Urban Public Transport, the Light Rail Option that recommended 
improved evaluation, approval and funding procedures; 

 Manchester Metrolink quickly exceeding its patronage targets in the 2 years to 1994 and securing an 
unexpected and sizable modal shift from former car users amounting to 21% of total light rail 
passengers; 

 Faster track and cheaper legal powers for light rail routes through Transport and Works Act Orders 
rather than individual Acts of Parliament; 

 John Prescott’s prediction in December 1999 as Secretary of State for Transport that more light rail 
systems would be built; 

 The House of Commons Environment, Transport and Regional Affairs Select Committee Report’s 
support in June 2000 for light rail in appropriate circumstances. 
 

However, Carmona (2009) adds that it took until 1997 for the development to get back on its feet under new 
owners Canary Wharf Group (an international consortium backed by the former owners of Olympia & York).  
According to Carmona (2009), the trajectory of the DLR shifted again in the 2000s. In 2000 the Greater London 
Authority (GLA) was established, with a mission (amongst other things) to re-introduce strategic planning back 
in the capital. Also in 2000, manor transport initiatives were launched, including the “New Deal for Transport” in 
1998, a precursor to the Transport Act 2000 and its Ten Year Transport Plan.   
 
Despite shifts in national planning and policy, the DLR has been able to continue to attract resources and growth.  
London Mayor Sadiq Khan unveiled his draft Transport Strategy in June 2017, published in March 2018,  that 
firmly placed new transport infrastructure as the cornerstone of London’s future prosperity and world status 
(Stephen and Price 2017).  The Transport Strategy argued that a steady pipeline of enhancements, including 
extensions to the DLR, would help create 1.2 million more jobs by 2041, while supporting the construction of 
50,000 much-needed new homes each year.  That is not to mention providing relief to existing capacity, as 
London’s population is expected to rise from 8.7 million to 10.5 million. As it stated in Proposal 68 (Mayor of 
London 2018):  “The Mayor, through TfL, will increase the capacity of the existing Docklands Light Railway 
network by 120 per cent by 2041 through the introduction of a new higher capacity train fleet and improved 
frequencies (towards 30 trains per hour across more of the network), accompanied by greater station capacity 
at major development sites and transport interchanges.” 
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Capacities and institutions should be described (Cherp et al. 2016). Each member state is characterized by a 
different institutional set up, with some institutional bodies having more power than others (for instance, the 
German political system with a Chancellor, as opposed to the French presidential system, or the Italian 
parliamentary system). This includes also the bureaucracy of a given state, its functioning, as well as a 
consideration of how responsibilities are shared across different local, regional and national bodies.   
 
See above. The DLR was centrally steered and pushed by successive central governments in England.  In 1971 
central government commissioned the London Dockland Study Team to undertake a strategic assessment of the 
economic problems and potential of Docklands (London Dockland Study Team 1973) (Church, 1988). An urban 
development corporation was established in London Docklands as London Dockland Development Corporation 
(LDDC) in 1981 (Hilling, 1993) which addressed the transport connections between Dockland and the City with 
DLR. 
 
Are there general R&D grants and programmes? These include, for instance, EU roadmaps or technology 
investment strategies. These are generally broad arrangements which are later implemented through specific 
policy mechanism. 
 
The policy initiative was based on the political philosophy of the conservative government: private-sector 
investing and minimized bureaucratic procedures.  The first phase of DLR at a cost of £77 million runs in 1986 
from the City to the southern end of the Isle of Dogs (Church, 1988).  The investment for the first phase of 
construction is provided with £ 60-80 million per year by the Department of the Environment (DoE) to provide 
the necessary framework that will "prime the pump for private investment" (Church, 1988). 

 Can specific policy mechanisms be identified? PLEASE REFER TO THE CATEGORIZATION OF POLICY INSTRUMENTS 
AS PRESENTED IN THE T2.5 DOCUMENT, ALSO REPORTED HERE IN APPENDIX B. 
 
Regulation: plan of redevelopment of Dockland’s area 

Economic and Financial Instrument: government direct investment at first phase 

Soft Instrument: information campaigns  by issuing “invitation to negotiate” or “invitation to bid”. 
 
The market arrangements should be described. These are defined as the structures that incentivize the production 
and sale of the product concerned, how these are operated and regulated. 
 
The Isle of Dogs Enterprise Zone is an area in which businesses were exempt from property taxes (100% tax 
allowance for building construction costs) and had other incentives, including simplified planning and capital 
allowances (exemption from Development Land Tax payable on-site disposal, a relaxation of certain planning 
controls, and exemption from industrial training levies and the need to provide government statistics). This 
made investing in the Docklands a significantly more attractive proposition and was instrumental in starting a 
property boom in the area (Church, 1988).   
 
Are there overarching national and supra-national strategies. In the EU case, this includes not only the overall 
national strategy of each member state, but also the constraints on each members due to their belonging to the 
EU and the need to coordinate their policies with those of other members. 
 
National Strategy: Redevelopment of Dockland area was first introduced in a governmental report in 1971 as a 
national strategic issue. Then a committee “London Dockland Study Team” elected for strategic evaluation.  
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The strategy elaborated nationally, although DLR was crucial to the success of the London 2012 Olympic and 
Paralympic Games (Transport for London, 2018). 
 
Are sustainability considerations addressed? Note that, as argued in Stirling (2009) and Geels (2011), 
sustainability is an ambiguous and contested concept. There will therefore be wide disagreement on the 
directionality of sustainability transitions and on the (dis)advantages of particular solutions and the most 
appropriate policy instruments or packages. 
 
In DLR management system, alignment of heterogeneous regional system between products, process, and 
policies is explicit 
 
Cultural values and expectations by the public should be described/analyzed. These are culturally learned 
expectations of what a given technological system/sector or country is supposed to deliver, as well as ideologies 
of what the "correct" way of operating the sector is (e.g. lowest cost, on-demand electricity; large choice of food 
from the agricultural sectors through to local stores or direct home delivery) 
 
DLR is very similar to overground light rapid transport systems elsewhere in Europe. DLR stops frequently in 
stations like buses or undergrounds. These matching configurations helped it to be accepted by the users rapidly. 
 

Description of how the different element interact/work together.  
Each  case study should address the following points and related diagnostics questions [PLEASE BE SURE TO 
ADDRESS EACH OF THIS POINTS TO SOME LEVEL]: 

INNOVATING ACTORS:  
 
Appears to be driven largely by London/Mayoral pushes for rail expansion (policy innovation) as well as 
innovations from Bombardier related to rolling stock.  
 
KNOWLEDGE DEVELOPMENT AND EXCHANGE:  
 
The TIS seems to be functioning well – it results in sufficient revenue and high levels of user satisfaction. 
 
ACTORS’ VISION AND EXPECTATIONS: 
 
Aligned, steered, and coordinated via the above (especially London policy) 
 
MARKET FORMATION AND GOVERNANCE PROCESSES: 

Stable and sufficient now. 

Main lessons 
 
The DLR also offers at least three broader lessons for transport policy or innovation more generally.  
 
First, the DLR reveals the power of symbolism.  Smith (1989) argues that the DLR it itself a “high profile, political 
virility symbol.”  While he DLR certainly played an important economic role in enhancing previously poor levels 
of public transport, Church (1988: 191) stipulates that ’the DLR clearly served another symbolic purpose’.  It 
suggested that the Docklands area as a whole “had arrived.”   Church (1992) argues that at its most basic level, 
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the DLR and entire regeneration of the Docklands areas was about wealth creation and the promotion of an 
enterprise or capitalist culture.  As he writes: “Nearly all the transport improvements in Docklands have an 
additional motive of promoting the public image of Docklands. High-profile advertising and marketing have been 
used to portray Docklands as a unique area of wealth creation and enterprise and as an attractive place to live 
and work.” 
 
Second, the DLR emphasizes the political contingency of largescale LRT projects.  Shifts in the DLR TIS were 
strongly influenced by changes in politics and political parties as well as plans and policies operating across at 
least four spheres, making the DLR also polycentric.  Knowles and White (2003) contend that light rail’s potential 
role in helping to provide an alternative to congested urban roads and unreliable journey times was 
systematically minimized by successive Governments between 1986 and 2000 by: 
 

 Local bus deregulation outside London since 1986, which constrains integration between light rail and 
buses, and led to the abandonment of Strathclyde’s light rail scheme after a legal challenge from local 
bus companies. 

 Conservative Government guidelines in 1989 that required non-user benefits, including urban 
regeneration, fewer traffic accidents and less congestion and air and noise pollution to exceed the value 
of the maximum 50% Government capital grants. 

 The 1997 Labour Government’s preference on cost grounds of retaining bus deregulation and 
encouraging Bus Quality Partnerships between local authorities and bus operating companies  as the 
main way of improving urban public transport and persuading motorists to shift away from cars. 

 The Labour Government’s 1998 New Deal for Transport Policy White Paper (hat linked the introduction 
of road user tolls or workplace parking charges as part of the funding regime for light rail schemes. 

DLR fits into a whole package of overlapping policies, as Figure 6 indicates, there is the DLR itself (the technology 
and infrastructure), but also Docklands regeneration policy as a whole, London transport policy, and national rail 
policy.   
 
Figure 6: the DLR TIS and four overlapping spheres of policy planning  
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Third, and lastly, is the DLR underscores the political economy of innovation, some of the tradeoffs occur as TIS 
emerge and evolve.  Smith (1989) goes so far as to critique the DLR for promoting ideological and political ends 
as ’instruments of social control’, exclusionary and anti-democratic in nature.  As he writes: “The local population 
have lacked any existing ’democratic’ means through which to express their views”. Under this view, the DLR is 
imposed unwillingly on people.   In addition, Church et al. (2000) and Church and Frost (1998) note that while 
the DLR has negatively “opened up” the local labour market to external competitive pressures for local jobs even 
though it was also viewed by the long term residents of the area as one of the key improvements stemming from 
regeneration.    Ferbrache and Knowles (2016) note that the dominant discourse behind the DLR reflects a 
neoliberal urbanism focused on economic growth, yet this focus has neglected issues surrounding social 
inclusivity and social justice.  Olesen (2014, p.18) argues that light rail is embedded within initiatives for 
“redesigning the city, the struggle for space, the backbone of the public transport network and urban 
development, economic feasibility, the choice of technology sustainability, and accessibility.” This phrase seems 
to capture the diversity of roles that LRT can play (Markowitz 2017).  
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3. Case study: Personal Rapid Transit (PRT) in Poland 
 

Broad overview: 

The Personal Rapid Transit (PRT) in Poland is a small, automated transit system that uses purpose built 
guideways.  In other words, PRT is a type of automated guideway transit (AGT), a class of system which also 
includes larger vehicles all the way to small driverless subway systems. In PRT designs, vehicles are sized for 
individual or small group travel, typically carrying no more than 3 to 4 passengers per vehicle (Choromaski et al. 
2013). One p articular innovation for the PRT is a vehicle guidance system with switchless guideway (Choromaski 
et al. 2013). This approach allows for nonstop, point-to-point travel, by passing all intermediate stations. The 
point-to-point service has been compared to a taxi.  Figure 5 shows the main centerpiece of the PRT, it’s “pod.”  
It was first introduced in Opole, where it underwent various trials and pilots.  

Figure 7: A PRT Pod in Opole, Poland  

 

Overview/why study PRT or Poland 
The Polish LRT system is interesting to study because it is under shock.  There, rail innovations emerge from a 
vacuum – almost the complete opposite of the state led, state supported case in the UK.  According to Polityka 
transportowa, the financial source for construction and modernization of state important railways (in total 
12000–15000 km, depending on the source given) has been provided by the state budget, Polish State Rails 
own means and other unspecified sources (Taylor 2004). Uneconomic railway lines, their dismantling and social 
problems related have been treated in a very enigmatic way. Polish State Rail (PKP), in fact, considering the 
whole transport system, should have stayed as a state enterprise, and the Treasury has supposedly not been 
interested in privatization of basic rail infrastructure. Arguments related to legal, ownership and organizational 
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matters have been described by reviewers as anti‐reformatory and petrifying the existing state of rail (Taylor 
2004). 
 
In the real world, the carrying potential of rail has been used to an increasingly smaller degree. There has been 
a tremendous decrease in bulk freight traffic, especially of coal and coke, as well as in passenger traffic (from 
1990 by one‐half) (Taylor 2004). In 2000, the share of goods carried by rail fell to 36.6% tonne‐km of the whole 
Polish transport system, and the share of passengers to 29% passenger‐ km, which, however, was still a large 
share as compared with 8% in the European Union. The reduction in freight traffic is a direct result of structural 
changes in the Polish economy and its transformation towards more intensive (and not extensive) 
development. The state is also partly responsible for the demise of rail. Its policy towards PKP has been 
powerless: processes of restructuring have been much delayed and there has been fares uncompetitive in 
relation to road‐borne carriers.  The decreasing rail freight traffic is profitable while passenger traffic has been 
unrenumerative. The receipts from ticket sales cover only 18–33% of costs (on average about 24%), and most 
losses are created in short‐distance local and conurbation services.  More profitable is long distance passenger 
traffic (about 80% of costs is covered by ticket sales). 
 
The decrease of receipts from rail traffic, the curtailment of budgetary subsidies (to statutory reduced rates in 
passenger services, for example), extensive overstaffing jointly with fatal management, interparty contests, 
trade‐union nepotism, and illegal transfer of some profits to cargo forwarding (such as Viafer) and consulting 
firms (e.g. Kolia) all have led to large debts, which have been growing especially fast since 1997. In mid 2001, 
the amount of liabilities exceeded zloties 7.5 billion (about €4 billion), including more than zloties 1.3 billion of 
unrecovered debts of iron and steel works, cokeries and coal mines. Thus, one of the largest Polish firms (first 
according to employment, ninth according to receipts from sales) exemplifies the gradual worsening of 
economic efficiency (Taylor 2004). 
 
Pucher and Buehler (2005) also note how the Polish transport system subject to “profound political and 
economic changes” since the 1990s.  Taylor (2006) adds that Poland is a unique (and fascinating) case, an 
exception to the EU. Późniak (1999, p. 5) writes that in Poland, “Our authorities did not prepare a real 
programme of regionalization. In this respect Poland distinctly strays from trends, patterns and experiences of 
the EU, taking into account wider ecological and social aspects.”  

A brief history of the PRT 
LRT networks, and especially the PRT, have a much shorter history in Poland than the UK.  LRT systems as a 
whole are very new to Poland, unlike other countries; many plans date back to under socialism  (Gadziński and 
Radzimski, 2016).  The idea of a rapid tram covering a distance of over 20 km connecting the northern 
periphery with the city centre of Poznań for instance goes back to socialist times. However, such ambitious 
plans were too challenging of a task for the socialist economy, so they only began to take shape under the new 
political conditions but in a much-restricted form. Construction that commenced in the 1980s was eventually 
completed in the year 1997.   
 
In terms of Opole and the PRT specifically, it remains at an early stage of development. Although the pods of 
PRT-Metrino are tested and developed and entrepreneurial experimentation is completed, the technology is 
still in a nascent take-off phase.  The transportation system is still at testing level and need investment for 
these facilities. It is passing pre-development phase as a prototype is tested.  Table 10 offers a concise history 
of the PRT’s development, which began in earnest only in 2005. 
 
Table 10: Development timeline for the PRT Technological Innovation System 

Year Description  
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1964 Donn Fichter’s book published, entitled “Individualized Automatic Transit and the City”. 

1970s Fitchter’s and similar ideas coalesced around the name “Personal Rapid Transit” 

2005 Ollie Mikosza files first patent application, leaves his job and starts converting this dream into 
reality  
 

2006, May Opole as a member of CityMobil project under 6th technological development and demonstration 
(RTD) Framework Programme 

2007, September Mister with Ollie Mikosza built a full-scale prototype for the city of Opole in Poland in Opole  

2007, July The Opole mayor and city council signed letters of interest indicating their willingness to develop a 
system in the city with 21 miles of track (Department of Rail and Public Transportation, 2009). 

2011, April CityMobil project closed without funding for Opole’s PRT 

2012 Letter of intent for PRT construction issued by municipality of Krakow for MISTER PRT co. (Metrino 
Global Project Ltd. Co)  

Source: Authors compilation from (Floyd, 1990); (Mikosza & Cottrell, MISTER and Other New-Generation Personal Rapid 
Transit Technologies, 2006); (Metrino-PRT, 2018). 

Technologies and infrastructure 
 
A prime driver behind the creation of the PRT was an alternate to the existing monopoly model for passenger 
rail.  The entire Polish system underwent a shock in the 1990s, creating windows of opportunity for innovations 
such as the PRT to emerge.  Taylor (2004) notes that over the past few decades, the state's policy has not been 
not active enough in transport performance and further development of infrastructure, especially seaports, rail 
and roads, including motorways. There is an internal liberalism, too large acceptance of decisions, sometimes 
very important ones being in gestion of various grade officers who quite often are unconcerned and 
incompetent. Some decisions taken in relation to motorways, rail, LOT or the example of the Jamal gas pipeline 
where someone had forgotten the issue of an optical fibre cable running along it are excellent examples of 
voluntarism. 
 
The end results of these trends has been a policy and infrastructure vacuum for urban and local transport.  A 
defining aspect of the Polish transport policy is that the state has almost wholly withdrawn from urban policy 
development. As urban transport plays a very important role, this is a significant omission. Formerly, under 
Communism, urban transport had been treated as a part of communal economy which has survived until 
today. In the 1990s, the majority of urban transport firms were commercialized and some were even 
privatized. On other hand, the role of private motorized transport increased enormously. As a result, the World 
Bank discovered in its papers (e.g. World Bank, 1999) that there was no department in the Ministry of 
Transport responsible for local policy. One should remember, however, it has never had such a department! Of 
course, in this author's opinion it is a misunderstanding to make local authorities the only body responsible for 
urban level transport policy. 
 
Which are the incumbent and novel technologies in this specific case? 

PRT Metrino (already called MISTER) is a small vehicle capacity, automated vehicle, suspended from an 
elevated own guideway. The capacity is 5 persons or (1 wheelcahir + 1) per each POD.  The means of 
propulsion is electric, and the type of guideway is suspended type. It departs on demand without any 
timetable. The active technologies for the guideways of PRTs can be classified in three groups: 
 

 Supported on open guideway; e.g. Urban Light Trans port (ULTra) pods in Heathrow Airport, London 

 Supported on captive guideway; e.g. Vectus PRT in Sancheon bay project, South Korea 

 Suspended (i.e. hanging); e.g. PRT Metrino, or, 2getthere PRT implemented in Masdar-Abudhabi 
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The propulsion system is also innovative, including:   

 On-board power; e.g. battery, Linear Induction Motor (LIM), magnetic motors, conventional drive 
system.  

 ULTra pods and Masdar PRTs are battery-powered, Vectus normally operates with LIM.  

 Off-board power, powered by electric grid; e.g. Metrino (ex MISTER) 

Figure 8 shows both the station design and the first prototypes in operation. 

Figure 8: MISTER Prototype on Display in Opole, Poland, September 2007 and Station Design 

a. Prototype  pod 

 

b. MISTER Station Design 

   

Which ones are complementary?  

Not complementary according to the definitions of  (Teece, 1986).  Exclusive/right of way, but like a taxi.  Taylor 
(2004) notes on Poland generally the lack of interconnection or multi-modal linkages – “What is missing in Polish 
transport policy is combined transport. It should be developed because of the transit location of the country, for 
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ecological reasons, for the bad condition of Polish roads, for missing motorway networks and for the underused 
carrying capacity of rail. It is estimated that the share of combined freight traffic could be as much as about 11%, 
but at present it is marginal. As a result of combined transport development, some 15 000 rail side‐tracks could 
be dismantled. Nowadays the main reason for the low efficiency of combined transport is a lowered level of road 
transport costs which is not related to realworld social inputs, including infrastructure.” 

Can specific technological trajectories be described? 

Metrino-PRT is a kind of “technology-push” described by Dosi (Dosi, 1982). 

What is their level of maturity (i.e. experimentation, research, development, demonstration)? 

Early in the research process. 

Is there significant innovation activity (including patenting/product or process innovation, etc.)[Note that this 
step is closely linked with the work included in the Technology Matrix (Task 1.1. in INNOPATHS) and is related to 
the concept of Technology Readiness Levels.] 

Yes, it is still at the pre-commercialization stage, with the patent for the vehicle types only awarded in 2005 to 
Ollie Mikosza.  It is now in a phase of process or system integration: In 2007, Mister (later named Metrino) with 
Ollie Mikosza built a full-scale prototype in the city of Opole in Poland, where it remains under testing as of 
2017 (SciTech Poland 2017).. 
 
Should any relevant infrastructure be considered in the case study?   

PRT implementation in a City like Opole or Krakow needs conceptual design and front-end engineering design to 
show the relevant infrastructures. At this moment, no information is generated or accessible. 

What is the level of technology and market development (for each key technology or technology cluster): pre-
development,  development,  take-off, acceleration or stabilization? 

Pods: development 

Transportation System: pre-development 

Are there estimates of the level of uncertainty around future technology outcomes? 

The PRT concept was generated several decades ago (Floyd, 1990). 40-year delay to PRT generation, few 
prototypes have been succeeded commercially (Cottell & Mikosza, 2008).  PRT in Poland is a newly emerged 
technology by Mister (later named Metrino) with Ollie Mikosza built a full-scale prototype in the city of Opole 
in Poland in 2007 (Metrino-PRT, 2018).  From that year no highlight progress is achieved by this technology.  
It is possible the new technology cannot be successful to be implemented thoroughly and decline. 
 
Does the literature provide consistent evaluation of future technological trajectories, or are there dissenting 
estimates? 

PRT is an old germinated concept which is newly emerged.   PRT concept may generate new markets and 
competitive technologies, which cannot be estimated easily (Teece, 1986). 
 
Is there any information about uncertainty about future technology development and costs? (note links to Task 
1.1. in INNOPATHS).   
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As above: PRT concept may generate new markets and competitive technologies, which cannot be estimated 
easily (Teece, 1986). 

Actors and networks 
 
What are the most consequential formal and informal networks in which the actors are organized? A key issue to 
be addressed is the geography of actors, namely paying attention to regional concentration, or to the 
internationalization of a given sector/technology. 
 
PRT implementation in Poland is not as organized as the DLR’s. The goals of the project are not defined clearly, 
or the implications are not measured in economic view. Lack of a consultative and executive organisations is 
explicit.  
 To what extent is the technology used in a sector is produced within the sector or sourced from another sector? 
What is the relative importance of intra-mural/ intra-sectoral versus extramural/extra-sectoral R&D and 
knowledge, including cooperation with public research labs and universities (Pavitt 1984)? 

Typical core sector: machinery.  Main sources of technology: in house design. Main direction of technical 
change: product design. Type of innovation: product. Type of firm: small design led with close links to users 
(Pavitt, 1984) 
 
Are there key international actors who shape the innovation trajectory? 
 
Opole is a member of CityMobil Reference Group Cities (Alessandrini, et al., 2008). In this regard, MISTER PRT is 
granted a matching funds award of $10 million from European Union High Tech Fund for the development of a 
testing facility (Metrino-PRT, 2018). Note: CityMobil is an Integrated Project in the 6th Framework Programme 
of the European Union. The CityMobil project seeks to improve the urban mobility by studying the impact of 
Advanced City Cars (zero or less pollution), PRT (small full automated), and Cybercars (fully automated road 
vehicles) in different European cities (Alessandrini, et al., 2008) 
 
Are there “niches”, namely ‘protected spaces’ such as R&D laboratories, subsidized demonstration projects, or 
small market niches where users have special demands and are willing to support emerging innovations? Niche 
actors (such as entrepreneurs, start-ups, spinoffs) work on radical innovations that deviate from existing regimes 
(Geels 2011). 
 
Mister-PRT is an ideal example for a niche market according to Geels’ definition (Geels, 2011), as it is patented 
by Mikosza in a R&D laboratory as a protected space. Mister with Ollie Mikosza built a full-scale prototype for 
the city of Opole in Poland in 2007 (Metrino-PRT, 2018). These niche actors hope that their patented PRT 
vehicles are eventually used in the Opole and other big cities in Poland like Krakow. As Geels said this is not 
easy, however, because the existing transportation is stabilized by many lock-in mechanisms and because 
niche-innovations may have a mis-match with existing regime dimensions (Geels, 2011). Until now, the only 
mis-match that we have found is global financial crisis in 2008 and lack of investment sources for full 
implementing in Opole (Metrino-PRT, 2018). 

Policies and Institutions  
According to Taylor (2006), the late 1980s, early 1990s saw the Polish system undergoing contraction, resulting 
in possible windows of opportunity) for new innovations to emerge.  Taylor (2004) notes how a substantial 
debate on the nature of transport policy in the mid 1990s has followed the government's White Paper, Polityka 
transportowa. This had 2 problems and critiques: (1) a lack of concreteness and inherent cohesiveness of tasks 
and programme; (2) a lack of presentation of various scenarios and a method of goals realization; (3) a 
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postulative character of programme to make the future verification of programme realization impossible; (4) a 
lack of instruments for realization of the programme; (5) a lack of the main goal of a transport policy and the 
existence of contradictions among priorities; (6) a lack of activities evaluation assessment on the extent of their 
accomplishment; (7) a lack of a suitable traffic forecast; (8) an ambiguity in views: market orientation and 
decrease for state budget burden versus subsidies for transport; (9) an ambiguity in opinions on privatization 
and deregulation of transport; (10) vague statements or lack of sources for transport financing, as in the cases 
of rail or roads, for example; (11) a preference for international rather than domestic infrastructure projects; 
and (12) a lack of attitude towards ecologically friendly modes of transport, towards combined transport, 
urban transport, unconventional modes of transport, pipelines, logistic centers, spatial aspects of transport and 
many other problems. Carbajo and Sakatsume (2004) affirm that the period of 1998 to 2000 represented a 
crisis and breaking point for rail policy.   Taylor (2006) calls national policy at this time “inefficient, incompetent 
and inconsistent.” Kołoś and Taczanowski (2016) add that in Poland, 29 medium sized cities with light rail 
existed as of 2016. Table 11 offers a more detailed summary describing these particular innovations in 
European, Polish, and PRT policy.  
 
Table 11: The evolution of European, Polish, and PRT Policy  

Period European Policy National Policy (Poland) PRT Policy/development (Opole) 

Transport Cohesion/Spatial Transport Spatial/Regional Transport Spatial/Regional 

Before 
1990 

Creating a 
common 
transport 
market. 

Support of 
cohesion 
countries: 
Ireland, Greece, 
Portugal and 
Spain. 

Central 
planning. 

Lack of effective 
regional policy. 
Preference for 
regions and 
cities based on 
lobby of 
particular 
groups. 

- - 

Plans 
subordinated 
to military 
and heavy 
industrial 
needs. 

  

Lack of funds 
(since 1980). 

  

1990–
2001 

White Paper  Policies geared 
to old member 
Cohesion States. 

Transport 
deregulation. 

Reform of 
administrative 
divisions. 

- - 

TEN-T and 
TINA networks. 

Emphasis on 
economic and 
social cohesion 
and 
improvement of 
accessibility. 

Minor 
corrections of 
former 
investment 
plans. 

Concentration 
on spatial policy 
at the local 
level. 

  

Application 
to 
strengthening 
trans-
European 
corridors 
(TINA). 

Lack of effective 
regional policy. 

  

2001–
2011 

White Paper EU enlargement 
in 2004; Transfer 
of funds under 
ERDF and CF. 

Transport 
policy 
subordinated 
to the use of 
EU funds. 

Concept of the 
Policy of the 
National Spatial 
Development 

Between 2006, May 
and 2011, April, 
CityMobil project 
(Towards Advanced 
Road Transport for 
the Urban 
Environment) with 
funding provided 

Opole’s PRT,  
Light, electrified, 
automated urban 
transportation 
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from European 6th  
technological 
development and 
demonstration (RTD) 
Framework 
Programme 

TEN-T 
priorities 
without 
enough 
financial 
support for 
their 
realisation. 

Accessibility 
studies (ESPON). 
EU Territorial 
Agenda  

Reactivation 
of road 
investments. 

Priority for 
international 
transit 
investments. 

Decarbonisation, 
Societal/ Economic 
issues 

Vehicle design and 
manufacturing, 
Transport 
electrification, 
Low-emission 
alternative, energy 
for transport, 
Network and 
traffic 
management 
systems 

Territorial 
Cohesion in the 
Lisbon Treaty. 

Lack of 
prioritisation 
of projects. 

FP6-SUSTDEV-3 
Funding Program  
Global Change and 
Ecosystems under 
European 6th 
framework program 
between 2002-2006 

Funding for low-
emission 
akternative energy 
for transport 

Accessibility as a 
measure of 
European 
cohesion 
(Cohesion 
Reports). 

  

2011+ White Paper. 
Revision of 
TEN-T 
guidelines: 
core and 
comprehensive 
TEN-T 
network, the 
latter 
connecting 
regions and 
strengthening 
cohesion. 

New cohesion 
policy rules 
(thematic 
concentration, 
conditionality, 
result-oriented 
efficiency). 

Transport 
Development 
Strategy. 
Evaluation of 
investment 
projects 
according to 
specific 
criteria. 

National Spatial 
Development 
Concept 2030 

- - 

Hierarchy of 
priorities. 
Priority for 
domestic 
investments. 

  

EU Territorial 
Agenda with 
priorities: 

Priority to 
effective and 
multimodal 
links 
between: 
European 
network, 
Warsaw, 
regional (and 
subregional) 
centres, 
areas with 
specific 
assets and 

Policy 
implemented 
through 
accessibility 
measures by 
improving: 

  

• polycentric and 
balanced 
territorial 
development, 
• territorial 
integration in 
cross-border and 
transnational 

• mutual 
accessibility of 
major urban 
areas, 
• access to cities 
and regions in 
the European 
context, 
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functional 
regions, 
•improving 
territorial 
connectivity. 

development 
potential, 
rural areas 
and 
borderland 
areas. 

• access to sub-
regional centres 
and rural areas, 
• access from 
areas with the 
poorest time 
accessibility to 
major cities. 

Regional 
accessibility 
improvement as 
an objective in 
the Voivodeship 
Development 
Strategies. 

  

Source: Authors compilation, modified from Rosik et al. 2015 and https://trimis.ec.europa.eu/project/towards-
advanced-road-transport-urban-environment  
 
The goals of institutions and policies should be identified. Specifically, the case study should consider both formal 
(hard) and informal (soft) institutions. 

Opole, 121,600 population in 2012,  already had its Tram planned in 1910,  never materialized, instead 16 bus 
routes (Kołoś and Taczanowski 2016)  In Poland, it was hoped that “New light rail investment could also be a 
vital factor of economic development and of changing the city image” (Kołoś and Taczanowski 2016) 
 
More specifically, the PRT was designed to: 
 

1. Serve as an active mobility and transport system 
2. build up the Opole city’s international reputation 

The Transport Research Knowledge Centre (TRKC) is a Specific Support Action within the EU’s 6th Framework 
Programme, running since February 2007. Timms (Timms, 2011) argues the transfer of the transport policy 
within the EU. He has done seven interviews with CityMobil Reference Group members, one of them is Opole 
Municipality. The second policy is selected from Timms’ paper, but it is not sufficient; further research is still 
needed.   It should be noted that CityMobil is an Integrated Project in the 6th Framework Programme of the 
European Union. The CityMobil project seeks to improve the urban mobility by studying the impact of 
Advanced City Cars, PRT and Cybercars in different European cities (Alessandrini, et al., 2008). 
 

Capacities and institutions should be described (Cherp et al. 2016). Each member state is characterized by a 
different institutional set up, with some institutional bodies having more power than others (for instance, the 
German political system with a Chancellor, as opposed to the French presidential system, or the Italian 
parliamentary system). This includes also the bureaucracy of a given state, its functioning, as well as a 
consideration of how responsibilities are shared across different local, regional and national bodies.   
 
Municipality of Opole - In July 2007, the Opole mayor and city council signed letters of interest indicating their 
willingness to develop a system in the city with 21 miles of track (Department of Rail and Public Transportation, 
2009). 
 
Are there general R&D grants and programmes? These include, for instance, EU roadmaps or technology 
investment strategies. These are generally broad arrangements which are later implemented through specific 

https://trimis.ec.europa.eu/project/towards-advanced-road-transport-urban-environment
https://trimis.ec.europa.eu/project/towards-advanced-road-transport-urban-environment
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policy mechanism. 
 
Capital costs have been estimated at $12.6 million per mile, which would cover the construction of the 
guideway, six stops, one hundred vehicles, and mechanical systems (Department of Rail and Public 
Transportation, 2009).  MISTER PRT is granted a matching funds award of $10 million from European Union 
High Tech Fund for the development of a testing facility. The global financial crisis prevents the company from 
obtaining matching funds (Metrino-PRT, 2018). 
 
Can specific policy mechanisms be identified? PLEASE REFER TO THE CATEGORIZATION OF POLICY INSTRUMENTS 
AS PRESENTED IN THE T2.5 DOCUMENT, ALSO REPORTED HERE IN APPENDIX B. 
 
Addressed partly above, especially with the policy table.  
 
Regulation: 6th Framework Programme of the European Union, Citymobil project 
 
Economic and Financial Instrument: direct investment by European Union High Tech Fund for the development 
of a testing facility  
 
Soft Instrument: Volunteer approach by an Metrino Co. and Mikosza 
 
The market arrangements should be described. These are defined as the structures that incentivize the production 
and sale of the product concerned, how these are operated and regulated. 
 
In July 2007, the Opole mayor and city council signed letters of interest indicating their willingness to develop a 
system in the city with 21 miles of track. Capital costs have been estimated at $12.6 million per mile, which 
would cover the construction of the guideway, six stops, one hundred vehicles, and mechanical systems 
(Department of Rail and Public Transportation, 2009).  MISTER PRT is granted a matching funds award of $10 
million from European Union High Tech Fund for the development of a testing facility. The global financial crisis 
prevents the company from obtaining matching funds (Metrino-PRT, 2018). 
 
Are there overarching national and supra-national strategies. In the EU case, this includes not only the overall 
national strategy of each member state, but also the constraints on each members due to their belonging to the 
EU and the need to coordinate their policies with those of other members. 
 
Supra national strategy: Opole is a member of CityMobil Reference Group Cities and follows this framework 
(Alessandrini, et al., 2008). 
 
Are sustainability considerations addressed? Note that, as argued in Stirling (2009) and Geels (2011), 
sustainability is an ambiguous and contested concept. There will therefore be wide disagreement on the 
directionality of sustainability transitions and on the (dis)advantages of particular solutions and the most 
appropriate policy instruments or packages. 
 
Cultivation and enhancement of capabilities are forgotten. 
 
Cultural values and expectations by the public should be described/analyzed. These are culturally learned 
expectations of what a given technological system/sector or country is supposed to deliver, as well as ideologies 
of what the "correct" way of operating the sector is (e.g. lowest cost, on-demand electricity; large choice of food 
from the agricultural sectors through to local stores or direct home delivery) 
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Metrino-PRT is small vehicles suspended from an elevated guideway. It departs on demand without any 
timetable. It seems that a full implementation needs more social studies about user expectations and networks, 
there is no research demonstrating what is society expectation of the new system. 
 
Can specific vested interests by actors within the system be identified? This includes political “ideologies”, political 
acceptability and lobbying. In addition to overall, widely-accepted values, different technologies/sectors or 
countries often take choices regarding the innovation system under pressure from overall political acceptability 
not only of a given level of regulation and government intervention (e.g. if political choices should be taken at the 
local, regional or national level) but also of the types of acceptable technologies (e.g. the choice of Italian citizens 
to make the use of nuclear power illegal in Italy), as well as by specific groups and interest which want to shape 
coordination or ownership within a given sector/country (whether the transport system should be public or 
privatized). 
 
We did not find any government intervention or uncertainty/certainty about political feasibility. The city council 
of Opole issued an LOI, never a contract got to be mutually signed and effective. 

Main lessons 
There are at least two peculiarities of the Polish case. 

First, the absence of a plan rather than state involvement.  Kołoś and Taczanowski 2016 argue that the Polish 
Transport Policy for the years 2006–2025 essentially operates in a vacuum, without strong state resources or 
commitment. Taylor (1998) also critiques overall Polish transport policy for opting for private cars rather than 
efficient and public transport.  They will still make road investments rather than support municipal transport 
projects.   The notion of shocks accelerating innovation: Transformation within light rail, and especially the 
bankruptcy of existing rail firms, may have created a window of opportunity or vacuum of leadership that the 
innovators behind the PRT could fill (see above for more in section talking about innovation drivers) 

Second, we see an almost direct tension between national and EU policy (and also perhaps local and national 
policy).  Taylor and Ciechański (2006) note a fundamental tension between a Polish desire to take advantage of 
integration with the European Union, but also to chart its own course in the deregulation and reregulation of 
transport policy, especially rail transport.  This tension is clearly illustrated in the commitment and push for roads 
rather than low-carbon rail.  Rosik et al. (2015) even characterize Poland as undertaking a “big push” strategy for 
roads, the idea that only roads can help developing economies overcome income disparities. After becoming a 
member to the EU, Poland witnessed more than a decade of extraordinary growth of the motorway and express 
road network.  Figure 9 summarizes this network.  Judge (2000) confirms this, focus on roads as well as a 
cornerstone of national policy, even without any established social or environmental benefits. 

Figure 9: Polish national highway road network. 
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4. Conclusion  
 
In sum, the DLR represents a well-established regime for LRT, implemented largely through market forces, and 
backed by continuing support for rail and low-carbon planning. The PRT represents a weakening regime for LRT, 
implemented largely through government subsidies, backed by continuing support for roads and traditional 
automobility.  The cases also offer an illustrative pair of contrasts along various innovation dimensions. 
 
INNOVATING ACTORS:  
Are there sufficient industrial actors in the innovation system? 

DLR London PRT Poland 

Strongly sufficient 
Many internationally well-known companies 
are active in light-rail industries.  
Industrial actors are able to participate in open 
competition. Transport for London (TfL) is able 
to issue International Competitive Bidding 
(ICBs) for both extension and upgrading aims. 
(IanVisits, 2017) 

Fair  
Metrino-pods are in monopoly schemes.  
The preliminary plan is not implemented yet. 
Although, there is no comprehensive plan for a 
PRT infrastructure in Opole, Krakow, or any 
other city in Poland. It supposed that, one of 
the ways for finding an industrial solution 
would be issuing Request for Proposal (RFP), 
with the aim of evaluating the viability on the 
potential applications of PRT technology. 
One limitation is the number of available 
manufacturers. Some other manufacturers 
which have implemented PRT technology in 
medium scales are: 
Ultra PRT in Heathrow-London 
2getthere PRT in Masdar-AbuDhabi 
Vectus PRT in Suncheon-South Korea 

 
Do they focus sufficiently on large scale production? 

DLR London PRT Poland 

Strongly sufficient 
The market is well developed and stands in a 
moderate equilibrium of supply of technology. 
Totally inside Europe (EU-15, New Member 
States, beyond EU-27), 189 light-rail an tram 
networks carry approximately 10.4 billion 
passengers per year.  
  

Poor 
Still at prototype stage 
Some reasons are limitations of PRT 
technology, nature of certain system 
components, and number of available 
manufacturers that limit open competition and 
sustainability. 

 
 
Do these actors act as barriers for further developments of the Innovation System? [RECALL THAT ACTORS 
INCLUDE demand (consumers, or firms requiring technology and/or inputs); supply (firms, innovators); research 
and education (including university, labs, etc); supporting institutions (banks, venture capital, business angels, 
innovation and company support)] . 
 

DLR London PRT Poland 

No 
 

Potentially yes 
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DLRs’ cars are mainly procured by Bombardier. 
But the infrastructure is able to adapt with any 
other vehicles which meet the requirements. 
Therefore, the industrial actors cannot act as 
barriers for further development.  
  

The infrastructure is not implemented yet. 
Therefore, it suffers from the lack of systemic 
interactions that emerge during the 
implementation. 
If the municipality use this pod-type, there is a 
risk to be dependent and locked-in to just one 
pod-manufacturer. In this case, the industrial 
actors can potentially behave as barriers for 
future development. 
 

 
KNOWLEDGE DEVELOPMENT AND EXCHANGE:  
Is there sufficient innovation? 

DLR London PRT Poland 

 Moderate 
DLR is limited in some aspects: area, capacity, 
technology. 
As light rails are suitable for smaller areas with 
less density, DLR is limited to Dockland area 
and not able to be extended significantly. The 
capacity is low in comparison with metro 
underground passenger transport.  DLR is 
locked-in conventional LRT technology.  

Significant 
PRT technology is evolving from concept to 
reality.  

 
Is the quality of knowledge sufficient? 
 

DLR London PRT Poland 

Sufficient 
 
The technology is matured.  

Poor 
 
PRT technology suffers from the lack of learning 
by practicing, intersectoral spill-overs, and 
economies of scale. Therefore, the knowledge 
of innovation cannot be accumulated. 

 
Does it fit the needs of the innovation system? 

DLR London PRT Poland 

Sufficiently 
 
Knowledge development has been already well 
developed in many other European cities. 
 
Note: Normally, knowledge development of 
innovation occurs in pre-development phase of 
technology.  
 
  

Not completely 
 
Knowledge development of PRT technology has 
been done in laboratory in-house.  
 
Note: Normally, knowledge development of 
innovation occurs in pre-development phase of 
technology.  
 

 
Is there enough knowledge exchange between science, industry and users? 
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DLR London PRT Poland 

Sufficient 
 
DLR knowledge exchange occurs during DLR 
construction and take-off phase.  
  

Insufficient  
 
Knowledge exchange and spill-overs should be 
done during commercial production within an 
interconnected system (Unruh, 2000). This step 
is still pending in Poland PRT. 
(Del Saz-Salazar & Garcia-Menendez, 2003) 
Note: Normally, knowledge development of 
innovation occurs in take-off phase 
(entrepreneurial experimentation and 
production).  
 

 
Are there bottlenecks to knowledge exchange? 

DLR London PRT Poland 

We did not find any bottleneck, until now! 
  

Potentially expected 
 
Polish Metriono-PRT is expected to encounter 
with bottlenecks when the systemic 
interactions emerge during the implementation 
of policies. Specifically, there are significant 
uncertainties about the performance of 
knowledge transfers or the changing 
expectations due to increasing acceptance of 
innovation. we expect that interconnecting 
technologies would be more locked in to the 
results of policies interactions, and at least 
would lock into the path-dependent 
trajectories. 
  

 
Is the innovation system characterized by experimental and learning-oriented innovation & entrepreneurship, or 
rather (low-risk) incremental innovation? 

DLR London PRT Poland 

Low-risk  High risk 
PRT-Metrino system is not in commercial 
service until now (April,2018), requires 
investment of public resources.  
PRT standards need to be developed, 
manufacturers and suppliers need to be put in 
place, and appropriate applications of the 
technology need to be considered. 

 
Please comment on the 'direction' of innovative activities within the sector/technology field (for instance, an 
extremely simple measure of this would, but not the only one, be the share of patents in that sector/technology 
field that are "green")? 

DLR London PRT Poland 



40 
 

Overground, rapid implementation, fast 
response to growing urban transport 
expectations, minimum staff, central 
management, low-carbon cities and reducing 
LCY Airport carbon dioxide 
 
 

direct connections, on-demand operations and 
personal transportation, low-carbon cities 
 
 
note: I am not sure how much these kinds of 
technologies are green, as they use electricity 
which is almost fossil-fuel generated. I should 
find researches that measure the amount of 
carbon which is produced because of  PRT or 
LRT or any electric transportation. 

 
 
ACTORS’ VISION AND EXPECTATIONS: 
Is there a clear vision for this technology/sectors in terms of both industrial design and goals? 

DLR London PRT Poland 

DLR as light rail transit is not a major solution 
for major cities and dense areas. These 
limitations put DLR as a cheaper solution in 
comparison with metro in small scales of 
transport. 
A breakeven point must be found for trade-off 

The future of PRT, as with any other new 
technology, will require time to mature 
meaning that standards need to be developed, 
manufacturers and suppliers need to be put in 
place. 
One successful sample is the future expansion 
of PRT in Masdar-Abudhabi. The system is 
contemplated both on and off of airport 
property. But, a comprehensive plan has not 
been existed yet. (Department of Rail and 
Public Transportation, 2009) 

 
Are the different actors within the innovation system aligned? 

DLR London PRT Poland 

A central management aligned different parts 
and projects of Dockland program. 
During the implementation phase, London 
Docklands Development Corporation (LDDC) 
has the mission to coordinate sub-projects and 
actors with the goals of Dockland development 
and renewal plan. 
During the operation phase, the mayor of 
London through TfL carries this responsibility. 
 

No strategic committee or central management 
is understood. 

 
What are the overall expectations of development?  

DLR London PRT Poland 

The initial goal was improvement of 
accessibility to Docklands. 
The expectations are enhancing for higher 
reliability, more frequencies, and capacity rise; 
at the same time reducing noise of vibration, 
and reducing injuries on the over ground rails. 

faster urban travels, on demand, and personal 
transport 
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Are the specific policy goals? Describe (if any) the political activities associated with the emerging innovation 
system - i.e. the extent to which the system can lobby and overcome resistance to change. Do sustainability 
concerns play a role?  [RECALL THAT ACTORS INCLUDE demand (consumers, or firms requiring technology and/or 
inputs); supply (firms, innovators); research and education (including university, labs, etc); supporting institutions 
(banks, venture capital, business angels, innovation and company support)] . 

DLR London PRT Poland 

Solving socio-economic problems of Docklands 
area. 
 

No information is found. 

 
  
MARKET FORMATION AND GOVERNANCE PROCESSES: 

is the (potential) market sufficiently large?  

DLR London PRT Poland 

Demand is increasing.  
the Docklands Light Railway (DLR) has increased 
its service offering by 103 per cent, with 
demand up by 205 per cent. (Mayor of London, 
July, 2017) 

No data is available. 

 

Are there principal drivers or barriers in the policy instruments landscape?  

DLR London PRT Poland 

MTS shows no significant barriers according to 
the outlook 2040. (Mayor of London, March, 
2018). 
Main drivers are bottom-up: rising and 
enhancing the demands.  

PRT also depends largely upon funding and 
public investment availability. 

 

Are there administrative barriers? 

DLR London PRT Poland 

MTS shows no significant administrative 
barriers according to the outlook 2040. (Mayor 
of London, March, 2018) 

Lack of central administration and policy 
making. 

 

RESOURCES: Is there a sufficient amount of material, human (labor) and financial resources? Is the infrastructure 
developed enough or does it represent a barrier? 

DLR London PRT Poland 

The implementation plan shows that the 
resources are estimated roughly (with low, 
medium, high notations), the real numbers are 
not in access. (Mayor of London, March, 2018). 

No master plan is available; therefore, no data 
is gathered.  
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This ambiguity potentially is a risk for cost 
planning in future.  

 

Ultimately, the two cases remind us that successful LRT requires a mix of consistent, well defined technologies 
and infrastructural systems; coordinated and properly motivated actors; and strong policies and institutional 
support.  Remove any one of these features and LRT systems risk being mired in inaction and phlegmatic 
development, destined to remain a perennial niche on the innovation landscape.  
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T2.1: Case Studies of National and EU Innovation 
Systems 

Questions for case study summary 
 
The below questions represent the summary/interpretation of results of the case 
studies you carried out under T2.1. They are necessary to allow the drafting of the T2.1 
deliverable, which is due in its final, submitted form at the end of August. They are also 
useful to inform the modelling tasks in WP3, and thus proving the important link 
between WP2 and all the modelling activities. 
 
Please provide a reply consisting of roughly a paragraph for each of the countries 
considered in the analysis 

 
1. Summarize why the technology(ies) analyzes in the case study is of relevance for 

deep decarbonization?  
(the reply to this question does not need to be country-specific. One paragraph is 
enough) 

2. How would you characterize the current status of this technology? (development 
stage, demonstration, mature, full diffusion)  
(the reply to this question does not need to be country-specific. One paragraph is 
enough unless there are significant differences across case studies) 

3. [if the technology is deployed]: did you collect any information regarding the 
potential penetration rate/market share of this technology (either in the country 
or in the EU)? how long will it take (did it take) to reach it? 
[example: In Italy, it took 5 years to deploy smart meters, penetration is now close to 
100%. NB if you do not have data, please give a best guess] 

4. Can the specific case study for country X be considered a case of success or a case 
of failure? Why? 

5. What were the main technological, infrastructure and knowledge barriers for this 
technology? Were they overcome (in case of success) or not overcome (in case of 
failure). Was technology cost a main driver of success or failure or not? 

6. Which are the crucial actors that contributed to the success/failure of this 
technology? 

7. Which institutions (or lack thereof) contributed to make this case study a 
success/failure? Were there particular governance aspects that played a crucial 
role in the process? 

8. Which policies measures or regulations contributed to making this a success or a 
failure? 

9. Did the EU level innovation system/ EU regulation play a role in the 
success/failure? 

10. Does the EU level case study reflect the experience of any particular country? 
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11. What main barriers do you think are currently not well represented in IAMs?  
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T2.1: Case Studies of National and EU Innovation 
Systems 

Questions for case study summary  

Agriculture case study 1 
 

 
1. Summarize why the technology(ies) analyzes in the case study is of relevance for 

deep decarbonization?  
 
To stabilise the climate, large-scale deployment of negative emissions technologies (NETs) is 
needed. Most scenarios for which the global temperature increase is kept within 2°C from 
pre-industrial levels assume deep CO2 removals in the second half of this century. Different 
categories of NETs exist: industrial processes, such as bioenergy with carbon capture and 
storage, direct air carbon capture and storage, and ecosystem management approaches. The 
biochar system for climate mitigation (BS) belongs to the last category. Over the past dozen 
years the BS has received ever increasing attention. Consistent with this trend, in 2018, the 
IPCC indicated for the first time the BS as a promising NET.  
 
The BS refers to the cycle in which carbon is first captured through biomass pyrolysis 
(typically) and, then, the biochar output is used for improving agricultural soil, or for any 
other purpose that does not involve its rapid mineralisation to CO2. Since the result of this 
capture-and-storage cycle is a long-term removal of CO2 from the atmosphere (hundreds or 
thousands of years), the BS qualifies as a NET. 
 
At the global level, the sustainable negative emission potential of the BS has been estimated 
to be between 0.7 and 1.8 GtC-eq per year, which corresponds to about 4-8% of current global 
GHG emissions. At the EU level, estimates of the same potential indicate lower levels in 
relative terms equal to 5-6% of EU-28 transport emissions. 
 
The BS is a potentially attractive option not only for climate mitigation but also for its 
contribution to other multiple sustainable development objectives. 

 

2. How would you characterize the current status of this technology? (development 
stage, demonstration, mature, full diffusion)  

 
Slow biomass pyrolysis is a simple and literally ancient technology. However, today, many 
standards certifying the composition and safety of biochar produce need to be fulfilled. 
Achieving perfect control of the feedstock selection, the production process and the output, 
as well as perfect understanding of the wider implications of the BS, is central. 
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Slow pyrolysis is not the only technology that can be used to produce biochar. Other mature 
technologies, most notably fast pyrolysis and gasification can be used to produce biochar and 
its co-products in differing proportions. Common biomass gasifiers already produce char as 
a co-product (the main product being syngas), with very limited production of CO2 emissions. 
While biomass gasifiers maximise the yield of gas and minimise the char residue, pyrolysis 
plants can produce char, gas and oil. Both optimisation of the proportions of the three 
products (depending on the market value of each) and perfect control of the chemical 
properties of the char in the pyrolysis process are the areas where technological 
advancement is most needed. Progress in these areas has been taking place. Still, significantly 
more R&D will be required to design and manufacture efficient, affordable equipment which 
can generate biochar and its energy co-products. 
 
Pyrolysis and gasification systems vary from small bench-top batch systems to large-scale 
continuous facilities with feedstock input rates between 1 and 10 tonnes per hour. In general, 
a dominant design for the technology of biochar production has yet to be established. Also, 
because many different types and variants of biochar production systems exist, taken 
together they span almost the entire Technology Readiness Level (TRL) range. Importantly, 
however, some models have reached the commercialisation stage, in the sense that several 
units have already been sold.   
 

3. [if the technology is deployed]: did you collect any information regarding the 
potential penetration rate/market share of this technology (either in the country 
or in the EU)? how long will it take (did it take) to reach it? 
 
There are market niches where different types of biochar are used, as for example in 
gardening or occasionally organic farming. For the sake of climate mitigation, however, the 
BS is only meaningful if biochar is used on a much larger scale. In this respect, the BS has not 
yet taken off. But there are signs and trends suggesting that things may quickly change. To 
give an idea of current expectations about the development of the biochar industry in the next 
few years, it has been estimated that globally the market for biochar will grow from less than 
$0.5m, in 2016, to over $15m, in 2025. Progressively greater diffusion, also in consideration 
of carbon prices in the future, can be expected for later years. In any case, we would not expect 
biochar to replace in full any other pre-existing soil improver or material. In other words, it 
will probably penetrate the market, but not at the full expense of other products. 
 

4. Can the specific case study for country X be considered a case of success or a case 
of failure? Why? 
 
In our study, it is difficult to identify cases of success or failure because the BS concept is still 
relatively new. It is probably more appropriate to reason in terms of ‘readiness vs 
unpreparedness’ or ‘leadership vs inactivity’. The EU today strikes as a case of institutional 
unpreparedness (you could say ‘failure’, but with said caveat) in that its regulatory and policy 
framework currently in force effectively ignores the BS. Most important, however, the EU 
framework that is now taking form for the post-2020 period does seem to go in the direction of 
creating the right conditions for the uptake and diffusion of the BS. In this sense, the EU is 
turning from unpreparedness to readiness. 
 
Using the same conceptual categories, Italy strikes as a case of institutional ‘readiness’ or 
‘leadership’ with respect to the BS, as being the first (and so far only) Member State to have 
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adopted bespoke legislation for biochar (setting in the first place a technical definition of 
biochar), which is thus a legally recognised soil amendment since 2016. As such, it will be easier 
to have polices supporting biochar use in agriculture. Also, the Italian Biochar Association has 
created its own quality certification scheme, plus it is a pro-active and well-recognised 
organisation both at the national and international level. 
 
By contrast, Poland is a case of partial unpreparedness/inactivity (partial failure, if you want). 
Since 2018, biochar is legally recognised as a renewable energy source. While this is an 
important step, however biochar used to produce renewable energy does not result in negative 
emissions. Biochar as a soil amendment (/ enhancer/ improver) has not yet been considered, so 
effectively the BS as a NET has not been addressed either. Also, a local (Polish) biochar 
association does not exist yet.   
 

5. What were the main technological, infrastructure and knowledge barriers for this 
technology? Were they overcome (in case of success) or not overcome (in case of 
failure). Was technology cost a main driver of success or failure or not? 
 
So far, the uptake of the BS in the EU, just as in almost all other developed economies 
(Australia seeming to be the most significant exception), has been hindered by multiple 
barriers. However, the lack of a suitable regulatory and policy framework has been the heart 
of the problem: there have been basically no incentives for Member States to invest in the 
BS, as soil carbon sequestration does not count towards the 2020 national emissions 
reduction targets. This goes together with the fact that, apart from few market niches where 
biochar use can be economically meaningful (and hence its production profitable), any more 
extensive use of biochar necessitates economic policy support.  
 
Ultimately, the lack of demand is the main problem.  
 
Whether through emission credits or simple payments for ecosystem services, monetising 
the social value of carbon sequestration has been the key missing factor. Farmers will more 
likely buy and apply biochar to soil if they receive said emission credits or payments. 
Otherwise, in most situations, positive effects on soil and expected greater agricultural yield 
will be deemed not to justify the cost of biochar.  
 
Moreover, from the biochar producer’s perspective, in presence of strong incentives for 
renewable energy, it may well be more convenient to maximise renewable energy 
production rather than biochar production (and so to choose biomass gasification over 
biomass pyrolysis).  
 

 

6. Which are the crucial actors that contributed to the success/failure of this 
technology? 
 
If today the BS receives increasing consideration at the policy level it is first and foremost 
thanks to years of research, intensified over the past decade, undertaken primarily by 
agronomists and engineers based in developed economies. This research has not remained 
within university labs, but to the contrary we have observed fruitful synergies between 
academia and the entrepreneurial sector. Central is the role of several national or regional 
biochar associations, the most well-known of which is the International Biochar Initiative 



 
 

 

 
 
 
 

 
 

4 
 

(North America), in bringing together different stakeholders, act as a knowledge hub and, in a 
very concrete way, develop and administer voluntary certification schemes that will greatly 
facilitate future biochar legislation.  
 

7. Which institutions (or lack thereof) contributed to make this case study a 
success/failure? Were there particular governance aspects that played a crucial 
role in the process? 
 
We would say that the greatest observed challenges for the uptake (especially) and diffusion of 
the BS relate to insufficient cooperation between parts of government having limited 
experience of cooperation between themselves. So far, EU climate policy has been focused on 
multiple sectors of the economy, but not on the LULUCF sector. In very practical terms, DG 
CLIMA and DG AGRI need to cooperate closely to come up with a consistent climate mitigation 
policy covering all sectors including agriculture and the LULUCF sector. An additional layer of 
complexity stems from the fact that the EU CAP gives MSs much discretion in the 
implementation of policies, so cooperation between the relevant national authorities is needed 
too. 
 

8. Which policies measures or regulations contributed to making this a success or a 
failure? 
 
It should be clear by now that, as far as the BS is concerned, lack of regulation and policies 
(rather than wrong regulation and policies) has been the problem. The new Fertiliser 
Regulation, in which biochar is mentioned, holds the promise that in three years’ time we will 
have a clear regulatory framework for biochar at the EU level. To kick-start the BS, we will then 
need appropriate policy support. We think – but on this we have observed a consensus – that 
payments to farmers reflecting the value of the carbon stored in soil (by applying biochar) 
would be the best way to support the BS. Whether that would lead to an actual success, it’s too 
early to tell.    
 

9. Did the EU level innovation system/ EU regulation play a role in the 
success/failure? 
 
For all the said reasons, totally, yes. Notably, under the EU 20-20-20 Strategy, while in almost all 
other sectors MSs have an incentive to reduce emissions so as to reach their national targets, 
the same type of incentive does not apply to the LULUCF sector. 

 

10. Does the EU level case study reflect the experience of any particular country? 
 
I would say ‘no’ because the situations observed for Italy and Poland to a large extent are 
determined at the EU level (lack of an appropriate EU regulatory and policy framework). On the 
other hand, the new Fertilisers Regulation happens to reproduce, at the EU level, the process 
observed in Italy. Namely, the decision to first agree on a technical, legal definition of biochar, 
which is understood to be a precondition for it to become a marketable product.  

 
11. What main barriers do you think are currently not well represented in IAMs?  
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I have a basic understanding of IAMs. I know IAMs do not usually consider the BS, but they do 
consider BECCS. I would imagine modelling of the BS would have much in common with BECCS. 
However, BS and BECCS are competing technologies (competing for limited biomass in the first 
place), so it would be important for modellers to identify the conditions more favourable to one 
or the other. A paper that could be helpful in this respect is Woolf et al. (2016), also cited in our 
study. An important point is that increased agricultural productivity is an advantage of the BS. 
On the other hand, BECCS has the advantage to produce more renewable energy.  
 
Finally, (but this also applies to BECCS, perhaps even more), in case of very large scale BS, social 
acceptability of massive quantities of biomass used for the BS could be a barrier to its further 
development. 
 
Woolf, D., Lehmann, J. and D.R. Lee (2016), Optimal bioenergy power generation for climate 
change mitigation with or without carbon sequestration, Nature Communications, 7(13160), 1-
11. 
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T2.1: Case Studies of National and EU Innovation 
Systems 

Questions for case study summary 

Agriculture case study 2 
 
 

1. Summarize why the technology(ies) analyzes in the case study is of relevance for 
deep decarbonization?  
 
The agricultural sector produced about 440,000 Tg of CO2 equivalent of greenhouse 
gases (GHG) in 2016, which is about 10% of the EU-28's total GHG emissions. This 
share remained stable in 2016 and makes agriculture the third largest greenhouse 
gases emitting sector in the EU-28, although there are significant variation across 
Member States. Agricultural emissions have stabilized in recent years (Westhoek et 
al., 2012; Solazzo et al., 2016) and agriculture performed worse than other sectors in 
term of declining emissions pathways. The main GHG from agriculture in terms of 
volumes are methane (CH4) and nitrous oxide (N2O). About 90% of the overall 
emissions in the sector are from these two gasses and come from three main sources: 
about one third comes from enteric fermentation (CH4), about one sixth from manure 
management (CH4 and N2O) and about one half from agricultural soils (N2O). To date, 
the main factor behind the absolute reduction in emissions between 1990 and 2015 
has been the reduced numbers of ruminant livestock, which in turn reduced 
emissions from enteric fermentation and manure management. Yet, focusing only 
on further reductions of livestock units is not a viable solution in the years to 
come for several reasons.  
Against this background, supporting low-carbon innovation pathways in agriculture 
through innovation in livestock feeding rather than counting only on livestock 
number reductions, is an increasingly attractive complementary option for achieving 
cost-effective emission reductions over the long term. Also, the emission of methane 
from livestock represents a direct loss of energy to the ruminant, hence decreasing 
methanogenesis in ruminants can constitute a win-win strategy to increase 
environmental and economic sustainability in the agricultural sector.  

 
2. How would you characterize the current status of this technology? (development 

stage, demonstration, mature, full diffusion)  

The different mitigation options can be grouped into different ‘levels of maturity’ 
(GRA, 2014), indicating the readiness of the measure for implementation based on 
experiences in diverse settings (Table 1). 

https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Glossary:Greenhouse_gas_(GHG)
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Glossary:Greenhouse_gas_(GHG)
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Table 1: Selected feeding strategies to reduce CH4 and NH3 emissions and level of 
Maturity in the EU 

Mitigation strategy Readiness* 
Main constraints for 
implementation 

Forage quality Best practice 

Farmers awareness and 
appropriate training 
(extension service) or social 
environment Reluctant to 
change from traditional 
practices Commercial 
availability of appropriate 
genetic varieties for a given 
environment 

Dietary ingredients Best practice 
Economic constraints (e.g. 
lipids) 

Precision feeding Best practice (intensive) 
Economic costs of technology 
(animal id, feed supply) 

Grass management 

Best practice, Pilot (still 
knowledge gaps on some 
novel grass, mob 
grazing) 

Dependency on weather 
conditions, knowledge gaps, 
Farmers awareness and 
appropriate training 
(extension service) or social 
environment Reluctant to 
change from traditional 
practices 

Additives, plant 
compounds 
Improving rumen 
function (essential 
oils, tannins) 

Between Best practice 
and pilot 

Consistency in effectiveness, 
lack of knowledge on mode of 
action (diet depending), lack 
of clarity in the market 

Specific Methane 
inhibitors (3nop, 
nitrate) 

Pilot 
Safety, toxicology, commercial 
availability 

Protected Amino 
Acid (AA) 

Best Practice 
Cost, applicable to high-
producing herds or individual 
animals at particular periods 

*Notes: Best practice: measure has been successfully implemented in diverse 
contexts, next step is scaling up. • Pilot: pilot project has been carried out, next step 
is commercial development • Proof of concept: the measure has been 
demonstrated in an experimental setting, next step is a pilot. • Discovery: exploring 
promising concepts for future proof of concept.                                                                         Source: 
Yáñez-Ruiz et al., 2017 
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3. [if the technology is deployed]: did you collect any information regarding the 
potential penetration rate/market share of this technology (either in the country 
or in the EU)? how long will it take (did it take) to reach it? 
 
Hard to generalize from our cases, as they were so specific. Some solutions are more 
likely to e deployed and adopted in the short-medium run, other, such as vaccines as a 
solution to reduce GHG are under study or even deployments in other parts of the word 
(US, Australian and New Zeeland), but it is unlikely that will be deployed in Europe in 
the medium term.  
 

4. Can the specific case study for country X be considered a case of success or a case 
of failure? Why? 
 
Both the UK and Germany can be considered cases of success. These countries have 
invested significant resources in fostering research and international collaborations to 
study livestock feed type and management as a mean to reduce GHG emissions while 
fostering animal productivity. In the UK these solutions are also particularly 
appreciated and supported by extension agents and farmers association in remote 
areas, where improve feeds can also reduce the significant costs related to transport of 
feed (e.g. Scottish Islands). However, as of July 2019, one of the main concerns 
surrounding British agriculture and innovations pathways in the sector pertain to the 
uncertainty around Brexit and the prospect of trade tariffs that would cripple British 
farming businesses. The first obvious impact of Brexit on the feed sector will be the 
addition of extra transaction costs. These extra costs will affect both British farmers as 
well as farmers in other EU countries, particularly Irish farmers. Brexit could also 
discourage and undermine future collaborations between farmers networks and 
scientists, which has been so far an enabler of the development of innovations and their 
diffusions. 
  

 
5. What were the main technological, infrastructure and knowledge barriers for this 

technology? Were they overcome (in case of success) or not overcome (in case of 
failure). Was technology cost a main driver of success or failure or not? 

 
Barriers 

- Financial factor: 
Consequently, although feed additives have large technical potential to reduce 
methane emission, the overall mitigation capacity will be limited if farmers to not 
realize the potential in term of economic benefits of new feed additives.   

 
- Behavioural factor:  

Emission mitigation itself is not a good, or strong enough, incentive for farmers to 
adopt mitigation measures. In theory, innovation in feed type and management has 
the potential to improve livestock productivity, which could be an attraction to 
farmers. A clear demonstration of improved productivity is desired through, for 
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example, demonstration projects. Behavioural factors shall also be considered from 
the perspective of the end-consumer and specific technical solutions should also be 
assessed in term of predicted acceptance (present and future) by the consumer.   

- Lack of overarching concept and implementation outline 
Historically GHG emissions mitigation in agriculture tends to receive less attention 
compared to other sectors. Furthermore, mitigation goals are usually made in absolute 
terms on a national basis, without specific mechanisms through which reduction is 
achieved. There exists a gap between overall targets and implementation measures 
exists which could slow down the progress in promoting mitigation innovation in 
agricultural sector.  

- Interaction with other policy domains 
For many countries the primary concerns regarding agriculture relate to food 
security, rural development, and adaptation to the impacts of climate change. 
Prioritizing GHG mitigation in agriculture depends largely on national circumstances. 
There might be conflict between the use of feed additives and other policy domains, 
such as food safety. Some feed additives or vaccines may not commercially 
practicable because of animal health and food safety concerns (for both animal and 
human health). Feed type innovation is excepted to focus on natural or synthetic 
compounds that can deliver long-term efficacy as well as maintaining food and 
animal safety standards.  

Enablers 
- Decreasing methanogenesis in ruminants can constitute a win-win 

strategy to increase environmental and economic sustainability in the 
agricultural sector.  

The emission of methane from livestock represents a direct loss of energy to the 
ruminant. Feeding that decreases methanogenesis in ruminants leads to lower 
energy losses from the animals, hence on-farm economic benefits related to 
productivity gains and farm-level costs reduction, through reduced transports-
related emissions and costs, as well as being beneficial for the environment, 
through decreased emissions of methane. Aside the environmental impact of 
methane, the significant loss of energy from the production system causes an 
economic loss to farmers, as it could be redirected to produce more milk 
(Eckard, 2006) and increase animal body weight.  
- Decreasing competition for land-use 

The feeding of crops to livestock is in direct competition with producing crops for 
human consumption (food security) and climate mitigation (bioenergy 
production or carbon sequestration. In many areas of Europe there has been an 
increasing interest to explore solutions that could reduce land coverage dedicated 
for feed-crop. For example, seaweed feed additives, which do not directly compete 
with cropland for their production, have been demonstrated to significantly 
reduce methane emissions and has potential to increase livestock productivity, 
while not competing with croplands. 

- Compatibility with existing farming practices 
For many GHG mitigation actions, the actual effectiveness of emission reduction 
depends highly on the compatibility with indigenous farming practice. Using feed 
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additives in ruminant diets is found to be compatible with most farming systems 
in Europe (European Commission, 2016).  

- Training and farmers networks 

Ad hoc training and extension services offered to individual farmers and their 
network are essential enablers for the diffusion of new technologies.  

 
6. Which are the crucial actors that contributed to the success/failure of this 

technology? 
 Research Network,   
 Policymakers at EU (CAP), national at Local level,  
 feed producers and their associations,  
 farmers and their associations,  
 consumers and their associations 

 
 

7. Which institutions (or lack thereof) contributed to make this case study a 
success/failure? Were there particular governance aspects that played a crucial 
role in the process? 

 
As in the case for Biochair, EU climate policy has been focused on multiple sectors of the 
economy, but not on the LULUCF sector. In very practical terms, DG CLIMA and DG AGRI 
need to cooperate closely to come up with a consistent climate mitigation policy 
covering all sectors including agriculture and the LULUCF sector. An additional layer of 
complexity stems from the fact that the EU CAP gives MSs much discretion in the 
implementation of policies, so cooperation between the relevant national authorities is 
needed too. 

 
 

8. Which policies measures or regulations contributed to making this a success or a 
failure? 

 
At present, uncertainty surrounding Brexit pose significant threats to future 
collaborations and trade (including in livestock feed) among EU countries, posing a 
challenge not only to the UK. 
Efforts to reduce greenhouse gas emissions in a single country will usually lead to 
increased emissions in other countries – a phenomenon called carbon leakage, hence it 
is important that the CAP continues to look at questions related to sustainability and 
reduction of emission in the agricultural sector, not solely leaving initiatives to single 
MS. 
Ariculture is a non-ETS sector but it is one of the sectors covered by the Effort Sharing 
Regulation (ESR) which foresees a reduction of 30% in ESR emissions by 2030 
compared to 2005.   
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9. Did the EU level innovation system/ EU regulation play a role in the 
success/failure? 

 
Yes, it’s present, especially in term of fostering and funding large research 
collaboration across European Institutions. The various reforms of the CAP have 
increasingly considered sustainability in the agricultural sector.   

 
 

10. Does the EU level case study reflect the experience of any particular country? 
Yes, as we looked at the national level. For the UK, regional specificities (e.g. 
Scotland, Wales and Northern Ireland) have been mentioned in the report.  
 

11. What main barriers do you think are currently not well represented in IAMs?  
 
Political support (or lack of it) and better coordination between DG clima and DG 
agri. 
 
Need to foster more collaboration between research teams developing the technical 
solutions and socio-economic research able to assess the acceptability of various 
solutions for various stakeholder (farmers but also feed producers and end-
consumers). 
 
Uncertainty and inconsistency are an obstacle, especially related to Brexit. 
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T2.1: Case Studies of National and EU Innovation 
Systems 

Questions for case study summary  

Buildings case study 
 

 
1. Summarize why the technology(ies) analyzes in the case study is of relevance 

for deep decarbonization?  
 
The buildings sector accounts for around 40% of total final energy consumption in 
the European Union (EU), and for 36% of CO2 emissions 1  (EC, 2016a). The 
residential sector alone accounted for over 25% of total final energy consumption 
in 2016, and over 16% of CO2 emissions in 20152. 
 
As with all sectors in the energy system, in order to achieve the stated ambition of a 
reduction in CO2 emissions of at least 80% below 1990 levels across the EU, the 
residential sector must become more energy efficient, with a reduced CO2 intensity 
of the energy consumption that remains. From the results of four low-carbon 
pathway studies, and recognising the substantial variation in the extent to which 
the profile of energy consumption and CO2 emissions associated with the sector 
must change, Drummond & Ekins (2016) conclude that CO2 emissions from the 
residential building sector in the EU must reduce by at least 30% by 2030 and 50% 
by 2050 from 1990 levels, with average energy intensity of the residential building 
stock reducing from around 185 kWh/m2 in 2012 (Gynther, Lapilonne & Pollier, 
2015), to a maximum of 150 kWh/m2 by 2030 and 100 kWh/m2 by 2050.3 
 
Around 65% of energy consumption in the residential building stock in 2015 was 
for space heating, with the majority of this demand satisfied by primary, non-
renewable fuel consumption (largely natural gas) (Eurostat, 2019). Improving the 
energy efficiency of building envelopes in order to reduce the final energy demand 
for space heating (and cooling, however this accounts for just 0.3% of energy 
consumption in EU households (ibid)), is therefore essential to achieve the 
objectives outlined above, and a substantial component of the estimated 150 Mtoe 
(>50% of residential energy demand in 2016) of efficiency savings that Wesselink, 

                                                        
1 Scope 1 and Scope 2. 
2 Eurostat data states that the residential sector was responsible for 9% of primary fuel consumption in 
the EU28 in 2016, and 29% of final electricity consumption in 2015, and thus around 7% of total Scope 
2 CO2 emissions. 
3 Floor area growth assumptions as applied by IEA (2012). 
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Harmsen & Eichhammer (2010) estimate may be cost-effectively achieved in the 
sector in the EU by 2030. 
 
Around 75% of the residential building stock that will be present in 2050 has 
already been built (Lewis et al, 2013), meaning that improving the efficiency of 
building envelopes in the current stock is of particular importance. However, 
ensuring the envelopes of the remaining 25% are constructed and operate at high 
efficiency levels, in order to avoid further low-efficiency lock-in, is also key. 
Innovation and learning for new technologies, techniques and practices that may be 
developed during new construction may also be applied to improve the efficiency of 
existing buildings. 
 

2. How would you characterize the current status of this technology? 
(development stage, demonstration, mature, full diffusion)  
 
The building envelope (also known to as the building shell, fabric or enclosure), is 
the boundary between the conditioned interior of a building and the outdoors, and 
includes external walls, floors, roofs, windows and doors as its components. As the 
primary thermal barrier between the interior and exterior, the building envelope 
(and all components thereof) is crucial in determining the heating and cooling 
requirements of a building (IEA, 2013a). 
 
The energy efficiency of a building envelope and its components is represented by 
their rate of thermal transmittance, or ‘U-value’; defined as the rate of heat transfer 
(in watts) through one square metre of envelope, per 1°K (or 1°C) temperature 
differential. A high value indicates high thermal transmittance, and vice versa. A 
building envelope or envelope component with a low U-value (area-weighted, for 
the full envelope) is thus desirable if the energy required for space heating (and 
cooling) is to be minimised (and energy efficiency maximised).  
 
There is no single definition for a high-efficiency building envelope (measured, for 
example, as the maximum area-weighted u-value). However, for a building to be 
certified as ‘Passive’, all opaque elements of the exterior envelope must have a 
maximum u-value of 0.15 W/m2°C (with lower – and thus lower transmittance - 
values for windows) (PHI, 2018b). A maximum area-weighted u-value of 0.15 
W/m2°C may be therefore be taken as an approximate definition of a ‘high-
efficiency’ building envelope. 
 
High-efficiency building envelopes and their varied designs have been 
demonstrated and applied for several years. However, the level of diffusion varies. 
In Germany, their status may broadly be classified as in early diffusion. In Italy, 
Poland and the UK, they may be largely considered in demonstration stage. This is 
partly due to the nature of building envelopes being a collection of technologies that 
may applied in varied configurations and specifications, rather than a single ‘plug 
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and play’, discrete technology with a clear set of characteristics, and relies on a 
broader set of contextual factors. 
 

3. [if the technology is deployed]: did you collect any information regarding the 
potential penetration rate/market share of this technology (either in the 
country or in the EU)? how long will it take (did it take) to reach it? 
 
Reliable data on the rate of existing penetration of high efficiency building envelopes 
for new building is not readily available. However, the potential market share of this 
‘technology’ are all new residential properties. If considering retrofits to existing 
properties, the market share increases. However, it is beyond the scope of this work to 
determine the potential share of the existing residential building stock that may be 
retrofitted to hold a high-efficiency envelope. 
 

4. Can the specific case study for country X be considered a case of success or a 
case of failure? Why? 
 
Of the four case study countries examined, the only country that may be considered a 
relative success is Germany. This is due to a range of factors, including (a) the presence 
of a clear overarching, long-term, economy-wide strategy, with sectoral 
implementation, and clear and long-term political commitment and credibility; (b) 
strong public investment in research infrastructure and energy-efficiency and related 
topics (c) highly supportive and well-functioning regulatory standards; (d) clear and 
facilitative governance arrangements and mechanism (e) the provision of well-
designed subsidy mechanisms (and other incentives, such as high domestic energy 
prices); (f) the clear support and buy-in from different elements of the construction 
industry; (g) high public support, awareness and demand for energy efficiency. 
 
The deployment of high-efficiency envelopes for new residential buildings in Italy, 
Poland and the UK, however, may largely be considered failures. Further detail is 
presented below, however this is largely due to the absence, or relatively weak 
presence or functioning, of the elements discussed above in Germany. 
 

5. What were the main technological, infrastructure and knowledge barriers for 
this technology? Were they overcome (in case of success) or not overcome (in 
case of failure). Was technology cost a main driver of success or failure or not? 
 
For envelopes for new buildings, pre-existing infrastructure is of minimal importance. 
The principal barrier for their deployment is lack of economic (or regulatory) incentive; 
high-efficiency building envelopes typically available only at (sometimes substantially) 
higher cost than low-efficiency envelopes. However, a general lack of knowledge and 
skills within the various elements of the construction industry that contribute to the 
construction of a residential building is often also a substantial barrier, alongside 
knowledge and demand from building owners and/or occupiers 
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In Germany, the first of these elements has been addressed to a significant degree by 
the provision of subsidies and ancillary factors, such as relatively high domestic energy 
prices, but also a long history of public investment in basic and applied research in 
order to develop and reduce the cost of the component technologies and techniques. 
The second of these elements has been addressed to a significant degree by the 
mechanisms for knowledge exchange between research and industry, widespread 
provision of appropriate training and skills development (delivered by both public and 
private organisations), and industry experience. Public awareness of climate, energy 
and energy-efficiency issues, and demand for action to address these issues, is high 
amongst the German public. 
 
In Italy, Poland and the UK, such factors addressing underlying economic and 
knowledge barriers are absent, to a large (and to a degree, varied) extent. 
 

6. Which are the crucial actors that contributed to the success/failure of this 
technology? 
 
In Germany, the vision and expectations for the Energy Concept, and their implications 
for the buildings sector – including the need for high-efficiency envelopes for new 
buildings – are generally shared by all key actors. The Federal and regional (Länder) 
governments have both played important (and potentially decisive) roles in a variety 
of ways, alongside other public bodies, such public research institutions and the KfW 
(and more local iterations, the Länderbanks), discussed below. Independent research 
and advocacy institutions – such as the Passive House Institute – have also played a 
role. The three principal German trade associations for the construction industry are in 
favour of stringency energy-efficiency requirements for new buildings and actively 
works to encourage high-efficiency construction, whilst the Federal Chamber of 
Architects are in favour of efforts to further extend the stringency of such regulations. 
Trade associations for skilled building crafts offer a range of training and education 
courses on energy-efficient construction, often in collaboration of a network of training 
centres and universities, contributing to a relatively strong and reliable supply chain 
and skills base. Social and professional landlords, which own around 35% of the 
housing stock in Germany, along with representatives for tenants, are also publicly in 
favour of high-efficiency buildings (both new and existing). Public support for the 
Energy Concept is strong, as is awareness of climate and energy-related issues. All such 
actors appear to have contributed to produce a relatively successful diffusion of high-
efficiency building envelopes in Germany. 
 
In both Italy and Poland, there is relatively little focus in public institutions on energy 
efficiency in new buildings (except in Italy by a few regional governments, discussed 
below). There is also little apparent focus on energy efficiency in new buildings in other 
actors concerned with the construction of new residential properties, although some 
actors are involved with associated EU-instituted research projects and initiatives, 
particularly concerning construction-related skills. In Poland, trade associations for 
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construction materials and envelope components principally focus on opportunities for 
export. 
 
In the UK, there is a substantial focus in public institutions regarding decarbonization 
of the economy, with some focus on energy efficiency in the buildings and other sectors, 
as discussed below. This is driven by the unilateral legally-binding emission reduction 
targets set by the 2008 Climate Change Act, discussed below. There is relatively little 
focus on energy efficiency matters across the various elements of the construction 
industry, from architects to tradespeople (except from construction products and 
component manufacturers). In the UK, a high proportion of new residential properties 
are built speculatively by large developers, which have a focus on ‘reducing red tape 
(i.e. regulation) to encourage an increased rate of housebuilding, and often actively 
lobby against stringent energy efficiency regulations (and see regulations that do exist 
as maximum, rather than minimum standards).   
 

7. Which institutions (or lack thereof) contributed to make this case study a 
success/failure? Were there particular governance aspects that played a crucial 
role in the process? 
 
At the macro-level, the Energy Concept (discussed below) is supported by all main 
political parties in Germany, helping maintain stability and continuity of overall 
strategy and associated policy. Responsibility for housing construction at the national 
level, including explicit mention of energy-efficient construction, is clearly vested in the 
Federal Ministry of the Interior, Building and Homeland (BMI) (since March 2018, and 
the BMU beforehand), with responsibility for delivering different aspects of the Energy 
Concept (including those related to buildings) clearly delineated between certain 
federal agencies, with co-ordination delivered through dedicated fora. Germany has a 
strong network of public research institutions, including the Helmholtz Association and 
Fraunhofer Society, both of which have strong themes of energy and energy efficiency 
(both broadly, and with a focus on buildings) in their (basic and applied) research 
portfolios, and which engage in collaboration with the private sector for research, 
knowledge exchange and education. The KfW, a national public interest bank, appears 
to have been crucial in encouraging the diffusion of high-efficiency envelopes for new 
buildings, through the provision of various well-designed subsidies (discussed below). 
The regional Länder governments also appear to have played a key role, with many 
using their ability to set policy targets, strategies and policy details, such as building 
regulations, to a higher ambition than national requirements (sometimes to Passive 
house standards, with additional financial support available). Länder governments 
have also been involved in research and demonstration projects, with early Passive 
House research financed by the Hessian Ministry for Economics and Technology. 
 
At the national level in Italy, primary responsibility for housing is with the Ministry of 
Infrastructure and Transport, however many aspects of housing policy are under the 
jurisdiction of regional governments. Energy efficiency policy, however, is largely the 
responsibility of the Ministry of Economic Development, via the National Agency for 
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New Technologies, Energy and Sustainable Economic Development (ENEA), and its 
sub-agency the National Agency for Energy Efficiency (ANEE), which primarily focusses 
on (and was originally founded with a purpose for) providing technical assistance to 
the government in implementing EU regulations.  Public research institutions and 
funds have some focus on energy efficiency issues, but relatively little, and with a 
general focus on energy efficiency in industry (however, some public research, 
knowledge exchange and education efforts on energy efficiency in buildings and 
construction are present). Responsibilities for energy-related matters are divided 
between the national and regional governments, with regional governments able to 
introduce policies and mechanisms autonomously, but within guidelines set at the 
national level. Some regional governments contribute to encouraging energy-efficiency 
in new residential construction, such as early application of the Italian NZEB definition, 
but this is relatively uncommon. The present government in Italy is largely hostile to 
ambitious climate and energy policy. 
 
Housing policy in Poland is governed by the Ministry of Investment and Development, 
with energy efficiency policy largely the remit of the Ministry of Energy. Although local 
authorities are responsible for granting construction permits and ensuring compliance 
with buildings regulations, they are not permitted to set standards that exceed national 
requirements (except with regard to heating technology, as they pertain to local air 
quality). Similar to Germany, Poland has a national public interest fund (NFOSiGW), but 
with a focus on environmental protection. However, no funds are allocated to the 
construction of energy-efficient envelopes for new residential buildings (any longer – 
see below). Various national institutes focus on building-related research, with a 
substantial focus on technical testing (often with the aid of EU grants). As with Italy, the 
current Polish government is hostile to ambitious climate and energy policy. 
 
The 2008 Climate Change Act, discussed below, was introduced with substantial cross-
party support in Parliament, and largely maintains substantial support. The Climate 
Change Act also established the statutory advisory body the Committee on Climate 
Change, which has a duty to advise and make policy recommendations to the 
government on achieving emission reductions to achieve legislated targets (including 
a recent recommendation to, inter alia, increase minimum energy performance 
standards for new buildings to ultra-high levels by 2025), however the government is 
not bound to adopt such recommendations. Housing policy in the UK is the 
responsibility of the Ministry of Housing, Communities and Local Government, with 
energy (including energy efficiency policy) the remit of the Department for Business, 
Energy and Industrial Strategy. Local governments are responsible for enforcing 
building regulations (including minimum energy performance standards) for new 
buildings. Local authorities have the ability to set local energy efficiency requirements 
(discussed below), however there has been confusion and a lack of clarity over the 
extent to which that has been and will remain the case. Various energy-related publicly-
funded research bodies, institutions and consortia exist, however there has been 
relatively little focus on the efficiency of new residential building envelopes. 
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8. Which policies measures or regulations contributed to making this a success or 
a failure? 
 
The Germany Energy Concept provides the overarching guiding framework for the low-
carbon transition in Germany. It, alongside associated strategies, targets and measures 
for the residential building sector, are well embedded in public institutions, and it has 
become embedded in the range of actors in the economy involved with new residential 
building construction (as descried above), helping to align expectations and 
commitment. Germany has relatively stringent minimum energy performance 
standards for new buildings, with specified maximum u-values for both individual 
envelop components, but also the envelope as a whole, with compliance and 
verification methods generally effective. However, although Germany has not yet 
defined its requirements for nearly-zero energy buildings (NZEBs), new residential 
properties in Germany routinely exceed these minimum requirements for a variety of 
reasons, including more stringent requirements in many of the Länder, two subsidy 
mechanisms for high-efficient new construction provided by KfW with attractive 
conditions (that fund around 50% of new residential properties in Germany, which 
must be above national minimum requirements), supported by subsidies provided by 
Länder institutions. Other supportive regulations also exist, such as minimum 
renewable energy requirements, which may be waived if energy efficiency 
requirements are exceeded by 15%. Domestic energy prices are also high, increasing 
the incentive for efficiency. In addition, the public research budget supports a range of 
projects focused on the development, demonstration and deployment of low-carbon 
and energy-efficient building technologies and components, involving public and 
private research institutions, and industry partners. A range of policy initiatives also 
seek to provide energy-efficiency related information, training and certification for a 
range of practitioners involved with the construction of new residential buildings, 
alongside comprehensive information for the general public to both ensure awareness 
of energy efficiency issues, and to assist in undertaking efforts to ensure energy-
efficient construction. 
 
The overarching energy and climate policy framework in Italy is provided by the 
National energy Strategy, which sets actions to 2030 in line with the EU’s long term 
2050 ambitions, and largely seeks to implement EU requirements. Minimum energy 
performance requirements for new buildings include maximum u-values for envelope 
components, which vary according to climatic zone (from relatively low stringency in 
the warmest climatic zone, to relatively high stringency in the coolest, re-enforced by 
other elements of the calculation to meet wider energy performance requirements). 
Few regional governments implement more stringency requirements, and some had no 
minimum requirements prior to 2005, when the initial Energy Performance of 
Buildings Directive came into force in Italy. Regional governments are responsible for 
enforcing these regulations and those for Energy Performance Certification (EPCs). 
National legislation requires 2% of EPCs from the highest efficiency ratings to be 
checked a year,  however relatively few have thus far been checked for compliance, and 
on-site verification is not required (except in one region). As with Germany, if minimum 
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renewable energy requirements are not achieved, then the building energy 
performance must increase proportionally. No subsidies for energy efficient 
construction are available at the national level (except briefly in 2010), and few are 
available from regional governments. 
 
Overarching energy policy in Poland is set by a policy document published every four 
years since 1997, the current (adopted) edition of which covers policy strategy to 2030, 
and a strategy document published in 2014 on energy security and the environment. 
With respect to energy efficiency of new residential buildings, its ambitions largely 
reflect requirements set by EU policy. Minimum energy performance standards for new 
residential buildings are relatively stringent, and become more so by 2021 in order to 
meet Poland’s defined NZEB definition (although, local authorities are not able to 
impose more stringent requirements). However,  compliance (via EPCs) is not routinely 
checked, and very few have been requested for validation (many of which were found 
to be incorrect, resulting in the experts producing them losing their authorization to do 
so in future). In 2013 a subsidy was introduced for the construction of (or the purchase 
of new) energy-efficient homes (meeting 2021 standards or above), however the 
scheme closed in 2016 with low take-up, due to design issues. Domestic energy prices 
in Poland are also low, reducing the incentive to adopt energy-efficient practices. 
 
In the UK, the 2008 Climate Change Act sets a legally-binding target for an 80% GHG 
reduction by 2050 (from 1990 levels), to be achieved step-wise through five-yearly 
‘carbon budgets’. The Act also requires the government to publish, each time a new 
carbon budget is set, updated strategies for how it will be achieved across the economy. 
In advance of the Act coming into law, in 2007 is was announced that all new residential 
buildings by 2016 would be ‘zero carbon homes’, introduced through a stepwise 
increase in stringency of, inter alia, minimum energy performance standards. However, 
in 2015 this policy was removed (in order to reduce regulatory burden on 
housebuilders to encourage further construction), with 2014 standards remaining 
active for the foreseeable future (however, it was announced in May 2018 that the 
government would seek to ‘at least halve the energy use of new buildings by 2030’, and 
introduce a ‘Future Homes Standard’ with ultra-high minimum energy performance 
requirements by 2025). As mentioned above, local authorities are legally able to 
require more stringent energy efficiency requirements than the national levels (by up 
to 20%), however there has been confusion around this, with draft legislation and 
ministerial statements seeking to prevent such action. In addition, housing developers 
are legally required to begin construction work within three years of planning 
permission being granted (with the building regulations at the time of planning 
permission being granted applicable). However, the definition of ‘beginning 
construction’ is broad, with construction (usually by large, speculative developers) 
often being completed often many years later, at energy performance standards well 
below current best practice or regulatory requirements. Local authorities are required 
to monitor compliance, with no central record of compliance rates kept. Evidence 
suggests there is a relatively high rate of non-compliance with energy efficiency 
regulations, due to poor understanding of regulations and a lack of appropriate skills. 
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Domestic energy prices in the UK are relatively low, reducing the incentive and 
awareness of energy efficiency by the public. A small subsidy was introduced in 2007 
for the purchase of ‘zero carbon homes, but this expired in 2012. A series of subsidised 
demonstration high-efficiency, zero carbon developments have been planned in recent 
years, but have reduced drastically in ambition over time. There is relatively substantial 
energy-related research funding in the UK, however only recently has building-related 
energy efficiency increased in focus. 
 

9. Did the EU level innovation system/ EU regulation play a role in the 
success/failure? 
 
EU regulation has played a relatively strong role in Italy and Poland with regard to 
improving the energy efficiency of new residential buildings, in particular the 
requirement and criteria for setting (increasingly ambitious) minimum energy 
performance requirements under the Energy Performance of Buildings Directive (and 
its recast), but also the broader framework of GHG emission reduction and economy-
wide energy efficiency targets. EU-funded initiatives such as BUILD UP skills, and other 
energy-related research funding, are also relatively prominent in these countries. 
However, Italy and Poland remain unsuccessful in deploying high-efficiency building 
envelopes, as defined by this study. 
 
EU regulation has played some role in both the Germany and the UK. However domestic 
ambitions, requirements, incentives and investment in the Germany largely exceed 
those required by EU membership. This is also true in the UK to some degree, however 
the level of minimum energy performance standards for new buildings are likely driven 
by EU requirements, despite issues with compliance in-practice, discussed below. 
 

10. Does the EU level case study reflect the experience of any particular country? 
 
The innovation system dynamics for high-efficiency envelopes for new residential 
buildings at the EU level largely act to set the framework of minimum in which 
national systems operate.  
 

11. What main barriers do you think are currently not well represented in IAMs?  
 
The key barriers and phenomena not well represented in IAMs are as follows: 
 

- Compliance with minimum regulatory requirements in many countries can be 
relatively low; thus, if IAMs assume that building regulations are fully complied with, 
total energy consumption is likely to be underestimated. 

- In addition, there is often a difference between regulatory compliance with building 
regulations (particularly minimum energy performance standards, of various designs), 
and the actual energy performance of building envelopes and their components in 
practice. As such, again, total resulting energy consumption is likely to be 
underestimated. 
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- Various regulatory intricacies are also underrepresented in IAMs, such as the 
regulatory requirements that may apply in practice (e.g. differences between when a 
construction permit is granted, and when a building is completed, and thus which 
regulatory requirements are applicable), the possible role of parallel legislation (e.g. if 
minimum renewable energy requirements are not achieved, energy efficiency 
standards must be overachieved), and sub-national differences in regulatory ambition 
(when in many IAMs the highest level of regional granularity is the national level). 

- The provision of subsidies, and the elements of the design that influence their take-up, 
and their role in determining the extent to which regulatory requirements are often 
exceeded. 

-  The role of the housing market, in terms of whether the market is predominantly 
speculative or self-build, and thus the attention that housebuilders are likely to pay to 
meeting or exceeding regulatory requirements, independent of the above factors. 
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T2.1: Case Studies of National and EU Innovation 
Systems 

Questions for case study summary 

Energy case study (Electricity) 
 

1. Summarize why the technology(ies) analyzed in the case study is of relevance for 
deep decarbonization?  
 
Wind and solar PV are the second and third largest sources of renewable electricity 
globally, providing an estimated 5.5% and 2.4% of total global electricity production in 
2018. (The largest renewable power source is hydro) (REN21, 2019). Deployment rates 
are on a rapidly increasing upward curve (Figure 1a, 1b)). Costs have also seen rapid 
declines in recent years (Figure 2a, 2b).  
 

 
Figure 1: Global installed capacity of wind (a) and solar (b), 2006 – 2015. Source: BP (2016) 

 
Figure 2a and b: Cost reductions in wind and solar. Source: a) Frankfurt School, UNEP and BNEF (2016) 
and b) Wind Europe (2017) 
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The decarbonisation of electricity itself is key to the decarbonisation of the economy as 
a whole. Decarbonisation of electricity tends to proceed first and fastest, relative to 
other sectors, because there is a comparatively wide range of relatively well established 
low carbon technologies that produce electricity. As shown in the UK case in Figure 3, 
electricity decarbonisation has been achieved with some relative speed, and has 
accounted for the largest share of overall greenhouse gas reductions in recent years. 
 

 
Figure 3: The role of the power sector in UK greenhouse gas reductions so far. Source CCC (2018).  
 
However, other sectors have been harder to decarbonize. This is because the low 
carbon options in these sectors are fewer, less developed and more expensive. An 
important possible option for these sectors is to switch their fuel source to low carbon 
electricity. Thus, low carbon electricity may be key to the decarbonisation not only of 
demands currently provided by electricity, but of other demands in sectors such as 
industry and transport, as these are increasingly electrified. Thus, the electricity sector 
is key to deep decarbonisation, and solar PV and wind, as major and growing sources of 
low carbon electricity, have a major role to play.  
 

2. How would you characterize the current status of this technology? (development 
stage, demonstration, mature, full diffusion)  
 
Gross et al (2018) define innovation trajectories for a number of technologies in specific 
countries, including solar PV in Germany, and wind in Denmark. They use three 
common staging points to describe the innovation timeline: ‘invention’ for the year in 
which the product was first tested at laboratory scale; ‘market introduction’ for the year 
in which it was first commercially available; and ‘widespread commercialisation’ for the 
year in which the technology reached 20% of its eventual maximum market, or installed 
capacity, in the case of electricity generation technologies.  According to these 
definitions, solar PV reached ‘widespread commercialisation’ in Germany in the year 
2009, and wind reached ‘widespread commercialisation’ in Denmark in the year 1997.   
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Thus it can be said for both wind and solar PV that these are relatively mature 
technologies which have achieved fairly widespread commercialization in a number of 
countries. They cannot yet be said to have achieved ‘full diffusion’. However, if full 
diffusion is defined as 100% market share, this is a less relevant marker for electricity 
generation technologies, especially renewables, as these are much more likely to form a 
portfolio with other technologies. 
 
It should also be noted that there are gradations within each technology type. In the 
case of solar PV, when speaking of a relatively mature and commercialized technology, 
one is referring to cells based on crystalline silicon (c-Si). There are various other 
materials and system architectures at various stages of development, including much 
less mature. These include alternative materials such as thin film, as well as novel 
system configurations such as bifacial and heterojunction. However, whether they will 
eventually cause the obsolescence of the current dominant c-Si technology is not clear. 
C-Si has had an impressive recent fall in costs, and some observers suggest costs can 
still fall further. The main potential advantage of the novel technologies is their very 
high efficiencies at lab scale. However, these have not yet been commercialised, and 
clearly they would need to be close to c-Si in terms of capital cost before any superior 
efficiency would seriously pay off. 
 
In the case of wind, the technology is a bit more homogenous, as the basic three bladed 
horizontal axis turbine architecture, dating back to the Danish Gedser turbine of 1953, 
is now the dominant design. However, innovation continues to respond to the 
engineering challenges of increasingly testing offshore environments, in areas such as 
developing more resilient materials, remote sensing of faults and remote bolt torqueing 
(ORE, 2019). Floating turbines are also an emerging innovation in this sector, with 
Statoil’s Hywind project proposed off the north east coast of Scotland, UK (Equinor, 
2019).  
       
 

3. [if the technology is deployed]: did you collect any information regarding the 
potential penetration rate/market share of this technology (either in the country 
or in the EU)? how long will it take (did it take) to reach it? 

 
The precise maximum potential penetration of each technology is hard to define 
precisely. In theory it is possible for any single technology to make up 100% of 
electricity supply in a given country. However, in practice, especially for renewables, 
this is less likely – 100% supply of either wind or solar would involve significant 
challenges with supply-demand balancing and require huge amounts of storage. More 
likely is a mix of technologies.  
 
Italy has the 5th highest installed PV capacity of any country (BP, 2016), and when 
considered as a proportion, the highest share of electricity produced from solar PV of 
any IEA country, at 8.8% (IEA, 2016a). From a technical perspective its share of PV 
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could continue to grow without major challenges, as it still has quite high quantities of 
flexible generation. However, cuts to support mechanisms have substantially curtailed 
growth.  
 
Germany has achieved significant success in promoting solar PV. In 2018 Solar PV was 
the second largest renewable power source after wind, generating 46 TWh, thereby 
accounting for 7% of total electricity generation. Germany’s installed capacity of PV of 
around 45 GW (CLEW, 2019) is the third highest in the world (MRE, 2019). Challenges 
are beginning to be experienced with managing the high output from solar at summer 
peak, when peak solar PV output can cause overall production to exceed demand 
(Burger, 2019, ENTSOE, 2019). This could cause technical limitations to be reached. 
However, there is growing interest in battery storage and peer to peer trading, which 
could further extend the potential for managing greater quantities of PV. 
 
The UK has the sixth largest national wind capacity globally, and is the world leader in 
deployment of offshore wind (GWEC, 2019). In 2019, there was 13 GW of onshore wind 
installed capacity, and 8 GW offshore (Renewable UK, 2019). Around a third of UK’s 
overall annual electricity generation comes from renewables (DUKES, 2018).  With 
substantial proportions of flexible gas and baseload nuclear still on the system, the 
intermittency has so far been managed. However, the impact of renewables on the 
system is beginning to be seen, as Great Britain achieved a new milestone in May 2019 
of going two weeks without any coal power being required (BBC, 2019), and in March 
2019 experienced six continuous hours of negative prices, as a result of over supply 
from solar and wind during a Sunday of low demand (Stoker, 2019). This shows that 
the penetration of renewables is approaching a share where it may start to impose 
challenges on the system. Apart from maintaining large amounts of flexible gas on the 
system, supported through the capacity mechanism, other options are to incentivize 
more demand side response, grid-scale or distributed storage, or to increase 
interconnection with other countries, to pool and smooth resources. Initiatives such as 
the North Seas Countries Offshore Grid Initiative (NSCOGI), in which the UK 
participates, are aiming to promote such solutions (Benelux, 2019). 
 
Although Poland’s electricity sector is dominated by coal, its renewable output has been 
growing in recent years, and wind is the largest technology contributor of renewable 
electricity – at 11 TWh in 2015, slightly more than bio-electricity at 10 TWh; however 
the rate of increase of wind has been high in recent years whereas bio-electricity has 
levelled off (IEA, 2016b). However, the recent Renewable Energy Act 2015 overhauled 
the framework for renewable energy; and separate legislation amended the framework 
for developing onshore wind projects, which may make it harder for onshore wind 
projects to go ahead (IEA, 2016b). While a record of 1266 MW was installed in 2015 
(EWEA, 2016), this went down to 682 MW installed in 2016 and 41 MW installed in 
2017 (Wind Europe, 2018). Moreover, if wind was to increase to the kinds of levels that 
could start to displace coal, this could create political resistance. 
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4. Can the specific case study for country X be considered a case of success or a case 
of failure? Why? 
 
All four cases are a mixture of success and failure. An innovation chain, or system, 
involves a series of stages (or ‘functions’), from invention, through to research and 
development, demonstration, market formation and deployment. It is by no means 
guaranteed that this chain (or system) should be entirely bounded by the borders of a 
single nation state. On the contrary, it is extremely likely that the innovation chain / 
system will be international. Thus, when looked at from a country specific perspective, 
it will often appear that some elements of the chain / system are well developed, others 
less so. 
 
Germany and Italy had substantial success in the creation of domestic markets for solar 
PV, leading to very rapid rates of installation, especially during the years 2008-2012 
(Figure 4a and b). 

 

 

Figure 4a and b: Total installed capacity, including PV, in Germany (a); and PV installed capacity in 
Italy (b). Source: a) Source: CLEW (2019); b) GSE (2016), p. 12 

 
In both cases, the market was stimulated by feed in tariff-type instruments that 
guaranteed an attractive price per unit of energy produced over a period of typically 
15-20 years. However, the success in creating market demand stimulated production in 
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the global supply chain. The strength of the market in countries such as Germany and 
Italy encouraged international producers, especially in China, to invest in mass 
production of solar panels, which contributed to driving down the costs very rapidly (as 
shown in Figure 2a). For countries such as Germany and Italy, this created two 
problems. First, the subsidies that had been set for solar PV were quickly rendered 
over-generous by the falling prices, meaning that bill-payers who did not own panels 
were being substantially over-charged. Second, the lower prices of international 
competitors meant that the domestic manufacturers that had hitherto been supported 
by market creation policies, began to lose out, with many going out of business (Yu et 
al., 2016). Thus, a success in market creation led to a failure in the attempt to stimulate 
a domestic industry, due to international dynamics. 

 
Notwithstanding this broad picture, some supplementary successes may be seen to 
have emerged. Some degree of policy learning has been achieved. The use of degression 
rates that ratchet down the subsidy level as a function of deployment are now 
increasingly used in conjunction with feed-in tariff type subsidies. These are able to 
keep subsidies in check with expected falls in cost that occur with increased production, 
but in a manner that avoids sudden shocks and the resulting boom and bust dynamic.  
 
However, in both Germany and Italy the impacts of these market dynamics had 
significant implications for domestic manufacturing industries. Though precise 
numbers are difficult to establish, it seems very probable that the number of domestic 
companies and jobs in the PV industry in both countries has substantially reduced since 
the beginning of the rapid fall in global prices of modules. Total employment in the 
German PV sector was estimated at around 133,000 at the German industry’s peak in 
2010 (Yu et al., 2016).  In 2016, the estimated number was 36,000 (GTAI, 2019b). In the 
case of Italy, Lavecchia and Stagnaro review five documents containing estimates of 
jobs from PV in Italy. The largest of these, for the year 2011, estimates a range, of 
58,000-63,000. In contrast, by 2017 Tilli and Maugeri (2017) reported 13,656 jobs 
‘directly and indirectly related to O&M activities on existing PV facilities’. The same 
authors find a correlation between imported PV equipment and PV installations. Thus 
the authors suggest that ‘most technological devices were imported, not produced in 
the country, and therefore much of the occupational impact from PV subsidies did, in 
fact, happen outside Italy (particularly in China)’ (Lavecchia and Stagnaro, 2014). 
 
8 of the top 10 global Solar PV companies are Chinese, along with one Canadian and one 
South Korean company1 (Hutchins, 2018). The 10th largest has a European link – 
Suzhou Talesun’s production lines are based in China, but the equipment comes from 
Europe. The company states, ‘Equipment comes from Italy, Germany and Japan, which 
enabled Talesun Solar to be the world’s leading large-scale scientific & PV 
manufacturing company. Talesun Solar is one of the few Chinese companies who had 
received the VDE Quality-Tested Certificate in PV industry, which guarantees Talesun 

                                                        
1 Jinko (China); Trina (China); Canadian solar (Canada); Hanwha Q Cells (South Korea); JA Solar 
(China); Longi (China); GCLSI (China); Risen (China); Yingli (China); Suzhou Talesun (China) 
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Solar excellent product quality.’2 3 Thus it seems that Suzhou Talesun is an example of 
the phase in which Chinese PV manufacturing continued to benefit European 
companies through purchasing their production line equipment. However, in general, 
this appears to have been a transitional phase, as most Chinese companies now build 
their own manufacturing equipment. Nonetheless, Jäger-Waldau (2017) lists a joint 
German-US owned company (Wacker) amongst the top ten global manufacturers of 
polysilicon, and another German-US company (SolarWorld AG) amongst the top 20 
solar cell production companies. 
 
Thus, while the German and Italian case studies were successful in market formation, 
they were less successful in the creation of domestic PV manufacturing industries. 
However, some supply chain activity was captured, for example in ‘the manufacturing 
of ancillary components (particularly inverters)’ (Lavecchia and Stagnaro, 2014) in 
Italy; and GTAI claims that Germany still retains a position as “of the world leaders in 
high quality PV modules, inverters and production equipment” (GTAI, 2019b). 
 
German and Italian companies and research institutes have also tried to carve out 
niches in novel PV materials and technologies, in the hope that these might in the longer 
term compete with c-Si. Germany’s Fraunhofer ISE has been focussing on increasing the 
efficiency of silicon cells, as well as developing novel ‘multi-junction’ solar cells of 
semiconductors and silicon, which can surpass the maximum theoretical efficiency of 
silicon only cells. The energy systems division is working on balance of plant 
components such as inverters, energy monitoring platforms and battery storage 
technologies. Other important research institutes involved in thin film PV and other 
novel materials and systems, are Forschungszentrum Jülich (Forschungszentrum Jülich, 
2019), ZSW (ZSW, 2019)and ISC Konstanz (ISC, 2019). 

 
In Italy, 3SUN-ENEL are developing bifacial heterojunction silicon technology, which 
promises efficiencies of 20%, and a lifespan of 30 years4.  CESI conducts research, 
development and production in high efficiency multi-junction sells for terrestrial as 
well as space and satellite applications. Its triple junction cells have an efficiency above 
30% in space and above 40% in terrestrial applications. It is currently developing 
quadruple junction cells (CESI, 2019). ‘Glass to Power’, which was founded at the 
University of Milan Biocca, has been developing transparent solar PV windows. These 
have lower efficiencies of 5%, but would be marketed for integration within buildings 
to maximise area coverage (Beetz, 2018). 
 
Thus, activities in both countries are moving towards future-oriented leading edge 
research.  But whether these new technologies will ultimately compete with c-Si is 
difficult to tell. 

 

                                                        
2 http://global.talesun.com/about_guide/about.html  
3 https://www.vde.com/rn-en/portfolio/qt-pv-modules 
4 https://www.enelgreenpower.com/media/news/d/2018/03/3sun-20-production-launch-for-
cutting-edge-bifacial-photovoltaic-panels  

http://global.talesun.com/about_guide/about.html
https://www.vde.com/rn-en/portfolio/qt-pv-modules
https://www.enelgreenpower.com/media/news/d/2018/03/3sun-20-production-launch-for-cutting-edge-bifacial-photovoltaic-panels
https://www.enelgreenpower.com/media/news/d/2018/03/3sun-20-production-launch-for-cutting-edge-bifacial-photovoltaic-panels
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Another relevant innovation dynamic is the spin off effect of stimulating demand for 
other complementary technologies. In the case of PV, a potentially significant spin off 
area is that of storage, both at domestic and grid scale. Collaborations have been 
mooted between Germany and Poland (CLEW, 2018), as well as with Chinese battery 
manufacturer CATL (Sherman, 2018) to build large battery factories in eastern 
Germany. It is hoped that such factories will create local jobs, and thus smooth the 
industrial disruption of Germany’s ‘coal exit’ in regions historically dependent on the 
coal industry for employment.    
 
Battery development and production has been announced as a ‘strategic imperative for 
Europe in the context of the clean energy transition’ (EC, 2018).  However, here again it 
is not clear that European companies are best placed to seize this opportunity. Cross-
national collaboration may be an important part of the strategy both at EU and MS level.  
 
Another potential spin off area from solar PV is the niche for more ‘service’ based 
energy models, that provide services and IT infrastructure in support of domestic PV 
owners. This can enable for example distributed or virtual storage, and peer to peer 
trading. A number of companies in Germany have moved into this niche (Senec, 2019, 
Sonnen, 2019, Solardachboerse, 2019) – and it may prove to be one which European 
companies can occupy more successfully, than competing in production of technological 
hardware. Attempts to move PV incentives ‘closer to market’ – so that the choice of 
whether to store, consume or export energy responds more to market signals, and 
hence system needs – may help to further incentivize and drive demand for these kinds 
of solutions (IEA, 2013, Pahle and Schweizerhof, 2016). 
 
The UK’s position in respect of wind is also mixed. The UK’s first market creation 
instrument to target renewables specifically was the Renewables Obligation (RO), 
launched from 2002. This technology neutral instrument was reasonably successful at 
promoting the lowest cost form of renewables – onshore wind. However, deployment 
rates of onshore wind were relatively slow. Under the RO system the subsidy paid per 
MWh varied according the price of a tradable certificate, in contrast to feed-in tariff 
schemes in which provided a more stable long-term price. Critics suggested that this 
characteristic of the RO scheme made it less attractive to investors, and increased the 
cost of financing due to the added risk. The RO was also criticized because of its 
tendency to promote only the current lowest cost technology, rather than nurturing a 
larger portfolio of technologies, including less well established ones that might prove to 
have greater potential in the long term (Woodman and Mitchell, 2011). Technology 
‘banding’ was introduced to the RO in 2006 in an attempt to remedy this shortcoming. 
However, the result was a complicated and expensive hybrid system which did not 
address the price uncertainty risk, but which had also lost the main potential advantage 
of the RO scheme, of driving lower costs (Grubb et al., 2014). 

 
Reforms to the electricity market were undertaken in 2013 with a new Energy Act, 
which included the introduction of a feed-in tariff type subsidy arrangement, the 
‘contracts for difference’ (CfDs). The first contracts were awarded administratively, 
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without competition, in early 2015. In these early iterations of the CfD, costs were high, 
especially for offshore wind. However, from 2015 contracts began to be awarded by 
competitive auction, and costs begun to fall (Figure 2b). 
 
As such the UK can report some success in policy-learning, having evolved through 
various versions of support mechanisms, to a point where the current mechanism of 
choice seems to be succeeding in encouraging investment, but at better value for money 
for consumers.   
 
However, political factors also intervened, as since 2017 onshore wind has been 
excluded from participating in CfD auctions. This followed anti-wind lobbying, including 
from Conservative party MPs, and a manifesto pledge of the Conservative party in 2015. 
This has led to contrasting treatment of onshore compared to offshore wind. The 2017 
Clean Growth Strategy (CGS) mentions the support to offshore wind as a means to 
'support high value jobs and a sustainable UK industry exporting goods and services 
around the world' and considers 'opportunities for additional offshore wind 
deployment in the 2020s'. 'Offshore wind' is mentioned 35 times in the report, while 
'onshore wind' is mentioned only twice - and just to communicate facts about its 
previous growth (BEIS, 2017).  
 
Fortunately the UK has access to substantial offshore resources. Nonetheless the 
government has been criticised for removing the route to market for onshore wind, as it 
is the most cost effective source of renewable power (CCC, 2018). 

 
A further successful UK innovation was the Offshore Wind Accelerator, which brought 
together the major project developers with the aim to collaborate on cost reduction. 
The process focussed on a range of aspects of the supply chain, including designs of 
foundations and site access systems (Grubb et al., 2014).   
 
However, the UK has been less successful in developing a domestic industry. Wieczorek 
et al (2013) observe that ‘the United Kingdom does not have such a strong national 
industry and is very dependent on foreign actors to fulfil their national ambitions.’ This 
potentially clashes with the ambition in the CGS to make offshore wind ‘a sustainable 
UK industry exporting goods and services around the world.' 

 
Poland joined the EU in 2004, and the annex to Directive 2001/77/EC imposed on 
Poland an obligation to achieve in 2010 a 7.5% share of electric energy produced by 
RES-E in national electric energy gross consumption (Wȩdzik et al., 2017). In 2005 a RO 
scheme was introduced, which was successful in promoting wind power (IEA, 2016b). 
However, a change of government saw fairly substantial changes to the direction of 
travel on wind. In 2016 the ‘act on the investments in wind farms’ introduced siting 
requirements that effectively blocked 98% of the country for the development of 
onshore wind. In addition, amendments to the Renewable Energy Sources Act specified 
load factor requirements which effectively disqualified onshore wind from support. A 
capacity mechanism was also introduced, to support ‘firm capacity.’ These policy 
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changes had a dramatic impact on wind farm installations. Whereas a record of 1266 
MW was installed in 2015 (EWEA, 2016), this went down to 682 MW installed in 2016 
and 41 MW installed in 2017 (Wind Europe, 2018).   
 
The Polish case study very clearly demonstrates the importance of market formation 
policies on renewable energy deployment. From the perspective of policy consistency 
and clarity towards the support of wind power it is primarily a failure case – although 
from the perspective of Poland’s governing Law and Justice (Prawo i Sprawiedliwosc, 
PiS) party, these outcomes are successful in terms of the defined objectives of the party. 
PiS allied itself with anti-wind farm protest groups, partly as a means of demonstrating 
support for the coal industry, and also framing their objection to wind within a broader 
nationalist-populist narrative, which posed external elements as inimical to the nation, 
as for example when Jan Szyszko, environment minister, described wind farms as ' alien 
to Poland's cultural heritage' (Harper, 2016). Energy Minister Krysztof Tchorzewski 
developed another kind of nationalist framing by arguing that 'because of the 
renewable energy madness, we are reducing our GDP growth' (Barteczko, 2016) – this 
despite the fact that the coal industry is itself heavily subsidised. 
 

 
5. What were the main technological, infrastructure and knowledge barriers for this 

technology? Were they overcome (in case of success) or not overcome (in case of 
failure). Was technology cost a main driver of success or failure or not? 

 
Both technologies have deep roots extending beyond the national boundaries and 
timeframes of this case study. Solar PV was first demonstrated at lab scale at Bell 
Laboratories in 1954 and subsequently developed due to applications in the space sector; 
and much of the work in wind was done by Danish companies in the 1970s and 80s.  
 
Nonetheless, the activities of research institutes such as Fraunhofer in Germany, and 
activities such as the UK’s Offshore Wind Accelerator were relevant to continuing to 
develop the technologies, and hence in overcoming technological barriers. 
 
Technology cost had a major impact as discussed in the case of PV, as its sudden drop due 
to new entrants caused an upsurge in installations but also created pressures on domestic 
manufacturers in Italy and Germany. As previously described, this saw a cost barrier being 
overcome from a consumer perspective, but new barriers or challenges created for the 
viability of domestic manufacturers. Cost is also important in the case of wind. The 
apparent substantial reductions in costs of offshore wind appear to represent a successful 
example of policy learning leading to the use of auctions to allocate contracts, as had been 
pioneered in countries including Brazil and Mexico. This can be seen as a successful 
example of overcoming a knowledge barrier in terms of successful design of policies.   
 
The technology cost of supporting technologies can also be a barrier. For example, the 
intermittency of solar and wind can create challenges for grid balancing, and if storage 
technologies are high cost this can additionally curb the growth of renewables. However, 
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this barrier too may be starting to reduce, as GTAI claims that the levelised cost of 
electricity from a home PV-battery system in Germany has fallen below the average retail 
price of grid electricity, creating an economic incentive for users to store excess electricity 
for their own use at a later stage (GTAI, 2019a).   
 
Infrastructure barriers can also be significant as renewable resources can be 
geographically clustered, which creates challenges for bulk transfer of power. The UK’s 
focus on offshore wind could lead to transmission challenges if large quantities of power 
connect with the onshore network at a small number of specific points. However, there are 
opportunities for sharing and coordination of infrastructure planning with other northern 
European countries, that may enable more efficient use of infrastructure and smoothing of 
renewables output (Benelux, 2019). 
 
6. Which are the crucial actors that contributed to the success/failure of this 

technology? 
 
An important finding from the case studies is that innovation is an international process, 
and that relevant actors are not confined to those within the borders of the nation state 
under study. International actors are key. In the case of solar PV, highly significant actors 
are Chinese manufacturing companies, as 8 of the top 10 global Solar PV companies are 
Chinese, along with one Canadian and one South Korean company5 (Hutchins, 2018). In the 
case of wind, European companies remain more prominent in the international innovation 
system. The top 10 global onshore wind manufacturers includes 5 European companies, 
although the list of top 10 offshore wind manufacturers includes only 2 European 
examples. However, at present both on and offshore wind manufacturers are more linked 
to their sales regions than in the case of PV, with European companies relatively dominant 
in European sales (BloombergNEF, 2017). In the case of the two wind case studies, their 
own domestic manufacturing supply chains are not strong, hence European international 
actors such as Vestas, Innogy and Siemens, again play a key role. 
 
Because of the importance of policy support, governments, political parties and other 
actors in the political process are also important. The motivations and allegiances of actors 
within political parties and movements can have significant impact. In the UK opposition to 
onshore wind from Conservative party MPs, in spite of relatively high support for the 
technology amongst the wider public, contributed to a policy of removing subsidy support 
from the technology. In Poland, the overall strategy of ‘Repolonisation’ contributed to the 
removal of support for offshore wind, as a sector with a high proportion of non-Polish 
participants. 
 
Industry lobbies are also important. In Germany the coal sector has considerable influence 
due to the high level of employment which is dependent on it. In Poland the high level of 
state ownership in the coal sector means the government of any party is particularly 

                                                        
5 Jinko (China); Trina (China); Canadian solar (Canada); Hanwha Q Cells (South Korea); JA Solar 
(China); Longi (China); GCLSI (China); Risen (China); Yingli (China); Suzhou Talesun (China) 
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entwined with this sector. In both cases, these factors give this incumbent technology a 
strength which is hard for renewables to shift.  
 
In Germany the role of the regions and regional actors is important. The Länder have 
strong influence over issues such as the siting of energy infrastructure, including large 
power stations and transmission lines. They can also be strongly involved in supporting 
regional industry clusters and R&D initiatives, such as the Solar valley, which is supported 
by three eastern German Länder (Solarvalley, 2019).  
 
Large incumbent energy companies are still significant in all four countries, being 
responsible for the vast majority of supplied electricity. However, there are the beginnings 
of some changes to their dominance, with more new entrants. For example, in 2004, four 
companies owned more than 95% of the total generation in Germany (Weimar, 2016). 
However, with strong growth of renewables and distributed generation, in 2015 their 
market share dropped to 76% (BNetzA, 2016).  In Poland, five companies supply 74% of 
generation; but within the onshore wind sector state owned utilities own only 19% of 
capacity (Dawid, 2017). 
 
Technology manufacturing companies are important. As previously discussed the activities 
of European companies in PV manufacturing are greatly reduced compared to peak 
activities around 2010, although they retain a presence in some balance of plant 
production, and in research and development of novel technologies. European companies 
are better represented in the wind turbine manufacturing sector. 
 
Campaigning groups have a role, including those who campaign against wind turbines. 
Such groups have had substantial impacts on policies in both UK and Poland. Whereas in 
the UK the focus of the objections was typically on the aesthetic impacts on the landscape, 
in Poland there were additional layers in that the turbines were sometimes associated with 
money-making schemes of corrupt land owners (Szulecki, 2017), or with non-national 
elements (Harper, 2016). 
 
Other kinds of campaigning or lobbying groups can also have an influence, although this 
can be affected by political fortunes – for example, it was reported that the Polish Wind 
Energy Association found its access to government greatly reduced after the change of 
administration and accession of PiS((Schwarzkopff and Schulz, 2017), and interviewees). 

 
Other arms-length or quasi-governmental organisations can also have important roles. In 
the UK the Committee on Climate Change has an important role in monitoring the 
governments progress on emissions reduction, and the Carbon Trust has undertaken a 
number of activities, including the Offshore Wind Accelerator, previously mentioned. 
 
In Germany Photovoltaic Energy Cooperatives (“Photovoltaik-Genossenschaften”) have 
also played an important role in supporting PV from the community level. There are 
around 800 energy cooperatives, or Genossenschaften, in Germany, most of which are 
involved in PV. Cooperatives enable ‘like-minded people’ to ‘come together to initiate solar 
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power plant projects, often together with municipal decision-makers, public institutions 
and regional banks. Investment risk and operator know-how are bundled through the 
cooperative’ (Genossenschaften, 2019).   
 
New energy service companies, providing PV and home storage as a package, enabling 
virtual storage and peer to peer energy trading, may also continue to boost the 
attractiveness of PV technology and related systems (Senec, 2019, Sonnen, 2019) 
 
Consumers are of course also crucial actors, and the question of how the costs of energy 
decarbonisation are spread across different consumers, is important. In Germany, 
industrial users are given certain exemptions to the added energy costs of renewable 
support policies, in order to support German industry; however, this leaves the small 
domestic consumer with a greater share of the burden. Objections to rising energy costs 
may be a cultural issue that German policy makers will need to face (IEA, 2013b). 
 
 
 
7. Which institutions (or lack thereof) contributed to make this case study a 

success/failure? Were there particular governance aspects that played a crucial 
role in the process? 

 
Institutions are broadly defined as the ‘rules of the game’, and can be formal or informal. 
More formal institutions include high-level targets such as the Energiewende and the UK’s 
climate act. These are important to providing long-term certainty for investors, which can 
help to reduce risk, and hence reduce the cost of capital. Formal institutions could also 
include policies and regulations, which have already been discussed. 
 
Informal institutions could include tacit or unspoken assumptions within society. This 
could include the expectation of highly reliable energy supplies. This creates pressure on 
the need for storage options with increasing penetration of variable renewables such as PV 
and wind, a spin off effect of the innovation process. It has also been marshalled in 
campaigns against wind power, portrayed by lobbying groups in UK and Poland as 
unreliable.  

 
Value systems can have a strong role in the way that energy policy objectives and priorities 
are framed. In Poland, national histories dating back to the period of the Soviet Union have 
created a certain national pride and sense of independence, which is being drawn on by the 
governing PiS party, through economic strategies such as ‘Repolonisation’ and the framing 
of wind farms as ‘alien’ to Polish heritage. Similarly, UK’s history gives it a particular 
perspective on Europe, and there is a strain of national culture that is sensitive to the 
notion that being within Europe carries an implication that the UK could not survive on its 
own. This was vividly displayed in Boris Johnson’s first speech as Prime Minister in which 
he decried those who would ‘bet against’ Britain – implying that being in favour of the UK 
being part of the EU was in some way to undermine the UK. All of these emotive framings 
can potentially feed into discussions on energy. Energy has a long history of being framed 
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in terms of national autonomy and self-determination. This resurfaced in the Polish debate 
around onshore wind, although there are initial signs that offshore wind may be treated 
differently, with state owned PGE moving to claim high shares in the nascent industry. 
However, in the UK’s case, offshore wind is frequently portrayed as a UK success story, 
despite the relatively low national content in the supply chain. As a result this kind of 
framing may be vulnerable in the long term.  
 
Governance in energy is crucial. One aspect of good governance is fairness, and the issue of 
a fair distribution of costs, whether between industry or domestic users, or between the 
more affluent who can afford solar panels, and the less affluent who cannot, is of great 
significance. 
 
Fairness also means avoidance of corruption – perception of corruption was one of the 
factors that stoked resistance to onshore wind farms in Poland, as mentioned. 
 

 
8. Which policies measures or regulations contributed to making this a success or a 

failure? 
 
As discussed, feed-in tariff type subsidy mechanisms which provide stable long-term prices 
have been shown to be an effective means of market formation, with refinements such as 
degression rate corridors and auction-allocation mechanisms being useful to reduce 
counter-party price risk. 
 
Conversely, regulations restricting the siting conditions of onshore wind farm were 
effective in substantially curtailing the installation of onshore wind in Poland. 

 
9. Did the EU level innovation system/ EU regulation play a role in the 

success/failure? 
 
The Renewable Energy Directive (2009/28/EC) is the basis for the EU’s 20% renewable 
target. This has provided a clear driver for all countries to promote renewable energy in 
order to remain in compliance. MS are required to produce National Renewable Energy 
Action Plans (NREAP) to set out how they will achieve compliance. 
 
These have undoubtedly had a strong impact on the rapid deployment of renewables, 
especially in Poland and Italy.  However, for some countries, longer term national level 
instruments – such as the UK’s Climate Act and Germany’s Energiewende – would have 
driven these levels of deployment even without the RED. 
  
For Poland and Italy, the RED does seem to have had a strong impact in driving the rapid 
deployment in the early years. However, it also seems that reaching the target early was 
used as a justification for the removal of subsidy mechanisms, after the target had been 
reached. This is potentially problematic as it can result in member states creating stop-
start dynamics, which are not helpful for the longer term. Possible alternatives could be for 
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the EU to try and move towards longer term MS targets or objectives, to help cement near-
term targets, such as the 2020 renewables targets, within a much bigger transition. For 
example, modelling suggests that Europe must ultimately achieve zero carbon electricity, 
potentially by the 2040s, depending on the scale of ambition (Figure 5). If this was 
translated into a longer term requirement for all member states, it would give them a 
reason to develop longer term policy frameworks, and discourage the cutting of policies 
once short-term goals had been met. 

 

 

Figure 5: Electricity sector annual CO2 emissions in four scenarios from REMIND / ADVANCE. Source: Robert Pietzker. 

 
 
Another significant EU level activity is the Energy Union agenda. One of the outcomes of 
this agenda could be increased integration of markets, and harmonisation of pricing. This 
could facilitate more bulk flows of energy across borders, and also open up the increased 
incentivisation of local energy and peer to peer trading.   
 
 
10. Does the EU level case study reflect the experience of any particular country? 
 
The EU level case study cannot reflect the experience of any particular country directly as it 
represents a different level of governance, and therefore is not entirely comparable. 
 
EU level organisations do exist for R&D but these have not been as significant as national-
level ones in the current case studies. 
 
The key points in relation to the EU case study were how the EU can harness the potential 
benefits of increased energy integration and cooperation, at the same time as there is 
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growing resistance in many parts of Europe to the political aspects of greater union – 
represented obviously by Brexit in the UK, but also by growing nationalist-populist trends 
in several other countries.  
 
 
11. What main barriers do you think are currently not well represented in IAMs?  
 
Full dynamics of cost reduction – cost reduction can be driven by mass production, in 
accordance with learning curve theory (although there is of course some question about 
cause and effect here). However, other factors are important, for example confidence and 
risk perception of investors. If there is low confidence in the future revenue stream, or level 
of policy support associated with a technology, this can increase costs of financing, 
increasing overall costs. Although in general learning by doing would tend to reduce costs 
through experience, in some cases costs could increase, for example if offshore wind 
projects begin to move into deeper waters with greater engineering challenges. 
 
Political factors cannot be represented in IAMs. As discussed in the case studies, the 
activities of lobby groups, and wider political trends and value perceptions associated with 
national identity, security and other concepts, can impinge upon energy policies and the 
way they are designed. Energy policy exists within a political context – it is not a matter of 
purely economically rational decisions towards a single objective. 
 
IAMs are also typically unable to represent important operational aspects of the electricity 
system, such as minute-to-minute balancing, and grid constraints. These are crucial aspects 
for consideration especially with regard to variable renewables. Both the costs and benefits 
of additional quantities of variable renewables are highly dependent on the characteristics 
of the system to which they are being added – for example, whether the system has 
sufficient storage, demand- or supply-side flexibility, or interconnection, to manage 
intermittency, or whether the variable characteristics of the incremental MW are 
complementary to the variability already present in the system. 
 
IAMs also do not in general represent the perspectives of different actors. The policies and 
market structures required to incentivise investment from large energy companies may be 
different those to which domestic consumers investing in solar PV might be expected to 
respond.   
 
The viability of having large quantities of small scale technologies such as distributed small 
scale PV, might also be dependent on the emergence of new business models, connecting 
small scale prosumers through virtual networks that allow peer to peer trading – again 
these kinds of dynamics are unlikely to be representable in IAMs. 
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T2.1: Case Studies of National and EU Innovation 
Systems 

Questions for case study summary  

ICT sector case study 
 

 
1. Summarize why the technology(ies) analyzes in the case study is of relevance for 

deep decarbonization?  
Smart metering might be a step toward deep decarbonization; it is still not 
comprehensively proved yet to what extent it decreases energy consumption and 
contributes to emission reduction. In fact, at the EU level, the major motivation for 
initiating smart meter roll-outs according to Article 3 of the Electricity Directive was to 
promote energy efficiency and to empower final customers (Article 19 of the Electricity 
Directive Recast). This motivation is however different across the EU Member States. For 
Germany and Poland, the major motivation was to ensure energy savings. For the UK, the 
major motivation was to ensure supplier cost savings. For Italy, the major motivation was 
to ensure revenue protection (including reduction of non-technical losses).  
 

2. How would you characterize the current status of this technology? (development 
stage, demonstration, mature, full diffusion)  
(the reply to this question does not need to be country-specific. One paragraph is 
enough unless there are significant differences across case studies) 
 
Smart Meters, along with the surrounding metering infrastructure, have reached 
a stabilization phase – both the technology of semiconductor meters and its technological 
surroundings (data transmission and processing, communication technologies etc.) is 
mastered (Colak, Fulli, Sagiroglu, Yesilbudak, & Covrig, 2015; Iqtiyaniilham, 
Hasanuzzaman, & Hosenuzzaman, 2016). The European Smart Metering (SM) market is 
growing, yet the old (traditional) metering solutions are still dominating majority of 
national markets. Contrary to the limited technology development potential for the core 
measuring aspect of SM, there is a huge potential for development of complementary 
technologies and services, e.g. integration of smart meters data with new elements of 
smart grid, development of new services for end users based on real-time analytics, 
further development of communication protocols and cybersecurity solutions 
(Accenture, 2013).  
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3. [if the technology is deployed]: did you collect any information regarding the 
potential penetration rate/market share of this technology (either in the country 
or in the EU)? how long will it take (did it take) to reach it? 
 
As of 2019, the EU observes the second highest SM penetration rate, after North America. 
Diffusion of SM systems has been progressing at various rates across the Member States 
since 2001, when the large-scale roll-out started in Italy. At the end of 2017 there were 9 
Member States where the SM roll-out has reached more than 50 percent of household 
consumers. Still, there were 5 Member States with no smart meters introduced in mass-
scale (Figure 1). At the end of 2018 approximately 44% of customers had a smart 
electricity meter and the penetration rate is expected to reach 58-71% by 2023 (Berg 
Insight, 2018; Strother & Lockhart, 2014). In 2018 SM constituted around 87% of the 
total electricity meter shipments in the EU+21 (Berg Insight, 2018). 
 
The penetration rate differs across the EU. In Italy it took 10 years to reach 100% 
penetration rate (first smart meter was installed in 2001 as a bottom-up initiative of 
ENEL, then in 2006 the obligation scheme was introduced and as a result in 2011 all 
Italian customers had smart meters).  
 
Germany started it’s roll-out in 2017, and as of 2019, no smart meter has been installed 
yet, due to prolonging certification process for smart meter gateways. It is assumed that 
the roll-out will be finished by 2032.  
 
In Poland the penetration rate differs for different DSOs operating on the market – as of 
May 2018 it was the highest for ENERGA (approx. 33% of all meters installed were 
‘smart’) (CIRE 2018).  At national level, it might be expected that the roll-out will be 
finished by 2030. 
 
In the UK, the penetration rate equals 22% (Department for Business Energy & Industrial 
Strategy 2018). Official forecasts of the institution managing the roll-out (Ofgem) shows 
that the roll-out will be finished by 2020. It is however considered as unlikely by the 
National Audit Office (National Audit Office 2018).  
  
 
 

                                                        
1 EU-28 + Norway and Switzerland 



 
 

 

 
 
 
 

 
 

3 
 

 
Figure 1 Electricity smart meter roll-out rates in EU MSs and in Norway in 2017 (%) (ACER & CEER, 2018) 

 
 

4. Can the specific case study for country X be considered a case of success or a case 
of failure? Why? 

 
Case study EU Germany Italy Poland The UK 
Case type failure Success/ 

failure 
success failure failure 

Case type 
justification 

Inadequate regulation and 
financial instruments 
portfolio to support SM TIS 
development, in particular 
no EU-wide consensus on 
the minimum range of 
regulations for smart 
meter roll-outs and 
technical capabilities 
required for smart meters 

Well-prepared 
roll-out for 
selected 
groups of 
consumers. 
Strict 
requirements 
for smart 
meters and 
over-
regulated 
legal 
frameworks 
prolonging the 
roll-out start. 

Full 
roll-out 
of smart 
meters 

Legal and 
regulatory 
constraints 
blocking 
the 
innovation 

Smart meters 
requiring 
replacements 
due to lack of 
interoperability 
between 
different 
suppliers  
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5. What were the main technological, infrastructure and knowledge barriers for this 

technology? Were they overcome (in case of success) or not overcome (in case of 
failure). Was technology cost a main driver of success or failure or not? 

Technology of smart metering is mastered and therefore it does not have any impact on 
success failure of the smart metering roll-out. On the other hand, telecommunication 
technology, which is a pool in which smart metering operates, is challenging in some cases. 
In Germany, a main barrier and a failure factor, is related to the certification of the smart 
meter gateway, which shall enable in-house communication with other meters and smart 
devices as well as communication with external eligible third parties, such as grid operators, 
utilities, balancing responsible parties or any other third party that has got the consumers´ 
consent. The main challenge seems to be the high data security standard. Similarly, in the 
UK, due to prolonged development of common communication standards and central data 
management system, until 2017 suppliers were unable to provide customers with smart 
meters which would stay in a smart mode when the supplier changes. As a result, 70% of 
smart meters already installed will not be smart when customers change their energy 
supplier and will have to be replaced again or at least updated. In Italy there were no major 
technological, infrastructure and knowledge barriers, and Poland is still in too early stage of 
roll-out to have such challenges.  

 
 

6. Which are the crucial actors that contributed to the success/failure of this 
technology? 

Beside institutions responsible for on-site work on the smart metering deployment 
(Distribution System Operators in Germany, Italy and Poland and energy suppliers in the 
UK), other crucial actors contributing to the success/ failure of smart metering differ across 
countries.  
 
In Germany it is the federal government and its offices and agencies which set detailed legal 
frameworks, to some extent co-created with the industry participation. 
 
In Italy, the successful roll-out started by ENEL (DSO) in 2001 showed benefits of the new 
system. This resulted in introduction in 2006 a mandatory requirement by the Italian 
regulatory authority for all DSOs to reach 95% smart meters penetration among low voltage 
customers by 2011.  
 
In Poland, it is the DSOs themselves who manage the roll-out, with very limited engagement 
of the government. In fact, the Ministry of Energy has declared it would stop its work on the 
roll-out until the new European regulation on common internal electricity market is adopted. 
The Polish market is driven by voluntary bottom-up initiatives of DSOs, which are however 
limited in their range and interoperability of their solutions is yet to be validated. 
 
In the UK it is the Government (Department for Business, Energy & Industrial Strategy BEIS) 
which is responsible for the prolonged development of common communication standards 
and central data management system. 



 
 

 

 
 
 
 

 
 

5 
 

 
7. Which institutions (or lack thereof) contributed to make this case study a 

success/failure? Were there particular governance aspects that played a crucial 
role in the process? 

 
In Germany, the major push for the smart meter TIS development comes from the 
federal government and its agencies. The prolonging certification process of smart 
metering gateways by BSI – required by law to greenlight the mass roll-out of smart 
meters – plays a crucial role in the delay of SM implementation in Germany. 
 
In Italy, smart metering started when no instrument existed on the market. It was a 
voluntary action of the largest DSO, motivated by revenue protection. Then, after 
collecting positive experience, it was an obligation scheme, set by the regulatory 
authority.  
 
In Poland, lack of an obligation scheme as well as a legally adopted product standards 
results in a failure of the rollout. This was driven by the lack of governance from the 
Ministry of Energy, which is responsible for the roll-out implementation.  
 
In the UK, the improper sectoral standards resulted in lack of interoperability 
between meters installed by different suppliers. As a result, 70% of smart meters 
already installed will not be smart when customers change their energy supplier and 
will have to be replaced again or at least updated (National Audit Office, 2018).   
 
 
 

8. Which policies measures or regulations contributed to making this a success or a 
failure? 

 
This is strongly country-dependent. The common for all countries is that it is not 
required to implement all possible policy measures, as even one strong is enough to 
push the market towards mass smart metering roll-out. On the other hand, existence 
of many poorly-designed measures might not work and as a result be ineffective.  
 
In Germany, the over-regulation in terms of product standard is a main reason of the 
failure. The market faces delays in certification of smart meter gatewayss and cannot 
start the roll-out.  
 
In Italy, a market-based motivation (revenue protection by the largest DSO) was 
enough to start the roll-out, without any other policy measure existing.  
 
In Poland, a lack of obligation scheme, resulting from non-existing management from 
the government, is the main failure factor. The Polish market is driven by voluntary 
bottom-up initiatives of DSOs, which are however limited in their scope. Despite the 
positive results of the cost-benefit analysis, the Ministry have not set any plan that 
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would push other actors to the full-scale roll-out or would ensure interoperability of 
technological solutions and their cybersecurity.  
 
In the UK the obligation scheme, as the only measure, pushed the market and 
motivated energy providers to start the roll-out. However, unsolved technical 
problems at initial stage of the programme (lack of proper product standards) 
resulted in prolonging roll-out, increase investment costs, and limit potential 
benefits. Proper development of smart metering subsystems and ensuring that all 
entities obliged to install smart meters can access them is a key success factor.  
 
 

9. Did the EU level innovation system/ EU regulation play a role in the 
success/failure? 
The EU level innovation system and its regulations played a principal positive role in all 
case studies analysed in terms of providing an impulse for TIS development at national 
level. However, these impulses from the EU have not ensure that the national regulations 
for smart metering systems is revised in such a way that a clear and consistent regulatory 
framework is created, which would set interoperability, data protection and security 
standards as well as a competition for the best solutions. 
 
In Germany, lack of the precise EU-level standardisation framework encouraged the 
regulators to introduce their own set of regulations, which in turn has contributed to 
significant delay of the roll-out. However, there is no evidence concerning the impact of 
these strategic decisions on the success of actual operation of smart meter TIS in 
Germany.  
 
In Poland, lack of detailed EU-level regulations concerning the obligation schemes for 
DSOs has resulted in the delays in finalisation of design and implementation of such 
regulations. On the other hand, the EU-level regulations and the positive CBA result for 
the SM roll-out in Poland have directly contributed to the development of bottom-up 
initiatives of DSOs in the area of smart metering deployments. 
 
In the UK, lack of the precise EU-level standardisation framework encouraged the 
regulators to introduce their own set of regulations covering only a part of the TIS, with 
limited consideration for ensuring interoperability. This in turn has contributed to 
significant technical difficulties of the roll-out. 
 
In Italy, the EU level regulations did not play a major role in success of the smart metering 
large-scale deployment. 

 
10. Does the EU level case study reflect the experience of any particular country? 

Not really. The Italian and Polish cases illustrate the SM deployment with a stronger 
industry’s role, while the UK and German cases present the SM deployment with 
a strong government’s role. In this sense, the EU level case, with the strong role of the 
European Commission, is closer to the experiences of the UK and Germany. 
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11. What main barriers do you think are currently not well represented in IAMs? 

Lagging implementation of the EU regulations/visions at national, MS-levels and 
incoherent standardisation frameworks across the EU, limited coordination and 
knowledge exchange between the EU MS may be considered as the major SM-TIS 
barriers that are currently not well addressed in IAMs.  
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T2.1: Case Studies of National and EU Innovation Systems 

Questions for case study summary  

ICT sector case study 

 

 

 Summary of Energy Management (EM) in the EU iron and steel industry case 

Table 1 describes and evaluates issues which are typical for the whole steel industry at the EU level. This national case tables for UK (Table 5) and 

Italy (Table 6) the do not repeat all issues which are common for the EU industry. 

Table 1 Summary of Energy Management (EM) in the EU iron and steel industry case 

Issue Description 

Technology relevance 

for deep 

decarbonization 

EM can highly contribute to deep decarbonisation of the EU steel industry 

EM can serve as an effective tool in the process of seeking operational excellence 

EM builds coherent framework for energy saving and contribute to meeting other sustainable and societal objectives 

Climate policy is a strong drive of innovation in the steel industry 

Invention in steel-related technologies is turning towards climate change mitigation (increasing number of patents related to climate change 

mitigation in the steel sector) 

Similarly, to other EIIs, energy costs are one of the main competitiveness drivers for the EU steel sector since energy costs represent up to 40% 

of total operational costs depending on the segment of the value chain 

Technology developments and demand in steel sector, alike as in the chemical, will impact the global coal demand 



     
 

Through EM, the steel industry is well positioned to benefit from an increased focus on Life-Cycle Approach, increase in recycling rates and 

better use of by-products 

Traditional high value attributed to technological progress and innovation as a crucial innovation drive in industry development 

Twofold contribution to decarbonisation through EM – through lower energy consumption in the industry, lower emission technologies, and by 

manufacturing better quality products e.g. higher quality steel 

Increased recycle of steel scrap contributes to circular economy 

Current status of this 

technology 

(development stage, 

demonstration, 

mature, full diffusion)  

Further increasing energy efficiency by EM, supporting R&D of CCS, reusing industrial wastes and diversifying product applications are 

important goals for the steel industry 

EM role and its advantages are well understood although it encounters many typical barriers 

Existing technologies in the steel industry can significantly contribute to reduce GHG, e.g. wider diffusion of the use of more energy-efficient 

production practices 

EAF supported by other novel technologies is assumed as main technological innovation till 2050 

In the longer-term breakthrough technologies will be required to make further reduction, e.g. CCS, hydrogen-based steel production, electrolysis 

using RES energy 

EM improvements will only in combination with CCS be sufficient to contribute to the climate objectives in fair proportion to energy consumption 

Steel industry traditionally represents high technical culture what enables adoption of innovative technologies 

High number of organisations with established EMS in the steel sector, e.g. with ISO 50001, ISO 14001, EMAS 

Inability to prove economic viability is one of the main implementation barriers in EM (measurement and verification (M&V) methodologies are 

very general and not standardised) 

EM low-emission technologies in the steel sector are subject of intensive R&D works 

Potential penetration 

rate/market share of 

this technology 

Time to reach this 

stage 

Relatively low penetration of EM into steel industry due to high investment costs, long investment cycle, high business risk 

Incremental innovations are often downgraded in the pursuit for a “break-through” technology 

Assessment of the case 

as a success or a 

failure? Why? 

Failure 

Over the last 40 years, steel unite energy consumption in the European steel industry has dramatically decreased by 50% 

“Energy efficiency gap” still exists in the steel sector – economically viable technologies are in place however they are not fully exploited 

Concerning productivity, steel industry has been less dynamic during the 2000s, when compared to other industries 



     
 

Yearly increase of energy consumption in the EU industry is about 1.6% 

Minimal progress in energy efficiency in industry in 2000-2016 (saturation observed and resulting need for additional effective measures and 

incentives) 

Lack of effective long-term EU strategy of industry transformation (Industry 4.0) 

EM saving potential not fully exploited (“energy efficiency gap”) 

Lack of sectorial targeted energy saving goals 

EM is not priority in the steel industry practice 

Main technology, 

technological, 

infrastructure and 

knowledge barriers 

for this technology 

Were they overcome 

(in case of success) or 

not overcome (in case 

of failure) 

Cost as main driver of 

success (or failure) or 

not 

Thermodynamically, most modern installations in the EU steel industry are close to the Carno limit 

Steel industry despite large energy efficiency potentials is hard to reduce GHG emission due to the nature of core technologies 

Many modern technologies can be implemented only when the existing technologies are completely removed (limited options for partial retrofit) 

Lack of breakthrough technology implemented at industrial scale, e.g. CCS, RES electrolysis, “green (RES) hydrogen”  

Steel products are constantly evolving, driven in part by R&D conducted in collaboration with steel-using industries 

All major actors of the European steel industry are active in the field of digitizing this industry 

A shift towards EAF would help the steel industry move towards a circular value chain (the energy intensity of EAF process is around one third 

of the BF-BOF process) 

Specific CO2 emission in the steel industry in Europe is some of the lowest in the world 

Effective functioning of trade chambers, industrial associates supporting steel industry 

High usage of coal in technologies where lower emission substitution is possible, e.g. as energy carrier or feedstock 

There are some options of replacing coal by RES energy although coal is not replaceable in many technology operations in steel production 

Insufficient interest in energy savings in auxiliary technologies, e.g. waste heat recovery, electrical drives 

Growing share of RES in national power capacity will make RES-based steel technologies more attractive 

Low use of RES energy in technological processes, e.g. hydrogen RES steel electrolysis 

Very high investments cost in core technologies and long duration of investment in instable global market deter EM high-cost improvements 

EU steel industry compete in global markets with producers who advantage from lower energy prices, environmental duties and labour costs 

Large manufacturing capacities in existing high-emission technologies block introduction of low-emission technologies 

Risk of import substitution in the EU market and difficulty with adoption common EU market expansion strategies 

Numerous cases of increasing own power capacity in fossil fuels to lower costs of electric taken from the power grid (power autarky) 

Many barriers lie at the level of enterprises and are human related 



     
 

Insufficient involvement in Demand Side Management with the power utilities, e.g. in the case of EAFs  

Methodological and practical problems with reliable assessment of energy consumption in complex multioperation technological processes 

Limited number of benchmarks mostly due to unwillingness of industry to reveal energy, environmental and economic data 

High pressure from employees and union trades on improving work conditions that can partly be accomplished by EM implementation 

Low rate of R&D preparation to meet standards of Industry 4.0 

Shortage of highly-trained energy managers 

Well-functioning networks co-operating with R&D institutions, e.g. private research institutions, academia, industrial laboratories 

Costly and high-risk process of technology transfer from R&D stage to pilot and then to industrial stage 

Difficult economic position of the EU steel industry in recent years keeps the industry in balance between cost cutting and investments in novel 

capacity 

International collaboration and industry-government cooperation is needed to further improve the energy and environmental performance of the 

steel sector 

High EM investment cost, especially of large steel mills, with the risk of not achieving final profit (risk of stranded assets) 

The supply chain has increasingly globalised, evidenced by increasing 

import penetration and export shares of output  

Crucial actors that 

contributed to the 

success/failure of this 

technology 

Politicians:  

 It is politically essential that Europe remains an important steel producing region for economic, social and environmental reasons as well 

as for security of supply 

 Determination to build low-carbon EU economy despite protests from few MSs 

 Recent EC support for reindustrialisation as a key element of EU competitive economy 

 Strong political support for climate policy and following strong coal phase-out energy policy 

 Growing power of “green” oriented parties on the EU political arena 

 Intensive public discussion on and support for strong climate policy 

 Strong support for RES and other low-emission energy technologies at EU and national levels 

 Efforts to remove distortion in power internal market to make it more competitive 

 Need to increase low public funding for R&D in low-carbon technologies in the steel sector 

 Poor co-ordination among complementary policies to support EM, e.g. innovation policy, tax policy, energy market regulation 

 Unsuccessful innovation policy despite different efforts by the government 

 EU energy efficiency legislation incapable to force deep industry decarbonisation, e.g. energy efficiency directives, EU ETS 

 Lack of concrete EM measures in the steel industry in NEEAPs of the majority MSs 



     
 

Industry:  

 Steel industry has low profit margins, due to the high fixed cost, overcapacity and unfair global competition 

 Main players in the EU steel industry recognise the decisive role technological innovation may play in seeking market advantage 

 EU steelworks are highly integrated into the existing structures, while changes of business infrastructure on the national level require 

significant investments and what is more important harmonised strategy or vision of sectoral transformation, e.g. automobile, 

construction 

 Strongly export oriented steel industry in all producing MSs due to high competition in global steel market 

 Enjoy the privilege of being economically and socially “important” economy sector which may demotivate to  

 Low interest in EM in the steel industry 

 Difficulties to place EM in long-term strategies of the steel sector or the company 

 Many subsequent technological operations and long value chain make difficult to assess real costs and benefits of EM 

 Not fully recognised benefits of EM in the steel industry, e.g. environmental, economic, societal 

 Low R&D funding by private sector insufficient to overcome the barrier of pilot implementation at acceptable risk  

 Insufficient co-ordination of R&D co-operation between research institutions and industry 

 Small number of innovative companies in the steel industry 

 Inability to implement EM due to impropriate internal organisation, e.g. lack of knowledge, lack of capital, incompetent staff, difficulties 

with knowledge transfer in global companies 

 Long decision process in large steel companies 

 Insufficient information on EM, e.g. technologies, barriers, benefits, financing sources, risk, uncertainties 

 Volatile energy and raw material prices cause business risks 

 Lack or weak support from the MS’s governments 

 Instrument introduced by the EED are considered inappropriate for EIIs, e.g. steel industry, while bespoken instruments, e.g. voluntary 

agreements, would bring about cost effective energy savings 

 EEIs are doubly regulated by the EED and EU ETS what may bring overlaps and not lead to cost optimal investments 

 EII’s objective is to increase competitiveness by cost effective energy use reduction which may not coincide with cost optimal GHG 

emission reduction  

 Ineffective use of EU ETS revenues for low-emission technology transition in the steel industry 

 Possible lack of access to investment capital especially in cases of difficult economic standing of the company 

Financial institutions: 

 Possible unwillingness of financial institutions to finance industry operating at highly competitive markets at times of economic hardship 

and instability  

 Moderate incentives for low-emission technologies from environmental or energy efficiency funds 

 Slow rate of withdrawing of some financial institutions from financing high-emission investments 



     
 

 Emerging barrier of financing due to withdrawal of key international financing institutions from financing high-emission technologies, 

e.g. EBRD, EIB 

Customers: 

 Low awareness of customers of negative impacts of emissions from EIIs, e.g. from the steel industry 

 Demand for bringing new products onto the market without obligation to trace “carbon-foot” 

Society: 

 Low recognition of the role of the EIIs, e.g. steel industry, in climate policy compared with e.g. stronger interest shown to power system, 

buildings 

 Weakly organised citizens’ movements supporting sustainable development of a society 

 Lack of interest to force inclusion of external costs of energy into total costs of industry 

Institutions (or lack 

thereof) contributed 

to make this case 

study a success/failure  

Crucial role of 

particular governance 

aspects in the process 

Large EU steel industry (2nd in the world)  

Traditional world’s leadership in steel technologies 

Global capital concentration in steel industry is very high what limits the intervention from the side of national governments 

Globally, surplus capacity in steel industry is likely to remain a long-term problem 

Steel industry is characterized by low degree of vertical integration compared with many other commodity industries 

Steel market is global and highly competitive, in opinion of many, not always governed by fair rules 

"Squeezed" between volatile energy and raw material costs and the increased pressure on price coming from end-users 

With low rate of production recovery estimated at 0.8% per year on average from 2016 to 2025, the industry faces “a volatile decade” 

Investments in R&D in the steel sector are relatively low in comparison with other sectors in manufacturing 

Well-educated labour force (academic, non-academic, vocational) 

Stringent rules of public support and not always clear rules of eligible state compensation place the EU steel sector in an disadvantageous position 

against other global competitors 

Large share of steel production capacity located in few regions of MSs  

International positive publicity about the steel sector unlike e.g. the power sector  

High flexibility in logistics requirements (timely procurement to increase the quality of production and streamline the production process) 

Lack of “green” criteria in public procurement what deters transition towards innovate and more sustainable production 

Volatile global demand and unfair competitions impedes investments in manufacturing capacity (launch of new facilities) 

Lack or unclear recognition of increasing revenues by energy savings and energy related environmental costs reduction 

Not fully recognised potential of EM contribution to reduction of production costs (including energy resources)  



     
 

Energy saving objectives are not well integrating into operational, maintenance or purchase procedures 

Business risks and risk of perturbation in production deter large investments which may result in losing clients or penalty payments  

Insufficient targeted economic incentivises for EM implementation in EIIs, e.g. in the form of tax reduction, risk sharing or loan guaranties from 

private and public financial institutions, e.g. EIB, EBRD 

High quality of domestic products reduce the risk of replacement of domestic products by import (”carbon leakage” consequence)??? 

High energy prices as compared with other large global steel producers support EM as a means of operational cost reduction 

Relative easiness and short-term flexibility for global companies to shift production among countries according to current economic, 

environmental or societal circumstances 

Crucial role of the world’s largest steel companies may impede innovation process in some countries while supporting in others 

Slow deployment of BAT due to lack of legal or economic obligations 

EM as innovation drive is badly embedded in old business models (lack of premium for innovation risk) 

Difficulties to enter onto new markets impedes investments in manufacturing capacity (launch of new facilities, production increase) 

Policies measures or 

regulations 

contributed to making 

this a success or a 

failure 

EU is a world’s leader in low-carbon energy and climate policy, e.g. energy efficiency and development of RES, what gives EM strong political 

support  

EU climate and environmental legislation and regulatory policy insufficiently support low-carbon transition in industry  

Weak correlation of low-carbon industry transformation with energy sector, circular economy and other policies 

Delayed EC industrial policy weakly supporting industrial restructuration 

Low EU priority of industry decarbonisation, including the steel industry, as compared with other economy sectors, e.g. power sector, building 

sector, transport 

Shortcomings of government sustainable oriented regulation of the industry (administrative, trade, economic and other barriers) 

Positive, however insufficient, impact of EU ETS on innovation trend in EEIs (low prices of emission allowances) 

Weak and delayed EU policy on energy efficiency, e.g. lack of obligation of appointment of energy manager, late introduction of energy audit 

obligation 

Existing public support to EIIs, including steel industry, through preferable energy prices for industry, tax reduction and exemptions from the 

energy efficiency obligation 

Lack of obligation of undertaking EM actions as a prerequisite of granting public support to EIIs 

Role of EU level 

innovation system/ EU 

regulation in the 

success/failure 

Steel industry is not considered at the EU level as an innovation industry 

Steel industry rely mostly on process innovation that tends to follow predefined technological trajectories through incremental innovation aimed 

at enhancing productivity 



     
 

Through learning by doing, the engineers operating the factories generate incremental process innovations that trigger partial reinvestments 

Seeking transformation steel producers can choose from several options, e.g. consolidation and structural capacity reduction, customer orientation 

and commercial excellence, operational excellence including energy efficiency 

Innovations in the steel sector are predominantly of a technological nature, with traditional organizational structures and business cases 

Product innovation is only possible through downstream product differentiation in specialized market segments but lacks in the bulk segments 

for standardized basic materials 

A large number of technological projects in steel industry co-financed by RFCS 

A number of global players, e.g. subsidiaries, companies, are linked to EU technology innovative systems and benefit from them 

Rate of innovation in carbon mitigation related technologies in steel has been increasing over the last decades (patent survey) 

Innovations relevant to GHG mitigation in the steel sector come from a wide variety of actors, not necessarily from the steel industry 

Domination of few largest companies in EU R&D programs with small number of SMEs involved 

Slow rate of transition to Industry 4.0 model 

Reflection of the EU 

level case study to the 

experience of any 

particular country 

National cases are much driven by EU policies, e.g. by energy, environmental policies; too less extent by innovation trends 

Few global companies, including the EU ones, derive substantial benefits from EU R&D programs 

EU R&D programs seem to be to much dispersed, not strongly focused on crucial decarbonisation challenges tackled in truly interdisciplinary 

way in long term perspective 

What main barriers 

do you think are 

currently not well 

represented in IAMs?  

Unclear impact of EU ETS on low-carbon technological progress in the steel sector after 2020 (Modernisation Fund, Innovation Fund) 

Barriers due to lack of new business models in EIIs rewarding for innovation aimed at energy savings and lowering environmental burden 

Low priority of improving industry corporate image as a “green” business through Corporate Social Responsibility 

Source: Own work.   



     
 

 

 Summary of the Energy Management (EM) in EU chemical and petrochemical industry case 

Table 2 Summary of the case of Energy Management in the EU chemical and petrochemical industry 

Issue Description 

Technology relevance for deep 

decarbonization 

EM enables to attain large energy savings across the whole industry 

Accounts for environmental, economic, societal objectives too 

Potentially large option to replace coal as feedstock and fuel, e.g. by gas, RES 

Current status of this technology 

(development stage, demonstration, 

mature, full diffusion)  

EM advantages are well recognized among all stakeholders 

Gaining momentum due to recent energy saving and GHG emission reduction targets in the EU 

Potential penetration rate/market 

share of this technology 

Time to reach this stage 

Insufficient implementation of existed low carbon technologies identified by EM 

Assessment of the case as success or a 

failure? Why? 

Success.  

Large untapped potential of energy efficiency which can be realized by EM 

Progress in EM induced energy saving could have been faster if strong regulations and incentives are in place 

Main technological, infrastructure and 

knowledge barriers for this technology 

Were they overcome (in case of success) 

or not overcome (in case of failure) 

Cost as main driver of success or 

failure or not 

Low EC priority to decarbonisation of “traditional” energy intensive industries 

Early stage of implementation of many low-carbon technologies 

Weak incentives for improving energy efficiency in industry, including chemical industry 

Large potential of integration chemical technologies with RES 

Highly unfair competition in global chemical markets 

Need for further R&D works 

Some EU-wide successful R&D programs 

Strong impact of volatile feedstock costs on revenues as compared to energy costs 

Too low priority of EM at corporate level 

High investment costs in some cases discourage to undertake the EM identified high-cost investments 



     
 

The supply chain has increasingly globalised, evidenced by increasing import penetration and export shares of output 

Crucial actors that contributed to the 

success/failure of this technology 

EC – late call for EU reindustrialisation 

Industry – good economic condition of the whole industry; insufficient interest in EM implementation 

Customers – low awareness of environmental harmfulness of chemical products, e.g. plastic bottles; large demand for products 

Institutions (or lack thereof) 

contributed to make this case study a 

success/failure  

Crucial role of particular governance 

aspects in the process 

Highly concentrated global companies 

Extremely large number of small producers 

Strong formal networks 

Active EU level industrial societies, platforms 

Strong educational system at all levels (high, vocational) 

Well-developed and functioning R&D in chemical industry 

Policies measures or regulations 

contributed to making this a success or 

a failure 

EU ETS is too weak driver for deep technology transition 

Role of EU level innovation system/ EU 

regulation in the success/failure 

Supportive role of the EU innovative system 

Reflection of the EU level case study to 

the experience of any particular 

country 

Latest EC interest in protection fair competition in chemical industry in global markets 

EU opportunities are well used in the German chemical industry 

What main barriers do you think are 

currently not well represented in 

IAMs?  

Societal issues, especially in areas where chemical industry is in crisis or already closed 

Lack of data on EM impact on the industry due to data confidentiality, lack of statistics 

Methodologies to assess economic gains due to EM 

Commonly accepted just share of GHG reduction among different economy sectors, e.g. power, industry, building, transport, 

agriculture 

Long value chain with unclear energy routes 

  



     
 

 Summary of Energy Management (EM) in the German chemical industry case 

Table 3 should be read together with complementary Table 2 on chemical industry at the EU level. This national case table does not repeat all 

issues which are common for the EU industry. It tries to address the country-oriented profile. 

Table 3 Summary of Energy Management (EM) in the German chemical industry case 

Issue Description 

Technology relevance for deep 

decarbonization 

EM can highly contribute to deep decarbonisation of the German chemical industry 

EM builds coherent framework for energy saving and contribute to secure meeting other sustainable and societal objectives 

Traditionally high technical culture in German industry 

Traditional high value attributed to technological progress and innovation as a crucial driver in industry development 

Twofold contribution to decarbonisation – through lower energy consumption in the industry, and by manufacturing better quality 

products e.g. higher quality steel 

Current status of this technology 

(development stage, 

demonstration, mature, full 

diffusion)  

“Energy efficiency gap” still exists – economically viable technologies are in place however they are not fully exploited - not all cost-

effective measures are implemented 

EM role and its advantages are well understood although it encounters many typical barriers 

Very many organisations with established EMS, e.g. ISO 50001, ISO 14001, EMAS 

EM low-emission technologies in the chemical sector are subject of intensive R&D works 

Potential penetration 

rate/market share of this 

technology 

Time to reach this stage 

Relatively low penetration of EM into this EII due to high investment costs, long investment cycle, high business risk 

EM legally “started” with imposing energy efficiency obligation (2006) 

Assessment of the case as a 

success or a failure? Why? 

Success 

Yearly increase of energy consumption in industry about 1.6%, 

Minimal progress in energy efficiency in industry in 2000-2016 

Long-term national strategy of industry development (Industry 4.0, Chemistry 4.0) 

EM is moderate priority in EEI’s practice 



     
 

Main technology, technological, 

infrastructure and knowledge 

barriers for this technology 

Were they overcome (in case of 

success) or not overcome (in case 

of failure) 

Cost as main driver of success or 

failure or not 

Lack of breakthrough technology implemented at industrial scale, e.g. CCS 

Secured supply of natural gas as feedstock for German chemical industry 

Well-functioning of trade chambers, supporting chemical industry 

High usage of coal in technologies where lower emission substitution is possible, e.g. as energy carrier or feedstock 

Insufficient interest in energy savings in auxiliary technologies, e.g. waste heat recovery, electrical drives 

High share of RES in national energy mix opens option for future RES-energy usage in highly energy intensive chemical technologies 

Many barriers lie at the level of enterprises and are human related 

Sufficient number of number of benchmarks in the chemical industry 

High pressure from employees and union trades on improving work conditions that can partly be accomplished by EM implementation 

Leadership in preparation to meet standards of Chemistry 4.0 

Sufficient number of highly-trained energy managers 

Well-functioning networks closely co-operating with R&D institutions, e.g. technology parks, private research institutions, academia, 

industrial laboratories 

Difficult economic position of the chemical industry (beginning 2019) 

High EM investment cost, especially for large industrial plants, with the risk of not achieving final profit 

Crucial actors that contributed 

to the success/failure of this 

technology 

Politicians:  

 Strong position of “green” oriented parties on the political arena (strong public support) 

 Political consensus on and decision made to build strong low-carbon economy 

 Political decision to carry out decarbonisation in power sector (Energiewende), e.g. phase-out coal by 2038 

 Traditional strong support for industry as a key element of export-oriented economy 

 Strong support for RES and other low-emission energy technologies at EU and national level 

 Low motivation to remove distortion in energy markets 

 High public funding for R&D in low-carbon technologies 

 Understanding of the need of co-ordination among complementary policies to support EM, e.g. innovation policy, tax policy, 

energy market regulation 

Industry:  

 Strongly export oriented industry, including chemical sector 

 Enjoy the privilege of being economically and socially “important” economy sector 

 Moderate interest in EM 

 Well recognised benefits of EM in chemical industry 



     
 

 High R&D funding by private sector 

 Long-term unique system of R&D co-operation between research institutions and industry 

Financial institutions: 

 Strong financing system capable of financing deep industrial transitions 

 Strong incentives for low-emission technologies, e.g. KfW 

 Slow rate of withdrawing from financing high-emission investments 

Society: 

 High awareness of people of negative impacts of large industrial emissions 

 Strongly organised citizens’ movements supporting sustainable development of society 

 Inability to force introduction of external costs of energy into total costs of industry 

Customers: 

 High awareness of customers of negative impacts of large industrial emissions 

 Lack of interest to force introduction of external costs of energy into total costs of industry 

 Demand for bringing new products onto the market without obligation to trace “carbon-foot” 

Institutions (or lack thereof) 

contributed to make this case 

study a success/failure  

Crucial role of particular 

governance aspects in the 

process 

Highly globally competitive innovative chemical industry (3rd in the world) 

Long-term world’s leadership in chemical industry 

Experience in doing business in the global markets 

Well-educated labour force (academic, non-academic, e.g. via dual education), 

Effective framework of participation in EU legislation initiatives at all stages of preparation 

Large number of specialized SMSs in the chemical sector (96%) which are by definition less prone to EM due to lack of resources 

Extensive physical technical infrastructure located in the Central Europe 

Close supplier-customer relations 

Strong research and university infrastructure 

Good cooperation between companies and unions (social partnership) 

International positive publicity 

Logistics requirements (timely procurement to increase the quality of production and streamline the production process) 

Lack of “green” criteria in public procurement what deters transition towards innovate and more sustainable production 

Business risks and risk of perturbation in production 

High quality of domestic products reduce the risk of replacement of domestic products by import (”carbon leakage” consequence) 



     
 

High energy prices as compared with other large chemical global producers support EM as a means of cost reduction 

Development of chemical industry despite costs of “Energiewende” imposed on the whole economy 

Relative easiness and short-term flexibility of shifting production between countries for global companies according to economic, 

environmental or societal circumstances 

Policies measures or regulations 

contributed to making this a 

success or a failure 

Germany is a world’s leader in low-carbon energy and climate policy, e.g. development of RES 

Strong correlation with low-carbon energy transformation, circular economy and other policies 

Strong long-term industrial policy supporting deep industrial decarbonisation 

High priority of chemical industry decarbonisation together with other economy sectors, e.g. power sector, building sector, e-mobility 

Highly stable climate and environmental legislation and regulatory policy 

Public support to EIIs including chemical sector through preferable energy prices for industry, tax reduction 

Positive, however insufficient, impact of EU ETS on innovation trend (low prices of emission allowances) 

Role of EU level innovation 

system/ EU regulation in the 

success/failure 

Chemical industry is considered as an innovation industry 

Crucial role of the world’s largest chemical company (BASF) 

Domination of few largest companies in R&D programs with small number of SMEs involved 

Large public and private financing of R&D (3% of GDP) 

Integrated clusters and chemical parks 

Effective participation in EU R&D programs on technology development, e.g. 7FP 

Highly advanced process to transition to Industry 4.0 model (Chemistry 4.0) 

Reflection of the EU level case 

study to the experience of any 

particular country 

National cases are much driven by EU policies, e.g. by energy, environmental policies; too less extent by innovation trends 

Few global companies, including EU ones, derive substantial benefits from EU R&D programs 



     
 

What main barriers do you 

think are currently not well 

represented in IAMs?  

Unclear impact of EU ETS on low-carbon technological progress in EEIs after 2020 

Barriers due to lack of new business models in EIIs praising for innovation aimed at energy savings and lowering environmental burden 

Low priority of improving industry corporate image as a “green” business through Corporate Social Responsibility 

Source: Own work.  



     
 

 

 Summary of Energy Management (EM) in Poland’s chemical industry case 

Table 4 should be read together with complementary table on chemical industry at EU level. This national case table does not repeat all issues 

which are common for the EU industry. It tries to address the country-oriented profile. 

Table 4 Summary of Energy Management (EM) in Poland’s chemical industry case 

Issue Description 

Technology relevance for deep 

decarbonization 

EM can highly contribute to deep decarbonisation of chemical industry in Poland 

The Polish economy is among the least carbon-efficient 

The country's economic development implies an increase in energy demand 

Investments to support skills development, innovation, better infrastructure and cleaner energy are crucial for Poland’s future growth 

(EC) 

Investment to improve the energy efficiency of buildings and industry is key for curbing the country’s rising energy consumption (EC) 

Although the gap between Poland and the European average in regards to the key energy performance indicators has decreased, the most 

efficient economies (e.g. Germany) remain well ahead 

Total final energy consumption in the chemical sector takes the second place in all manufacturing industries in Poland (18,05% in 2016) 

Current status of this 

technology 

(development stage, 

demonstration, mature, full 

diffusion)  

“Energy efficiency gap” still exists – economically viable technologies are in place however they are not fully exploited 

EM role and its advantages are not fully recognised and encounters many typical barriers 

Low number of organisations with established EMS, e.g. ISO 50001, ISO 14001, EMAS 

Traditional high technical culture in the chemical industry in Poland creates foundations for successful EM implementation (lack of 

barrier due to insufficient technical knowledge) 

Energy Efficiency Obligation is implemented as White Certificate System (unknown impact on the chemical industry) 

Obligation to conduct an energy audit by large enterprises 

EM low-emission technologies in the chemical sector are not subject of intensive R&D works 

Potential penetration 

rate/market share of this 

technology 

Relatively low penetration of EM into the chemical industry due to high investment costs, long investment cycle, high business risk 

Very large energy efficiency potential in waste heat 

Large energy efficiency potential in auxiliary technological equipment, e.g. electrical drives, pumps, electrical heaters, transport 



     
 

Time to reach this stage 

Assessment of the case as a 

success or a failure? Why? 

Failure 

Poland’s chemical industry suffers for majority of the problems of the other MS’s chemical industries. Additionally, it is still coping 

with problems related to the previous economic model, e.g. state ownership and political influence, high material and energy intensity, 

centralised models of governance and managing, weak R&D support, strong influence of owners maximising profits at societal and 

environmental costs. 

The industry has been unable to take all the beneficiaries offered by EU membership. In the majority of cases because of poor or much 

delayed decision of the government on implementation. Lack of own capital was also a barrier.  

There were also some strong sides, e.g. well developed, although economically ineffective in competitive markets, chemical industry 

infrastructure inherited from the previous political system, long tradition, highly trained technical personnel, good international business 

co-operation and links. 

EM has not been up-graded to high priority and failed to be promoted as a real driver for innovation. 

Minimal progress in energy efficiency in industry in 2000-2016; stagnation in recent years is observable 

Lack of action plans to put into operation national strategy of development  

Lack of sectorial targeted energy saving goals 

EM is not priority in the chemical industry development and practice 

Main technology, technological, 

infrastructure and knowledge 

barriers for this technology 

Were they overcome (in case of 

success) or not overcome (in case 

of failure) 

Cost as main driver of success or 

failure or not 

Industry has a substantial impact on Poland’s economic development - in 2017, manufacturing accounted for 27% of Poland’s GDP, and 

the country was the sixth largest manufacturing country in the EU 

Chemical industry is the second largest industry in Poland  

Polish chemical market has more than 11 thousand entities, but the chemical market is dominated by big companies 

The sector is the second largest industry in Poland (VA) and employs 279,000 people 

In the period of 2010-2015, chemical sector in Poland increased production sold by 41% and amounted to $35 billion in 2015 

In the period of 2010-2015, chemical sector in Poland increased by 41% and amounted to $35 billion in 2015 

Poland has a longstanding trade deficit in chemicals: in 2016 imports exceeded exports by €7.5 billion 

Lack of breakthrough technology implemented at industrial scale, e.g. CCS 

Secured supply of natural gas as feedstock for chemical industry (growing diversification of supply) 

Weak-functioning of trade chambers, industrial associates supporting chemical industry at the EU level 

Insufficient interest in energy savings in auxiliary technologies, e.g. waste heat recovery, electrical drives 

Low share of RES in national energy mix 



     
 

Low use of RES energy in technological processes, e.g. hydrogen RES based production 

EU industry compete in global markets with producers who advantage from lower energy prices, environmental duties  

Lower labour costs in Poland are getting not advantages in the mid-term perspective 

Perspective of substantial increase of electric energy posses a threat to the industry which up to now benefits from lower energy prices 

then in other countries 

Large manufacturing capacities in existing high-emission technologies impede transition to low-carbon production 

Numerous cases of increasing own power capacity in fossil fuels to lower costs of electric taken from the power grid (power autarky) 

Many barriers lie at the level of enterprises and are human related 

Limited number of national benchmarks mostly due to unwillingness of industry to reveal energy, environmental and economic data 

Low pressure from employees and union trades on improving work conditions that can partly be accomplished by EM implementation 

Low rate of preparation to meet standards of Industry 4.0 

Shortage of highly-trained energy managers 

Poland’s innovation performance remains far below the EU average, much of which is due to meagre R&D investments, especially 

private ones, and modest cooperation of public and private innovation partners 

R&D investment in the chemical sector amounted to €0.7 billion in 2018  

Good industrial R&D centres, university and technical university infrastructure  

Despite past successes (before the transition started), links between industry and research/universities are weak 

Poorly-functioning networks co-operating with R&D institutions, e.g. technology parks, private research institutions, academia, 

industrial laboratories 

There is a number of chemical technologies developed by local entities available for potential investors. Polish chemicals R&D is focused 

more on specialized technologies, with bulk production being backed up by foreign technologies 

High EM investment cost, especially for large industrial plants, with the risk of not achieving final profit 

Crucial actors that contributed 

to the success/failure of this 

technology 

Politicians:  

 Strong coal-oriented energy policy 

 Weak political support for climate policy 

 Lack of strong “green” oriented parties on the political arena 

 Lack of public discussion on climate change; strong public support for coal-oriented power sector 

 Missing decision on or declaration to build low-carbon economy 

 Weak support for RES and other low-emission energy at the national level 

 Strong impact of politicians in state-owned companies, e.g. in chemical and energy sectors 



     
 

 Low motivation to remove distortion in energy markets, e.g. administrative “freezing” energy tariffs in 2019 

 Low public funding for R&D, also for in low-carbon technologies 

 Loosely co-ordination among complementary policies to support EM, e.g. innovation policy, tax policy, energy market 

regulation 

 Unsuccessful innovation policy despite different efforts undertaken by the government 

 Unstable energy efficiency legislation 

 Lack of concrete EM measures in NEEAPs  

Industry:  

 Strongly export oriented chemical sector 

 Enjoy the privilege of being economically and socially “important” economy sector 

 Low interest in EM in chemical industry 

 Not fully recognised benefits of EM in chemical industry 

 Low R&D funding by private sector 

 Insufficient co-ordination in R&D co-operation between research institutions and industry 

 Small number of innovative companies in the chemical industry 

Financial institutions: 

 National financing system is  

 not able to finance deep industrial transitions 

 Moderate incentives for low-emission technologies from environmental fund (NFOSiGW) 

 Slow rate of withdrawing from financing high-emission investments 

 Ineffective use of EU ETS revenues for low-emission technology transition in industry and power sector 

 Emerging barrier of financing high-emission coal technologies due to withdrawal of key international financing institutions 

Customers: 

 Chemical markets are getting demanding and in the case of strategic customers are not only ruled by “lowest price” criterion 

 Demand for bringing new products onto the market without obligation to trace “carbon-foot” 

Society: 

 Low awareness of people of negative impacts of large industrial emissions except that from power sector 

 Weakly organised citizens’ movements supporting sustainable development of society 

 Low recognition of the role of the EIIs, e.g. chemical industry, in climate policy compared with e.g. stronger interest shown to 

power system 

 Inability to force introduction of external costs of energy into total costs of industry 



     
 

Institutions (or lack thereof) 

contributed to make this case 

study a success/failure  

Crucial role of particular 

governance aspects in the 

process 

Highly globally competitive innovative chemical industry (3rd in the world) 

Long-term world’s leadership in chemical industry 

Highly trained employees at all levels (high, vocational) 

Ineffective framework of participation in EU legislation initiatives at all stages of preparation 

Large number of SMSs in the chemical sector (96%) which are by definition less prone to EM due to lack of resources 

Extensive physical technical infrastructure located in the Central Europe  

Underfinanced research and university infrastructure, weakly oriented on co-operation with industry partly due to wrongly system of 

assessment of researchers not rewarded for innovation 

Good cooperation between companies and unions (social partnership) 

Logistics requirements (timely procurement to increase the quality of production and streamline the production process) 

Lack of national energy efficiency agency responsible for implementation national energy efficiency policy 

Lack or unclear recognition of increasing revenues by energy and energy related environmental costs reduction 

Not fully recognised potential of EM contribution to reduction of production costs (including energy resources)  

Business risks and risk of perturbation in production 

Insufficient targeted economic incentivises for EM implementation in EIIs, e.g. in the form of tax reduction, risk sharing or loan 

guaranties from private and public financial institutions, e.g. EIB, EBRD 

Threat of ”carbon leakage” impedes launch of new facilities, production increase despite deficit in national trade of chemicals  

Relative easiness and short-term flexibility of shifting production between countries for global companies according to economic, 

environmental or societal circumstances 

Lower energy prices as compared with other large chemical global producers does not support EM as a means of cost reduction 

EM as innovation driver is badly embedded in old business models (lack of premium for innovation risk) 

Policies measures or regulations 

contributed to making this a 

success or a failure 

Energy policy not supporting development of RES 

Ineffective industrial policy weakly supporting industrial restructuration towards low-emission mod 

Weak correlation of industrial policy with energy sector, circular economy and other policies 

Low priority of chemical industry decarbonisation together with other economy sectors, e.g. power sector, building sector, transport 

Shortcomings of government sustainable oriented regulation of the industry (administrative, trade, economic and other barriers) 

Weak climate and environmental legislation and regulatory policy supporting low-carbon transition in industry 

Delayed and rather reluctant implementation EU policy on energy efficiency, e.g. lack of obligation of appointment of energy manager, 

late introduction of energy audit obligation 



     
 

Public support to EIIs including chemical industry through exemptions in the White Certificate System without precondition to undertake 

EM actions 

Positive, however insufficient, impact of EU ETS on innovation trend (low prices of emission allowances) 

Lack of public information of economic impact (loss, revenues) of the EU ETS on the chemical industry in the previous and current 

periods of implementation (free allocation, auctioning) 

Role of EU level innovation 

system/ EU regulation in the 

success/failure 

Chemical industry is considered as an innovation industry 

Unclear role of the world’s largest chemical companies in supporting novel technologies in Poland’s chemical industry 

Domination of few largest companies in R&D programs with small number of SMEs involved 

Highly insufficient public and private financing of R&D (around 1% of GDP) 

Insufficient participation in EU R&D programs on technology development, e.g. 7FP 

Delayed process to transition to Industry 4.0 model (Chemistry 4.0) 

Reflection of the EU level case 

study to the experience of any 

particular country 

National cases are much driven by EU policies, e.g. by energy, environmental policies; too less extent by innovation trends  

What main barriers do you 

think are currently not well 

represented in IAMs?  

Unclear impact of EU ETS on low-carbon technological progress in the chemical industry after 2020 

Unknow impact of deep fluctuations of feedstock and energy prices on the global markets because of political instability, protectionism, 

local conflicts, deep differences in access and prices in different countries, e.g. oil, gas, cheap shall gas, phase-out of coal from power 

sector and the following change of coke prices 

Unrecognised willingness of global companies to finance R&D in some countries and the long-term its impact of “national” innovation 

capacity 

Impact of integration of energy systems on EIIs, including the chemical industry 

Fair social transition in regions heavily dependent on EII(s) facing the threat of closing, and in this context, replacement by highly-

innovative industries 

Source: Own work. 

  



     
 

 Summary of Energy Management (EM) in the UK iron and steel industry case 

Table 5 should be read together with the complementary Table 1 on steel industry at EU level. This national case table does not repeat all issues 

which are common for the EU industry. It tries to address the country-oriented profile. 

Table 5 Summary of Energy Management (EM) in the UK iron and steel industry case 

Issue Description 

Technology relevance for deep 

decarbonization 

Climate policy should be a strong drive for innovation in the UK steel industry 

EM can contribute to deep decarbonisation of the UK steel industry – it can introduce low-cost measures which bring about substantial 

energy savings even it the current infrastructure 

EM builds coherent framework for energy saving and contributes to meeting other sustainable and societal objectives 

Similarly, to other EIIs, energy costs are one of the main competitiveness drives for the EU steel sector since energy costs represent up 

to 40% of total operational costs depending on the segment of the value chain 

Total electricity prices for UK steel producers are projected to increase by 53% over 2016-2030 

EM can serve as an effective tool in the process of seeking operational excellence. It can help to increase competitiveness. 

Existing technologies are highly technologically matured and refined. Despite that they can still significantly contribute to reduce GHG, 

e.g. by wider diffusion of the use of more energy-efficient production practices based on benchmarks and model solutions 

There is a need for a technical or operational benchmarking approach in the steel industry 

In the longer-term breakthrough technologies will be required to make further reduction, e.g. CCS, hydrogen-based steel production, 

electrolysis using RES energy 

Steel industry is well positioned to benefit from an increased focus on Life-Cycle Approach, increase in recycling rates and better use 

of by-products 

Threat that steel industry may be closed or reduced to margin despite the fact it has a 150-year history and is almost considered a 

“national” industry 

High share of foreign capital in the steel industry makes it prone to global crises in the steel market when corporations are seeking 

financial optimisation 

Limited opportunities for governmental intervention due to EU Public Aid regulations 

Latest governmental strategy to innovate steel industry as a means of eligible public support 

Large financial public support for steel R&D together with main steel producers, e.g. creation of university-based steel research hub 



     
 

Low share of steel produced in EAFs as compared with other MSs, e.g. Germany, Italy 

Traditional high value attributed to technological progress and innovation as a crucial driver in industry development 

Twofold contribution to decarbonisation – through lower energy consumption in the industry, and by manufacturing better quality 

products e.g. higher quality steel 

Increased recycling of steel scrap contributes to circular economy 

Current status of this 

technology 

(development stage, 

demonstration, mature, full 

diffusion)  

“Energy efficiency gap” still exists – economically viable technologies are in place however they are not fully exploited, e.g. there is 

still untapped potential due to technical and economic limitations (low temperature waste heat sources) or the unfavourable regulatory 

framework (conversion of waste gases into fuels) 

Steel industry represents 0.1% of the UK economy and 0.7% of manufacturing output (2016) 

600 business involved in the industry; employ 32,000 people (2016) 

UK steel industry’s importance to the whole economy has declined over time, from 0.4% of total output in 1990 to the current total of 

less than 0.1% 

In 2015 and 2016 the economic output of the steel industry in the UK declined rapidly as several plants closed and international orders 

were cancelled 

UK was the second biggest European producer of steel in 1967, the fifth biggest in 2015, and the seventh biggest in 2016 

UK’s steel trade deficit was worth £1.5 billion in 2016 (the largest deficit in at least 20 years) 

UK steel international trade is EU-oriented (52% of UK steel exports are to the EU; 69% of UK steel imports are from the EU) 

Steel demand in the UK continues to grow (£6.0 billion annual demand for steel products in the UK by 2030 up from £3.8 billion 

today) 

Industrial electricity prices in the UK are more than 50% above other major EU economies 

Energy constitutes 20…40% of the cost of steel production in the UK 

UK law allows compensation for the energy costs of energy intensive industries (EIIs) (compensations and exemptions for a range of 

climate change policies that had not been fully implemented until 2016) 

Government launched steel public procurement pipeline 

Steel sector deal
1
 is not mentioned in the Industrial Strategy 

                                                 
1
Partnerships between the government and industry on sector specific issues can create significant opportunities to boost productivity, employment, innovation and skills 

(Rhodes 2018). 

 



     
 

Steel unite energy consumption in the UK steel industry has stagnated  in recent years 

Further increasing energy efficiency by EM, supporting R&D of CCS, reusing industrial wastes and diversifying product applications 

are important goals for the steel industry 

EM role and its advantages are well understood although it encounters many typical barriers 

Low number of organisations with established EMS, e.g. ISO 50001, ISO 14001, EMAS 

EM low-emission technologies in the steel sector are subject of intensive R&D works 

Potential penetration 

rate/market share of this 

technology 

Time to reach this stage 

Relatively low penetration of EM into steel industry due to high investment costs, long investment cycle, high business risk 

Incremental innovations are often downgraded in the pursuit for a “break-through” technology 



     
 

Assessment of the case as a 

success or a failure? Why? 

Failure 

The steel industry has outstanding history over the last 150 years. Over the period it has developed few core technologies which after 

continual incremental improvements have highly been advanced. However, there is steel energy efficiency potential which can be at 

least partly realised by EM. 

Rather than climate change policies, the key factor behind the decline of the UK steel sector was the combination of cheap imports 

from China and weak demand in the EU, alongside structural change driven by globalisation. 

The UK steel industry is on the slope, loosing markets and its global position. It does not stand up to meet the internal needs of UK for 

steel products. The imbalance of international trade is growing. It is fighting for survivance. Therefore, the time is not for deep changes 

including those which might improve the situation like the EM. The government policy despite political oral support is too weak to 

give strong impulse for development or at least maintaining the status quo. The undergone restructuration failed to balance the internal 

capacity with demand for steel on the highly competitive and violate markets with unfair competition.  

The downgrading of the steel industry is in contrast with many manufacturing industries in the UK which managed to keep their high 

global position. 

UK steel industry experienced a deep crisis in 2015/2016 which led to substantial loss of capacity and jobs. 

The industry is not on the list of innovative industries and therefore receives limited governmental backing although it is not “forgotten” 

sector of economy. 

UK steel industry has been not investing in low-carbon technology. Even the EAF technology has been stagnated for years.  

The accumulated human and knowledge capital should be advantages for UK steel industry if only the newly launched R&D succeed 

to deliver innovative products. 

UK government having strict EU on public aid has limited options to help the steel sector in market-oriented restructuration. Ownership 

of crucial UK steel assets by global companies also limits the government’s intervention. Recent program to set up R&D hubs seems 

the right step to help by creation research infrastructure capable of delivering better products and services by innovation. UK steel 

industry is exempted from GHG emission tax under the condition it invests in energy efficiency and curbs GHG emission. 

Minimal progress in energy efficiency in industry in 2000-2016 

Long-term national strategy of industry development (Industry 4.0) 

Lack of sectorial targeted energy saving goals in the UK steel industry 

EM is not priority in the steel industry practice 

Main technology, technological, 

infrastructure and knowledge 

barriers for this technology 

Lack of breakthrough technology implemented at industrial scale, e.g. CCS 

Very high investments cost in core technologies and long duration of investment in instable global market deter EM high-cost 

improvements 



     
 

Were they overcome (in case of 

success) or not overcome (in case 

of failure) 

Cost as main driver of success 

orfailure or not 

All major actors of the European steel industry, including companies operating in the UK, are active in the field of digitizing this 

industry 

An increase of the EAF technology would help the steel sector move towards a circular value chain (the energy intensity of this process 

is around one third of the BF-BOF process) 

Specific energy consumption in the UK steel industry is higher than in many other MSs 

Well-functioning trade chambers, industrial associates supporting the steel industry 

Insufficient interest in energy savings in auxiliary technologies, e.g. waste heat recovery, electrical drives 

High share of RES in national energy mix encourages to use RES energy in EIIs, e.g. the steel industry 

Low current use of RES energy in technological processes, e.g. hydrogen RES steel electrolysis 

Large manufacturing capacities in existing high-emission technologies 

Risk of import substitution in the EU market and difficulty with adoption common EU market expansion strategies 

Numerous cases of increasing own power capacity in fossil fuels to lower costs of electric taken from the power grid (power autarky) 

Many barriers lie at the level of enterprises and are human related 

Insufficient involvement in Demand Side Management with the power utilities, e.g. in the case of EAFs  

Methodological and practical problems with reliable assessment of energy consumption in complex multioperation technological 

processes 

Limited number of benchmarks mostly due to unwillingness of industry to reveal energy, environmental and economic data 

Low pressure from employees and union trades on improving work conditions that can partly be accomplished by EM implementation 

Delayed start of preparation to meet standards of Industry 4.0 

Shortage of highly-trained energy managers 

Well-functioning networks closely co-operating with R&D institutions, e.g. technology parks, private research institutions, academia, 

industrial laboratories 

Difficult economic position of the steel industry in recent years 

High EM investment cost, especially for large industrial plants, with the risk of not achieving final profit 

Crucial actors that contributed 

to the success/failure of this 

technology 

Politicians:  

 It is declared it is important the UK preserves its steel production capacity for economic, social as well as for security of 

supply 

 Strong sustainable-oriented energy and industrial policy makes unrealistic to preserve steel sector as a high-emission enclave. 

The sector faces the option of low-emission transformation or suffer from “carbon leakage” that eventually will lead to closing 

the industry 



     
 

 Growing importance od all “green” movements and gaining by them support in the society 

 Strong public support for sustainable-oriented power sector and “clean” industry, e.g. for RES, energy efficiency 

 R&D is traditionally a key element of UK development  

 Strong support for RES and other low-emission energy technologies in the UK gives opportunities for launching RES-

dependent technologies in the steel sector  

 Low public funding for R&D in low-carbon technologies in the steel sector 

 Loosely co-ordination among complementary policies to support EM, e.g. innovation policy, tax policy, energy market 

 UK is the EU leader in building liberalised competitive power market what lays healthy foundations for EM  

 Successful innovation policies in many industries strongly supported by the government and recent support for R&D in the 

steel industry 

 UK energy efficiency legislation alike the EU policy is incapable to force deep industry decarbonisation, e.g. energy efficiency 

directives, EU ETS 

 Lack of concrete EM measures in the steel industry in the UK NEEAP 

Industry:  

 UK steel industry have low profit margins, due to the high fixed cost, overcapacity and unfair global competition 

 Main players in the UK steel industry recognise the decisive role technological innovation may play in seeking market 

advantage, e.g. SUSTAIN Manufacturing Hub, ASSURE2 project 

 UK steelworks are highly integrated into the existing structures, while changes of business infrastructure on the national level 

require significant investments and what is more important harmonised strategy or vision of sectoral transformation 

 Steel industry is aware that energy efficiency improvement through EM is a key to competitiveness 

 Strongly export oriented industry, including the steel industry although the steel trade shows deficit 

 Enjoys the privilege of being economically and socially “important” economy sector what may make some await support and 

protection from the government 

 Low interest in EM in the steel industry due to different reasons, e.g. neglecting economic effectiveness of EM in comparison 

with efforts needed for energy efficiency improvements, lack of knowledge and trained staff, lack of financing 

 Difficulties to place EM in long-term strategies whereas the industry is in crisis 

 Long decision process in global steel companies in times of business insecurity discourages low-level EM initiatives 

 Not fully recognised benefits of EM in the UK steel industry 

 Low R&D funding by private sector insufficient to overcome the barrier of pilot implementation at acceptable risk  

 Improving co-ordination in R&D co-operation between research institutions and industry 

 Inability to implement EM due to impropriate internal organisation, e.g. lack of knowledge, lack of capital, incompetent staff, 

difficulties with knowledge transfer in global companies 

 Insufficient information on EM, e.g. technologies, barriers, benefits, financing sources, risk, uncertainties 



     
 

 Volatile energy and raw material prices cause business risks 

 Insufficient support from the government except recent R&D grants 

Financial institutions: 

 Natural unwillingness of financial institutions to finance industry in crisis and not demonstrating convincing plans of recovery 

 Common politics of many institutions of withdrawing from financing high-emission investments 

 Ineffective use of EU ETS revenues for low-emission technology transition in industry and power sector 

Customers: 

 Some steel markets are getting demanding and in the case of strategic customers are not only ruled by “lowest price” criterion 

 Demand for bringing new products onto the market without obligation to trace “carbon-foot” 

Society: 

 Low awareness of people of negative impacts of large industrial emissions except that from power sector 

 Strongly organised citizens’ movements supporting sustainable development of society 

 Low recognition of the role of the EIIs, e.g. steel industry, in climate policy compared with e.g. stronger interest shown to 

power system 

 Inability to force introduction of external costs of energy into total costs of industry 

Institutions (or lack thereof) 

contributed to make this case 

study a success/failure  

Crucial role of particular 

governance aspects in the 

process 

Moderate size of the UK steel industry (7th in the EU) 

High capital concentration in the UK steel sector with predominant role of global companies 

Deep crises in the UK steel industry 2015/2017, e.g. closing some steel plants, major loss of jobs 

UK steel industry is very sensitive to fluctuations on global markets, e.g.  surplus capacity in steel industry, energy and material prices 

Steel market is global and highly competitive what makes national markets like that of the UK a part of global competition 

"UK steel industry is “squeezed" between volatile raw material cost, high energy and labour costs and the increased pressure coming 

from customer aware of their market power in times of fierce competition 

Highly trained but well-paid employees in steel industry make the operational costs high  

Well-educated research staff (academic, industrial) capable of taking part in large international research programs 

Research organisations, e.g. universities, strongly oriented on co-operation with industry 

Effective framework of participation in EU legislation initiatives at all stages of preparation 

Close however getting loose supplier-customer relations 

Effective framework of transmission innovation from research int industry 



     
 

High flexibility in logistics requirements (timely procurement to increase the quality of production and streamline the production 

process) 

Lack of “green” criteria in public procurement what deters transition towards innovate and more sustainable production 

Volatile global demand impedes investments in manufacturing capacity (launch of new facilities) 

Lack or unclear recognition of increasing revenues by energy savings and energy related environmental costs reduction 

Not fully recognised potential of EM contribution to reduction of production costs (including energy resources)  

Energy saving objectives are not well integrating into operational, maintenance or purchase procedures 

Business risks and risk of perturbation in production 

Insufficient targeted economic incentivises for EM implementation in EIIs, e.g. in the form of tax reduction, risk sharing or loan 

guaranties from private and public financial institutions, e.g. EIB, EBRD 

High energy prices as compared with other large global steel producers support EM as a means of cost reduction 

Relative easiness and short-term flexibility of shifting production between countries for global companies according to economic, 

environmental or societal circumstances 

Slow deployment of BAT due to lack of legal or economic obligations 

EM as innovation driver is badly embedded in old business models (lack of premium for innovation risk) 

Difficulties to enter onto new markets impedes investments in manufacturing capacity (launch of new facilities, production increase) 

Policies measures or regulations 

contributed to making this a 

success or a failure 

Traditionally effective UK governance framework and procedures help decarbonisation of the whole UK economy. This conclusion 

may be hampered by Brexit around chaos.  

UK (like the EU) climate and environmental legislation and regulatory policy insufficiently support low-carbon transition in industry  

UK is the EU leader in low-carbon energy and climate policy, e.g. development of RES, effective energy efficiency in many sectors  

Strong correlation with energy sector, circular economy and other policies 

Ineffective industrial policy weakly supporting industrial restructuration 

Low priority for steel industry decarbonisation as compared with other economy sectors, e.g. power sector, building sector, transport 

Positive, however insufficient, impact of EU ETS on innovation trend (low prices of emission allowances) 

Moderate public support to EIIs including steel industry discourages the industry from undertaking ambitious EM projects 

Role of EU level innovation 

system/ EU regulation in the 

success/failure 

Steel industry is not considered in the UK as an innovation industry 

Like elsewhere, UK steel industry rely mostly on process innovation that tends to follow predefined technological trajectories through 

incremental innovation aimed at enhancing productivity 



     
 

UK operated steel companies take part in a large number of technological projects in steel industry co-financed by RFCS between 2015 

and 2018 

A number of global players, e.g. subsidiaries, companies, are linked to the UK technology innovative systems and benefit from them 

Crucial role of the world’s largest steel companies may impede innovation process in some countries while supporting in others 

Slow rate of transition of the UK steel  industry to Industry 4.0 model 

Reflection of the EU level case 

study to the experience of any 

particular country 

MSs may largely benefit from EU R&D programs unless they possess research capacities at the highest level  

Effective participation in EU R&D programs on technology development, e.g. 7FP 

National cases are much driven by EU policies, e.g. by energy, environmental policies; too less extent by innovation trends 

Few global companies, including the UK operating ones, derive substantial benefits from EU R&D programs 

What main barriers do you 

think are currently not well 

represented in IAMs?  

Unclear impact of EU ETS on low-carbon technological progress in the steel sector after 2020 (Modernisation Fund) 

Barriers due to lack of new business models in EIIs rewarding for innovation aimed at energy savings and lowering environmental 

burden 

Low priority of improving industry corporate image as a “green” business through Corporate Social Responsibility 

Source: Own work. 

  



     
 

 Summary of Energy Management (EM) in the Italian iron and steel industry case 

Table 6 should be read together with complementary Table 1 on steel industry at EU level. This national case table does not repeat all issues which 

are common for the EU industry. It tries to address the country-oriented profile. 

Table 6 Summary of Energy Management (EM) in Italy’s iron and steel industry case 

Issue Description 

Technology relevance for deep 

decarbonization 

Climate policy, similarly to other EIIs in the EU, is a strong driver of innovation in Italy’s steel industry 

Invention in steel-related technologies is turning towards energy efficiency and climate change mitigation 

EM can contribute to deep decarbonisation of Italy’s steel industry 

Similarly, to other EIIs in the EU, energy costs are one of the main competitiveness drivers for the Italy’s steel sector 

EM can serve as an effective tool in the process of seeking operational excellence 

There is a need for a technical or operational benchmarking approach in the steel industry to have better recognition of energy flows and 

possible EM improvements 

Technology in the steel sector, alike as in the power sector planning complete coal phase-out, will have to be shifted to use more RES 

energy  

Italy is the 1st European steel producer of steel in electric technologies recycling ferrous scrap (much more energy effective than BOF) 

Traditional high value put on technological progress and innovation as a crucial driver in industry development – “innovation driven” 

development 

There is an energy cost gap between Italy and the EU, which puts Italy at a disadvantage position but creates strong incentive for EM 

Current status of this technology 

(development stage, 

demonstration, mature, full 

diffusion)  

Italy is the 2nd largest steel producer in Europe (after Germany) and the 10th largest producer in the world 

Italy, as of 2017, is the world’s 7th-largest steel exporter 

The position of export of the Italian steel export is strong and stable  

Italy has maintained a trade deficit in steel since 2015 

The steel industry contributes to the turnover of the entire Italian manufacturing sector for about 3.5% in direct terms and for about 35% 

through the activity of the user sectors. The steel industry is the cornerstone of the Italian manufacturing industry, placing itself at the 

top of the supply chain of strategic sectors: construction, mechanics, automotive, household appliances 

There are few very large producers dominating the market, however, steel production in Italy is also diffused across many SMSs 

Italian iron and steel sector accounts approximately for 72,000 employees and generate turnover of around €40 billion 



     
 

“Energy efficiency gap” still exists – economically viable technologies are in place however they are not fully exploited 

Italy is the 1st European steel producer by electric oven technologies (EAF, induction) made by recycling ferrous scrap 

Italian steel sector is mainly relying on electric steel production route (EAF), which cover over 75.7% of total production, while 

integrated route takes just 24.3% 

EAF technology is well established in the Italian steel sector, although there is still room for improvement since the SEC is higher than 

technically achievable 

Over the past 25 years, the Italy’s iron and steel industry has reduced its total energy consumption per ton of steel by 25% due to the 

continuous innovation of its plants and the introduction of increasingly efficient EM systems 

Energy Efficiency Obligation scheme is the main means for coordination of policies and measures - Italy was the first country worldwide 

that introduced the White Certificate Scheme 

For companies with an energy consumption of more than 10,000 toe per year it is mandatory to appoint an energy manager 

Italian government prepared National Industry 4.0 Plan which supports private investments in the renewal of equipment through the 

measure of super-depreciation and those which use digital technologies and capital goods in “Impresa 4.0” through hyper-depreciation 

Over the past 25 years, the Italian iron and steel industry due to the continuous innovation of its plants and the introduction of increasingly 

efficient energy management systems has reduced its total energy consumption per ton of steel by 25% 

Significant emission reduction was observed in the steel sector during the past 25 years, Italian steel become approximately 38% less 

emission intensive per ton of steel including electricity used 

Industrial electricity prices in Italy are amongst the highest in the EU what gives strong incentive for EM - high energy prices usually 

create positive impulses for EM however they are criticised by EEIs seeking public compensation 

Strong steel industry association (Federacciai) (123 member companies in 2017, which cover over 95% of the national production) 

High number of organisations with established EMS, e.g. ISO 50001, ISO 14001, EMAS however far behind Germany 

EM low-emission technologies in the steel sector are subject of R&D works 

In Strategy 2017 it is aimed at increasing public resources allocated for R&D of clean-energy technologies - doubling investments in 

R&D of clean-energy technologies from €222 million in 2013 to €444 million in 2021 

Potential penetration 

rate/market share of this 

technology 

Time to reach this stage 

Relatively low penetration of EM into steel industry due to high investment costs, long investment cycle, high business risk 

High share of EAF technology makes the industry higher energy efficient as compared with industries with BOF technology domination 

Assessment of the case as a 

success or a failure? Why? 

Success 

There are few reasons for success of Italian steel sector, which may be generalized to two main factors: 



     
 

• Growth of demand 

• Great level of quality 

In practice, Italy boasts several excellences in the steel industry, which involve not only the production but also the processing, for 

example, the welding of stainless-steel tubes is carried out by companies such as Siera that work by craftsmen and are tailored to 

individual customer requirements and needs 

The super-depreciation economic support mechanism for the technological and digital transformation of the processes in “Impresa 4.0” 

and also the solutions for energy efficiency are included 

EM is regarded as a means of reduction of operational cost 

EM is not priority in the steel industry practice 

Main technology, technological, 

infrastructure and knowledge 

barriers for this technology 

Were they overcome (in case of 

success) or not overcome (in case 

of failure) 

Cost as main driver of success 

orfailure or not 

Some technological innovations applied in the steel industry demonstrate interest in technological progress 

Lack of breakthrough technology implemented at industrial scale, e.g. CCS 

A further shift towards EAF would thus help the steel sector move towards a circular value chain 

Well-functioning trade chambers, industrial associates supporting steel industry 

High share of RES in national energy mix encourages to use RES energy in EIIs, e.g. the steel industry 

Italy’s steel industry competes in global markets with producers who advantage from lower energy prices, less restrict environmental 

duties and labour costs 

Well-functioning networks closely co-operating with R&D institutions, e.g. private research institutions, academia, industrial 

laboratories 

Crucial actors that contributed 

to the success/failure of this 

technology 

Politicians:  

 Politically it is essential that Italy remains an important steel producing for economic, social and environmental reasons as well 

as for security of supply 

 Strong sustainable-oriented energy policy 

 Strong political support for climate policy 

 Strong public support for sustainable-oriented power sector, e.g. for RES, energy efficiency 

 Political determination to build low-carbon Italy’s economy following the EC leadership policy 

 In 2017, Italy committed to close its coal plants by 2025; it is however currently unclear if this is a complete move to RES, or 

whether it might lead to an increased role for gas; any of these two will lead to increase in energy prices 

 R&D is a key element of Italy development  

 Traditional strong support for industry as a key element of export-oriented economy 

 Low public funding for R&D in low-carbon technologies in the steel sector 

 Lack of concrete EM measures in the steel industry in NEEAPs 



     
 

Industry:  

 Steel industry have low profit margins, due to the high fixed cost, overcapacity and unfair global competition 

 Steel industry is aware that energy efficiency is a key to competitiveness 

 Strongly export oriented steel industry 

 Insufficient information on EM, e.g. technologies, barriers, benefits, financing sources, risk, uncertainties 

 Not fully recognised benefits of EM in the Italy’s steel industry 

 Inability to implement EM due to impropriate internal organisation, e.g. lack of knowledge, lack of capital, incompetent staff, 

difficulties with knowledge transfer in large companies 

 Lack of own capital to finance large investments in core technologies 

 Volatile energy and raw material prices cause business risks 

Financial institutions: 

 Natural unwillingness of financial institutions to finance industry in crisis and not demonstrating convincing plans of recovery 

 Common politics of many institutions of withdrawing from financing high-emission investments 

 Ineffective use of EU ETS revenues for low-emission technology transition in industry and power sector 

Customers: 

 Some steel markets are getting demanding and in the case of strategic customers are not only ruled by “lowest price” – this give 

advantage for produces of high-quality products 

 Demand for bringing new products onto the market without obligation to trace “carbon-foot” 

Society: 

● There are few non-governmental and market actors, and sub-national authorities supporting the steel industry 

 Low awareness of people of negative impacts of large industrial emissions except that from power sector 

 Strongly organised citizens’ movements supporting sustainable development of society 

 Low recognition of the role of the EIIs, e.g. steel industry, in climate policy compared with e.g. stronger interest shown to power 

system 

 Inability to force introduction of external costs of energy into total costs of industry 

Institutions (or lack thereof) 

contributed to make this case 

study a success/failure  

Crucial role of particular 

governance aspects in the 

process 

Large size of the Italy’s steel industry (2th in the EU) 

The steel production capacity is stable. New two EAFs are planned 

Data shows high dependence of steel sector on the demand deeply fluctuating over years and easiness of falling in the trap of stranded 

assets 

Italy’s steel industry, alike as in other countries, is very sensitive to fluctuations on global markets, e.g.  surplus capacity in steel industry, 

energy and material prices 



     
 

Investments in R&D in the steel sector are relatively low in comparison with other sectors in manufacturing 

Well-educated research staff (academic, industrial) capable of taking part in large international research programs 

Close supplier-customer relations 

Research organisations, e.g. universities, strongly oriented on co-operation with industry 

Effective framework of transmission innovation from research int industry 

High flexibility in logistics requirements (timely procurement to increase the quality of production and streamline the production process) 

Lack of “green” criteria in public procurement for steel what deters transition towards innovate and more sustainable production 

High quality of domestic products reduce the risk of replacement of domestic products by import (”carbon leakage” consequence) 

High energy prices as compared with other large global steel producers support EM as a means of cost reduction 

Slow deployment of BAT due to lack of legal or economic obligations 

EM as innovation driver is badly embedded in old business models (lack of premium for innovation risk) 

Policies measures or regulations 

contributed to making this a 

success or a failure 

Italy is one of the leading countries in energy efficiency policies 

Italy is on the path to strengthen its environmental sustainability, reduced GHG emissions, and improved the efficiency and security of 

its energy system: 

● RES covered 17.5% of gross final energy consumption 

● energy efficiency continued to grow: the GDP energy intensity dropped by 4.3% as compared to 2012 

● Italy’s dependence on foreign supply sources continued to fall: energy imports were down by 7 percentage points versus 2010, 

● there remains an energy cost gap between Italy and the EU, which puts Italy at a disadvantage 

Italy’s National Energy Strategy 2017 (strategy 2017) lays down the actions to be achieved by 2030 to meet the EU GHG emission 

reduction (in EU globally at least 80% from the 1990 level) 

Core targets of the Strategy 2017: reducing final energy consumption by a total of 10 Mtoe by 2030; reaching a 28% share of RES in 

total energy consumption by 2030, and a 55% share of RES in electricity consumption by 2030; strengthening supply security; narrowing 

the energy price gap; furthering sustainable public mobility and eco-friendly fuels; and phasing out the use of coal in electricity generation 

by 2025 

Strategy 2017 envisages two specific energy efficiency targets for industry: 

• strengthening and streamlining the White Certificates Scheme 

• promoting the energy efficiency of SMEs, by renewing schemes for co-funding energy audits and energy management systems 

Moderate priority of steel industry decarbonisation as compared with other economy sectors, e.g. power sector, building sector, transport 

Positive, however insufficient, impact of EU ETS on innovation trend (low prices of emission allowances) 



     
 

Role of EU level innovation 

system/ EU regulation in the 

success/failure 

Steel industry rely mostly on process innovation that tends to follow predefined technological trajectories through incremental innovation 

aimed at enhancing productivity 

Italian manufactures participate in projects in steel industry co-financed by RFCS, 7FP 

Effective regulation on EM in industry, e.g. EEO (White Certyficate Scheme), obligation of appointment of energy manager in large 

energy consumers, energy audit obligation 

Plans to increase public and private financing of R&D on sustainable development in industry (Energy Strategy 2017) 

Reflection of the EU level case 

study to the experience of any 

particular country 

MSs may largely benefit from EU R&D programs unless they possess research capacities at the highest level 

National cases are much driven by EU policies, e.g. by energy, environmental policies; too less extent by innovation trends 

What main barriers do you 

think are currently not well 

represented in IAMs?  

Unclear impact of EU ETS on low-carbon technological progress in the steel sector after 2020 (Modernisation Fund, Innovation Fund) 

Lack of reliable benchmarks for the purpose of the EU ETS (free allocation option for the 10% best producers) 
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T2.1: Case Studies of National and EU Innovation 
Systems 

Questions for case study summary 

Transport sector case studies 1 and 2 
 

1. Summarize why the technology(ies) analyzes in the case study is of relevance for 
deep decarbonization?  
 
Our transport cases involved two different low-carbon systems for mobility: light rail 
rapid transit (Poland and UK), and battery electric vehicles (Italy and Germany). 
 
As we note in our case study draft, light rail/metros credited with having multiple 
benefits, including economic and environmental aspects. 
 
Gadzinski & Radzimski (2016) argue because transit developments such as LRT are 
compact, mixed-use, and pedestrian-friendly, commuters typically use such transit 2 to 
5 times more often, or even 2 to 10 times more often than commuters from other, more 
car oriented neighborhoods. Urban areas with LRT systems also tend to own 10–30% 
fewer cars, and drive 10–30% fewer miles. Also, other studies have exhibited that LRT 
users choose cars less often and walk more than non-users (Gadzinski & Radzimski, 
2016). Knowles (2007) also suggests that LRTs have an environmental benefit to the 
extent that they displace car use, pollution, and congestion.  Knowles (2007) states that 
LRTs are also better in terms of overall load as well as traffic speed: “Although light rail 
vehicles (LRVs) cost between £850 k and £2.15 m each compared with £120–200 k for 
buses, they can carry up to three times more passengers and have an operating life 
three to four times longer.  Knowles and Ferbrache (2016a) note that the specific 
benefits of light rail include 
 

 more lightly engineered, and able to operate on steeper gradients and tighter 
curves than heavy rail trains 

 lower capital costs in rolling stock and infrastructure than new underground 
metros and suburban railways 

 ability to carry up to three times more passengers than buses, operate at higher 
speeds and have a much longer operating life  

 proven ability, more than buses, to secure significant modal switch from cars, and 
sometimes able to reduce road traffic volumes and congestion 

 faster and more reliable services than buses to and through the heart of city 
centers 

For these reasons, Ferbrache and Knowles (2016b) write that “LRT clearly has potential 
to influence sustainable city futures.” 
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Battery electric vehicles can be promoted for a variety of reasons, from comfort 
or smoothness of ride, to cost-savings, to carbon emissions reductions. However, 
it is perhaps the carbon emissions reductions that are most impactful at their 
diffusion in Europe.  According to the World economic Forum (with data from 
BNEF, 2018) it is evident that EVs are lower in CO2 emissions than gasoline 
engines globally.  In terms of total cost of ownership (TCO) there are many 
reports with estimates of approaching TCO parity with respect to ICE cars. For 
instance the INGbank did modelled estimates that BEV will reach parity in 
between the years 2023 and 2028 depending on savings in fossil-fuel, driving 
profiles, Led lights, expected ICE emissions regulations in 2021, forecast battery 
costs, and VAT tax for German retail price  

 
Figure 1: Grams of CO2 emissions per mile for gasoline vehicles and also 
for EVs in top developed countries. 

 

 
 
 
 

2. How would you characterize the current status of this technology? (development 
stage, demonstration, mature, full diffusion)  
 
We actually have four different ways of classifying it. For the LRT systems, the 
Docklands is fully mature, the PRT in Poland is at the other end of the spectrum, initial 
stages of research (and likely to face real challenges to further development). 
 
BEVs are fully developed now, but at the time of our case studies (BMW, Fiat) in the 
1990s they were new and emerging. But now at full diffusion.  
 
 

3. [if the technology is deployed]: did you collect any information regarding the 
potential penetration rate/market share of this technology (either in the country 
or in the EU)? how long will it take (did it take) to reach it? 
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Hard to generalize from our cases, as they were so specific. But the Docklands took 20 
years or so to become mature, the PRT is not yet there, and EVs took about 30 years (if 
you take the early 1990s as the starting point for this current wave of EV diffusion). 
 

4. Can the specific case study for country X be considered a case of success or a case 
of failure? Why? 

 
Oddly, we started by considering the BMW i3 a success, and the Fiat 500e a failure, 
especially as BMW invested considerable money in their entire “i” line of products, 
and Fiat told people not to buy their car. Yet, over time, landscape pressures related 
to electrification have pushed both firms own the same pathway, so in a way you 
could say both cases end up a success. 
 
I would say the Docklands LRT is a success. It’s now the most heavily used LRT in 
the UK and a model for other countries to follow. 
 
Table 4: Annual rail passenger journeys, vehicle miles, and revenue in the 
UK, 2016/2017 

 
 
 
The PRT in Poland more questionable, almost a failure though that could change if 
planners start to reinvest in it. (Currently it remains only a prototype). The 
transport regime in Poland remains centered on private cars and roads, not light 
rail.  
 

5. What were the main technological, infrastructure and knowledge barriers for this 
technology? Were they overcome (in case of success) or not overcome (in case of 
failure). Was technology cost a main driver of success or failure or not? 

 
These are many questions packed into one, same with your next question below. 
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Main success factors for both models of EVs: increasing range, lowering price, 
improved performance, and a general global push towards the decarbonisation of 
transport 
 
Main success factor for Docklands: a strong champion and a huge need for travel 
and mobility demand, with an LRT system being far superior to cars in the 
congested area of the Docklands development zone 
 
Main failure factor for Poland, lack of incentives for the PRT and countervailing 
pressures that push people into cars and road based passenger mobility.  
 

6. Which are the crucial actors that contributed to the success/failure of this 
technology? 

 
In the EV cases, Californian policy for ZEVs plays a very strong role.  Then you have 
two firms (BMA, FCA) who decide to strongly invest resources in manufacturing 
EVs, even if the 500e began as a compliance car. 
 
For the Docklands, the LDDC played a critical role and now the Mayor of London and 
Transport for London (TfL) play strong roles. 
 
The PRT in Poland seems to lack any real support whatsoever besides its 
inventors/innovator and a single pilot project.  
 

7. Which institutions (or lack thereof) contributed to make this case study a 
success/failure? Were there particular governance aspects that played a crucial 
role in the process? 

 
We argue both EV cases need to reflect a multi-scalar approach on EVs, which 
accounts for three levels:  global, technological, and corporate:  
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For the Docklands, you see a similarly multi-scalar network in support of it: 
 

Actor Description  
Central Government High level power in decision making for Docklands renewal  

 
London Dockland Study Team Central government commissioned the London Dockland 

Study Team to undertake a strategic assessment of the 
economic problems and potential of Docklands. 

Docklands Joint Committee 
(DJC) 

DJC included representatives from the five local boroughs, the 
Greater London Council (GLC), the Department of the 
Environment (DoE), and the local community. (DJC was 
replaced by  LDDC). 

Department of the 
Environment (DoE) 

Membered in DJC by a representative 

Greater London Council (GLC) Membered in DJC by a representative 
local boroughs Representatives of five local boroughs membered in DJC 
local community Representatives of local community membered in DJC. 

No representatives of local community were in DLCC. Certain 
long-established local community organisations impacted by 
land usage. 
 

London Dockland 
Development Corporation 
(LDDC)  

LDDC in replace of DJC, was created by Government as an 
urban development corporation. 
LDDC was founded as  non-elected organisation. Its Board 
members were appointed by the Secretary of the State for the 
Environment.  
It was a single-minded, unbureaucratic, fast moving 
organization. 

Docklands Consultative 
Committee (funded by the 
London Labour local 
authorities) 

Oppositions against negative externalities and use of lands 

Neighbouring local Impacted by negative externalities 
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The PRT lacks this sort of polycentrism.  
 

8. Which policies measures or regulations contributed to making this a success or a 
failure? 

 
A multitude exist, but as mentioned, if I had to pick one, for EVs it would be 
California’s ZEV mandate. 
 
For the Docklands, master transport planning strategies for London. 
 
For Poland, policies for cars and roads erode the viability of LRT. 
 
 

9. Did the EU level innovation system/ EU regulation play a role in the 
success/failure? 

 
Yes, it’s present in all three successes (BMW, Fiat, Docklands) but not as a primary 
driver, just with secondary support, in my opinion.  
 
 

10. Does the EU level case study reflect the experience of any particular country? 
 
Not really, as we chose subnational cases.  The Docklands and PRT are more about 
cities and municipal areas and planning, embedded in the UK and Poland for sure 
but still separate and distinct from it. 
 
And as noted above, our BMW and Fiat cases are at the corporate level so it 
transcends any given country, although it was shaped by some German and Italian 
policies.  
 

11. What main barriers do you think are currently not well represented in IAMs?  
 
Political support (or lack of it) for sure 
 
Uncertainty and inconsistency is a huge obstacle, especially differences between 
policies on paper, and what happens in reality (Poland has strong support for LRT 
on paper, but it’s a fiction); same with changes and shifts in strategy, Fiat completely 
turned around from opposing EVs to supporting them in a  course of a decade  
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