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1. Version log 

Version Date Released by  Nature of Change 

First Version 9 Jan 2019 E. Verdolini, CMCC Compiled description of CMCC work within T1.4 for 
all the sections required in the template.  

Second Version 10 Jan 2019 F. Nicolli, EUI Compiled description of EUI work within T1.4 for all 
the sections required in the template, except the 
conclusions. 

Third Version 10 Jan 2019 F. Vona,    SPO Comments on EUI and CMCC work 

Fourth Version 11 Jan 2019 F. Vona, SPO Compiled description of SPO work within T1.4 for 
all the sections required in the template. 

Fifth Version 11 Jan 2019 B. Sovacool, SPRU Compiled description of SPRU work within T1.4 for 
all the sections required in the template, except the 
conclusions.  

Sixth Version 11 Jan 2019 F. Vona, SPO Comments to first draft SPRU and add suggestions 
for the conclusions 

Seventh Version 14 Jan 2019 B. Sovacool, SPRU Revised the text and add the conclusions 

Eight Version 15 Jan 2019 F. Nicolli, EUI 

E. Verdolini, CMCC 

Revised the text and added comments  

Ninth Version 16 Jan 2019 F. Vona, SPO Added the introduction and the conclusions, 
merged SPRU, EUI and CMCC works 

Tenth Version  16 Jan 2019 W. McDowall, UCL Compiled description of UCL work within T1.4 for 
all the sections required in the template. 

Eleventh Version 17 Jan 2019 F. Vona, SPO  

F. Nicolli, EUI 

Comments on UCL work, additions of EUI 
conclusions 

Twelveth version 22 Jan 2019 L. Diaz Anadon, UCAM Edits and comments 

Thirteenth version 27 Jan 2019 W. McDowall, UCL Revised the text  

Fourtheenth 
version 

28 Jan 2019 F. Vona, SPO 

P. Land, ICLEI 
Final edits and merge files 
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2. Definition and acronyms  

 

Acronyms Definitions 

IPCC The Intergovernmental Panel on Climate Change 

OECD Organization of Economic Cooperation and Development 

IEA International Energy Agency 

ISCO International Standard Classification of Occupations 

PH Porter’s Hypothesis 

PHH Pollution Haven Hypothesis 

EV Electric Vehicle 

PV Photovoltaic Panel  

GHG Green House Gas 

ICT Information and Communication Technologies 

EPS Environmental Policy Stringency indicator 

NVIVO A qualitative data analysis computer software  

EU-ETS EU- Emission Trading Scheme 

SMIP UK Smart Meter Implementation Program 

EU-LFS EU-Labour Force Survey  

WIOD World Input Output Database, http://www.wiod.org/home  

EU-KLEMS Database on growth and productivity accounts, http://www.euklems.net/  

OECD-REGPAT Patent statistics by region, https://www.oecd.org/sti/inno/40794372.pdf  

OECD STAN Structural Analysis Database 
http://www.oecd.org/industry/ind/stanstructuralanalysisdatabase.htm  

MOP German Mobility Panel  

ETM European TIMES model; TIMES stands for “The Integrated Markal-EFOM 
system (done by UCL) 

 

  

http://www.wiod.org/home
http://www.euklems.net/
https://www.oecd.org/sti/inno/40794372.pdf
http://www.oecd.org/industry/ind/stanstructuralanalysisdatabase.htm
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3. Introduction 

 

This report presents a Socio-Technical Analysis (D1.4) of previous energy 

transitions. INNOPATHS has a prominent focus on the socio-economic aspect of 

the low-carbon transition because arguments such as “job killing regulation” and 

“regressive distributional effects” are often used to argue against the acceptability 

of climate policies. Identifying what may have been the distributional impacts of 

previous energy transitions is a key component of INNOPATHS, since it provides 

additional empirical support on a crucial aspect of the co-design of scenarios to 

capture the benefits for the winners and costs for the losers.  

 

However, winners and losers of the introduction of different policies and 

technologies are difficult to identify because a possible low-carbon pathway 

affects each actor along multiple dimensions. To address this fundamental issue, 

this report analyses the work in T1.4, which is a very sizeable task attempting to 

better understand socio-economic impacts along multiple dimensions and actors: 

regions (UCL), households (EUI), workers (SPO), countries and sectors (CMCC, 

SPO) and stakeholders (SPRU). The diversity of approaches used to examine 

problems at different level of aggregation highlights the complexity of the socio-

economic impacts. This task 1.4 covers four of the five key sectors in terms of 

carbon impacts and scope for low-carbon innovation, namely: power (UCL, SPO, 

SPRU), transport (EUI, SPRU), industry (CMCC, SPO) and, to a lesser extent, 

agriculture (UCL). The report is thus composed of a collection of studies, each 

examining a particular aspect of the socio-economic impacts of past low-carbon 

transitions using different methodologies. Table 1 contains a synoptic overview 

of these studies, attached in the Appendix. 

 

In terms of policy insights, a first set of papers addresses the issue of how to 

alleviate the social costs of different transitions for the most vulnerable subjects, 

such as low-income households living in rural areas, carbon-intensive regions or 

unskilled workers in carbon-intensive sectors subject to relocation risk. A second 

set of papers addresses social justice and ethical issues that accompany the 

adoption of different low-carbon technologies, such as electric vehicles, solar PV 
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and global value chain effect. Overall, each of the studies presented in this report 

aims to offer insights regarding the co-design of the low-carbon pathways and to 

inform policy-makers of the most critical issues for specific communities and 

sectors.   

 

 

Table 1: Summary of papers (the full text of the papers is included in the 
Appendix) 

Author Paper 
Acronym 

Paper Short Title Country/Years Sectors 
(and in some 
cases 
technology) 

Method 

CMCC P1 Environmental Policy 
and International Trade 

40 major 
economies  
1996-2011 

Industry Quantitative 

EUI P2 Technological progress 
for the rich? 

Germany, 
2004-2011 

Transport, 
Cars 

Quantitative 

SPO P3 Climate Policy and 
Skill-bias employment 
dynamics 

15 EU, 1995-
2011 

Industry, 
Power 

Quantitative 

SPO P4 Job Losses and the 
Political Acceptability of 
Climate Policies 

Carbon-
intensive 
regions in rich 
countries 

Carbon-
intensive  

Qualitative 

SPRU P5 Beyond cost and 
carbon: co-benefits of 
low carbon transitions 

Norway, 
France, 
Germany, UK 

Transport, 
Power  

Case Study 

SPRU P6 Decarbonisation and its 
discontents: A critical 
justice perspective 

Norway, 
France, 
Germany, UK 

Transport, 
Power  

Case Study 

SPRU P7 The whole systems 
energy justice of four 
European low-carbon 
transitions 

Norway, 
France, 
Germany, UK 

Transport, 
Power  

Case Study 

SPRU P8 Vulnerability and 
resistance in the United 
Kingdom's smart meter 
transition 

UK Power, 
Smart 
meters 

Case Study 

SPRU P9 Energy Injustice and 
Nordic Electric Mobility: 
Inequality, Elitism, and 
Externalities  

Norway Transport, 
EV  

Case Study 

UCL P10 Regions and the 
decline of high-carbon 
industries 

EU, NUTS2 
regions  

Industry Quantitative 

UCL P11 The political economy 
of actively phasing out 
harmful industries 

South-east 
USA, Quebec, 
North-east 
England 

Polluting Case study 

Note: SPRU team presented four other papers that are also attached in the Appendix. Since these papers 
are on conceptual issues, we did not include them in the Table for sake of space 
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The main goal of INNOPATHS is to deliver a set of options for a low-carbon 

strategy for the EU that have a high chance of  being effectively implemented, 

accepted, sustained, and well-managed. The assessment of the socio-economic 

impacts of such strategies on workers, households, communities and 

stakeholders is crucial to overcome barriers to the low-carbon transition. Within 

INNOPATHS, this D1.4 report in WP1 is a first step towards this assessment and 

it forms the basis of additional work developed in other WPs. In particular, this 

report is a key input for modelling and narrative scenarios developed in other 

WPs in INNOPATHS, notably WP2 and WP3. This report and its associated 

papers are being used to inform co-design in WP3 and the analysis of WP2 on 

innovation for the energy transition and its distributional impacts, e.g. skill-biased 

effect of energy technologies. In WP4, the analysis of employment effect will be 

deepened using fine-grained firm-level data for France, while the analysis of the 

relationship between inequality and the low-carbon transition will be broadened 

using cross-country regressions.  

With respect to the state-of-the-art in research, this deliverable enhances our 

understanding of the socio-economic impact of the past energy transitions along 

different dimensions.  

 

3.1 State-of-the-Art and links with other WPs 
 
First, to the best of our knowledge, this report is a first attempt to characterize the 

social and ethical impacts of specific low-carbon technologies covering a range 

of geographic, sectoral, and methodological perspectives. Due to data limitations, 

this key goal of INNOPATHS has been primarily explored through the four case 

studies presented by SPRU (P4 to P9). EUI made one of the few attempts to 

examine the issue of the income inequality and technology adoption with 

quantitative data, looking at the relation between income and the ownership of 

energy-efficient cars in Germany (P2). In task 2.2, SPO and CMCC plan to extend 

the analysis in T1.4 of the impact of climate policies for different groups of workers 

carried out in this task, with a devoted focus on changes in the skills needed for 

the workforce in a low-carbon future spanning the five main sectors examined in 

the project. However, already in this task, SPO carried out the first analysis of the 
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skill-biased employment impacts of climate policies, essentially the EU-ETS and 

energy prices (a proxy of carbon taxes), for EU countries (P3).  

 

Second, UCL made a first attempt to build an indicator of vulnerability to climate 

policies through their effect on high-carbon regions (P10). Although this research 

effort and its associated paper(s) are still in-progress, this analysis of the impact 

of environmental policies on regional competitiveness and employment in high-

carbon sectors is new in the literature. This work by UCL researchers has been 

complemented by two further work: i) a comparative case study analysis of three 

industries in which policies were significant contributors to a reduction in the size 

of the industry, also led by UCL (P11); and ii) a critical survey of the political-

economy of the “job killing” policy argument, a piece of research led by SPO (P4).    

 

Third, assessing the impact of environmental policies on competiveness is 

certainly not new in the academic and policy literatures. The work of CMCC in 

T1.4 has resulted in the proposal of a new methodology, borrowed from the 

international trade literature, to estimate the extent to which environmental 

policies shape international competitiveness, measured by the volume of bilateral 

trade flows (P1). The analysis of the contemporaneous effect of climate policies 

on employment and competitiveness is also contained in the research of SPO 

(P3). The novelty here is to examine the impact of several climate policies on 

both competitiveness and social outcomes, i.e. employment for different skill 

groups.  

 

3.2 Objectives of the Deliverables 
 
The main objective of the deliverable is to provide a novel analysis of the socio-

economic implications of previous transitions through quantitative and qualitative 

approaches and through lenses examining different geographic levels. This 

deliverable assesses different types of socio-economic outcomes, including the 

distributional, macro-economic and ethical effects of different transitions to inform 

WP2 case studies and WP3 scenario co-design. Reflecting the diversity of 
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approaches and the multidimensionality of the socio-economic impacts, each 

team engaged in task 1.4 had particular sub-objectives: 

 SPRU investigated ethical and justice impacts of the low-carbon transitions 

with case studies investigating electric vehicles in Denmark, wind energy in 

the UK, solar energy in Germany and nuclear power France. Such case 

studies will be used to evaluate two issues: (1) the hazards and externalities 

of energy projects, and to what extent they are imposed on communities 

unequally, with special attention to the burden on poor, disempowered, or 

marginalized segments of society and (2) the extent to which energy projects 

proceed with exclusionary forms of decision-making rules and procedures that 

lack due process for involvement and representation.  

 UCL assessed the regional level to consider the potential issues and options 

in addressing the socio-economic challenges created by the decline of 

existing carbon-intensive economic activities. It identified regions particularly 

dependent on economic activities that decline in the low-carbon scenarios 

examined in WP1 using regional business statistics and assess a set of 

historical case studies to generate insights into the political economy forces 

that result in resistance to change, the socio-economic impacts of industrial 

decline and change, and the policies that can ameliorate such impacts. 

 EUI used household level data on energy investments to provide evidence 

regarding the possible unequal access to low-carbon technologies due to 

investment barriers for consumers. All levels of analysis evaluated major 

obstacles, and propose possible policy solutions, to technological 

improvement for the low-income population. 

 SPO and CMCC relied on an econometric approach to provide insights on the 

labor market and competitiveness effect of environmental regulation on 

sectoral (on EU countries) performance, skill composition of the workforce 

and, provided the data are available, wage premia to different occupational 

groups. To this end, they merged data from various source: WIOD for 

emissions and sectoral performance, EU-KLEMS for wages, the EU Labor 

Force Survey for skills and occupational categories, and ONET to match 

occupational categories. The SPO team focused more on labour market 

impacts, while the CMCC team on competitiveness impact. Due to data 
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limitations, SPO did not investigate wage effects but add an analysis of the 

impact of different policies on labour productivity and of the mediating role of 

green innovation on employment and skills. CMCC focused mostly on 

international competitiveness using data on bilateral trade flows.  

 

4. Activities carried out and results 

 

4.1 Activities  
 
CMCC research, and in particular the paper “Environmental Policy and 

International Trade: New Evidence from Structural Gravity” (P1), addressed the 

important issue linked with the assessment of competitiveness impacts of 

environmental policy. CMCC collected data on sector-level bidirectional trade in 

a sample of 40 countries (major world economies) over the period 1996-2011. 

The source of the data was the World Input Output Database (WIOD henceforth). 

Aim of the empirical analysis was to test whether more stringent environmental 

policies affect the volume of bilateral trade in the sample. This is an important 

research question because there is a concern that more stringent environmental 

policies may harm the competiveness of the enforcing country and give rise to 

relocation effects for industry, or alter significantly the balance of trade. 

Economists have developed two main, conflicting theories of possible effects.  

The Pollution Haven Hypothesis (PHH) holds that firms will relocate in markets 

with laxer environmental policies. In turn, this should affect the size and 

composition of trade. Conversely, the Porter Hypothesis (PH) holds that well-

designed environmental policies will not harm competitiveness. In this case, no 

impact on trade patterns should be detected. 

 

CMCC estimated the impact of environmental policy on imports and exports for 

14 manufacturing industries in 40 countries over the period 1996-2011 with a 

novel approach, consistent with structural gravity (Anderson and Yotov, 2012; 

Fally, 2015). Specifically, the study implements a two-stage procedure whereby 

importer and exporter fixed effects are first derived from a set of sector-level 

gravity equations. Then, estimates of how policy stringency affects such country-
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sector-time specific determinants of international trade are produced, conditional 

on other relevant covariates. Environmental policy stringency is measured using 

the approach suggested in Brunel and Levinson (2013) which uses sectoral level 

data on emissions from the WIOD to compute country-year proxies of 

environmental policy stringency. These are then weighted by an indicator of 

sectoral “environmental dependence" built using pre-sample information. This 

allows to test whether the impact of environmental policy on trade varies 

according to the level of environmental dependence at the sector level, à la Rajan 

and Zingales (1998).  

 

For further details, the full paper is attached to this deliverable as an Appendix.  

 

SPO research assessed the labour market impacts of low-carbon transition and 

the political-economy consequences of these impacts.  

 

In the first and main paper “Climate Policies and Skill-Biased Employment 

Dynamics: evidence from EU countries” (P3), the SPO team focuses on the 

evaluation the impact of climate policies on employment, the skill composition of 

the workforce and productivity (a proxy of competitiveness) using panel data 

econometrics.  The motivation of our work is that climate policies may have large 

distributional consequences for different groups of workers, even if they are 

unlikely to affect total employment. This crucially undermines their political 

acceptability, as shown in the second paper “Job Losses and the Political 

Acceptability of Climate Policies: why the “job-killing” argument is so persistent 

and how to overturn it” (P4). 

 

The novelty of the first paper is that it is the first, with the exception of Vona et al. 

(2018) for the US, to look explicitly at the consequences of climate policies for 

different skill groups. In doing so, we carried out three steps. First, we assembled 

a unique dataset containing for 14 countries and 15 sectors (utilities, mining and 

13 manufacturing sectors) over the period 1995-2011 information on: i) measures 

of climate policies, namely energy prices, the OECD index of environmental 

policy stringency and the stringency of the EU- Emission Trading Scheme (EU-



                                                      D1.4 Socio-Technical Analysis Report 

 

PU Page 13  Version 3 
 

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

 

ETS) for the sector (source: various IEA and OECD datasets); ii) workforce skills, 

focusing on managers, professionals, technicians and blue collar workers 

(source: EU-Labour Force Survey, EU-LFS); iii) structural drivers of employment 

dynamics such international competition (source: OECD STAN dataset), ICT and 

non-ICT capital investments (source: EU-KLEMS), emission intensity as proxy of 

sectoral policy exposure (source: WIOD) and green patents as proxy of 

innovative response to policy of the sector (source: OECD-REGPAT).  

 

Second, isolating the associations between climate policies and workforce 

composition is challenging due to the contemporaneous presence of other 

structural drivers that have well-known biased effects on labour demand (Autor 

and Acemoglu, 2011). We therefore developed a taxonomy of sectors based on 

their degree of exposure to structural drivers affecting labour market outcomes. 

We used cluster analysis which is the most natural method for allowing the data 

reveal this taxonomy.  

 

Third, we estimated the impact of climate policies on skill-biased employment 

dynamics depurating the policy effect from cluster dummies constructed above 

(capturing the contemporaneous exposure of a given sector-country pair to 

several structural shocks) as well as sector-, year- and country-fixed effects. We 

take care of the endogeneity in climate policies using a standard shift-share 

instrumental variable strategy. For instance, in the case of energy prices, this 

instrument is built by multiplying the vector of sectoral shares of each energy 

source (coal, gas, electricity, etc.) at time 0 (1995 in our case) by the vector of 

the time-varying prices of each source at the national level.  We also explore the 

extent to which the skill-biased employment effects depends on the green 

capacity of the country, as proxied by the green patent stock.  

 

For further detail, the full paper is attached to this deliverable as an Appendix.  

The second paper, also enclosed in the Appendix, combines existing case 

studies and empirical evidence to understand why the job killing argument is so 

persistent for climate policies. We use collective action theory (Olson, 1965), the 

concept of just transition (Rosemberg 2010) and insight from economic theory on 
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formation of green preferences, and their non-homotheticity (Vona and Patriarca, 

2011), to identify a series of amplifying factors that undermine the political 

acceptability of climate policies for unskilled workers that are already exposed to 

other negative shocks.  

 

EUI research and in particular the paper “Technological progress for the rich?” 

(P2) examined how income and income distribution affect the adoption of electric 

and green vehicles. Theoretically speaking, the question is nontrivial. Innovation 

theory suggests that a certain degree of inequality is a precondition for the early 

adoption of new and costlier green technologies, as it allows pioneer consumers 

to buy initially expensive goods, thus promoting price reductions and further 

technological diffusion (Bertola et al., 2006). However, early adoption translates 

in larger benefits for society only when the distance between different income 

groups is relatively low (Vona and Patriarca, 2011). On the contrary, excessive 

income distance may result in consumption polarization. This is exactly the case 

for energy-efficient vehicles, which are more expensive than traditional cars, are 

generally more diffused among rich consumers. In presence of such consumption 

polarization, an additional fuel tax, being regressive, can further increase income 

inequality. 

 

From an environmental perspective, it is also worth noting that the adoption of 

green vehicles does not necessarily translate into better environmental conditions 

if it comes without a diffused change in consumer behaviour and an overall 

transition towards more sustainable mobility. Otherwise, the diffusion of green 

vehicles can give rise to rebound effects, which end up increasing total emissions 

(Cox et al., 2012).  

 

For this reason, a study on the determinants of the adoption of fuel-efficient 

vehicles and drivers behaviour can help to understand the future of the 

automobile sector and its expected impact on the environment.   

 

In order to find an answer to this set of questions, EUI conducted a series of 

descriptive and empirical analysis exploiting the German Mobility Panel (MOP): 
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a rotating panel on transportation behaviour that tracks individual for three years 

since 1994. Thanks to this extensive source of data, we created a panel of 

German households over the years 2004-2016. This panel includes information 

on each car owned by the interviewed households and its use, as well as some 

socio-economic characteristics of the households and its components. Thanks to 

these data, we conducted two type of empirical exercises. First, we performed a 

series of descriptive analysis aimed at describing car and households’ 

characteristics. Second, we conducted a multivariate analysis to test the impact 

of income on the probability of purchasing a fuel efficient car, conditional to 

several socio-economic households’ characteristics. 

 

For further details, the full paper is attached to this deliverable as an Appendix.  

 

UCL research and in particular the paper “EU regions and the decline of high-

carbon industries” (P10) developed an index for the vulnerabilities of regions 

across the EU that have high dependence on high-carbon economic activities. 

Understanding such vulnerability is important both because of the direct welfare 

implications and because of their potential importance for the politics of 

transitions. 

While some existing work has explored the regional economic impacts of specific 

policy instruments, this analysis explore vulnerability associated with particular 

technology pathways, independent of climate policy instruments. The aim is to 

assess the geography of dependence on high carbon activities, rather than the 

specific expected outcomes of particular policy interventions. In doing so, the 

analysis combines multiple different dimensions of vulnerability.  

Following the IPCC (2014) framework on measuring vulnerability to climate 

impacts, the study developed an index of the vulnerability of regions that currently 

rely on high-carbon activities to decarbonisation. The index considers a region’s 

exposure, sensitivity, and adaptive capacity. Exposure is defined here as a 

generic exposure to decarbonisation – i.e. it reflects the expected decline in the 

high-carbon activities in decarbonisation scenarios. Sensitivity is defined as the 

shares of jobs that are high-carbon and that can be expected to be phased out, 

or substantially reduced, in such decarbonisation scenarios. Sensitivity for each 
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vulnerable sector is weighted based on a sector-specific measure of the 

relatedness of high-carbon to other sectors. This weighting aims to capture the 

idea that job losses are more difficult to re-absorb into the economy when the lost 

jobs rely on skills that are relatively less portable to other sectors. The empirical 

data used for this sector-specific measure is drawn from Neffke et al. (2017), who 

analysed job changes in Germany between 1999 and 2008. Their data reveals 

the highly structured nature of inter-industry job switches, suggesting that some 

industries (such as coal mining) have relatively few closely related sectors, 

whereas others (such as vehicle manufacturing) have many closely related 

sectors. Finally, adaptive capacity is based on two components: unemployment 

and  education.  

 

The sectors considered are: mining of coal and lignite (NACE Rev 2 code: B05), 

extraction of crude petroleum and natural gas (B06), and the manufacture of coke 

and refined petroleum products (C19). We also disaggregated a fourth sector 

(manufacture of motor vehicles, trailers, and semi-trailers (C29)) in order to 

identify the share of such jobs in each region that are associated with the 

manufacture of internal combustion engines – since most decarbonisation 

scenarios suggest a shift away from internal combustion and towards electric 

drive-trains. Other, energy-intensive sectors which are often thought to be equally 

vulnerable to decarbonisation (steel, paper/pulp, chemicals, etc.) excluded. This 

is because decarbonisation scenarios do not result in the displacement of such 

activities: they are expected to remain active parts of the economy, despite 

challenges in transforming them to lower-carbon processes. 

The main data source to determine shares of high-carbon employment was the 

Eurostat Structural Business Statistics. A range of other data sources were used 

to estimate missing and confidential values, including the European Pollutant and 

Transfer Register and a dataset by the European Automobile Manufacturers 

Association on automobile assembly and engine production plants. The latter 

was also used to limit workers under C29 code to those working in the 

manufacture of internal combustion engines only. 

The approach to indicator development is similar to those used in Allison et al. 

(2004), who developed a vulnerability indicator for countries with a high economic 
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dependence on fisheries. Our paper adapts this indicator to the context of 

dependence on high-carbon activities, but uses the same basic conceptual 

approach to measuring vulnerability.  

There are important limitations to the approach: in particular, there are data 

weaknesses with regard to the coverage of high carbon sectors (the omission of 

support services for fossil fuel extraction sectors is particularly important here). 

There are also limitations to the use of labour flows as a way of measuring the 

relatedness of sectors. While observed job flows between industries can provide 

some information on relatedness, they do not account for losses in the value of 

industry-specific skills (i.e. a worker may have secured a new job in a new sector, 

but they may have switched to a lower-skill sector and lost the value of the skills 

they had developed in a previous sector).  

 

In a second paper (“The political economy of actively phasing out harmful 

industries: lessons from three case studies”; P11), UCL has explored three case 

studies that reveal insights into the political economy of industry decline. These 

cases explore situations in which policymakers have actively sought to phase out 

particular industrial activities, for a range of policy reasons. This is broadly similar 

to the situation faced by many high-carbon industrial activities, particularly those 

related to coal. While there is considerable existing work exploring the political 

dynamics of industrial decline, research focusing on active phase-out policies is 

a relative new area of research, with just a handle of cases having been explored 

(see, e.g. Rosenbloom 2018, Johnstone and Hielscher 2017).  

 

Case studies for INNOPATHS were selected from beyond the immediate focus 

on energy and climate change, in order to examine some longer-term questions.  

The first two case studies (on asbestos mining and tobacco production) were 

selected because of the policy context for decline. In both cases, the industry 

came under policy pressure because consumption of the good was revealed to 

cause significant harm – analogous to the pressure faced by high-carbon 

activities. The third case study (long-distance cod trawling in Hull & Grimsby) was 

selected because it provides a useful insight into the long-term political after-

effects of a policy-induced decline. The case studies are based on desk-research. 
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This comprised a review of academic literature discussing the case, and 

examination of two other data sources: contemporary print media coverage of the 

cases; and policy documents, particularly parliamentary and congressional 

debates and government reports. 

 

SPRU research: SPRU had initially proposed two tasks as part of 1.4 in the 

proposal and grant agreement: 

i) Analysis of the distribution of cost and benefits of the energy transition: 

SPRU will carry out case studies to evaluate two issues: (1) the 

hazards and externalities of energy projects, and to what extent they 

are imposed on communities unequally, with special attention to the 

burden on poor, disempowered, or marginalized segments of society 

and (2) the extent to which energy projects proceed with exclusionary 

forms of decision-making rules and procedures that lack due process 

for involvement and representation. 

ii) Exploring ethical and social justice implications of the energy transition: 

Researchers at SPRU will investigate ethical and justice impacts of the 

low-carbon transitions with case studies investigating electric vehicles 

in Denmark, wind energy in the UK, solar energy in Germany and 

nuclear power France. We will also link our findings to policy 

recommendations and provide analysis as to how these insights can 

be included in scenarios. 

 

During the first INNOPATHS meeting in 2018, it was decided that we would 

combine both of these efforts into a single research design (methods of data 

collection) as well as outputs. It was also decided that we could select slightly 

different cases given that wind energy has been overstudied in the literature and 

that EVs have not really taken off in Denmark. 

 

SPRU research focused on the distribution of costs and benefits of the energy 

transition using case studies analysis. As a starting point, cases were selected to 

represent a European or world leader in two sets of low-carbon technologies, two 

supply oriented (nuclear power, solar PV) and two demand/end-use oriented 
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(EVs, smart meters). The cases also portray different timescales in terms of 

initiation (nuclear power in the 1970s, EVs in the 1990s, solar PV in 2000s, and 

smart meters in the 2010s).  France was chosen because it has a strong history 

of state-led nuclear power development that has made it a European leader for 

decades (75% of total electricity supply). Germany was selected because it has 

the greatest total capacity of solar PV installed anywhere in the world, with 43,000 

MW installed at the end of 2017, providing 7.2 % of gross national supply and 

41% of Europe’s solar PVs.  Norway was selected because it is the world leader 

in the per capita deployment of battery-powered electric vehicles, or EVs (0.16 

per inhabitant, the highest in the world). Finally, Great Britain was selected 

because of its aggressive national smart meters program (formally known as the 

Smart Meter Implementation Program, SMIP)—which will install digital meters 

that can track consumption instantaneously for electricity and natural gas—that 

began to be rolled out across England, Scotland, and Wales in 2016.   

 

As second step, we proceeded with a qualitative research design that mixed 

methods across three approaches: semi-structured research interviews with 

experts, to obtain expert opinion; five focus groups in non-capital areas, to obtain 

public opinion; and the monitoring of twelve internet forums (three per country), 

to solicit public opinion beyond the somewhat limited scope of the focus groups.  

We conducted 64 interviews, 16 per country, obtaining a diverse mix of data from 

across academic institutions, non-profit organizations and civil society groups, 

government departments (including independent regulators), think tanks, and 

industry (including trade bodies and financial institutions) in the summer and fall 

of 2018. In each interview, we asked (among other questions): ‘What do you see 

as some of the most significant co-benefits or advantages to the energy transition 

being examined?’ The research interviews generally lasted between thirty and 

ninety minutes, were digitally recorded, and participants were guaranteed 

anonymity to protect their identity and encourage candor.  

 

To supplement our expert interviews with public perceptions, we conducted five 

focus groups in non-capital areas of each country, namely Lewes (GB), Colmar 

(France), Freiburg (Germany), and Stavanger (Norway) with a total of 15 



                                                      D1.4 Socio-Technical Analysis Report 

 

PU Page 20  Version 3 
 

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

 

participants Interviews tend to reveal more private, in-depth opinions, whereas 

focus groups reveal more public attitudes and consensus values (Kaplowitz and 

Hoehn 2001; Gailing and Naumann 2018).  

 

To triangulate our interviews and focus groups, we posted research questions on 

online internet forums, three per country, to solicit public input beyond the focus 

groups.  Collectively, these forums had almost 2.1 million members that we could 

identify. For each case study, we asked: “What are the biggest advantages of 

low-carbon innovations such as smart meters, EVs, solar PV, or nuclear?  Who 

are the big recipients of those benefits or winners?” This resulted in 58 additional 

responses.   

After collection of the interview, focus group, and internet forum data, all audio 

and textual data were transcribed, with each respondent given a unique 

identifying number. All transcripts were then coded by two researchers. Our 

coding scheme was exhaustive and inductive, meaning we coded every response 

and then analyzed the full sample using NVIVO, a computer program for 

organizing, collating, and searching data. 

 

4.2 Results 
 

CMCC results: Initial results of CMCC’s analysis show that stricter environmental 

policy is not associated with higher imports from dirty industries, and that laxer 

environmental policy is not associated with higher exports of dirty goods. 

Generally speaking, these results fail to support either the PHH or the hypotheses 

put forward by Porter (1991). Overall, stricter environmental policy in our sample 

does not seem to affect bilateral trade dynamics.  

 

This paper contributes to the debate around the competitiveness (trade-related) 

impacts of environmental policies because it is the first to estimate a model that 

is consistent with theories of structural gravity of trade. Previous contributions 

present biased estimates of any impact of environmental policy on trade because 

the model is not well-specified and, specifically, it does account appropriately for 

unobserved heterogeneity through bilateral fixed effects and multi-lateral 

resistance terms parameters. 
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These initial findings need to be validated through future research in two main 

ways. First, CMCC is currently exploring the robustness of results to the use of 

alternative environmental policy indexes. For instance, CMCC is currently 

working on using an index of policy stringency as proposed by Sato et al. (2019), 

which is based on energy price and is available both at the country and at the 

sector level. Second, our results could arise due to the endogeneity of the 

environmental policy proxies, which raise concerns. To overcome this 

shortcoming, and ensure the robustness of the results, CMCC is working on an 

IV approach. Both these avenues are currently work in progress. 

 

SPO results: There are two sets of main results from the first and main paper 

“Climate Policies and Skill-Biased Employment Dynamics: evidence from EU 

countries” (P3)1.  

 

First, the cluster analysis classified each sector-country observations into one of 

the following clusters characterized by different degrees of exposure to structural 

transformations including the low-carbon transition: a low-tech global “brown” 

(examples: Textile and Transport Equipment), a mid-tech brown (examples: 

Basic Metals, Food and Wood production), a ‘Green Global High-tech’ 

(examples: machinery equipment and some plastics and textiles), ‘Black and 

Exposed to Multiple Shocks’ (examples: chemicals and mining), ‘Black High-tech’ 

(examples: electricity generation and petroleum) and ‘Exposed to Automation’ 

(our comparison group). Descriptively, we observe that the composition of the 

labour force is different across clusters, and the differences go in the expected 

directions, following a general technology-skill complementarity argument, i.e. 

high-tech clusters require more high skilled workers. We also observe that hours 

worked declined mostly in clusters exposed to multiple shocks and international 

competition, although the ‘Black High-tech’ experienced the largest employment 

decline. 

 

                                                 
1 This paper that has a revise and resubmit at the Journal of Environmental Economics and 
Management. 
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Second, the results of the econometric study highlighted the heterogeneous 

impact of climate policies across different workers’ groups. On the one hand, 

climate policies do not add to the observed decline in employment for polluting 

industries, as attested by the negative and significant coefficient of the initial GHG 

intensity, which resonates with the historical decline in energy-intensive 

industries in Europe. On the other hand, the missing association between climate 

policies and total employment masks significant heterogeneity across 

occupational groups. Broadly speaking, the skill bias of climate policies is aligned 

with that of globalization and automation: manual workers are the losers for all 

policies considered, while abstract professions (especially when considering 

energy prices) and managers (especially for ETS stringency) are the winners. A 

peculiar aspect of climate policies is the pronounced bias in favour of technical 

occupations (ISCO3), such as Physical and Engineering Science Technicians, 

Process Control Technicians and Government Regulatory Associate 

Professionals, in agreement with findings of Vona et al. (2018) for the Clean Air 

Act in the US. 

 

There are pending issues that we will seek to address in the remaining two years 

of research within INNOPATHS and in future projects. The first issue is on the 

losers and their political reactions. Preliminary responses are in the second paper 

of SPO, “Job Losses and the Political Acceptability of Climate Policies: why the 

“job-killing” argument is so persistent and how to overturn it” (P4)2, which 

identifies a series of factors undermining the political acceptability of climate 

policies for left-behind communities and skill groups already affected by other 

negative shocks. It highlights possible ways of compensating left-behind workers 

(from cash transfer to training programs) and their effectiveness. This broad 

framework will inform the discussion with stakeholders in the stages of scenario 

co-design within INNOPATHS in the effort of increasing the political acceptability.  

The second issue is on the winners, which our econometric strategy is unable to 

identify precisely. To further and better explore this issue, SPO hired a post-doc 

to carry out -- together with the CMCC team -- a classification of green products 

                                                 
2 This paper is forthcoming in Climate Policy. 
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using the PRODCOM dataset. The reason for this is that it may very well be that 

green production rather than green patents are responsible for the creation of 

new green jobs that offset job losses in carbon-intensive sectors. The post-doc 

will be in charge of developing a measure of share of green products for the 

country-sector-year covered by our existing database. We will test if the impact 

of climate policy on jobs depends on an established comparative advantage, or 

rather this comparative advantage can be built with such policies.  

 

Finally, the work of this task is connected with work under T2.2 (also with CMCC) 

and of task 4.1. In the latter, we carry out econometric estimates at the firm-level 

for France and try to contrast the effect on jobs with the effect on emissions (Marin 

and Vona, 2017). We find that, at the firm-level, the historical increase of energy 

prices has a strongly positive effect on emission reduction and a modest negative 

effect on employment. The difference in the firm- and sector-level results can be 

either explained by lack of capacity of French companies in adapting to the low-

carbon transition or by the fact that only sector-level estimates incorporate the 

across-firms within sector reallocation that mitigate the firm-specific effects, when 

added up. The analysis of green products will allow us to, at least in part, 

discriminate between these two explanations. Regarding task 2.2, we are trying 

to generate an empirical framework to measure the skill content of labour 

associated with different energy technologies/sectors. This would inform 

modelers on how to differentiate the impact of the low-carbon transitions in the 

energy sector across different workers’ groups. The main challenge in this 

respect is to extrapolate the US analysis to EU countries to allow for the 

identification of green skills in the EU data, for which such detail is not available.   

 

EUI results: The main results obtained can be summarized as follows. 

 

First, the type of car purchased and its use has changed significantly through 

time. Over the twelve years analyzed, cars have become bigger (in term of engine 

displacement in cubic centimeter) and more powerful (in term of horsepower). 

Moreover, the presence of EV, as well as Liquefied Petroleum Gas (LPG) and 

diesel vehicles, becomes more pronounced since 2010. 
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Second, there seems to be a strong correlation between income and fuel type. 

When analyzing fuel type distribution against income classes for the years 2004, 

2010 and 2014, we find some interesting results. In the last available year of our 

panel (2014), the share of energy-efficient vehicles is limited (below 10%) up to 

the “1500-2000 euro per month” income class. Similarly, over the years 2010 to 

2015, the few EV cars are owned by rich consumer and LPG cars are present 

only in high income groups. A similar result is found in a multivariate regression 

framework, in which we estimate the impact of income on the probability of 

purchasing a fuel efficient car, conditional to several socio-economic 

characteristics of households. Results show that higher income households are 

more likely to purchase a green car. Among covariates, age and house location 

are always significant across the different specifications tested, suggesting that 

EV are more diffused among the young generations and in urban areas. 

Summarizing, this analysis supports the hypothesis of a possible polarization of 

energy-efficient cars and EV adoption, which imply that an additional fuel tax, 

being regressive, can further increase income inequality. 

 

Third, richer households tend to buy bigger and more powerful cars (with respect 

to poorer households). This tendency is increasing through time, and has become 

more evident in 2014 with respect to 2004. 

 

Finally, richer households drive, on average, more kilometers per year than 

poorer ones, a result that could give rise to a rebound effect. However, it is worth 

noting that the growth rate in vehicle mileage per year is different across income 

groups, being higher for poorer households. This suggests that some degree of 

convergence in kilometers driven is occurring among consumers, partially 

supporting the hypothesis that poorer households are catching up with richer 

ones. This last result can be due to saturation in fuel demand for rich consumers 

(which could partially mitigate the rebound effect), or to the fact that poorer 

households are less likely to live in urban areas that are better served by public 

transport. However, these hypotheses have not been tested formally and will be 

investigated in future research.   
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There are, however, some pending issues. As mentioned above, data refer to the 

German case only, and the number of EV (and to a lesser extent energy-efficient 

vehicles) in the dataset, especially before year 2010, was very low. For this 

reason, results should be interpreted with care. Moreover, in this work we are not 

able to discern if the results are driven by a preference motive (i.e. pioneer 

consumer effect) related to the fact that rich consumers are more educated and 

aware of environmental issues or by the financial constraint which limits poor 

households’ capacity to buy environmental friendly vehicles. Future research will 

try to disentangle these two mechanisms. 

   
UCL results on regional vulnerability (P10) enable a preliminary ranking of 

vulnerability of NUTS 2 regions across the EU. Table 1 shows the ten regions 

that have the highest shares of high-carbon jobs for the 4 sectors included in this 

study according to the share of jobs in high-carbon sectors.  

 
Table 2: Top ten regions by share of Jobs in high-carbon sectors 

Region 
code 

Region name Country Share of high 
carbon jobs 

Major 
vulnerable 

sectors 

PL22 Slaskie Poland 5.1% Coal, automotive 

EL53 Δυτική Μακεδονία (Dytiki 
Makedonia) 

Greece 4.5% Coal 

DE11 Stuttgart Germany 3.9% Automotive 

CZ05 Severovýchod Czech 
Republic 

3.5% Mostly 
Automotive 

HU22 Nyugat-Dunántúl Hungary 3.3% Automotive 

NO04 Agder and Rogaland Norway 3.0% Oil & gas 

UKM5 Northeastern Scotland United 
Kingdom 

2.8% Oil & gas 

CZ08 Moravskoslezsko Czech 
Republic 

2.7% Coal, 
Automotive 

SE23 Västsverige Sweden 2.6% Refineries & 
Coke, 

Automotive 

CZ02 Střední Čechy Czech 
Republic 

2.5% Automotive 

 
 
Table 2  shows the 10 regions with the highest scores for our vulnerability index. 

It is clear that many regions from Table 1 remain in the top ten (since the final 

index is correlated with the high-carbon employment share, one of the constituent 
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components of the index). A comparison of the shares of high-carbon 

employment and our vulnerability index allows for insights about the role that 

region-specific and sector-specific factors play for the vulnerability of regions to 

decarbonisation scenarios. Notably, regions with low unemployment and high 

levels of education (such as Västsverige) drop out of the top ten and are replaced 

by regions with lower education and worse existing unemployment (e.g. 

Yugoiztochen). Based on our data on the skill-relatedness of sectors, regions with 

a high dependence on automotive manufacturing (such as Stuttgart) are also less 

vulnerable once such sector-specific factors are taken into account.  

 
Table 3: Top 10 regions based on vulnerability index constructed in this 

study. 
Region code Region name Country 

EL53 Dytiki Makedonia Greece 

PL22 Slaskie Poland 

NO04 Agder and Rogaland Norway 

IE05 Southern Ireland Ireland 

UKM5 North Eastern Scotland United Kingdom 

BG34 Yugoiztochen Bulgaria 

CZ05 Severovýchod Czech Republic 

CZ08 Moravskoslezsko Czech Republic 

DE11 Stuttgart Germany 

HU22 Nyugat-Dunántúl Hungary 

 
 

Finally,  Figure 1 presents a map of the resulting indicator at the NUTS2 level for 

the EU. 
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Figure 1. Map showing relative vulnerability across European NUTS2 regions 

 

It should be noted that these results are preliminary, largely because of delays 

related to difficulties in disaggregating the sector-specific employment data to the 

NUTS2 level of spatial resolution, and we have committed to further work to 

improve the index. As a next step, we will experiment with different methods to 

build the vulnerability index to test the sensitivity of the resulting rankings to 

different normalisation, weighting and aggregation approaches. Furthermore, we 

plan to use modelling outputs from two of the models used within INNOPATHS: 

UCL’s European TIMES model and potentially also the Primes model to adjust 

vulnerability scores depending on how much individual energy technologies are 

likely to be phased out by 2050 (e.g. coal vs. gas).  

 

The results offer a quantitative overview of vulnerable regions across all NUTS2 

regions of the EU. This vulnerability is not specific to any particular set of policy 

approaches: it is a straightforward illustration of the share of the local job market 

that is dependent on activities that can be expected to substantially decline as a 

result of following least-cost abatement pathways, combined with other 

dimensions of economic resilience. This is useful for policy makers as the 
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quantitative nature of the data and its summary in the form of maps make it quick 

to grasp.  

 

Our results highlight regions that will be required to undergo structural change as 

decarbonisation progresses, and that as a result may be targeted for programmes 

to facilitate such a transition. On the political-economy side, our vulnerability 

index also offers a tool to anticipate opposition to transitions to a low-carbon 

economy. 

 

UCL’s case studies (P11) echo many of the findings from recent case histories of 

coal transitions. Recent findings on coal transitions have highlighted that efforts 

to support economic diversification away from the core industry came late, and 

typically only after the industry had substantially declined. The same was true in 

the case studies explored here. In the case of both tobacco and asbestos, this 

failure to proactively support economic diversification of producer regions came 

despite several decades of prior policy efforts to control and reduce consumption. 

This reflects lessons from the emerging literature on effective policy mixes for a 

low-carbon transition: that effective governance structures are required to enable 

consistency of policy across various policy domains.  

 

UCL’s case studies also highlight the centrality of narratives of cultural identity in 

each of the cases. This is best exemplified with the story of the town of Asbestos, 

Quebec, which was for a long time the centre of asbestos mining. Asbestos 

miners there, and the community as a whole, strongly resisted efforts to regulate 

the sector – despite the widespread prevalence of severe health effects within 

the town of Asbestos itself. A self-image of asbestos as a resilient community that 

could manage the health impacts was an important narrative. At a broader scale, 

the asbestos miners held an important position in Quebec’s sense of its own 

cultural and political history (since an asbestos miners’ strike had played an 

important role in 20th century Quebecois politics). The result of these dynamics 

was a continuation of support for asbestos mining long after asbestos 

consumption had been very heavily regulated, and a failure to support a transition 

for the communities involved until after the mines had closed. The importance of 
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cultural identity in mediating community responses to threats to the local industry 

has important implications for how policymakers address phase-out policies.  

 
 
SPRU Results: Our results can be divided into two sets of papers or outputs. 

The first set of outputs are more conceptual. They do not necessarily engage 

with the empirical material, and instead represent thought pieces about justice, 

decarbonisation, and political economy itself. These three papers are included in 

the Appendix of the deliverable, but for sake of space not in Table 1.3 Here, our 

key findings can be summarized as follows. 

First, transitions in low-carbon electricity do not always translate into benefits to 

all consumers, especially poor consumers.  Drawing from examples in Australia, 

Germany and the United States, our evidence suggests that renewable energy 

does not necessarily guarantee the provision of cheaper electricity, the 

strengthening of energy security, or the enhancement of economic equity.  

Second, transitions in household innovations (such as EVs, smart meters, energy 

service contracts, and low-carbon heat in the UK) can also tradeoff with justice 

principles such as equity, affordability, recognition for the vulnerable, and 

sustainability.  

 

Third, particular actors, such as elites, are not neutral, and may “capture” 

transitions to serve their own interest. This seems to be the case in some global 

case studies, notably hard and soft coastal protection measures (Bangladesh, 

Netherlands), climate risk insurance (Malawi), and renewable energy auctions 

and associated processes of finance and investment (Mexico and South Africa).   

The second set of outputs are all empirical. This includes two standalone articles 

looking only at specific cases (one on smart meters in the UK, one on EVs in the 

Nordic region, P8 and P9)4 and then three synthetic articles looking at data across 

                                                 
3 The papers are: i) Monyei, CG, BK Sovacool, MA Brown, KEH Jenkins, S Viriri, and Y Li. 
“Justice, poverty and electricity decarbonisation,” Electricity Journal (in press, 2019); ii) Sovacool, 
BK, M Lipson, and R Chard. “Temporality, vulnerability, and energy justice in household low 
carbon innovations,” Energy Policy (in press, 2019); iii) Sovacool, BK, L Baker, M Martiskainen, 
and A Hook. “Processes of elite power and low-carbon pathways,” Submitted to Global 
Environmental Change. 
4 These papers have been both published: i) Sovacool, BK, P Kivimaa, S Hielscher, and K 
Jenkins. (2017) “Vulnerability and resistance in the United Kingdom’s smart meter transition,” 
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all four cases (P5, P6 and P7)5, focusing on (1) benefits, (2) injustices, and (3) 

whole-systems issues.   Key findings from this work include: 

 

Smart meters in the UK continue to exacerbate some forms of vulnerability, i.e. 

they can lead to increased stress and anxiety among elderly users, and face 

resistance among some consumer groups, i.e. those concerned about health and 

privacy effects or in rural areas 

 

Electric vehicles in Norway and the Nordic region as a whole are widening gaps 

between rich and poor and also unfairly distributing costs and benefits 

Nonetheless, low-carbon transitions do have meaningful co-benefits. These often 

extend beyond merely the technical, economic, or health domain.  Our empirical 

research catalogues 128 co-benefits to four European low-carbon transitions, 30 

for nuclear power, 30 for solar photovoltaic panels, 26 for electric vehicles and 42 

for smart meters. Tellingly, 37 of these collective benefits are identified as 

economic and 14 environmental, but the remaining ones illustrate a broader 

spectrum of technical benefits (31 in total, such as enhanced reliability, or 

innovation), social benefits (30 in total, such as feelings of pride or community 

cohesion) and political benefits (16 in total, such as  enhanced energy 

independence or more participatory energy decision-making).  

 

However, such benefits come at the risk of injustices as well. Our empirical work 

also identified 42 injustices spread across three spatial scales. Micro injustices 

concern immediate local impacts such as community health and nuclear waste. 

Meso injustices include national-scale issues such as rising national prices for 

                                                 
Energy Policy 109 (October, 2017), pp. 767-781. ii) Sovacool, BK, Noel, LD, G Zarazua de 
Rubens, and J Kester. (2019) “Energy injustice and Nordic electric mobility: Inequality, elitism, 
and externalities in the electrification of vehicle-to-grid (V2G) transport,” Ecological Economics 
157 (March, 2019), pp. 205-217. 
5 The full titles of these papers are: i) Sovacool, BK, M Martiskainen, A Hook, and LH Baker. 
(2019) “Beyond cost and carbon: The multidimensional co-benefits of low carbon transitions in 
Europe,” Submitted to Ecological Economics; ii) Sovacool, BK, A Hook, M Martiskainen, and LH 
Baker, (2019) “Decarbonisation and its discontents: A critical justice perspective on four low-
carbon transitions,” Submitted to Climatic Change; iii) Sovacool, BK, A Hook, M Martiskainen, 
and LH Baker. (2019) “The whole systems energy justice of four European low-carbon 
transitions,” Submitted to Global Environmental Change. 
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electricity and gas associated with smart meters. Macro injustices include global 

issues such as the reliance on raw materials, notably cobalt and copper from the 

DRC in Africa or waste flows such as electronic waste to Bangladesh and Ghana. 

All of these papers have been submitted to peer review. However, pending issues 

include that it will take some significant time for them to pass through the editorial 

process (possibly more than one year) and given that we are aiming for top-tier 

journals, our chances of having every article accepted are slim. Some will likely 

need revised and even resubmitted elsewhere.   

 

For future plans, we are working on a final project, a sort of capstone, funded by 

SPRU that will look at a “deep dive” into four specific communities negatively 

impacted by the four European low-carbon transitions: wineries in France 

(notably the Rhone Valley), solar workers in Germany (notably Eastern and 

Southern Germany), e-waste dumps in Ghana, and cobalt and copper mines in 

the DRC. We are doing field work in all four countries currently and plan to have 

a final paper done by the summer.  

 

5 Conclusions  
 

A key goal of INNOPATHS is to craft policies and institutions to support a low-

carbon transition in Europe in such a way that the benefits for new industries, 

jobs and competitiveness are maximized, while the negative impacts, such as 

those on low-income households or carbon-intensive sectors, may be mitigated. 

The insights emerging from task 1.4 are relevant to address  concerns regarding 

the balancing of inequalities in the distribution of the costs and benefits of the 

low-carbon transition. This reflects one of the main contributions of INNOPATHS: 

to consider both “equity” and “efficiency” criteria for designing “socially optimum” 

low-carbon scenarios. 

 

We can summarize the conclusions of this deliverable into three broad insights 

reflecting the heterogeneity in the efforts, methodologies and stage of 

development of research projects presented in this report. Further results, policy 
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implications, pending issues, connections with other WPs and lines for future 

research are illustrated in the bullet points below each main insight.  

 

Insight 1: Quantitative evidence on the aggregate economic and social 

impacts. Climate policies do not appear to reduce aggregate employment (P3), 

productivity (P3) and international competitiveness (P1) of EU industry and power 

generation sector. However, our results confirm a long-term employment decline 

in most carbon-intensive sectors (P3) that is likely to be explained mostly by other 

structural shocks, such as automation and globalization.  

a) No effects may be due to the fact that environmental policies in the period 

considered by P1 and P3 were not particularly stringent. Testing non-

linearities in the policy effects is thus a crucial step for future research. Within 

INNOPATHS, CMCC and SPO developed an econometric methodology to 

tackle the issue of nonlinearity in policy effect for energy innovation in WP 2 

(task 2.2, Nesta et al., 2018).  

b) On international competitiveness, P1 finds no support for the so-called Porter 

Hypothesis (i.e. well-designed environmental policies increases 

competitiveness), neither support to the Pollution Heaven Hypothesis (i.e. 

compliance costs reduce competitiveness). However, further research is 

required to address endogeneity of the measure of policy stringency.      

c) On employment, the lack of effect at the aggregate level (P3) masks a modest 

negative effect at the firm-level (task 4.1) implying that labour reallocation and 

general equilibrium effects mitigate negative local effects, but there may be 

high transitional costs for the affected workers. Again, such different results 

can be due to the fact that the policies studied at the firm-level for France in 

task 4.1 (i.e. energy prices) are more stringent than policies studied at the 

sector-by-country level in P3.  

d) Another possible explanation is that French firms are less capable to adapt to 

climate policies than its EU partners. P3 measures the adaptive capacity using 

green patents, but finds no compelling results. An alternative avenue that SPO 

and CMCC will explore in future research within INNOPATHS is to use the 

share of products to proxy the country’s adaptive capacity to climate policies 

and thus as a mediating factor for employment effects.  
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Insight 2: Distributional effects, vulnerability and political acceptability. 

Regarding the distributional effects, climate policies have been skill biased 

against manual workers and have favoured technicians and professionals (P2). 

Looking at skill-biased impacts is crucial to assess the political acceptability of 

climate policies (P4) and the vulnerability of certain regions to the low-carbon 

transition (P10). More in general, identifying the co-benefits and the offsetting 

policies (P4)  

e) While the main skill-bias pattern is broadly consistent with that of other 

structural transformations, such as the ICT revolution, we observe for climate 

policies a more marked re-direction toward technical and scientific skills 

compared to managerial and social skills. Since this result is consistent with 

that of Vona et al. (2018) for US regions, a key offsetting policy for the low-

carbon transition is to concentrate training investments in technical and 

scientific disciplines. 

f) The sectoral dimension of green skills is however missing both in the analysis 

of P3 and in that of Vona et al. (2018). In task 2.2, we are devising an empirical 

framework to measure the skill content of different energy technologies and 

this inform modelers on how to differentiate the impact of the low-carbon 

transitions in the energy sector across different workers’ groups. 

g) Climate policies can be perceived as negative for employment, especially in 

areas where polluting industries represent a large share of employment and 

in occupations and sectors already damaged by globalization and automation. 

Policymakers should distinguish between small and large distributional effects 

of climate policies, and find the appropriate combination of revenue recycling 

schemes, industrial and retraining policies as well as compensation packages 

to increase the support for such policies (P4). 

h) The conclusion of P4 speaks directly to the work of P10: there is a crucial 

need to build a synthetic indicator of vulnerability of high-carbon regions. P10 

represents a preliminary attempt to do so.  The indicator is based on a policy-

agnostic approach, i.e. it reveals a region’s vulnerability to declines in 

activities that are expected to be substantially reduced in a decarbonisation 

scenario, rather than vulnerability to specific policy instruments. Economic 
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dependence on high-carbon activities is shown to be highly variable across 

Europe, and the work highlights which regions are both dependent on high-

carbon activities and have low capacity to transition to cleaner activities.  

i) The case studies suggest two conclusions that warrant further consideration. 

First, governments have a poor track record of proactive support to enable 

phase-out from production activities that are perceived to be harmful. This is 

despite a widespread belief that early action to support diversification away 

from such activities will limit the long-run socio-economic impacts associated 

with phasing out industries. Second, the case studies emphasize the cultural 

identity dimensions of industry decline. Local industries become important 

components of a region’s identity, resulting in resistance to change even 

where the industry is causing local harm (similar results are found in paper P4 

of SPO).  

j) Case study research in P5 and P6 also suggests that energy transitions can 

create new vulnerabilities or worsen existing ones, especially among the poor, 

the rural and those working with incumbent fossil fuel technologies. To 

reinforce the political acceptability of climate policies, identifying the co-

benefits of low-carbon transitions should complement research on costs and 

their effect on vulnerable groups. As a first attempt in this direction, P5 

catalogues the co-benefits of the four case studies: 30 for nuclear, 30 for PV 

panels, 26 for EV, 42 for smart meters. Tellingly, 37 of these collective benefits 

are identified as economic and 14 environmental, but the remaining ones 

illustrate a broader spectrum of social benefits (such as feelings of pride or 

community cohesion) and political benefits (such as  enhanced energy 

independence or more participatory energy decision-making).  

  

Insight 3: Micro and case study evidence on distributional effects of 

specific technologies. Qualitative empirical evidence reveals that energy 

injustice is not only an issue for centralized energy production, but also an issue 

for decentralized energy technologies such as solar energy and EV (P6 and P7). 

Quantitative empirical evidence in P2 confirms that subsidies to low-carbon 

technology, i.e. energy-efficient cars in this case, can be highly regressive, and 

even more so for EVs (with the caveat on data quality mentioned above). 
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k) In Norway and Germany, costs were believed by respondents to have been 

shared across all tax payers despite only a few, higher income groups 

benefitting. Such concessions in one sector have also had impacts on other 

sectors, as illustrated with Norwegian ferry operators reporting losses due to 

a high number of EVs travelling free on their services. 

l) The case of EVs speaks directly to results of P2. The study shows that, in 

Germany, energy-efficient vehicle purchases are highly correlated with 

income level, being concentrated among the richer segments of the 

population. Consequently, there is the risk that traditional incentive and retire-

and-replace programs, which generally offer a blanket subsidy to all buyers, 

end up further exacerbating these inequalities. An interesting exception is the 

Californian’ “Enhanced Fleet Modernization Program”, which provides 

subsidies to low- and middle-income households and to households living in 

or near “disadvantaged” communities (Muehlegger and Rapson, 2018). 

Overall, incentives and subsidies program which offset  the natural 

regressivity of fuel taxation and remove the financial constraints of poorer 

households to buy EVs, can make the process of electrification of vehicle fleet 

more equal. 

m) P6, P7 and P8 identified procedural injustices in decentralized technologies, 

which can still be governed or managed in essentially undemocratic ways. 

The exclusionary nature of the German FIT for solar PV and the supplier-led 

smart meter roll-out in Great Britain appear to be generating injustices that 

might have been avoided under different governance approaches or policies, 

such as the inclusion of marginalized groups in decision-making. Clearly, 

procedural injustice and lack of transparency is at its maximum in the case of 

French nuclear power, also for military reasons. 

n) The prevalence of “cosmopolitan” injustices underscored the multiple 

dimensions of energy injustice. In all four cases presented in P5-P9, this was 

related to the impacts their manufacture and waste may be having across 

whole supply chains. In the Norwegian, German, and British cases, poor 

working conditions and child labor linked to cobalt mining or rare earth 

minerals extraction were connected to the batteries and materials needed for 

EVs, solar PV, and smart meters.  French nuclear power also has close links 
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with the socio-environmental hazards of uranium mining and milling. Future 

research is required to investigate the ethical issues that arise from these 

issues.   

o) The analyses in P5-P9 show that the several injustices could be addressed 

with different policy mechanisms or incentives.  Examples include a national 

referendum on nuclear power in France (procedural injustice), shared 

ownership for solar energy in Germany (economic injustice), certification 

programs to account for hazardous material inputs and outputs such as 

lithium, cobalt, and rare earth minerals (cosmopolitan injustice) and policies 

to ensure that smart meter installations do not increase fuel poverty in 

Britain(energy poverty).  These and other policies, possibly co-designed with 

the stakeholders involved in INNOPATHS, can make low-carbon transitions 

more equal, participatory, environmentally benign, and socially sensitive.  

p) Of particular importance for INNOPATHS, elements of improved procedural 

justice such as greater participation and democracy become crucial factors in 

making sure that low-carbon transitions do not simply repeat or replace the 

injustices of the old system. After all, many of the same actors, economic 

forces and rationalities driving low-carbon transitions were benefitting from 

fossil fuel led growth.  Whether a transition guides us to a shining apex of 

energy justice, or dehumanizes us in the murky substrata of inequality and 

exclusion, is a matter of our policy design. 
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8 Appendix 
 

This appendix encloses the papers on which the reports is based and that are 

the scientific product of our research. The papers are 11 and are enclosed in the 

order presented in Table 1, that we reproduce also here to help the reader. 

Additional papers by SPRU (see notes of Table 1) are enclosed after the main 

papers. 

 
Reproduction of Table 2: Summary of papers  

Author Paper 
Acronym 

Paper Short Title Country/Years Sectors 
(and in 
some 
cases 
technology) 

Method 

CMCC P1 Environmental Policy and 
International Trade 

40 major 
economies  
1996-2011 

Industry Quantitative 

EUI P2 Technological progress 
for the rich? 

Germany, 
2004-2011 

Transport, 
Cars 

Quantitative 

SPO P3 Climate Policy and Skill-
bias employment 
dynamics 

15 EU, 1995-
2011 

Industry, 
Power 

Quantitative 

SPO P4 Job Losses and the 
Political Acceptability of 
Climate Policies 

Carbon-
intensive 
regions in rich 
countries 

Carbon-
intensive  

Qualitative 

SPRU P5 Beyond cost and carbon: 
co-benefits of low carbon 
transitions 

Norway, 
France, 
Germany, UK 

Transport, 
Power  

Case Study 

SPRU P6 Decarbonisation and its 
discontents: A critical 
justice perspective 

Norway, 
France, 
Germany, UK 

Transport, 
Power  

Case Study 

SPRU P7 The whole systems 
energy justice of four 
European low-carbon 
transitions 

Norway, 
France, 
Germany, UK 

Transport, 
Power  

Case Study 

SPRU P8 Vulnerability and 
resistance in the United 
Kingdom's smart meter 
transition 

UK Power, 
Smart 
meters 

Case Study 

SPRU P9 Energy Injustice and 
Nordic Electric Mobility: 
Inequality, Elitism, and 
Externalities  

Norway Transport, 
EV  

Case Study 

UCL P10 Regions and the decline of 
high-carbon industries 

EU, NUTS2 
regions  

Industry Quantitative 

UCL P11 The political economy of 
actively phasing out 
harmful industries 

South-east 
USA, Quebec, 
Scotland 

Polluting Case study 

Note: SPRU team presented four other papers that are also attached in the Appendix. Since these papers 
are on conceptual issues, we did not include them in the Table for sake of space 
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1 Introduction

Relevant theoretical studies (Copeland and Taylor, 1994) predict that stringent environ-

mental policies represent a cost for domestic producers of “dirty” goods, possibly changing

the pattern of comparative advantage and hence impacting bilateral trade flows. In particu-

lar, polluting industries are expected to relocate in developing countries, which are generally

characterized by laxer environmental policies. This theoretical prediction raises concerns for

both developed and developing countries. The former may face a significant loss of com-

petitiveness, while the latter may become “pollution havens” and see a significant increase

in emissions due to policy-induced industry relocation. Indeed, this “carbon leakage” is a

concern because countries committed to environmental policies would essential bear the costs

of mitigation to no avail: their economy would be hurt, and global GHGs emissions would

not decrease. Contrary to this view, the Porter hypothesis (Porter, 1991; Porter and van der

Linde, 1995) postulates that environmental policy may indeed induce efficiency and foster

innovation, and hence attenuate, if not completely reverse, the pollution haven effect.

Proving and disproving these hypotheses has been the focus of a rich theoretical and

empirical economic literature, with a large number of contributions focusing on the effects

of environmental policy on international trade.1 According to the pollution haven hypoth-

esis, policy-induced industry relocation would result in an increase in net imports of dirtier

goods from countries with laxer environmental policies. To this date, however, the evidence

is mixed and the debate has yet to be settled with a definitive answer. For instance, Combes

et al. (2014) and Grether and de Melo (2003) do not find significant effects of environmental

policy on trade, whereas other studies (Van Beers and Van Den Bergh, 1997; Kozluk and

Timiliotis, 2016) provide support for the existence of a negative relationship between strin-

gent environmental policy and trade flows. These contradicting results are partly due to

the difficulty of measuring environmental policy stringency in a multi-country, multi-sector

setting. Furthermore, a more crucial concern is that all these empirical analyses exploring

the impact of environmental policies on trade flows by means of gravity regressions are not

consistent with structural trade models. As we discuss more in detail in Section 2, this severe

empirical challenge implies that such analyses rely on mis-specified empirical models which

do not appropriately account for trade frictions.

The aim of this paper is to contribute to the debate on the trade effects of environmental

policies by overcoming these limitations. Specifically, we improve on previous analyses in two

1Other variables of interest in this literature are innovation iputs and outputs (Rubashkina et al., 2015)
as well a various measures of productivity.
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ways. First, in line with recent empirical contributions (Heid et al., 2017; Egger and Nigai,

2015; Anderson and Yotov, 2012), we apply a two-stage procedure that allows us to estimate

how environmental policy stringency impacts trade flows which is consistent with structural

gravity (Fally, 2015; Anderson and Yotov, 2012) and hence produces unbiased estimates.

This requires a two step procedure. In the first step, we derive sector-country-time importer

and exporter fixed effects from a set of structural gravity equations estimated using the

PPML estimator by Santos-Silva and Tenreyro (2006). These parameters represent consistent

estimates of the contribution of all sector-country-time variables (including environmental

policies) to bilateral trade flows. In the second stage, we regress these sector-country-year

importer and exporter parameters on proxies of sectoral environmental policy stringency

and other relevant covariates. This allows us to test whether the effects of environmental

policy on trade vary according to different levels of “environmental dependence” of each

manufacturing sector in the spirit of Rajan and Zingales (1998), conditional on other country-

sector determinants of bilateral trade.

Second, we improve on the measurement of environmental policy stringency in a multi-

country, multi-sector setting building on the approach proposed in Brunel and Levinson

(2013). This method allows to generate a robust country-level stringency indicator which

accounts for industrial composition. We then obtain sector-country level indicators by inter-

acting the country-level policy indexes with indexes of environmental dependence, computed

using pre-sample information on either energy use or carbon intensity, à la Rajan and Zin-

gales (1998).

Preliminary findings suggest that stricter environmental policy does not increase imports

of dirty goods, ceteris paribus. Exports of dirty goods are not enhanced by laxer environ-

mental policy, either. These results do not seem to provide support to the PHH nor to the

hypothesis put forward by Porter (1991).

The rest of the paper is organized as follows: Section 2 presents a critical review of the

available contributions analyzing policy-induced trade effects. Section 3 details our empirical

approach, which is consistent with structural trade models. Section 4 describes our empirical

proxies, while Section 5 discusses our preliminary findings as well as several robustness checks,

while Section 6 concludes, highlighting the main policy implications of our analyses.

3



2 Literature Review

Estimating the effect of environmental regulation on trade flows implies different em-

pirical challenges. First of all, two alternative methodologies, specifically the estimation of

import demand equation versus the estimation of gravity equation, should be considered.

The choice between the two is usually determined by data coverage, as the first option is the

only feasible one when trade figures or policy variables are available for a single country only.

Single-country studies are sometimes preferred because of the intrinsic difficulty in evaluating

environmental policies in a multi-country setting. In fact, it is difficult to identify a com-

mon metric for environmental regulations across different countries and sectors, as pointed

out by Brunel and Levinson (2013). Ederington and Minier (2003) and Ederington et al.

(2005), employing survey data on abatement expenditures, are examples of the estimation

of import demand equations based on a single country. However, the obvious shortcoming

of these studies is that they do not provide complete perspective on the PHH, lacking a

multi-country dimension.

On the other hand, the available cross-country analyses overcoming the problem of

a common measure for environmental policy, such as the study by Kozluk and Timiliotis

(2016)2, employ gravity equations that are always misspecified. In fact, they are not con-

sistent with state-of-the-art trade theory such as the Anderson and van Wincoop (2003)

model, which shows how bilateral trade flows do not solely depend on bilateral trade costs,

but on their magnitude relatively to the aggregate trade costs that each country faces with

all possible trade partners (multilateral resistances, MRTs). The estimation of well-specified

gravity equations, in fact, makes it impossible to identify the effects of country-time specific

policy variables such as environmental stringency (Head and Mayer (2014)), which would

be directly absorbed by the fixed effects included in the regressions to control for the MRT

terms.

To sum up, the existing literature provides either single-country results or multi-

country analysis based on mis-specified models, due to either imperfect policy coverage or

identification issues. In this paper, we try to tackle both these difficulties by computing a

cross-country indicator of environmental policy based on Brunel and Levinson (2013) and

employing it in a two-stage procedure consistent with structural gravity. In the first stage, we

estimate gravity equations on bilateral-sectoral trade flows. In the second stage, we retrieve

the estimated fixed-effects from the gravity equations and analyze whether they depend on

2This is based on the EPS index by the OECD, specifically designed to provide a common metric for
environmental policy across countries
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environmental policy. We also improve on existing studies given the sectoral dimension of

the data considered, which allows us to estimate the effects of environmental stringency on

trade flows of different industries, classified according to their “dirtiness”.

The gravity model is being referred to as the “workhorse” in the international trade

literature (Head and Mayer, 2014) and it has often been employed to estimate the effects of a

variety of trade policies (see Cipollina and Salvatici (2010) for a meta-analysis on reciprocal

trade agreements, Rose (2000) for the effects of currency unions). In fact, a striking regular-

ity emerges from the empirical international trade literature: trade flows obey to a modified

gravity law, similar to the Newtonian one (Head and Mayer, 2014), because they are directly

proportional to the size of the regions involved in the economic exchange and inversely pro-

portional to their distance, an empirical proxy for bilateral trade costs. Microfoundations to

the gravity model have originally been provided in Anderson (1979). Moreover, more recent

models such as the ones from (Melitz, 2003), its asymmetric version by (Chaney, 2014), and

the (Eaton and Kortum, 2002) one prove their empirical soundness in aggregate terms as

they all deliver a testable gravity equation.

In a subsequent refinement of the original model, Anderson and van Wincoop (2003) proved

that trade flows do not solely depend on bilateral trade costs, but on their relative impor-

tance with respect to the average trade frictions that importer and exporter face with all

their trade partners, called respectively outward and inward multilateral resistances. In fact,

they show that the trade flow between i and j in sector k (Xk
i,j) can be expressed as

Xk
i,j = Y kski b

k
j

( tki,j
Πk
iP

k
j

)1−σk

where Y k is the total of world shipments, ski is the share of world shipment coming from

origin i (ski =
Y ki
Y k

) and bkj is the share of world shipment arriving to destination j from all

possible origins (bkj =
Ekj
Y k

). tki,j represents the bilateral “iceberg” trade cost: for each unit

shipped, only 1
tki,j

reaches the destination. Πk
i and P k

j represent respectively the outward and

the inward multilateral resistance terms, taking into account that bilateral trade depends on

trade frictions that importer and exporter face when trading with all their trade partners,

and correspond to price indices faced by consumers in the model as follows

(Πk
i,t)

1−σk =
∑
j

( tki,j
P k
j,t

)1−σk
bkj,t (2.1)
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(P k
j,t)

1−σk =
∑
j

( tki,j
Piki,t

)1−σk
ski,t (2.2)

Therefore, gravity can be estimated taking the log-transformation of following formula to the

data:

Xk
i,j,t = Y k

t

ski,t
(Πk

i,t)
1−σk

bkj,t
(P k

j,t)
1−σk

(tki,j)
1−σk (2.3)

= ctx
k
i,tm

k
j,t(t

k
i,j)

1−σk (2.4)

up to an i.i.d. error, where ct = Y k
t is a constant and xkit =

ski,t
(Πki,t)

1−σk and mk
j,t =

bkj,t
(Pkj,t)

1−σk are

respectively an exporter-time and an importer-time fixed effects. Bilateral trade costs tki,j are

usually proxied by geographical measures such as distance and contiguity and institutional

ones such as sharing a common language or the existence of trade agreements.

Anderson and Van Wincoop (2003) show that estimating mis-specified gravity equations,

which do not account for the multilateral resistance terms properly, would result in a bias

of the estimated coefficients. Fally (2015) proves that estimating the previous equation

using PPML (Santos-Silva and Tenreyro, 2006) yields fixed-effects which are consistent with

their theoretical general-equilibrium counterparts. Hence, one should only estimate gravity

equations using the previous equation and the PPML estimator in order to be consistent

with the theory. But the price to be paid in order to do so is that no policy variable that

is country-time varying, such as environmental protection levels, can be identified in this

context. The next section describes the strategy that we will use to overcome this problem.

3 Empirical Strategy

The first novelty of our contribution is the use of a two-step approach, consistent with

structural gravity, for the estimation of the impact of environmental policy on bilateral trade

flows. Specifically, similarly to Heid et al. (2017), we estimate the following gravity equation

separately for each sector-year3:

log(Xk
i,j,t) =BQ + γk,i,t + γk,j,t + εi,j,t (3.1)

3Specifically, we run this regression for each one of the 224 sector-year (14× 16) included in our sample,
thus having 1560 (39× 40) observations for each regression
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This first-stage equation allows us to retrieve unbiased estimates of the importer-sector

(γk,j,t) and exporter-sector (γk,i,t) fixed effects, consistent with structural gravity and condi-

tional on a (first-stage) vector of covariates Q. These include variables traditionally used in

bilateral trade models: population-weighted distance between trade partners (expressed in

logarithm) and binary indicators for contiguity, the existence of Regional Trade Agreements,

common currency union, language or colonial relationship. All these variables are described

in detail in Section 4. In the context of our analysis, the estimated first-stage fixed effects,

as explained in Section 2, capture the impact of all time-varying, importer-sector-specific or

importer-sector-specific variables on bilateral trade patterns. The estimator we use for this

first-stage regression is the the PPML estimator by Santos-Silva and Tenreyro (2006), which

is the most appropriate empirical approach in this context (Fally, 2015).

We then stack the the γk,j,t and γk,i,t fixed effects and regress each of these two se-

ries on vectors of environmental policy variables (P) and covariates (Z). This allows us

to consistently estimate how environmental policy impacts trade flows through its effect of

importer-sector-year and exporter-sector-year specific determinants.4 Our two sets of second

stage equations are specified as follows:

γk,c,t = EP + AZ + ηi + ηt + ηk + εi,j

where c = (i, j) indicates either the importer or the exporter. We discuss in detail the

computation of the indexes of environmental policy in Section 4. The second-stage control

variables include country-level (importer or exporter) fixed effects (ηc) as well as the Rule

of Law indicator (RuleLawc,t) to control for institutional and policy variables that could be

correlated with environmental policy and could bias our estimates. Moreover, we include

sector-specific fixed effects (ηk) or the sectoral level GDP to account for the size of a given

sector.

4 Data

In this section, we describe the data sources used in our empirical analysis. A list of

countries is available in Table 7. Table 8 reports summary statistics for the main variables

considered, whereas Table 9 reports the average value for each variable at the country-level.

4Note that all fixed effects are computed relative to one importer and one exporter fixed effect, which
get dropped from the estimation. We ensured to always drop from each regression the f.e. related to the
same country (Romania), chosen because the EPS index used in the robustness test is not available for this
country. In any case, results are robust if we choose another reference country.
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4.1 Trade data

Our dependent variable in the first stage equation are bilateral trade flows from exporter

country i to exporter country j in sector s and year t. These are built using the WIOD (2013)

database, which includes sectoral level input-output tables for 14 manufacturing sectors at

the two-digits ISIC rev.3 classification for 40 countries over the period 1995-2011. The WIOD

(2013) database includes information for the whole economy, covering 85% of world trade.

In this paper we limit our attention to the manufacturing sectors. Trade figures are reported

in millions of US dollars.

4.2 Environmental Policy

Our main variable of interest is the stringency of environmental policy in sector s of

country c = i, j and year t. As it is well-known in the literature, there is a scarcity of proxies

for sector-level policy stringency due to data limitations. Brunel and Levinson (2013) point

out the difficulties met in identifying a common metric for environmental regulations across

different countries and sectors. However, the WIOD (2013) database includes information

on the Environmental Accounts associated with the sector-level input-output tables. Such

Accounts include information on emissions of different types of pollutants for each sector,

country and year. We use the data on CO2 emissions and the methodology proposed by

Brunel and Levinson (2013) to build stringency index manufacturing sectors.

Specifically, we proceed in two steps. First, we use the Brunel and Levinson (2013)

approach to build a country-level indicator which compares actual emissions to predicted

emissions weighted according to industrial composition. More specifically, the approach uses

information on sectoral emissions (Es) and value added (V As,c) to compute a country-level

indicator for environmental policy P as follows:

Pc =
êc
ec

where êc are emissions predicted according to industrial composition, i.e. êc = 1
V Ac

∑
i V Ak,cek,

ek are average emissions per unit of value added in each industry (ek = Ek
V Ak

) and ec are actual

emissions per unit of value added in each country (ec = Ec
V Ac

). Countries with stricter-than-

average environmental policy will have P > 1, meaning that predicted emissions will be

higher than the observed ones. The main problem with our approach is that the P index is

extremely sensitive to country size, proxied by value added. For this reason, and given our

panel data context, we normalized it so that it is equal to 1 for each of the countries included
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in our sample in the year 1995, which we exclude from the second stage regression.

The Brunel and Levinson (2013) approach provides an index of country-level environ-

mental policy. Yet, there is a great sector-level heterogeneity within a country in terms of

environmental policy stringency. This is due to the fact that both the average level of emis-

sions and the degree of enforcement within each country vary significantly across sectors.

To overcome this shortcoming, we build sector-level indicators following an approach similar

to that of Rajan and Zingales (1998). Specifically, we compute the sector-level pre-sample

(1995) CO2 emissions per unit of value added for each one of the 14 manufacturing industries,

aggregated over the 40 countries in the analysis. We then use this indicator to partition each

sector in two categories, “low-medium” polluting and “high” polluting sectors. The latter in-

clude the four most polluting sectors, which have significantly higher levels of environmental

dependence than all other sectors (see Table 1).

To test the robustness of our results, we employ alternative proxies for environmental pol-

icy stringency. On the one hand, we measure environmental policy using the Environmental

Policy Stringency (EPS) index by Botta and Kozluk (2014), “defined as the degree to which

environmental policies put an explicit or implicit price on polluting or environmentally harm-

ful behavior”. This index is correlated with the indicator built using the approach proposed

in Brunel and Levinson (2013), with a coefficient of 0.56. Note that due to data coverage,

information on the EPS information is available for only thirtyone out of the fourty countries

included in the WIOD (2013)5. Figure 1 shows the evolution over time for both indexes for

each country included in our sample.

On the other hand, we ranked countries based on an alternative indicator of energy

dependence, which uses information on pre-sample sectoral energy consumption in units of

value added. However, the two indicators give rise to the very same partitioning of sectors,

the most polluting sectors being Chemicals, Metals, Coke and Petroleum, whereas the least

polluting are Machinery, Transport Equipment and Electrical Equipment (see Table 1).

4.3 Other Covariates

The vector of first-stage covariates includes information on Distance, Contiguity, Currency

Union, Common Language and Colonial Relationship. These are obtained from the CEPII

database (Mayer and Zignago, 2011). In line with recent literature, we use population-

weighted distance between countries, constructed as a weighted average among the most

5the excluded ones are Bulgaria, Cyprus, Estonia, Lithuania, Luxembourg, Latvia, Malta, Romania and
Taiwan.
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populated cities. Contiguity is a binary variable that takes value one should trade partners

share a border. Binary data on Regional Trade Agreements (RTAs) are sourced from Larch’s

database (Egger and Larch, 2008), where custom unions, economic integration agreements,

free trade agreements and partial scope agreements notified to the WTO are considered

RTAs.

Our second-stage covariates include an indicator for the Rule of Law as well as sector-

level value added. The former is sourced from the WGI (World Governance Indicators) series

issued by the World Bank (http://info.worldbank.org/governance/wgi/#home) and is

commonly used as a measure of the quality of contract enforcement, capturing “perceptions

of the extent to which agents have confidence in and abide by the rules of society”, while the

latter was computed with data from WIOD (2013).

10
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5 Preliminary Results

We first comment on the results of the first-stage, sector-year-level gravity equations

(Section 5.1) and then on the results of the second stage equation, both for importers (Section

5.2) and for exporters (Section 5.3).

5.1 First-Stage Results

Recall that, in the first stage, we run regression 3.1 for each of the 224 sector-year (14×16)

included in our sample, thus having 1560 (39× 40) observations for each regression. Results

are basically unchanged when estimating gravity pooling all years rather than running sector-

year gravity equations separately. However, given that our sample size allows us to estimate

gravity equations at the sector-year level, we decided to do so in order for all coefficients to

possibly vary not only across different industries, for which we expect different transportation

modes to play a different role, with an impact especially on the distance and contiguity

coefficients, but also across the time dimension. In fact, it has been recently shown (Borchert

and Yotov, 2017) that the distance coefficients varies through time.

Table 2 reports the mean and median coefficients on the covariates of the first stage

regressions across all the sector-year gravity equations estimated. Our estimated coefficients

exhibit the expected signs and are overall in line with the literature. In fact, trade is facilitated

by geographical proximity: distance depresses it whereas contiguity, i.e. sharing a border,

facilitates economic exchange. Moreover, common language or currency and colonial history

as well as the existence of RTA are associated with higher trade flows. In particular, the

coefficients on distance, contiguity, RTA and common language fall within the range reported

in the meta-study by (Head and Mayer, 2014)6, whereas the ones for colony and currency

union are a bit lower than these estimates but still exhibit the expected sign.

5.2 Second-Stage Results: Importers

The results of the second-stage equation pooling all the importer sector-country effects

are presented in Table 3 and 5. The former includes in the regression only the country-level

proxy of environmental policy build using the methodology proposed in Brunel and Levin-

son (2013), while the latter partions sectors based on their environmental dependence, as

explained in Section 3.

The results show that environmental policy does not affect trade flows. In particular,

6See Table 4 in the Handbook
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imports are not affected by environmental policy independently on the dirtiness of the im-

ported goods, i.e. countries with more stringent environmental policies do not import more

dirty goods from abroad, as we would observe should the pollution haven effect be in place.

The quality of institutions, as proxied by Rule of Law, does instead facilitate trade.

In particular, a better institutional environment facilitates imports even when controlling for

sector’s size (see for instance Column 2, Table 3). Our result is in line with the literature on

trade and institutions (see Levchenko (2007) and Ranjan and Lee (2007)).

5.3 Second-Stage Results: Exporters

The results of the second-stage equation pooling all the exporter sector-country effects

are presented in Table 4 and 6. Mirroring the results for the importer’s fixed effects, also in

this case the effect of P on bilateral trade flows is not statistically different from zero when

using the country-level index of environmental policy stringency. Interestingly, the results

when partinioning the sectors based on their pre-sample index of environmental dependence

suggest puzzling results. That is, countries and sectors with stricter P also have higher

exports of dirty goods (although the coefficient is significant at the 5% level only). In any

case, this result is not consistent with the Pollution Haven Hypothesis.

5.4 Robustness

Tables 10, 11, 12 and 13 in the Appendix were obtained using the EPS by Botta and

Kozluk (2014) instead of the EP measure that we computed following Brunel and Levinson

(2013). Apart from imports, that seem to be depressed by EPS independently on the dirtiness

of the goods considered, they show similar results to our baseline. Overall, our preliminary

findings do not support the PHH.

6 Conclusion and Next Steps

This paper estimates the impact of environmental policy on imports and exports for 14

manufacturing industries in 40 countries over the period 1996-2011 with a novel approach,

consistent with structural gravity (Anderson and Yotov, 2012; Fally, 2015). Specifically, we

employ a two-stage procedure whereby we first derive importer and exporter fixed effects

from a set of sector-level gravity equations, and then estimate how policy stringency affects

such country-sector-time specific determinants of international trade, conditional on other
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relevant covariates. We follow the procedure suggested in Brunel and Levinson (2013) and

use sectoral level data on emissions from the WIOD (2013) to compute country-year proxies

of environmental policy stringency, which we weigh by an indicator of sectoral “environmental

dependence” built using pre-sample information. This allows us to test whether the impact

of environmental policy on trade varies according to the level of environmental dependence

at the sector level, à la Rajan and Zingales (1998).

Our preliminary results do not support the PHH, but are also somewhat puzzling. On one

hand, we show that stricter environmental policy is not associated with higher imports from

dirty industries and that laxer environmental policy is not associated with higher exports

of dirty goods. We thus fail to find full support for either the Pollution Haven Hypothesis

(PHH), or the hypotheses put forward by Porter (1991). Our paper does provide some weak,

suggestive evidence that environmental policy may somewhat positively correlated with a

higher level of dirty exports. This is clearly counter-intuitive and suggests the direction

for future research. We are currently exploring alternative environmental policy indexes.

In particular, we are employing the one proposed by Sato et al. (2015), which is based on

energy price and is available both at the country and at the sector level. Moreover, in order

to address endogeneity concerns, we are working on an IV approach.
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Table 2: Summary on Gravity Coefficients

AVERAGE MEDIAN

Log(Distance) -0.778 -0.793
Contiguity 0.420 0.420
Currency Union 0.260 0.192
Common Language 0.190 0.215
Colony 0.060 0.101
RTA 0.387 0.374

Table 3: Importer FE, EP

(1) (2)
Imp FE Imp FE

EP -0.019 -0.034
(-0.78) (-1.10)

Rule of Law 0.376∗∗∗ 0.313∗∗∗

(6.49) (4.68)

VA 0.125∗∗∗

(12.79)
Country FE yes yes
Year FE yes yes
Sector FE yes no
r2 0.90 0.87
N 7098 7064

t statistics in parentheses
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01
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Table 4: Exporter FE, EP

(1) (2)
exp fe baseline exp fe baseline

EP -0.068 -0.030
(-1.28) (-0.73)

Rule of Law 0.314∗∗∗ -0.140
(2.77) (-1.35)

VA 0.845∗∗∗

(71.72)
Country FE yes yes
Year FE yes yes
Sector FE yes no
r2 0.81 0.81
N 7040 7036

t statistics in parentheses
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

Table 5: Importer FE, ED High/Low pollution

(1) (2) (3) (4)
Imp. FE Imp. FE Imp. FE Imp. FE

Rule of Law 0.376∗∗∗ 0.313∗∗∗ 0.376∗∗∗ 0.302∗∗∗

(6.49) (4.74) (6.49) (4.65)

VA 0.126∗∗∗ 0.158∗∗∗

(13.27) (18.46)

EP × HIGH POLL 0.016 -0.053
(0.53) (-1.34)

EP × LOW POLL -0.029 -0.029
(-1.12) (-0.93)

Country FE yes yes yes yes
Year FE yes yes yes yes
Sector FE yes no yes no
R2 0.90 0.87 0.90 0.87
N 7098 7064 7098 7064

t statistics in parentheses
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Table 6: Exporter FE, ED High/Low pollution

(1) (2) (3) (4)
Exp. FE Exp. FE Exp. FE Exp. FE

Rule of Law 0.317∗∗∗ -0.140 0.311∗∗∗ -0.147
(2.80) (-1.36) (2.75) (-1.44)

VA 0.843∗∗∗ 0.886∗∗∗

(69.91) (81.32)

EP × HIGH POLL 0.272∗∗ 0.160∗∗

(2.48) (2.12)

EP × LOW POLL -0.149∗∗∗ -0.073∗

(-2.93) (-1.76)

Country FE yes yes yes yes
Year FE yes yes yes yes
Sector FE yes no yes no
R2 0.81 0.81 0.81 0.82
N 7040 7036 7040 7036

t statistics in parentheses
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7 Appendix

Table 7: List of Countries in the WIOD2013 sample

Australia Japan
Austria Latvia
Belgium Lithuania
Brazil Luxembourg

Bulgaria Malta
Canada Mexico
China Netherlands
Cyprus Poland

Czech Republic Portugal
Denmark Romania
Estonia Russia
Finland Slovak Republic
France Slovenia

Germany South Korea
Greece Spain

Hungary Sweden
India Taiwan

Indonesia Turkey
Ireland U.S.A
Italy United Kingdom

Table 8: Summary statistics

Variable Average St.Dev. Min Max

Trade Flow 232,274 1485,760 0,000 176924,347
EP 1,110 0,502 0,184 5,408
EPS 1,677 0,931 0,333 4,133
Rule of Law 0,883 0,804 -1,126 2,000
Value Added 7,582 2,214 0,000 12,858
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Table 9: Summary statistics, average by country

Country Trade Flow EP EPS Rule of Law Value Added

Australia 60,470 1,090 1,545 1,744 8,125
Austria 143,374 0,987 2,478 1,849 7,842
Belgium 291,060 1,134 1,657 1,292 7,838
Bulgaria 11,273 1,920 -0,202 5,251
Brasil 85,362 0,845 0,445 -0,310 9,030
Canada 421,573 1,090 1,839 1,728 8,880
China 949,984 0,940 0,758 -0,418 10,604
Cyprus 1,509 0,970 1,005 3,827
Czech Republic 103,169 1,001 1,724 0,832 7,091
Denmark 93,278 1,123 2,826 1,892 7,024
Estonia 7,766 1,114 0,849 4,470
Finland 92,590 1,000 2,354 1,941 7,326
France 566,934 1,155 2,214 1,410 9,391
Germany 1287,486 1,114 2,513 1,638 10,022
Greece 12,124 1,082 1,827 0,773 6,874
Hungary 70,099 1,065 1,830 0,839 6,722
India 131,400 0,770 0,684 0,129 8,773
Indonesia 82,085 0,871 0,544 -0,699 8,308
Ireland 132,191 0,883 1,443 1,612 6,845
Italy 482,434 1,082 1,969 0,593 9,689
Japan 674,599 1,115 1,701 1,290 10,624
Lithuania 9,688 0,900 0,541 5,192
Luxembourg 14,691 3,246 1,791 4,291
Latvia 4,222 1,442 0,474 4,057
Mexico 245,284 0,901 0,685 -0,531 8,812
Malta 2,718 0,837 1,392 3,427
Netherlands 349,764 1,084 2,351 1,743 8,106
Poland 129,603 1,357 1,684 0,577 7,857
Portugal 52,074 0,929 1,875 1,141 7,190
Romania 28,023 1,442 -0,102 6,828
Russia 69,739 0,874 0,569 -0,910 8,410
Slovak Republic 46,518 1,138 1,388 0,377 6,191
Slovenia 21,555 1,258 2,091 0,997 5,723
South Korea 356,599 0,967 2,069 0,871 8,963
Spain 254,858 0,944 2,396 1,217 8,970
Sweden 165,525 1,075 2,346 1,851 7,692
Turkey 93,089 0,658 1,043 0,013 8,227
Taiwan 271,851 0,791 0,855 8,112
U.S.A 1015,277 1,068 1,677 1,544 11,153
United Kingdom 459,135 1,145 1,764 1,675 9,427

Aggregate 232,274 1,110 1,677 0,883 7,582
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Table 10: Importer FE, EPS

(1) (2)
Imp FE Imp FE

EPS -0.063∗∗∗ -0.046∗∗

(-3.31) (-2.21)

Rule of Law 0.319∗∗∗ 0.266∗∗∗

(4.40) (3.24)

VA 0.176∗∗∗

(21.87)
R2 0.85 0.81
N 6356 6353

t statistics in parentheses
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

Table 11: Exporter FE, EPS

(1) (2)
exp fe baseline exp fe baseline

EPS -0.070∗∗ 0.007
(-2.08) (0.20)

Rule of Law 0.093 -0.198
(0.74) (-1.55)

VA 0.850∗∗∗

(71.97)
R2 0.73 0.71
N 6344 6344

t statistics in parentheses
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01
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Table 12: Importer FE, ED High/Low pollution

(1) (2) (3) (4)
Imp. FE Imp. FE Imp. FE Imp. FE

Rule of Law 0.319∗∗∗ 0.266∗∗∗ 0.319∗∗∗ 0.257∗∗∗

(4.40) (3.25) (4.39) (3.17)

VA 0.175∗∗∗ 0.200∗∗∗

(22.02) (26.34)

EPS × HIGH POLL -0.068∗∗∗ -0.041
(-2.75) (-1.51)

EPS × LOW POLL -0.061∗∗∗ -0.048∗∗

(-3.21) (-2.25)
Country FE yes yes yes yes
Year FE yes yes yes yes
Sector FE yes no yes no
R2 0.85 0.81 0.85 0.81
N 6356 6353 6356 6353

t statistics in parentheses

Table 13: Exporter FE, ED High/Low pollution

(1) (2) (3) (4)
Exp. FE Exp. FE Exp. FE Exp. FE

Rule of Law 0.093 -0.200 0.093 -0.217∗

(0.74) (-1.57) (0.74) (-1.73)

VA 0.855∗∗∗ 0.901∗∗∗

(72.81) (82.71)

EPS × HIGH POLL 0.097∗∗ 0.233∗∗∗

(2.48) (5.13)

EPS × LOW POLL -0.115∗∗∗ -0.054
(-3.35) (-1.60)

Country FE yes yes yes yes
Year FE yes yes yes yes
Sector FE yes no yes no
R2 0.73 0.72 0.73 0.73
N 6344 6344 6344 6344

t statistics in parentheses
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Introduction 

 

The relationship between green technological progress and inequality in non-trivial. 

Standard innovation theory supports the hypothesis that a certain degree of inequality is a 

precondition for the early adoption of new and more expensive green technologies, which can 

enter the market thanks to the support of pioneer consumers (Bertola et al., 2006). However, 

as shown in Vona and Patriarca (2011), the positive externalities created by pioneer 

consumers translate in larger benefits for the entire population only when the distance 

between different income groups is relatively low. Moreover, the impact of the interplay 

between inequality and green technological change, goes beyond the speed of adoption of a 

new technology. In the transportation sector, for instance, if the adoption of electric vehicles 

(EV) remain polarised among the richest share of the population, an additional fuel tax, being 

regressive, can further increase income inequality. 

 This intuition is motivated by the distribution of fuel expenditure across US car owners 

over the years 2006 to 2013.1 As Figure 1 illustrates, consumers in the first quintile of income 

distribution have become poorer (red line), and tend to consume always more gasoline with 

respect to richer consumers (blue line). The increasing divergence of these two trends 

highlight as, in the US, there is a strong negative correlation between inequality and fuel 

expenditure across income groups. 

                                                           
1 Data from the US Consumer Expenditure survey 



 This evidence can, in principle, be motivated by several non-exclusive factors. First, 

different income groups can have different willingness to pay for EV. Being EV more expensive 

than traditional cars, it is reasonable to assume that poor households are less inclined to 

purchase a green automobile. Second, richer households may live in neighbourhood served 

with better public transportation or closer to their workplace. If this is true, the existence of 

alternatives to cars can partially motivate the lower fuel expenditure of richer consumers. 

Third, the consumption of gasoline of rich consumers can be close to saturation (i.e. stable 

through time), and poorer consumer are catching-up with respect to richer ones. Fourth, being 

environmental quality a normal good, this graph may reflect the higher expected 

environmental awareness of richer consumers. 

 

 

Figure 1. Gasoline expenditure polarisation versus income polarisation. US data over the years 2006 to 

2013. 

 

In this work we investigate this relationship, trying to understand which is the 

dominant force driving the observed polarisation of gasoline expenditure. However, US date 

are not suitable for this exercise, and for this reason, in the present work we rely on the 
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German Mobility Panel (MOP), a survey about transportation behaviour conducted since 1994. 

The following sections contain a brief description of the used data and a preliminary 

descriptive evidence using the MOP. 

 

Data 

 

The German Mobility Panel (MOP) is a rotating panel on transportation behaviour 

which tracks individual for three years since 1994. Once a year, participants are asked about 

their transportation behaviour over the course of the previous six weeks. Respondents report 

the price paid for fuel, the quantity of fuel consumed and the kilometres driven for every car of 

the household. However, we note here that questions have changed several times since the 

first edition of the MOP, and for this reason we limit our preliminary descriptive evidence to 

the years 2004-2016. In particular, the rotation nature of the panel is summarised in Table A1 

in the Appendix. Just to give an example, of the 1718 households interviewed in 2015: 500 

were part of the 2013 cohort (i.e. they were introduced for the first time in 2013); 545 of the 

cohort 2014 and 673 of the cohort 2015. Secondly, we note that the MOP has a complex 

structure composed by three different elements: households, person and trips. “Household” 

refers to the single household identified by a specific ID number (HH-ID); “Persons” include 

information of other persons living in the house in addition to the survey respondent; “Trip” 

includes information on the trips done by respondents during the survey period. Merging this 

information together thanks to the common ID, we constructed a rotating panel for the years 

2004-2015. In particular, we limited our attention to the list of questions in Table A2 in the 

Appendix. 

The resulting data set is a panel which includes 14076 households over the years 2004 

to 2010. The composition of the sample is fairly constant across time in term of both socio-

economic characteristics, geographical location and household size. The sample size is about 

1000 households per year from 2004 to 2010, and increases significantly thereafter. In 2015 

there are 1718 households. Average household size is always about 2.2, and the income is 

generally between the 4th and the 5th class. The number of cars ranges between 1.7 in 2004 to 

2.2 in 2014. The geographical distribution of households is constant through time. About 25% 

of families live in central cities with more than 100,000 inhabitants, and about the 18% in 



agglomerated counties with a population density higher than 150 inhabitants/km².  Finally, 

also the household type is constant through time, and about the 70% of households are 

considered small (1 or 2 people). Tables A3 to A6 in the appendix present a detailed 

description of the full sample disaggregated by years, at which we remand for further 

reference. 

 

Descriptive evidence 

 

 Tables 1 to 3 present some preliminary statistics on car characteristics by income class 

for years 2004, 2010 and 2015. The values in table refer to the average number per class per 

year. The first column reports the number of car per households, which tend to be, as 

expected, smaller in lower income groups with respect to higher income classes. This trend is 

similar across years. Obviously, in the second column, which reports the number of car divided 

by household members, we find the opposite evidence. Richer households tend to be bigger 

(see column three) and tend to have, on average, a lower number of cars per member with 

respect to poorer households. The last five columns focus on the most significant car 

characteristics available in the survey. The same data have been plotted in Figure 2. The first 

obvious result from the visual inspection of both the three tables and Figure 2 is that there is a 

strong correlation between income, engine size and car power. If we consider both the “car 

displacement in cubic centimeter” and “engine output in horsepower”, it appears clear that 

richer households tend to buy bigger and more powerful cars. An exception is the income class 

“less than 500 euros”, but this class includes about 1% of total population of our sample and 

can be considered as an outlier in the analysis. The second relevant aspect is that there seems 

to be a positive correlation between income level and vehicles mileage per year. In all the 

years analyzed, richer households tend to drive more than poorer ones (with the first income 

class being an exception). Finally, the last two columns of the table give an idea of the 

correlation between fuel efficiency and income level. The “fuel efficiency” variable is 

constructed as the monthly vehicle miles travelled divided by monthly fuel consumption in 

liters. We calculated this variable for both the total number of cars owned by households and 

the first car owned by the households. It is reasonable to imagine that households invest more 

financial resource in the first car with respect to the second and third one. If we focus on the 

“all car” data first, we note that fuel efficiency increases slightly with income classes. The 



difference is not big in size, but still exists. In year 2004, the first three income classes have 

values below 14, while the top three income classes above 15. The same hold also in years 

2010 and 2014. Also the visual inspection of Figure 2 confirms as the two top income groups 

are associated, in all the three analyzed years, to higher fuel efficiency. Considering the first 

car only, this evidence is still present but less evident, as the difference in fuel efficiency 

shrinks significantly. As shown in Table 4, the first car is, on average, bigger, more powerful 

and newer than the other cars. Moreover, households generally drive the first vehicle 

significantly more than the additional ones. 

 

Table 1. Year 2004, cars descriptive statistics.  
Income PKWNR  

Identificatio
n number of 
car within 
the 
household 

PKWNR/ 
HHGRO 
Number 
of car per 
member 

HHGRO 
Number 
of people 
living in 
the 
household 

HUBRAUM 
Car engine 
displacement 
in cubic 
centimetre 

PS 
Car engine 
output in 
horsepower 

KMJAHR 
Estimated 
vehicle 
mileage 
per year 
in 
kilometre 

Km 
per 
litre 
per 
month 
(all 
cars) 

Km 
per 
litre 
per 
month 
 (first 
car) 

Less than 
500 € 

1.3 0.83 1.7 1605 78 10333 14.36 14.34 

500 up to 
999 € 

1 0.86 1.5 1423 75 8445 14.49 14.49 

1,000 up 
to 1,499 € 

1.1 0.73 1.7 1578 83 13009 14.9 15.00 

1,500 up 
to 1,999 € 

1.3 0.74 2 1708 100 14428 14.66 14.68 

2,000 up 
to 2,499 € 

1.4 0.64 2.4 1704 99 13899 14.48 14.48 

2,500 up 
to 2,999 € 

1.5 0.58 2.9 1748 102 15175 15.03 14.30 

3,000 up 
to 3499 € 

1.6 0.62 3 1729 99 14122 15.41 14.50 

3,500 € 
and more 

1.7 0.63 3 1793 102 16028 15.71 14.64 

 

  



Table 2. Year 2010, cars descriptive statistics. 
Income PKWNR 

Identificatio
n number of 
car within 
the 
household 

PKWNR/ 
HHGRO 
Number 
of car per 
member 

HHGRO 
Number 
of people 
living in 
the 
household 

HUBRAUM 
Car engine 
displacement 
in cubic 
centimetre 

PS 
Car engine 
output in 
horsepower 

KMJAHR 
Estimated 
vehicle 
mileage 
per year 
in 
kilometre 

Km 
per 
litre 
per 
month 
(all 
cars) 

Km 
per 
litre 
per 
month 
(first 
car) 

Less than 
500 € 

1 0.75 1.5 1796 92 12600 14.74 15.74 

500 up to 
999 € 

1.16 0.72 2 1440 85 8326 14.27 14.23 

1,000 up 
to 1,499 € 

1.01 0.78 1.5 1509 87 11115 14.54 14.50 

1,500 up 
to 1,999 € 

1.08 0.71 1.8 1661 109 11447 14.98 14.06 

2,000 up 
to 2,499 € 

1.12 0.59 2.14 1691 110 12122 14.73 14.74 

2,500 up 
to 2,999 € 

1.27 0.55 2.64 1668 109 11827 14.88 14.87 

3,000 up 
to 3499 € 

1.32 0.53 2.77 1737 109 12782 15.45 15.44 

3,500 € 
and more 

1.38 0.53 2.93 1840  127 15857 15.27 15.13 

Table 3. Year 2015, cars descriptive statistics. 
Income PKWNR 

Identificatio
n number of 
car within 
the 
household 

PKWNR/ 
HHGRO 
Number 
of car per 
member 

HHGRO 
Number 
of people 
living in 
the 
household 

HUBRAUM 
Car engine 
displacement 
in cubic 
centimetre 

PS 
Car engine 
output in 
horsepower 

KMJAHR 
Estimated 
vehicle 
mileage 
per year 
in 
kilometre 

Km per 
litre 
per 
month 
(all 
cars) 

Km 
per 
litre 
per 
month 
(first 
car) 

Less than 
500 € 

1 1 1 1761 101 4250 14.71 15.71 

500 up to 
999 € 

1.06 0.98 1.2 1374 83 8553 15.05 15.41 

1,000 up 
to 1,499 € 

1.02 0.75 1.6 1474 95 11072 14.92 15.97 

1,500 up 
to 1,999 € 

1.14 0.76 1.75 1570 104 11559 15.2 15.69 

2,000 up 
to 2,499 € 

1.16 0.64 2.17 1663 115 13035 15.43 15.52 

2,500 up 
to 2,999 € 

1.21 0.63 2.16 1693 117 12535 15.52 15.49 

3,000 up 
to 3499 € 

1.32 0.63 2.34 1709 119 12680 15.36 15.18 

3,500 € 
and more 

1.37 0.58 2.64 1762 126 14520 16.09 15.74 

Table 4. Vehicle engine size, power, car usage and vintage: vehicle one and additional vehicles. 

Year First Vehicle Additional Vehicles 
Cubic 
centimetre 

horsepower mileage 
(year) 

Year of car 
construction 

Cubic 
centimetre 

horsepower mileage 
(year) 

Year of car 
construction 

2004 1776 102 15898 1998 1591 88 12681 1998 
2010 1740 115 14057 2004 1634 107 9073 2002 
2015 1710 120 14354 2008 1676 115 9607 2006 



 

  

Figure 2. Cross sectional dispersion of car characteristics.
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In order to better account for the time dimension, Figure 3 presents a series of graphs 

which plot the average value (on the left) and the standard deviation (on the right) of the four 

car characteristics studied above. The joint inspection of “car displacement in cubic 

centimeter” and “engine output in horsepower” show as the preferences of German 

consumers, in the last ten years, has shifted towards more powerful cars with respect to year 

2005. The engine size (in cm3), on the contrary, has remain fairly stable. Interestingly, the 

standard deviation of both series is increasing through time, suggesting that the differences 

among consumers in term of car choice are becoming more pronounced.  

The average “estimated vehicle mileage per year in kilometer” exhibits a slightly 

decreasing trend through time, with a reduction of about 15000 km over the last decade. 

Interesting, also its standard deviation is decreasing, suggesting that a sort of catching-up 

among consumer has been occurred. Even if this simple graphical inspection is not enough to 

statistically test for this hypothesis, the graph supports the idea that differences in vehicles 

mileage across consumers are decreasing. Finally, the last two graphs report the number of 

Kilometer per liter per month, and show as, on average, cars are becoming always more fuel 

efficient. However, the disparities in fuel efficiency of cars owned by different consumers have 

been increasing through time. The trend of the standard deviation line is positively inclined, 

suggesting that consumer choices are diverging. 

In order to have a better understanding of this last point, which is one of our main 

research hypothesis, in Tables 5 to 7, we present the fuel type distribution against income 

classes for the years 2004, 2010 and 2014. These three tables show two interesting results. 

Firstly, the presence of EV, as well as Liquefied Petroleum Gas (LPG) and diesel vehicles, 

becomes more pronounced since 2010. Secondly, there seems to be a strong correlation 

between income and fuel type in all the three analyzed years. In 2014, there are no diesel cars 

in the two lowest income classes. The share of diesel is limited (below 10%) up to the “1500 to 

2000 euro per month” class. Similarly, in years 2010 and 2015, the few EV cars are owned by 

rich consumer and LPG cars are present only in high income groups.  This evidence supports 

the idea of a strong correlation between income and fuel type, as hypnotized in the 

introduction.  
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Figure 3. Time dispersion of car characteristics. 
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Table 5. Fuel type per income class. Year 2004. 
2004 Super 95 and gasoline Diesel Super plus (98 octane) (Gasoline 91 octane) 

< 500 € 34 0 0 66 

500 - 999 € 55 0 0 45 

1,000 - 1,499 € 60 7 2 31 

1,500 - 1,999 € 55 21 2 22 

2,000 - 2,499 € 60 20 0 20 

2,500 - 2,999 € 56 25 1 18 

3,000 - 3499 € 55 22 2 21 

3,500 or more  52 32 3 13 

 

Table 6. Fuel type per income class. Year 2010. 
2010 Super 95 

and 
gasoline 

Diesel Super plus 
(98 octane) 

(Gasoline 
91 octane) 

Super 
E10 95  

LPG and 
gasoline 

Hydrogen (fuel cell) Hybrid 
electric 
vehicle 

< 500 € 50 50 0 0 0 0 0 0 

500 - 
999 € 

80 0 16 0 4 0 0 0 

1,000 - 
1,499 € 

70 16 7 0 7 0 0 0 

1,500 - 
1,999 € 

65 18 5 0 10 2 0 0 

2,000 - 
2,499 € 

54 21 5 0 12 7 1 0 

2,500 - 
2,999 € 

62 20 3 0 12 3 0 0 

3,000 - 
3499 € 

55 27 6 0 9 3 0 0 

3,500 
or more  

46 34 6 0 11 2 0 1 

 

  



Table 7. Fuel type per income class. Year 2015. 

2015 Super 95 
and 
gasoline 

Diesel Super 
plus (98 
octane) 

(Gasoline 
91 
octane) 

Super 
E10 95  

LPG and 
gasoline 

Hydrogen (fuel cell) Hybrid 
electric 
vehicle 

< 500 € 50 25 0 0 25 0 0 0 

500 - 999 
€ 

67 14 6 0 13 0 0 0 

1,000 - 
1,499 € 

68 11 1 0 17 2 1 0 

1,500 - 
1,999 € 

64 19 4 0 12 1 0 0 

2,000 - 
2,499 € 

55 26 3 0 13 3 0 0 

2,500 - 
2,999 € 

50 34 3 0 10 2 0 1 

3,000 - 
3499 € 

42 35 4 0 17 1 0 1 

3,500 or 
more  

35 47 0 0 14 3 0 1 

 

Multivariate regression analysis 

 In this section, thanks to a multivariate regression framework, we test the impact of 

income on the probability of purchasing a fuel efficient car, conditional to several socio-

economic characteristics of households. The specification adopted is the following: 

Green vehicle = β income + δ household location + γ car owner characteristics + μ year + ε (1) 

Where the dependent variable, green vehicle, is a dummy equal to 1 for eco-friendly vehicles 

and 0 otherwise. Household location refers to a set of variables controlling for the 

characteristics of the neighborhood in which the household is living, and includes: the 

presence of bus stops, tram stations or underground stations at walking distance from home; 

the presence of a shopping center for daily needs at 1-2 km from home; the presence of other 

shops for daily needs (e.g. department store) at 1-2 km from home. With car owner 

characteristics, we refer to elements like gender, age and education level, which can influence 

consumer choices. Finally, year represents year fixed effects. A more precise description of the 



variables included in the analysis, as well as standard descriptive statistics, can be found in 

table 8. 

Table 8: Descriptive statistcs. 

Acronym Variable construction  

(All variables reflect a question of the MOP 

survey. The original question’s name is 

written in CAPITAL LETTERS below. A 

description of the questions can be found in 

Table A2 in the appendix.) 

Mean St. Dev. Min. Max 

Green Vehicle Dummy variable equal to 1 if the vehicle is 

“green” and zero otherwise. We considered as 

“green” all vehicles with a value of the 

BENZIN equal or bigger than 10 (non-green 

cars are basically: gasoline, petrol and diesel 

fuel cars).  

0.11 0.32 0 1 

Income Income classes derived from the question 

EINKO in the survey. 

5.32 2.39 0 10 

Gender Gender of the car owner: 1 if Male, 0 if Female 

(Original question: SEX). 

0.48 0.49 0 1 

Tertiary 

Education 

Education attainment of the car owner: 1 if 

tertiary or higher (Original variable 

SCHULAB). 

0.26 0.43 0 1 

Age Age classes as in ALTER. 4.43 1.69 1 9 

Rural Take a value equal to 1 if KREIS is smaller or 

equal than 5. (1 if rural; 0 if urban). 

0.53 0.49 0 1 

Bus stop Bus stop in walking distance from home: 1 

Yes, 0 No. (Original question: HALTBUS). 

0.89 0.31 0 1 

Tram stop Tram stop in walking distance from home: 1 

Yes, 0 No. (Original question: HALTSTR). 

0.37 0.48 0 1 

Metro stop Underground stop in walking distance from 

home: 1 Yes, 0 No. (Original question: 

HALTU). 

0.23 0.42 0 1 

Grocery store Is there a shopping opportunity for daily 

needs (e.g. grocery store) within 1-2 km 

distance or 15-20 min walking distance from 

home? (1=Yes, 2=No). 

0.81 0.38 0 1 

Department 

store 

Is there a shopping opportunity for further 

needs (e.g. department store) within 1-2 km 

distance or 15-20 min walking distance from 

home? (1=Yes, 2=No). 

0.44 0.49 0 1 

 



Despite the literature on the adoption of green and electric vehicle is still rather scarce, some 

recent contributions can help us to define the expected impact of the chosen independent 

variables on the purchase of green cars. Gender can influence car preferences through 

different channels. Man generally drive more miles per year and to more distant destinations, 

while woman, on average, travel shorter trips, frequently with children (European 

Commission, 2007; Kawgan-Kagan, 2015). When it comes to the purchase of electric vehicles, 

Vassileva and Campillo (2017) found that, in Sweden, women value more electric and green 

vehicles than man, while in China, according to Yang et al., (2017) gender is not significantly 

associated with car preferences. Finally, Sovacool et al. (2018) found that in Nordic countries, 

women are less likely to own a car than males, but they tend to prefer vehicles with a lower 

environmental impact. As a result, we expect man to prefer bigger and less environmental 

friendly cars than woman. When it comes to the relationship between schooling and emission, 

the common belief is that the enhanced knowledge of environmental issues acquired with 

higher education results in lower emission and greener lifestyles (Baiocchi et al., 2010). 

Several studies have addressed this issue and found different results. Mouter et al. (2017), 

Vassileva and Campillo (2017), McKinsey and Company (2014) show that high education is 

positively associated with the adoption of electric vehicles respectively in the Netherlands, 

Sweden and Norway. Brand and Preston (2010), on the contrary, arrives at the opposite 

conclusion motivated by the idea that high educated people tend to be richer and to travel 

more for their job and study. Finally, Sovacool et al. (2018), for Nordic countries, find a 

positive association between education level, green preferences and the purchase of electric 

vehicles.  

The effect of age on transport emission is expected to have an inverted u-shape because 

both the young and old travel less than those in the middle of age distribution (Büchs et al., 

2013). Moreover, young generation tend to prefer other form of mobility, like cycling or 

walking (Abenoza et al., 2017). Sovacool et al. (2018) finds that the 25-34 age group is 

generally more informed about electric vehicles and, more generally, sustainable 

transportation. As a result, we also expect that preferences towards electric and green vehicles 

depend on age, and are generally stronger for young generations.  

Finally, it is much harder to find specific evidence in literature on the impact of 

neighborhood characteristics on the purchase of EV. Generally, it is assumed that rural 



households tend to produce more carbon emissions due to greater car dependency (DEFRA, 

2008; Buchs and Schnepf, 2013), even if this result has been contested in other studies (Brand 

and Preston, 2010). About the other area characteristics included in this analysis, we simply 

expect that households living in neighbourhood served with good public transportation and 

closer to shopping places have a lower incentive to buy electric vehicles and cars in general.  

In Table 9 we estimate equation 1 with a linear probability model.2 We recall that the 

coefficients reflect the conditional increment in probability of purchasing a green vehicles 

given a unitary increase in the explanatory variables.3 In Table 9 we presented six columns: 

column 1 and 2 refer to all the vehicles owned by households; column 3 and 4 restrict the 

analysis to the first vehicle only; columns 5 and 6 to the other vehicles. We present both a 

specification with the set of household location variables and one without, as the inclusion of 

these covariates reduces significantly the sample size. Results for our main variables of 

interest are qualitatively consistent across specifications. Income is always significant and 

associated with the expected positive effect, i.e. the willingness to pay for electric and green 

vehicles increases in income level. This result is consistent with both our theoretical 

expectations and preliminary descriptive evidence. Among other results, only age and rural 

show a statistical significance. The effect of age is easy to interpret: young consumers are more 

incline to purchase green and electric vehicles with respect to older consumers, a result in line 

with previous studies (Sovacool et al., 2018). Finally, the purchase of green cars seems to be 

prevalent in urban areas with respect to rural ones. Possible explanation for this last result are 

manifold. Firstly, in rural areas it can be harder to charge an electric vehicle or to fuel a natural 

gas vehicle; secondly, urban areas often have worst environmental condition and more 

pollution, which can incentivize consumers to buy cleaner vehicles. As a robustness check, 

table A6 in the appendix perform the same estimates employing a logit model. Results are 

generally consistent across the two estimation techniques. 

  

                                                           
2 The linear probability model is less efficient than logit models when the dependent variable is dichotomous, as 
in our case, but has the advantage of being easier to interpret. More specifically, the residuals from the linear 
probability model violate the homoskedasticity and normality of errors assumptions, resulting in invalid 
standard errors. 
3 Table A6 in the appendix estimates equation 1 with a logit model. We recall that the coefficient of the logistic 
regression represents the effect of a unit change in the explanatory variable on the log odds of buying a green 
vehicle. Results are qualitatively consistent across the two specifications. 



Table 9: Linear probability model. Dependent Variable: Adoption of green Vehicles. 

 (1) (2) (3) (4) (5) (6) 
 All Vehicles All Vehicles 

Covariates 
Fist Vehicle Fist Vehicle 

Covariates 
Other Vehicle Other Vehicle 

Covariates 
income 0.0058*** 0.0107*** 0.0051*** 0.0091*** 0.0063 0.0163** 
 (0.0016) (0.0029) (0.0018) (0.0033) (0.0042) (0.0074) 
gender 0.0092 0.0192* 0.0082 0.0116 0.0129 0.0501* 
 (0.0056) (0.0115) (0.0063) (0.0128) (0.0128) (0.0266) 
tertiary 
education 

0.0010 0.0029 0.0054 0.0082 -0.0168 -0.0176 

 (0.0062) (0.0149) (0.0069) (0.0167) (0.0140) (0.0335) 
age -0.0079*** -0.0089*** -0.0066*** -0.0094** -0.0112*** -0.0067 
 (0.0017) (0.0035) (0.0018) (0.0039) (0.0042) (0.0080) 
rural -0.0353*** -0.0590*** -0.0347*** -0.0561*** -0.0404*** -0.0706** 
 (0.0056) (0.0126) (0.0063) (0.0141) (0.0130) (0.0287) 
bus stop  0.0252  0.0081  0.0854 
  (0.0281)  (0.0321)  (0.0572) 
tram stop  0.0239  0.0328  -0.0303 
  (0.0191)  (0.0209)  (0.0492) 
metro stop  -0.0129  -0.0159  0.0327 
  (0.0265)  (0.0280)  (0.0835) 
grocery 
store 

 0.0493***  0.0577***  0.0296 

  (0.0153)  (0.0174)  (0.0323) 
departmen
t store 

 -0.0033  -0.0073  0.0120 

  (0.0131)  (0.0145)  (0.0316) 
N 11450 4377 9120 3496 2330 881 
Robust standard errors in parentheses. Significance level: * p < .1, ** p < .05, *** p < .01. All estimates include year 
fixed effect.  

 

Discussion and conclusions 

 

 This study contributes to the ongoing discussion about sustainable mobility in at least 

three different ways. First, there seems to be a strong correlation between fuel type and 

income per capita. Richer households, having more financial resources, are more prone to buy 

expensive fuel efficient or electric vehicles. Obviously, the difference in purchasing behavior 

has changed through time. In 2004, this difference was evident in the gasoline versus diesel 

comparison, while in more recent years it is reflected when considering LPG and EV. This 

result is evident both from descriptive statistics and in the multivariate regression analysis in 

which we controlled for several cofounding factors.  

Second, our results show that income does not only influence the type of vehicles 

purchased, but also driving behaviors. Richer households tend to buy bigger and more 

powerful cars and drive more kilometers per year. Moreover, if from the one hand we found 



that, on average, affluent consumers buy more fuel-efficient cars, this result is less evident if 

we restrict the analysis to the first car only. The “first car” of rich households is generally 

bigger, newer and more powerful than the average vehicle, while the “second car” tend to have 

good environmental performance and is generally smaller and older than the first car. 

Summarizing, all these elements suggest that there is a high risk of rebound effect and that 

consumers’ habits has not changed significantly through time. 

Third, this analysis shows as some degree of convergence in kilometers driven (or 

more generally fuel use) is occurring among consumers, partially supporting the hypothesis 

that poorer households are catching up with richer ones. This is probably due to saturation in 

fuel demand for rich consumers.  

 We note that the effect of income on the type of car (fuel) purchased can hide two 

different mechanisms. From the one hand, this result can be driven by rich pioneer consumers 

which decide to adopt the new technologies (i.e. fuel efficient vehicles) moved by 

environmental or ethical concerns, or driven by social norms. From the other hand, poorer 

households face a financial constraint which limits their capacity to buy new and efficient 

vehicles. Future research will try to disentangle these two mechanisms. Finally, we note that 

the present data set can be enriched merging the existing data with the SOEP survey thanks to 

statistical matching procedures.4  
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Appendix A – Data 

Table A1. MOP rotating structure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cohort HH-ID ABL/NBL 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Households 221

Persons 380

170000 - 173174 Trips 9,108

570000 - 570691 Households 66

Persons 111

Trips 2,672

Households 194 153

Persons 364 296

190000 - 190936 Trips 9,320 7,770

590000 - 590636 Households 133 107

Persons 235 185

Trips 5,047 4,096

Households 333 258 178

Persons 596 456 302

210000 - 210777 Trips 14,788 11,412 7,586

610000 - 610199 Households 86 72 62

Persons 152 119 99

Trips 3,449 2,714 2,322

Households 299 202 166

Persons 540 345 274

230001 - 230800 Trips 13,475 8,511 6,937

630000 - 630176 Households 78 65 49

Persons 131 103 73

Trips 2,710 2,129 1,577

Households 312 229 194

Persons 548 386 338

250000 - 250840 Trips 13,982 9,369 8,374

650000 - 650213 Households 76 68 56

Persons 158 120 95

Trips 3,704 2,433 2,070

Households 308 259 195

Persons 571 479 350

270000 - 270819 Trips 14,014 11,802 8,609

670000 - 670213 Households 84 68 58

Persons 143 110 92

Trips 3,190 2,504 2,163

Households 398 306 258

Persons 630 476 397

290000 - 290998 Trips 15,347 11,457 9,545

690000 - 690226 Households 87 67 56

Persons 131 99 83

Trips 2,932 2,297 1,888

Households 277 215 184

Persons 487 381 320

310000 - 319999 Trips 11,391 8,992 7,372

710000 - 719999 Households 79 70 52

Persons 126 110 84

Trips 3,097 2,495 1,977

Households 349 286 248

Persons 633 500 424

330000 - 339999 Trips 15,508 11,939 9,877

730000 - 739999 Households 94 65 62

Persons 164 111 106

Trips 3,703 2,429 2,307

Households 487 373 326

Persons 785 603 525

Trips 18,877 13,890 12,075

Households 490 362 301

Persons 780 572 443

Trips 18,457 13,286 10,008

Households 829 644 500

Persons 1,272 989 770

Trips 31,242 23,215 18,318

Households 752 545

Persons 1,223 846

Trips 29,062 19,300

Households 673

Persons 1,071

Trips 25,249

 Households 1,033 967 907 904 1,062 982 1,042 1,074 1,173 1,517 1,697 1,718

Persons 1,838 1,727 1,555 1,567 1,783 1,630 1,768 1,800 1,913 2,369 2,655 2,687

Trips 44,384 42,177 38,246 37,520 43,029 39,014 42,131 42,594 44,531 56,603 62,285 62,867

2014
4100000000 - 4119999999

 8100000000 - 8119999999

2015
4300000000 - 4319999999

 8300000000 - 8319999999

2011
350000 - 359999 

 750000 - 759999

2012
370000 - 379999

 770000 - 779999

2013
3900000000 - 3919999999

 7900000000 - 7919999999

2009

ABL

NBL

2010

ABL

NBL

2007

ABL

NBL

2008

ABL

NBL

2005

ABL

NBL

2006

ABL

NBL

2002

ABL

NBL

2003

ABL

NBL

2004

ABL

NBL



Table A2. List of relevant questions. 

Acronym Value range Description 

HHGRO 
 

Number of people living in the household 

 
 0-99999 Number of people 

P0_10   Number of people under the age of 10 living in the household 

 
 0-99999 Number of children 

EINKO   Net household income per month 

(available since 2004; data collection in 2002 too, but differing classification)   1 Less than 500 € 

  2 500 up to 999 € 

  3 1,000 up to 1,499 € 

  4 1,500 up to 1,999 € 

  5 2,000 up to 2,499 € 

  6 2,500 up to 2,999 € 

  7 3,000 up to 3499 € 

  8 3,500 up to 3,999 € (till 2012/2013: 3,500 € and more) 

  9 4,000 up to 4,999 € 

  10 5,000 € and more 

  99 No response 

PKWHH   Number of cars of the household 

 
 0-99999 Number of cars  

KREIS   Regional types according to settlement structure - BBSR 9 scale 

 
1 Central cities in agglomeration areas: >100,000 inhabitants 

 
2 Highly agglomerated counties ("Kreise") in agglomeration areas: population density > 300 inhabitants/km² 

 
3 Agglomerated counties ("Kreise") in agglomeration areas: population density > 150 inhabitants/km² 

 
4 Rural counties (“Kreise”) in agglomeration areas: population density < 150 inhabitants/km² 

 
5 Central cities in urbanized areas: > 100,000 inhabitants 

 
6 Agglomerated counties (“Kreise”) in urbanized areas: population density > 150 inhabitants/km² 

 
7 Rural Counties (“Kreise”) in urbanized areas: population density < 150 inhabitants/km² 

 
8 Rural counties ("Kreise") with higher density in rural areas: population density > 100 inhabitants/km² 

 
9 Rural counties ("Kreise") with lower density in rural areas: population density < 100 inhabitants/km² 

HHTYP   Type of household 

 
1 Small household with employed person(s) (1-2 persons) 

 
2 Small household with non-employed person(s) (1-2 persons) 



 
3 Household with children aged 17 or younger 

 
4 Household without children, 3 and more adults 

PKWNR   Identification number of car within the household (since 2011/12 in this definition, before 2012 was PKWORDNR. In the 

analysis we homogenised the series, referring to PKWNR only.) 

 
 0-99 Car number 

PKWORDNR   Ordering number of car (only until year 2012, after becomes PKWNR) 

 
1 First car 

 
2 Second car 

 
3 Third car 

  4 Fourth car 

PKWHH   Number of cars of the household 

 
0 - 8 Cars 

  9 No response 

HUBRAUM 
 

Car engine displacement in cubic centimetre 

 
0000 - 9998 Engine displacement in ccm 

  9999 No response 

PS 
 

Car engine output in horsepower 

 
000 - 998 Engine output in hp 

  999 No response 

BENZIN 
 

Fuel type  

 
1 Super 95 and gasoline 

 
11 Super E10 95  

 
2 Diesel 

 
21 Biodiesel 

 
3 Super plus (98 octane) 

 
4 (Gasoline 91 octane) 

 
5 Other 

 
6 Gasoline (no details given) 

 
70 LPG (no details given) 

 
71 CNG/LNG and gasoline 

 
72 CNG/LNG and diesel 

 
73 LPG and gasoline 

 
74 LPG and diesel 



 
80 Hybrid electric vehicle 

 
81 Hybrid electric vehicle 1 (diesel) 

 
82 Hybrid electric vehicle 2 (gasoline) 

 
83 Plug-in hybrid electric vehicle 1 (PHEV - diesel) 

 
84 Plug-in hybrid electric vehicle 2 (PHEV - gasoline) 

 
10 Electric vehicle (BEV) 

 
12 Methanol (fuel cell) 

 
13 Hydrogen (fuel cell) 

  9 No response 

KMJAHR 
 

Estimated vehicle mileage per year in kilometre  

 
 0-999999 Vehicle mileage in km 

  -9 No response 

FFAHRL 0-999999 Monthly vehicle miles travelled  

Km 
 

GESLITER   0-999999 Total amount of fuel consumed during reporting period in litres 

SEX  Gender 

 1 Male 

 2 Female 

SCHULAB  Education level 

 1 Secondary school, no vocational education 

 2 Secondary school, vocational education 

 3 General certificate of secondary education 

 4 Until 2012: University-entrance diploma, university of applied science diploma, university diploma  

Since 2013: University-entrance diploma  5 Until 2012: No graduation (yet) 

Since 2013: University of applied science diploma, university diploma   6 Since 2013: No graduation (yet) 

 9 No response 

ALTER  Age class 

 1 Between 10 und 17 years old 

 2 Between 18 und 25 years old 

 3 Between 26 und 35 years old 

 4 Between 36 und 50 years old 

 5 Between 51 und 60 years old 

 6 Between 61 und 70 years old 

 7 Over 70 years old 



HALTBUS 
 

 Bus stop in walking distance from home 

 1 Yes 

 2 No 

HALTSTR 
 

 Tram station in walking distance from home 

 1 Yes 

 2 No 

HALTU 
 

 Underground station in walking distance from home 
  1  

 2  

EINK1 
 

 Is there a shopping opportunity for daily needs (e.g. grocery store) within 1-2 km distance or 15-20 min walking distance 

from home? 

 1 Yes 

 
 2 No 

EINK2 

 
 Is there a shopping opportunity for further needs (e.g. department store) within 1-2 km distance or 15-20 min walking 

distance from home? 

 1 Yes 

 2 No 

 

 



Table A3. Socio-economic characteristics of households. 

Year Number 

of HH 

Average 

Household Size  

Average nr of people < 

age of 10  

Average 

Income  

Average Nr of 

Carts  

2004 1033 2.19 0.20 4.74 1.17 

2005 967 2.20 0.18 4.90 1.22 

2006 907 2.18 0.23 4.86 1.19 

2007 904 2.25 0.22 4.98 1.19 

2008 1062 2.19 0.22 5.02 1.12 

2009 982 2.16 0.16 5.19 1.17 

2010 1042 2.19 0.16 5.41 1.21 

2011 1074 2.23 0.17 5.49 1.24 

2012 1173 2.21 0.16 5.58 1.27 

2013 1517 1.06 0.46 3.43 1.92 

2014 1697 2.485 0.56 3.14 2.22 

2015 1718 2.07 0.14 4.02 1.25 

 

Table A4. Regional types according to settlement structure (KREIS, share). Rural (9) – Urban (1). 

 1 2 3 4 5 6 7 8 9 

2004 26 14 6 6 9 18 9 7 5 

2005 27 14 8 6 7 15 10 7 6 

2006 27 16 7 5 6 17 10 7 5 

2007 27 17 7 4 6 17 10 8 4 

2008 27 17 7 3 7 18 11 7 3 

2009 28 16 7 4 7 17 10 7 4 

2010 28 17 7 4 6 18 10 6 4 

2011 26 18 7 4 6 17 10 7 5 

2012 26 19 6 4 7 17 9 7 5 

2013 22 14 7 5 5 11  5  5  5  

2014 21 10 8 6 5 16  2  5  5  

2015 27 16 7 5 7 17  9  7  5  

 

  



Table A5. Type of Households (HHTYP, share). 

Year Small household 

with employed 

person(s) (1-2 

persons) 

Small household with 

non-employed 

person(s) (1-2 

persons) 

Household with 

children aged 17 

or younger 

Household without 

children, 3 and 

more adults 

2004 38 35 20 7 

2005 41 31 20 8 

2006 38 35 21 6 

2007 40 33 23 4 

2008 44 34 15 7 

2009 41 38 13 8 

2010 42 37 14 7 

2011 33 37 20 10 

2012 33 37 20 10 

2013 31 41 16  10   

2014 30 44 12  10  

2015 45 30 19  6  

Table A6: Logit Model 

 All Vehicles All Vehicles 
Covariates 

Fist Vehicle Fist Vehicle 
Covariates 

Other Vehicle Other Vehicle 
Covariates 

income 0.0604*** 0.0792*** 0.0542*** 0.0685*** 0.0593 0.1169** 
 (0.0171) (0.0207) (0.0190) (0.0231) (0.0437) (0.0539) 
gender 0.1037* 0.1356* 0.0973 0.0831 0.1243 0.3405* 
 (0.0628) (0.0809) (0.0711) (0.0914) (0.1351) (0.1776) 
tertiary 
education 

0.0255 0.0193 0.0776 0.0558 -0.1706 -0.1126 

 (0.0717) (0.1002) (0.0812) (0.1132) (0.1541) (0.2193) 
age -0.0841*** -0.0594** -0.0719*** -0.0635** -0.1120*** -0.0390 
 (0.0186) (0.0242) (0.0211) (0.0273) (0.0419) (0.0555) 
rural -0.4024*** -0.4224*** -0.4021*** -0.4117*** -0.4481*** -0.4703** 
 (0.0651) (0.0915) (0.0742) (0.1048) (0.1384) (0.1900) 
bus stop  0.2078  0.0746  0.8304 
  (0.2243)  (0.2415)  (0.6329) 
tram stop  0.1503  0.2016  -0.1798 
  (0.1164)  (0.1267)  (0.3088) 
metro stop  -0.0881  -0.1109  0.2141 
  (0.1607)  (0.1727)  (0.4610) 
grocery 
store 

 0.3907***  0.4772***  0.2239 

  (0.1255)  (0.1527)  (0.2268) 
departmen
t store 

 -0.0245  -0.0503  0.0687 

  (0.0866)  (0.0973)  (0.1958) 
N 9167 4270 7367 3402 1800 868 
Standard errors in parentheses. Significance level: * p < .1, ** p < .05, *** p < .01. All estimates include year fixed 

effect. 
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1 Introduction 

Concerns about international competitiveness and job losses have often characterized the 

political debate over climate policies. The withdrawal of the US from the Paris Agreement 

is only the latest episode of a political discourse that, especially among the conservative 

parties, has exploited the job-killing argument to block the approval of ambitious climate 

policies (Coglianese et al., 2013). Cragg et al. (2013) showed that US Congressional 

representatives are less inclined to vote for climate policies if they were elected from 

areas that are both poorer and have a pollution-intensive industrial structure. While the 

job-killing argument is less popular in the European debate, generous exemptions have 

been adopted in all countries to shelter polluting industries from international competition 

(Ekins and Speck, 1999). According to Martin et al. (2014), policymakers have overstated 

the relocation risk produced by the European Emission Trading Scheme (EU-ETS), which 

is the flagship EU policy on climate change mitigation. Empirical evidence has not 

disconfirmed these concerns: in most cases, air quality regulations and energy prices (a 

proxy for carbon tax) have modest negative employment effects that are concentrated on 

polluting and energy-intensive industries (e.g., Greenstone, 2002; Kahn and Mansur, 

2013; Walker, 2013). Although such negative effects can be offset by well-designed tax 

recycling schemes (Yamazaki, 2017), direct subsidies to the green economy (Vona et al., 

2018b) and induced innovations (Horbach and Rennings, 2013; Gagliardi et al., 2016), 

climate policies can still have large distributional consequences for different groups of 

workers, undermining their political acceptability. 

Of particular importance is assessing whether the labour market impacts of climate 

policies reinforce the well-known secular trend of skill upgrading induced by 

globalization and automation (Autor and Acemoglu, 2011; Goss et al., 2014; Lu and Ng, 

2013; Autor et al., 2015). Regarding information and communication technologies (ICT 

henceforth), firms exposed to stringent climate policies could adopt technologies and 

organizational practices that require different worker competencies. Ultimately, whether 

climate policies and the greening of our economies induce changes in skill demand and 

the extent to which these changes are aligned with those of on-going technological 

transformations are empirical issues that our paper seeks to answer. 

The first step of our research is to provide an exploratory look at the way in which the 

adoption of climate policies interacts with other labour market trends in shaping long-
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term changes in the workforce composition. Indeed, reemployment opportunities for 

displaced workers depend on their skill sets and should be less hopeful for workers whose 

competencies are offshored or automated. Conversely, workers equipped with the 

competencies needed in new green jobs will benefit from the expansion in the demand 

for green goods and services induced by such policies (Vona et al., 2018b).  

We contribute in three ways to the scant empirical literature on the distributional impacts 

of environmental policies across different worker groups, which has mostly been limited 

to the US (Walker, 2013; Vona et al., 2018a). First, we enlarge the breadth and generality 

of previous works by considering a more aggregated level of analysis. More specifically, 

we examine the associations between climate policies and workforce skills for 14 

European countries and 15 industrial sectors over the period of 1995-2011. Similar to 

previous research on the impact of ICT (Michaels et al, 2014), this approach allows us to 

examine within-sector cross-country differences in the associations between climate 

policies and labour demand divided by skill group.  

Second, we build a unique dataset containing information on exposure to climate policies, 

green innovations and other structural changes, essentially trade and (ICT and non-ICT) 

capital investments (section 2). On the one hand, this dataset allows us to isolate the 

effects of climate policies on workforce skills in our econometric analyses. On the other 

hand, we gain descriptive insights into how climate policies interact with other structural 

transformations in the labour market. We use cluster analysis to describe the overlap of 

different labour market changes and thus the potentially cumulative effects of present and 

future climate policies (section 3).  

Third, we estimate the long-term effects of climate policies on workforce skills and 

address the issue of the endogeneity of climate policies using a standard shift-share 

methodology for the two main policies of interest (section 4). Our favoured measures of 

climate policies are sectoral energy prices, following the methodology of Sato et al. 

(2015), and the composite EPS index, synthetizing the plethora of environmental policies 

adopted by EU countries in a unique index suitable for instrumentation (Botta and 

Kozluk, 2014). Our results indicate that properly accounting for endogeneity changes 

only the magnitude of the estimated effects and that, if anything, OLS estimates are 

downwardly biased.  
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More generally, there are three main results of our analysis. First, the cluster analysis 

shows that clusters exposed to climate policies (with higher GHG emissions intensity) 

and to other structural transformations (i.e., trade exposed) are not necessarily at a 

disadvantage compared to other clusters. Second, we estimate a decline in employment 

in most emission-intensive sectors that occur independently of policy stringency. Third, 

both the cluster and the econometric analyses emphasize a pronounced skill bias in favour 

of technicians and against manual workers. The bias is stronger for energy prices, high-

tech sectors, and the combined effects of all climate policies, explaining up to 2/3 of the 

increase in the share of technicians over the sample period. Before delving into the cores 

of sections 2 (data and descriptive), 3 (cluster analysis and taxonomy of exposure to 

multiple shocks) and 4 (econometric analysis and main results) of the paper, the next 

subsection discusses in greater detail our contribution with respect to the previous 

literature.  

1.1 Related literature 

Our paper contributes to the active literature on the impacts of environmental policies on 

competitiveness (Dechezleprêtre and Sato, 2017), of which labour market impacts are an 

expression. The following two contrasting hypotheses are explicitly or implicitly tested: 

the Pollution Haven hypothesis (e.g., Levinson and Taylor, 2008) and the Porter 

hypothesis (e.g., Porter and van der Linde, 1995). The former focuses on the increase in 

compliance costs induced by unilateral environmental policies that eventually lead to a 

relocation of pollution-intensive industries towards countries with less stringent policies. 

The latter emphasizes the dynamic incentives of strict, but flexible, environmental 

policies for green innovation (weak version) and competitiveness (strong version).  

Both hypotheses have important implications for labour market outcomes. As emphasized 

by the partial equilibrium model of Berman et al. (2001), the extent to which the Pollution 

Haven effect translates into job losses depends on the size of the scale effect induced by 

compliance costs, the labour intensity of abatement technologies and the degree of 

competition in product markets. To illustrate, if the decrease in labour demand associated 

with a reduction in the scale of production of polluting sectors is greater than the increase 

in labour demand required in abatement technologies, the aggregate effect is negative. 

Morgenstern et al. (2002) showed that the scale effect is small since firms have market 

power in polluting industries. Consequently, the increase in compliance costs can be 
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passed on to consumers with negligible effects on total demand. For the sake of 

simplicity, the Porter hypothesis can be nested within this framework by allowing for 

innovation in abatement technologies, including both end-of-pipe and cleaner 

technologies (Frondel et al., 2007; Horbach et al., 2012), to spur a green comparative 

advantage, possibly leading to net job creation.1 Overall, the aggregate effect of 

environmental policies on labour demand remains a largely unresolved empirical issue. 

On the one hand, the literature isolating the effects on most cost-exposed polluting 

industries has generally found negative employment effects. On the other hand, the 

literature focusing on employment, environmental policies and green innovation has 

generally found a positive correlation.2 The main difficulty in reconciling the empirical 

findings of the two literature streams is that it is easier to derive a reduced-form 

specification, identify a reliable control group and thus obtain the causal effects in the 

first strand of literature than in the second.3 Moreover, job destruction in polluting sectors 

can be offset by job creation in upstream suppliers of green technologies and services, 

which are difficult to assess in reduced-form econometric models. Finally, the timing of 

the effect is important because the offsetting mechanisms through innovation are likely 

to be effective in the medium to long term, while the increase in compliance costs occurs 

immediately (e.g., Lanoie et al. 2008) 

These research strands have so far focused on the aggregate employment impacts, 

although the impact of structural transformations can be highly skill biased. Examining 

skill-biased impacts has been crucial to understanding the inequality-enhancing effects of 

globalization, ICTs and other policy reforms, especially market liberalization (Autor and 

Acemoglu, 2011; Goss et al., 2014). In developed countries, all of these transformations 

have i) been mildly labour-saving, especially in manufacturing; ii) reduced the demand 

for unskilled labour and routine jobs; and iii) increased the demand for highly skilled 

                                                 
1 Obviously, the theoretical mechanisms that support the Porter hypothesis are more sophisticated than this 

simple linkage effect. A good survey of the literature appears in Ambec et al. (2013). 
2 Reviewing the findings of these two strands of literature is beyond the scope of these papers, and the 

picture provided here is, to a certain extent, a drastic simplification due to space limitations. Examples of 

the first set of “negative” results are Greenstone (2002); Walker (2011); Kahn and Mansur (2013) and 

Marin and Vona (2017); examples of the second set of “positive” results, especially for cleaner 

technologies, are Rennings et al. (2004); Horbach and Rennings (2013); Gagliardi et al. (2016) and Vona 

et al. (2017). 
3 Estimating the impacts of environmental policies on innovation and then the impact of innovation on 

employment is not an easy task given the presence of pervasive endogeneity issues in estimating both 

equations and the difficulties in finding reliable exclusion restrictions for identification purposes.  
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labour and abstract jobs, especially for non-routine interactive skills, compared to non-

routine cognitive skills.4 The theoretical rationale to account for these patterns is the so-

called Routine-Replacing Technical Change hypothesis, according to which ICT 

technologies replace routine cognitive tasks in the workplace and facilitate the 

fragmentation of global value chains and the relocation of manual tasks in developing 

countries. At the same time, the combined effects of ICT technologies and increased 

international competition have disproportionately benefited talented workers through a 

combination of complementarity effects, the scalability of intangible investments and 

increased market size.  

By analogy with these first-order structural changes, a key and yet unexplored question 

is whether the labour market impacts of environmental policies are biased towards certain 

workers’ groups and whether the direction of the bias is similar to that of these changes. 

Answering these questions is crucial not only for examining the labour market 

distributional impacts of climate policies but also for the acceptability and the design of 

environmental policies. Indeed, identifying the losers and supporting them during the 

transition to a new job would significantly increase the political acceptability of climate 

policies. Further, training workers with the skills required by green jobs would reduce the 

costs of coping with climate policies.  

A chief difficulty is that we do not have clear theoretical insights into the relationship 

between climate policies (as a proxy of the demand of greener productions) and skill 

demand. Consequently, our paper aims to identify data-driven patterns, which could 

provide basic insights and calibrations for theoretical contributions regarding the skill-

biased effects of climate policies. An example is the paper by Hafstead and Williams III 

(2018), which, using a search and matching general equilibrium model, showed that an 

aggregate, modest effect of a carbon tax masks a substantial relocation of labour between 

clean and dirty sectors. Because relocation costs are typically proportional to skill gaps 

(e.g., Gathmann and Schönberg, 2010), an extension of this model could take advantage 

of our findings to express relocation costs as a function of such skill gaps.5 

                                                 
4 In the seminal paper by Autor, Levy and Murnarne (2003), a key distinction within the high-skill group 

is that between non-routine cognitive skills, e.g., math, engineering and science, and non-routine 

interactive skills, e.g., language and social skills. 
5 Empirically, relocation costs associated with environmental policies are difficult to estimate due to data 

limitations. An exception is the paper by Walker (2013), who estimated the long-term earning losses of 

approximately 20% for workers displaced by the Clean Air Act, the main command-and-control 
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To the best of our knowledge, research on the skill biasedness of environmental policies 

is still scant and mostly limited to the US. Indirect evidence has been provided in three 

cross-sectional studies analysing the skill biasedness of green productions. Using the US 

Green Goods and Services Survey available for 2010 and 2011, Becker and Shadbegian 

(2009) and Elliott and Lindley (2017) found that plants producing green goods and 

services employ a lower share of production workers. Consoli et al. (2016) examined the 

skill difference between green and non-green jobs using standard skill measures, such as 

education and routine task intensity, based on data from the Occupational Information 

Network (O*NET), which contains detailed information about the skills and tasks content 

of approximately 1000 occupations. They generally found modest differences but also a 

bias towards higher skills for green jobs (see also Bowen et al., 2018). Vona et al. (2018a) 

was the first paper to provide a direct test of the effect of recent amendments to the Clean 

Air Act on skill demand in US regions over the period of 2006-2014. Extending the 

nuanced results of Consoli et al. (2016) for standard skill measures, they also used 

O*NET to identify the skills that are significantly different for green jobs compared to 

other jobs. The key finding is that skill gaps tend to be relevant, especially for engineering 

and technical skills, including monitoring. Taking stock of these findings, we expect 

climate policies to amplify the long-term skill upgrading of the workforce, with a more 

pronounced effect for engineering and technical skills.  

2 Data, measures and descriptive statistics 

2.1 Data and measures  

We use standard data sources that, to the best of our knowledge, we are the first to 

combine in a unique dataset. Our final dataset includes 15 sectors: 13 manufacturing 

sectors, “mining and quarrying”, and “electricity, gas and water supply”, classified 

according to the NACE rev. 1.1 classification.6 Due to missing data on key variables 

                                                 
environmental policy in the US. His main finding is that these losses are very heterogeneous and are 

particularly large for older workers, women and those forced to change sectors. In contrast with these 

findings, Curtis (2018) showed that the negative employment effects of the NOx Budget Trading Program 

are concentrated among younger cohorts.  
6 We excluded “construction” (NACE F), which is very different from other sectors in two important 

dimensions. First, it is an outlier in terms of employment. Second, it is sheltered by other shocks, such as 

international competition and automation. 
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described below, we focus on 14 countries only.7 The resulting dataset is a balanced panel 

for 15 industrial sectors and 14 countries.  

Our primary measure of sectoral exposure to climate policies is emissions intensity. The 

data source is the World Input Output Dataset (WIOD), which allows us to compute both 

the direct GHG emissions until 2009 (CO2, N2O and CH4 aggregated according to their 

global warming potential) of the sector and the indirect GHG emissions through the 

purchase of electricity from the power sector (using input-output technical coefficients). 

To account for the direct and indirect exposures, our measure of GHG is the sum of the 

direct and indirect emissions (from the power sector) per unit of the sectoral value added.8 

Because sectors producing green goods and technologies can benefit from climate 

policies and can be sources of job creation through an increase in the demand for green 

machines and services, we build a second measure of exposure to climate policies, 

namely, the stock of climate-related patent applications at the European Patent Office 

from REGPAT as a proxy for green comparative advantage.9 Climate-related patents are 

identified based on their IPC and CPC codes according to the taxonomy developed by the 

OECD (ENV-TECH indicator) and are related to renewable energy sources, energy 

efficiency, carbon capture and storage, emission mitigation technologies (e.g., energy 

storage, hydrogen-based fuels, fuel cells) and efficient combustion technologies. We use 

the IPC-ISIC concordance proposed by Lybbert and Zolas (2014) to attribute climate-

related patents to each sector. Importantly, patents are assigned to sectors that 

manufacture the green technology rather than to the sectors that use it, thus capturing the 

comparative advantage in green technologies. We measure environmental patent intensity 

by rescaling the patent stock by the number of hours worked in the sectors.  

On the labour market side, we use the European Labour Force Survey to retrieve, for each 

industry, information about the total and the share of hours for workers by different “skill 

                                                 
7 The countries are Austria, Belgium, the Czech Republic, Germany, Denmark, Spain, Finland, France, 

Hungary, Ireland, Italy, the Netherlands, Sweden and the United Kingdom. Over the period of 1995-2011, 

these countries contributed to approximately 73.7% of employment and 92.3% of value added of the EU27 

in the selected sectors. Data on ICT and non-ICT capital from EUKLEMS are not available for Bulgaria, 

Cyprus, Estonia, Greece, Lithuania, Latvia, Malta, Poland, Portugal, Romania and Slovakia. Moreover, 

data on import penetration (OECD) are missing for Luxembourg, while data on EPS (OECD) are not 

available for Slovenia. 
8 We use emissions rather than energy intensity. The two measures show a correlation of 0.91 in our sample. 
9 The stock is built with the perpetual inventory method using the EPO patent count sorted by priority year 

from 1977. We apply a 20% depreciation rate. 
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groups”. 10 Our favoured measure of skills is the share of workers employed in a certain 

occupational group, while our alternative measure breaks down the workforce by 

educational categories. This choice reflects the findings of the recent literature in labour 

economics emphasizing that occupational categories have greater predictive power than 

educational categories for labour market outcomes (Acemoglu and Autor, 2011), which 

is also consistent with the Routine-Replacing Technical Change hypothesis mentioned in 

section 1.1. We focus our analysis on four occupational groups: managers (ISCO 1), 

professionals (ISCO 2), technicians (ISCO 3) and manual workers (ISCO 7, 8 and 9). The 

paper by Vona et al. (2018a), which empirically identifies the skills relevant for green 

and brown jobs, motivates the separate inclusion of professionals, managers and 

technicians. Engineering and design skills emerge as the most important skills for both 

the green and polluting sectors. We include the share of managers because both Vona et 

al. (2018a) and Martin et al. (2012) found managerial skills to be important for 

environmentally friendly productions. Routine manual workers are included because they 

are both intensively employed in polluting industries and negatively affected by trade and 

technology shocks (Autor and Dorn, 2013; Autor et al., 2015). The second skill measure 

breaks down different levels of educational attainment as follows: low skill (secondary 

International Standard Classification of Education, ISCED, level or less), medium skill 

(upper secondary ISCED level) and high skill (tertiary ISCED level).11  

EU-KLEMS provides information about ICT and non-ICT capital and labour productivity 

(until 2007). We retrieved from OECD STAN (data available until 2009) the share of 

imports to total production, which is a conventional measure of import competition. As 

discussed in the introduction, ICT technologies and globalization have large labour 

market impacts, and a key goal of our analysis is to understand the extent to which these 

impacts overlap with those of climate policies.  

To capture climate policies that increase the price of emissions, we compute the share of 

total direct GHG emissions released by establishments that participate in the European 

Emission Trading Scheme (EU-ETS) using information on verified emissions of EU-ETS 

                                                 
10 The Labour Force Survey employs the NACE rev 1.1. classification until 2007 and the NACE rev. 2 

classification from 2007 onwards. We build a country-specific weighted concordance table between the 

two classifications, exploiting the double coding of information for 2007. 
11 For occupational groups not considered in our analysis, such as clerical (ISCO 4) and service occupations 

(ISCO 5), it is worth mentioning that they represent a tiny proportion of employment in the sectors 

considered by our analysis, i.e., 10.6% of the average industry workforce.  
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plants (classified by sector) from the EU ETS registry and total sectoral GHG emissions 

from WIOD. In the absence of other carbon pricing policies, we follow previous research 

using historical energy prices to proxy for the likely effects of climate policies on firms’ 

competitiveness (Aldy and Pizer, 2015; Marin and Vona 2017; Sato et al., 2015). We 

follow Sato et al.’s (2015) methodology and estimate energy prices (country, sector and 

year specific) by combining country-level time-varying tax inclusive prices for each 

energy source (from IEA) with the sector-country-year specific energy mix (from 

WIOD). Finally, other climate and environmental policies are multi-dimensional, 

consisting of a mix of subsidies, taxes and emission limits. To account for multi-

dimensionality, we use the OECD dataset on environmental policy stringency (EPS; see 

Botta and Koźluk, 2014). To avoid double counting of the EU-ETS stringency, we re-

calculate the aggregated indicator without the components of CO2 tax and CO2 trading 

(labelled as EPS_no_ETS), following the same procedure described by Botta and Koźluk 

(2014). For instrumentation purposes, we use the aggregate EPS index, which 

incorporates the measure of EU-ETS stringency (labelled simply EPS).  

In what follows, our data are organized in long intervals delimited by 1995, 1999, 2003, 

2007, and 2011 to capture medium- to long-term associations between climate policies 

and labour market outcomes.12 Since some variables are available until 2007 only, our 

descriptive analysis is performed for the time span of 1995-2007, while the econometric 

part also uses the last year because we fix the exposure to various shocks during the initial 

period. 

2.2 Descriptive evidence  

Table 1 summarizes the main data sources and the acronyms of the variables that are used 

throughout the paper, and it presents basic descriptive statistics for our variables of 

interest. 

 

[Table 1 about here] 

 

As a first attempt to understand the associations between climate policies and labour 

market outcomes, we correlate both the levels (Table 2) and long-term changes (Table 3) 

                                                 
12 We checked that our results are unaffected by the particular years selected to delimit the windows, and 

we performed extensive robustness checks using moving average transformations.  
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of our variables of interest. We highlight in italics the correlations that are not 

significantly different from zero (5% level). Examining the levels, the patterns for the two 

measures of exposure to climate policies are completely different. On the one hand, higher 

emissions per worker are associated with lower exposure to other shocks, namely, import 

penetration and ICT capital investment, and lower skill intensity. On the other hand, as 

expected, higher green patent intensity is positively associated with ICT capital 

investments as well as demand for highly educated workers, professionals, technicians 

and managers.  

 

[Table 2 and Table 3 about here] 

 

When we examine long-term 1995-2007 changes, we do not find any co-movements 

between our measures of exposure to climate policies and other structural shocks. Across 

the board, any increase in exposure to structural transformations (ICT capital, trade or 

emissions intensity) leads to a decrease in hours worked. Interestingly, sectors that 

become more intensive in green patents do not display any positive and significant 

changes in employment, while they reinforce their skill biasedness towards graduate 

workers and professionals. 

Finally, we observe another interesting pattern for the climate-related changes in demand 

for skills. In contrast with findings of Vona et al. (2018a), sectors that become cleaner 

reduce their relative demands for technicians and middle skills and increase their demands 

for unskilled and manual workers. The behaviour of sectors changing their emissions 

intensities is at odds with the common wisdom that employment contractions are usually 

accompanied by skill upgrading. An explanation of this unexpected pattern requires a 

more careful treatment of the overlap among different structural shocks, which is the goal 

of the cluster analysis in the next section.  

3 A taxonomy of exposure to multiple structural 

transformations 

Isolating the associations between climate policies and workforce composition is 

challenging due to the contemporaneous presence of other structural drivers that have 

well-known biased effects on labour demand. Climate policies can either reinforce or 

mitigate the skill-biased effect of these changes. To consider in a compact way the 
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overlapping of different shocks, we develop a taxonomy of sectors based on their degree 

of exposure to structural drivers affecting labour market outcomes. Cluster analysis is the 

most natural method for allowing the data reveal this taxonomy.13 

3.1 Cluster analysis: methodology 

The variables used to build the clusters are the following: i) the capital deepening and the 

technological level of the sector are captured using both non-ICT and ICT capital stocks 

per hour worked; ii) exposure to international competition is captured by import 

penetration; and iii) GHG intensity and the stock of EPO climate-related patents per hours 

worked are our primary and secondary proxies, respectively, for exposure to climate 

policies.14 

Note that the distribution of clustering variables is skewed and characterized by the 

presence of outliers. Therefore, as a preliminary step in the search for a meaningful 

sectoral taxonomy, we transform each variable in percentile ranks to avoid the formation 

of clusters driven by extreme values. 

We cluster our country-sector pairs for each of the four years for which all data are 

available: 1995, 1999, 2003 and 2007. The aim of cluster analysis is to identify groups of 

observations that are distinct, that is, those that i) are different from the others and ii) 

group together observations that are homogeneous within the cluster. We adopt a two-

step procedure to identify the optimal composition of clusters, as suggested in Hair et al. 

(2009). As a first step, we perform hierarchical clustering to identify the “optimal” 

number of clusters (Milligan and Cooper, 1985) by assessing how distinct the clusters are 

(see Appendix A). As a second step, we use the resulting clusters (and corresponding 

centroids) as a starting point for the optimal re-attribution of observations into clusters by 

means of non-hierarchical clustering.15 Our favoured clustering algorithm is the average 

linkage algorithm, which computes the distance (squared Euclidean distance) in 

clustering variables across all possible pairs of individuals across different clusters and 

aims to minimize distances within the clusters and, at the same time, maximize distances 

                                                 
13 For a similar use of cluster analysis to build a taxonomy based on skill diversity, see Consoli and 

Rentocchini (2016). 
14 Other variables could have been included as clustering variables, such as the total patent stock and 

investments in intangible capital, but at the cost of increasing complexity and losing observations.  
15 Hierarchical clustering techniques sequentially split clusters and do not allow for the re-allocation of 

observations across different branches of the clustering tree. Non-hierarchical clustering techniques are 

more flexible and allow for re-allocation of observations to render clusters more homogeneous and distinct. 
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across clusters. This procedure provides six main clusters, which are described in the 

following sub-sections (see Appendix A for details). 

3.2 Profiling of clusters 

Table 4 provides the description of the cluster taxonomy by reporting the average 

percentiles (and the median values in parentheses) of clustering variables across the six 

different clusters. These figures are the basis for understanding the typical features of 

observations belonging to different clusters and attributing a label to each cluster. 

 

[Table 4 about here] 

 

To evaluate the differences in clustering variables across clusters, we run five linear 

regressions with a clustering variable as a dependent variable and all of the cluster 

dummies as independent variables. Not surprisingly, given that the cluster analysis seeks 

to maximize the differences in clustering variables across clusters, cluster dummies are 

jointly (F-test) significantly different from zero for all of the clustering variables, and they 

explain a significant proportion of the whole variance (R squared far greater than 0.6). In 

the last row of the table, we also enlist pairs of clusters for which clustering variables are 

not significantly different (based on Scheffe’s test). Note that this outcome is more 

frequent for ICT capital (6 of 15 possible pairwise comparisons) than for the other four 

clustering variables, especially the climate-related ones, corroborating the well-known 

fact that ICT is a general-purpose technology with a broad range of applications 

(Helpman, 1998).  

We now discuss the features of the six clusters by combining information about the 

clustering variables (Table 4) with the dynamics of the clustering variables across 

different clusters (Figure 1). Theoretically, we should expect that being exposed to 

multiple shocks is worse than being exposed to a single shock because all structural 

transformations (except perhaps green innovations) are potentially labour saving.  

 

[Figure 1 about here] 

 

Clusters 1 (Brown Global Low-tech) and 2 (Brown Medium-tech) are both characterized 

by a medium pollution intensity. The main difference is that cluster 1 is opened to trade 
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and is extremely low tech, while cluster 2 is medium tech and is relatively sheltered by 

international competition. Over time, we observe a catching up of these two clusters 

regarding capital deepening and green patents. Emissions intensity, in contrast, declined 

twice as fast in cluster 1 as in cluster 2. The first cluster contains a combination of diverse 

sectors, including Textile and Transport Equipment, while the second cluster is more 

concentrated in a few sectors, such as Basic Metals, Food and Wood production (Table 

A2 of the Appendix A).16 Importantly, the Brown Medium-tech cluster is the largest in 

terms of average employment share (31.2%), while the Brown Global Low-tech (14.8%) 

cluster is the fourth largest. 

The third cluster (Green Global High-tech) resembles the second with two notable 

differences: i) a significantly larger share of green knowledge and ii) a very modest GHG 

emissions intensity. This cluster contains the Machinery and Equipment producers as well 

as some Textile, Rubber and Plastics producers (Table A2), and it is the second in terms 

of size with an average of 20.6% in total employment. Notably, the cluster becomes 

significantly greener over time in terms of both green patents and emissions intensity. 

Cluster 4 (Exposed to Automation) is also a large cluster with 19.5% of total employment 

on average. It collects observations that remain relatively, but not fully, sheltered by 

international competition and climate-related transformations. For this reason, we use it 

as a benchmark category in our regression analysis. For all of the clustering variables, the 

observed growth rates for this cluster resemble those experienced by other clusters. 

The last two clusters (Black and Exposed to Multiple Shocks and Black High-tech) are the 

most polluting ones, but they represent, on average, a remarkably smaller share of hours 

worked (7.2% and 6.7%, respectively). Both cluster 5 and cluster 6 score high along all 

of the dimensions, especially climate-related ones; the only notable difference is that 

cluster 6 has been fully sheltered by international competition. Both clusters are very 

concentrated sector-wise: Chemicals and Mining for cluster 5 and Coke, Petroleum, 

Nuclear and Electricity Generation for cluster 6. Concerning the trends over time, cluster 

6 is the best performer in terms of increases in green patent intensity, while cluster 5 is 

an outlier in terms of increased trade exposure.  

                                                 
16 Interesting, the chi-square independence test presented in Table A2 shows that both sectors and countries 

are not randomly assigned to clusters. While this assignment is expected for sectors, the results for countries 

highlight country-specific features in the incidence of structural transformations in the labor market. 
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3.3 The taxonomy at work 

Before moving to our econometric analysis, in which we use cluster dummies to flexibly 

control for exposure to structural shocks, we assess here the composition and dynamics 

of different clusters in terms of workforce skills. In Table 5, we observe that the 

composition of the labour force is different across clusters, and the differences go in the 

expected directions, following a general technology-skill complementarity argument. 

However, as evident in last three rows of the table, cluster dummies explain only a small 

proportion of the variance in our measures of skills, except for manual workers, and the 

pairwise differences across clusters are often not statistically significant, especially for 

managers. 

 

[Table 5 and Figure 2 about here] 

 

Figure 2 reports the trends in our skill measures across different clusters. According to 

the previous discussion, cluster 5 and, to a lesser extent, cluster 1 should be those at a 

higher risk of job loss since they are affected by a larger number of labour-saving shocks. 

We observe that hours worked declined mostly in clusters exposed to multiple shocks and 

international competition (1, 3, 5), although cluster 6 experienced the largest employment 

decline. Visually, a pronounced skill upgrading is widespread, but we do not observe any 

striking pattern clearly related to climate-related factors, except for the switch from 

manual workers to technicians in cluster 6.  

 

[Table 6 about here] 

 

The fact that the clusters do not reveal pronounced differences in employment patterns is 

also confirmed in Table 6, in which we regress the 4-year long-term changes (1995-1999, 

1999-2003, 2003-2007, 2007-2011) in employment on initial cluster dummies (columns 

1-2) and then on clustering variables (columns 3-4). Only cluster 1 experienced a 

significant decrease in employment compared to other clusters. Importantly, the 

explanatory power of the initial cluster dummies alone (column 1) is greater than that of 

time-varying lagged clustering dummies (column 3), justifying the use of cluster 

dummies to consider in a flexible way the exposure to multiple shocks. Finally, the signs 
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of the two proxies for exposure to climate policies are in line with those expected from 

our discussion in section 1.1: negative and significant for GHG intensity and positive and 

significant for green patent intensity.  

We can conclude that cluster analysis provides a flexible method to control for exposure 

to multiple shocks, but a fully-fledged assessment of the associations of climate policies 

and skill-biased employment dynamics should directly include our two proxies for 

exposure to these policies. The next section describes the methodology used to estimate 

this association and the main results of the paper.  

4 Link between climate policies and labour market outcomes 

4.1 Empirical strategy 

In this section, we study the associations between climate policies and labour market 

outcomes through standard econometrics tools. Our starting point is the following 

equation, weighted for the initial employment level of the country-sector cell to account 

for differences in size: 

 

∆𝑌𝑖𝑗𝑡
𝑘 = 𝛽1𝐸𝑇𝑆_𝑠𝑡𝑟𝑖𝑛𝑔̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅

�̅�𝑗𝑡 + 𝛽2𝐸𝑛_𝑃𝑟𝑖𝑐𝑒̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅
𝑖𝑗𝑡 + 𝛽3 log(𝐸𝐼)𝑖𝑗,𝑡=95 + 

+𝛽4log(𝐸𝐼)𝑖𝑗,𝑡=95 × 𝐸𝑃𝑆_𝑛𝑜_𝐸𝑇𝑆̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅
𝑖𝑡 + ∑ 1{𝑖,𝑗}∈𝐶𝑑,𝑡=95

6
𝑑=1 + 𝜇𝑖𝑡 + 𝜃𝑗 + 𝜀𝑖𝑗𝑡, (1) 

 

where 

i) Our dependent variable is the 4-year change in share of labour of type k, i.e., 

∆𝑌𝑖𝑗𝑡
𝑘 . There are two advantages to using a long difference estimator. First, we 

directly estimate the permanent changes in workforce skills. Second, first 

differencing removes time-invariant the fixed characteristics of the country-

sector pair and transforms 𝑌𝑖𝑗𝑡
𝑘 into a stationary variable.17 

ii) The independent variables of interest are the three policies: the EU-ETS 

(𝐸𝑇𝑆_𝑠𝑡𝑟𝑖𝑛𝑔̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅
𝑖𝑗𝑡); energy prices (𝐸𝑛_𝑃𝑟𝑖𝑐𝑒̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅

𝑖𝑗𝑡); and an index of all of the other 

policies except for the EU-ETS (𝐸𝑃𝑆_𝑛𝑜_𝐸𝑇𝑆̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅
𝑖𝑡). 

                                                 
17 We use the Harris-Tzavalis stationarity test, which is designed for panels such as ours that have small T 

and large N. The null hypothesis of the unit root is rejected for all of our dependent variables in first 

differences, while it is not rejected for total employment in levels.  
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iii) 1{𝑖,𝑗}∈𝐶𝑑,𝑡=95 are five cluster dummies (the omitted category is cluster 4 

“Exposed to automation”) that consider the initial exposure and overlapping 

of the various structural changes discussed above. Using the initial cluster 

avoids the problem of endogeneity related to cluster switching, which is, 

however, not as frequent as shown in Tables A3 and A4 in Appendix A. 

iv) We include the initial level of GHG intensity in logs (log(𝐸𝐼)𝑖𝑗,𝑡=95)to 

capture the differential performance of a country-sector pair within a given 

cluster depending on the initial level of GHG emission. 

v) 𝜇𝑖𝑡 is a full set of country-specific year dummies that account non-

parametrically for a broad range of country-specific time trends (e.g., 

differential effect of the great recession, general level of technology and 

competencies), which are likely to be correlated with both ∆𝑌𝑖𝑗𝑡
𝑘  and our 

variables of interest. Note that estimating the autonomous influence of 

𝐸𝑃𝑆_𝑛𝑜_𝐸𝑇𝑆̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅
𝑖𝑡 is not possible when including country-by-time dummies.18 

vi) 𝜃𝑗  are sector dummies absorbing observable and unobservable sector-specific 

trends. We assume these trends to be linear because cluster dummies and non-

parametric country trends are already intended to capture deviations from 

long-term sectoral patterns, such as globalization and automation. 

vii) 𝜀𝑖𝑗𝑡 is a standard error term. 

Before turning to the issue of policy endogeneity, we discuss the functional form used for 

the three policy variables. An important issue is whether to include the policies in 

differences or in levels. Compared to the policy changes, policy levels have a first-order 

effect on the cost structure and thus on industry competitiveness, labour demand and 

workforce skills. For instance, the effect on costs of a given change in energy prices 

depends on the initial levels of energy prices. To capture synthetically both the levels and 

the difference effect, we compute the average of the policy of interest between the initial 

and final years of the time interval used for the corresponding long-difference; e.g., 

𝐸𝑛_𝑃𝑟𝑖𝑐𝑒̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅
𝑖𝑗𝑡 is the average energy price between time t and time t-4. 

                                                 
18 An alternative specification with orthogonal country and time dummies, in addition to 𝐸𝑃𝑆_𝑛𝑜_𝐸𝑇𝑆̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅

𝑖𝑡 , 

delivers qualitatively similar results. However, the interpretation of the coefficient associated with 

𝐸𝑃𝑆_𝑛𝑜_𝐸𝑇𝑆̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅
𝑖𝑡  is cumbersome here because it also captures the nonlinear component of the country-

specific trends.  
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Another important choice regards the interactions between the policy variables, on the 

one hand, and the index of emissions intensity discussed above, on the other. To avoid 

multicollinearity, we decide to include only the interaction between 𝐸𝑃𝑆_𝑛𝑜_𝐸𝑇𝑆̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅
𝑖𝑡 and 

the initial GHG emission intensity of the sector-country pair. Unlike energy prices and 

ETS stringency, the EPS index varies only at the country level, so it is not possible to 

identify its autonomous effect once we include non-parametric country trends. This 

choice is corroborated by an additional econometric exercise in which we estimate 

variants of equation 1 with only one policy at a time and its interaction with GHG 

intensity. The results, reported in Table B2 of Appendix B, justify our choice as long as, 

in most cases, the interactions between 𝐸𝑇𝑆_𝑠𝑡𝑟𝑖𝑛𝑔̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅
𝑖𝑗𝑡 (or 𝐸𝑛_𝑃𝑟𝑖𝑐𝑒̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅

𝑖𝑗𝑡), on the one hand, 

and initial pollution (or energy intensity), on the other, are not statistically significant at 

conventional levels.  

There are several concerns in interpreting the policy coefficients as causal. First, lobbying 

efforts have warranted generous policy exemptions in sectors in which emission 

reductions were most needed. This issue is particularly relevant for the EU-ETS and the 

other policies included in the EPS index. Second, energy prices are also correlated with 

the error term because quantity discounts render the price of energy lower for large 

consumers. Moreover, changes in the energy mix are likely to be correlated with changes 

in the input mix, including the skill mix. 

Our strategy is to overcome these issues with instrumental variables that are standard in 

the literature for two of three endogenous variables, that is, energy prices and the EPS 

index. For the third variable, ETS stringency, since instrumenting is not straightforward,19 

we slightly amend equation 1, replacing the measures of ETS stringency and the variable 

𝐸𝑃𝑆_𝑛𝑜_𝐸𝑇𝑆̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅
𝑖𝑡 with the standard index (𝐸𝑃𝑆̅̅ ̅̅ ̅̅

𝑖𝑡), including the score for carbon trading 

schemes: 

 

 ∆𝑌𝑖𝑗𝑡
𝑘 = 𝛽1𝐸𝑃𝑆̅̅ ̅̅ ̅̅

𝑖𝑡 + 𝛽2𝐸𝑛_𝑃𝑟𝑖𝑐𝑒̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅
𝑖𝑗𝑡 + 𝛽3 log(𝐸𝐼)𝑖𝑗,𝑡=95 + 𝛽4 log(𝐸𝐼)𝑖𝑗,𝑡=95 × 𝐸𝑃𝑆̅̅ ̅̅ ̅̅

𝑖𝑡 + 

 +∑ 1{𝑖,𝑗}∈𝐶𝑑,𝑡=0
6
𝑑=1 + 𝜇𝑖𝑡 + 𝜇𝑗 + 𝜀𝑖𝑗𝑡.  (2) 

 

                                                 
19 Since the EU-ETS is a European policy, an ideal instrument for 𝐸𝑇𝑆_𝑠𝑡𝑟𝑖𝑛𝑔̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅

𝑖𝑗𝑡 does not exist at the 

country-by-sector level because industrial groups directly lobby at the EU level to alter the effective 

stringency of the ETS.  
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The instrument of the interaction term log(𝐸𝐼)𝑖𝑗,𝑡=95 × 𝐸𝑃𝑆̅̅ ̅̅ ̅̅
𝑖𝑡 is built as a combination of 

two variables. The average GHG of non-EU, high-income OECD countries (US, Japan, 

Canada, South Korea, New Zealand, Australia) in 1995 is the instrument for 

log(𝐸𝐼)𝑖𝑗,𝑡=95, while we use the EPS in all EU countries except for i as an instrument for 

𝐸𝑃𝑆̅̅ ̅̅ ̅̅
𝑖𝑡. The exclusion restriction is satisfied by construction since we switch off the time-

varying idiosyncratic characteristics of each specific country-sector pair. At the sector 

level, the average GHG exposure in other countries should reflect deep technological 

factors rather than idiosyncratic country characteristics. At the country and time levels, 

the policy variation in all of the other countries isolates the EU-driven, arguably more 

exogenous, component of national climate policies.  

The instrument of energy prices exploits a classical shift-share logic (Bartik, 1991) that 

becomes common in related papers estimating the impacts of energy prices (Lin, 2008; 

Marin and Vona, 2017; Sato et al., 2015). The instrument is obtained by multiplying the 

vector of sectoral shares of each energy source (coal, gas, electricity, etc.) at time 0 (1995 

in our case) by the vector of the time-varying prices of each source at the national level. 

The exclusion restriction is satisfied as long as two conditions hold: i) the national prices 

for each source are independent of sector-level idiosyncratic demand shocks and ii) the 

initial energy mix of the sector does not affect long-term employment dynamics. The 

inclusion of sector dummies, capturing sector-level time trends, and of country-year 

dummies, implicitly capturing the idiosyncratic country-specific features of large energy 

consumers (e.g., utilities), ensures that these conditions are satisfied. 

To provide context for our results, Table B1 in the Appendix shows that all of our policy 

measures increased substantially over time. The average energy price increased by a 

remarkable 78%, while EPS stringency tripled between 1995 and 2011. ETS stringency 

jumped from zero to a positive value between 2003 and 2007 with the beginning of the 

first phase (2005) and then further increased in 2011 with the beginning of the second 

phase (2008).  

4.2 Estimation results 

Table 7 presents the OLS estimations of equation 1, while Table 8 contains the IV 

counterpart. In both tables, the results are presented for the changes in five dependent 

variables: the log of total hours worked and the shares of hours worked by managers, 

professionals, technicians and manual workers. Clearly, while the IV specification 
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provides a better estimation of the causal effects of climate policies, the OLS specification 

has a number of advantages worth mentioning. Above all, it allows for the separate 

identification of the coefficient associated with the EU-ETS. Moreover, it is amenable to 

extensions to include the other variable that, as we discussed above, could shape the 

associations between climate policies and employment dynamics, that is, green patent 

intensity. Finally, it is of its own interest for evaluating the extent to which the OLS 

coefficients are biased.  

 

[Table 7 and Table 8 about here] 

 

Both Table 7 and Table 8 clearly highlight the two main findings of our paper. First, 

climate policies do not add to the observed decline in employment for polluting industries, 

as attested by the negative and significant coefficient of the initial GHG intensity, which 

resonates with the historical decline in energy-intensive industries in Europe (Rosés and 

Wolf, 2018). If anything, a more stringent EPS mitigates such a decline, as shown by the 

positive and significant coefficient associated with the interaction between EPS and GHG 

intensity. Second, the missing association between climate policies and total employment 

masks significant heterogeneity across occupational groups. Similar to other structural 

transformations in the labour market, climate policies create winners and losers across 

occupations within a given industry rather than directly affecting the total level of 

industrial employment.  

Broadly speaking, the skill bias of climate policies is aligned with that of globalization 

and automation: manual workers are the losers for all policies considered, while abstract 

professions (especially when considering energy prices) and managers (especially for 

ETS stringency) are the winners. A peculiar aspect of climate policies is the pronounced 

bias in favour of technical occupations (ISCO3), such as Physical and Engineering 

Science Technicians, Process Control Technicians and Government Regulatory Associate 

Professionals, in agreement with findings of Vona et al. (2018a) for the Clean Air Act in 

the US. Indeed, the share of technicians increases significantly with energy prices and the 

EPS index. 
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For energy prices, we can directly compare the IV and OLS results.20 Interestingly, the 

OLS coefficients underestimate the skill-bias effects, especially for technicians and 

manual workers. By retaining only the exogenous variation in energy prices, the shift-

share instrument dampens the sources of organizational inertia, slowing the skill 

upgrading required by energy-saving technologies and organizational practices. For the 

other two policies, a direct comparison between OLS and IV is not possible because we 

estimate the ETS inside the EPS index. 

The magnitude of the estimated coefficients allows us to assess the policy relevance of 

our estimates. We use the IV specification to quantify the main effects of interest. Among 

the different policies, energy price has the strongest effect on workforce skills. An 

increase of 10% in the mean energy price explains 17.9% of the average increase in the 

share of technicians. The corresponding effects are slightly smaller but still economically 

significant: for professionals, 13.2% of their increase and for manual workers, 13.1% of 

their decrease. The effects on technicians and manual workers are reinforced by the 

increase in EPS. For an industry at the mean level of GHG intensity, the average 4-year 

increase in EPS accounts for 17.3% of the increase in the share of technicians and 14.2% 

of the decline in the share of manual workers. In summary, 2/3 of the increase in the share 

of technicians and slightly more than 1/4 of the decrease of the share of manual workers 

are explained by climate policies. 

This pronounced skill bias in favour of technical, scientific and engineering skills (i.e., 

engineers are a substantial proportion of professionals) bears policy relevance given the 

increase in carbon prices planned by European countries, both at the national (i.e., carbon 

taxes) and EU levels (i.e., carbon price floors). Our results indicate that investing in 

technical and engineering skills can significantly reduce the socio-economic costs of a 

high carbon price scenario. On the one hand, expanding the supply of such skills will 

decrease the hourly wages of technical workers and thus production costs. On the other 

hand, retraining manual workers for middle-skill technical jobs for clean and energy-

saving tasks will provide fresh opportunities to workers who bear the bulk of the costs of 

all of the recent structural transformations in the labour market.  

                                                 
20 Note that both instruments are strong, as testified to by an F of 270.9 for the instrument of energy price 

and 181.9 for the instrument of log(𝐸𝐼)𝑖𝑗,𝑡=95 × 𝐸𝑃𝑆̅̅ ̅̅ ̅̅
𝑖𝑡 . 
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An interesting result that deserves further examination is the mitigating effect of EPS on 

total employment in polluting industries. We examine how the combined effects of the 

initial GHG intensity (�̂�3log(𝐸𝐼)𝑖𝑗,𝑡=95 + �̂�4log(𝐸𝐼)𝑖𝑗,𝑡=95 × 𝐸𝑃𝑆̅̅ ̅̅ ̅̅
𝑖𝑡) vary by replacing 

the averages values 𝐸𝑃𝑆̅̅ ̅̅ ̅̅
𝑖𝑡 and log(𝐸𝐼)𝑖𝑗,𝑡=95 within each decile of initial GHG intensity. 

We find that the monotonicity of the relationship is preserved: the fraction of the 

employment decrease explained by GHG intensity is nearly 0 at the first decile, while it 

is 11.7% at the median and 44.1% for the most polluting observations at the 9th decile. To 

interpret this result, note that there is a modest but negative correlation (-0.11) between 

initial GHG intensity and EPS stringency as well as a positive and significant correlation 

between the green patent stock per capita and EPS stringency (0.30). Taken together, this 

evidence suggests that green tech leaders might be more willing to adopt stringent climate 

policies that can mitigate the long-term employment decline in polluting industries. 

We formally test this conjecture in estimating an augmented specification with a full set 

of interactions between EPS policy stringency (interacted with initial GHG intensity) and 

a “green tech” dummy variable equal to one for countries sufficiently close to the green 

technological frontier.21 For the sake of parsimony, we include only the interaction of the 

green tech dummy with EPS and the initial GHG terms. Since it would be nearly 

impossible to find satisfactory instruments for all of the interactions, we estimate this 

equation with OLS.  

 

[Table 9 about here] 

 

Table 9 presents the results of this exercise. Examining the interaction terms between EPS 

and the green-tech dummy, the only statistically significant result corroborates our main 

findings, that is, the share of technicians increases more with climate policies in countries 

closer to the green technological frontier. Examining the interaction terms between GHG 

intensity and the green-tech dummy, we find no support for our hypothesis that green 

high-tech countries are able to mitigate the negative relationship between initial GHG 

intensity and total employment. This outcome is in contrast with the positive association 

                                                 
21 We define the green tech dummy as equal to one for a country sufficiently close to the green technological 

frontier in sector j. The green technological frontier is defined as the ratio between the green patent stock 

per capita and the maximum green patent stock in this sector year. The threshold defining the green tech 

dummy is set at a jump in the distribution of the variable “distance to the green frontier”, i.e., distance=0.67.  
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between employment and the green patent stock per worker that we found in Table 6. 

This finding indicates that the inclusion of country-by-year and cluster dummies killed 

this positive and significant association. Further research is required to better understand 

whether this result is reliable, considering the problems in our measurement of green 

leadership, or whether it is a mismatch between green inventors and polluting industries.22 

Appendix B replicates Table 7 and Table 8 for different dependent variables: labour 

productivity (value added per hour worked or gross output per hour worked) and the 

shares of high-, medium- and low-skilled workers defined in terms of educational 

attainment as, respectively, university graduates, high-school graduates and lower 

secondary graduates or less (Tables B3 and B4). The main takeaways from these tables 

are that climate policies have no effect on labour productivity and that skill biases are less 

evident when using an education-based measurement of skills. While the second finding 

corroborates previous research in labour economics that suggests using task- and 

occupation-based measures of skills instead of education-based ones (Acemoglu and 

Autor, 2011), the first is not fully consistent with the findings of Albrizio et al. (2017), 

who used Total Factor Productivity and a distance-to-the-frontier specification of 

productivity growth. We leave a more detailed examination of the effects of climate 

policies on labour productivity to future research.  

5 Concluding remarks 

Our paper investigates the effects of climate policies on the demand for workers with 

different skills. We find that the skill bias of climate policies mostly consists of a 

substitution of technical and professional workers for manual ones. While the main skill-

bias pattern is broadly consistent with that of other structural transformations, such as 

globalization and the ICT revolution, we observe for climate policies a more marked re-

direction toward technical and scientific skills (i.e., non-routine cognitive skills) 

compared to managerial and social skills (i.e., non-routine interactive skills). Since this 

result is broadly consistent with that of Vona et al. (2018a) for US regions, we argue that 

training investments for greening our economy should start from the technical and 

scientific disciplines. 

                                                 
22 Producers of green technologies are often not in the most polluting sectors, as confirmed by the low 

weighted correlation between initial GHG intensity and the green patent stock per capita, i.e., 0.17. 
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Importantly, a highly heterogeneous effect of climate policies across workers’ groups 

does not match the induced decrease in total employment. Climate policies did not 

contribute to the swift decline in employment in polluting industries, in contrast with the 

findings of the micro-econometric literature. This gap between macro and micro findings 

reveals once again an aggregation bias in the evaluation of the economic effects of 

environmental policies (e.g., Levinson and Taylor, 2008; Dechezleprêtre and Sato, 2017). 

Nevertheless, the mechanisms by which modest to large effects for the treated companies 

in polluting sectors translate into negligible effects at the sector level are not clear. In our 

paper, we investigate the mediating effects of green technology, but we do not find 

conclusive evidence after controlling for sector and country effects.  

This paper is a first step towards understanding  the distributional labour market impacts 

of environmental policies. Although we find evidence of distributional impacts in terms 

of changes in demand for different groups of workers, the next step should be to examine 

the effects on earnings. In this work, we refrain from examining the impact of climate 

policies on earnings for two reasons. First, estimating wage premiums for specific skill 

categories at the industry level introduces additional sources of bias related to 

compositional effects and self-selection regarding unobservable workers’ characteristics. 

Second, institutional differences in wage-setting rules across EU countries should be 

considered, which would add another layer of complexity to our analysis. This analysis 

is left for future research using matched employer-employee data that are better suited for 

an analysis of the dynamics of earnings (see Walker, 2013). 
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Tables and figures 

Table 1 – Definition of variables 

Variable Source Years Description Mean Median 
Standard 

deviation 

ICT capital intensity EU KLEMS 1995-2007 Stock of ICT capital per hour worked. 1.4125 0.5748 3.3224 

Non-ICT capital 

intensity 
EU KLEMS  1995-2007 Stock of non-ICT capital per hour worked. 9.2597 3.8193 21.0790 

Import penetration OECD STAN 1995-2009 Import / (Output + Import – Export). 0.5672 0.4358 1.4739 

Climate patent stock per 

empl 

OECD-REGPAT; 

Lybbert and Zolas 

(2014); OECD-
ENVTECH 

1995-2011 

Stock of EPO patent applications in climate-related technologies. Patents are attributed to the sectors 

according to the IPC-ISIC concordance table proposed by Lybbert and Zolas (2014). Climate-related 

technologies are identified following the IPC- and CPC-based taxonomy proposed by the OECD 
ENVTECH Indicator. 

2.5391 0.3805 6.0176 

GHG/VA WIOD 
 

1995-2009 

Greenhouse gas emissions (CO2, CH4 and N2O expressed in CO2 equivalent tons) per real value 

added. The numerator also includes emissions embodied in the purchase of electricity (based on input-
output estimates). 

5.4161 0.7988 26.2186 

Managers EU LFS 1995-2011 Share of managers (ISCO 1) 0.0751 0.0649 0.0447 

Professionals EU LFS 1995-2011 Share of professionals (ISCO 2) 0.0783 0.0562 0.0660 

Technicians EU LFS 1995-2011 Share of technicians (ISCO 3) 0.1483 0.1250 0.1128 

Manual EU LFS 1995-2011 Share of manual workers (ISCO 7, 8 and 9) 0.5903 0.6150 0.1601 

High education  EU LFS 1995-2011 Share of workers with tertiary (ISCED) education 0.1903 0.1653 0.1220 

Mid education EU LFS 1995-2011 Share of workers with upper secondary (ISCED) education 0.5201 0.5084 0.1656 

Low education EU LFS 1995-2011 Share of workers with secondary or lower (ISCED) education 0.2895 0.2620 0.1585 

Hours worked WIOD 1995-2011 Hours worked by employed and self-employed workers 251.1599 117.8889 335.7974 

Environmental Policy 

Stringency (EPS) 

OECD EPS 

Indicator 
1995-2011 

Environmental Policy Stringency indicator (CO2 tax and CO2 trading excluded). The indicator has 

been standardized to range between 0 and 1. 
0.4488 0.1671 0.4811 

ETS stringency 
EU ETS Registry; 

WIOD 
1995-2011 

Ratio between GHG emissions of establishments that participate to the EU ETS to total GHG 

emissions of the sector. 
0.4839 0.0000 0.4321 

Energy price IEA; WIOD 1995-2011 
Sector-country-year specific price of energy inputs. The price is the weighted average of country-year 

fuel specific energy prices, using country-sector-year specific energy mix as weight. 
0.2484 0.3165 0.2298 
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Table 2 – Correlation between measures of shocks and labour force composition (levels 

for years 1995, 1999, 2003 and 2007) 

  

log(ICT capital 

intensity) 

log(Non-ICT 

capital intensity) 

Import 

penetration 

Climate patent 

stock per empl 
log(GHG/VA) 

log(ICT capital intensity) 1.0000     

log(Non-ICT capital intensity) 0.6763 1.0000    

Import penetration 0.0886 -0.0018 1.0000   
Climate patent stock per empl 0.5005 0.3371 0.0670 1.0000  

log(GHG/VA) -0.1805 0.1671 -0.1621 0.0357 1.0000 

Managers 0.3385 0.1346 0.0774 0.1039 -0.0350 

Professionals 0.6127 0.2932 0.1399 0.3530 -0.2452 

Technicians 0.4324 0.2501 0.0702 0.3334 -0.0913 

Manual -0.6571 -0.3923 -0.0889 -0.3894 0.1109 

High education  0.6708 0.3665 0.1415 0.4474 -0.2125 

Mid education  -0.1983 -0.2276 0.0265 0.2574 0.1207 

Low education  -0.2034 -0.0021 -0.1054 -0.4866 0.0115 

Correlations weighted by hours worked. Correlation coefficients not significant at 5% level in italics 

 

Table 3 – Correlation between measures of shocks and labour force composition (long 

differences 1995-2007) 

  

Δ log(ICT capital 

intensity) 

Δ log(Non-ICT 

capital intensity) 

Δ Import 

penetration 

Δ Climate patent 

stock per empl 
Δ log(GHG/VA) 

Δ log(ICT capital intensity) 1.0000     

Δ log(Non-ICT capital intensity) 0.2189 1.0000    

Δ Import penetration 0.1513 0.1085 1.0000   
Δ Climate patent stock per empl -0.0541 0.0383 0.0334 1.0000  

Δ log(GHG/VA) -0.0065 -0.1870 -0.1282 0.1366 1.0000 

Δ log(hours worked) -0.2494 -0.3454 -0.2038 -0.1236 -0.1482 

Δ Managers 0.259 0.0767 -0.0036 -0.0234 -0.0695 

Δ Professionals -0.1341 -0.0352 -0.0423 0.1198 -0.0719 

Δ Technicians 0.1233 0.0248 -0.0438 -0.0701 0.2587 

Δ Manual -0.1712 -0.0455 0.0276 -0.0138 -0.1847 

Δ High education  0.1890 -0.0494 0.0430 0.1587 0.0305 

Δ Middle education  -0.0076 -0.0305 -0.0576 -0.0454 0.2252 

Δ Low education  -0.1302 0.0614 0.0174 -0.0749 -0.2116 

Correlations weighted by hours worked in 1995. Correlation coefficients not significant at 5% level in italics 
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Table 4 – Definition and profiling of clusters (average percentile of clustering variables, 

median value of variables in parenthesis) 

Cluster 
ICT K 

intensity 

Non-ICT K 

intensity 

Import 

penetration 

Climate patent 

stock per empl 
GHG/VA n Empl share 

1 Brown Global Low-tech 
18.43 15.84 67.23 19.76 47.8 164 0.1477 

(0.169) (1.069) (0.582) (0.023) (1.121)     

2 Brown Medium-tech 
23.72 32.71 24.48 36.54 57.15 144 0.3120 

(0.239) (2.452) (0.215) (0.104) (1.627)     

3 Green Global High-tech 
64.09 45.4 77.16 62.3 15.4 166 0.2062 

(1.031) (3.328) (0.726) (0.779) (0.315)     

4 Exposed to Automation 
65.5 62.39 32.21 34.12 38.34 121 0.1950 

(0.901) (4.844) (0.301) (0.085) (0.881)     

5 Black and Exposed to 

Multiple Shocks 

68.03 79.97 74.06 72.33 69.45 116 0.0724 

(1.212) (10.590) (0.660) (1.655) (3.249)     

6 Black High-tech 
73.53 83.03 19.64 85.12 85.73 129 0.0667 

(1.662) (19.493) (0.182) (4.794) (11.170)     

Total 50 50 50 50 50 840 1 

  (0.575) (3.819) (0.436) (0.290) (1.265)     

F test of joint significance 

of cluster dummies 
332.73*** 520.09*** 407.15*** 392.07*** 785.62***   

R squared of the 

regression 
0.6299 0.7162 0.6989 0.6374 0.6167   

Not statistically different 

(p-value>0.05) clusters 

according to Scheffe's test 

1-2, 3-4, 3-5, 

4-5, 5-6 
5-6 2-6 - -   
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Figure 1 – Average period-to-period growth in clustering variables by beginning-of-

period cluster 

   

  

 

 

Table 5 – Labour market characteristics of clusters 

Cluster Managers Professionals Technicians Manual High-education Mid-education Low-education 

1 Brown Global Low-tech 0.0607 0.0396 0.1045 0.7022 0.1023 0.5760 0.3218 

2 Brown Medium-tech 0.0608 0.0293 0.0889 0.6850 0.1031 0.4640 0.4330 

3 Green Global High-tech 0.0831 0.1162 0.1749 0.5188 0.2504 0.4993 0.2503 

4 Exposed to Automation 0.0772 0.0799 0.1260 0.5998 0.1906 0.4838 0.3256 

5 Black and Exposed to Multiple Shocks 0.0933 0.1091 0.1869 0.4810 0.2556 0.4839 0.2604 

6 Black High-tech 0.0744 0.0913 0.1757 0.5144 0.2255 0.5324 0.2421 

Total 0.0718 0.0685 0.1291 0.6105 0.1696 0.4977 0.3327 

F test of joint significance of cluster 

dummies 
9.27*** 58.63*** 43.42*** 83.43*** 79.77*** 2.89** 20.77*** 

R squared of the regression 0.0399 0.1990 0.1906 0.3307 0.2811 0.0584 0.1306 

Not statistically different (p-value>0.05) 

clusters according to Scheffe's test 

1-2, 1-4, 1-5, 1-

6, 2-4, 2-5, 2-6, 

3-4, 3-5, 3-6, 4-

5, 4-6, 5-6 

1-2, 3-4, 3-5, 3-

6, 4-5, 4-6, 5-6 

1-2, 1-4, 2-4, 3-

4, 3-5 
1-2, 3-4, 3-5 

1-2, 3-4, 3-5, 5-

6 

2-3, 2-4, 2-5, 2-

6, 3-4, 3-5, 3-6, 

4-5, 4-6, 5-6 

1-3, 1-4, 1-5, 3-

4, 3-5, 4-5, 5-6 

 

  

-0.1 0 0.1 0.2 0.3 0.4

Total

6 Black High-tech

5 Black and Exposed to
Multiple Shocks

4 Exposed to Automation

3 Green Global High-tech

2 Brown Medium-tech

1 Brown Global Low-tech

Δ Import penetration

0 0.1 0.2 0.3 0.4 0.5 0.6

Total

6 Black High-tech

5 Black and Exposed to
Multiple Shocks

4 Exposed to Automation

3 Green Global High-tech

2 Brown Medium-tech

1 Brown Global Low-tech

Δ ICT capital intensity (log)

0 0.05 0.1 0.15 0.2

Total

6 Black High-tech

5 Black and Exposed to
Multiple Shocks

4 Exposed to Automation

3 Green Global High-tech

2 Brown Medium-tech

1 Brown Global Low-tech

Δ Non-ICT capital intensity (log)

0 0.5 1 1.5 2 2.5

Total

6 Black High-tech

5 Black and Exposed to
Multiple Shocks

4 Exposed to Automation

3 Green Global High-tech

2 Brown Medium-tech

1 Brown Global Low-tech

Δ Climate patent stock per empl

-0.25 -0.2 -0.15 -0.1 -0.05 0

Total

6 Black High-tech

5 Black and Exposed to
Multiple Shocks

4 Exposed to Automation

3 Green Global High-tech

2 Brown Medium-tech

1 Brown Global Low-tech

Δ GHG intensity (log)
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Figure 2 – Average period-to-period growth in labour-related measures by beginning-

of-period cluster 

   

   

  

 

 

  

-0.1 -0.08 -0.06 -0.04 -0.02 0

Total

6 Black High-tech

5 Black and Exposed to
Multiple Shocks

4 Exposed to Automation

3 Green Global High-tech

2 Brown Medium-tech

1 Brown Global Low-tech

Δ Hours worked (log)

-0.003-0.002-0.001 0 0.001 0.002

Total

6 Black High-tech

5 Black and Exposed to
Multiple Shocks

4 Exposed to Automation

3 Green Global High-tech

2 Brown Medium-tech

1 Brown Global Low-tech

Δ Managers share

0 0.005 0.01 0.015 0.02 0.025

Total

6 Black High-tech

5 Black and Exposed to
Multiple Shocks

4 Exposed to Automation

3 Green Global High-tech

2 Brown Medium-tech

1 Brown Global Low-tech

Δ Professionals share

0 0.005 0.01 0.015 0.02 0.025 0.03

Total

6 Black High-tech

5 Black and Exposed to
Multiple Shocks

4 Exposed to Automation

3 Green Global High-tech

2 Brown Medium-tech

1 Brown Global Low-tech

Δ Technicians share

-0.05 -0.04 -0.03 -0.02 -0.01 0

Total

6 Black High-tech

5 Black and Exposed to
Multiple Shocks

4 Exposed to Automation

3 Green Global High-tech

2 Brown Medium-tech

1 Brown Global Low-tech

Δ Manual share

0 0.01 0.02 0.03 0.04

Total

6 Black High-tech

5 Black and Exposed to
Multiple Shocks

4 Exposed to Automation

3 Green Global High-tech

2 Brown Medium-tech

1 Brown Global Low-tech

Δ High education share

-0.005 0 0.005 0.01 0.015 0.02 0.025

Total

6 Black High-tech

5 Black and Exposed to
Multiple Shocks

4 Exposed to Automation

3 Green Global High-tech

2 Brown Medium-tech

1 Brown Global Low-tech

Δ Mid education share

-0.04 -0.03 -0.02 -0.01 0

Total

6 Black High-tech

5 Black and Exposed to
Multiple Shocks

4 Exposed to Automation

3 Green Global High-tech

2 Brown Medium-tech

1 Brown Global Low-tech

Δ Low education share
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Table 6 – Predictive power of cluster dummies vs. clustering variables 

Dep. var: Δ log(hours worked) (1) (2) (3) (4) 

1 Brown Global Low-tech -0.0824*** -0.0769***   
 (0.0315) (0.0267)   

2 Brown Medium-tech -0.0115 -0.0106   
 (0.0148) (0.0141)   

3 Green Global High-tech -0.0118 0.00555   
 (0.0203) (0.0127)   

4 Exposed to Automation [base cat] [base cat]   

     
5 Black and Exposed to Multiple Shocks -0.00870 0.00210   

 (0.0146) (0.0153)   
6 Black High-tech 0.00196 0.0126   

 (0.0187) (0.0222)   
Import penetration   -0.0112 -0.0111 

   (0.00951) (0.00890) 

log(ICT K intensity)   -0.0135 0.0221* 

   (0.0135) (0.0119) 

log(Non-ICT K intensity)   0.0183 0.00753 

   (0.0122) (0.0111) 

Climate pat. stock per empl.   0.00948*** 0.00947*** 

   (0.00316) (0.00269) 

log(GHG/VA)   -0.0106* -0.0130** 

      (0.00573) (0.00626) 

Controls Year dummies 

Country, sector 

and year 

dummies 

None 

Country, sector 

and year 

dummies 

R squared 0.143 0.223 0.132 0.240 

N 840 840 840 840 

OLS regressions on stacked differences (1995-1999; 1999-2003; 2003-2007; 2007-2011) weighted by hours 

worked in the first year of each time window. Standard errors clustered by sector-country in parenthesis. * p<0.1, 

** p<0.05, *** p<0.01. 

 

Table 7 – Baseline estimates 

  (1) (2) (3) (4) (5) 

  
Δ log(hours 

worked) 
Δ Managers Δ Professionals Δ Technicians Δ Manual 

Log of GHG intensity (1995) -0.0385** 0.000752 0.00146 -0.00910** 0.00826**  

 (0.0168) (0.00218) (0.00303) (0.00408) (0.00394)  

Average (t, t-4) energy price -0.0824 -0.00583 0.0402*** 0.0374* -0.0524**  

 (0.0749) (0.0116) (0.0125) (0.0226) (0.0256)  

Average (t, t-4) ETS stringency -0.0310 0.0121* 0.00731 -0.00131 -0.0221**  

 (0.0425) (0.00656) (0.0109) (0.0131) (0.00993)  

Average (t, t-4) EPS  0.0668*** -0.00202 -0.00310 0.0179** -0.0130**  

x Log of GHG intensity (1995) (0.0219) (0.00330) (0.00487) (0.00691) (0.00612)  

R squared 0.522 0.486 0.491 0.378 0.415  

N 840 840 840 840 840 

OLS regressions on stacked differences (1995-1999; 1999-2003; 2003-2007; 2007-2011) weighted by hours worked in the first 

year of each time window. Standard errors clustered by sector-country in parenthesis. * p<0.1, ** p<0.05, *** p<0.01. All 

regressions include country-specific time dummies, sector dummies and initial (1995) cluster dummies. 
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Table 8 – Baseline estimates – instrumental variables 

  (1) (2) (3) (4) (5) 

  
Δ log(hours 

worked) 
Δ Managers Δ Professionals Δ Technicians Δ Manual 

Log of GHG intensity (1995) -0.0658*** -0.00159 -0.00217 -0.00777 0.0145*** 

 (0.0236) (0.00231) (0.00292) (0.00477) (0.00554)  

Average (t, t-4) energy price 0.0353 -0.0139 0.0412*** 0.0494** -0.0724*** 

 (0.0916) (0.0123) (0.0132) (0.0233) (0.0278)  

Average (t, t-4) EPS (with ETS) 0.124*** 0.00254 0.00401 0.0162** -0.0267*** 

x Log of GHG intensity (1995) (0.0392) (0.00420) (0.00471) (0.00803) (0.0102)  

R squared 0.508 0.481 0.489 0.377 0.410  

N 840 840 840 840 840 

IV regressions on stacked differences (1995-1999; 1999-2003; 2003-2007; 2007-2011) weighted by hours worked in the first 

year of each time window. Standard errors clustered by sector-country in parenthesis. * p<0.1, ** p<0.05, *** p<0.01. All 

regressions include country-specific time dummies, sector dummies and initial (1995) cluster dummies. F test of excluded IV: 

33.35 

 

Table 9 – Role of technology 

  (1) (2) (3) (4) (5) 

  
Δ log(hours 

worked) 
Δ Managers Δ Professionals Δ Technicians Δ Manual 

Distant from climate tech frontier, t-4 (dummy) -0.0307 0.0319* 0.0104 -0.0396 0.0315  

 (0.125) (0.0183) (0.0380) (0.0298) (0.0480)  

Log of GHG intensity (1995) -0.0412** 0.00111 0.00148 -0.0102** 0.00874**  

 (0.0169) (0.00231) (0.00302) (0.00403) (0.00399)  

Log of GHG intensity (1995) x -0.00768 -0.0104 0.00132 0.00700 -0.00729  

Distant from climate tech frontier, t-4 (dummy) (0.0361) (0.00633) (0.00996) (0.0111) (0.0136)  

Average (t, t-4) energy price -0.0916 -0.00665 0.0410*** 0.0354 -0.0519**  

 (0.0743) (0.0116) (0.0123) (0.0225) (0.0257)  

Average (t, t-4) ETS stringency -0.0491 0.0113* 0.00877 -0.00569 -0.0213**  

 (0.0410) (0.00673) (0.0112) (0.0131) (0.00995)  

Average (t, t-4) EPS  0.0823*** -0.00227 -0.00418 0.0224*** -0.0144**  

x Log of GHG intensity (1995) (0.0242) (0.00373) (0.00527) (0.00722) (0.00644)  

Average (t, t-4) EPS 0.164 -0.0456 -0.0258 0.0866* -0.0475  

x Distant from climate tech frontier, t-4 (dummy) (0.247) (0.0307) (0.0565) (0.0480) (0.0667)  

Average (t, t-4) EPS x Log of GHG intensity (1995) -0.0486 0.0142 0.00342 -0.0254 0.0134  

x Distant from climate tech frontier, t-4 (dummy) (0.0687) (0.0101) (0.0148) (0.0172) (0.0197)  

R squared 0.531 0.487 0.493 0.389 0.416  

N 840 840 840 840 840  

OLS regressions on stacked differences (1995-1999; 1999-2003; 2003-2007; 2007-2011) weighted by hours worked in the first year of each time 

window. Standard errors clustered by sector-country in parenthesis. * p<0.1, ** p<0.05, *** p<0.01. All regressions include country-specific 

time dummies, sector dummies and initial (1995) cluster dummies. 
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Appendix A - Details on the cluster analysis 

Optimal number of clusters 

Two criteria are used to select the ideal number of clusters: i) clusters should be distinct 

from one another and ii) individuals within the cluster should be similar. Even though 

there is no conclusive test to identify the optimal number of clusters, there are rules of 

thumb based on Pseudo T-squared statistics, Je(2)/Je(1) statistics and Chalinski-Harabasz 

pseudo F statistics (Table A1).1 These statistics provide indications of how distinct 

different cluster solutions are. More specifically, Milligan and Cooper (1985) suggest 

selecting the number of clusters for which i) the Pseudo T-squared is a local minimum (in 

our case, the 6-cluster solution); ii) the Je(2)/Je(1) statistic is large and a local maximum 

(6-cluster solution); iii) the Chalinski-Harabasz pseudo F statistic is the largest across 

different options (4-cluster solution if we exclude a priori the 3-cluster solution). Overall, 

despite the failure to identify a preferred solution based on the Chalinski-Harabasz pseudo 

F statistics, the other two tests suggest that the 6-cluster solution is the one with the most 

distinct clusters. 

Table A1 - Stopping rules for hierarchical clustering 

N of 

clusters 
Je(2)/Je(1) 

Pseudo T 

squared 

Calinski-

Harabasz 

pseudo F 

3 0.9885 4.69 355.48 

4 0.8572 47.48 239.75 

5 0.7684 7.53 202.19 

6 0.8448 4.23 163.47 

7 0.8433 74.68 136.86 

8 0.6635 130.87 139.16 

9 0.9428 8.8 152.46 

 

  

                                                 
1 For the purpose of our analysis, we narrow the range of possible cluster numbers to between 4 and 8. 
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Table A2 - Distribution across clusters and year, sector, country 

  

1 Brown 

Global Low-

tech 

2 Brown 

Medium-tech 

3 Green 

Global High-

tech 

4 Exposed to 

Automation 

5 Black and 

Exposed to 

Multiple 

Shocks 

6 Black High-

tech 

Year 

Chi square test of independence: 48.31 

1995 54 57 27 20 22 30 

1999 44 38 39 32 25 32 

2003 38 27 45 33 33 34 

2007 28 22 55 36 36 33 

Sector (NACE rev 1.1) 

Chi square test of independence: 1760.69 

C - Mining and Quarrying 10 4   37 5 

15-16 - Food, Beverages 

and Tobacco 
 22  32 2  

17-19 - Textiles and 

Textile; Leather and 

Footwear 

34 5 17    

20 - Wood and Products 

of Wood and Cork 
11 32 6 7   

21-22 - Pulp, Paper, 

Paper, Printing and 

Publishing 

8 4  43 1  

23 - Coke, Refined 

Petroleum and Nuclear 

Fuel 

1 1  1 12 41 

24 - Chemicals and 

Chemical Products 
5  2 3 46  

25 - Rubber and Plastics 12 6 22 16   
26 - Other Non-Metallic 

Mineral 
 22   3 31 

27-28 - Basic Metals and 

Fabricated Metal 
8 26 4 3 13 2 

29 - Machinery, Nec 11 4 40  1  

30-33 - Electrical and 

Optical Equipment 
8  48    

34-35 - Transport 

Equipment 
24 1 20 11   

36-37 - Manufacturing, 

Nec; Recycling 
32 12 7 5   

E - Electricity, Gas and 

Water Supply 
 5   1 50 

Country 

Chi square test of independence: 407.37 

Austria 6 8 18 7 11 10 

Belgium 5  23 7 17 8 

Czech Republic 38 15  1 2 4 

Germany 7 15 8 11 7 12 

Denmark 2 1 30 6 7 14 

Spain 8 18 8 13 4 9 

Finland 6 5 13 13 9 14 

France 3 9 12 16 8 12 

Hungary 40 14   2 4 

Ireland 20 10 7 10 8 5 

Italy 4 29 5 5 8 9 

Netherlands 10  18 8 15 9 

Sweden 7 6 13 15 12 7 

United Kingdom 8 14 11 9 6 12 

Total 164 144 166 121 116 129 

The null hypothesis of the Chi square test is that observations are independently distributed across rows and columns. 
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Stability of clusters over time 

To evaluate the robustness of our “pooled” clustering, we evaluate the stability of clusters 

over time. In Table A3, we show the period-to-period transition matrix (weighted by 

beginning of period hours worked). Overall, 83.49% of observations (accounting for 

85.79% of hours worked) remain in the same cluster between two periods. In Table A4, 

we consider in detail the actual transitions across different clusters and report measures 

of workforce composition for observations with different transition patterns. Overall, we 

do not observe clear patterns in these dimensions for observations that change cluster. 

Table A3 – Period-to-period transition matrix 

  

1 Brown 

Global Low-

tech 

2 Brown 

Medium-tech 

3 Green 

Global High-

tech 

4 Exposed to 

Automation 

5 Black and 

Exposed to 

Multiple 

Shocks 

6 Black High-

tech 

1 Brown Global Low-tech 76.47 2.21 15.44 2.94 2.94 0 

2 Brown Medium-tech 4.1 67.21 2.46 17.21 2.46 6.56 

3 Green Global High-tech 0.9 0 97.3 0.9 0.9 0 

4 Exposed to Automation 0 1.18 5.88 87.06 5.88 0 

5 Black and Exposed to Multiple Shocks 0 0 2.5 1.25 90 6.25 

6 Black High-tech 0 1.04 0 0 9.38 89.58 

Total 17.46 13.81 22.06 16.03 14.92 15.71 

 

Table A4 – Cluster-to-cluster transition – occupational dimension 

Period-to-period transition N 
Empl share  

(t-1) 

Δ log(hours 

worked) 
Δ Managers 

Δ 

Professionals 
Δ Technicians Δ Manual 

No change 526 0.8579 -0.0488 0.0036 0.0081 0.0096 -0.0169 

1 => 3 21 0.0228 -0.1419 0.0085 0.0082 0.0267 -0.0465 

2 => 4 21 0.0528 -0.0054 0.0043 0.0038 0.0112 -0.0115 

6 => 5 9 0.0024 -0.0550 -0.0192 0.0115 0.0083 0.0142 

2 => 6 8 0.0089 -0.0317 0.0082 0.0150 0.0184 -0.0225 

2 => 1 5 0.0080 0.0947 0.0074 0.0002 -0.0044 -0.0039 

4 => 3 5 0.0096 -0.0373 0.0090 0.0226 0.0015 -0.0420 

4 => 5 5 0.0045 -0.0124 0.0147 0.0259 0.0149 -0.0447 

5 => 6 5 0.0007 -0.0375 0.0071 0.0055 0.0639 -0.0451 

Other patterns (12 combinations) 25 0.0325 -0.0512 -0.0015 0.0155 0.0149 -0.0145 

Total 630 1 -0.0471 0.0037 0.0083 0.0102 -0.0175 
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Appendix B – Additional information and results 

Table B1 – Separate assessment of different policy measures 

EPS 

 Average Min Q1 Median Q3 Max 

1995 0.233 0.000 0.090 0.284 0.400 0.452 

1999 0.289 0.000 0.090 0.323 0.452 0.581 

2003 0.454 0.206 0.323 0.445 0.613 0.626 

2007 0.614 0.348 0.568 0.645 0.671 0.735 

2011 0.756 0.510 0.710 0.729 0.832 1.000 

ETS stringency 

 Average Min Q1 Median Q3 Max 

1995 0 0 0 0 0 0 

1999 0 0 0 0 0 0 

2003 0 0 0 0 0 0 

2007 0.334 0.000 0.037 0.202 0.605 1.000 

2011 0.412 0.000 0.043 0.341 0.825 1.000 

Energy prices 

 Average Min Q1 Median Q3 Max 

1995 0.420 0.132 0.326 0.388 0.509 0.757 

1999 0.317 0.092 0.253 0.305 0.388 0.675 

2003 0.369 0.100 0.290 0.360 0.456 0.760 

2007 0.615 0.157 0.496 0.646 0.748 1.137 

2011 0.749 0.155 0.633 0.761 0.895 1.289 

 

Table B2 – Separate assessment of different policy measures 

  (1) (2) (3) (4) (5) 

  
Δ log(hours 

worked) 
Δ Managers Δ Professionals Δ Technicians Δ Manual 

EPS 

Log of GHG intensity (1995) -0.0125 0.00426* -0.00206 -0.00426 0.00591 

 (0.0154) (0.00225) (0.00271) (0.00395) (0.00428) 

Average (t, t-4) EPS  0.0203 -0.00791** 0.00229 0.00758 -0.00761 

x Log of GHG intensity (1995) (0.0190) (0.00321) (0.00372) (0.00510) (0.00566) 

R squared 0.361 0.161 0.298 0.146 0.242 

N 840 840 840 840 840 

Energy prices 

Log of energy intensity (1995) -0.0193 -0.00132 0.000443 -0.000603 0.00577 

 (0.0175) (0.00329) (0.00360) (0.00389) (0.00532) 

Average (t, t-4) energy price -0.115 -0.000965 0.0470* 0.00896 -0.0220 

 (0.128) (0.0248) (0.0251) (0.0298) (0.0383) 

Average (t, t-4) energy price 0.0423 0.00222 0.000477 0.00788 -0.0136 

x Log of energy intensity (1995) (0.0279) (0.00537) (0.00535) (0.00739) (0.00909) 

R squared 0.363 0.148 0.308 0.146 0.249 

N 840 840 840 840 840 

ETS 

Log of GHG intensity (1995) -0.0120 0.000172 -0.000229 -0.00105 0.00212 

 (0.0126) (0.00126) (0.00160) (0.00234) (0.00252) 

Average (t, t-4) ETS stringency -0.269** 0.0281* 0.0105 -0.00668 -0.0398 

 (0.115) (0.0162) (0.0291) (0.0387) (0.0293) 

Average (t, t-4) ETS stringency 0.0833*** -0.00380 -0.00426 0.00537 0.00238 

x Log of GHG intensity (1995) (0.0277) (0.00415) (0.00620) (0.00831) (0.00656) 

R squared 0.381 0.158 0.299 0.145 0.251 

N 840 840 840 840 840 

OLS regressions on stacked differences (1995-1999; 1999-2003; 2003-2007; 2007-2011) weighted by hours worked in the first 

year of each time window. Standard errors clustered by sector-country in parenthesis. * p<0.1, ** p<0.05, *** p<0.01. All 

regressions include country-specific time dummies, sector dummies and initial (1995) cluster dummies. 
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Table B3 – Additional dependent variables (OLS) 

  (1) (2) (3) (4) (5) 

  Δ log(Output/L) Δ log(VA/L) Δ High-skilled 
Δ Medium-

skilled 
Δ Low-skilled 

Log of GHG intensity (1995) -0.00617 -0.0281 -0.00264 0.0113*** -0.00871*** 

 (0.0183) (0.0203) (0.00241) (0.00289) (0.00281)  

Average (t, t-4) energy price 0.0395 0.136 0.0186 -0.0158 -0.00280  

 (0.137) (0.151) (0.0143) (0.0170) (0.0168)  

Average (t, t-4) ETS stringency 0.0708 0.0558 0.0154* 0.00977 -0.0252**  

 (0.0765) (0.0720) (0.00873) (0.00682) (0.00987)  

Average (t, t-4) EPS  0.0192 0.00154 -0.00228 -0.0150*** 0.0173*** 

x Log of GHG intensity (1995) (0.0282) (0.0239) (0.00326) (0.00364) (0.00381)  

R squared 0.187 0.186 0.282 0.263 0.294  

N 840 840 840 840 840 

OLS regressions on stacked differences (1995-1999; 1999-2003; 2003-2007; 2007-2011) weighted by hours worked in the first 

year of each time window. Standard errors clustered by sector-country in parenthesis. * p<0.1, ** p<0.05, *** p<0.01. All 

regressions include country-specific time dummies, sector dummies and initial (1995) cluster dummies. 

 

Table B4 – Additional dependent variables (IV) 

  (1) (2) (3) (4) (5) 

  Δ log(Output/L) Δ log(VA/L) Δ High-skilled 
Δ Medium-

skilled 
Δ Low-skilled 

Log of GHG intensity (1995) 0.0145 -0.00772 -0.00810*** 0.00684* 0.00126 

 (0.0365) (0.0386) (0.00312) (0.00385) (0.00351) 

Average (t, t-4) energy price -0.252 -0.0896 0.00325 0.0103 -0.0135 

 (0.172) (0.175) (0.0160) (0.0226) (0.0223) 

Average (t, t-4) EPS (with ETS) -0.0275 -0.0432 0.00809 -0.00557 -0.00252 

x Log of GHG intensity (1995) (0.0652) (0.0668) (0.00535) (0.00611) (0.00619) 

R squared 0.254 0.236 0.458 0.485 0.522 

N 840 840 840 840 840 

IV regressions on stacked differences (1995-1999; 1999-2003; 2003-2007; 2007-2011) weighted by hours worked in the first 

year of each time window. Standard errors clustered by sector-country in parenthesis. * p<0.1, ** p<0.05, *** p<0.01. All 

regressions include country-specific time dummies, sector dummies and initial (1995) cluster dummies. F test of excluded IV: 

33.35 
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POLICY ANALYSIS ARTICLE

Job losses and political acceptability of climate policies: why the
‘job-killing’ argument is so persistent and how to overturn it
Francesco Vona a,b,c

aOFCE Sciences-PO, Université Côte d’Azur, France; bSKEMA Business School, Université Côte d’Azur, France; cCa’ Foscari
University, Valbonne, Italy

ABSTRACT
Political acceptability is an essential issue in choosing appropriate climate policies.
Sociologists and behavioural scientists recognize the importance of selecting
environmental policies that have broad political support, while economists tend to
compare different instruments first on the basis of their efficiency, and then by
assessing their distributional impacts and thus their political acceptability. This
paper examines case-study and empirical evidence that the job losses ascribed
(correctly or incorrectly) to climate policies have substantial impacts on the
willingness of affected workers to support these policies. In aggregate, the costs of
these losses are significantly smaller than the benefits, both in terms of health and,
probably, of labour market outcomes, but the losses are concentrated in specific
areas, sectors and social groups that have been hit hard by the great recession and
international competition. Localized contextual effects, such as peer group pressure,
and politico-economic factors, such as weakened unions and tightened government
budgets, amplify the strength and the persistence of the ‘job-killing’ argument.
Compensating for the effects of climate policies on ‘left-behind’ workers appears to
be the key priority to increase the political acceptability of such policies, but the
design of compensatory policies poses serious challenges.

Key policy insights
. Public perception of, and support for, climate policies is substantially reduced in the

presence of large negative shocks, especially job losses.
. Climate policies can be perceived as negative for employment, especially in areas

where polluting industries represent a large share of employment and in
occupations and sectors already damaged by globalization and automation.

. Policymakers should distinguish between small and large distributional effects of
climate policies, and find the appropriate combination of revenue recycling
schemes, industrial and retraining policies as well as compensation packages to
increase the support for such policies.
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1. Introduction

Claiming that regulation will lead to job losses is a compelling argument put forward by energy-intensive indus-
tries to undermine the political acceptability of unilateral climate policies (e.g. Coglianese, Finkel, & Carrigan,
2014; Morgenstern, Pizer, & Shih, 2002). The exit of the US from the Paris Agreement is just the most recent
symptom of a political choice justified by the need to defend the jobs of coal miners and blue-collar workers
in energy-intensive sectors. Concern for job losses resonates also in the text of the Paris Agreement, which expli-
citly mentions, in its preamble, the need for a ‘just transition of the workforce’, presumably referring to workers
displaced by climate policies in polluting industries.
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This attention towards job losses may appear excessive at first glance, given widespread agreement that the
aggregate welfare benefits of environmental policies largely exceed the costs of job losses for exposed indus-
tries and occupations (e.g. Smith, 2015). Computable general equilibrium, post-Keynesian and input-output
models all show that the jobs destroyed in energy-intensive industries are likely to be offset (or more than
offset) by new well-paid jobs in green industries, such as renewable energy, building retrofitting, waste manage-
ment and pollution abatement (Barker, Alexandri, Mercure, Ogawa, & Pollitt, 2016; Hafstead & Williams, 2018;
Pollitt, Alexandri, Chewpreecha, & Klaassen, 2015; Wei, Patadia, & Kammen, 2010). A successful relocation
from ‘brown’ to ‘green’ jobs can, however, be particularly difficult given the potentially large differences in
their skill requirements (Vona, Marin, Consoli, & Popp, 2018a). Walker (2013) finds that the permanent earnings
losses for workers displaced by the US Clean Air Act can be very large, especially for those who change indus-
tries. Taken together, this evidence suggests that, although the aggregate effect of climate policies is unques-
tionably positive in terms of health and probably neutral in terms of employment, losses for displaced workers in
polluting industries can be large.

This policy analysis discusses the extent to which extreme distributional effects, either in terms of long-term
unemployed or permanent earnings losses, may undermine the political acceptability of climate policies, even
in the presence of negligible aggregate employment and competitiveness effects (Dechezleprêtre & Sato,
2017). In light of solid empirical evidence showing that a unilateral climate policy costs jobs in polluting indus-
tries (e.g. Greenstone, 2002; Walker, 2011) and induces a relocation of economic activities toward regions
(within a country) and countries (globally) with laxer environmental policies (Kahn & Mansur, 2013; Mulatu,
Gerlagh, Rigby, & Wossink, 2010), costs and benefits of such policies are unevenly distributed. A large majority
of modest winners coexists with a tiny fraction of big losers, basically those that lose their job in polluting
industries. That is, we are in the presence of a classic collective action problem because agents that are mod-
estly winning are unlikely to get organized to support climate policies, while the losers have everything at
stake if the policy is approved. While collective action theory (Olson, 1965) is the natural starting point to
analyse the political consequences of extreme distributional effects, this paper discusses a number of amplify-
ing factors that can fuel widespread discontent against climate policies, especially in regions that are hit hard
by other shocks (e.g. globalization) and appear to be abandoned by central governments facing increasingly
tight budget constraints. The paper also discusses the effectiveness of policy solutions including retraining,
worker compensation packages and active green policies, as well as the general issue of whether combatting
climate change can be effective in a world with an increasing fraction of people ‘left behind’ in wealthy
societies.

2. Green preferences vs. jobs and earnings

This paper discusses under what circumstances a conflict between green preferences and economic goals, such
as jobs and earnings, can emerge. As starting point, it is useful to think of individuals as socio-economic actors
that play multiple roles associated with multiple types of interactions with the natural environment. In particular,
they are consumers and workers as well as, under certain conditions, voters, and ‘green’ or ‘brown’ political acti-
vists. Their environmentally-related choices in each of these roles are obviously driven by the complex interplay
of both economic and non-economic (mostly behavioural and cultural) factors, provided that individuals are
bounded rational actors embedded in a social context and endowed with inherited beliefs.

Among the main socio-cultural and behavioural drivers, which are discussed extensively elsewhere (e.g. Lee,
Markowitz, Howe, Ko, & Leiserowitz, 2015), intrinsic values (e.g. ethical considerations, intergenerational equity),
inaccurate perceptions of health impacts and behavioural inertia contribute to explaining, for instance, the
energy efficiency gap, i.e. the unexploited win-win opportunities to reduce energy consumption without
decreasing individual welfare (Allcott and Greenstone, 2012). Contextual factors, such as social norms, infor-
mation diffusion and peer effects, are also very important in influencing the political acceptability of climate pol-
icies (Carattini, Baranzini, Thalmann, Varone, & Vöhringer, 2017; Drews & Van den Bergh, 2016). Recent research
has shown that imitation effects, namely the natural human propensity to replicate the behaviour of friends and
neighbourhoods, increased the political acceptability of both feed-in tariffs and solar rooftop PV panels in
Germany and California (Bollinger & Gillingham, 2012; Comin & Rode, 2013; Rode & Weber, 2016), while
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social comparisons are found to affect the adoption of energy-efficient behaviours or mitigation practices
(Allcott, 2011; Biel & Thøgersen, 2007).

Economic drivers of green preferences can be conveniently classified depending on their size and concen-
tration. As consumers, individuals are affected by climate policies that alter the relative prices of goods with
different carbon intensities. Empirical evidence on the environmental Kuznets curve shows that green prefer-
ences emerge once basic needs are satisfied, revealing that green preferences are lower in the priority scale
(Dinda, 2004; Vona & Patriarca, 2011). Unless the health effects of climate change are easily understandable,
verifiable and perceived to be large, poorer households are unlikely to be willing to support policies that, at
least in the medium-term, increase the cost of energy inputs. Notice that, because it is more likely that
poorer households are less educated, they may have limited knowledge of the health effects of climate
change, thus amplifying the effect of wealth on green preferences. On the other hand, however, it is also
less likely that small distributional impacts, such as those associated with changes in the relative prices of
‘brown’ and ‘green’ goods, will emerge into clear opposition to climate policies. Indeed, environmental policies
represent a secondary component of a broader political package and are bundled together with other policies
that may or may not favour poorer households. For instance, a political party that proposes a carbon tax and an
increase in tax progressivity can be voted for by less-advantaged households on the basis of the small distribu-
tional effects of the climate policy. Because of policies’ bundling, small distributional effects become almost irre-
levant for the political acceptability of climate policies compared to socio-cultural and behavioural factors and
large distributional effects, notably job losses.

To quantify potential large losers of on-going and planned climate policies, Figure 1 plots the evolution in the
share of workers exposed to climate policies over the total workforce in selected countries divided into four
groups (i.e. Western Europe, Eastern Europe, BRICS1, non-EU OECD countries). The exposed workers are
defined as (see the caption in Figure 1 for details): (i) working in a polluting industry; and (ii) having low or
medium educational attainments. Indeed, unskilled workers including high-school graduates are also
exposed to other negative shocks such as automation and trade (Acemoglu & Autor, 2011; Autor, Dorn,

Figure 1. Evolution of vulnerable workers in highly polluting industries share of hours worked on total hours.
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Hanson, & Song, 2014) and thus, after losing their jobs in a polluting industry, are unlikely to find an equivalent
job in terms of pay, career development and occupational prestige.2 The most likely outcome is to be re-
employed in a low-skilled service job at the bottom end of the wage distribution. The Figure shows the fraction
of affected workers declining over time and almost everywhere, but it is still in the range between 2.9% and 3.1%
(in Demark, France, Brazil and the US) and 8.2–8.6% (in Czech Republic and China). A recent study by Marin and
Vona (2018) finds that the decline of employment in EU polluting industries occurred before the implementation
of environmental regulations, thus it is most likely to be a result of globalization and automation. However, this
study also finds that environmental policies reduced the employment share of blue-collar workers. Overall, the
increased vulnerability of ‘left-behind’ workers distorts their perception regarding the impact of environmental
policies on jobs, and lays a fertile ground for the ‘job-killing’ argument, cementing an unlikely alliance between
unions and industrial lobbies.

3. The political consequences of job losses: case studies

In this section, the paper explores how the ‘job-killing’ argument and the associated collective action problem
translate into a ‘chilling effect’ on the stringency of climate policies, namely the setting of an environmental
regulation less stringent than the social optimum, which goes beyond the expected and well-documented reac-
tions of brown industrial lobbies. First, the 2008 global recession can be seen as a ‘natural experiment’ in how
priorities change in the presence of destructive economic shocks. In the US, Kahn and Kotchen (2011) showed
that an increase in state unemployment rates decreased the incidence of Google internet searches for ‘global
warming’, a proxy of public concern for climate change, and increased those for ‘unemployment’, especially so in
Republican states. Scruggs and Benegal (2012) used a panel of public opinion surveys in the US and EU to show
that concern for climate change dramatically declined after the 2008 recession. Clearly, the great recession rep-
resented a sharp discontinuity in the way people rank priorities. In normal times socio-cultural and behavioural
drivers are extremely important, if not more important, than economic factors; conversely, in the presence of
large negative income shocks, people’s concerns for jobs dominate over their concerns for climate change.

The second evidence on the politico-economic consequences of job and competitiveness losses can be
found in the widespread policy exemptions and laxer regulation enjoyed by polluting industries that should
be the target of such policies, both in Europe and in the US (Ekins & Speck, 1999; Martin, Muûls, De Preux, &
Wagner, 2014; Stavins, 2003; Ward & Cao, 2012). With regard to the EU-Emission Trading Scheme (EU-ETS),
for instance, research shows that the risk of industrial relocation is not enough to justify the free allocation of
emissions permits and generous policy exemptions for trade-exposed, energy-intensive sectors (Joltreau & Som-
merfeld, 2018; Martin et al., 2014).3 Not only brown industrial lobbies used the ‘job-killing’ argument to contrast
climate policies ensuring generous exemptions to polluting industries, but concerns about the risk of job losses
in specific industries have been also expressed by institutional actors, unions and local communities. One of the
most echoed cases in the media has been that of the giant steel factory of Taranto (Southern Italy), the so-called
ILVA, which over time has caused sizeable health damages to the local population (The Economist, 2012).
Although the ILVA repeatedly violated environmental and health regulations, in 2012, the Italian government
passed a decree that allowed it to continue production without a credible engagement to reduce emissions.
In 2013, the decree was declared legitimate by the Italian constitutional court on basis of the absolute necessity
to preserve jobs in a region hit hard by the 2008 crisis (Pascucci, 2014).

There are other cases of exemptions from environmental regulations justified by the risk of job losses and
shared by unions and local communities (Galgóczi, 2014). In France, unions played a key role in postponing
the shutdown of five coal power plants (Le Monde, 2018), while in Poland, coal is still subsidized (Caldecott,
Sartor, & Spencer, 2017) and, in Sweden, polluting industries pay a reduced carbon tax (OECD, 2014).4 These
cases suggest that the chilling of environmental regulation also depends on the public acceptability of
climate policies in areas where both costs and benefits are concentrated. In Dunkirk (France), where large
steel and petrochemical firms are located, Le Blanc and Zwarterook (2014) show that health risks are not
seen as a priority by the local population and that economic development and defending jobs are instead recog-
nized as the key priorities.
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What clearly emerges from these cases is that job creation has a priority over health also for the same people
whose health is most affected by polluting activities. Moreover, the geographical concentration of job losses
may strongly undermine the political acceptability of climate policies.

However, with the exception of Cragg, Zhou, Gurney, and Kahn (2013) for the US, there is still scant direct
evidence of the political choices of local communities that may be affected by climate policies in terms of
job losses. In line with the findings of the above case studies, these authors show that US congressional repre-
sentatives from carbon-intensive and poorer areas have a lower probability of voting in favour of legislation to
regulate carbon. Taking stock of these findings, it seems that the perceived negative effect of regulation on jobs
shapes the electors’ preferences, especially in most vulnerable regions where job opportunities in other sectors
are absent or unattractive. Although, to the author’s knowledge, there is no evidence for other countries, an
analogy can be made with trade liberalization. Autor, Dorn, Hanson, and Majlesi (2016) for the US, and Colantone
and Stanig (2017) for EU countries, find that an increase in regional exposure to Chinese competition increases
extreme right-wing and nationalistic positions. This result bears relevance for climate policies because manufac-
turing jobs disappeared not only in ‘light’ industries, such as textiles and apparel, but also in the dirtier segments
of equipment manufacturing, metals and chemicals. Globalization is thus, not surprisingly, the key amplifier fuel-
ling hostility against climate policies; the next section discusses this and other amplifiers in greater detail.5

4. Amplifiers of the ‘job-killing’ argument

The financial crisis and the increase of international competition from China are two fundamental factors that, by
increasing pressure on local labour markets, may amplify the penetration of the ‘job-killing’ argument in affected
communities. As mentioned in the previous section, a key related aspect is the spatial distribution of the impact
of climate policies, which is likely to be highly concentrated as polluting industries tend to co-locate in the same
area (e.g. steel and coal). As a result, regions hosting polluting industries may lack the required options for diver-
sification to transform climate policies from a constraint into an opportunity.6 Not surprisingly, Rosés and Wolf
(2018) show that regions with a higher proportion of energy-intensive industries and mining have been the
main losers from European deindustrialization during the twentieth century.

Geographical concentration of losers can amplify political opposition against climate policies thorough the
behavioural channels mentioned in Section 2. Indeed, the likelihood of interacting with a worker who has been
negatively affected by globalization or environmental regulations is higher in disadvantaged communities.
Because social interactions nourish political beliefs as well as consumer preferences, segregated societies will
exacerbate collective action problems through peer effects. Group identity also acts as an amplifier insofar
as, at least in the US, brown jobs tend to be dominated by white males—a group heavily exposed to trade
shocks (Autor, Dorn, & Hanson, 2017). Further research is required to understand the role of group identity
and peer effects in amplifying the support for or against climate policies.

Several political factors contribute to amplifying the ‘job-killing’ discourse, besides those related to the per-
sistence of political constituencies and lobbying. These factors range from the widespread weakening of unions
and of workers’ bargaining power, which has led to the quantity of jobs increasingly taking priority over their
quality (including health and environmental conditions) in industrial relations7 – to capital mobility and the
erosion of the tax base – which has tightened government budgets and reduced the generosity of compen-
sation schemes. As the demand for social protection from most vulnerable citizens has increased, trade and
environmental policies became the natural substitutes for social policies (Colantone & Stanig, 2017). As a
result, populistic political platforms, which are increasingly supported by former blue-collar workers, have
bundled an anti-globalization discourse together with proposals to repeal ‘job-killing’ environmental regu-
lations. However, because trade policies are difficult to overturn unilaterally (Nordhaus, 2015)8, environmental
regulations are an easier target to satisfy the increased demand for protection, further amplifying the ‘job-
killing’ argument.

The distance between the skill requirements of brown and alternative jobs in the local labour market is
another discriminant factor that, through the set of potential opportunities for displaced workers, affects the
political acceptability of climate policies. In the Ruhr region in Germany, for instance, local competences in
mining technologies were suitable for use in renewable energy production and recycling technologies.9 This
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may not be the case in regions with less efficient retraining facilities and weaker skill bases than the Ruhr. While
coal mines in the Netherlands represent another example of successful labour market transition, in Poland,
miners faced considerable difficulties to be reemployed in an equivalent job (Caldecott et al., 2017).10 It is
not only skill gaps that are important, but also the average quality of the non-brown jobs available in the
local economy. Recently, at least in the US, an element of concern has been that the average job quality has
decreased with an increasing share of educated workers ending up in low-paid service sector jobs (Beaudry,
Green, & Sand, 2016).

Obviously, not all factors go in favour of the ‘job-killing’ political constituency. The main compensating factor
is that climate policies also create winners, namely, firms and workers in emerging green sectors that can
organize and combat the brown political constituency. However, there is a fundamental asymmetry between
brown losers, who tend to be low-skilled individuals with few outside opportunities, and green winners, who,
as shown by Vona et al. (2018a), seem to be mostly high-skilled workers with plenty of outside opportunities.
The extent to which this asymmetry translates into a different degree of effective political participation and acti-
vism remains an open issue that requires further investigation. Other mitigating factors can be the result of
clever policy choices that will be discussed in the concluding section.

5. Conclusions

The extreme forms of discontent created by climate policies are a gift to the true vested interests defending the
status quo of lax carbon regulations: the companies in heavily polluting sectors. The ‘job-killing’ argument is just
a weapon in the basket of brown lobbies, although, as argued in this paper, it is certainly one of the most impor-
tant. A pragmatic approach to climate policy should consider, as a priority, implementing countervailing policies
to minimize the collective action problem associated with extremely negative economic shocks.

A main issue for an effective design of these countervailing policies is whether subsidies should be chan-
nelled to displaced workers or to build comparative advantages in new sectors. If the choice is mainly to transfer
money to displaced workers, the comparison of the cases of the Ruhr and of Netherland mines with that of
Polish mines suggests that redundancy payments are very important but should not be exceedingly long,
and should be combined with retraining policies. As a recent choice experiment survey has shown (Carattini
et al., 2017), lump-sum transfers to affected workers and communities are probably the best way to increase
the political acceptability of climate policies (see also Sverker, Martinsson, & Matti, 2018).

If the choice is mainly to invest in other sectors that can absorb workers displaced from polluting ones, the
revenues of a carbon tax can be used in two ways. First, they can finance industrial policies, including workers’
retraining, in support of the green economy (Fankhauser, Sehlleier, & Stern, 2008). However, this approach may
not suffice if specialization in greener production is specific to certain locations, and thus difficult to transfer to
areas lagging behind. The evidence in Vona, Marin, and Consoli (2018b) suggests that this is the case, as the
areas creating more green jobs also tend to host high-tech industries and national research laboratories.
Such persistence is not surprising because technological transitions take time, and are characterized by positive
feedback loops from the implementation of a coherent set of climate and social policies that enhance support
for such policies (Rosemberg, 2010).

An alternative plan, which has worked particularly well in Canada, is to recycle the revenues from a carbon tax
to reduce labour taxation (e.g. Yamazaki, 2017). Although this tax reform may not prevent the relocation of pol-
luting industries or parts of such industries elsewhere, reducing labour taxation enhances the incentives to
create jobs in other sectors. The main disadvantage of this solution is that, without industrial policy to create
a comparative advantage in green sectors and thus high-quality green jobs, the new jobs may be created in
the low-skill segments of the service sectors where salaries are lower than in old jobs. As a result, the political
discontent caused by climate policies will not be mitigated. Against this background, a more general issue is
how to address the pronounced skill-biased effects of recent labour market transformations, which call for
active redistributive policies both at the national and at the international level. Fighting climate change will
be difficult in the years to come without a serious plan to reduce within-country inequality in the distribution
of the fruits of economic growth.
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Notes

1. BRICS: Brazil, Russia, India, China and South Africa.
2. The effect of automation and of the diffusion of information and communication technologies in the workplace are clearly far

larger than those of climate policies, as these technologies have potential applications in all sectors. In turn, climate policies
directly affect production processes in a set of sectors that represent a significantly smaller share of total employment (basi-
cally manufacturing and energy) in nowadays developed economies.

3. This finding is consistent with that of the literature on the so-called pollution haven hypothesis, pointing to a modest effect of
asymmetric environmental policies on foreign direct investment and industrial relocation (Dechezleprêtre & Sato, 2017).

4. Similar evidence is available for emerging eastern European economies (Politico, 2016) and Australia (Mathys & de Melo, 2011).
In their congresses, both the International Transport workers’ Federation (ITF) and the International Federation of Chemical,
Energy, Mine and General Workers’ Unions (ICEM) explicitly stated that climate policies should be implemented in such a
way to protect jobs through a process of just transition (Rosemberg, 2010). Other interesting cases studies of distributional
impacts and their political consequences are in Sovacool, Linnér, and Goodsite (2015).

5. Automation is less problematic as an amplifier of the “job killing” argument because it is not policy-driven. Technological
choices of companies are not subject to regulation in the same way as the choice to export or to shift dirtier segments of pro-
duction abroad.

6. The lack of industrial diversification is also a well-known determinant of the so-called natural resource curse associated with
the exploitation of exhaustible resources (Van der Ploeg, 2011).

7. While the International Labour Organization plays a key role in promoting sustainable growth, we saw in Section 3 that wea-
kened national unions rarely have the bargaining power to actively negotiate greener investment strategies with multinational
and local firms.

8. Trade policies are nested in a more comprehensive and binding legal framework than climate policies.
9. Public sector investments and long-term planning promoting industry diversification and learning represent two related

factors that ensured a successful transition in the Ruhr region (e.g., Taylor, 2015; Thimm, 2010).
10. Caldecott et al. (2017) report that 30–40% Polish coal miners were unemployed or out of the labour force two years after

displacement
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Beyond cost and carbon: The multidimensional co-benefits of low carbon transitions in 

Europe 

1. Introduction 

The burgeoning literature on the co-benefits of low carbon energy systems—positive 

spillovers that occur in addition to merely the provision of energy—may be too narrow in 

their current foci.  Such studies frequently focus almost exclusively on either economic 

revenue (costs and benefits), or environmental mitigation of climate change (carbon), 

pollution (air quality), and land use change (avoided deforestation).  As such, they elide to 

consider a realm of co-benefits lying outside the economic or carbon-related spheres.  

Consider a sample of recent studies.  Burke et al. (2018) examine the benefits to 

investing in climate change mitigation, and focus only on monetary savings, arguing that 

investments that limit global warming to 1.5 °C would could reap economic benefits 

exceeding $20 trillion. Noel et al. (2018) analyze grid-connected electric vehicle pathways in 

Denmark and note that at an optimal penetration rate of 75% by 2030, $34 billion in social 

benefits would be accrued (through mechanisms such as displaced pollution) as well as cost 

savings of $1200 per vehicle. Sovacool et al. (2017) calculate that two positive externalities 

from low-carbon electricity and transport in the Nordic region—displacing pollution and 

financial fuel savings—could exceed $333 billion.  Alberini et al. (2018) analyze the co-

benefits of renewable energy and energy efficiency and estimate €94 to €133 in savings per 

ton of avoided carbon dioxide emissions.  Ding and Nunes (2014) identify that biodiversity 

conservation efforts can also become part of climate mitigation strategies as they displace 

emissions as a co-benefit.  Finally, Achtnicht (2011) perhaps best exemplifies our point in 

arguing that there are two co-benefits to retrofitting homes: cost savings and environmental 

savings via avoided carbon dioxide emissions.  

Beyond economic and climatic benefits that may result from a reduced dependency on 

increasingly expensive and scarce non-renewable resources, a growing body of literature 

suggests that (quantifiable) improvements in health metrics are another substantial co-benefit 

of low-carbon pathways. The Intergovernmental Panel on Climate Change (IPCC) argues that 

the health co-benefits from low-carbon infrastructure include fewer deaths from heat waves 

and forest fires, better food security, and improved curtailment of disease epidemics (Smith et 

al. 2014). Balbus et al. (2014) quantify these as representing between $40 to $198 of positive 

health value per metric ton of carbon dioxide mitigated by 2020. Rafai et al. (2013) analyzed 

the co-benefits of pursuing a global mitigation strategy to keep temperatures rises at below 

2°C, and found that under a strong deployment of clean and green energy (an aggressive 
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emission mitigation strategy), expenditures on air pollution control would fall by €250 billion 

in 2050. Moreover, the study highlighted significant improvements in human health and 

average life expectancy because of these policy initiatives. The International Monetary Fund 

(IMF) similarly estimated in 2015 the cost of air pollution and associated health and 

economic damage that can be used to illustrate “avoided costs” when fossil fuels are replaced 

by clean energy (Coady et al. 2015: 2). The amount monetized was staggering: $5.3 trillion, 

or 6.5% of global GDP, with the largest subsidies in absolute terms in China ($2.3 trillion), 

the United States ($699 billion), and Russia ($335 billion). This has been confirmed in 

comparative assessments of wind energy versus. gas (McCubbin and Sovacool 2013). Lastly, 

the World Health Organization (WHO) estimates that if half of the global households that 

still use traditional fuels and stoves switched to cleaner cooking sources, over a ten-year 

period, families would save $34 billion per year and generate an economic return of $105 

billion per year (United Nations Development Program 2013).  

 Although these studies have broadened the analysis of co-benefits to include health, in 

focusing so narrowly on the monetized cost savings from fuel efficiency and health 

expenditure, for example, we may be missing an entire spectrum of co-benefits that are more 

epistemologically opaque (not always being easy to monetize or quantify) but whose 

significance to society and energy transitions should not be ignored. These co-benefits may 

lie in the social, political, or technical domains and may be powerful drivers of positive social 

change. Indeed, scholars from other fields have conceptualized co-benefits of policy choices 

as existing far beyond their narrow aims of interest. For Miyatsuka and Zusman (2010), co-

benefits can be direct or indirect, as well as monetary or nonmonetary. They conceptualize 

“Level 1” co-benefits as those that are roughly proportional to the amount of investment 

made in targeting that policy change, such as jobs or improvements to health. “Level 2” co-

benefits are more abstract and need not always be tied to the scale of investment and can 

relate to dimensions such as achieving energy security or independence from particular 

imports. “Level 3” co-benefits can refer to multiplier benefits that are interlinked with many 

causal factors and are not easy to quantify, such as enhancements to democracy or social 

status. When these disparate types and levels of co-benefits are  ‘seen’ by our analysis, low-

carbon transitions can be recognized as delivering other net benefits to society such as 

entrepreneurship, resilience, and collectiveness.   

 To address more critically this gap and explore a fuller range of co-benefits than are 

typically recognized in the low carbon transition literature, in this study, based on a mixed 

methods approach, we catalogue 128 co-benefits to four European low-carbon transitions: 30 



Beyond cost and carbon 3 

 

for French nuclear power, 30 for German solar photovoltaics (PV), 26 for Norwegian electric 

vehicles (EVs) and 42 for smart meters in Great Britain. Tellingly, 37 of these collective 

benefits are identified as economic and 14 environmental, but the remaining ones illustrate a 

broader spectrum of technical, social, and political benefits (77 in total). After presenting this 

body of evidence, the paper then discusses and theorizes these benefits more deeply in terms 

of complementarity, temporality, scale, actors, and incumbency. We conclude with more 

general insights for energy and climate research, and policy. 

2. Research design and case selection  

As a starting point, cases were selected to represent a European or world leader in two 

sets of low-carbon technologies, two supply oriented (nuclear power, solar PV) and two 

demand/end-use oriented (EVs, smart meters). The cases also portray different timescales in 

terms of initiation (nuclear power in the 1970s, EVs in the 1990s, solar PV in 2000s, and 

smart meters in the 2010s).   

France was chosen because it has a strong history of state-led nuclear power 

development that has made it a European leader for decades (Hecht 1988; Jasper 1992; Finon 

and Staropoli 2001; Sovacool and Valentine 2012). France relied on nuclear power plants for 

4% of their national electricity supply in 1970 but currently receives about 75% of its 

electricity from nuclear power—the highest share of any major economy in the world—and 

comes second, after the United States, in its total number of reactors with 58 (compared to 

104 in the United States) (World Nuclear Association 2018). It is the largest global exporter 

of nuclear electricity, transmitting 18% of its total production to Belgium, Germany, Italy, the 

Netherlands, and the United Kingdom, generating more than €3 billion in annual revenue. 

France is also one of the world’s largest recyclers of nuclear fuel, with 17% of national 

electricity coming from reprocessed fuel rods (World Nuclear Association 2018). The French 

nuclear power program has therefore been hailed as “a success story” that has placed the 

country “ahead of the world” at building nuclear reactors and generating nuclear electricity 

(Weaver 2008: 12). 

 Germany was selected because it has the greatest total capacity of solar PV installed 

anywhere in the world, with 43,000 MW installed at the end of 2017, providing 7.2 % of 

gross national supply (Fraunhofer ISE, 2018).  This means that, strikingly, 41% of Europe’s 

solar PVs are installed in Germany, with the next closest country (Italy) having only 19% of 

the EU market (German Federal Ministry for Economic Affairs and Energy 2017). A 

substantial number of these solar PV installations are not large-scale ‘solar farms’ but are 
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distributed across homes and businesses, with Wittenberg and Matthies (2016) reporting that 

more than 1.5 million residential households own their own German system to take advantage 

of the country’s feed-in tariff. As they conclude, “compared with other European countries 

and even worldwide, Germany [is] still the country with the highest cumulative installed PV 

capacity” (Wittenberg and Matthies 2016: 200). 

 Norway was selected because it is the world leader in the per capita deployment of 

battery-powered electric vehicles, or EVs.  The International Energy Agency (2018) notes 

that, thanks to Norway, the Nordic region saw the total stock of EVs reach 250,000 cars by 

the end of 2017, meaning that the region accounted for 8% of the global total, the third-

largest share after China and the United States. The per capita diffusion of EVs across the 

Nordic region is the highest in the world at 10.6%; the growth rate the highest in the world 

(up 57% from the previous year); and Norway saw EVs representing 39% of annual new car 

sales (International Energy Agency 2018).  As Ryghaug and Toftaker (2014: 146) write, 

“Norway is one of the world’s leading electric car societies where the transition to electric 

road transport is most advanced, with many more electric cars than any other European 

country.” 

 Finally, Great Britain was selected because of its aggressive national smart meters 

program—which will install digital meters that can track consumption instantaneously for 

electricity and natural gas—that began to be rolled out across England, Scotland, and Wales 

in 2016.  This program, formally known as the Smart Meter Implementation Program 

(SMIP), lays the legal foundation to offer every home and business a smart meter by the end 

of 2020. It represents the British government’s “flagship energy policy” and involves 

installing more than 50 million meters at a cost of at least £11 billion (Sovacool et al. 2017: 

768). Although the expected costs and benefits of the rollout are debated, Lewis and Kerr 

(2014: 3) have argued that the SMIP is “by far the most complex” and also the “costliest” 

smart meter program in the world, as well as the largest government-run information 

technology project in history. Smart Energy Great Britain, the “voice” of the smart meter roll-

out, framed it as “the biggest behavioral change program that this country has seen” and 

“the biggest national infrastructure project in our lifetimes” (House of Commons Science 

and Technology Committee, 2016: 13). The Department for Business, Energy & Industrial 

Strategy (BEIS, 2018) reported that 10.8 million smart meters were installed as of March 

2018, corresponding to about 19% of the target number of 56 million. This makes Great 

Britain an obvious frontrunner in the deployment of smart meters. 
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 With our cases selected, we proceeded with a qualitative research design that mixed 

methods across three approaches: semi-structured research interviews with experts, to obtain 

expert opinion; five focus groups in non-capital areas, to obtain public opinion; and the 

monitoring of twelve internet forums (three per country), to solicit public opinion beyond the 

somewhat limited scope of the focus groups.   

 We conducted 64 interviews, 16 per country, and sought to obtain a diverse mix of 

data from across academic institutions, non-profit organizations and civil society groups, 

government departments (including independent regulators), think tanks, and industry 

(including trade bodies and financial institutions) in the summer and fall of 2018 (see Table 

1). In each interview, we asked (among other questions): ‘What do you see as some of the 

most significant co-benefits or advantages to the energy transition being examined?’ The 

research interviews generally lasted between thirty and ninety minutes, were digitally 

recorded, and participants were guaranteed anonymity to protect their identity and encourage 

candor.  

Table 1: Semi-structured expert research interviews  

Country 

 

Respondent number Stakeholder type 

France F001 Academia 

F002 Academia 

F003 Non-profit/civil society 

F004 Think tank 

F005 Industry 

F006 Industry 

F007 Government/regulator 

F008 Think tank 

F009 Think tank 

F010 Non-profit/civil society 

F011 Academia 

F012 Non-profit/civil society 

F013 Industry 

F014 Academia 

F015 Think tank 

F016 Non-profit/civil society 

Germany G001 Non-profit/civil society 

G002 Industry 

G003 Industry  

G004 Government/regulator 

G005 Non-profit/civil society 

G006 Academia 

G007 Government/regulator 

G008 Non-profit/civil society 

G009 Non-profit/civil society 
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G010 Industry - Trade body 

G011 Consultant  

G012 Industry 

G013 Non-profit/civil society 

G014 Academia 

G015 Government/regulator 

G016 Non-profit/civil society 

Norway  N001 Academia 

N002 Industry  

N003 Industry  

N004 Industry 

N005 Academia 

N006 Industry  

N007 Non-profit/civil society 

N008 Non-profit/civil society 

N009 Non-profit/civil society 

N010 Government/regulator 

N011 Non-profit/civil society 

N012 Industry 

N013 Government/regulator  

N014 Academia 

N015 Industry  

N016 Industry  

Great Britain  GB001 Academia 

GB002 Government/regulator  

GB003 Industry 

GB004 Non-profit/civil society 

GB005 Non-profit/civil society 

GB006 Non-profit/civil society 

GB007 Academia 

GB008 Non-profit/civil society 

GB009 Non-profit/civil society 

GB010 Academia 

GB011 Academia 

GB012 Academia 

GB013 Non-profit/civil society 

GB014 Government/regulator  

GB015 Industry  

GB016 Industry  

Source: Authors 

 

 To supplement our expert interviews with public perceptions, we conducted five focus 

groups in non-capital areas of each country, namely Lewes (GB), Colmar (France), Freiburg 

(Germany), and Stavanger (Norway) with a total of 15 participants, summarized in Table 2. 

The justification for focus groups was to solicit input from non-expert stakeholders, given 

that focus groups and interviews work well together, but are not substitutes.  Interviews tend 

to reveal more private, in-depth opinions, whereas focus groups reveal more public attitudes 

and consensus values (Kaplowitz and Hoehn 2001; Gailing and Naumann 2018).   
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Table 2: Public focus groups  

Country Location Participants  

GB Lewes 2  

France Colmar 3  

Germany Freiburg 4* 

Norway Stavanger 6 

* Across two focus groups. Source: Authors  

 

 Lastly, to triangulate our interviews and focus groups, we posted research questions 

on online internet forums, three per country, to solicit public input beyond the focus groups.  

Collectively, these forums had almost 2.1 million members that we could identify (see Table 

3). For each case study, we asked: “What are the biggest advantages of low-carbon 

innovations such as smart meters, EVs, solar PV, or nuclear?  Who are the big recipients of 

those benefits or winners?” This resulted in 58 additional responses.   

Table 3: Public internet forum discussions  

Country case study Forum Description Members Responses 

Norway Elbilforum.no Norwegian EV forum 20,487 7 

Norway Tesla motors club Norway Online forum for Tesla 

owners in Norway 

N/A 4 

Norway SpeakEV Online electric car forum 

for all EV owners and 

enthusiasts 

16,152 0 

Germany Photovoltaik forum.com A solar forum in German 100,823 2 

Germany Solarstrom-forum.de Photovoltaic forum in 

German 

2,329 0 

Germany Building Technology Forum 

- Solar Energy 

Online forum for all 

building technologies 

including solar 

N/A 0 

GB  Money Saving Expert Consumer forum  1,778,314 1 

GB  Navitron Private company forum on 

a range of energy issues 

7139 0 

GB  OVO Energy Private company forum on 

a range of energy issues 

  0 

GB  The IET The Institution of 

Engineering and 

Technology 

N/A 38 

France Que Choisir Consumer forum 130536 1 

France Forum photovoltaique Energy forum 42596 5 

France Droit Finances Consumer finances forum N/A 0 

Source: Authors  
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 After collection of the interview, focus group, and internet forum data, all audio and 

textual data were transcribed, with each respondent given a unique identifying number. All 

transcripts were then coded by two researchers. Our coding scheme was exhaustive and 

inductive, meaning we coded every response and then analyzed the full sample using 

NVIVO. 

 Despite an attempt at triangulation within these methods, our approach does have 

some notable weaknesses.  Although the focus groups and internet forums were open to all 

members of the public, the number of responses collected was less than that of the expert 

interviews.  Moreover, due to the wealth of empirical material spread across four case 

studies, we did not have sufficient space in this study to also assess costs, barriers, or 

disadvantages, or to conduct a rigorous literature review to confirm our findings.  We also did 

not make an attempt to weight, correct, normalize, or problematize data across our methods, 

to avoid censoring our results and discussion.  

3. Results: Beyond cost and carbon in the co-benefits of low-carbon energy 

 Overall, our mixed methods results produced a total of 128 benefits that we 

inductively placed in technical, economic, political, social, and environmental dimensions. 

By technical, we refer to benefits such as efficiency and performance improvements, 

innovation dynamics, and knowledge and skills development. By economic, we refer to 

benefits including affordable energy services, revenues for stakeholders (including users and 

investors), and jobs. By political, we refer to benefits such as policy learning, enhanced 

energy security, and building political capital via meeting campaign pledges and promises. 

By social, we refer to improvements in comfort, prestige, identity, awareness, and lifestyle. 

By environmental, we mean benefits in terms of reduced air pollution, mitigation of 

emissions, water, and other aspects of the natural world.   

Admittedly, these categories interrelate, and we classified them based on the terms 

and phrases used by our respondents. In this section, we elaborate further on the context-

specific articulations of these benefits by each national case study, conducting frequency 

counts to determine benefits that recurred within the interviews. Then, in Section 4, we 

discuss more critically the issues that cut across these cases, offering some new theorizations 

of ‘co-benefits’ – as observable phenomena that may have under-acknowledged synergetic, 

temporal, spatial, social, and disruptive dimensions.  
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3.1 Nuclear power in France  

Our data led to the cataloging of 30 co-benefits in total to nuclear power in France, 

the most mentioned dimensions being technical (9) and economic (9), followed by social (5), 

environmental (4) and political (3). Table 4 offers an overview of these findings, as well as 

the frequency by which they occurred across our methods.  

 

Table 4: Identified co-benefits to the French nuclear power transition  

No. Type Benefit Supported bya Frequencyb 

1 Economic Cheap electricity for France  RI 10 

2 Environmental Low carbon energy source  RI, IF 10 

3 Economic Created well-paid and stable jobs in nuclear industry RI 9 

4 Political Secured energy independence and energy security, 

reduced fossil fuel imports   

RI, IF 7 

5 Social Supported egalitarian energy access RI 7 

6 Social Galvanized pride in national project RI 6 

7 Economic Supported industrial growth RI, FG 6 

8 Technical Facilitated nationwide electrification and heating RI 5 

9 Political Supported articulation of national power RI 5 

10 Economic Cheap electricity for neighbors and profitable 

exports 

RI 4 

11 Social Enabled social investments in peripheral regions RI 4 

12 Environmental A safe form of energy with risks well managed RI 4 

13 Technical Developed France's nuclear industry expertise RI 4 

14 Technical Provides large baseload generation RI 4 

15 Economic Sustained péréquation tarifaire RI 4 

16 Economic Low variable costs per kwh RI 3 

17 Economic Nuclear energy export revenue  RI, FG 3 

18 Technical Supported broader technological and industrial 

innovation 

RI 2 

19 Technical Supports EU interconnection RI 2 

20 Technical Complementary to renewable integration RI 2 

21 Political Complemented France's political system RI 2 

22 Technical   Generated technical and best practice expertise and 

knowledge for transfer 

RI 2 

23 Environmental Enabled France to phase out other carbon energies RI 2 

24 Environmental Cleaner local air RI 1 

25 Social Raising industry working standards RI 1 

26 Technical Providing re-processing facilities for other countries RI 1 

27 Technical Facilitated time of use system RI 1 

28 Economic Low cost of decommissioning RI 1 

29 Social  Increase in thermal and home comfort  FG - 

30 Economic Profitable returns for shareholders and investors IF - 

Source: Authors. Note: aRI=research interview.  FG=focus group.  IF=internet forum. bFrequency 

counts conducted only for the interviews, as the focus groups and internet forums did not have a fixed 

number of respondents.   
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 The most frequently mentioned category of technical benefits included aspects such 

as broader industrial innovation, the building up of nuclear skills and capacity, and the 

development of a technically robust national network of electricity and heat provision. From 

a technical perspective, the broad development of nuclear energy established a French 

engineering expertise that became envied and exported worldwide (benefits 13 and 22), but 

also supported a broad national project of electrification and heating – creating innovations 

such as ‘time of use’ tariffing (benefits 8 and 27). These developments all had strong social 

benefits, as many newly-built households benefitted from improved thermal comfort that 

electrical heating brought. For some interviewees, such innovations – despite the claims that 

nuclear energy ‘locks in’ states technically to a nuclear (and centralized) path-dependence – 

put France at an advantage today as its broad electrification could potentially support other 

low carbon innovations such as electric vehicles and renewable energy integration (benefit 

20).  

 The second most frequently mentioned category of economic benefits emphasized 

aspects such as cheap electricity for France (which has undoubtedly served as a backbone for 

economic growth and industrialization, as Figure 1 underscores), high-paying jobs, and cheap 

electricity for countries bordering France. Most expert interviewees recognized that, although 

electricity prices had risen in recent years, all French citizens had historically enjoyed the 

benefits of the nuclear transition in the form of cheap electricity (benefit 1). As F003 

reasoned: 

For people, electricity has been really affordable, and it has been a national business, 

so prices were decided politically. Nuclear really allowed us to develop French 

industries, and having access to cheap electricity has been very good for the 

development of the economy, as energy is life. Yes, it has been a choice, but that 

choice has been a main positive benefit. 

F012 estimated that because of nuclear power, Électricité de France (EDF), the state-owned 

utility, is able to employ 100,000 to 200,000 jobs necessary in managing the grid. The industrial 

and manufacturing sector was said to have also benefitted from cheap electricity, and nuclear 

energy supported a joined-up industrial strategy throughout the 1960s and 1970s that presided 

over the construction of the national railway network, as well as supporting the development 

of private French firms (benefits 7 and 18). 
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Figure 1: The Solvay/Butachimie industry platform in Chalampé, France, served partly 

by the Fessenheim nuclear power plant, July 2018  

 

 

Source: Authors  

 Socially, nuclear power in France was acclaimed for bringing egalitarian energy 

access, galvanizing national pride, and raising industrial working standards. Because of the 

standardized national tariff, the péréquation tarifaire, all households across France have 

enjoyed (and continue to enjoy) an equally low rate of electricity, regardless of their 

remoteness or rurality (benefit 8). F014 summarizes this link: 

There is the péréquation tarifaire, which is a cross-subsidy for rural users. This 

represents a conscious attempt to level prices. And there were measures to minimize 

inequalities in terms of cost and access to energy … the idea is to make sure everyone 

pays the same. 

F004 also highlighted this link:  

One positive takeaway from the French nuclear program was the link made from the 

beginning between a technical option and public service policy. It was about a 

concern of social justice from the beginning. 

While nuclear energy may not be directly responsible for such a development, it undoubtedly 

helped France to sustain such a policy through the provision of massive baseload generation 

(benefit 14). 

From an environmental perspective, the existence of the nuclear program was strongly 

credited with securing relatively low levels of C02 emissions within France’s electricity 

generation (benefit 2). As F013 described:  
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Nuclear is clearly a low carbon technology, whatever perspective you take. On 

operation, it doesn’t emit C02. If you consider the whole lifecycle assessment, it is 

probably with wind and hydro, the lowest carbon footprint you could imagine. Solar 

emits much more CO2 if you consider the whole lifetime.  

As well as benefitting France, this contributes to global emissions reductions: indeed, 

according to an EC JRC and PBL (2015) report, France had the lowest CO2 emissions per 

capita within the OECD as of 2014. On a local level within France, respondents noted how a 

broad “low carbon” electricity baseload also secured cleaner air, benefitting public health and 

the local environment (benefit 24), particularly as the development of nuclear energy enabled 

the phasing out of other “dirtier” energy production sources, such as coal (benefit 23).  

Politically, the benefits of the nuclear transition were regarded as strongly accruing to 

the centralized state, for which nuclear energy was considered a perfect complement (benefits 

9 and 21). F002 even went as far as to claim that nuclear energy had become central to 

France’s identity as a country, providing it with a source of national pride and patriotism in 

the second half of the twentieth century:  

Nuclear energy locked into a sense of nationhood and pride in engineering, which is 

also linked into the military aspects of the program, which themselves were the result 

of feelings of shame or disempowerment during World War II. Out of that conflict 

emerged a sense of needing a place at the table and an articulation of national power. 

More practically, as well as the vast numbers of jobs created within (and around) the plants 

themselves, the nuclear industry reinforced and secured the future of the cadre of trained 

specialists (such as engineers and economists) within the Corps des Mines in Paris, who 

continue to administer the nuclear program (benefit 3). Finally, some interviewees considered 

that the energy independence that France had gained through the existence of its nuclear 

energy source had also minimized its vulnerability to external price shocks and its need to 

engage in risky commercial and military foreign activities in order to secure supplies of oil 

and gas (benefit 4).   

3.2 Solar PV in Germany  

Our respondents identified 30 distinct benefits to solar energy in Germany, the most 

popular category being economic (9) followed by political (6), social (6), technical (6) and 

environmental (3), as summarized in Table 5.  

Table 5: Identified co-benefits to the German solar energy transition 

No. Type Benefit Supported bya Frequencyb 
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1 Economic Created new businesses and jobs in 

manufacturing 

RI, FG 13 

2 Environmental Emissions reductions RI, FG, IF 12 

3 Social Enables citizen energy democracy RI, FG 12 

4 Economic Profitable for investors RI 12 

5 Economic Has reduced costs for PV RI, IF 9 

6 Political More decentralization RI, FG 8 

7 Technical Development of German innovation RI 8 

8 Economic Created a PV market RI 7 

9 Social Generating awareness in renewables RI, FG 7 

10 Social Participation in policy RI 6 

11 Economic Reduced electricity costs RI, FG, IF 5 

12 Political Lessons about transitions RI, FG 5  

13 Political  Minimizes dependence on fossil fuels RI, FG 5 

14 Technical Learning by doing RI 4 

15 Economic Easy process for installers RI 3 

16 Environmental Does not impact on landscape as much as 

some other technologies 

RI, FG 3 

17 Political National energy independence RI 3 

18 Political People achieving autonomy RI 3 

19 Technical Creation of decentralized producers RI 3 

20 Economic Made use of farm land and other land RI 2 

21 Economic Surplus energy production being exported RI 2 

22 Economic Tax revenue from solar users RI 1 

23 Technical  Demonstrated feasibility RI 2 

24 Political Energy leadership opportunity RI, FG 1 

25 Social Domestic comfort FG, IF - 

26 Social Health benefits RI 1 

27 Social Protects rural communities RI 1 

28 Technical Better EU interconnection RI 1 

29 Technical Facilitating move to renewables RI 1 

30 Environmental  Making use of natural endowments for 

energy 

FG - 

Source: Authors. Note: aRI=research interview.  FG=focus group.  IF=internet forum. bFrequency 

counts conducted only for the interviews, as the focus groups and internet forums did not have a fixed 

number of respondents.   

 

The most frequently mentioned economic benefits of solar PV in Germany were the 

creation of new businesses and jobs in manufacturing (benefit 1) and the fact that solar PV is 

profitable for investors, whether small or large-scale (benefit 4). At the height of Germany’s 

solar PV industry in 2012, one respondent claimed that the sector had approximately 120,000 

jobs1 (G004). While many of those were lost following cuts to the feed-in-tariff (FIT) in 2012, 

the sector retained approximately 36,000 jobs as of 2016 (G013) and it continues to 

manufacture the technical machinery that is exported for use in the global production of panels. 

                                                 
1 Lütkenhorst and Pegels (2014) claim the number was nearer 90,000. 
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Implemented through the German Renewable Energy Sources Act of 2000, the FIT law has 

provided a long-term investment opportunity for investors, guaranteeing income for 20 years 

(G010). This has meant that many people who invested in solar PV plants were “having a good 

return” (G007). The generous support of the FIT also resulted in another economic benefit, 

reduced costs for PV (benefit 5), which ultimately enabled Germany to create a domestic PV 

market (benefit 8), while also having a strong influence on both the development of innovation 

and the global PV market. As G014 noted: 

When you look back at the cost regression of solar panels, Germany contributed very 

much to bringing solar worldwide to the market. 

In this way the German transition is credited with lowering the cost of solar energy in multiple 

markets. 

 Social benefits centered on aspects such as energy democracy, generating awareness, 

and supporting ameliorations in domestic comfort and health. The wide acceptance of solar PV 

amongst the German public ( a result of what many interviewees attributed to the initially 

economically very attractive nature of the value proposition) has led the technology itself to 

have significant impacts on the political landscape of German energy markets. Indeed, it has 

enabled greater decentralization (benefit 6), and has enabled people to achieve a greater level 

of autonomy (benefit 18) through self-supply by allowing them to move away from the 

dominant energy suppliers – a potentially disruptive long-term dynamic (Richter 2013). This 

trend has brought several social benefits, such as generating awareness in renewables (benefit 

9) and widening participation in policy (benefit 10) beyond incumbent players. However, the 

most frequently mentioned social benefit of solar PV was the way it has enabled a broader 

energy democracy (benefit 3) by providing people not only with an opportunity to take part in 

the German energy transition but also to do so on their own terms. As G011 stated: 

I would say that the strengthening of democracy is a benefit of this transition to 

renewables, because we find that people are getting engaged in community projects, 

and when you read surveys about these projects, about why they participate in solar 

and wind projects, the motives vary and financial motives are an aspect but it is never 

the first. The biggest driver is that they want to do something good for the community, 

and that tells me that there is a wider benefit of democratization in society. That people 

are talking to each other and taking matters into their own hands. I think that is a big 

benefit that is overseen. The unique part of the process is the citizen-led nature of the 

transition. 
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This community uptake of solar is illustrated in Figure 2, which shows a fairly large-scale solar 

system installed at a community spa in Berlin. 

 

Figure 2: A community solar PV installation at the Liquidrom Spa in Berlin, Germany, 

July 2018 

 

Source: Authors.  

Importantly, respondents underscored that Germany’s experience with solar PV can 

provide valuable policy lessons about transitions (benefit 12) to other countries, showing how 

a transition could work (G005) for other industrialized nations (G008). There are also 

implications for national energy independence (benefit 17), as there is the potential for 

minimizing dependence on fossil fuels (benefit 13) in countries that rely mostly on imports of 

coal and gas for its electricity generation sources.  

  Technical benefits mentioned by respondents include the development of German 

innovation, learning by doing, and better connection with the European Union. Early market 

creation, especially before 2005, was built on the success of developing German innovation 

(benefit 7), notably in the manufacturing of solar panels which “survived and thrived and 

drove technology in part because it was close to the application” (G001), enabling learning 

by doing (benefit 14) as the technology and industry matured.  

 Lastly, respondents suggested that solar PV has brought environmental benefits to 

Germany in terms of emissions reductions (benefit 2) from increased use of renewable 
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energy. Further, G008 discussed how solar brings benefits by enabling Germany to phase out 

nuclear, noting that “beneficiaries or winners could be kids in the vicinity of nuclear power 

reactors or people who live in the vicinity of a nuclear waste dump, or anybody who’s just 

not happy trains of nuclear waste running through the country.”  While renewable energy is 

generally popular in Germany (G014), solar PV especially is widely accepted given that solar 

PV installations do not impact on landscape as much as some other technologies such as 

wind, nuclear, or coal (benefit 16).  

3.3 Electric vehicles (EVs) in Norway 

 Our original material led to the identification of 26 benefits associated with 

Norwegian EVs, led by economic (8) and social (7) and followed by technical (4), 

environmental (4), and political (3). Table 6 offers a summary.  

Table 6: Identified co-benefits to the Norwegian electric vehicle transition  

 

No. Type Benefit Supported bya Frequencyb 

1 Environmental Emissions reductions, climate change RI, IF 16 

2 Economic Provision of concessions for owners RI 12 

3 Environmental Air quality RI 12 

4 Technical Demonstrating technology to others, 

stimulating innovation  

RI, FG 10 

5 Environmental Noise reduction RI 9 

6 Political  Developing policy learning and 

innovation, a model for others 

RI, FG 8 

7 Social Convenience of special rules, exceptions, 

saving travel time 

RI, IF 5 

8 Economic Save money on fossil transport fuels RI, IF 4 

9 Economic Encourages other private companies to 

enter the EV market 

RI 3 

10 Social Enjoyable to use, comfortable to drive RI, FG, IF 3 

11 Political Political objective on take-up met RI 3 

12 Economic Export revenues from cars, parts sales RI 2 

13 Social Stimulating greater environmental 

awareness 

RI, FG 2 

14 Social Good for conscience  RI, FG 2 

15 Technical A good use of abundant electricity 

production 

RI 2 

16 Economic Complementary companies benefitting 

from provision of EV infrastructure 

RI 1 

17 Economic Electricity providers seeing higher 

demand 

RI 1 

18 Economic EVs keep their value RI 1 

19 Political Contributing to energy security and 

independence by minimizing need for oil 

RI, FG 1 

20 Social Safer environment RI 1 

21 Economic Enables cheaper car access and use FG - 

22 Environmental  Leverages Norway’s green and renewable 

electricity production 

FG - 

23 Social Freedom of movement  IF - 
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Source: Authors. Note: aRI=research interview.  FG=focus group.  IF=internet forum. bFrequency 

counts conducted only for the interviews, as the focus groups and internet forums did not have a fixed 

number of respondents. 

 

The economic benefits cited by respondents included aspects such as saving money on 

fuel, the fact that EVs retain their financial value, and export revenues from the sales of cars 

and parts (benefits 8, 18 and 12). Twelve interviewees mentioned the provision of concessions 

for owners as key for those purchasing EVs (benefit 2). Indeed, EVs are presently exempt from 

purchase tax (calculated for each car depending on emissions and weight of the car) and value 

added tax (VAT is 25%). In addition to tax concessions, EV users also benefit from free 

charging, reduced rates on toll roads and ferries, and free parking. As N012 stated: 

There are multiple taxes that EV owners do not pay, VAT, purchase tax. I think you 

could say an expensive Tesla should have cost about 40-50% more with normal taxes, 

so it adds up to significant money. Still with free parking, reduced costs on the roads. 

They get a lot of money. 

These benefits are especially relevant to urban dwellers living close to the major cities of Oslo 

and Bergen, where EVs were initially seen as the wealthier person’s car of choice, as N010 

remarked: 

An abundance of rich single men with 2 or 3 cars, at least at the beginning, they were 

the winners. 

Admittedly, following the development of smaller and cheaper cars by makers such as Nissan 

and BMW, a wider population of Norwegians have been able to afford EVs, with N003 noting 

that “they are (now) bought by any type of people, I don’t think there is a strong social 

dimension to it here in Norway” (N003). This perception was underscored in the focus group 

and internet forums, where it was emphasized that certain high-end brands were actually now 

more affordable in Norway in their EV versions,’ with Figure 3 showing an affordable model 

from Renault.  Further illustrating this point, in the focus group, a respondent stated: “I could 

never have afforded a regular BMW, but the EV is half the price.” And in the internet forums, 

a respondent exclaimed: “I almost get a heart attack when I have to use a fossil car, and then 

see the price for tanking (both in Norway and abroad).” 

Figure 3: A Renault Twizy Electric Vehicle in Oslo, June, 2018  

24 Technical More efficient conversion of energy, 

reduced fossil fuel usage 

FG - 

25 Technical Improved reliability, fewer parts to go 

wrong 

IF - 

26 Social Prestige, a fashion statement FG -  
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Source: Authors  

 Social benefits included the fact that EVs are enjoyable, comfortable, and prestigious 

to own and drive (benefit 10), as well as the fact their wider diffusion sends signals to others 

that one is ‘green’ or ‘environmentally aware’. N003 captured these sentiments about the 

experiential and emotional dimensions associated with owning and driving an EV: 

Anyone who has an EV feels it is a better car, just more comfortable for the driver. That 

comes in addition to the environmental benefits. It is smoother, responds better to your 

signals, can drive as slow as you like or it accelerates easily, you have better control. 

Most people I know who have bought an EV say “Oh! It is so nice to drive.” It works 

very quietly, compared to a traditional car with gears. If you drive in traffic jams, new 

cars have these anyway, but it is easy to stay in EV as easy to regulate distance due to 

the response. 

Social benefits were also mentioned in the focus groups, where respondents remarked on the 

role of EVs in raising environmental awareness, with one participant stating, “people become 

green after buying an EV”. Another participant added that “creating awareness is a big part of 

this” and that interest had expanded from small groups of environmentally-motivated 

‘pioneers’ to the wider public: “before it was more hippies and Greenpeace, but now awareness 

is broader”. Driving comfort was mentioned repeatedly in the focus group, with one participant 

saying that her EV was “a joy to drive”, while another highlighted that – especially in the early 

days of the market – EVs also brought a social prestige: “EVs grew in Oslo as a fashion 
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statement and as a more convenient way of traveling, in bus lanes” (benefit 26). Freedom of 

movement came up in the internet forums too, with one user observing that, as EVs had free 

access to bus lanes, users could enjoy more stress-free journeys: “it makes me less stressed, 

since I don’t have to worry if a lane will turn into a bus lane.”  Another noted that “EVs are 

easy to drive, very relaxing.” 

 The technical benefits mentioned by respondents emphasized aspects such as the way 

in which EV development has stimulated broader innovation and the fact that EVs are a good 

fit for the Norwegian energy sector’s technical base – where a large share of pumped-storage 

provides a clean and reliable basis of electricity. As N006 put it: 

We tend to look at Norway as kind of a technical laboratory, what happens if we roll 

out EVs on a huge scale. The different car manufacturers send delegations here all 

the time to see how we handle this. How we handle charging, how it works, how 

people use their cars.  

Respondents in the internet forums highlighted the fact that EVs are technically more 

straightforward and have better reliability than regular cars (benefit 25). One respondent 

mentioned that with EVs, there were “few things that can go wrong (less parts)”, while another 

highlighted that “home charging is really simple. The cars have few parts that one needs to 

worry about (clutch, timing belt, exhaust).”  Another exclaimed that after an EV, “I’ll never go 

back to fossil car … when you get used to instant torque and good acceleration you just don’t 

like the loud fossil engine struggling and screaming like a pig at full power.”  Others remarked 

that EVs have “a perfect drivetrain, no more slow and jerky gearboxes and start/stop systems, 

one-pedal driving is fantastic when you get used to it, I love having a full tank of electrons 

every morning;” “it is simply wonderful to drive an electric car, and passengers often marvel 

at how nice and smooth it feels”; and “using a fossil fueled car has become extremely 

unsatisfying. The motor annoys me considerably more now than before.” 

 The domain of environmental benefits from EVs encompassed aspects such as the role 

of EVs in mitigating climate change and in facilitating improvements in air quality and noise 

pollution (benefits 1, 3 and 5). Technical learning from the personal EV market was also seen 

as helping to expedite the electrification of other transport sectors, including buses, maritime 

and aviation. Emissions reductions from EVs were mentioned by all expert interviewees as a 

key environmental benefit. However, in addition to EVs contributing to emissions reductions 

at both global and national levels, a more localized benefit related to improvements in air 

quality – particularly important given that Norwegian cities have serious problems with air 

quality, especially in the cold winter months. As N012 noted: 
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Local air pollution is a huge driver for politicians promoting EV policies in cities like 

in Oslo, Bergen, Trondheim and so on. They have scores of air quality problems there. 

Taking out the nitrogen oxide is just as important as carbon dioxide in Norway. 

There are also benefits for city dwellers in terms of noise reduction, with N005 observing that 

“the noise level goes down, at least in cities when the speed is low”. 

 The final domain of benefits relates to political dimensions, such as the generation of 

political capital, the contributions to energy security, and the production of policy learning for 

other countries.  Indeed, with respect to the first of these benefits, three interviewees mentioned 

that some of the key beneficiaries of the Norwegian EV story have in fact been politicians – as 

their political objective on EV take-up has been comfortably met, enabling them to garner 

praise (even as some respondents acknowledged that the policy success had been somewhat 

accidental and unexpected). As N004 stated: 

I am a bit proud actually of what we have done, because they set a goal and it has been 

a success. 

Policy success in Norway has also provided an opportunity for developing policy learning and 

innovation from the Norwegian case (benefit 6), with eight interviewees saying that Norway 

can act as an example for other countries who are interested in learning what does, and what 

does not, work in the development of an EV market and infrastructure. N005 especially 

highlighted that given the small size of Norway, “the Norwegian example shows that if the 

incentives are strong enough, it’s actually possible to see a large-scale electrification of the 

passenger car fleet.” Focus group participants also highlighted that EVs can bring political 

benefits, especially regarding energy independence:  

It’s also not just climate change, it’s about diversifying beyond the two forms of energy 

today that power 80% of the world, and avoiding energy being produced in areas where 

there is conflict. 

3.4 Smart meters in Great Britain 

Finally, our material led to the identification of 42 discernable benefits for smart 

meters in Great Britain. At the top of the list were social (12) and technical (12) benefits, 

followed by economic (11), political (4) and environmental (3). Table 7 offers a summary of 

these benefits.   

Table 7: Identified co-benefits to the Great Britain smart meter transition  

No. Type Benefit Supported 

bya 

Frequencyb 

1 Economic Help households save money by identifying energy 

efficiency measures, controlling energy use 

RI, FG, IF 13 
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2 Economic Help households save money by enabling time of use RI, IF 10 

3 Environmental Will facilitate more decarbonized energy system, 

integration of renewables 

RI, IF 11 

4 Environmental Will reduce overall energy usage RI, FG, IF 11 

5 Social Wider energy awareness and visibility RI, FG 11 

6 Technical Facilitates distributed generation RI 9 

7 Social Protects customers from shock or estimated bills RI 8 

8 Political Policy learning RI 8 

9 Technical Facilitates better demand management RI, IF 7 

10 Economic Cheaper grid costs  RI, IF 7 

11 Economic Generation of data that can be valuable RI, IF 7 

12 Technical Facilitates demand led energy system, innovation RI, IF 6 

13 Technical Facilitates a more efficient grid, grid security RI, IF 5 

14 Social Saves customers the inconvenience of reading meters RI 5 

15 Economic Generates new sources of profit RI 5 

16 Economic Saves money in meter reading and calls RI 4 

17 Political Offers consumer protection through transparency RI 4 

18 Social Makes it easier to pay bills RI 4 

19 Technical Enables smart appliances RI 4 

20 Technical Facilitates renewable integration RI, IF 4 

21 Environmental Reduces emissions from meter reading RI 3 

22 Social Enables the identification of vulnerability RI 3 

23 Social Protects consumers from losing power by enabling 

credit extension 

RI 3 

24 Economic Drives market competition RI 2 

25 Political Enable national energy independence RI 2 

26 Technical Facilitates nationwide and EU-wide grid integration RI 2 

27 Social Removes uncertainty around energy consumption RI 2 

28 Social Installation and tailored energy advice RI 2 

29 Economic Help households save money through automated 

switching 

RI 2 

30 Technical Facilitate EVs and storage RI 1 

31 Social Minimizes vulnerability created by blackouts RI 1 

32 Social Enables poorer households to consume more energy for 

no extra cost 

RI 1 

33 Political Policy success RI 1 

34 Technical  Enables smart homes RI 1 

35 Economic Drives a more cost-reflective energy system RI 1 

36 Economic Identify fraudulent use, theft reduction  RI, IF 1 

37 Economic Creation of jobs for installers FG - 

38 Social Alerting people of possible incidents with elderly 

friends and family  

FG - 

39 Social Minimizing the need for elderly people to regularly deal 

with meter readers  

FG - 

40 Technical  Quicker detection of faults  IF - 

41 Technical More accurate bills IF - 

42 Technical More secure than traditional meters IF - 

Source: Authors. Note: aRI=research interview.  FG=focus group.  IF=internet forum. bFrequency 

counts conducted only for the interviews, as the focus groups and internet forums did not have a fixed 

number of respondents. 

 

 ‘Social’ benefits were (perhaps surprisingly) tied with ‘technical’ benefits for the 

most mentioned category. These social benefits related to the widening in awareness and 

visibility of energy consumption (see Figure 4), as well as the more practical benefits 

associated with making it easier to pay bills and the positive effects on vulnerable 
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communities, blackouts, and those in poverty.  Many stated benefits result from the promise 

of more accurate bills. One important aspect of this is the potential end to ‘shock’ estimated 

bills and the uncertainties that have been associated with energy consumption and billing, 

which are one of the biggest sources of historical stress for more vulnerable energy users 

(benefits 7 and 27). As well as more accurate bills based on real-time consumption, 

customers are also already reportedly benefitting from being saved the inconvenience of 

having to read meters (benefit 14).  In the focus groups, participants remarked how smart 

meters could particularly help elderly people:  

I suppose if an older person was in trouble, and didn’t use the energy that they were 

expected to use on a certain day, that could that somehow alert the company to think 

‘are they lying on the floor? They haven’t turned the TV or cooker on…’ and send 

someone to check on them. 

Elderly people may also prefer the fact that meter readings now also no longer need to be 

taken, as regular home visits by strangers were cited as a source of anxiety for many (benefits 

14, 39).  

Figure 4: A first generation British Gas smart meter in-home display for electricity and 

heat visualizing household consumption in real-time  

 

Source: Authors  

 Proclaimed technical benefits span a range of activities including: the facilitation of 

demand response and distributed generation, efficiency improvements to grids, quicker 

detection of faults, and the enabling of smart homes and appliances. GB015 focused on the 

technical benefits of pre-paid meters, highlighting how these are ineluctably bound with 

social and economic dimensions: 

A big beneficiary are pre-payment customers. It blows my mind to see videos of old 

ladies crawling in the road to top up her pre-payment meter. With a smart meter you 
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can top it up online, on a phone, etc. Also, at the moment, switching between pre-

payment and credit requires someone to install a brand-new meter, which is hugely 

expensive… The cost of the ‘pay zone’ system for pre-payment is hugely expensive. As 

a result, pre-payment customers, who are often the most vulnerable, are paying 

between £100 and £200 more for their energy than credit customers. Once you can 

reduce those costs, which smart meters do… those pre-payment customers can start 

saving money with a smart meter. 

In this way, smart meters were said to have positive synergies with other innovations such as 

advancements in payment plans.   

 Economic benefits are admittedly intertwined with some of the technical features of 

smart meters. The most mentioned benefit was that consumers with smart meters ultimately 

save money by using the data generated by the smart meter to identify ways in which they 

could save money on their energy consumption (benefit 1). This relates to the classic (though 

somewhat contested2) idea of energy monitoring and feedback, whereby an increased (and 

interrelated) level of energy visibility and awareness (benefit 5) leads consumers to change 

their energy use habits, switching off appliances and using energy more strategically. 

Although some interviewees pointed out that poorer households may already be monitoring 

their energy use very closely (and so would have limited opportunities for making further 

savings), others stressed that smart meters could facilitate a de-mystification of energy, with 

usage becoming more (literally) visible, through the changing colors of the In-Home Display 

(IHD). As well as leading to reduced bills through more prudent usage of energy, it may also 

facilitate greater thermal benefits as customers use energy more strategically – getting more 

heat for less money (benefit 32). As “being able to quantify potential energy savings makes it 

a more compelling figure.” GB09 argued that the data generated by smart meters could also 

be used to make a more persuasive case for making investments in energy efficiency  – 

measures which could enable further financial savings. Smart meters could enable more 

decentralized generation by facilitating ‘peer to peer’ energy generation and trading (benefits 

6 and 15). 

 Political benefits included policy learning, national energy independence, and meeting 

campaign promises. As GB007 stated: 

                                                 
2 See for example Buchanan et al. (2015). 
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If the government achieves it, the smart meter program will be held as a flagship 

initiative that we have led the world on, and they will talk about it as being a policy 

success.  

GB015 framed political benefits more in terms of energy security: 

Geopolitically, you can look at how better management of our energy is going to 

affect the extent we need to continue demanding energy from overseas.  Smart meters 

have the potential to minimize our dependence on foreign pipelines and resources. 

In this way benefits extended well beyond only households and small businesses.  

 Environmental benefits meanwhile centered on dimensions such as the continued 

decarbonisation of electricity, the integration of renewables, and reduced overall energy use. 

Some interviewees maintained that smart meters are an essential component of the move 

towards more cost-efficient and ultimately less carbon-intensive electricity and energy 

generation and supply. As GB012 stated strongly: 

I do not understand how you can expect to coordinate energy supply and demand 

effectively and most cheaply, in terms of prices for customers, without smart meters.  

Furthermore, on the demand-side, more efficient energy usage stimulated by behavior change 

may in turn (for those customers who were not already under-consuming energy, at least) 

lead to overall more efficient (and lower) energy usage, and a positive environmental benefit 

through lower emissions (benefit 4). As GB007 remarked, “anything that reduces energy 

demand will reduce the carbon intensity of the grid.” Provided the energy generated 

continues to be progressively decarbonized, these will be benefits that will accrue to all, 

within the UK and beyond. Locally, there could also be an end to the carbon footprint and air 

pollution generated by the need for regular meter readings (benefit 21). 

4. Discussion: Scale, temporality, spatiality, actors and incumbency  

 This section of the paper focuses inductively on more deeply analyzing and theorizing 

the co-benefits across our cases according to six cross-cutting themes or dimensions: 

complementarity, temporality, spatiality, actors, and incumbency. 

4.1 Complementarity: interoperability and co-synergies with other innovations  

This category of benefits relates to how each particular low-carbon technology being 

examined can create positive synergies with other low-carbon technologies or practices.  For 

example, although doubted by some respondents, nuclear power in France was credited by 

several others with enabling the integration of intermittent renewable sources of electricity 

such as wind and solar. As F005 noted: 
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The advantage of nuclear is that it is baseload production, it is not intermittent. It 

runs regardless of the weather. It is very complementary to intermittent renewable 

resources, it is a tool for climate change prevention.  

Similarly, F015 stated:  

Going towards a low carbon electricity system is a huge challenge that is probably 

under-estimated by most. To achieve that you will need everything possible: more 

inter-connection between nuclear and solar PV, other renewables, more demand side 

management. The solution will be a combination of those technologies and services.  

Although some environmental activists in France have become resistant to the notion of 

expanding the use of EVs in France (because EV expansion is seen by them as being used by 

the nuclear lobby to support the argument for further nuclear expansion in order to power 

EVs), it is undeniabey that nuclear energy has some potential to be complementary – rather 

than antagonistic – to the development of certain renewable innovations (as argued 

judiciously in Cany et al. 2016).  

 Similarly, German solar panels were framed as being potentially synergetic with 

electric heat pumps, electric mobility and household storage. G001 remarked that: 

Renewable electricity is shifting into the transport sector and shifting in to the heating 

sector. We do have a rise in electricity mobility. We have over 4 million EVs in 

Germany if you count e-bikes and e-scooters. And we have increasing number of heat 

pumps, which is a conversion of electricity.  

Indeed, Germany has an aim of being greenhouse gas-neutral by 2050 (BMU, 2018), and its 

transport and heating sectors especially could benefit from the potential co-synergies with 

solar PV (and other renewables), given that Germany is, as one interviewee conceded, “not 

doing well in our climate change targets because the heating and transport sector is not 

doing well” (G007). Other benefits discussed included prosuming and coupling solar panels 

with home energy storage.   

In Norway, respondents suggested that EVs could be a first step towards the entire 

transformation of the transport and mobility system. As N006 speculated:  

The EVs we see today are really only stepping stones towards more sophisticated 

integrated transportation system where an electric pod picks you up where you live 

and takes you to a hub where you get on a bigger bus, or whatever, and that takes you 

to a smaller pod again which will take you to exactly where you want to go. You see 

these presentations all the time and it seems obvious it is going to that direction. 
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N015 claimed that this could bring potential co-synergies between more integrated personal 

and public transport: 

We are looking at how to integrate EVs with walking and cycling more as part of 

public transport, but also how to integrate towards sharing solutions. That could be 

towards carpooling or Uber-type solutions. We are also developing technologies 

towards autonomous, smaller units. Which is more of an on-call type of service and 

with all these we believe, in not that many years down the road, public transport will 

look very different from today. It will be based on zero emissions solutions that are 

also public and individualized.   

Here,  there is clearly the potential for EVs to coupled with other innovations such as 

ridesharing, mobility as a service, and automated (driverless) cars (Firnkorn & Müller 2015). 

 Smart meters were identified as enabling peer-to-peer energy trading as well as EVs 

and integration of renewables. Respondents noted that consumers in Great Britain could 

combine smart meters with dynamic tariffs with EVs, storage, automated appliances, etc. to 

save money and to participate in the move towards a less carbon intensive grid by purchasing 

energy when it is cheapest (and less carbon intensive, i.e. at non-peaks times of day). As 

GB015 commented:  

EVs are essentially a battery on wheels.  With a smart meter, smart charger and EV, 

you can power your house from your battery during peak demand, getting free 

energy, and not taking energy from the grid. And then you can charge it at night, 

perhaps automatically, easing pressure on the grid, and saving money. Smart meters 

and EVs become a borderline utopian product. 

Respondents also noted that smart meters could enable more decentralized generation by 

facilitating “peer to peer” energy generation and trading, with the generation of more tangible 

data presenting a more quantifiable figure that lends itself to being traded. 

4.2 Temporality: Beyond the immediate and intergenerational issues 

 Our data shows how the collective benefits have strong temporal dimensions, with 

some relating more to the past, others specific to the present, while others are more uncertain 

and contingent on a complex interplay of technical, economic, social, political, and policy 

factors. 

Nuclear power in France was credited with generating significant historical benefits in 

the form of cheap electricity, but over time, these benefits have arguably diminished for 

subsequent generations. For example, because of a proliferation of new safety requirements 
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caused by growing concerns over security and safety, the costs of decommissioning and 

waste management have risen over time (Schneider 2013). When added to the rising debt 

obligations and interest payments from financing costs incurred by the state in funding plant 

construction and maintenance, these costs are driving not only higher electricity prices for 

subsequent generations, but also the obligation for the state to raise general taxation. For 

some interviewees, the benefits may thus be structured by a strongly inter-generational 

dynamic, with future generations potentially not only not benefitting from cheap electricity, 

but also having to bear the rising costs of decommissioning and waste management.  

In Germany, solar PV has benefitted those most who invested in the early days of the 

FIT scheme, as, although they had to pay for more expensive equipment and bear the greatest 

risks, they were compensated by the most generous levels of FIT. As G001 clarified: 

In a way, the success of the German transition is about timing. Some households were 

lucky enough to pick the right site and buy the equipment at the right time when there 

was a discount in the market, but they still locked in the high FIT. People who 

invested at that time, they got in excess of 60% return on capital or shareholder 

funds, guaranteed for 20 years. It was insane. 

This notion of risk, timing, and longevity was actually built into the FIT itself, which 

guaranteed an income for 20 years, but had a sliding-scale model that reduced subsidies every 

year, disproportionately incentivizing and rewarding early adoption (Mendonca et al. 2009)3. 

As for long-term benefits, G004 noted that the main benefit would be “future generations 

benefiting from low carbon electricity production and mitigating climate change risk”.  

In Norway, early beneficiaries of EVs were the wealthier segments of the population, 

who were able to benefit from being able to “signal” their own prestige and virtue. Potential 

future benefits could however spill over to other transport sectors such as maritime, aviation, 

and buses, especially as Norway takes advantage of its low carbon electricity production, 

96.3% of which comes from hydro and pumped hydro as of 2016 (Statistics Norway, 2017). 

As N012 highlighted, Norway, in fact, has a vision of becoming the first fully electrical 

country in Europe, if not the world, and for the time being enjoys “a huge surplus of 

electricity” (N012). 

For smart meters, the immediate benefits to the user relate more to the new visibility 

of energy use data and to corresponding behavior change and convenience. Many of the more 

                                                 
3 This policy was eventually amended once policy makers realised that they had been too generous in the 

context of rapidly falling PV prices. 
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long-term benefits relate to the transformations in the supply and generation side that could, 

in turn – and if enacted fully – lead to transformed opportunities for the consumer and for a 

range of supply-side actors (Pereira et al. 2018).  

 

4.3 Spatiality and scale: beyond households or even countries  

 Many of the presumed benefits cross multiple scales, in some cases extending well 

beyond the individual countries. In France, the massive surplus in electricity generation from 

nuclear plants is credited with enabling France to export energy to neighboring countries, 

leading to revenues accruing to the French state and allowing other countries to benefit from 

cheap energy imports (benefits 10 and 14). As F013 noted: 

Nuclear technology transfer to China has worked really well. EDF is considered a 

very strong utility on safety, so they do international sharing of best practices. Our 

safety authorities also collaborate with other safety authorities and they do a lot of 

sharing. 

Other countries also benefitted from France’s re-processing facilities, which enabled them to 

delay expenditure on expensive new programs in other energy areas (benefit 26).  

Although the transfer of jobs away from Germany is seen by many as one of the most 

negative “subplots” of the solar PV story in the country, it is also true to state that the 

German solar transition benefitted manufacturers in other countries, especially, in China. As 

G003 remarked: 

In a way, Germany with hundreds of billions of euros helped the Chinese to develop a 

new industry because everything was developed here in Germany and it was ready to 

market. Then the Chinese bought these technologies, bought these companies, or 

invented their own ones. In some cases, they even stole patents or copied 

technologies. They found a market that was ready here in Germany, based on our FIT 

system. They did not only copy or buy technologies that we have highly subsidized to 

become bankable and marketable, but they took over our market in Germany as well. 

At a certain point, 55% of all PV installed worldwide, globally, has been installed in 

Germany. Incredible. And I think most of the panels that have been sold in Germany 

are Chinese.  

G007 affirmed this point in stating that “I think the German solar transition has been a very 

good program for China, actually!” and that “China has benefitted enormously.” Others 

recognized that the German solar FIT indirectly “financed the learning curve for PV 
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globally” (G004), benefitted others in Europe (such as “Greece, Spain, Italy, and the United 

Kingdom,”) (G005), and that it also holds potential for “those who need solar PV for modern 

energy access in Africa and Asia” (G006).  

 Norwegian EVs were similarly credited with meaningfully contributing to the 

development of a cleaner global passenger car fleet. As N006 remarked: 

Other places and markets have a lot more to gain from the EV transition here 

environmentally than we do, because it was not so bad here to begin with, we are a 

sparsely populated country and most cars are not that old. But if China or Southeast 

Asia goes electric, that will have a much more positive impact. 

N016 supported this view, remarking that Norway has shown the world that an EV transition 

“is possible.”  

 For smart meters, multiple respondents discussed how the program in Great Britain 

offered what GB007 called valuable “lessons for other countries.” As GB016 remarked: 

From an infrastructure perspective, the lessons, the budget, the business plan are all 

published and transparent. Other countries will look very closely at it because it is 

very transparent and accessible, they can see the costs and process, seeing what to do 

and not to do. In other countries there isn’t the transparency or the infrastructure and 

there isn’t the future-proofing that the DCC gives you. It is a big plus for everyone 

outside of the UK.   

Relatedly, GB008 talked about other governments that have not rolled out smart meters yet 

being “shared learners;” and GB011 stated that “there are learnings based on the data that 

could be exported to other countries, in terms of benchmarking and monitoring.” GB014 

meanwhile commented that “other countries may look at Great Britain’s roll out and draw 

some lessons from it.” Finally, GB015 underscored that “there’s a cross-border trade in 

information” resulting from the smart meter program.   

4.4 Actors: beyond users or consumers 

Our data reveals that many of the benefits brought by low-carbon transitions extend 

beyond the immediate energy or mobility actors (the users or consumers) to other actors 

across the supply chain. In France, jobs and amenities for communities near power plants 

were recognized as disproportionately accruing to the areas around the power plants, many of 

which were recognized as being otherwise “peripheral” and under-developed regions. As one 

interviewee (F007) stated: 
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The benefits are very centered on people living around the nuclear power plants, 

which is why they don’t want to see them closed. This is why people protest against 

closures, because they know that when you are living near a plant you have a music 

school, swimming pool, and money for sports clubs, and it’s very linked to the daily 

life of people.  

These areas received higher investment and better facilities, as well as being the source of 

hundreds of direct jobs (benefit 11). 

 Similarly, in Germany, solar PV has also benefited rural development in areas that 

otherwise may have suffered a lack of investment or under-population. As G001 highlighted: 

If you’d come 8 years ago, we would have discussed how the Germans are fleeing the 

countryside and moving into the city. Depopulation of the countryside was a big theme 

10 years ago to 7 years ago. That stopped in part because of the renewable energy 

industry. And it’s not just solar, it’s also the biomass, it’s also the wind. They’re all 

activities that take place in the countryside, not in the cities. 

Solar PV was also connected with broader industrial development, with G001 noting a 

(temporarily) thriving “solar panel manufacturing infrastructure” that benefitted “designers, 

developers, and innovators.” G002 commented on how German solar energy benefitted not 

only those “who build PV panels on their roofs, but also an industry especially in the new 

Bundesländer, the Eastern part of Germany. So, it was also kind of industrial policy and 

structural support policy for these areas.” 

 In Norway, the benefits from EVs accrue to actors beyond merely the users of EVs 

themselves. N014 emphasized how Norwegian policy has spurred innovation for companies 

such as Tesla, as well as companies offering services related to charging infrastructure. N012 

commented on how electricity suppliers benefit hugely from EVs as they can now provide fuel 

to large numbers of new customers. 

 In Great Britain, smart meters were associated with stimulating a host of new digital 

innovations across  entirely new business models. GB007 stated that “there is an almost infinite 

potential for new energy services or business models to emerge, to build on the infrastructure 

of smart meters, and to use data-driven services to help people.” GB010 added that “we’re 

going to see energy bundled up in a range of other services that will bring new opportunities 

for profit, and people will look to effectively create value out of the data streams that come in 

there.” 



Beyond cost and carbon 31 

 

4.5 Incumbency: Disruption and democracy 

A final way of thinking about the co-benefits of low-carbon innovation is the degree 

to which they disrupt patterns of socio-technical and political-economic incumbency  

(Johnstone and Kivimaa 2018).. Importantly, this disruption may be specifically enabled by 

the fact that many of the innovations are user-based; demand more direct involvement and 

participation in energy decision-making; and allow individuals, households, or businesses to 

circumnavigate large, centralized incumbents (Schot et al. 2016). For this reason, some have 

claimed that these dynamics may potentially stimulate a greater degree of energy citizenship, 

participation, and ultimately democracy (Lockwood et al. 2013; Burke et al. 2017). 

In terms of the four cases examined in this article, it could be argued that all four 

innovations have, in different ways, had this disruptive influence over the prevailing energy 

system, undermining pre-existing modalities and making new ones more viable or attractive.  

In France, although nuclear power is clearly itself a centralized form of energy that has been 

famously associated with France’s centralized style of governance, it was undoubtedly 

disruptive in eroding the power of coal unions within the country and facilitating a shift away 

from the polluting coal industry – which improved air quality for many regions of France 

(Solomon & Krishna 2011). Moreover, the fact that nuclear is such a polarizing technology 

has also paradoxically been responsible for mobilizing and stimulating environmental 

awareness within France, as well as in actually improving the operation of the nuclear 

industry by forcing it to adopt higher standards. As F13 conceded: “I think the industry has 

done a good job on safety, maybe because there was pressure from anti-nuclear groups!”  

In the other three cases, the more direct user-interface nature of the innovations makes 

them inherently amenable to more decentralized technical operation, and, as such, opens up 

opportunities for a greater degree of user participation and decentralized energy generation 

and governance. In the German solar case, for example, not only has the transition enabled a 

reduction in coal use, but it has also engendered a high degree of citizen participation in 

energy debates and has facilitated greater involvement in renewables and decentralized 

generation. As G006 argues: 

You could talk about other values beyond financial things. What we still have in 

the Germany society is green thinking, so besides money people look at 

autonomy. Buildings are not autonomous… they decrease the share of 

dependence from the grid and from the utility. So that’s also a participation in 

energy production and generation. So, citizens participate in an infrastructure 



Beyond cost and carbon 32 

 

that was previously dominated by very few large companies. That’s also kind of a 

benefit. 

Similarly, in Norway, there is an argument that EVs have stimulated energy and climate 

change awareness and facilitated participation in energy transitions among constituencies 

who would not traditionally have been associated with such movements. As N014 stated: 

What you can see from the statistics and the qualitative interviews we have done 

with users, many say that they have become more interested and more aware in 

energy consumption as a whole. So, they are taking this EV practice and the 

things they learnt through the engagement of this technology to other domains, 

for instance energy use in the house. There is a positive kind of rebound effect 

that most people talk about. 

Although many of the disruptive democratic benefits in the UK are more hypothetical due to 

the incipient nature of the smart meter roll-out, most interviewees recognized that smart 

meters have huge potential to stimulate new business models and decentralized and 

distributed energy generation – trends that are likely to lead to greater user engagement and a 

reduction in centralized incumbent power. As UK012 argued: 

The thing that is important about smart meters is that they are a building block 

for new services and new ways of operating the system that are necessary, that 

allow customers to become active without them necessarily having to do anything 

about it, and then maybe get cheaper electricity or something like that. And 

honestly, if we don’t operate the system more effectively then we can’t have 

renewables, and so, it’s one of these essential building blocks 

GB012 also stressed however that these benefits are higher dependent on the correct 

regulatory reforms being made that would take advantage of the new technical opportunities 

to bring this new system into being.  

5. Conclusion and Implications  

On aggregate, our interviews, focus groups, and internet forums across France, 

Germany, Norway and Great Britain resulted in an inventory of 128 compelling co-benefits 

to four low-carbon transitions. As Figure 5 summarizes, a significant number of these were 

economic (37), such as fuel savings, jobs, exports, and profits. Others were environmental 

(14), such as displaced air pollution, mitigated climate change, reduced land use impacts, and 

other avoided externalities. But apart from these, our remaining 77 co-benefits do not fall into 

these broad categories of ‘cost’ and ‘carbon’. We captured 30 social benefits, as diverse as 
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the way in which nuclear power galvanized national pride in France to the way in which 

electric vehicles elicited positive feelings of prestige and environmental consciousness in 

Norway. We captured 31 technical benefits, from the ways in which smart meters are 

facilitating distributed generation in Great Britain to the ways in which PV stimulated 

innovations in solar PV technology in Germany. We captured 16 political benefits, from 

policy learning across all four cases, as well as improvements to energy security and reduced 

energy dependence in all four cases.  With this in mind, we offer three conclusions. 

Figure 5: Summary of the 128 co-benefits to low-carbon transitions by dimension and 

country  

 

 

Source: Authors  

First, for the energy studies and energy economics communities, we need more 

sophisticated modeling, policy analysis, and even research designs that are capable of 

understanding and capturing the non-environmental and non-economic aspects of low-carbon 

innovation.  There is a tendency in academic analysis and public policy to under-

acknowledge less “measurable” dimensions and normative concerns such as national pride 

(France), energy democracy (Germany), greater environmental consciousness (Norway), or 

feelings of comfort and convenience (Great Britain).  This tendency threatens to render them 

epistemologically invisible, even as they are arguably just as crucial factors and outcomes of 

transitions (Valentine et al. 2017).  Capturing these profuse, and at times obscure, co-benefits 

is especially important for the more difficult-to-predict (or quantify) dimensions, such as 

those relating to social and political processes.  This is not the fault of analysts and modelers 
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alone—they often model using the data they can get, suggesting the need for better 

qualitative datasets and inventories of these types of benefits.  This finding becomes even 

more salient when such co-benefits have varying temporal timeframes, spatial scales, actors, 

and effects on incumbency and democracy.  

Secondly, the complementarity and interoperability of innovations implies that 

transitions may gain momentum when multiple innovations are linked together in ways that 

improve their functionality or their ability to reconfigure entire systems. The implication here 

is that future low-carbon transitions may require complementary innovations across an array 

of technologies, including those examined here, but also others, including:  

 energy storage (e.g. batteries, flywheels, compressed air, pumped hydro); 

 smart grids (to enhance flexibility and grid management); 

 demand response (combining new tariffs and smart meters); 

 network expansion (to increase capacity, connect remote renewables and link to 

neighboring systems) and to enable peer-to-peer trading; and 

 new business models and market arrangements (such as capacity markets to ensure 

back-up generation). 

Such complementarity of innovations suggests the need to move beyond analyzing individual 

technologies to entire systems.   

Thirdly, looking across our four transitions as a whole, our results pose 

methodological questions for low carbon energy transition research generally. Our findings, 

even though they are qualitative in nature, indicate that simple research designs (or policy 

mixes) that typically center on examining relationships between dependent and independent 

variables in order to develop generalizable laws may be inadequate in capturing the empirical 

complexity and multidimensionality of the transitions themselves. Indeed, rather than 

attempting to narrowly identify an omniscient causal relationship in any of our transitions 

that could yield the types of co-benefits we identify, our findings suggest that it may be more 

fruitful to search rather for combinations of multiple causal mechanisms and conjunctions 

between event chains (Ragin 2008).  Analysts and policymakers should therefore aim to look 

beyond carbon pricing, and exclusively economic or environmental benefits, instruments, and 

institutions. Instead, they must recognize—and even celebrate—that low-carbon transitions 

are ultimately socio-technical processes that are as inherently entangled in social affairs, 

political events, and technical innovation dynamics as they are in narrower environmental 

and economic domains.  
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Decarbonisation and its discontents: A critical justice perspective on four low-carbon 
transitions 

1. Introduction 

 It is becoming a commonly accepted truism that we must minimize vulnerability to 
the interrelated socio-economic and environmental risks associated with continued fossil 
fuel consumption (Grubb 2014). Such a challenge requires concentrated and unified efforts 
towards a low-carbon transition and “deep decarbonisation” (Geels et al. 2017). But while 
the goal of reducing the carbon (and resource) intensity of economic activity has often been 
treated as a technical task that can be modelled by “science” and administered by “policy,” 
there has been an increasing recognition that decarbonisation is a challenge that is 
inherently entangled in the social realm – in politics, economics, culture, geography, and 
knowledge (Smith & Stirling 2010; Sovacool 2014; Geels et al. 2016).  

In this regard, a flurry of work in social scientific fields as diverse as energy policy, 
climate policy, environmental science, geography, and innovation studies has begun to 
examine the social dimensions of pathways (in the broadest sense) towards deep reductions 
in global emissions (Creutzig et al. 2018; Green and Denniss 2018; Geels et al. 2018; IPCC 
2019). Such work has focused on issues as varied as: the political-economic dynamics 
determining incumbent industry power (Geels 2014); the social psychology of public climate 
change engagement (Shove 2010); the differentiated diffusion of low-carbon technology 
between and across societies (Ockwell et al. 2010); the carbon footprint associated with low 
carbon technologies (Mulvaney 2013, 2014); and the regulatory policies that can stimulate 
low-carbon house-building (Horne & Dalton 2011). 

One such sub-set of approaches to energy analysis – energy justice – has increasingly 
emphasized the potential justice dimensions of low carbon energy systems and transitions 
(McCauley et al. 2016). Scholars in this tradition have – somewhat counter-intuitively – 
argued that, while low carbon transitions may well represent normative “goods” in the 
sense that they contribute to reductions in carbon dioxide, they may also generate new – or 
worsen pre-existing – inequalities in society (Newell & Mulvaney 2013). After all, all major 
socio-technical transitions require open and democratic participation by a wide range of 
actors (including firms and consumers, as well as civil society groups, media advocates, 
community groups, city authorities, political parties, advisory bodies, and government 
ministries) to minimize unwanted impacts (Bickerstaff et al. 2013). As such, successful low-
carbon transitions must be based around shared beliefs, values, interests, resources, skills 
and relations that are under-pinned by understandings of the need for pathways towards 
sustainability (Demski et al. 2015). A failure to facilitate the participation of all citizens may 
not only make for less responsive and representative policy choices; it may also create 
friction and resentment in society, widening exclusion and inequality (Barry and Ellis 2011).  

With this in mind, we examine four European low-carbon transitions from an 
unusual normative perspective, where we evaluate the ethical and moral dimensions of 
transitions: that of energy justice. Because numerous studies have already focused on the 
justice benefits or co-benefits to renewable energy, low-carbon mobility, or climate change 
mitigation (see for example Alberini et al. 2018; Burke et al. 2018; Noel et al. 2018; Ürge-
Vorsatz et al. 2014), we instead ask in this paper: what are the types of injustices associated 
with low-carbon transitions?  Relatedly, in what ways do low-carbon transitions worsen 
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social risks or vulnerabilities?   Lastly, what policies might be deployed to make these 
transitions more just?  

By asking these questions, we aim to unveil, firstly, those who may be vulnerable 
and negatively impacted, and, secondly, the underlying political and structural issues that 
recreate vulnerabilities in low-carbon transitions.  We answer these questions by first 
elaborating an energy justice framework consisting of four distinct dimensions: distributive 
justice (costs and benefits), procedural justice (due process), cosmopolitan justice (global 
externalities), and recognition justice (vulnerable groups) (McCauley et al. 2018; Sovacool et 
al. 2019). We then examine four European transitions being promoted as templates for low-
carbon policy around the world—nuclear power in France1, smart meters in Great Britain, 
electric vehicles in Norway, and solar energy in Germany—through this critical justice lens. 
In doing so, we draw from original data collected from 64 semi-structured interviews with 
expert participants as well as five public focus groups and the monitoring of twelve internet 
forums, and identify 120 unique energy injustices with these transitions.   

The prime contribution of the study lies in offering a normative justice perspective 
that can provide a means to unsettle or challenge the dominant positioning in the technical 
and economic literature of low-carbon transitions as perpetually positive, neutral or amoral. 
Numerous studies have already estimated and analyzed the litany of co-benefits offered by 
low-carbon transitions, but very few (if any at all) have carefully calculated the injustices, or 
the dis-benefits.  Indeed, despite the fact that many of our own expert interview 
participants stated that they believed low-carbon transitions had no discernable losers, 
others drew attention to distinct equity, distribution, and fairness dimensions (even when 
the net effect of a transition may still be a social gain).  One cannot identify and manage 
what they do not (currently) measure, and here we maintain there is empirical novelty in 
documenting these injustices.  We also examine a range of practical policy implications or 
actions that can minimize the vulnerabilities and injustices we identify.  

2. Case selection and research methods  

 First, we decided that countries served as our best unit of analysis, rather than 
individual projects, companies, or other types of actors such as transnational firms or 
governance networks.  This is because, as Brown et al. (2014: 5) states, “the nation state 
remains where most energy planning and policymaking takes place, and it is also how most 
major energy statistics are collected, based on national boundaries.” In addition, 
notwithstanding the recognition of the ‘new modes of governance’ that lie above and below 
countries (Florini and Sovacool 2009), a majority of important political decisions are still 
made at the state level, and the state-based international system has demonstrated a high 
degree of coherence and durability (Falkner 2013; Andrews and Nwapi 2018).  Countries 
also hold significant positive potential in their ability to address major challenges such as 
climate change and energy transitions (Johnstone & Newell 2018).  As such, Eckersley (2004: 
iv) calls states the “gatekeepers of the global order,” and adds that they remain the 
“preeminent political institution for addressing environmental problems.” 
 We then selected four national case studies to represent a European or world leader 
in two sets of low-carbon technologies, two supply oriented (nuclear power, solar PV) and 
                                                 
1 This is a somewhat contentious choice as France’s nuclear transition was launched in the pre-climate change era and there is 

much debate around whether it should still be considered a ‘low carbon’ choice. However, it remains a relevant source of 

analysis because for many – including, for example, the influential International Energy Agency (IEA), it remains ‘on the 

table’ as an option, particularly for what they term ‘developing economies’. 
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two demand/end-use oriented (electric vehicles, smart meters).  France is well known for 
being a major nuclear power producer and exporter. With 58 nuclear reactors, France 
produces 75% of its electricity from nuclear fission (World Nuclear Association 2018), and it 
has also exported nuclear technology to other countries. Plants with French nuclear 
technology operate in China, South Africa and South Korea, are under construction in 
Finland, and planned for in Turkey and the United Kingdom  (World Nuclear Association 
2018). Germany leads the world in its total installed capacity of solar photovoltaic (PV) 
panels per capita (German Federal Ministry for Economic Affairs and Energy 2017). With a 
history in developing solar PV R&D and creating an early domestic market through specific 
policy support measures, Germany has had a profound impact on the global solar PV story. 
Norway is the world leader for the per capita deployment of battery electric vehicles, or EVs 
(International Energy Agency 2018), following long-standing policy support for those 
purchasing and using EVs. Great Britain has distributed approximately 12.3 million smart 
meters to residences and small businesses as of early 2018 and plans to offer them to every 
household by 2020 (BEIS, 2018). Great Britain’s smart meter roll involves the installation of 
53 million meters, making it the largest behavioral change program in Britain, maybe even 
the world (House of Commons Science and Technology Committee, 2016). Our cases are 
also at different stages regarding when transitions begun, with France providing the most 
historical case with their nuclear program accelerating under the Messmer Plan in the 
1970s, Norway introducing EV policies in the 1990s, Germany implementing its feed-in tariff 
for solar PV via the Energiewende in the 2000s, and Britain entering the main phase for 
smart meters in the 2010s.  
 Following cases selection, we proceeded with a qualitative research design that 
mixed methods across three approaches. We conducted 64 expert interviews in the summer 
and fall of 2018 with a mix of respondents from academia, civil society, industry, and 
government, summarized in Table 1.  In each interview, we asked (among other questions): 
What do you see as some of the most significant injustices or disadvantages to the energy 
transition being examined?  The research interviews were digitally recorded, generally 
lasted between thirty and ninety minutes, and participants were guaranteed anonymity to 
protect their identity and encourage candor.  
 
[Insert Table 1 Here] 
 
 To supplement our expert interviews with public perceptions, we conducted five 
focus groups in non-capital areas of each country, namely Lewes (Great Britain), Colmar 
(France), Freiburg (Germany, two focus groups), and Stavanger (Norway).  To triangulate our 
interviews and focus groups, we posted research questions on online internet forums, three 
per country, to solicit public input beyond the focus groups.  This resulted in 58 additional 
responses posted on places such as the Elbilforum.no (Norway), Solarstrom-forum.de 
(Germany), forum.ovoenergy.com (Great Britain), and forum-photovoltaique.fr (France).  

After collection of the interview, focus group, and internet forum data, these were 
transcribed (with each respondent given a unique identifying number), and then coded by 
two researchers. Our coding scheme was exhaustive and inductive, meaning we coded 
every response and then analyzed the full sample using NVivo.    

Despite an attempt at triangulation within these methods, our approach does have 
some notable weaknesses.  Although the focus groups and internet forums were open to all 
members of the public, the number of responses collected was less than that of the expert 
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interviews.  Moreover, due to presenting a wealth of new empirical material spread across 
four case studies, we did not have sufficient space in this paper to conduct a rigorous 
literature review to confirm our findings.  We lastly did not make an attempt to weight, 
correct, normalize, or problematize data across our methods, to avoid censoring our results 
and discussion. 

3. Conceptual framework: energy justice  

One notable strand of the socio-technical literature on energy systems and 
transitions has been the emerging field of energy justice, a normative framework for 
appraising the ways in which energy systems and transitions may inadvertently create or 
entrench unfairness or inequities within society (Jenkins et al. 2014). While typically 
focusing on injustices related to the pre-existing (and fossil fuel-intensive) energy system 
(e.g. Schlosberg and Carruthers, 2010; Healy et al. 2019), an emerging body of literature in 
this sub-field has turned its attention to explicitly examining the justice dimensions of low-
carbon transitions themselves. In this vein – and contrary to conventional thinking on low-
carbon energy which often uncritically assumes it to be inherently more just and democratic 
than the incumbent system (e.g. as Mulvaney & Newell 2013; Burke et al. 2018 have 
discussed) – the emerging work has explored issues such as the mineral extraction 
underwriting “smart” technologies (Mulvaney 2013, 2014), the uneven economic costs of 
“green” transitions (Evensen et al. 2018), and the impacts of “low-carbon” energy 
infrastructure on communities (Yenneti et al. 2015).  

While recognizing that a focus on minimizing injustice is often rationalized in more 
pragmatic or instrumental terms (i.e. from the perspective that, if large numbers of people 
are excluded from a transition – or are actively disadvantaged by it – it may hinder the 
transition itself or generate unintended conflict and resentment among those who are 
excluded), energy justice authors argue that potential injustices within energy transitions 
should be considered as valid normative concerns in their own right (Jones et al. 2015; 
Goedkoop & Devine-Wright, 2016; Bickerstaff, 2017).  

To analyze and filter our data across our four case studies, we utilize a specific 
holistic framework of energy justice recently presented by McCauley et al. (2018) and 
Sovacool et al. (2019).  This approach consists of four interconnected aspects of modern 
justice theory: distributive justice, procedural justice, cosmopolitan justice, and justice as 
recognition. 
  

3.1 Distributive justice 
 

As McCauley et al. (2018) and Sovacool et al. (2019) explore, distributive justice deals 
with how social goods and ills are allocated across society.  Generally, distributive justice 
deals with spatial and temporal issues that can be divided into three aspects of distribution: 
identifying the goods and ills that are being distributed (e.g. food, clothing, power, wealth, 
or respect); identifying the entities between whom or what they are to be distributed (e.g. 
members of certain communities or stakeholders, certain generations, all of humankind); 
and identifying the most appropriate mode of distribution as well as what this is based on 
(e.g. status, need, merit, rights). With regards to low-carbon transitions, concepts from 
distributive justice can help in developing energy systems in which costs are shared and 
participants benefit as equally as possible.  
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3.2 Procedural justice 
 

Issues of public participation, due process and representative justice are central to 
procedural justice (McCauley et al. 2018; Sovacool et al. 2019). Procedural justice generally 
focuses on identifying those who plan and make rules, laws and decisions, and those who 
can have a say in such processes. It also focuses on seeking to unveil the fairness of the 
processes through which decisions are made.  Process or deliberative democracy are 
relevant to the theories of procedural justice, as well as to dimensions such as accessibility, 
open participation, transparency, fair representation, impartiality, and objectivity.  Fair 
procedures matter in low-carbon transitions, as they can enable systems that are designed 
in ways that promote more equitable outcomes. 

 

3.3 Cosmopolitan justice 
 

Cosmopolitan justice takes a universal approach and centers on the notion that all 
human beings in all nations are bound and protected by moral principles (McCauley et al. 
2018; Sovacool et al. 2019).  From this perspective, all human beings have equal moral 
worth regardless of ethnicity, gender or social status. They also have a collective morality 
and responsibility for others that goes beyond borders. Cosmopolitan justice focuses on 
ensuring the wellbeing of persons, rather than communities or nations, treating every 
human equally. As members of a global community of human beings, cosmopolitan justice 
“holds that the way to individual and communal mutual benefit is to treat others as they 
themselves would wish to be treated” (Sovacool et al. 2019: 6). 

 

3.4 Recognition justice  
 

Finally, recognition justice focuses on identifying vulnerable people whose 
vulnerability may be worsened as a result of a process such as a low-carbon transition, for 
example. Recognition justice centers on unveiling those who may face intolerance and 
discrimination and supports the idea that they should be guaranteed a fair representation of 
their views without distortion or fears of reprisal (McCauley et al. 2018; Sovacool et al. 
2019). Recognition justice thus places emphasis on understanding differences and 
protecting equal rights for all. For example, in low-carbon transitions, there may be 
vulnerable groups of people, such as the chronically poor, the ill, or the unemployed, who 
need special representation and treatment in order to be protected from further harm.  

 

4. Unveiling the injustices of four low-carbon transitions  

Our analysis of the data from expert interviews, focus groups and internet forums 
identified 120 injustices in the four energy justice dimensions in all of the four case studies.  
An overview of the injustices that were identified by our analysis, is given in Table 2, and 
presented in more detail in sections 4.1-4.4. 

Before we present our results, though, we note that some of our expert interviewees 
specifically pointed out that, in their view, there were no injustices related to the four cases. 
In Great Britain, GB014 stated that, with respect to smart meters, “I genuinely don’t see any 
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social, economic, or environmental disadvantages.”  Two interviewees in France stated that 
there were no vulnerable groups in the transition to nuclear power in France, and similarly 
in Germany, two interviewees saw the solar PV transitions as having no losers. In the case of 
EVs, seven interviewees could not see any injustices, with N003 saying it was “difficult to see 
how [EVs] may have such an impact”.  

While these statements do support the broader perceived good of the low-carbon 
transition (compared with the old system), they also however emphasize the apparent 
invisibility of many of the injustices that were otherwise identified by other participants.   

 
[Insert Table 2 Here] 
 

4.1 Distributive justice 

Our material led to the identification of 57 distinct distributive injustices across the 
four cases examined.  
 
[Insert Table 3 Here] 
 

For French nuclear, respondents placed particular emphasis on two distributive 
injustices, the long-term costs for tax payers and the risk of accidents.  F011 elaborated on 
how nuclear “has a very high and long term cost” and that, even though it had brought low 
electricity prices, taxes were high and the whole system around nuclear power was costing 
the French public: “The state has given massive amounts of cash to the sector. Prices are a 
‘false friend’ in many cases. … There is a lack of concern about the real costs and debate of 
nuclear energy. Not just the taxes, but the money that has been spent to sustain the whole 
complex of university and bureaucracy.” F004 iterated how nuclear power was asymmetrical 
in its distribution of costs and benefits, suggesting that “French nuclear development is 
obviously very centralized, it was about creating jobs and value on a national level. However, 
most of French electric generation is concentrated in 18 power plants, plus a few facilities 
like Le Hague. So there are only a few territories that have benefitted from it.”  In the 
internet forums, respondents expressed safety concerns, with one person claiming that 
nuclear was “unmanageable and dangerous in the long run” and that “nobody wants to live 
near a nuclear plant, people think it is ok for my neighbor to, but not me!” As well as being 
geographically dispersed, the costs of nuclear, both financial and risk-related, were strongly 
associated with inter-generational justice dimensions, with F004 emphasizing that “the 
nuclear program implies that long term waste has to be dealt with, disposed of somewhere… 
So you could discuss the fairness of that kind of project from the perspective of the local 
territory that will be the host. And you could discuss the fairness towards future generations 
that will have to deal with that burden.” 

For the German solar transition, a range of distributive issues were discussed. These 
centered on coal miners and nuclear power workers losing jobs, and an uneven access to 
the Feed-in Tariff (FIT)2 - especially for those who do not own property. Germany has one of 
the lowest homeowner rates in Europe, with the share of owner-occupied homes at 51.4% 
(Eurostat, n.d.). As G005 noted, “now, because of solar energy, we basically have to close 
coal mines, which could make entire villages disappear in the next few years. For people in 

                                                 
2 The German Feed-in-tariff (FIT) was introduced in 2000 and provides a guaranteed income for renewable energy producers 

over a period of 20 years. For more detailed information on latest FIT rates, see for example Fraunhofer ISE 2018.  
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those communities, moving is a big risk, there are economic risks, social risks and 
environmental risks to these communities.”  One of the focus groups also underscored how 
difficult it would be to retrain unemployed coal miners, who usually suffer “temporary jobs 
and difficulty finding a new direction …especially elderly ex-miners who have to take care of 
their families, they can’t just go back to university.” About 20,000 people are still employed 
in Germany’s coal lignite industry, which accounts for 23 per cent of power production. Jobs 
will therefore be lost as part of the country’s coal phase out, although an exact decision on 
has now been postponed until 2019.  Meanwhile, subsidies for Germany’s hard coal industry 
(which accounts for 14 percent of power production) are set to be phased out by end 2018 
(Wecker 2018). Although G008 emphasized that children would be winners from a decision 
to phase out nuclear power in Germany made in June 2011, they nonetheless recognized 
that “in general, as the renewables transition speeds up, losers will be those who are 
negatively affected by the current renewable energy system. The entire nuclear industry is at 
risk … because again, the renewable energy sector in Germany was the material basis for the 
nuclear phase out.”  
 Multiple respondents discussed the exclusionary nature of the FIT for solar, with 
those owning homes (and able to access finance) benefitting most, and city dwellers who 
were renting their homes likely to be left out. As G001 emphasized, “you don’t see solar 
panels in Berlin, because very often the landlords who own the houses in Berlin, have no 
interest in putting up solar panels, because it’s relatively small roof space. It’s added 
difficulty and why should they do it and then supply cheap power to their tenants. The 
tenants can’t put up solar panels because they don’t own the roof. It’s the landlord-tenant 
trap that makes it very difficult in cities to put solar panels on. As a consequence, most of the 
solar panels are in suburbia and rural communities.” G005 suggested that “for me the justice 
issue is about local people who cannot afford to be part of the transition… this could likely 
mean an increase in inequality in regions, with a bigger gap between some prosumers and 
those left behind.”  G005 even estimated that as a result of these exclusions, “there is at 
least of half of the population in Germany who do not have any free capital which could be 
invested in a rooftop PV.”  G006 added that “some people cannot afford to install a PV 
system themselves because they are not the owner of a roof or house. But they have to cover 
the cost of the FIT..”  Germany has some of the highest energy prices in Europe, partly due 
to renewable energy support being levied on consumer bills (Heptonstall and Gross 2018). 
In 2018, the renewable energy surcharge accounted for 23% of consumers bills3 (Clean 
Energy Wire 2018). Drawing attention to the geographical dimensions that could also 
contribute to exclusion, G009 stated that “Even if you own your own home but it faces 
north, or you have an apartment on the second floor or a 4 story building and you just can’t 
get everyone in your building to put solar on the roof. So, you are locked out of being able to 
invest, at least within your own premises, but yet you have to pay the cost impact via the 
grid.” This has meant that in cities, solar diffusion can be concentrated among larger 
community centers or offices (such as in Figure 1), in suburban homes, and in rural areas 
within wealthier homes or regions.  
 
Figure 1: Building integrated solar PV at the Intelligent Solutions in Light Offices in 
Vauban, Germany, September 2018  

                                                 
3 The renewable energy surcharge is a fee which has increased the most in German electricity bills since 2006, up from 0.88 
eurocents in 2006 to 6.79 eurocents in 2018 (compared to grid fee for example which has increased from 6.93 eurocents in 
2006 to 7.27 eurocents in 2018). Electricity costs were 29.42 eurocents per kilowatt hour in 2018 (Clean Energy Wire 2018).  
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Source: Authors  
 
 Our data on Norwegian EVs led to the identification of a variety of distributive 
injustices, with three notable groups of possible losers, including those who cannot afford 
new cars, bus travelers, and ferry operators.  Currently approximately 5-6 per cent of cars 
on Norway’s roads are EVs, which is set to increase significantly in light of the government’s 
objective for all new cars to be zero emissions from 2025. N002 explained that the EV 
transition “is disadvantageous for those who don’t have money to buy a new car or even a 
used EV… people on low incomes are excluded.”  N005 explained that, “One important group 
losing out is the public transport users in those areas where there are bus lanes and where 
there are so many EVs that the buses are delayed … Bus travelers are among the possible 
losers.”  Others focused on ferry operators, with N001 noting that “it was standard policy for 
many years that EVs could go on ferries free of charge, even now they can travel at reduced 
rates.” N004 added that “, some of the ferry companies have been delivering red numbers 
because of so many EVs, there is a worry some are going out of business.” 
 Similar issues of exclusion and distribution arose in our discussion of British smart 
meters, some of which were echoed in a recent report by the UK’s National Audit Office 
(NAO 2018). GB005 stated, for example, that smart meters, homes, and grids are creating a 
divide between those who adopt smart meters and systems, and those who cannot or do 
not, but still pay for the supporting infrastructure. As they explained, “at the moment, 
Ofgem are doing something called targeted charging review, addressing how people pay for 
network electricity costs, and one of the concerns is that as you have more households being 
more prosumers, generating their own electricity, and potentially having storage, they’re 
basically not buying as much electricity from the grid.  They are then not paying as much 
toward their network charges. So people who are still on the basic system may have to pay 
more to cover the issue, which is a fairly serious issue.” GB008 even explicitly framed this in 
the terminology of distributive justice, stating that “I do think there’s a tension between 
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reducing carbon across the board with smart meters and distributing the impacts of that 
unevenly. You have people who are already not using enough energy for their wellbeing 
continuing to do so,.” Those in the internet forums framed this in terms of how smart 
meters could lead to higher prices for all customers, suggesting that “smart meters do not 
result in cheaper bills for all consumers, it is the exact opposite … consumers have been and 
will continue to pay higher bills to fund the entire £11 billion smart meters program, with no 
guarantee of seeing any savings in the future.” Another distributive justice issue centered on 
the risk of increased surveillance, with respondents in the internet forums and expert 
interviews highlighting the risk of remote disconnection of energy supply – by either 
suppliers or landlords. In the focus group too, smart meters were considered as a potential 
surveillance tool, with respondents saying that they thought energy companies could “track 
what you do.”  A final distributive element was traditional meter readers losing their jobs, as 
GB007 suggested.  
 Our results therefore show a range of distributive justice issues across all four cases, 
notably focusing on the unevenness of how costs and benefits are shared, and highlighting 
how exclusion can be unexpectedly prominent in these transitions.  
 

4.2 Procedural justice 

Our material led to the identification of 13 procedural injustices across the four 
transitions.   

 
[Insert Table 4 Here] 
 

French nuclear is widely considered to have been predicated on an authoritarian 
style of decision-making that excluded opponents from planning and policy discussions. 
F001 exhorted a “nuclear oligarchy and a sense of disempowerment that comes from that, 
because a very small number of people really hold the reigns.”  F003 pointed out there was 
no transparency or national debate “involving citizens and in asking them where they want 
the limited funds for energy to go. Is it in making the plants safer or renewable energies? 
And even though EDF is private now, the state still has 85% of the shares”. While some 
respondents acknowledged that there had been historic consultation on the nuclear issue, 
others stressed that it has effectively been “consultation without really taking into account 
the results of the consultation” (F003).  F004 opined that those opposing or questioning 
nuclear were invariably not being heard, with critics practically excluded from public life: 
“for decades you would put your career at risk if you ever spoke against the nuclear 
consensus … nuclear in France has had a very non-democratic character in nature … nuclear 
power is intrinsically centralized, heavily planned, and therefore much contrasting with 
community interests and plans.  .”  F007 suggested that even though “it’s less opaque and 
centralized than it was, there is still more to do, it has been a very expertise-led process.”  
F012 remarked on the symbolic physical exclusivity of nuclear that often accompanies the 
practical political exclusion: “nuclear projects are in a security zone, they don’t allow for 
participation. Under the code of defense, you have fences, you don’t have access to 
information … the nuclear transition was decided without citizens.” F014 meanwhile stated 
that the decision-making process is closed and “EDF has the key to power along with their 
cadre of economists and engineers in the Corps des Mines who plan the grid in a centralized 
way of thinking that is much embedded in the thinking of the nuclear class 
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 In Germany, respondents were not as harsh about procedural justice issues related 
to the solar PV transition, but still raised sobering concerns about planning processes, 
especially the capture of policy by industrial interests and a corresponding (and allegedly 
intentional) slowing down of the PV transition. G004 cautioned that within German planning 
and policy as a whole, “there’s been a tendency to follow the interest of large companies and 
so to say traditional industries, rather than follow the voice of environmental NGOs or 
people.”  As a sign of this, G008 noted deliberate, visible attempts to slow rather than 
accelerate solar adoption in light of the caps put on renewable energy production in recent 
years: “the German policymaking process is totally corporatist … the current government has 
been slowing down on the expansion of renewables since 2013.  It’s a government composed 
of Social Democrats and Conservatives. Social Democrats are basically driven by the coal 
miners’ union and the Conservatives are driven by their allies in business. None of them want 
a renewables transition, by and large. Fundamentally the transition is working in the interest 
of industrial trade unions, particularly the mining unions and big electricity companies … 
They said, in order to protect the renewables energy transition, we have to cap the 
expansion of renewables. Which is madly Orwellian. In order to have more renewables we 
have to have less renewables.”  Consequently, G008 concludes that “it is the big companies 
that successfully lobbied for exemptions from the FITs. Because by doing that, they have 
increased the prices for final consumers.” G006 commented that such a planning system has 
created unnecessary barriers to entry and hidden costs that benefit incumbents and work 
against smaller systems.  They stated “Today, for small systems, people who are operating a 
PV system have to pay some fees which you normally pay if you buy electricity from a utility, 
even though it is produced from your own system.. For example, a supermarket which wants 
to get panels to power fridges, but it has to pay a fee to the utility, and this electricity is not 
going to the public grid,. Such a barrier makes it unattractive to install PV on businesses in 
the tertiary sector or enterprises … There are many other examples in this recent law on PV 
which from our point of view don’t make sense.” G014 added, “People who have a lot of 
political and economic power, they still fear the solar transition, and the government is really 
cautious that they are accelerating it too much. They want to have a slow change or slower 
change.” 
 Procedural issues for EVs in Norway arose out of our material as well, including 
issues of fairness (the fact that e-bikes were excluded from subsidies and waivers) as well as 
of perceptions of a planning bias towards motorized cars.  N007 argued, for example, that 
although “There are some people using e-bicycles and are fighting for cyclists’ rights, these 
groups note that it is unfair that EVs drive without paying and have all these benefits such as 
free parking, and when they come on their bikes they have trouble coming through and also 
congestion, but you don’t have benefits given to e-bikes.”  N014 critiqued Norwegian 
planning for still promoting individualized automobility, cautioning that “it is extremely 
important not to portray EVs as a solution to everything and to have an equal or even more 
investments in other, even better ways to travel. Supporting policies for public transport, 
walking and biking have to be the first priority and ensuring that cars that are used should 
be limited to the trips that you actually have to take by car.  Currently, they are not..” 
 With respect to procedural justice issues relating to smart meters in Great Britain, 
respondents mentioned a notable lack of public participation, as well as unjust tactics being 
used by suppliers to pressure or mislead people into adopting meters.  Several respondents 
emphasized what they saw as the political nature of the program, framing it as being driven 
by political objectives rather than social goals or programmatic efficiency or inclusiveness. 
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GB003 stated for example that “the smart meter program is not one being delivered by 
industry, independent of government. Unfortunately, government is very much at the driving 
seat, so it is heavily politicized. So a lot of the decisions that have taken place in the program 
wouldn’t have been taken by business, which is trying to roll out an efficient program… so 
you keep going even though you know it’s not the best thing for the program.” GB005 added 
that “it feels like a very top down policy space… BEIS have been given this deadline, and the 
suppliers have been doing what they can to meet that deadline, and consumers are having 
to muddle their way through it.” GB007 observed that the roll-out had got to a point where 
program managers even ignore contrary data and advice, saying “the smart meter program 
hasn’t been too inclusive. They made up their mind that they wanted to do it, and just rolled 
with it … Even though policy framers might say the policy has responded to people’s needs, 
the framings offered in the policy development phase during consultations may have been 
designed to give consumers limited options.”   This notion of the suppression of data also 
arose in the internet forums, where as also reported in The Guardian (Hopkins 2018), a 
respondent alleged that “Ofgem employees have raised concerns about the smart meter 
roll-out process, and Ofgem are fighting to stop them revealing those concerns.”  GB009 
reflected that “I wouldn’t describe it as participatory at all… The discussion between the 
government and the energy companies at the start of the roll-out was narrow, I don’t 
remember other parties particularly being involved.” The internet forum participants added 
that policy was driven by “clueless governments” with “the public never being asked.”    

These concerns about process related to the smart meter program were coupled 
with concerns about unfair and misleading tactics used by suppliers and companies. 
According to our focus group, one respondent claimed that “my son is being held to ransom 
because they’re saying ‘if you want to go on this tariff, you have to have a smart meter 
installed’, which is not true … I feel a bit conned really.”  In the internet forums, respondents 
similarly mentioned how smart meters were being installed against people’s will, with the 
program described as “a total con devised to create a demand for smart meters where it 
does not exist … from now on they will have to be installed despite of protests from 
consumers.”  It is, in other words, poorly procedurally governed.  All of these issues could 
become more acute because of pressure to compete the roll-out. As GB002 warned, the 
program delivery had not been designed to allow for wider participation: “because of the 
time-line, there is a real risk that you won’t be involving consumer groups, or the necessary 
parties as much as you should, be involving them..” 

These procedural injustices show that even in democratic societies, open access to 
policy and decision making does not happen automatically. Our analysis demonstrates the 
closed nature of decision making in the French nuclear case, and the lack of public 
participation, both in decision making and subsequent roll-out of the smart meter program, 
in Britain. While interviewees were more positive about procedural issues in the German 
and Norwegian cases, even they also observed injustices in the form of corporatist lobbying 
power in the future decisions for solar PV in Germany and a bias towards incumbent 
mobility options in Norway.  

 

4.3 Cosmopolitan justice 

 Our material led to the identification of 18 cosmopolitan injustices, shown in Table 5. 
 
[Insert Table 5 Here] 
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  For French nuclear power, cosmopolitan justice issues centered on uranium mining  
and exports of nuclear equipment to countries with poor safeguards.  F011 for example 
stated that “in Niger and Kazakhstan, there is the buying of uranium, the conditions of 
workers, and the political systems, that is a justice issue,” as also discussed in Graetz (2014). 
Other respondents focused on the ever-present risk of nuclear accidents, which F001 
suggested was putting even Scandinavian countries at the risk of “nuclear pollution” due to 
strong currents from the English Channel through to Northern Europe. F004 meanwhile 
claimed that accident risks also threaten “communities living near the French borders” such 
as Belgium, Germany, Luxembourg, Italy, and Switzerland.  F007 articulated this justice issue 
most clearly when they noted that a nuclear accident would have a devastating 
environmental and economic impact beyond the French borders: “From an environmental 
justice perspective, a small country like Luxembourg could just disappear if Fessenheim has 
an accident! Belgium too!”. F007 also made the link between French nuclear exports and 
poor safety standards in less democratic regimes such as China and Russia, where they 
suggested that nuclear expansion could represent a “disaster” where international 
authorities may be unable to enter those countries and examine whatever problem had 
arisen.  The cosmopolitan injustice of accidents came up in the focus groups as well, with 
respondents noting that “French nuclear reactors are not being maintained to be safe, they 
have cracks,” they present “immediate ecological risk” of an accident, and that “the safety 
issue is not being solved.” 
 In Germany, respondents discussed raw materials, overseas manufacturing, and 
waste issues as pressing cosmopolitan justice concerns. G004 summarized this range of 
issues, suggesting that “you have to question where Germany gets its solar modules from, 
where are the resources such as copper and raw materials coming from.  That has an impact 
on the countries where these raw materials are extracted, and working conditions for people 
working in the countries making solar panels … In China, we don’t know under what 
conditions workers manufacture the models.” 
 In Norway, cosmopolitan injustices also centered on materials, waste flows and 
overseas industrialization processes that are needed to produce EVs in order to satisfy 
demand.  N001 noted EVs’ requirement for lithium and cobalt, which are sourced from the 
Democratic Republic of Congo (cobalt) and Chile, Argentina and Bolivia (lithium) (Azevedo et 
al 2018)(; and another interviewee cautioned that “child labor” may even be used in some 
of these facilities.  N006 reflected that “There are concerns with battery production. Scarce 
materials, terrible working conditions for people in mines in the Congo where they get cobalt 
from. And the disposal of the batteries at the end.  There is a risk that this leads to 
environmental disasters somewhere else. We can drive around in clean cars in Norway only 
by exploiting even more poor workers in third world countries than we do today.”  In our 
focus groups, respondents too discussed the high environmental impact of manufacturing 
EVs, with one participant making a statement that, if true, would clearly undermine the low 
carbon credentials of EVs: “because the emissions are higher in the production of an EV 
compared to a regular car. Because of the batteries. I read that you have to own an EV for 5-
7 years (75,000 kms) before the two cars became equal”. As a result, N004 suggested, “EVs 
only make Norway green because they are produced somewhere else.”  
 In Great Britain, respondents again emphasized waste streams associated with the 
manufacturing of smart meters (and in-home displays) as well as afterlife issues such as 
recycling and electronic wastes and carbon emissions.  However, there was a general 
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perception that these manufacturing and waste disposal processes were fairly mysterious, 
with most respondents admitting that they had no idea where smart meters were made or 
how the old meters would be disposed of. GB001 for example speculated that “Smart 
meters involve a lot of ‘stuff’…  The materials impact could be considerable. And how much 
are you relying on metals from war torn countries?” GB008 questioned the environmental 
and social burdens of manufacturing smart meters “outside of Europe,” whereas GB012 
critiqued the roll-out as “resource intensive.” GB003 commented on the negative “carbon 
footprint” of the program, not least due to the fact that the distribution and delivery of 
smart meters is being carried out by fossil-fuelled trucks. 
 Our analysis shows that cosmopolitan injustices were identified in all cases, and they 
largely centred around globalized supply chains, sourcing of materials and waste streams.  
 

4.4 Recognition justice 

Finally, our material identified 33 recognition injustices across the transitions 
depicted in Table 6.  
 
[Insert Table 6 Here] 

 
 In France, nuclear power was credited with contributing to the rise of a sub-class of 
poorer households whose dependence on electrical heating (a by-product of the electricity-
centric vision that accompanied nuclear energy in France) had trapped them into higher 
prices. Thirteen per cent of heat is still supplied by electricity in France, which is higher than 
in most European countries (Eurostat 2018).  As F003 explained, “part of the nuclear vision 
for France was an all-electric society, including heat, but this was only okay when electricity 
prices were really low … People vulnerable to high electricity prices are owner-occupiers in 
rural areas, old people, who have lived in their home for years which is not insulated, low 
income people living in private sector apartments, and single mums with children in urban 
areas.” Indeed, this inefficiency and vulnerability was literally built into the French nuclear 
electricity system, with F006 noting that “there was a point in the 1980s where there was a 
surplus of nuclear energy and the question was what to do with it… an intensive policy of 
electric heating with providers providing households with the cheapest heating devices. This 
led to households on low incomes bearing the costs of inefficient heating. The owners took 
the most basic equipment, what EDF engineers nicknamed ‘bread toasters’, which has a very 
low efficiency and has resulted now in people in social housinghaving to pay high electricity 
prices.”  F016 endorsed this interpretation, arguing that, “the fact that electric heating was 
pushed was not a good decision for the poor, because many now struggle to pay their bills.” 
 In Germany, the solar transition was critiqued for having an unjust impact on poor 
households, including the elderly or single mothers. As G001 argued, “there are classes of 
people with higher electricity loads who are not benefitting at all from solar energy… I am 
talking about the part-time employed mother without a husband at home, with 4 or 5 
children. She will have very high cost of running the washing machine and the dishwasher … 
there are others, such as elderly people, who spend in excess of 20% of their total income on 
their electricity bills.”  Although this link is not universally accepted, G002 directly connected 
these instances of poverty and vulnerability to the FIT scheme by noting that “renewables 
are financed by the whole society during this system of a levy, that has to be paid by every 
consumer, but not every consumer has the possibility to take part actively in the energy 
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transition and to have a financial return.”  G003 framed this as the “double effect” on poor 
people, stating that “. Firstly, they won’t have enough money to install PV solar systems on 
their houses and in many cases, they don’t own a house. But secondly they have to pay the 
higher energy price.”   
 In Norway, respondents discussed recognition concerns as relating to those with 
disabilities, single mothers, the elderly, and the rural poor. N014 suggested for example that 
“those with hearing problems, who are deaf, are vulnerable to EVs because they do not 
vibrate, they do not produce sound.”  A focus group participant mentioned how “oil 
executives driving EVs around Stavanger is a bit of an irony, but it becomes stark when one 
considers the single mothers who cannot afford EVs and must take the.”  Another focus 
group respondent mentioned how “older people used to normal cars are excluded from the 
transition as many will not be able to afford an EV.” Multiple respondents meanwhile 
suggested that the EV transition has further marginalized the rural poor, given that such 
areas often lack adequate public charging infrastructure.  
 Finally, in Great Britain, respondents mentioned the possible negative impacts of 
smart meters on groups such as single-parent families, the elderly, those with disabilities, 
those with mental health concerns, and those in fuel poverty.  GB015 stated that, “right 
now, smart meter technology is appalling for the most vulnerable people.” GB016 suggested 
that “if you want to help the people who are vulnerable and you want to think of people who 
want to be more empowered and care about the environment, the smart meter program 
goes nowhere near that at the moment.”     
 Our material identified several reasons for the negative impacts on vulnerable 
groups.  GB001 explained that vulnerability was related to the proposed introduction of 
‘time of use’ tariffing: “the people who seem to be most under pressure to lose from the 
smart meter program are typically a single parent or two parents who are working hard and 
have children and pretty much all the family activity has to be channeled into a period 
between 5 and 7pm. If via smart meters you introduce stiff charges then, then they can’t 
really move it [energy consumption], because they’re doing two jobs, children are young and 
have to go to bed .”  GB003 focused more on how smart grids have a built-in bias against the 
less educated or informed, or those in fuel poverty. In this way, they suggested smart 
meters may reinforce existing disparities in wealth: “with a smart meter, you could argue 
that the people who most need to interact with the in-home device are the least likely to. So, 
the ones with the lowest incomes are the ones that are least likely to understand what the 
in-home device is telling you. Because of the level of know-how and comprehension that they 
need to go through the different menus and understand what they need to do to change 
their consumption is difficult.”  

Others, such as GB006, framed vulnerability for the poor or those with mental health 
problems in terms of anxiety and stress, stating that “smart meters can be distressing. For 
those that use pre-payment meters, over half say that energy is a daily concern for them, so 
it actively causes anxiety. People with mental health challenges may struggle to engage with 
market.”  GB006 agreed and added that “the most vulnerable people will simply disconnect 
from a smart energy system. They just switch their energy off. We see people not using their 
heating, shrinking down until they’re in one room in the house, and not using the lights. They 
sit in the dark and the cold … Vulnerable consumers are losers of the smart meter program … 
smart meters are incapable of responding to any of the root causes of that exclusion, which 
is poverty.” Similarly, GB008 stated that “fuel poverty, households on low income, those with 
disabilities, and other vulnerabilities might be further compounded under the program.” 
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In some cases, smart meter installations have allegedly even led to the forcible 
removal of inefficient equipment for safety reasons, leaving the financial and administrative 
burden of boiler replacement on poor homes or the elderly. As GB005 explained, “When 
smart meter installers come into the property, they have to do safety checks on appliances 
and gas appliances. We’ve seen quite a few cases where 20 to 30-year-old gas boilers are 
legally condemned and therefore removed, so the household is left without heating supply..”  
These range of potential impacts on the elderly are then clearly at odds with the smart 
meter marketing materials such as those in Figure 3, which appear to indicate that the 
elderly will be major beneficiaries of the program. In other cases, smart meters can lead to 
disconnection and remote disruptions of energy service. In this regard, GB009 warned that 
“where you have landlords paying the bills, landlords are looking to use new energy 
technology to remotely control tenants’ access to heat, so, setting heat to go on or off at 
certain times of day… because they’re paying the energy bills… which is quite common in 
HMO situations … you could see the same risk with smart meter-enabled products for 
managing energy remotely.”  The potential impacts suggest that smart meter marketing 
materials such as those in Figure 2 may especially fall on deaf ears.  

 
Figure 2: Smart meter advertisement on the District Line Underground, London, 
November 2018 

 

 
Source: Authors 
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Our analysis therefore shows that there are several vulnerable groups who need to 
receive better recognition of the issues they, and others, face in low-carbon transitions. 
Those on low incomes were affected in all four cases, but most notably in Germany and 
Norway where people with limited incomes have had to bear the cost of subsidies of new 
programs while not being able – due to a lack of finance – to reap any of the benefits.  
 

5. Policies towards more just transitions  

Although our first batch of questions focused on problems (framed as injustices), the 
final question focused on solutions, framed as policies to make each of the transitions more 
just (or less unjust).  Thus, our material led to a compelling mix of actionable policy 
implications summarized in Table 7. 

 
[Insert Table 7 Here] 
 
 In France, respondents raised a variety of progressive changes that could be made to 
make nuclear more just.  F004 emphasized the need for more explicit accounting of costs 
and a possible nationalization of EDF and a privatization of costs, noting that “There are 
talks about separating EDF’s activities, nationalizing the nuclear fleet while privatizing all the 
non-nuclear activities.”  F006 mentioned “revising tariffs so that the poor and those on 
electric heat are not overly penalized.”  Other responses mentioned making French planning 
more “community responsive” and “democratic,” potentially with a “referendum” on the 
future of nuclear.  F012 approached the problem from a different (and more hopeful) 
direction, noting that state control could also be seen theoretically as an asset, given that it 
imbues a democratic society with the ability to force the state to use its immense authority 
and power to implement positive changes: “The state in France has immense ability to 
control or change its energy sector, EDF still controls 85% of production, 100% of the grid, 
the transmission system, the client contract system.” Interestingly, several respondents 
drew attention to the potentially disruptive influence of changes to EU competition law, 
which may erode EDF’s economic and political power by outlawing the long-standing 
existence of the (subsidized) ‘political’ price for electricity in France.  
 In Germany, respondents discussed broad changes in the policy framework to 
facilitate what G002 called “equal treatment, equal rights but also equal duties for every 
market participant across the whole system, taking into account externalities.” G004 
specifically discussed how to broaden participation in the FIT by focusing on options for low 
income households or tenants, proposing that “we can offer a special provision for people 
who rent a flatto participate in owning PV electricity produced elsewhere on the rooftop of 
normal houses … another option is to hang one or two PV modules on a balcony or a side of 
a house.  There have been some breakthroughs recently concerning the technical and legal 
regulations concerning these balcony modules, as we call them.”  G005 focused on the 
“reskilling and training” for those who have lost their jobs, engineers or coalminers, 
whereas G006 mentioned offering incentives to “social housing companies” so that they are 
more “active in that market, which would make it more just and equal for everybody.” G006 
also discussed the promise of “shared ownership models” or “crowdfunding” where broad 
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groups of people can invest in solar PV, not just those with homes or disposable income4.  
This could be coupled with tariff reforms, giving electricity for free to those in need, with 
G008 suggesting “if you’re looking at welfare recipients, I would reverse the way prices and 
electricity use correlate. So far you pay the most for the first few KWhs and then less and less 
and less, invert that. You have to make some kind of policy. And there were proposals on the 
table where you had a cheap or free guaranteed minimum electricity usage per person, say 
1000 kWh per person per year for adults.” 
 In Norway, respondents emphasized the need for a more comprehensive transport 
policy that discouraged driving, encouraged cycling and walking, and sought broad public 
input. N007 said that “I think the main policies should be that we have fewer vehicles and 
the politicians have to fight for that. EVs should be an alternative for people who have to use 
the car, but should not be the main transport system in the city, and to and from cities.”  
N009 emphasized that improvement in public consultation must be made so that they are 
more geared towards protecting the vulnerable; they stated: “when EV incentives are going 
to be taken out, we must have a voice on how it should be done.”  N011 meanwhile 
suggested that manufacturers be made responsible for recycling and waste issues, noting 
that “some automakers already mandate their own recycling, they take their batteries back. 
Perhaps this is the best approach, because they are so specialized. Governments around the 
world should demand that car manufacturers recycle batteries Car manufacturers could take 
responsibility for the whole supply chain and since it’s such a large valuable item that they 
are producing, it’s reasonable to demand transparency in the supply chain.”  Other 
respondents discussed better planning procedures for charging infrastructure; adjustments 
to policy to better compensate those being disadvantaged, such as toll operators and ferry 
companies; and providing more information on affordable EV options.  
 Finally, in Great Britain, respondents highlighted the need for more robust policy 
mixes and a more holistic approach to energy injustice that went beyond purely 
technological solutions. Several respondents were particularly enthusiastic about initiatives 
in the area of housing that aimed at minimizing pre-existing energy vulnerabilities. GB001 
argued for comprehensive policies for energy efficiency and housing, for example, and for 
prioritizing so-called “dumb” solutions alongside the smart ones: “With so much emphasis 
on smart futures , and rolling out smart grids, you lose sight of the fact that for a lot of 
vulnerable people, their energy problems don’t primarily need smart solutions at all. It’s 
about decent housing, as it has been for decades… People living in poor quality, typically 
private rented housing need the overall standards of that housing improved… So, it’s the 
‘dumb’ stuff that still needs this attention … otherwise it’s not worth diagnosing the ailments 
because you don’t have anything to treat them with.”   GB004 discussed the need for 
procedural changes and for an opening up of dialogue, especially with regards to the 
disclosure of information by suppliers: “We need open dialogue between stakeholders, 
ongoing sharing of lessons learned, which happens in my experience between Smart Energy 
GB5 and suppliers and ourselves … using research and other knowledge that suppliers have is 
the best way to mitigate potential downsides.”  Such information could in theory also 
account for waste streams and carbon footprints, and transparency in the supply chain. 

                                                 
4 In 2016, citizens (renewables and farmers) held a 42.5% ownership share in Germany’s renewable energy, the 

remainder being held by business, project developers, utilities, funds and banks. The switch from the feed-in 

tariff to auctions has meant that large corporate players now are starting to dominate in terms of ownership 

(Morris 2018).  
5 Smart Energy GB is the organisation handling public engagement for the smart meter roll out:  

https://www.smartenergygb.org  

https://www.smartenergygb.org/


Decarbonisation and its discontents 18 

 

GB005 suggested that “we need to ensure that suppliers  give referrals onto fuel poverty 
charities, which might be able to help with new heating systems, or the suppliers might be 
able to support vulnerable clients, especially when they are disconnected or see their boilers 
condemned during inspections with the roll-out.”  GB008 discussed the need for a broader 
harmonization of fuel poverty and smart meter policies, suggesting that “the carbon saving 
agenda needs to recognize that some people haven’t yet met their right to sufficient energy 
to satisfy their health and wellbeing and the point is to make sure that everyone has equal 
access to energy, and once that happens you can reduce energy across the board, rather 
than repeating existing inequalities.”  GB012 mentioned that the current system is too 
skewed towards incumbents, and it thus needs more democratic community involvement: 
“the industry is set up to benefit the old characteristics which are effectively the incumbents, 
…. we can’t let them continue, and if we want to change it we’re going to have to move it to 
a system with multiple distributed energy resources organized flexibly … we also need 
legitimate and transparent decision making that puts customers truly at the center.”  Lastly, 
in the focus groups, the issue of better meters, upgrades, and replacements was broached, 
with a respondent saying “I’d like the government to say, we got it wrong, we’ll come back 
and put you in a meter that is compatible to any energy company.” 
 These policy options identified by our respondents provide further evidence that 
there is room for improvement in all of the four low-carbon transitions in providing more 
open and democratic processes in which no one is left behind.  

6. Conclusion and Implications  

 Overall, our analysis reveals that although some of our respondents could not 
identify any injustices associated with our four low-carbon transitions, we extrapolated 120 
distinct injustices on the basis of our interview data. This disjuncture could indicate that 
many of these injustices are ‘invisible’ and can appear hidden at first, which further 
demonstrates the need for energy justice approaches in analyzing low-carbon transitions. As 
the left panel of Figure 3 summarizes, distributive justice issues dominated by type, 
accounting for almost half of all mentioned injustices.  By case study, injustices were more 
evenly distributed with smart meters (34 injustices) entailing the most, followed by nuclear 
power (31 injustices), electric vehicles (31), and solar PV (24 Injustices). With this in mind, 
we offer six conclusions.  
 
Figure 3: Summary of energy injustices by type and case study  
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Source: Authors 
 
 First, the distributive energy injustices revealed by our interview data do not just 
relate to traditional centralized sources of supply such as nuclear power. We also see 
legitimate criticisms of community solar, smart meters and electric vehicles. This implies 
that distributive injustices may also be associated with more decentralized forms of energy 
at the micro dimensions of generation and consumption. In two of our cases, Norway and 
Germany, distributive injustices are most striking in how costs were believed by 
respondents to have been shared across all tax payers despite only a few, higher income 
groups benefitting. Such concessions in one sector have also had impacts on other sectors, 
as illustrated with Norwegian ferry operators reporting losses due to a high number of EVs 
travelling free on their services. In the more centralized case of nuclear power, French 
taxpayers will ultimately foot the bill for nuclear legacy in terms of maintenance and waste 
management costs. While the costs of the British smart meter roll out are officially the 
responsibility of the utilities, there are fears that these will eventually be covered by raising 
consumer bills.  
 Second, the procedural injustices identified serve as a stark reminder that, though 
different technologies may be more distributed and decentralized, they may nonetheless 
still be governed or managed in essentially undemocratic ways.  For example, the arguably 
exclusionary nature of the German FIT for solar PV and the supplier-led smart meter roll-out 
in Great Britain appear to be generating injustices that might have been avoided under 
different governance approaches or policies. The centralized and secretive nature of state-
led policymaking in the case of French nuclear power has meanwhile meant that there has 
been very limited access from anyone outside the official nuclear elite, resulting in a closed 
system that maintains the status quo, crowds out alternative energy imaginaries, and 
silences opponents. As such, decisions made regarding nuclear power in France are not 
likely to be based on fair representation and open participation. Therefore, procedural 
injustices such as lack of transparency with military links prevail in the French nuclear case.       
 Third, the prevalence of cosmopolitan injustices underscored the multiscalar 
dimensions of energy injustice. Starkly, in all our cases there were cosmopolitan injustices 
related to materials and waste and the impacts their manufacture may be having across 
whole supply chains. In the Norwegian, German, and British cases, injustices such as poor 
working conditions and child labor linked to cobalt mining or rare earth minerals extraction 
were connected to the batteries and materials needed for EVs, solar PV, and smart meters.  
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French nuclear power also has close links with the socio-environmental hazards of uranium 
mining and milling.   
 Fourth, low-carbon transitions are known to be disruptive and contested, but our 
analysis shows that this disruptive nature can have profound impacts on certain groups of 
people. The dimensions related to recognition justice show that transitions can create new 
vulnerabilities or worsen existing ones, especially among the poor, the rural, those with 
disabilities, those with mental health concerns, and large families.  A real and troubling 
trend is emerging that low-carbon transitions may be leaving some behind, especially those 
working within incumbent fossil fuel regimes. This suggests that research so rigorously 
identifying and calculating the co-benefits of low-carbon transitions be complemented with 
that looking at the non-benefits or dis-benefits, as well as their effect on vulnerable groups. 
 Fifth, although we have treated these four justice dimensions as distinct, and 
somewhat mutually exclusive, there are clear and compelling interlinkages.  French nuclear 
power silencing nuclear critics is an issue of procedural justice that also intersects with 
recognition concerns about marginalized groups, when those critics represent the interests 
of the fuel poor or rural communities.  The distributive concerns about the German FIT for 
solar become entrenched in national policy, making it a procedural concern as well, and 
when both distribution and procedure exclude vulnerable groups, it aggregates inequalities 
among sub-groups in ways that impinge on recognition justice.  In Norway, the exclusion of 
public transport users and advocates from policy is a procedural issue, but one that can 
cement inequalities in distribution as well as the vulnerability of certain groups, a concern of 
recognition justice.  Lastly, the potential for unemployment among meter readers is a 
distributive concern, but when it may impact particularly vulnerable communities, it 
becomes a recognition concern.  
 Sixth, and lastly, is that injustice is not inevitable.  Our material led to the 
identification of at least 16 different policy mechanisms or incentives that could address 
many of the injustices presented here. These mechanisms were merely based on our 
material, so it is likely that a more concentrated deliberative process would identify many 
more.  Examples of these policies included a national referendum on nuclear power in 
France that could address many of the procedural injustices associated with secrecy and 
exclusion.  In Germany, special tariffs and shared ownership models could make solar 
energy more inclusive for lower income groups.  In Norway, certification programs could 
better account for hazardous material inputs and outputs such as lithium, cobalt, and rare 
earth minerals.  In Great Britain, smart meter installations could be dovetailed with fuel 
poverty charity programs to ensure that heating systems are not removed from homes 
without an adequate replacement.  Each of the four low-carbon transitions can thus be 
better managed and improved so that they become more equal, participatory, 
environmentally benign, and socially sensitive.  

In this way, elements of improved procedural justice such as greater participation 
and democracy become crucial factors in making sure that low-carbon transitions do not 
simply repeat or replace the injustices of the old system. After all, many of the same actors, 
economic forces and rationalities driving low-carbon transitions were benefitting from fossil 
fuel led growth.  Whether a transition guides us to a shining apex of energy justice, or 
dehumanizes us in the murky substrata of inequality and exclusion, is a matter of our own 
design. 



The whole systems energy justice of four European low-carbon transitions 1 

1. Introduction 2 

The need for whole systems analysis of energy systems and low-carbon transitions is 3 

becoming more apparent (Geels 2018; Winskel 2018).  Jenkins et al. (2016: 179) argue that 4 

whole systems approaches are integral in helping us to gain a fuller understanding of the 5 

“entire energy chain, from mining, conversion, production, transmission, and distribution, 6 

right through to energy consumption and waste.” Bridge et al. (2013: 337) meanwhile state 7 

that it is essential to analyze relationships between the “locations, landscapes and 8 

territorialisations associated with a low-carbon energy transition”. Bouzarovski and Simcock 9 

(2017: 464) propose an avowedly normative research approach to whole energy systems that 10 

is concerned with attempting to better understand “the processes through which the 11 

relationship between energy poverty, on the one hand, and wider socio-environmental 12 

contingencies such as climate change, urban and rural social segregation, and global chains of 13 

energy provision, on the other”.  Fuller and McCauley (2016: 3) meanwhile suggest that 14 

energy systems research should be underpinned by a commitment to “principles of social 15 

justice, democratic accountability and participation and ecological sustainability.” From this 16 

perspective, such a “whole systems” approach differs in major epistemological ways from 17 

those applied to energy systems historically, which have been limited to engineering and 18 

technology-focused supply-side analyses aimed at minimizing costs and energy losses (e.g. 19 

McLaren 2012). In this vein, Mulvaney (2013, 2014) has thoughtfully explored some of the 20 

whole systems issues related to solar photovoltaic (PV) panel production.  21 

Yet so far, this type of socio-technical whole systems energy research has been the 22 

exception, not the rule, within the energy social science community (Sovacool 2014).  Cross 23 

and Murray (2018: 102) claim, for example, that even when whole systems approaches to 24 

energy analysis are taken, they tend to ignore social justice issues and “have yet to fully 25 

empirically address actually existing renewable energy products and technologies across 26 

global supply chains and product life cycles.”  This critique also applies to the global 27 

community of climate change researchers, which Bonds (2016) suggests all too often ignores 28 

the global systems implications that mitigation or policy efforts have on the most vulnerable.  29 

With these critiques in mind, in this paper we explore four ongoing European low-30 

carbon transitions—nuclear power in France, smart meters in Great Britain, electric vehicles 31 



(EVs) in Norway, and solar photovoltaic (PV) panels in Germany—from an integrated whole 32 

systems and energy justice perspective. We ask: in what ways may each of these transitions 33 

result in injustices that extend beyond the geographic location of the transition, i.e., beyond 34 

the individual country across the whole system? Our mixed-methods research design is based 35 

on 64 semi-structured research interviews with experts across all four transitions, five public 36 

focus groups, and the collection of 58 comments from twelve public internet forums. 37 

The paper proceeds as follows.  It first introduces our conceptual framework of a 38 

whole systems and energy justice perspective, and then explicates our three primary research 39 

methods (interviews, focus groups, and internet forums). Then, drawing from these data, it 40 

identifies and analyses 42 injustices spread across three scales.  Micro injustices concern 41 

aspects that impact on people, communities and the environment at close proximity to the 42 

energy transition or technology in question.  Meso injustices extend beyond the micro scale 43 

to more national level impacts on policy, infrastructure, and markets.  Macro injustices relate 44 

to transnational scale impacts that go beyond nation states and that relate to global supply 45 

chains and geopolitics. The paper then discusses these collective injustices in terms of their 46 

disproportionality, spatiality, and temporality, before offering conclusions and implications 47 

for energy and climate research and policy.  48 

2. Research design: Whole systems energy justice, case selection, and research methods 49 

 The conceptual approach of this paper can be framed as one tying together whole 50 

systems thinking with energy justice. In its most abstract conceptualization, a whole systems 51 

approach is about identifying the interactions between elements of a whole system in a way 52 

to better comprehend, and perhaps change, the system itself; without such a systemic focus, 53 

critical components and synergies could be missed, distorting our view of system properties 54 

and obscuring implications for efficiency or sustainability (Anarow et a. 2003). However, in 55 

contrast to more conventional whole systems thinking in energy studies that has often 56 

focused narrowly on finding novel ways to reduce cost and maximize efficiency across the 57 

production life-cycle, Stansinoupolos et al. (2013: 3) argue that a whole systems approach 58 

must tackle multiple objectives as “a process through which the interconnections between 59 

subsystems and system are actively considered”. This means extending the focus beyond a 60 

concern for cost and efficiency to embrace wider objectives such as, inter alia, affordability, 61 

security and sustainability. Moreover, McLaren (2012: 7) argues that whole systems analysis 62 



of energy systems should consider both the “entire life-cycle and the wider contextual 63 

environment” within which the technical system is located. Thus, rather than seeing 64 

technological and innovation processes as a closed loop divorced from social and cultural 65 

context, a socio-technical conceptualization of a whole energy system means recognizing, 66 

foremost, that the origins, character, and effects of energy technologies are embedded 67 

within broader economic, social, and environmental relationships that spill across time and 68 

space (Bickerstaff et al. 2013; Bridge et al. 2018a).  69 

Our approach to whole systems thinking is therefore best captured by Broto and 70 

Baker’s (2018) notion of a relational approach: one that “prompts the need to ask systemic 71 

questions that cut across energy, geography, and society including the patterns and scales of 72 

energy supply, distribution and consumption”. Such an effort “brings forward dimensions of 73 

justice, access and distribution and what this might mean for the requirements of space and 74 

territory” (Broto and Baker 2018: 3).  In this sense, our whole systems lens is focused on the 75 

ways in which social, economic, political, and environmental dimensions interact across 76 

multiple scales (local, national, and global) of the production, distribution, consumption, and 77 

disposal phases of the energy process (Jenkins et al. 2014). 78 

 We twin whole systems thinking with energy justice, a normative analytical 79 

framework that demands an assessment of the costs, benefits, and procedures involved in 80 

energy decisions, pathways, and policies (Sovacool & Dworkin 2014; Sovacool & Dworkin 81 

2015).  Jenkins et al. (2016) frame energy justice as asking a “what” question about the 82 

unjust impacts associated with energy systems and where they are located; a “who” question 83 

about which stakeholders or groups are most affected; and a “how” question about the 84 

procedures or mechanisms through which such injustices become embedded. Energy justice 85 

therefore demands that we view the moral and ethical dimensions to energy alongside the 86 

usual technical, economic, political or, cultural ones.  It also underlines that winners and 87 

losers exist within the energy system and that even low-carbon transitions (often framed 88 

uncritically as ‘normative goods’) can concentrate environmental hazards or unfair social 89 

outcomes among the vulnerable and geographically disadvantaged (Bridge et al. 2018b). 90 

In summary, when applied to the four low-carbon transitions we examine, whole 91 

systems thinking demands we look across spatial and temporal scales, and energy justice 92 

demands we look at impacts on communities that are or may become vulnerable, especially 93 

the burdens and procedures that may systematize injustices (Healy et al., 2019). We interpret 94 



this to mean we must look at multiple dimensions of a transition (technical, economic, social, 95 

political, etc.), multiple lifecycle stages of the technology involved (including material inputs, 96 

manufacturing, use, and disposal), and groups that may be or become vulnerable at multiple 97 

spatial scales (including the local, national, and critically, transnational).  Because numerous 98 

studies1 have already focused on the benefits (or the positive justice co-benefits) of low 99 

carbon transitions, here we take a critical lens that seeks to examine and reveal injustices. 100 

Our whole systems-energy justice approach is illustrated in Figure 1 below. 101 

Figure 1: Whole systems-energy justice matrix 102 
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To operationalize our whole systems-energy justice approach, we utilize three 111 

analytical scales: micro, meso, and macro.  While these scales can be open to different 112 

interpretations, by micro, we refer to injustices that occur within a particular community or 113 

household that is located to close proximity to the energy innovation or system involved in 114 

the transition.  By meso, we refer to injustices that occur across national scales, including 115 

cross-border issues between neighboring nations.  By macro, we refer to injustices that occur 116 

and circulate at the transnational, global scale.  This micro-meso-macro framing has been 117 

used extensively in other fields, notably evolutionary economics (Dopfer et al. 2004), 118 

innovation studies and technology analysis (Jamison and Baark 1990), health studies (Kapiriri 119 

et al. 2007), and environmental studies (Liljenstrom and Svedin 2005), but has not been 120 

applied to energy justice analysis. We also draw on the transitions field, recognizing that low 121 

carbon transitions are geographically-constituted processes (Bridge et al., 2013), and that 122 

                                                 
1 See for example Alberini et al. (2018), Balbus et al. (2014), Burke et al. (2018), Noel et al. (2018) and Ürge-

Vorsatz et al. (2014). 
 



there is a need to go beyond nationally bounded case analysis (Raven et al., 2012). Even 123 

though we differentiate between micro, meso and macro scales, we therefore recognize that 124 

these scales are interdependent, geographically uneven (Coenen et al., 2012), and that there 125 

is no necessary hierarchy between them. 126 

With our whole systems-energy justice approach established, we then sought to 127 

select four strong examples of European low-carbon transitions, e.g. areas where European 128 

countries are perhaps unquestioned regional or global leaders.  France is well known for its 129 

nuclear power transition: with the second highest share of nuclear reactors in the world 130 

(after the United States) it is also the largest exporter of nuclear power in the world and has 131 

one of the largest recyclers of nuclear fuel (World Nuclear Association 2018). Great Britain 132 

has one of the largest smart meter programs in the world and is currently seeking to install 133 

56 million smart meters for electricity and gas in all homes and small businesses across 134 

England, Scotland and Wales by the end of 2020 (House of Commons Science and Technology 135 

Committee, 2016). Norway is the world leader for the per capita deployment of EVs; it has 136 

the highest annual growth rate of EVs in the world (up 57% from 2016 to 2017); and it has 137 

the highest market share in the world of EVs as a proportion of new car sales (International 138 

Energy Agency 2018). Germany has the greatest total installed capacity of solar PV panels 139 

anywhere in the world and has also pushed decentralized solar generation among 140 

households, where more than 1.5 million residences have adopted their own solar PV system 141 

(German Federal Ministry for Economic Affairs and Energy 2017; Wittenberg and Matthies 142 

2016: 200). These cases also represent different timescales of when national policies 143 

supporting the specific energy technologies were introduced (nuclear power in the 1970s, 144 

EVs in the 1990s, solar PV in 2000s, and smart meters in the 2010s). 145 

To collect original data across these four cases, we proceeded with a qualitative 146 

research design that mixed methods across expert research interviews, public focus groups, 147 

and public internet forums.  We conducted 64 interviews with experts between June and 148 

August 2018, 16 for each of our case studies, with interviewees selected to represent a 149 

diverse mix of institutions such as those within: 150 

 Industries, industry associations, and private sector firms such as Electricité de 151 

France in France, German Solar Association (BSW-Solar) in Germany, the 152 

Federation of Norwegian Industries in Norway, and Smart Energy GB in the 153 

United Kingdom; 154 



 Non-profit groups and civil society organizations such as Greenpeace in 155 

France, E3G in Germany, the Norwegian Electric Vehicle Association in 156 

Norway, and Citizens Advice in the United Kingdom;  157 

 Regulatory and government entities such as the Commissariat à l'Énergie 158 

Atomique et aux Énergies Alternatives (CEA) in France, Federal Ministry  for 159 

Economic Affairs and Energy in Germany, the Ministry of Transport and 160 

Communications in Norway, and the Department for Business, Energy & 161 

Industrial Strategy in the United Kingdom;  162 

 Universities and academic institutes such as the ESSEC Business School in 163 

France, Fraunhofer Institute for Solar Energy Systems in Germany, Norwegian 164 

University of Science and Technology in Norway, and the University of Oxford 165 

in the United Kingdom. 166 

In each interview, we asked (among other questions): “What do you see as some of the most 167 

significant costs or disadvantages to the energy transition being examined?” And, “Taking a 168 

whole systems perspective, who or what may be the biggest losers beyond Europe?”  The 169 

research interviews generally lasted between thirty and ninety minutes, were digitally 170 

recorded, and participants were guaranteed anonymity to protect their identity and 171 

encourage candor.  172 

 To supplement our expert interviews with public perceptions and experiences, we 173 

conducted five focus groups in non-capital areas of each country, namely Lewes (UK), Colmar 174 

(France), Freiburg (Germany, 2 groups), and Stavanger (Norway). As Figure 2 indicates, these 175 

were entirely open to the public, and we collected responses from a total of 15 participants.   176 

 177 

Figure 2: Focus group recruitment posters for Falmer, United Kingdom and Stavanger, Norway 178 

[Figure will be inserted post-peer review, as it reveals the identities of the authors] 179 

Source: Authors  180 

 181 

Lastly, to triangulate our interviews and focus groups, we posted research questions on 182 

twelve online internet forums summarized in Table 1.  There, we asked: “What are the biggest 183 

advantages of low-carbon innovations such as smart meters/EVs/solar/nuclear?  Who are the 184 

big recipients of those benefits or winners?” This resulted in 58 additional responses collected 185 

by the forums shown in Table 1. 186 



Table 1: Summary of public internet forum discussions  187 

Country case 
study 

Forum Description 

Norway Elbilforum.no Norwegian EV forum 

Norway Tesla motors club Norway Online forum for Tesla owners in Norway 

Norway SpeakEV Online electric car forum for all EV owners and 
enthusiasts 

Germany Photovoltaik forum.com A solar forum in German 

Germany Solarstrom-forum.de A solar photovoltaic forum in German 

Germany Building Technology Forum - Solar 
Energy 

Online forum for all building technologies 
including solar 

UK  Money Saving Expert Consumer forum  

UK  Navitron Private company forum on a range of energy 
issues 

UK  OVO Energy Private company forum on a range of energy 
issues 

UK  The IET The Institution of Engineering and Technology 

France Que Choisir Consumer forum 

France Forum photovoltaique Energy forum 

France Droit Finances Consumer finances forum 

Source: Authors  188 

 After collection of the interview, focus group, and internet forum data, they were 189 

transcribed, and then coded by two researchers, with each respondent given a unique 190 

identifying number. Our coding scheme was exhaustive and inductive, meaning we coded 191 

every response and then analyzed the full sample using NVivo. 192 

Despite an attempt at triangulation within these methods, our approach does have 193 

some notable weaknesses.  Although the focus groups and internet forums were open to all 194 

members of the public, the number of responses collected was less than that of the expert 195 

interviews.  Moreover, due to the wealth of empirical material spread across four case 196 

studies, we did not have sufficient space in this study to also assess benefits, co-benefits, or 197 

positive synergies, or to conduct a rigorous literature review to contextualize or triangulate 198 

our findings, although we do explore those domains in other papers (citations redacted until 199 

post peer-review).  We also did not make an attempt to weight, correct, normalize, or 200 

problematize data across our methods, to avoid censoring our results and discussion. 201 

3. Results: The whole systems energy injustices of four transitions  202 

 In this section, we present our core results across the three methods (interviews, 203 

focus groups, and internet forums). Guided by the whole systems-energy justice frame, we 204 



explore environmental, social and economic injustices across three primary scales: micro 205 

(within communities or households); meso (including national level issues in the country 206 

being examined); and macro (transnational and global ramifications).   207 

3.1 French nuclear power 208 

 The injustices associated with nuclear power in France include micro issues such as 209 

risks facing communities living near nuclear infrastructure and waste, meso issues such as 210 

pollution and accident risks, and macro issues such as uranium mining and milling2. 211 

3.1.1 Micro injustices  212 

 At the micro scale, respondents emphasized the scope and severity of local level 213 

environmental, health and economic impacts.  F001 focused on interrelated environmental 214 

impacts such as water consumption for cooling, nuclear waste, and health, stressing the 215 

strong spatial dimensions of these vulnerabilities: 216 

The problem with nuclear is that it is either on the coast or on rivers.  Now, we know 217 

that France will have to close down inland reactors as the rivers lose water volume, 218 

and you cannot get the cooling. We know what will happen to the reactors on the 219 

coast with rising sea levels as rising storm surge may flood and create nuclear islands 220 

… France’s radiological inventory, because of the weight of its nuclear power is 221 

enormous. I was up in Le Hague, and they have a waste problem even worse than the 222 

UK.  They are running out of space for intermediate storage.  Then, there are classic 223 

health and environmental vulnerabilities.  224 

F006 emphasized the local nature of these types of environmental and health impacts, 225 

stating that people living near nuclear plants were more exposed to nuclear risks than others, 226 

making it also a moral – and existential – burden for them. F014 meanwhile noted that for 227 

those living near nuclear plants, there was a trade-off between personal economic benefits 228 

and nuclear risks, which could create vulnerability: "People have been manipulated into 229 

accepting potentially dangerous plants in their communities in exchange for jobs and 230 

investment, so potentially they are most vulnerable if there is an accident.” Other 231 

                                                 
2 Admittedly – and as throughout our analysis – these issues could also be framed as being “micro” issues 
somewhere, i.e. in the transnational communities affected, but are considered “macro” within our frame of 
analysis, where the respective four low-carbon transitions in European countries are the geographical 
“anchors.” 



respondents talked about particular communities and sectors that had become vulnerable 232 

over time, such as those owning property near power plants. As F011 explained:  233 

During the 1970s and 1980s, it was a pride to have [nuclear power] technology near 234 

where you live, and there were many advantages and facilities. Today it is less evident 235 

because the problems are more visible and there is a moving population that is less 236 

connected to the plants. People who could afford it have moved away and the prices 237 

of property in the vicinity of plants has fallen, leaving those with homes 238 

disadvantaged. 239 

F006 contended that nuclear plants had impacted negatively on some agricultural sectors, 240 

notably wine making, with wine growers apparently “very resistant to nuclear development.” 241 

This point was also picked up by F011, who claimed that “wine growers in areas such as 242 

Bordeaux, whose vineyards were in the vicinity of plants were affected.  In other areas, such 243 

as Golfech, near Toulouse, there is radioactive material in the water supply.” As the second 244 

largest wine producer in the world (OIV, 2018), the French wine industry has a considerable 245 

reputation to protect.  246 

F002 suggested that such issues may be part of a systematized process of 247 

peripheralization within France that creates natural vulnerabilities for certain communities – 248 

even as they are appearing to benefit in some ways from nuclear energy:  249 

La Hague is a cuckoo in the nest, it is remote, and it fulfils all the peripheralisation 250 

criteria. It’s in an area of some under-development, and it has this Flamanville power 251 

station just around the corner, between that you have the reprocessing plant. I get the 252 

impression that nuclear infrastructure wasn’t particular resisted there, instead it was 253 

implanted on a traditional community. It creates jobs, but there is an ambivalence in 254 

the community. It’s an expression to me of an inequality, but it’s not the inequality of 255 

poverty. These people are quite often rich and their jobs are guaranteed. And yet 256 

there’s a certain wariness, a defensiveness. As one nuclear trade unionist said to me, it 257 

isn’t popular but it is necessary.  The nuclear system seems to create places like this.  258 

The issue of local environmental impacts was also raised in the focus group, with a 259 

respondent noting issues with radioactive leaks: “In the Rhone Valley, they have radioactive 260 

leaks, but this is not being reported. It remains a secret, they do not talk about it. But even at 261 

Fessenheim they have not minimized these problems.” This statement was confirmed by 262 

IRSN (2014). 263 



Micro issues in the French nuclear case tended to dominate the discussions across all 264 

three respondent groups, which may reflect the fact that people view local threats most 265 

acutely since they are the most exposed to them. In the case of nuclear power, plants are 266 

often visible in local communities through a legacy of providing jobs and investment in local 267 

facilities, but also through local protests against issues such as nuclear waste management 268 

(F007) (see Figure 3). Yet some of these micro scale injustices can be caused by a lack of 269 

collaboration and access to dialogue, with people living near nuclear plants feeling that any 270 

potential issues or problems are shrouded in secrecy.  271 

Figure 3: An “anti-nuclear power” emblem car sticker in Colmar, France, July 2018  272 

 273 

Source: Authors  274 

3.1.2 Meso injustices 275 

 At the meso scale, respondents repeatedly referred to the risk of accidents and the 276 

potential ways in which France’s nuclear pathway has interfered with the development of 277 

other low-carbon innovations and transitions.  F007 stated that accident risks threaten the 278 

whole of France: “When there is an accident, it is not only the beneficiaries who would pay, 279 



the whole country will suffer the cost”, while F004 argued that risks go beyond borders: “In 280 

terms of risk, there are numerous nuclear power plants close to the borders, and that is the 281 

cause of growing concerns and complaints from others.” These dimensions were echoed by 282 

F001: 283 

There are questions of borders. There is an old plant in Germany that the Austrians are 284 

very worried about because it is near their borders.  But essentially, some of this is 285 

important because if an accident happens, depending on which way the wind is 286 

blowing, that will determine who is affected. In terms of waste streams, La Hague is at 287 

the tip of Normandy, and there is one of the strongest currents in the world that takes 288 

this through the English Channel and up into Scandinavia, and the current is so hard 289 

that you get a bit of fall out in Belgium, Netherlands, but it’s mostly punched up into 290 

Scandinavia, so you could say that, in terms of aqueous discharge the Scandinavians 291 

are suffering from nuclear pollution.   292 

F007 also highlighted the risk of accidents for neighboring countries, especially regarding 293 

environmental injustices: 294 

Environmental accidents do not stop at the border. From an environmental justice 295 

perspective, a small country like Luxembourg could just disappear if Fessenheim has 296 

an accident! Belgium too! When we think about environmental justice we assume, in 297 

very economic terms, that it is only the polluters who will have to pay the costs, but a 298 

wider range of people will be affected. 299 

And in the internet forums, one participant noted: “The negatives to nuclear power in France 300 

are clear. They include the long-term and immediate ecological risk of a single nuclear 301 

accident.”  The risk of an accident is difficult to predict, but probabilistically could occur at 302 

any facility and at any time (Wheatley et al. 2017).  303 

These meso scale injustices of nuclear accidents illustrate the interdependence 304 

between the different scales: even though the environmental and health risks of nuclear may 305 

be felt strongest at the micro scale, the risk of nuclear accidents spans across multiple scales, 306 

within France and into neighboring countries. This is the case especially when nuclear plants 307 

are located very close to borders. 308 

 309 

 A second important dimension relates to the ways in which the presence (and 310 

predominance) of French nuclear power potentially interferes and interrupts other energy 311 



transitions. As F007 explained: “Italy benefitted from cheap French nuclear electricity but 312 

that surely didn’t help it to build and develop its own sound strategy for its own energy 313 

system.” F012 explained this dynamic in more detail: 314 

Because France delivers a lot of baseload power to its European neighbors, and the 315 

fact that France needs to protect its export industry, means that France has had to 316 

slow down the development of renewables in other countries. Moreover, the large 317 

amount of baseload France gives to other countries is slowing down the capacity of 318 

the grid to exchange the renewable surplus to other countries. For example, Spain and 319 

Portugal are completely blocked by the fact that they can’t have the flexibility of 320 

selling back to France… France is giving permanent baseload to Spain, blocking the 321 

function of their wind turbines, meaning that in Spain, they are required to stop their 322 

wind turbines, which decreases the competitiveness and increases the cost of wind 323 

turbines. 324 

3.1.3 Macro injustices  325 

At the macro, or global scale, respondents drew attention to the global nature of 326 

environmental and social injustices, particularly those related to uranium mining and nuclear 327 

exports. F011 for example stated that: “In Niger and Kazakhstan, there is the buying of 328 

uranium and the conditions of workers and the political systems there is a justice issue.” This 329 

issue was also highlighted in the internet forums, where a respondent indicated: “The issue 330 

of the extraction of uranium is a serious risk, but that is also why we try not to talk too much 331 

about it!” F007 commented on the potential problems linked to selling nuclear technology to 332 

other counties that have more unstable political settlements and laxer environmental 333 

protocols: 334 

France has sold nuclear technology to countries where it was really a problem to 335 

implement. In a country with a strong democratic basis, at least you have strong 336 

governance and counter powers.  But in places like China, if tomorrow if there is a 337 

problem, it will be a disaster. In Russia, we are now sure that uranium is leaking and 338 

local surroundings have been heavily contaminated.  Regulatory bodies like the IAEA 339 

reflect the powerless of international governance, they have been completely unable 340 

to demand an inquiry. Essentially, France has shown to other countries that the 341 

centralization of political power is a prerequisite for the development of nuclear.  342 



French companies have tried to even sell nuclear technology to countries such as 343 

South Africa or Gadhafi in Libya. 344 

The macro scale injustices related to French nuclear power illustrate the geo-political and 345 

transnational nature of the risks of the French nuclear industry, and the extent to which the 346 

impacts of decisions made in France have implications for other countries, notably those 347 

where resource extraction takes place. Whereas French citizens have a theoretical ability to 348 

contest domestic nuclear policy decisions, the fact that citizens in other countries may be 349 

affected negatively by France’s nuclear sector – while having no corresponding ability to 350 

engage with or contest the policy process – underlines the inherent distributional justice 351 

deficit of cross-border pollution related to nuclear energy (Held et al. 2000). 352 

3.2 British smart meters 353 

 Our material identified various social, economic, and environmental injustices related 354 

to the British smart meter roll-out. Micro scale issues related to the exclusion of rural areas 355 

and hard-to-reach groups, more expensive household bills, and added stress for families; 356 

meso issues related to job losses in incumbent sectors; and macro issues related to issues 357 

such as waste streams and the potential (and paradoxical) contribution of the program to 358 

global carbon emissions.  359 

3.2.1 Micro injustices 360 

Although the national smart meter program is attempting to minimize such instances, 361 

respondents suggested that there may nonetheless be inevitable geographic exclusions of 362 

customers in some rural areas, particularly in Scotland, meaning that not everyone would 363 

benefit evenly from the smart meter program. As GB005 noted:  364 

There is quite a strong geographical inequality in what is going on.  It is unlikely that 365 

smart meter coverage works in rural and remote areas. At the moment, with SMETS 1 366 

[first generation] meters, you’re relying on a cellular network coverage, which is just as 367 

unreliable as mobile phones in those areas … People in rural areas are going to miss 368 

out on the advantages to smart meters … In the highlands of Scotland, network 369 

coverage is terrible, and it’s the same with smart meters.  370 

GB006 even estimated that there was a proportion of homes that may be permanently 371 

unable to accommodate a smart meter due to their location: “Our analysis suggests that 85% 372 

of homes fit the needed categories of being able to adopt smart meters—they have the 373 



necessary networks, meter availability, etc.  But the other 15% in rural areas or a block of 374 

flats are excluded by those criteria.”  These hard-to-reach groups also potentially include 375 

people living in mobile homes and those living in certain apartment blocks (GB015). They may 376 

also include lower income people who cannot afford to acquire – or who do not have access 377 

to – supporting innovations, such as automated appliances. Indeed, as GB002 summarized: 378 

For time of use tariffs, people who cannot change their profile, elderly people, have 379 

stagnant profile because they are in their house a lot. Smart appliances are not 380 

accessible to everyone. People who rent may not have the autonomy to decide what 381 

appliances they have, so they might not be able to have a smart or energy efficient 382 

appliance. 383 

Potential exclusion was also mentioned in our internet forums, where respondents thought 384 

that limited access to mobile network coverage could lead to the non-functionality of meters: 385 

“Smart meters do not work in areas with no or poor mobile data coverage.”  386 

Another important micro scale concern was that energy bills may become more 387 

expensive as a result of the smart meter program, particularly if people were not able to 388 

change or shift their energy demand. As GB010 explained: 389 

Via smart meters, certain people have more ability to respond to time of use tariffs, 390 

and have either more flexibility for them to shift their loads to other times, but also in 391 

terms of installing systems that will automatically do that on their behalf.  However, 392 

those people who do not respond to the changing tariffs structures could find 393 

themselves worse off.  394 

Respondents in the focus groups suggested that apart from negative monetary impacts on 395 

families, smart meters could also erode family unity and lead to tensions: “People with 396 

teenage children could suffer from smart meters. Teenagers use a lot of electricity if they 397 

have all got computers, playing games in their separate bedrooms. Possibly families with 398 

children could lose out, at the least it could cause tension!”  This theme was also mentioned 399 

in the internet forums, with a respondent stating: 400 

Several months ago, we had a smart meter installed and monitor is stood on the side 401 

board in our lounge.  From the start my wife muttered about the monitor with 402 

comments that she couldn't see the point in it and it was wasting electricity having it 403 

on.  Finally she snapped and unplugged the monitor, because one evening it sounded 404 

an alarm to indicate we had used more electricity that the usage level was preset at, 405 



because she had baked cakes and scones earlier in the day causing a red light event. I 406 

did say I should be able to reset the alarm to allow more usage, but she was not 407 

having any of it and just pulled the plug out. 408 

In sum, the technical and geographical issues relating to smart meter access could 409 

potentially create a “digital divide” at the micro scale between those homes who have access 410 

to smart meters and those who do not, leaving some homes unable to access potential 411 

benefits from smart meters. Furthermore, the way in which consumers engage, or do not 412 

engage, with smart meters could have a profound impact on the way in which customers’ 413 

bills take shape in the future, whether through accessing time of use tariffs or holding certain 414 

family members responsible for the bulk of energy bills.  415 

3.2.2 Meso injustices  416 

At the meso level, respondents discussed economics and environmental injustices, 417 

mainly in the form of raised overall energy bills, job losses, and the environmental impacts of 418 

the smart meter roll out (including carbon emissions from the installation process).   419 

 A significant number of respondents across all data sources expressed concerns about 420 

the expense of the national smart meter program. Although the up-front costs are being 421 

borne by suppliers, most suspected that consumers would end up paying for the program in 422 

the end. As GB001 summarized: “companies will have to pass on the costs somehow, so 423 

there’s clearly a justice/distributional thing there, with likely higher bills.” 424 

 On job losses, some suggested that incumbent actors in the “MOP and MAP” 425 

services3 would be major losers from the smart meter transition, with GB007 stating: “As a 426 

direct loser in the transition, I suppose the meter readers will lose their jobs.” Taking a more 427 

system-wide lens, GB012 hypothesized: “I suppose the losers of a sustainable, smart system 428 

are basically the gas industry, because we shouldn’t we really be using gas after 2040, so then 429 

it’s more the kinds of people working in the gas networks, all the suppliers.” 430 

Although one of the ultimate aims of the smart meter program was an end to the 431 

carbon-intensive practice of meter-reading, a number of respondents commented on 432 

potential paradoxical rises in emissions that could result from the smart meter roll-out, with 433 

                                                 
3 This is an industry term that refers to different actors in the energy metering system: MOP refers to the “meter operator” 

and MAP refers to the “meter asset provider,” who is responsible for maintaining and installing metering equipment. 
 



GB003 linking this environmental externality with the fragmented structure of the energy 434 

sector in the UK: 435 

The smart meter program in the UK is more complex than other countries. Those 436 

countries do it geographically, street by street. Here, in a street of 100 houses, you 437 

could have 100 different suppliers. It will be sporadic, because it involves 100 separate 438 

journeys, and using a lot of carbon driving around. And you have electricity and gas 439 

meters, so two meter types, not one, doubling the possible carbon footprint. 440 

GB006 also raised this issue, stating that: “An optimal way to deploy smart meters would 441 

have been street by street, town by town. Instead, here you have six different vans going to 442 

the same street, and therefore six times the environmental cost. You have vans full of meters 443 

driving up and down the country.”  444 

 The meso scale injustices reported with the smart meter roll out show how the 445 

practical delivery of low carbon solutions can cause unwanted impacts at national scale in 446 

regards to costs and emissions. While some of these are shorter lived (e.g. emissions linked 447 

to smart meter installations) other can have longer-term impacts (e.g. job losses).  448 

3.2.3 Macro injustices   449 

At the macro level, respondents emphasized potential environmental injustices linked 450 

to waste streams associated with the manufacturing of smart meters (and in-home displays) 451 

as well as afterlife issues related to old meters such as recycling and electronic waste. 452 

Perhaps reflecting the “invisible” nature of these global supply chain injustices, several 453 

respondents conceded that they had received little information about the manufacturing and 454 

recycling processes of the smart meter rollout (see also Alexander & Reno 2012; Sovacool et 455 

al. 2017). 456 

GB001 for example speculated about both the source – and end place – of smart 457 

meter components: “Smart meters involve a lot of ‘stuff’.  The materials impact could be 458 

considerable. And how much are you relying on metals from war torn countries?” GB008 put 459 

it this way: 460 

Where the actual hardware is being manufactured could be an injustice. I do not know 461 

where the meters are being manufactured nor where the meters that are being 462 

removed are being disposed of or recycled. From what I know about mobile phones, I 463 

suspect that it is quite an environmental and social burden, especially on countries 464 

outside of Europe. 465 



GB012 added that: “By my estimate, we put in 5 million meters already which are pretty 466 

much old fashioned, and we’re putting in another 7 million meters that are nearly old 467 

fashioned.  This is all resource intensive, and probably unnecessary in some ways.” GB016 468 

meanwhile posited that: “If you think of the in-home display and environmental impact, it’s 469 

another digital device in people’s homes, another thing that they don’t necessarily need that 470 

will be eventually recycled, managed and wasted.” The macro scale injustices of smart 471 

meters thus links to the globalized production of goods where material supply chains can be 472 

complex and untraceable (Bridge et al. 2018c).     473 

3.3 Norwegian electric vehicles 474 

 Our material in Norway identified micro scale environmental and social injustices in 475 

the form of increased traffic and pollution, a lack of parking spaces, a general growth of cars, 476 

and a lack of infrastructure in rural areas.  Meso issues were raised such as the potential 477 

encroachment of roads into ecologically sensitive areas. Macro issues related to issues such 478 

as global waste streams, foreign resource extraction and industrial activity, and the exporting 479 

of second-hand cars.  480 

3.3.1 Micro injustices  481 

 Micro issues centered broadly on two topics, the environmental and social injustices 482 

of increased local car use (and thus corresponding emissions, congestion, parking, and 483 

reduced walking and physical activity) and the geographical exclusion caused by a lack of EV 484 

infrastructure in rural areas.  N015 explained the impacts of growth in EV use in urban areas:  485 

We have exponential growth in EV passenger cars in Norway and particularly in the 486 

bigger cities.  There is obviously a clear conflict down the line in that cities cannot take 487 

a higher number of cars and EVs which take exactly as much space as a diesel or fossil 488 

car.  489 

This issue also arose in the focus group: “If you move from public transport to EVs, then I can 490 

understand concerns about traffic, congestion, and parking in Oslo.  We could even see 491 

traffic increase to unsustainable levels within 10 years in places like Stavanger.”  In the 492 

internet forums, one respondent noted they started driving more now that they had an EV, 493 

highlighting an unintended impact of EVs: 494 

Since EVs are clean and less polluting, I don’t feel so bad about using a car for short 495 

trips. This means that I tend to use the car (instead of a bike or a wheelchair) to go 496 



everywhere, even less than 1-2 km away. Even though deep down, I know that it is 497 

every bit as dangerous for pedestrians and cyclists as a fossil car. 498 

As well as these issues resulting from the increase in EV use, N004 drew attention to the 499 

differentiated benefits – and potential exclusions – that currently appear inherent to the EV 500 

expansion in Norway, which certain geographical areas not benefitting as much from EVs as 501 

others: 502 

So far most EV adoption has happened in cities. There is a question of how well EVs 503 

work in Northern areas where it’s very cold for example. The infrastructure has been 504 

built where the main routes are, but what happens outside of the main routes is 505 

different.  506 

N011 agreed and emphasized the vulnerabilities related to rural (and winter) EV usage in 507 

Norway, touching on the contemporary and contentious issues of ‘range anxiety’4: “There is 508 

obviously a problem with electric mobility in the countryside.  Norway is a country of long 509 

distances and cold temperatures, and there is clearly less infrastructure for charging in 510 

remote areas.  It is difficult for people who have to commute a long distance to change to an 511 

EV.” Respondents in our internet forums agreed, noting: 512 

By far, the biggest issue with EVs is how to charge it up if you live in a place without a 513 

private parking spot or a charger. This is a difficult problem to solve.  Another issue is 514 

to have enough fast chargers when you drive long distance.  Occupied or broken 515 

chargers are a bigger problem than range anxiety. 516 

Another commented that: “The EV transition disenfranchises those who are not living in 517 

urbanized areas, because range is a big factor. So some rural people feel “left behind” in this 518 

EV revolution.”  Essentially, this means that EVs may be good for taxi fleets and private 519 

companies in urban areas (see Figure 4) while being beyond the reach of most rural 520 

consumers. 521 

 522 

 523 

 524 

 525 

 526 

                                                 
4 As discussed in the Nordic context in Noel et al. (2019). 



Figure 4: A Tesla Taxi in Trondheim, Norway, March 2018  527 

 528 

Source: Authors  529 

The identification of these micro scale injustices highlights how socio-technical issues 530 

related to the roll-out of EVs and the development of supporting infrastructure have strong 531 

geographical dimensions. Indeed, there is a profound urban-rural divide between those who 532 

can benefit from EVs in cities and those who cannot take part in the transition but are left to 533 

drive polluting (and increasingly taxed) petrol cars in rural areas.  534 

3.3.2 Meso injustices   535 

Meso level injustices of the EV transition in Norway related to how people reliant on 536 

public transport and fossil fuel cars are being hit with more taxes – while also not being able 537 

to afford an EV. This came up in five interviews.  Another meso concern linked to debates 538 

around the expansion of roads, especially in ecologically sensitive and protected areas, as 539 

well as. N007 argues here for example that the environmental credentials of EVs are being 540 

used to justify greater expansion of the road network:  541 

Norway has a high share of EVs, about 6% of the total passenger cars and it’s very 542 

high globally, but you still have 94% of diesel and petrol cars. There are some 543 

politicians who think now that the environmental problems have been “solved” with 544 

EVs and that we can do all other things, like build roads, which also harms the 545 



environment in other ways … Especially road building is something we have been 546 

working on in our organization. There’s a big part of the country where there are big 547 

plans to expand the roads and we are trying to tell them that these roads have a lot of 548 

negative impacts on the environment, disturbing nature. There are areas which are 549 

important for recreational use, they will be disturbed. They are increasing traffic in the 550 

cities and the areas around and have less trains. But it’s not a problem anymore, 551 

because the EVs are coming. In a way, EVs allow for the greenwashing of road building 552 

and expanding road transport … There are even plans to build a highway that 553 

stretches in areas of important nature and wetlands that have high environmental 554 

value. They have for example decided to go into a protected area near Lillehammer. 555 

Also, on the west coast they want to build a highway to Trondheim, to the whole west 556 

coast, over the fjords.  Many of the people who are pro this say that EVs make this less 557 

harmful for the environment.  558 

N011 meanwhile highlighted the problems related to road building in terms of increased 559 

traffic, adding:  560 

Infrastructure for cars, including EVs, is one of the main reasons for the loss of 561 

biodiversity in Norway in general.  If you build more efficient roads, you get more road 562 

traffic and you increase all the activity on that road, so you get more of those 563 

problems with noise and dust from the road and plastics. Since the cars are still not 564 

fossil free in this transition period, we still increase our emissions by investing in more 565 

roads. 566 

The meso scale environmental injustice of using EVs as a justification for new road building 567 

plans shows how a benefit in one area (a less polluting car) can be used as to rationalize 568 

policy in another area that leads to arguable ecological harm (biodiversity loss due to road 569 

building).  570 

3.3.3 Macro injustices  571 

Respondents lastly identified social and environmental macro scale issues such as 572 

waste flows generated by and externalities resulting from foreign manufacturing processes 573 

that underwrite Norwegian demand for EVs, as well as the exporting of ‘dirty’ (fossil fuel- 574 

powered) cars out of Norway.  575 

N001 noted this transnational link between the Norwegian EV and the extraction of 576 

necessary minerals in other countries: “EVs do directly have negative consequences in the 577 



Congo, and also Latin America, where lithium and cobalt come from.”  N006 reflected on 578 

some broader (and hitherto under-studied) dimensions of the EV revolution in Norway: 579 

There are things with battery production that are of concern. Scarce materials, terrible 580 

working conditions for people in mines and the Congo where they have to get cobalt 581 

from. And the disposal of the batteries at the end.  There is a risk that this leads to 582 

environmental disasters somewhere else, so that we can drive around in clean cars in 583 

Norway only by exploiting even more poor workers in third world countries than we do 584 

today.  585 

Other respondents also touched on the problems related to battery manufacturing, 586 

including “severe” environmental impacts from mineral extraction and social impacts of using 587 

“child labor.”  N004 meanwhile highlighted the spatial justice trade-offs between Norway’s 588 

‘green’ consumption and the potentially ‘dirty’ production that occurs somewhere else: “EVs 589 

only make Norway green because they are produced somewhere else, and they are very 590 

energy intensive to manufacture.” Beyond the EV production process, N004 also connected 591 

EV use in Norway with the exporting of (soon-to-be-outlawed5) fossil fueled cars and second-592 

hand cars towards jurisdictions with weaker environmental standards.  They speculated: 593 

The EV transition in Norway does create a risk that – we see that with computers and 594 

mobiles – the fossil fuel cars they are replacing are dumped in markets in developing 595 

countries for example at a cheap price and that is a risk to the environment and 596 

climate. 597 

N011 noted that even damaged EVs can end up in foreign markets. They stated: “The 598 

handling afterwards when an EV is wrecked is really important. It shouldn’t just be shipped to 599 

some country which has no regulation on dangerous waste.” 600 

 The macro scale injustices highlights the potentially uneven nature of low carbon 601 

transitions, where benefits in one country can in fact result in injustices in others. Issues such 602 

as the use of child labor in cobalt mining in Congo (e.g. Heffron, 2018), poor environmental 603 

standards of battery production, and other nations possibly acting as waste grounds for old 604 

Norwegian fossil fuel cars, show how the Norwegian transition to EVs has far-reaching 605 

implications that are felt far beyond the borders of Norway.   606 

                                                 
5 See discussion on the Norwegian government’s proposal to phase out all fossil fuel cars by 2025 in Kass 

(2018). 
 



3.4 German solar panels 607 

 Our material on the solar PV transition in Germany highlighted micro injustices such 608 

as the exclusionary nature of investing in the feed-in tariff (FIT) scheme, the erosion of the 609 

market vitality for nuclear power and coal, and unemployment and labor issues at German 610 

solar firms; meso injustices such as negative repercussions on neighboring countries Poland 611 

and the Czech Republic and threats to European electric utilities; and macro injustices such as 612 

the disruption of global fossil fuel markets, the extraction of raw materials, and poor working 613 

conditions at overseas manufacturers of solar equipment.    614 

3.4.1 Micro injustices 615 

 At the micro scale, respondents identified a host of injustices: those unable to afford 616 

investment in the national solar feed-in tariff (FIT), disruption to nuclear power providers and 617 

centralized utilities as well as coal miners. 618 

 Although half of renewable energy is citizen owned in Germany (Johnstone & Kivimaa 619 

2018), one stream of economic injustices that respondents drew attention to was the 620 

potentially uneven access among German citizens to solar resources and financing, with a 621 

focus group respondent noting plainly that: ”If you don’t have the money you can’t invest in 622 

the solar revolution.”  Considering that the consumers who have been able to benefit from 623 

generous subsidies are the ones who have been wealthy enough to afford the panel set-ups, 624 

in this light, the German solar transition could be seen as an example of the poor cross-625 

subsidizing the wealthy, good for community halls in wealthy areas (see Figure 5) and shrewd 626 

pensioners, but not members of the ordinary public. 627 
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Figure 5: The Vauban community hall with solar PV, Germany, September 2018  639 

 640 

Source: Authors  641 

This exclusionary aspect of solar energy was identified as also having geographical 642 

dimensions, with G006 observing that there may be interlocking meteorological and 643 

socioeconomic dimensions to the exclusion of some from solar, as it inevitably does not work 644 

well in less sunny areas or for those whose access to sunlight (and personal roof-space) is 645 

limited by the fact that they live in flats and apartments: 646 

Since we all know solar PV is powered by the sun, people living in places with fewer 647 

solar resources are at a disadvantage, or those living in buildings without a roof, or 648 

without a roof facing the right direction.  649 

There are further geographical dimensions to the injustices felt by some in Germany, with 650 

G001 claiming that populations in Eastern Germany, for example, feel resentment and anger 651 

towards the solar policy:  652 

In East Germany there is recent living memory of losing out, because of the closure of 653 

Eastern German industry and nothing coming to replace it. They feel that they are the 654 

victims and they regard the market, the government and its pro renewable energy 655 



policy as evil, making them victims. The idea that they are helping others get rich is 656 

entrenched. 657 

This resentment is intelligible in the context of the inherent challenge that decentralized solar 658 

PV presents to (incumbent) centralized power providers, especially nuclear operators, as well 659 

as coal miners. Indeed, as G010 put it: “The nuclear industry in Germany has been suffering 660 

from the decision to phase in solar, and phase out nuclear. They are forced to explore 661 

options to sell overseas, given they no longer have a home market.”  662 

For G005, resentment is sharpened further by the fact that coalminers are an already-663 

marginalized (and beleaguered) community within Germany:  664 

The high carbon fossil fuel industry is obviously and rightly threatened by solar energy, 665 

they lose their business model.  Other social costs include the closure of coal mines and 666 

coal power plants in eastern Germany.  For example in the region of Lausatia where 667 

you have abundant coal, the region itself benefits through taxes, jobs, and other 668 

benefits. This is some of the best paid jobs, especially in Lausatia, which is otherwise 669 

socially and economically weak in Germany, one of the poorest areas. If these 670 

companies leave and the jobs leave, you need create credible solutions for these 671 

people to buy into a low carbon pathway. And this so far has not happened.  Instead, 672 

the beneficiaries of solar have been companies in the South of Germany, notably 673 

Freiburg in Baden-Württemberg.  674 

These micro scale injustices demonstrate the unevenness of the German solar PV transition 675 

in terms of who has been able to benefit – both temporally and spatially. Initially the wealthy 676 

part of the population were the main beneficiaries during the initial phase of the policy roll-677 

out where the FIT was extremely generous, while those with less capital, or access to suitable 678 

locations for panels, have been less able to take part. Furthermore, workers in old incumbent 679 

industries such as nuclear and coal have arguably lost jobs in the transition.  680 

3.4.2 Meso injustices 681 

At the meso scale, respondents cited issues such as the fact that solar presents 682 

challenges to the European model of centralized energy supply, has potentially negative 683 

impacts on Germany’s neighbors, has stigmatized the largely now-bankrupt German solar 684 

sector, and created unemployment among former solar employees. 685 

G010 framed the solar transition in terms of creating disruption to conventional 686 

energy suppliers across Europe and as having a parasitic relationship with renewables: 687 



 688 

Some of the losers are the conventional utilities across Europe because their business 689 

model has been eroded: a strong increase of renewables erodes their market share, 690 

and also because of the access to the grid, thus making the baseload power plants not 691 

economic or workable, though they still have to be around to cope with situations 692 

when renewables cannot be relied up. 693 

G011 added that:  694 

Countries like Poland and the Czech Republic are angry about our solar transition 695 

because they are now suffering from cheap electricity imports from Germany.  Coal 696 

plants in Poland and nuclear plants in the Czech Republic have had to reduce output 697 

and sell less electricity because of cheaper exports from the German grid. 698 

In the focus group, respondents stated that the German experience may have even created a 699 

negative stigma against future investments in a European solar industry: “The main negative 700 

to the solar transition is the loss of the companies who wanted to manufacture solar panels 701 

but have shut down. The lesson appears to be it is difficult to make a profit doing solar in 702 

Europe.”  703 

 Reflecting on the temporal specificity of Germany’s (since-faded) domestic solar 704 

manufacturing boom, some respondents argued that the solar transition has even (oddly) 705 

created risks for solar companies, investors, and workers within the country. G002 put this in 706 

the context of competition and bankruptcy for German firms:  707 

Germany has changed the economic value chain for the solar industry, not necessarily 708 

for the better.  Solar panels are not produced anymore in Germany …. To compete, 709 

German manufacturers tried to decrease their prices. However, that was not really 710 

efficient then and they went bankrupt.  711 

G008 reflected further on the legacy impacts of Germany’s declined solar sector, particularly 712 

the fate of the large number of now-unemployed workers: 713 

Interestingly the real vulnerable group from the solar transition is not often talked 714 

about, namely 100,000 people who lost their jobs in the German solar sector over the 715 

past years. You have trade unions and government going, oh my goodness, we cannot 716 

shut down coal because of all the work and these regions. I am like, guys you know 717 

that Solar World and other big producers have shut down in the past years and you 718 

didn’t make a peep about those workers, right?  Workers in the German renewable 719 



energy sector are a vulnerable population. They tend to have poor labor conditions, 720 

terrible contracts, awful health and safety and a slew of occupational hazards. 721 

G013 lastly noted that solar companies perhaps lost the most in the German transition due to 722 

a watering down of national policy and negative perceptions from financiers:  723 

Until 2010 we had no losers in the national solar market. The conditions have changed 724 

since then and we indeed had losers after that … Many companies have gone into 725 

insolvency because the banks no longer finance the projects because of a loss in 726 

planning security. The problem became acute after 2010/11, when the government 727 

decided to weaken the FIT scheme.  As a result, many companies can no longer realize 728 

big solar projects that were previously financed by the banks. Now, no banks will go 729 

ahead for solar projects. 730 

Consequently, it is apt to conclude that, in spite of it being considered a ‘success story’ of 731 

state intervention, these gains are not permanent and indeed the German solar sector itself 732 

has not been immune from the changing nature of the transition and the whims of global 733 

markets (Meckling & Hughes 2018).  734 

3.4.3 Macro injustices  735 

At the macro level, respondents drew attention to several concerns with the solar PV 736 

transition in Germany, particularly the negative economic impacts on global fossil fuel 737 

providers and the potential environmental and social impacts of the (overseas-based) panel 738 

production process. 739 

 G001 argued that, although this would not be seen as a bad outcome by many, fossil 740 

fuel states and companies themselves are nonetheless set for huge disruptions as a result of 741 

the German (and global) PV transition: 742 

The people who benefit from the fossil fuel industry are the biggest losers. I do not feel 743 

sorry for them, because it is like the drug dealer complaining about losing his business, 744 

or the burglar.  But there is logic in the claim that they are losers to the German 745 

transition.  They are the individuals, companies, and countries that are dependent on 746 

the extraction, conversion, marketing and use of fossil energy. Then we have to include 747 

different categories of gas, fracking, heavy oil, light oil, different grades of oil and look 748 

at the regional footprint of all of those.  Petrol states like Venezuela, which is going 749 

bankrupt, could be vulnerable as global oil markets shrink.  Canadian oil sands is in a 750 

similar category. 751 



G003 concurred with this analysis, noting “countries who export coal like Australia or South 752 

Africa are at risk, as well as oil and gas producing countries, especially in the long run. In 753 

other countries like China and India, you will see a huge growth of carbon intensive 754 

technologies to produce energy, so they could lose out also when renewables disrupt those 755 

markets.”  These apparent threats to incumbent sectors seem partly justified given that 756 

Germany is rapidly electrifying transport (meaning solar can begin to “substitute” for oil) 757 

(Canzler et al. 2017) and that it currently still imports 55.2 million tons of coal per year, or 93 758 

percent of its hard coal consumed (Amelang and Wettengel 2018: 1).  759 

 Other respondents meanwhile focused on the materialities of the solar industry itself, 760 

questioning the ethical and justice issues entangled in raw material extraction and 761 

manufacturing processes in jurisdictions with weak social and environmental protections 762 

(Mulvaney 2013, 2014).  As G004 states, “If you take a broad perspective, you have to 763 

question where Germany gets its solar modules from, where are the resources such as 764 

copper and raw materials coming from.  That has an impact on the countries where these 765 

raw materials are excavated, and working conditions for people working in the countries 766 

making solar panels are certainly affected … In China, we do not know under what conditions 767 

workers manufacture the models.” 768 

G008 articulated a broader critique of Germany’s solar (or any type of renewable 769 

energy) transition, drawing attention to the inherent imbalances and inequities built into the 770 

global political economy that may inevitably create injustices somewhere:  771 

Renewable electricity such as solar is underpinned by destructive political economy 772 

just like any other industrial processes.  Even renewables still destroy the Earth. Which 773 

is why you cannot talk about a truly renewable energy transition, you need to also talk 774 

about reducing general material throughput, or degrowth.  Otherwise, the production 775 

of renewable energies relies on the extraction on raw materials and resources around 776 

the world. And they are not extracted in socially responsible and environmentally 777 

sustainable ways. 778 

As with macro level injustices highlighted in previous sections, those pertaining to the 779 

German PV transition therefore relate strongly to the question marks that hang over the 780 

global production chains of mineral extraction, production processes and waste, and the 781 

ultimate unevenness built into the system that makes economic activity ‘cheaper’ in one 782 

place compared with another.   783 



4. Discussion: Disproportionality, spatiality, and temporality in injustices  784 

When taken collectively, the injustices recognized by our interviews, focus groups, 785 

and internet forums aggregate into the 42 summarized in Table 2.   Most injustices—19 in 786 

total—occur at the micro scale but a compelling number also span the meso scale (12 in 787 

total) and the macro scale (11 in total).  In this section, we assess three themes within these 788 

injustices: disproportionality in costs and benefits, spatiality and the externalization of 789 

impacts, and the temporality and inter-generationality of impacts.   790 

Table 2: Summary of whole systems injustices for four low-carbon transitions  791 

Case study Micro injustices Meso injustices Macro injustices  

French 
nuclear 
power 

(1) Water consumption, 
(2) nuclear waste 
streams, (3) community 
health, (4) depressed 
property values, (5) 
interference with wine 
making, (6) social 
peripheralisation and 
marginalization  

(1) Safety, reliability and 
accidents, (2) interference 
with other European low-
carbon transitions  

(1) Environmental 
impacts of uranium 
mining, (2) political 
impacts of uranium 
mining, (3) nuclear 
exports  

British 
smart 
meters 

(7) Exclusion of rural 
areas, (8) exclusion of 
those living in social 
housing blocks  
(9) rising household 
energy prices, (10) 
negative impacts on 
vulnerable groups, (11) 
added stress for families 

(3) Loss of jobs, (4)  
higher national energy 
prices, (5) the 
environmental impacts of 
the smart meter roll out 

(4) reliance on raw 
materials from 
unstable regions, 
(5) hazardous waste 
streams 

Norwegian 
electric 
vehicles 

(12) Increased car use 
leading to congestion, 
(13) pollution, (14) 
parking, (15) avoidance 
of walking/cycling, and 
(16) lack of 
infrastructure in rural 
areas 

(6) Diversion of taxes from 
public transport, (7) 
expansion of roads into 
environmentally sensitive 
areas, (8) greenwashing of 
national policy  

(6) Poor labor 
conditions foreign 
resource extraction, 
(7) hazardous waste 
streams, (8) 
exporting of dirty 
cars 

German 
solar 
panels  

(17) Exclusionary nature 
of the feed-in tariff, (18) 
phasing out of nuclear 
power plants, (19) local 
closure of German coal 
mines  

(9) Erosion of markets for 
electricity in Poland and the 
Czech Republic, (10) 
undermining of European 
electric utility business 
models, (11) stigmatizing 
future solar investment and 
the bankruptcy of German 

(9) Disruption of 
global fossil fuel 
industries, (10) 
extraction of raw 
materials, (11) poor 
working conditions 
at overseas solar 
manufacturers  



solar firms, (12) poor 
employment conditions or 
standards at German 
manufacturers  

Source: Authors. 792 

4.1 Disproportionality of national costs and benefits  793 

An obvious core theme arising from our analysis is the disproportionality of costs and 794 

benefits arising from the low-carbon transitions within each country examined.  Such 795 

transitions are often framed as “win-wins” or “no-regrets” options for the co-benefits they 796 

bring (Lutsey 2008; Tran et al. 2014).  While such co-benefits must be acknowledged, such 797 

language obscurers the corresponding potential for new losers to be created – or pre-existing 798 

vulnerabilities within the energy system (or wider society) to be worsened (Meadowcroft 799 

2011; Bridge et al. 2013). Indeed, our analysis shows that each transition often consolidates 800 

its benefits to the exclusion of others.  801 

At the micro and meso scales, the benefits from the French nuclear transition accrued 802 

to suppliers and households in France, but the transition placed particular communities living 803 

near reactor sites and infrastructure at risk of environmental threats and accidents.  The 804 

British smart meter transition meanwhile appears to present benefits to suppliers and new 805 

businesses able to exploit time of use pricing models and wealthier households able to take 806 

advantage of new data streams by using smart or automated appliances; but does so at the 807 

cost of higher electricity and gas prices for those unable to shift demand and at the risk of 808 

excluding rural communities and those living in social housing blocks.  The Norwegian EV 809 

transition benefits those wealthy enough to afford the purchase price of an EV, but it leads to 810 

greater traffic congestion, strain on other transport systems, loss of parking spaces, and 811 

potentially even increased road building.  Finally, the German solar transition similarly 812 

benefits those wealthy enough to acquire panels, but at the exclusion of those in areas 813 

without abundant solar resources and at the direct disruption of German nuclear suppliers 814 

and coal miners.  Respondents even suggested that German solar workers who lost their jobs 815 

are a vulnerable group within the transition. These forms of social exclusion clearly require 816 

addressing through active policy interventions if low carbon transitions are to avoid 817 

perpetuating pre-existing socio-economic inequality. 818 



4.2 Spatial externalization of impacts 819 

 As predicted by our whole systems approach, justice impacts span the spatial scale – 820 

from micro, meso, to macro –  across the process of production, manufacture, consumption, 821 

or waste disposal. Impacts of particular energy transitions are not limited to or contained by 822 

the boundaries of the country undergoing the low-carbon transition, but are interwoven in 823 

complex multi-scalar webs of cause and effect. Indeed, many of the injustices identified occur 824 

at the macro, extra-territorial or global scales, and effectively amount to a spatial 825 

externalization of deleterious environmental and social effects – with the (invariably 826 

Northern) countries mainly enjoying positive effects of their low-carbon policies.  As Bridge et 827 

al. (2013: 335) observe, the perverse effect of the gravitation of ‘clean’ energy technology 828 

manufacturing to countries such as China has been that this production now takes place 829 

largely in “a region with a higher carbon intensity of production.” Such a dynamic invites an 830 

extension of the social peripheralization metaphor introduced in our discussion of French 831 

nuclear power, whereby proliferating streams of pollution and waste end up in countries that 832 

cannot afford to refuse the financial compensation of bearing a high environmental and 833 

health risk.   834 

In our cases, the French nuclear transition clearly externalizes spatially energy and 835 

carbon-intensive processes such as uranium mining, milling, and fuel enrichment to other 836 

countries in North America, Asia, Africa and Australasia (Poirson 2012), and it has arguably 837 

flooded European neighbors with cheap power that has stymied their own energy transitions.  838 

The British smart meter transition has meanwhile generated electronic and hazardous waste 839 

streams that could be exported to countries in the Global South (Sovacool et al. 2018), and it 840 

also has resulted in carbon emissions related to the fairly inefficient nature of smart meter 841 

installations in Britain (Holifield et al. 2017).  The Norwegian EV transition depends on 842 

material inputs such as cobalt, lithium and copper that are produced in areas with weak 843 

human and environmental safeguards (e.g. Rustad et al., 2016), and it is also generating 844 

waste streams for used batteries and second-hand vehicles (Manzetti, & Mariasiu 2015; 845 

Winslow et al. 2018). The German solar transition similarly requires raw materials produced 846 

in unstable regions of the world, and depends on low-wage factory workers in countries such 847 

as China for manufacturing and assembling modules (Aman et al. 2015). These extra-848 

territorial dimensions are somewhat troubling as they suggest that low-carbon transitions 849 

achieve some of their low-carbon or ‘clean’ elements merely by outsourcing injustices (such 850 



as ‘dirty’ production) elsewhere (Sovacool 2016). They also illustrate clearly how “energy 851 

production, consumption and policy-making decisions in one place can cause hidden but 852 

harmful, multi-dimensional, socio-environmental injustices in others” (Healy et al., 2019: 853 

230). 854 

4.3 Temporality and futurity  855 

 A final noteworthy dimension to the injustices of low-carbon transitions is their 856 

temporality, both in terms of the timing of benefits but also the impact on future generations 857 

(futurity). Clearly, these issues were even mentioned directly in the interviews, and they are 858 

perhaps the starkest for nuclear power, given the long-lived nature of its waste streams 859 

(Taebi et al. 2012). As F001 reflected, “There are clear inter-generational equity issues with 860 

nuclear power … And yet we tend to accept these, or ignore them, due to the post war 861 

culture of a brave new way forward". F004 similarly stated that: “Any discussion of justice 862 

must focus on fairness from the perspective of the local territory that will be hosting nuclear 863 

facilities. And you must also discuss the fairness towards future generations that will have to 864 

deal with that burden.”  A different temporal dynamic was at work within the British smart 865 

meter program—with those adopting first generation (SMETS1) meters suffering from lost 866 

functionality if they switched suppliers (see Figure 6), saddling these customers with an 867 

inferior technology. Norwegian EVs have articulated contrasting temporal dimensions, with 868 

early adopters deriving the lion’s share of benefits; and later-adopters enjoying fewer. As 869 

N003 explained: “The more people that have EV, the fewer the benefits for drivers. You have 870 

to take away some of these benefits eventually, everyone cannot be allowed to drive on bus 871 

lanes. Once you have too many EVs, they fill up.”.  This same dynamic was evident in 872 

Germany, with early adopters of solar PV deriving the greatest benefits. As a respondent in 873 

our focus group iterated: “The German feed-in tariff for solar was more profitable 18 years 874 

ago, but not now.”  875 
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Figure 6: A first generation SMETS1 smart meter from British Gas, London, April 2018 883 
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Source: Authors 892 

The longevity and often complicated legacy of energy systems therefore indicates a 893 

need for whole systems thinking at the design stage of these systems, with planners 894 

remaining open to the possibility of different outcomes for different people at different 895 

stages of the transition as well as policy process (Blizzard and Klotz, 2012). 896 

5. Conclusion and Implications  897 

 In sum, the whole systems energy justice analysis presented here demands we better 898 

understand, account for, and attempt to minimize the ways in which European low-carbon 899 

transitions can give rise to, and then systematize, injustices – across social segments, spatial 900 

scales, and temporalities.    901 

Across our data collected it was observed that benefits from low carbon transitions 902 

can, for example, be socially differentiated and geographically- and temporally-specific. In 903 

France, the benefits that accrued to the locales of nuclear plants were seen to fade quickly 904 

once plants closed, with areas around the plants becoming increasingly seen as vulnerable – 905 

once again returning to their (prior) peripheral state. French nuclear power was also criticized 906 

for disrupting low-carbon transitions outside of France and exporting risky technology (and 907 

waste streams) globally. Within Great Britain, smart meters do hold the potential to increase 908 

information and decrease household energy consumption, but this is accomplished at the 909 

cost of potentially excluding some segments of the population, especially rural or hard-to-910 

reach housing areas. Moreover, it could facilitate the loss of jobs (from traditional meter 911 



readers), place additional stress on families, and contribute to rising energy prices.  Smart 912 

meters also rely on raw materials produced from politically and socially volatile regions and 913 

their production may be responsible for generating waste streams of hazardous materials 914 

and carbon emissions. Within Norway, electric vehicles empower adopters with seemingly 915 

low-carbon mobility but lead to increased traffic congestion, increased use of roads, and local 916 

pollution, and their diffusion is also shaped by the availability of charging infrastructure (or 917 

lack of it).  The EV transition can also lead to unintended environmental impacts, where it 918 

leads to increased driving and a renewed interest in expanding road building, with policy 919 

planners perhaps satisfied that they have done ‘enough’ to protect the environment in 920 

stimulating the EV market. Globally, the EV transition is dependent on foreign resource 921 

extraction, the generation of poorly managed waste streams, and the potential exporting of 922 

dirty cars outside of Norway.  Within Germany, the solar transition has benefitted primarily 923 

those who could invest in the national FIT.  But those without access to solar resources or 924 

financing have been excluded, creating feelings of resentment in places such as Eastern 925 

Germany and directly threatening the economic vitality of communities dependent on coal-926 

mining or nuclear power.  It has also arguably hurt solar firms and their employees with 927 

boom and bust cycles of development and unstable working conditions – a success story that 928 

provided unsustainable in the context of ever-integrated global markets and an absence of 929 

sectoral protectionism.  Beyond Europe, the German solar transition has the potential to 930 

disrupt global fossil fuel supplies and the millions of workers and investors that depend on 931 

them. The solar supply chain also depends on material inputs and labor processes that have 932 

adverse social and environmental consequences.  933 

Overall, then – and as Figure 7 illustrates – the injustices associated with European 934 

low-carbon transitions cross-cut scales (micro, meso, macro) and lifecycle stages (of 935 

production/distribution, consumption, and waste disposal/recycling). These injustices are 936 

inherently dynamic and relational and may be experienced differently by different people in 937 

different places at different times, and sometimes negative impacts can be unexpected or 938 

unintended. Thus, as Broto and Baker (2018: 3) argue, “energy is bound up with the 939 

reproduction of uneven patterns of development and access” that are not “pre-existing, 940 

fixed” categories, but are “actively constituted through social and material relations.” In this 941 

way, a French household using nuclear electricity to bake croissants, connects with a worker 942 

inhaling toxic fumes at a uranium mine in Namibia.  A British household using their smart 943 



meter and in-home display to monitor their laundry is generating electronic waste that could 944 

end up in the fields and farms of Bangladesh.  A mother picking up her children at school in a 945 

Norwegian electric vehicle depends in part on the backbreaking labor of mineral extraction 946 

across lithium and cobalt mines in Africa and South America.  A German solar panel 947 

supporting a pensioner’s retirement in Berlin may have been manufactured at a low-wage 948 

factory in China.   949 

Figure 7: Whole systems energy justice impacts of European low-carbon transitions  950 

 951 

 952 
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 954 

This underscores the global dimensions of what are foremost framed as local 955 

European policies and transition pathways. There is a relational element to the injustices as 956 

well, with transnational groups (i.e. companies and investment flows) rarely exhibiting 957 

vulnerability in the same way as local and national groups do. Indeed, it is local and national 958 

groups that are often vulnerable to transnational processes or institutions, especially for the 959 

“macro” injustices identified.  These persistent cross scalar and temporal dimensions of 960 

transitions demand that we reconsider just how clean and just low-carbon transitions in 961 
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Europe are.  There are often hidden whole-systems impacts that we are only beginning to 962 

comprehend, let alone account for.  963 

 We do not believe our findings undermine the over-arching rationale for low-carbon 964 

transitions, nor do they suggest that the four specific transitions we examined should have 965 

been abandoned. However, based on our findings and new theorizations of whole systems 966 

energy justices, we believe that planners, policy makers, practitioners, and researchers 967 

should nonetheless become more cognizant of the potential for low-carbon transitions to 968 

create new – and worsen pre-existing – patterns of injustice and inequality. The specific 969 

critiques we raise, some of them quite sobering, are aimed at improving and learning so that 970 

vulnerability in low-carbon transitions is minimized, benefits and burdens are made more 971 

visible, and the potential gains are distributed more fairly and according to representative 972 

processes.  Dealing with whole systems energy justice is thus as demanding as it is necessary.  973 
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A B S T R A C T

The Smart Meter Implementation Program (SMIP) lays the legal framework in the United Kingdom so that a
smart gas and electricity meter, along with an in-home display, can be installed in every household by 2020.
Intended to reduce household energy consumption by 5–15%, the SMIP represents the world's largest and most
expensive smart meter rollout. However, a series of obstacles and delays has restricted implementation. To
explore why, this study investigates the socio-technical challenges facing the SMIP, with a strong emphasis on
the “social” side of the equation. It explains its two primary sources of data, a systematic review of the academic
literature coupled with observation of seven major SMIP events. It offers a history of the SMIP rollout, including
a summary of 67 potential benefits as well as often-discussed technical challenges, before delving into pertinent
non-technical challenges, specifically vulnerability as well as consumer resistance and ambivalence. In doing so,
the paper not only presents a critique of SMIP, it also offers a review of academic studies on consumer responses
to smart meters, an analysis of the intersection between smart meters and other social concerns such as poverty
or the marginalization of rural areas, and the generation of policy lessons.

1. Introduction

By almost any standard, the smart meter program in the United
Kingdom (UK)—known officially as the “Smart Meter Implementation
Program” (SMIP)—represents a monumental undertaking. The SMIP
lays the legal foundation to place a smart meter for electricity and for
natural gas in every home and small business by 2020 (Smart Energy
GB, 2017). It represents the UK government's “flagship energy policy”
(Murphy, 2016a, 2016b: 2) and will involve installing a combined 104
million pieces of new equipment when counting separate electricity and
gas meters, in-home display (IHD) monitors and wireless communica-
tions networks (Lewis and Kerr, 2014). The combined total cost is
expected to be at least £11 billion, or more than £200 per household
(Rose and Thed, 2014). Even the marketing campaign inspires awe,
with £100 million committed over a five-year duration of the program,
convincing Barnett (2015: 2) to estimate that it is the biggest

advertising campaign in the world in the “next five years.” Although
the expected costs of the rollout are controversial, Lewis and
Kerr (2014: 5) have argued that the SMIP is “by far the most complex”
and also “costliest” smart meter program, as well as the largest
government-run information technology project in history. Smart
Energy Great Britain (Smart Energy GB), the “voice” of the smart
meter roll out, framed it as “the biggest behavioral change program
that this country has seen” (House of Commons Science and
Technology Committee, 2016: 13) and “the biggest national infra-
structure project in our lifetimes” (Smart Energy GB, 2017: 1). The
Department of Energy and Climate Change (DECC, now merged with
Business, Energy, & Industrial Strategy [BEIS]) argued that it is the
largest transition the energy industry has undertaken in the UK since
the conversion to North Sea natural gas (quoted in Darby, 2010).

However, implementation has been replete with obstacles, and
progress sluggish at best. Although Smart Energy GB sold the program
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on the grounds that it would enable “huge benefits for consumers and
our national infrastructure” and facilitate a “revolution in Great
Britain's national energy system,” the SMIP has encountered numerous
challenges (House of Commons Science and Technology Committee,
2016: 26). The program is years behind schedule and the costs of the
rollout are highly contested. The start of the rollout has been delayed
several times, from the initial 2014 starting date to November 2016.
According to the most recently available Department for Business,
Energy & Industrial Strategy data shown in Fig. 1, only 4.04 million
meters have been installed as of late 2016, or 7.14% of the target
number. In order to meet its targets, suppliers will need to install smart
gas and electricity meters at a rate of about 40,000 per day for the
duration of the program (Citizens Advice, 2017). Alongside this
technical challenge, the SMIP also represents “one incredibly tough
job” of convincing every household in England, Wales, and Scotland to
install a smart energy meter (Barnett, 2015: 3).

Alongside the more frequently discussed technical barriers, what
types of non-technical or social barriers has the SMIP encountered?
How far have these issues been considered (or not)? What kind of
possible implications arise from these considerations? To provide some
answers, this study utilizes a mixed methods approach to investigate
the socio-technical challenges facing the SMIP in the United Kingdom.
The article first explains its two primary sources of data, a systematic
review of the recent academic literature coupled with participant
observation of seven major SMIP events in the UK. It then offers a
history of the SMIP rollout before delving into two core themes,
grouped under the headings of vulnerability and resistance. In doing
so, it not only presents a critique of the UK's implementation program
for smart meters, it also offers a review of consumer responses to smart
meters, an analysis of the intersection between smart meters and other
social concerns, and the generation of lessons for other smart meter
programs.

The main contribution of the article is to inform current policies and
practices concerning the SMIP and national energy policy attempts to
decarbonize electricity and heat in the UK. The Committee on Climate
Change (2016a) warns that current UK policies will fall well short of the
fifth carbon budget by at least 100 million tons, a large amount (37.2%)
given that the carbon budget expects to save only a total of 268.4 million
tons by 2035 economy wide (Committee on Climate Change, 2016b).
This means new measures must deliver further efficiency improvements
(Staffell, 2017), especially in the domain of heating. We provide insight
towards this goal by investigating potentially overlooked non-technical,
or human and social, elements in convincing consumers to accept new
technologies aimed at making homes and power networks more efficient,
sustainable, and secure.

Additionally, the article contributes to debates beyond the UK.
Some €51 billion will be spent on smart meter initiatives in the near
future across the European Union (EU) (Darby, 2010). In 2013, only
about 10% of households in the EU had a smart meter, but the
European Commission has mandated that this number rise dramati-
cally to 80% by 2020 (Viitanen et al., 2015). The European Commission
(2017) reports that Member States have committed to rolling out close
to 200 million smart meters for electricity and 45 million for gas by
2020 at a total potential investment of €45 billion. This study, however,
elucidates some of the technical and social elements befuddling
attempts to rapidly diffuse smart meters across homes and cities—
findings that have relevance for those wishing to better understand the
temporality and complexity of both national and household energy
transitions (Sovacool, 2016).

2. Research methods

To collect data for our study, a systematic and extensive search was
conducted for peer-reviewed academic articles on smart meters in the
UK, published between 2008 and 2017, in addition to a supplemental
collection of relevant government reports and media news articles. As
Petticrew and Roberts (2006) and Sorrell (2007) note, systematic
reviews improve the evidence base for policy analysis by enabling
better specification and inclusion of a broader range of results
(minimizing bias), enhanced transparency about the research process,
and a research design that can be replicated.

In order to maximize the size of our sample of literature and
develop a thorough review, we conducted a broad search of articles
discussing any aspect of the SMIP or smart meters, from engineering
and technology concerns as well as social, political, economic, and
cultural dimensions. We searched five different academic databases,
looking for several sets of keywords within full-length, English-
language research articles. We searched article titles, abstracts, or
keywords for the terms “smart meter” and “United Kingdom,”
“England,” “Britain,” “Scotland,” “Wales,” and “Northern Ireland”.
Table 1 summarizes the total number of articles collected from each
database—with none excluded—including: Science Direct (15),
SpringerLink (2), Taylor & Francis's Informaworld (19), Wiley Online
Library (1), and Sage (10). All of the resulting 47 articles were
analyzed, and assessed both for topical coverage (what challenges
facing the SMIP did they identify, what socio-technical barriers did
they discern, if any?) as well as lacunae (what gaps within the literature
existed?).

To supplement this systematic review, the authors also attended
seven smart meter events in the UK between September 2015 and

Fig. 1. Domestic Smart Meter Installations in the United Kingdom, 2012–2016.
Source: Department for Business, Energy & Industrial Strategy, 2017

B.K. Sovacool et al. Energy Policy 109 (2017) 767–781

768



November 2016. These events were searched from the Internet, and
chosen because they were fairly large (a minimum of 50 participants
and a full program), at a high level (held in London, with many senior
policymakers or intermediaries present), open to wide range of
participants (with representatives from energy and equipment suppli-
ers, regulators, civil society, consumer groups, and other stakeholders)
and verifiable (most had full transcripts, background materials and a
briefing booklet). The events attended were:

• 15 September 2015, Policy-UK Forum “Smart meters, engagement,
infrastructure and smarter markets”;

• 15 October 2015, Westminster Forum “Smart energy networks:
innovation, regulation and market competition”;

• 1 December 2015: Westminster Forum “Next steps for smart
meters: program delivery, technological innovation, and consumer
engagement”;

• 10 March 2016: Westminster Forum “Annual Review of Demand
Side Policy and Smart Energy Developments”;

• 28 April 2016: Westminster Forum “Next steps for UK domestic
energy efficiency policy”;

• 12 October 2016: PRASEG “Energy Revolution will be Digitised:
Opportunities and Challenges of a Smarter Energy System”; and

• 24 November 2016: Westminster Forum “Implementing the smart
meter roll-out: customer needs, industry priorities and future
developments.”

The observational evidence collected from these events is useful for
aiding the understanding of contextual conditions and deeper dimen-
sions difficult to collect in static sources such as written texts (Yin,
2003). Such participant observation data offers real-time, contextual
data to complement the systematic review, and it also improves data
triangulation and validity.

We determined that almost two-thirds (59.6%) of articles identified
through the systematic review tended to discuss primarily technical
challenges to the SMIP; and, of the seven events, all (100%) of them
discussed technical matters in depth. However, based on this pre-
valence for an emphasis on technology, we also determined that at least
two important gaps existed, receiving far less coverage: how social
concerns and vulnerable consumers are considered (in fewer than 10%
of studies in the sample) as well as how consumers and others may
resist the adoption of smart meters (mentioned in fewer than 5% of the
studies).

3. History and context of the Smart Meter Implementation
Program (SMIP)

Before delving into the core discussion of the article—focusing on
vulnerability and resistance—it is helpful to first offer a brief history of
the SMIP. This section first summarizes the specific technologies being
utilized before moving into the proposed benefits of the program and
the timeline of the rollout. It finishes with a summary of the presumed

primary culprit behind the SMIP's difficulties, challenges with the
technology.

3.1. Defining “smart” technologies and meters

There is no universally accepted definition of what constitutes a
“smart” energy or gas meter. Darby (2008) notes that the phrases
“advanced meter” or “smart meter” can refer to a bundle of different
systems including net meters, digital meters, automated meters,
interval meters, new meters, retrofitted meters, two-way communica-
tion devices, monitors and displays, and more. Purpose and function-
ality generally distinguish “smart” meters from “dumb ones,” that is,
“smart” meters communicate electronically and via a network to
suppliers or grid operators (Darby, 2010).

Interestingly in UK policy documents, a range of terminology (such
as “new types of meters,” “smart energy systems,” and “smart meters”)
was used until smart meters became a more commonly used term from
2006 (Hielscher and Kivimaa, unpublished). In the UK, smart meters
have come to mean meters that can both measure and store data at
specified intervals, and act as a node for communications between
supplier(s) and consumer(s) via automated meter management
(AMM), an elaborate way of describing automated meter reading or
remote meter diagnostics. A smart meter in the UK always has an “in-
home display”, or IHD, which refers to the device or monitor that
connects with the smart meter and provides consumers with informa-
tion about their energy consumption and costs (House of Commons
Science and Technology Committee, 2016). The term “advanced
metering infrastructure,” or AMI, is meant to encompass the entire
system of associated communications and infrastructure involved in
supporting and facilitating smart meters (Darby, 2010). As Fig. 2
indicates, when one focuses on the entire web of AMI rather than only
the meter itself, the SMIP involves the simultaneous conversion of
smart electricity meters, gas meters, IHDs, and wireless area networks,
as well as a network of households, data and communications
companies, service users, and electricity and gas suppliers. To be clear,
the UK is perhaps the only country in the world that conflates smart
meters and IHDs together, where suppliers mandate that all customers
who adopt a smart meter must also utilize an IHD, as well as a data
hub. The UK is also unusual in pushing both separate electricity and
gas smart meters.

3.2. Proposed benefits

Although they remain contested, the ostensible benefits of the SMIP
stem in part from the inefficiency of most existing meters across the
UK. One peculiarity to the UK is that many meters date back to
Victorian times and the late nineteenth century; another is that they are
often located inside homes, requiring household members to be
present when meter readings are taken (Thomas, 2012). Both of these
oddities lead to a significant reliance on estimates that are often
inaccurate and inefficient, which contributes to poor-quality feedback

Table 1
Overview of Systematic Literature Review on the Smart Meter Rollout, March 2008 to March 2017.
Source: Authors’ compilation.

Database Results for “smart
meter” and “United
Kingdom”

Additional results for
“smart meter” and
“England”

Additional results for
“smart meter” and
“Britain”

Additional results for
“smart meter” and
“Scotland”

Additional results for
“smart meter” and
“Wales”

Additional results for
“smart meter” and
“Northern Ireland”

Total

ScienceDirect 2 3 5 2 1 2 15
SpringerLink 2 0 0 0 0 0 2
Informaworld

(Taylor & Francis)
12 3 3 0 0 1 19

Wiley Online Library 1 0 0 0 0 0 1
Sage Journals 2 2 3 1 2 0 10
Total 19 8 11 3 3 3 47
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in energy bills along with considerable customer dissatisfaction (Darby,
2010).

More than half of energy use within the UK is now in homes and
personal transport, and electricity supply accounts for about 30% of the
country's carbon dioxide emissions (Kotter, 2013). Yet by 2050,
emissions from electricity must be reduced to close to 0% (Jenkins
et al., 2015; Committee on Climate Change2016a, 2016b). In this
context, a switch to smart meters offers the potential to capture
numerous sustainability benefits. These include pricing signals that

can reduce or at least better manage demand and encourage energy
efficiency, as well as enhanced resilience by shaving peak load (or
enabling demand side management or load management) and by
making it easier to pinpoint and address power outages (Hess, 2014).
Darby (2010) adds that offering direct consumption feedback to
households and businesses—e.g., from a display rather than indirectly
and mediated via the supplier in a bill or statement online—can also
empower them to better manage energy flows, reducing or shifting
demand as well as facilitating accelerated carbon reductions.

A recent House of Commons Science and Technology Committee
report (2016) notes numerous other possible benefits distributed
across consumers, utilities and society as a whole. For consumers, a
fully functioning, user-integrated smart meter and IHD should enable:

• Easier switching between suppliers;

• More accurate billing, the avoidance of billing problems, and the
need for meter readings; and

• Avoidance of debt accumulation through access to accurate near real
time information.

For utilities and energy providers, it can enable:

• Removing the need for site visits to complete meter reads;

• Reducing call center traffic, with fewer queries about estimated bills;
and

• Improved theft detection, debt management, and the ability for
remote disconnection.

For society at large, it can enable:

• Benefits of optimizing electricity generation and network manage-
ment;

• Reducing the need for a significant increase in reserve generation
capacity;

• Transmission interconnection, network reinforcement and electri-
city storage;

• Technical innovation and the development of new business models
and entrants; and

• Meeting binding climate change targets with less low carbon
generation.

For perhaps some of these reasons, Utility Week : (2017: 1)
suggested that the SMIP offers “an opportunity to transform transac-
tional and largely negative billing interactions with customers into
valued exchanges which deliver satisfaction all round, via reduced
costs, improved transparency, and empowerment.” Buchanan et al.
(2016) also surmised that smart meters could promote individual
benefits such as increased awareness and consciousness about house-
hold energy needs as well as automation; community benefits such as
comparing consumption with others or making new friends; or social
benefits such as connecting with others and taking part in games and
gamification.

Indeed, our own review of the literature identified no less than 67
overlapping short- and longer-term benefits summarized in Table 2.
The Department of Energy and Climate Change (now transmuted into
BEIS) estimated that the total costs of the SMIP would be around £8 to
£11 billion, but the benefits could reach as high as £17.1 billion when
one monetizes savings to consumers and suppliers as well as improved
air quality, estimations summarized in Table 3. The UK Office for Gas
and Electricity Markets (Ofgem, 2004: 2) projected that smart meters
would deliver “sustained energy savings of 5–10% for many customers
through the use of even a limited number of simple improvements.”
Other studies suggested savings as high as 15% of consumption (Darby,
2006; Martiskainen and Coburn, 2011).

Looking to the future, the SMIP could achieve further benefits in
the form of enabling virtual energy performance certificates for

Fig. 2. The sociotechnical system for Advanced Metering Infrastructure and Smart
Meters in the United Kingdom.
Source: Lewis and Kerr (2014).
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buildings, offering performance data on retrofits and new builds for
energy providers (and researchers and policymakers), or even encoura-
ging consumers to invest in energy retrofits, facilitating automated
loads, or promoting the uptake of intelligent homes. The “big data”
enabled by smart meters could allow the research community to better
understand consumption patterns and behavior with high quality,
robust analysis (Hamilton et al., 2013). It could also facilitate new
business models that incorporate electric vehicles, heat pumps, and
other storage devices in a “vehicle-to-home” or “vehicle-to-grid”
configuration (Robinson et al., 2013; Poghosyan et al., 2015; Al-
Wakeel et al., 2016).

3.3. History of smart meter rollout

Smart meters, or devices similar to them, have at least a thirty-five
year long history in the UK. The historical narrative often dates back to
the 1970s, when time-of-use pricing was developed as part of a Credit
And Load Management Unit (CALMU) scheme that was trialed in 1981
but never adopted on a large scale (Thomas, 2012). In the 1980s,
interests and developments in smart metering mainly derived from
communication providers and the manufacturers of meters, pitching
their “unlimited potential” (Marvin et al., 1999: 114). Utilities were
rather disinclined to put their efforts into thinking about a large-scale
smart meter rollout, doubting the environmental benefits and high-
lighting market uncertainties (Marvin et al., 1999). In 1990, the 45,000
largest industrial and commercial clients for electricity in Great Britain
(with demand of more than 1 MW) were required to install smart
meters capable of displaying time-of-use prices. In 1999, studying
several options of smart metering systems, Marvin et al. (1999: 123)
argued that ‘a context needs to be created in which “dominant social
interests”, such as utilities, manufacturers and communications com-
panies, can be supplemented with the “missing voices” of regulators
and user groups’.

A commitment to modern smart meters in domestic buildings
started to slowly emerge from the 2000s onwards with a renewed focus
on energy security and climate change (Murphy, 2016a, 2016b), and
the opening up of supply competition for households, plus the
development of information and communication technology (ICT).
“Three significant policy reports were produced on smart metering in
the UK, but few notable new policy or regulatory responses emerged”
(Owen and Ward 2006: 9). One of these reports was produced by the
Smart Meter Review Group that was set up in 2001 by the Department
of Trade and Industry (DTI), a precursor to both DECC and BEIS. They
recommended that “pilot studies should be set up to establish how far
smart metering could contribute to social, environmental, and security
of supply objectives” (Darby, 2008: 74).

The beginning of the SMIP as we know it today is often traced to
2006. Driven by the European Union Energy End-Use Efficiency and
Energy Services Directive 2006/32/EC, the UK government was busy
debating which “forms of metering, tariffing and billing are feasible”
(Darby, 2008: 70). A later Directive 2009/72/EC concerning common
rules for the internal market in electricity stated that “where roll-out of
smart [electricity] meters is assessed positively, at least 80% of
consumers shall be equipped with intelligent metering systems by
2020”. Furthermore, the uptake of renewables in the electricity sector
started placing a renewed emphasis on sustainability, and discussions
about electricity market reform emphasized competition and consumer
choice.

In 2008, Gordon Brown's government announced its decision to
rollout smart meters, including display units to all households by 2020.
The announcement was made before the results of the government
backed pilots to assess the benefits of smart meters, such as the Energy
Demand Research Project (EDRP) from 2007 to 2010, were collated

Table 2
Sixty-seven anticipated short and long term benefits to smart meters in the United
Kingdom.
Source: Author's compilation

No. Short term benefits

1 Offer an alternative to pre-payment meters or bring down costs of pre-
payment meters

2 Help consumers to budget
3 Increase energy efficiency awareness
4 Feedback on energy use
5 Carbon savings
6 Provide real time information energy costs
7 Provide information to make informed choices/ Greater understanding
8 Remote reading, avoid home calls
9 Energy bills accurate
10 Saving energy/ Reduce consumption
11 Manage their energy use, avoid waste
12 Customers install micro-generation
13 Remote switching credit and prepayment
14 Smoother switching between suppliers
15 Wide range of tariffs and incentive packages from suppliers
16 Suppliers to reduce costs
17 Customers save money/ Reduce costs
18 Better services from energy companies
19 Energy network planning
20 Drive uptake of renewable electricity
21 Reduce demand for heat
22 Billions in net benefits to the economy
23 Future Innovation
24 Jobs
25 Drive a more vibrant and competitive market
26 Offset price rises
27 Access a full range of energy management tools
28 Changing the way we think about energy
29 Help vulnerable customers
30 Pre-payment replaces by smart meter
31 Promote community energy
32 Consumers more active in the energy system
33 Suppliers offer more cost effective tariffs
34 Record how much consumed 1/2 h period
35 Promote distributed generation or distributed energy resources
36 One day switching

Long term benefits
37 Demand side management
38 Reduce peak loads via time of day tariffs
39 Network reinforcement and peak generation avoided
40 Advanced management techniques/ Automated demand side response
41 Reduced energy consumption
42 Consumers more flexible and responsive to market signals
43 Smart grid
44 Electric vehicle promotion
45 Automated responses to changes in network
46 Enhanced monitoring flow across the network
47 Deal with intermittence
48 New products and services/ innovation
49 Vibrant, competitive market in energy supply and energy management
50 Improved network efficiencies
51 Uptake microgeneration
52 Turning off non-essential electrical appliances
53 Energy network management
54 Smart Energy Services supported
55 Smarter energy market
56 Network operators understand loads on infrastructure
57 Network operators plan investments
58 Network operators respond faster to supply loss
59 Avoid the need to invest in additional network/ and generation capacity
60 Generate capacity to meet peak demand
61 Support smart apps and automated appliances
62 Enhance resilience
63 New opportunities for storage
64 Consumers take advantage of lower price periods
65 Peak shaving
66 Develop a domestic smart appliance industry
67 Large industrial customers and small-scale generators capacity market
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and the impact assessments were fully completed (Darby, 2009). The
government also created a legal framework for the rollout by imple-
menting regulatory changes using powers conferred on the Secretary of
State by the Energy Act 2008 and later the Energy Act 2011 (BEIS and
Ofgem , 2013). According to Marres (2012: 20), several controversies
arose from the publication of DECC's Impact Assessment, surrounding
issues such as privacy, efficiency, fuel poverty, and surveillance.

Since 2010, a substantial policy, technical and regulatory apparatus
has been implemented, setting in motion the SMIP, starting off with a
policy design stage (July 2010-March 2011), and followed by the
foundation stage (March 2011–2016), and the rollout (November
2016-present). From 2011 onwards, concerns about the mass-rollout
emerged, in particular through several parliamentary committee
enquires (NAO 2011, 2014, PAC 2011, 2014, ECC 2015). In addition
to rising costs, the rapid pace of technological change, data security,
and efficiency of delivery issues, the committees pointed to continuing
uncertainties over how customers might gain from the rollout. The
National Audit Office pointed to potential consumer resistance to smart
meters (NAO 2014). In 2015, the House of Commons warned that
“without significant and immediate changes to the present policy, the
program runs the risk of falling far short of expectations. At worst it
could prove to be a costly failure” (2015:3).

During the foundation stage in 2012, Charles Hendry, the Minister
of State for DECC, stated that the smart meter rollout would no longer
be mandatory for all homes; homes could opt-out, they would not be
“obligatory” and people were “not required to have one” (Orlowski and
Ray, 2012: 2). Still, the Department of Energy and Climate Change
(2013) reiterated that the aim of the SMIP was the rollout of 53 million
residential and non-domestic gas and electricity meters by 2020 at a
projected cost (at that time) of £10.9 billion, with the costs borne by
consumers through their energy bills. In 2016, this was estimated to be
an average of £215 per home per meter, including installation costs
(House of Commons Science and Technology Committee, 2016: 9).
Further complicating matters, the main installation was delayed twice
(from its initial start in 2014 until November 2016). As of July 2017,
confusion remained, with energy companies telling customers the
smart meter rollout was “compulsory” but others, including Queen
Elizabeth II, indicating only that they would be “offered” to every home
(Meadows and Brodbeck, 2017).

In terms of implementing the rollout, the UK government has made
energy suppliers responsible. This in itself raised a problem given that
supply competition meant that different households in a street bought
their electricity from different suppliers. Hence, placing the responsi-
bility on suppliers increases costs for installation since it cannot be
done on a standardized, street-by-street basis. The control of the smart
metering communication system has been delegated to a licensed
private organization, the Data and Communications Company (DCC),
who will form contractual ties with the suppliers (Bellantuono, 2014).
Energy suppliers are intended not only to install the technologies (i.e.
smart meter, in-house display and digital communication hub) but to
convince householders into using them as outlined in DECC's
Consumer Engagement Strategy (DECC, 2015a, 2015b).

The technical specifications of smart meters were converted into the
“Smart metering equipment technical specifications” (SMETS 1) in
2013 (DECC, 2013c) and later on into SMETS 2. The Smart Meter
Central Delivery Body (SMCDB), an organization established to
increase public awareness about smart meters, was created along with
the beginning of a marketing campaign lead by Smart Energy GB (“the
national campaign for the smart meter rollout”). The latter featured
advertisements with personified units of gas and electricity (“Gaz” and
“Leccy”) such as those shown in Fig. 3, disseminated via television,
print, and email (with one campaign even targeting the London
Underground, or “tube”). Adoption is expected to occur in “every
home”, though Smart Energy GB (2017: 1) has more recently empha-
sized that the SMIP is only for households “that want one,” or that
“everyone will be offered the opportunity to upgrade to a smart meter,”
giving them the option of not participating.

This characterization of the SMIP oversimplifies some of the complex-
ity behind the project. As Jenkins et al. (2015) note, although Smart
Energy GB is now the primary custodian of the rollout, a range of other
actors have been supportive or deeply involved with smart meters over the
previous decade, especially DECC (now BEIS) and the Office of Gas and
Electricity Markets (Ofgem) as well as major energy suppliers such as SSE
and British Gas. Ofgem's price control model, for instance, generally
supported network innovation; and the creation of a £500 million Low
Carbon Networks Fund (LCNF) and its successor, the Electricity Network
Innovation Competition (ENIC), as well as the Network Innovation
Allowance and the previous Innovation Funding Incentive. These sources
offered funding for suppliers and network companies to invest in basic
research in an attempt to catalyze smart meter innovation.

3.4. The presumed culprit: technical difficulties

The most frequently discussed reason for the difficulty of the SMIP
rollout relate to the technology. Indeed, across the systematic review of
47 articles, 28 mentioned challenges – and all 28 discussed some
element of “technological”, “technical,” or “engineering” impediments.
Rose and Thed (2014) argued in a popular media story that numerous
interconnected difficulties arose after the launch of the first phase,
graphically illustrated in Fig. 4.

For instance, the meters available in 2014 would not work in a third
of British homes, including high-rise flats, basements and those in rural
areas. Rather than selecting the more customary Wifi or Bluetooth
standards, the UK chose a less-known system called ZigBee which did
not work well in high-rise blocks, because meters tended to be located
in basements, and it struggled to penetrate thicker walls. As a result,
costly alternatives for communications and network control were
tested, including hardwired connections (via cable) as well as the
creation of home area network radio systems. Some, such as Lewis and
Kerr (2014), have proposed that the SMIP abandon attempts to stretch
the rollout to flats and tower blocks altogether, removing 7 million
homes from participation. Even a government Impact Assessment
admitted the wireless coverage may be “difficult to achieve” in remote
or mountainous districts (Rose and Thed, 2014: 3).

Table 3
Projected Financial Benefits to the Smart Meter Implementation Program in the United Kingdom.
Source: Modified from the “central case scenario” in Department of Energy and Climate Change, 2014: 75 and 116). Note ToU = Time of Use. UK = United Kingdom. CO2 = Carbon
dioxide.

Domestic (£m) Non-domestic (£m) Total (£m)

Consumer benefits (from energy saving and microgeneration) 4295 1437 5732
Supplier benefits (including avoided site visits, reduced inquiries etc.) 7970 295 8265
Network benefits (reduced losses, reduced outage notification calls, fault fixing, avoided investment from ToU

(distribution/transmission) etc.)
877 112 947

Generation benefits (avoided investment in generation from peak shifting through ToU) 803 49 852
UK-wide benefits (including CO2 reduction, air quality) 867 440 1307
Total 14,812 2333 17,103
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This proved to be true, with a tenth—134,000 of the 1.3 million new
“smart” meters installed in the UK as of early 2015—only functioning
as traditional meters, requiring manual readings due to these limita-
tions (Gosden, 2015b). That same year, two main suppliers also
reported billing and technical glitches with substantial numbers of
their meters—with OVO Energy (a gas and electricity supply company)
reporting faults (where customers unable to view or pay their bills)
across 6% of the meters installed, and EDF reporting problems with
0.5% of meters installed (Palmer, 2015a).

These technical faults led to the media reporting that hundreds of
thousands of households were “trapped” with malfunctioning meters,
reports of wild swings in how metered energy usage was displayed on
IHDs, and (perhaps understandably) a large backlog of customer
complaints (Shannon, 2015). These so-called teething problems were
only worsened by reported incompatibility in meters between suppli-
ers—meaning if a household wanted to switch to another energy
supplier, once they switched they had to wait (in some cases more
than a year) for a new meter. This also meant that switching suppliers
had the effect of converting smart meters back to the “dumb” types that
relied on manual readings or estimates (Palmer, 2015b; Meadows and
Brodbeck, 2017). Other customers reported that the smart meters no
longer worked when households changed their tariffs within a parti-
cular supplier (Brignal, 2016).

Furthermore, it was mentioned at more than one-third of the public
events attended by the authors that hackers and cyber-terrorists had
the potential to break into the system to disrupt the reliability of the
grid or carryout theft or fraud by intercepting bills and private data.
One potential risk is that “rogue programmers” in metering companies
insert code that they then use to sabotage the grid, or to make ransom
demands against companies (Clark, 2016). The House of Commons
Science and Technology Committee (2016: 69) added that “disruption
to energy and gas supplies at a massive scale is possible”. Ofgem (2010)
similarly warned that cyber threats range from fraudulent transactions
for financial gain to compromise of critical operations such as remote
disablement.

Most recently, in 2017, installation failures remained commonplace.
Market research from Utility Week (2017) suggests that more than 10%
of homes required and will continue to require multiple visits to
complete installation of smart meters. The reasons for “installation
failure” range from customers not being present and installations taking
longer than expected, to meters not being accessible or a considerable
distance apart, or to difficulties with multiple occupancy properties.
These installation challenges alone are projected to inflate the total cost
of the SMIP by as much as £1 billion (Utility Week, 2017: 4).

Other technical problems relate to the IHDs. Buchanan et al. (2015)
emphasize that IHDs “work” and save energy only if users properly
engage with them, and that the particular IHDs involved in the SMIP
had a problem of a time delay in showing real-time prices and then in
translating that data into reductions in demand. Indeed, such problems
continue into 2017, with Fig. 5 showing faults in natural gas IHDs.
Moreover, even when they work properly, consumers can lose interest
in the real-time data, with British Gas reporting that after one year,
only 60% of respondents in one of their smart meter surveys indicated
they still look at their displays once a month; OVO Energy also found
that after one year, only 60% of households still used their IHDs (Lewis
and Kerr, 2014).

Such challenges have provoked some, such as Lewis and Kerr
(2014), to argue that the IHD requirement be removed from the SMIP
and replaced with an app that would let phones, tablets, and personal
computers capture meter readings and connect to the network with no
additional hardware cost. They note that the IHD requirement alone
will cost roughly £800 million in total. Viitanen et al. (2015) concurred
and emphasized in their study of customers in Sheffield and Leeds how
smartphone apps were much easier to use, and more compatible with

Fig. 3. Smart Meter Implementation Program Advertisements.
Source: Authors’ compilation.
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lifestyles, than an IHD. Thomas (2012) points out that even in 2012,
multiple devices existed which could identify and display consumption
information about electric appliances at a much cheaper cost than a
smart meter or IHD. The OWL, for example, was (at that time) a
simple, £40 plug-in device that records and displays energy use over
time, giving consumers “a clear, accurate picture of their energy use”
(Thomas, 2012: 1061).

4. Vulnerability and resistance in the UK's smart grid
economy

Notwithstanding the long history of smart meter development within
the UK, and due in part to the technical challenges previously identified,
the rollout is currently proceeding at a pace far slower than expected.
The National Audit Office (2014), a public spending watchdog, said in a
report that it would likely cost consumers £1.5 billion more (13.6%)
than the expected £11 billion. As it noted: “Significant risks remain,
including potential consumer resistance to smart meters, technical
issues, the readiness of suppliers, network operators and the supply
chain for large-scale installation and the robustness of data security and
privacy arrangements.” Plans to create a Data and Communications
Company were delayed twice; one of the smart meter providers, E.on,
was fined £7 million for its own late rollout (Murphy, 2016a, 2016b) and
British Gas was similarly fined £4.5 million for their slow rollout a few
months later (Ofgem, 2016). A group of Members of Parliament said on
record in 2015 that “we do not believe that near-universal smart meter
rollout will be achieved by 2020″ (Gosden, 2015a: 2). As even the
Director of Marketing at Smart Energy GB now admits, it faces the
difficult task of “shifting people from a position of absolute disinterest
and apathy to a position of positive, enthusiastic engagement” (Barnett,
2015). One of our colleagues put it to us this way:

There is nothing for me as a consumer to be enthusiastic about the
SMIP, aside from the IHD. If I'm too busy to study my IHD because
the time/saving trade-off doesn't work for me, then what else is
there? I'm a busy, reasonably wealthy person. My time is worth
far more to me than saving a few pence on my energy bill. SMIP
doesn’t allow me to do things I would be genuinely enthusiastic
about, like sell energy to the grid or participate in a demand
response market or measure the performance of my home, or
heating system, or anything, really. So I don't care. Because you
aren’t offering me, the customer, access to any benefits. In short,
why would a program that offers little or no benefit to consumers,
be received with anything other than apathy, at best? From a
consumer point of view, the SMIP is a solution in search of a
problem.

This difficulty is only accentuated when one considers the problem
of misattribution: Smart Energy GB surveys suggest that while 84% of
customers say that they have “heard of a smart meter,” when asked
clarifying questions to test that knowledge, “true awareness” drops to
less than 20% (Barnett, 2015). Part of the explanation may lie in the
very common confusion between a smart meter and an IHD, with one
being a system element, the other a personal device or tool.

These complicated dynamics underscore the social dimension to some
of the most pressing challenges facing the SMIP. To provide a more
complete explanation for why the SMIP has faced such difficulties, this
next part of the study offers our findings from both the systematic review
of academic literature and our participant observation. It is organized
roughly across two dimensions of sociotechnical barriers: the intersection
of the SMIP with the enhanced vulnerability of some types of customers;
and active “resistance” or “ambivalence” among some households and
other key stakeholders. Table 4 offers a summary of where these themes
sit alongside the more frequently discussed technical barriers to the SMIP.

Fig. 4. Technical challenges facing the Smart Meter Implementation Program.
Source: Rose and Thed (2014)
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4.1. Vulnerability and poverty

One major dimension of obstacles relates to the exacerbation of
vulnerability among some classes of customers—notably burdens upon
the elderly, the ill, the less educated, those in social housing, and/or
those in rural areas—and a preference for economic competition and
cost savings for suppliers and companies, not households. In theory, if
the SMIP can reduce costs in meter reading, network operation, grid
reinforcement, electricity generation and so on, then consumers overall
benefit from lower energy prices - regardless of whether they make any
behavioral changes. In practice, however, multiple dimensions of
vulnerability become apparent within the material we examined.

For example, a comprehensive synthesis report from (DECC,
2015a, 2015b) involving a survey of 4016 consumers, in-depth inter-
views with 169 households using both credit and prepayment meters,
12 focus groups and analysis of consumption data for over 10,000
households concluded that consumers from vulnerable groups “are
likely to need more help if they are to obtain the full benefits of smart
metering” (DECC, 2015a: 22). It noted that “older smart meter
customers, those from lower social grades, those with the lowest total
annual household incomes (below £16,000), those with no formal
qualification and those who lived with someone who had a long-term
health condition or disability were less likely to say the IHD was easy to
use or to say they knew how to operate its different functions” (DECC,
2015a: 22–23).

Barnicoat and Danson (2015) utilized sensors and IHDs to measure
and display energy costs for households with elderly tenants in rural
Scotland. Elderly tenants are of particular concern given that they tend
to spend a greater amount of time inside their homes; utilize more
domestic energy; may be on fixed incomes prone to fuel rationing and
need greater warmth with older age, and may also suffer physical
limitations that inhibit their interaction with equipment. Their study
investigated how such households interacted with IHDs (or “smart
energy monitors”) for seven months. It found that despite the enhanced

feedback about prices, little “awareness” occurred—households did not
“really understand” the relationship between the IHDs and electrical
appliance use, with one participant even indicating she did not know
what the “traffic lights” were supposed to refer to. Another indicated: “I
have got a wee display there, but to be honest I never even look at it, do
you know this I can not be bothered.” A third participant confused what
the lights on her IHD meant, thinking that a red light was a “warning”
and that they were in “danger,” and shutting off her kettle every time
she saw it, when that light merely indicated that the level of kWh being
used had increased. Moreover, the study suggested that the primary
benefit of the IHDs was perceived to not be for households, but the
engineers working for energy suppliers—giving them information about
household use—which was at odds with consumer expectations. In
sum, the study concluded that even with information sessions and
IHDs, elderly participants showed little knowledge or interest.

Citizens Advice (2017) echoed similar concerns in a report criti-
quing the SMIP for its negative impacts on the elderly and low-income
households, particularly those with no formal education, those who do
not speak English as a native language, or those with a long-term
illness. It noted that such customer classes remained confused about,
distressed, or unable to use the information offered by smart meters.
Liddell (2015) also emphasized that for smart meters to effectively save
energy in rural areas or social housing blocks, significant targeted
outreach efforts are needed, as demand reduction in particular requires
“sustained vigilance and adaptation from the occupants, particularly in
the first year.”

In the events observed by authors during 2015–2016, several
charities and NGOs pointed to challenges associated with the rollout
vis-a-vis vulnerable people (but also advocated the rollout). For
instance, one participant from the National Energy Action (NEA) said
in November 2016 that “I think some of you may find it a bit strange
that, as a national charity committed to tackling fuel poverty, that we
want to put an automatic meter in someone's home… and then provide
that information straight back to a supplier for them to be billed in a

Table 4
Dimensions of technology, vulnerability and resistance in the Smart Meter Transition in the United Kingdom.
Source: Authors

Dimension Barrier Explanation

Technical Limited range Smart meters dysfunctional in high rise social housing complexes, basements, or rural areas
Malfunctions Glitches in software concerning energy estimation, metering, and billing as well as faults with IHDs

and installation failures
Incompatibility between suppliers Requirements that consumers purchase a new meter if they switched suppliers or even altered their

tariffs on existing suppliers
Hacking and cyber-terrorism Concerns over accessibility of personal information or intentional sabotage

Vulnerability and poverty Consumer misunderstanding Confusion over proper use of smart meters among the elderly, poor, or non-English speaking
population

Financial burden Expense of installing smart meters placed on consumers
Rural peripheralization Social marginalization of rural groups and a preference for channeling smart energy systems to

urban areas
Externalities Lifecycle impacts such as embodied emissions and electronic waste

Consumer resistance and
ambivalence

Defiance Users inputting false data or intentionally misusing their smart meter

Privacy Perceptions that smart meters extend competitive interests (companies/utilities) into the home or
enable government surveillance

Health Beliefs that smart meter wireless networks can expose people to non-ionizing electromagnetic fields
Apathy Consumers expressing disinterest or apathy with smart meters, with little concern over monitoring

or reducing energy use

Fig. 5. Technical Fault with Natural Gas In-Home Display showing Incorrect Data, April 2017.
Source: Authors’ compilation from SSE website, April 10, 2017.
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more efficient manner”. Charities and NGOs recognized the challenges
ahead in November 2016 but were still hopeful that the rollout could
provide benefits to vulnerable groups: “I think that we feel that we’ve
got a job on our hands”, making vulnerable people aware of the
potential benefits of smart meters. Smart Energy GB and the
Department for Business, Energy & Industrial Strategy (BEIS) seemed
to be less reflective about the potential challenges ahead for vulnerable
groups and argued that they had dealt with most of the associated
barriers. For instance, Smart Energy GB argued throughout that the
smart meter advertising campaign was working for vulnerable people,
stating that “we are very happy to see that our messages are resonating
even more strongly with those living in fuel poverty” (Smart Energy
GB, November 2016). While Smart Energy GB is essentially a market-
ing organization, operating and communicating as such, it is worth
noting that their CEO has a background that includes work with
Citizens Advice.

An analysis of the events data further draws attention to a potential
mix of responsibilities to make sure vulnerable groups benefit from
smart meters. Smart Energy GB talked about “a shared responsibility
with suppliers around behavior change” (Smart Energy GB, November
2016), but how this responsibility is shared seems to be unclear. There
was also talk about “partnering up” between organizations to support
people so they could “make use of the benefits” and of “mobilizing”
energy champions, volunteers, and a community fund that could aid
the experience of vulnerable groups. However, there seems to be no
real conversation surrounding who will organize or guide these
activities or how these activities will be combined with the main
installation across the UK. This could be what provoked DECC
(2015b) to request Smart Energy GB to develop better advisory and
other supporting materials; mobilize, support, and coordinate local
networks and partnerships; and act as a facilitator for knowledge
exchange.

Notwithstanding such rhetoric about political or social inclusion,
we note that one further economic drawback to the SMIP revolves
around the fact that some smart meters can create net burdens. In their
cost-benefit analysis, the National Audit Office (2011) emphasized that
the rollout would deliver savings to energy suppliers but its empower-
ment of consumers was more uncertain—especially given that the costs
of the program will be passed directly onto consumers. The overall
benefit to households also depends on the extent to which suppliers
minimize costs and pass on savings to customers—which is not
guaranteed. The Public Accounts Committee (2012) of the House of
Commons noted similar concerns in their report: that consumers will
have to pay suppliers for the costs of smart meters, but most benefits
will be distributed to suppliers; that the benefits of smart meters only
occur if there is widespread adoption (not a given since consumers can
“opt out” of the SMIP as of 2017) and “correct” usage; and that benefits
will likely not reach vulnerable customers or those using prepayment
meters. Zhang and Nuttall (2011) modelled four different deployment
options for the SMIP, two government led (competitive, monopoly),
one led by suppliers, and one led by Distribution Network Operators
(DNOs). They found that the government chose the least effective
rollout option from the standpoint of both overall cost and maximum
benefits for households, i.e. a pathway that will benefit “only a very
small number of consumers who really care about smart metering.”
This involved a competitive model passing on costs to customers to
preserve the ideal of market competition and to avoid the risk of
increasing the deficit for the Treasury. Such burdens become even more
apparent when one considers the needed cost of £430 per household
for two gas and electricity smart meters being passed onto consumers
directly.

While elderly people have been perhaps the most discussed in
connection to SMIP, there are at least two instances of increased
vulnerability that are less frequently documented: (1) increased rural
peripheralisation and (2) externalities and lifecycle impacts. Rural
peripheralisation refers to the worsening of the urban/rural divide, or

increased preference for a smart meter roll out in cities, but not homes
in the countryside. Blowers and Leroy (1994) explain that this occurs
within communities “located on the edges of the mainstream” as they
are either geographically remote, or are isolated as an outcome of
uneven political, economic, and cultural domination and exploitation.
Rural homes are, to a certain extent, already marginalized. In only one
of the smart meter events was a brief reference made to rural areas. For
example, in Scotland, access to fixed broadband services–a prerequisite
of a functioning Smart Meter system–is 69% in rural areas, and 80% in
urban areas (OFCOM, 2016). In addition, the housing stock is
physically more challenging to access, meaning that the roll-out
requires more person hours and travel mileage. Combined, this leads
to a perhaps understandable, but not socially equitable, focus by
suppliers on “easy to manage” urban areas with large volumes and
better established delivery and logistical networks, leaving rural
communities increasingly isolated from digital innovations.

Secondly, limited attention has been paid to the hidden social and
environmental costs, or externalities and lifecycle impacts, of the
rollout and how this impacts on vulnerable people outside the UK.
The focus of the roll-out is predominantly on new, advanced technology
and its potential impact on carbon savings, but this neglects the
electronic waste that results from the removal and replacement of
millions of old (and soon to be obsolete) meters and the lifespan of new
IHDs. It is likely for instance that the IHDs and smart meters will not
last as long as the older meters which have been in place for decades. A
search of information in the public domain indicates few transparent
plans to repurpose and recycle this equipment. Much of the world's
obsolete equipment currently ends up in electronic waste dumps,
including those in Ghana, with local environments suffering from toxic
environmental damage as a result. Moreover, there seems little
attention to the downstream and upstream international impacts of
smart meter construction and distribution. Smart meters contain heavy
metals mined overseas in countries with comparatively lower environ-
mental and social standards. The result is the potential externalization
of environmental and social costs, and potentially even carbon costs.
For instance, Louis et al. (2015) conducted a lifecycle assessment of an
entire home energy management system, including a smart meter,
home automation, and IHD. They concluded it had a negative energy
payback ratio of 1.6 years—the system as a whole was a net consumer,
rather than saver, of energy. This was not an issue raised at the events
attended by the authors.

4.2. Consumer resistance and ambivalence

Another class of barriers relates to households and consumers more
actively resisting the SMIP. Pullinger et al. (2014: 1158) write that “the
SMETS standards have been developed in a largely top-down industry-
led process with little input from, or attention to the householder”. The
lack of consumer interfaces into the technical specifications of smart
meters seems to be at odds with the repeated narrative of consumer
benefits being at the heart of the rollout.

Perhaps because of this disconnect, Chilvers and Longhurst (2016:
596) note that during one of the trials, the Visible Energy Trial (VET),
people “resisted” by refusing to utilize their smart meters properly, which
delayed the compilation of data and results and convinced others to drop
out of the trial. They suggest at least two reasons for such resistance: the
IHDs did not result in significant examples of behavior change or
reconfigurations of consumption in ways that meaningfully saved energy,
i.e., it was seen as incremental and therefore inconsequential; and
participants felt the monitors put an unfair burden on households to
take responsibility for carbon reduction compared to other actors such as
industry or government. In this way, the non-adoption of smart meters
can symbolize the “rejection of innovations” and feelings of disinterest
and disenchantment (Kahma and Matschoss, 2017).

In their comparison of smart meter perceptions in Europe, Balta-
Ozkan et al. (2014) found various dimensions of resistance framed in
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terms of accountability and responsibility. In focus groups across the
UK, they noted that smart meter users held expectations that the
government should be the one taking action to address climate change,
not individuals. Users also resisted IHDs and smart meters for reasons
of control and privacy – households viewed the smart meter merely as
an extension of power companies into their private lives and domain of
the home. The UK focus groups of users revealed that the potential of
smart meters to “compromise security” and “invade privacy” became a
recurring concern (Balta-Ozkan et al., 2014: 1185). One participant
noted that “this is the sort of data I suppose you would not want
anybody to get hold of;” another likened smart meters to the idea that
“Big Brother” was watching them (Balta-Ozkan et al., 2014: 1185).
Savirimuthu (2013) warns that the SMIP can even be interpreted as an
“information panopticon” which gives government or corporate entities
significant access to private consumer data, with limited principles of
data protection or security of the personal information of consumers.

Bradley et al. (2016) noted that another level of resistance relates to
the devices being potentially managed by the smart meters.
Participants at a trial on a university campus indicated they were
amenable to automated control or improved efficiency (and perceived
reduced performance) for items like lighting and office equipment, but
not for computers or computer monitors.

Others vented their frustration with some of the technical problems
described above by overriding the system or undertaking inefficient
behavior. In their focus groups with consumers, Buchanan et al. (2016)
found that some expressed displeasure about the idea of energy
suppliers managing consumption for them, and the perception that
smart meters could lead to a decline in comfort and disrupt household
routines. They also noted that “all of our focus groups” expressed
suspiciousness and mistrust about the energy suppliers in charge of the
smart meter rollout, with “several participants” suggesting that sup-
pliers would somehow profit from the interest on household energy
savings, or implement new time-of-use rates that would increase the
price of electricity or gas when consumers most likely needed it. This
complements a Smart Energy GB (2015) survey which found that 51%
of a nationally representative sample of British respondents did not
trust energy suppliers. One implication here is that some or perhaps
even many households will opt-out of the SMIP. Another is that those
feeling coerced into participating could be loath to share their data with
“conniving” companies and may manipulate or sabotage their smart
meter, or merely disconnect their IHD.

Others may resist smart meters for reasons of health. In his
comparative assessment, Hess (2014) noted that although privacy
and security concerns remained paramount, opponents also expressed
issues over the health effects of wireless smart meters and non-ionizing
electromagnetic fields, which transmit frequent signals through micro-
wave radiation.

In practice, these various reasons translate into consumer resis-
tance to the SMIP. Rose and Thed (2014) report worries among one
supplier that “up to 20 per cent of customers will refuse to have smart
meters installed” and two firms have documented additional costs from
dealing with “reluctant customers.” Vallés et al. (2016) add that smart
meters are also seen as a threat to operations by some DNOs, given that
it can radically reconfigure their business operations, requiring them to
increasingly manage demand and the connection of new loads differ-
ently. In some cases, smart meters are credited with actually increasing
consumption—in one of EDF's early trials in 2004, gas consumption
rose among households by “almost 50%” as it made users aware of
considerable under-heating (MacDonald, 2007).

In the events observed by authors during 2015 and 2016, consumer
resistance did not come up as a specific topic of discussion, although a
fair amount of attention was paid to data privacy and access issues.
What is striking is that there was practically no focus on what
consumers actually want(ed), with the exception of a National Grid
speaker questioning, “can they manage to deliver what customers and
consumers want at the end of the day?" (October 2015). The events

perpetuate a view that the smart meter rollout is about increasing
information for consumers to encourage them to change their own
behavior (one way influence), rather than creating a new smart energy
system involving consumers as more active participants with two way
influence over what the future system will look like. Such a limited view
of the consumer could explain the lack of interest or even elements of
resistance we uncovered in our systematic review.

Throughout the events, terms such as “consumer benefits,” “protec-
tion,” “engagement,” “enabling” and “empowerment” were frequently
used without going into detail about what will happen after consumers
are enabled and empowered. Only a few referred to consumer
experience, trust and acceptance. Smart Energy GB noted in
December 2015 that “consumer trust in the industry is not fantastically
high at the moment, it is rising”. Further, an official from an energy
supply company remarked in December 2015 that “we have talked
about trust, to me this is absolutely vital for future proofing, if we do
not get off to a good start, with a good end to end customer experience,
we will lose people's trust”. In the last event observed, in November
2016, “consumer acceptance” was brought forward as one of the three
remaining key challenges to the rollout, where Smart Energy GB stated
that “There is no mandate on the part of the consumer although there is
mandate on the part of the energy supplier. And that is a real challenge
I think for a consumer engagement campaign, how do we make sure
every consumer is empowered to say ‘yes.’”

While many users may never actively resist smart meters, they may
express ambivalence that compromises the effectiveness of the SMIP.
Groves et al. (2016) argue that consumer segments are not uniform,
and hold different cultural interpretations of the smart grid, smart
meters, the smart city, and other imaginaries or visions of “smartness.”
In various interviews, they noted that many users express an ambiva-
lent attitude towards the value, service, and learning opportunities
smart energy systems may provide. Such ambivalence is especially
strong among elderly participants, who presented a narrative orien-
tated by life after the Second World War dealing with scarcity and the
emotional and symbolic rewards of visible energy consumption,
notably the provision of heat and light from fires and natural gas
boilers. Here, smart systems are seen as a way of making this
consumption even more automated, and removing control from the
person to the technology, creating “friction” with personal identity.
Liddell (2015) notes that this combination of resistance, ambivalence,
and other factors likely explains why it is so difficult to translate smart
meter adoption into efficiency savings. The most successful reductions
in consumption require a complete change in lifestyle and sustained
“vigilance” that many households do not possess or want to possess.

Admittedly, resistance and ambivalence do not always or even
frequently occur. A commercial survey in 2017 of more than 1000
consumers in the UK suggested that 64% of those with meters in place
were “enjoying better visibility of their energy costs, 36% said they had
achieved savings and 76% said they were impressed with the technical
and service expertise of the individuals who completed the installation”
(Utility Week, 2017: 2–3). But even if they remain an exception rather
than the norm, for perhaps these reasons of resistance and ambiva-
lence, some or even many consumers with smart meters saved far less
energy than predicted in the trials at the start of the SMIP. The top
panel of Table 5 shows how smart meters using in-home displays did
not significantly reduce consumption in the United Kingdom (and
elsewhere in Europe), with most studies showing only a 1–3%
reduction. The European Commission (2017) reports that across the
EU, smart meters result on average in 3% energy savings.

The bottom panel of Table 5 shows how the reductions in
consumption improve when smart meters and IHDs are combined
with time-of-use prices or varying prices, but not by much – often to no
more than 10%, and for reductions in peak demand, rather than overall
demand. Strengers (2015) also confirmed in her survey a wide success
and failure rate with trails concerning IHDs, smart meters, and time of
use tariffs, reporting a reduction in consumption between 0 and 20%.
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She noted that this variance reflected many reasons that were “unclear
or unspecified.” Granted, even these seemingly minor to moderate
reductions in individual household demand can aggregate into con-
siderable savings, epically if they can displace or shave costly peaks in
demand. But overall such savings are far less than originally expected.
Moreover, the variance in savings resoundingly supports the familiar
point that there is variability in how people respond to feedback, just as
there is variability in how they use electricity and gas in the home
(Darby, 2006).

5. Conclusion and policy implications

Based on a systematic review of academic literature and event
observation regarding the UK smart meter rollout, we offer four
conclusions and broader policy lessons.

First, the SMIP reveals a compelling obstacle to the vision of
decentralized, prosumer based energy provision. The SMIP portrays
the consumer as a rational follower of information around a single
technology, rather than an emotional actor who may progressively
influence what the future energy system will look like through a complex
and interconnected socio-technical system. Moreover, our findings show
that complexity—complexity in a liberalized market, with retailer/
supplier responsibility for a rollout, with control delegated to DCCs,
with complicated meter specifications and IHD requirements, and
extensive consumer engagement requirements—has so far negatively
shaped the UK smart meter rollout. Our findings imply that keeping an
overly optimistic attitude towards consumer engagement with smart
meters and in-home displays and the potential benefits for vulnerable
households—at least at the events the authors participated in—seems
somewhat “thoughtless”, considering the critiques coming from a diverse
set of actors such as academics, consumer bodies, and parliamentary
committees. Furthermore, this grounding in reality, and an appreciation
of challenges and failures, also serves as an antidote to recent studies
framing the smart meter transition in Europe as an “imaginary” full of
cooperation, hope, democracy, and sanguinity (Engels et al., 2015;
Skjølsvold and Lindkvist, 2015; Vesnic-Alujevic et al., 2016). Creating
meaningful feedback mechanisms to engage consumers requires (more)
time to trial different options in diverse settings. Doing so can help
overcome social barriers, perhaps increasing smart meter implementa-
tion and ultimately, long-term affectivity. Otherwise, the route to a
smarter energy system will remain littered with obstacles.

Second, issues of timing, learning, and alternatives are important.
Regardless of the size of eventual energy savings per household, or
whether the 2020 target is met (or not), the engagement part of the
SMIP should not be condemned before considering the counterfactual

in which smart meters were rolled out with no thought at all for
engagement. Or, another counterfactual in which the UK did not have
any smart meters. Or, even another counterfactual in which smart
meters were rolled out by network managers rather than by retailers, as
is normal in much of the rest of the world (and would have made the
rollout perhaps significantly less expensive). Given that the SMIP is an
ongoing process that can still be augmented and improved, these
counterfactuals are worth considering. The earlier phases of the SMIP
also deserve credit for putting an unusual amount of effort and
attention into trials coupled with a genuine commitment and will-
ingness to learn on the part of both government and industry.

Third, the SMIP can do better. Although one can question the
efficacy of a government mandated rollout passed to energy providers
and suppliers at this stage, it remains likely that fairly little can be
altered at this point. Nonetheless, for the smart meters and IHDs to
more meaningfully empower consumers in the UK, the SMIP must
grapple more explicitly with issues of vulnerability and resistance. A
number of policy and business recommendations thus emerge from our
material, summarized by Table 6.

For smart meter suppliers, businesses, and the DCC, the ideology
behind the SMIP needs to expand from an existing platform focused on
information and competition to one also incorporating justice and
equity. Mechanisms need put in place to ensure that all consumers
benefit. This includes adopting a more realistic sense of how consumers
behave, not only around the SMIP and Smart Energy GB narratives of
“enabling” or “empowering” so often seen in its advertisements and
discussed at events, but encompassing other factors such as sabotage,
defiance, anger, mistrust, and concerns over privacy. Furthermore,
businesses, suppliers, and the DCC need to continue to strengthen
relationships with local authorities, housing associations, charities,
landlords, community leaders and other stakeholders, who can all
become points of contact offering the customer more familiar sur-
roundings and help dilute feelings of mistrust, resistance, or ambiva-
lence. Lastly, businesses, suppliers, and the DCC need to better account
for, and manage, potential vulnerabilities and as well as produce a
broader range of outreach and communication materials that are easier
to understand, especially among the elderly or the extremely poor,
efforts that can still be improved (Citizens Advice, 2017). Recent
partnerships between the Citizens Advice and Smart Energy GB
(Smart Energy GB, 2016) as well as the Center for Sustainable
Energy and Scottish & Southern Energy (SSE) (Hodges, 2017) are an
encouraging sign that such concerns are beginning to be addressed.

In terms of recommendations for government, BEIS, Ofgem, and
others such as the Committee on Climate Change should revisit and
update projections of SMIP costs and benefits, given advances in

Table 6
Summary of Recommendations for the Smart Meter Implementation Program in the United Kingdom.
Source: Authors. Note: SMIP = Smart Meter Implementation Program. IHD = in-home display. Ofgem = Office of Gas and Electricity Markets. BEIS = Department for Business, Energy
& Industrial Strategy. DCC = Data Communications Company. WEEE = Waste Electrical and Electronic Equipment

Stakeholders Recommendation

Electricity and gas suppliers, DCC, Smart
Energy GB

Continue to enhance engagement with customers early and apply an understanding of their specific needs
Recognize not only narratives of enablement and empowerment but those of sabotage, defiance, anger, mistrust, and concerns
over privacy
Strengthen relationships with local authorities, housing associations, charities, landlords, community leaders and other
stakeholders

BEIS, Ofgem, Committee on Climate Change Revisit and update projections of SMIP costs and benefits
Better assess and account for issues of equity in how SMIP benefits and burdens are distributed, especially among vulnerable
groups
Assess how smart meters connect with and can benefit prosumers and prosumption
Consider how consumer empowerment connects to and can be supported by other policy instruments, e.g. fuel poverty, low
energy homes and retrofits.
Account for embodied emissions and lifecycle externalities and add smart meters and IHDs to the WEEE Regulations, or
domestic equivalent
Conduct more refined lifecycle analyses to determine the range and sensitivities of energy payback ratios and energy return on
investment for various smart meter configurations
Consider extending or relaxing the 2020 target for universal adoption by every household
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technology as well as new data suggesting that households will reduce
their energy consumption far less than anticipated – by an average of
1–3% rather than the previously proclaimed and projected 5–15%.
BEIS and Ofgem should also assess issues of equity in how such
benefits and burdens are distributed, especially among vulnerable
groups. The government should consider how other policy instruments
aimed to reduce and balance energy demand, such as those directed at
fuel poverty, low-energy homes, and retrofitting, connects with and
improves customer empowerment. Moreover, to account for some of
the embodied emissions and externalities associated with smart meters
and IHDs, those devices could be added to the Waste Electrical and
Electronic Equipment (WEEE) Regulations concerning recycling, up-
dated most recently in 2013, or a domestic equivalent if the UK decides
to abandon this directive from the European Union. More refined
lifecycle assessments should be conducted to determine the range and
sensitivities of energy payback ratios and energy return on investment
for different smart meter configurations in the UK. Lastly, the govern-
ment as a whole may also need to rethink the rigidity of the 2020 target
for universal diffusion.

Fourth, and critically, the SMIP reflects the contested politics of the
smart economy. The SMIP represents not only an attempt to change or
revolutionize energy demand, it reflects the different competing inter-
ests, or groups of interests, involved in achieving that goal. The SMIP
symbolizes a radical change to how incumbents must manage the
electricity system; a site of contestation over whether electricity
provision ought to be a public service or private commodity; a clash
of visions over centralized or decentralized supply; at times consumer
understanding, awareness and empowerment pitted against the com-
petitive needs of industry. Yet, simultaneously, its implementation
follows the logic of the existing centralized energy system, placing large
suppliers as the main actors in the rollout and having centrally steered
processes that pay rather little attention to the margins. The SMIP also
provides an example of where policy has outpaced technology, with
ambitious, exuberant targets that had to be repeatedly scaled down in
the face of mounting technical challenges.

Ultimately, planners may have thought that the SMIP was a fairly
simple intermediation between electricity supply and consumption.
Instead, they find themselves opposed on both sides. As Darby (2010)
has noted, the rollout of smart meters is a multi-scalar process, one
that requires transition and change among multiple levels of the system
simultaneously – macro changes at the level of electricity and gas
networks and decarbonization; meso level changes in consumer rela-
tions, the DCC, DNOs, and suppliers; and local or micro level changes
in household decisions over appliances, IHDs, feedback, lifestyles and
social practices. Some industry and government players—especially
government departments stuffed full of economists and engineers—
may see a smart grid as mostly an intelligently connected set of wires
and technologies. Instead, they need to broaden their conception.

The ability to reconfigure all of these elements of the sociotechnical
system at once belies the promise of the smart economy, but also the
peril. UK planners should be lauded for their visionary, ambitious
attempt to decarbonize homes and buildings with the world's largest
smart meter program with the aid of consumers; but that almost
hubristic agenda needs matching with equal intensity paid to imple-
mentation and recognition of what it will take to truly empower
consumers.
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A B S T R A C T

Much research on electric mobility transitions has been descriptive or positive, rather than normative or critical,
assessing the deeper ethical, justice, or moral issues that arise. To address this gap, this study qualitatively
examines the ongoing transition to Nordic electric vehicles (EVs) and vehicle-to-grid (V2G) systems. It does so
through the various lenses of distributive justice, procedural justice, cosmopolitan justice, and recognition
justice. It asks: what are the types of injustices associated with electric mobility and V2G? In what ways do
emerging patterns of electric mobility worsen socio-environmental risks or vulnerabilities? Based on original
primary data collected from 257 experts across Denmark, Finland, Iceland, Norway, and Sweden, the study finds
that electric mobility can erode elements of distributive justice for being accessible only to the rich, and for
raising risks related to privacy, hacking, and cyberterrorism. Electric mobility may contravene aspects of pro-
cedural justice by reinforcing exclusion and elitism in national planning. It can erode cosmopolitan justice by
producing negative environmental externalities, and exacerbating rural (and global) vulnerability. It may
threaten recognition justice through unemployment, disruption to traditional businesses, and the entrenchment
of patriarchy. Thankfully, the study also proposes a suite of policy mechanisms to address many of these con-
cerns.

1. Introduction

Questions of justice are becoming more central to ongoing debates
within the environmental science, ecological economics, and energy
policy communities. Matulis (2014) for instance argues that our at-
tempts at valuing nature are just as much about ethics and justice as
economics. Heindl and Kanschik (2016) suggest that justice needs to
play a stronger role in guiding how society distributes ecological goods;
Granqvist and Grover (2016) that we need to better integrate principles
of fairness in the implementation of clean energy infrastructure.
Chapman et al. (2018) state that social equity considerations can be just
as impactful as economic issues such as the cost of energy services, or as
salient as environmental priorities such as greenhouse gas reduction.
Similarly, much of the discussion in the environmental studies com-
munity has emphasized “climate justice” (Bulkeley et al., 2013;
Bulkeley et al., 2014) or “environmental justice” (Warlenius et al.,
2015).

Writing more narrowly on the topic of low-carbon transitions,
Mundaca et al. (2018) write that fairness and procedural justice must
go “hand in hand” with democratization and community energy.

Evensen et al. (2018) argue that efforts to influence household energy
behavior, promote national security, or address fuel poverty all inter-
sect with issues of energy justice. Healy et al. (2019) emphasize how an
energy justice focus can promote improved governance and account-
ability of transitions, and also catalyze social movements and reforms.
Ikeme (2003) also writes that without a focus on justice and equity
issues, approaches to energy and climate policy, and even politics, re-
main incomplete.

However, despite the case for justice being so compellingly made,
much of the research on transport, as well as personal electric mobility
transitions, has been descriptive or positive. A growing stream of lit-
erature lauds benefits, assesses adoption rates, calculates co-benefits, or
projects future pathways. Research has shown for instance that electric
mobility can lead to more resilient cities (Comodi et al., 2016) or reduce
negative externalities such as pollution (Noel et al., 2018a, 2018b).
When connected to the grid, battery electric vehicles (EVs) can enhance
the efficiency of distribution networks (Pirouzi et al., 2018), contribute
positively to grid stabilization while also displacing fossil fuels such as
natural gas (Nunes and Brito, 2017), and act as decentralized modes of
energy storage (Weiller and Neely, 2014). Coupling EVs to electric
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power networks via vehicle-to-grid (V2G) can only enhance the scope
and extent of these benefits, as V2G can facilitate storage of renewables,
generate additional revenues for drivers, and enable better load man-
agement from electricity suppliers (Lund and Kempton, 2008; Hidrue
and Parsons, 2015; Sovacool et al., 2017a, 2017b; Sovacool et al.,
2018a, 2018b, 2018c, 2018d). V2G EVs can lastly become key com-
ponents of 100% “smart” or “clean” renewable energy systems
(Mathiesen et al., 2015; Mathiesen et al., 2011).

This body of evidence has generally not been normative or critical.
It has not sought to consider the deeper ethical and moral issues that
arise as electric mobility comes to substitute for conventional vehicles
(Sovacool et al., 2018a; Jenkins et al., 2018). Likewise, Pereira et al.
(2017) write that:

Over the past decades, transport researchers and policymakers have
devoted increasing attention to questions about justice and equity.
Nonetheless, there is still little engagement with theories in political
philosophy to frame what justice means in the context of transport
policies.

Mullen and Marsden (2016) agree and note a dearth of justice
centered approaches to examining low-carbon mobility, especially in-
sofar as “mobility systems raise multiple questions of justice” and that
research often lacks a full view of “winners and losers.” More recently,
Banister (2018) suggests that transport scholars must adopt a winder
interpretation of equality and inequality, one better linked to wellbeing
and sustainability, in their research. If so, we need better normative
analyses to complement the more established and descriptive work on
techno-economic dimensions.

To meet these calls to examine low-carbon mobility transitions from
a critically normative or energy justice lens, this study assesses the
ongoing electrification of passenger transport in the Nordic region.
Because numerous studies (such as those above) have already focused
on the benefits to electric mobility transitions, we instead ask: what are
the types of injustices associated with electric mobility and vehicle-to-
grid (V2G)? Relatedly, in what ways do emerging patterns of electric
mobility worsen social risks or vulnerabilities? We answer these ques-
tions by first elaborating an “energy justice” framework consisting of
four distinct dimensions—distributive (costs and benefits), procedural
(due process), cosmopolitan (global externalities), and recognition
(vulnerable groups). We then draw from original data collected from
227 semi-structured interviews with 257 expert participants from over
200 institutions across Denmark, Finland, Iceland, Norway, and Sweden
to examine such justice implications. In this way, the study is “doubly
normative” in terms of applying a normative conceptual framework
(energy justice) and also drawing from normative claims made by our
empirical material (interviewee respondents). Although complex, such
a normative justice perspective can provide a means to unsettle or
challenge the dominant positioning of EVs or mobility as neutral or
amoral within the technical and economic literature.

When seeking to explicitly and qualitatively catalogue injustices,
the study finds that EVs and V2G systems can violate tenets of dis-
tributive justice for being accessible only to the rich, and for raising
risks related to privacy, hacking, and cyberterrorism. EV policies may
contravene aspects of procedural justice by reinforcing exclusion and
elitism in national transport and energy planning. EVs can potentially
erode cosmopolitan justice (albeit at a lower level than conventional
cars), as they still contribute to traffic congestion and health risks and
produce their own set of negative externalities, some that worsen re-
gional vulnerability or cross national borders. EVs and V2G can lastly
threaten recognition justice through shifting job-creation to other
business units (i.e. from maintenance to computer electronics), and
creating loss of jobs and disruption to vulnerable groups, and en-
trenching patriarchy.

In proceeding as such, the article aims to make three contributions.
First, and most pragmatically, little transport, mobility, or even justice
literature has addressed the specific topic of V2G, a term referring to

EVs having the opportunity to become self-contained resources that can
help manage power flow and displace the need for electric utility in-
frastructure. As alluded to above, a transition to V2G could enable EVs
to simultaneously improve the efficiency (and profitability) of elec-
tricity grids, reduce greenhouse gas emissions from transport, accom-
modate low-carbon sources of energy, and reap cost savings for vehicle
owners, drivers, and other users. Yet their justice dimensions have not
yet been systematically investigated, even qualitatively. Such a quali-
tative mapping can in particular reveal general relationships and hy-
potheses that could be further tested by quantitative analysis or eco-
nomic modeling at a later stage (Berman and Kofinas, 2004).

Second, and empirically, the critical lens of the study aims to force
more justice aware research and policymaking related to EVs in the
Nordic region (and beyond), so that vulnerabilities and risks can be
mitigated, and losers minimized or compensated. The Nordic region has
aggressive energy, transport and climate policies backed by welfare
states with high taxes (Westholm and Lindahl, 2012); high penetration
rates for the adoption of renewable electricity and energy efficiency
(International Energy Agency and Nordic Energy Research, 2013;
International Energy Agency and Nordic Energy Research, 2016;
Sovacool, 2017); and (most relevant for this study) high rates of
adoption for EVs (Berkeley et al., 2017). The International Energy
Agency (2018) notes that across Denmark, Finland, Iceland, Norway,
and Sweden, the total stock of EVs reached 250,000 cars at the end of
2017 and accounted for 8% of the global total, the third-largest share
after China and the United States. The per capita diffusion of EVs across
the Nordic region is highest in the world at 10.6%; the growth rate the
highest in the world (up 57% from the previous year); and Norway
features a 39% market share of new electric cars sales. The article
therefore attempts to “humanize” and illuminate the justice concerns
surrounding this emergent yet ongoing Nordic transition to electric
mobility.

Third, and methodologically, the bulk of literature on both energy
justice and transport and mobility justice have been mostly conceptual.
These studies often utilize data based on literature reviews or case
studies. Here, we utilize original primary data through a diverse and
rich collection of research interviews. In this way, we test or validate
conceptual elements of justice with original expert evidence.

2. “Electric Mobility” and “Energy Justice:” Conceptual
Applications

To begin, it is useful to start with some basic terms and concepts.
The most essential is that of “electric mobility,” a term we deploy to
include passenger EVs, V2G, and e-bikes. The electrification of pas-
senger vehicles has the potential to considerably improve the efficiency,
sustainability, affordability, and acceptability of modes of transport.

For instance, numerous studies in the literature suggest that EVs
generally operate more efficiently than those that run on internal
combustion engines, given the comparative efficiency of electric dri-
vetrains (Sovacool and Hirsh, 2009; Tran et al., 2012; Mitchell et al.,
2010). The environmental and climate change benefits of EVs can vary
considerably by context, but generally have positive greenhouse gas
emissions reductions compared to conventional vehicles, ranging from
10 to 24% (Hawkins et al., 2013) to 62–65% (Addison et al., 2010).
Other broader social co-benefits of EVs include displaced urban air
pollution and improved public health; von Stackelberg et al. (2013) for
instance calculated that gasoline passenger vehicles cause $26 billion in
health damages annually in the United States. Moreover, when com-
bined with low-carbon forms of electricity supply or integrated with
heat networks, many studies have found the co-benefits of EVs to
multiply even further (Jacobson et al., 2013; Noel, 2017; Noel et al.,
2017; Noel et al., 2018a, 2018b). Lastly, when using V2G, EVs have the
ability to provide large-scale storage to intermittent renewable elec-
tricity sources, enhancing their potential for climate change mitigation
(Kempton and Tomić, 2005; Budischak et al., 2013; Kester et al., 2018a,
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2018b). Perhaps due to these profuse prospective benefits, the
International Energy Agency (2017) projected that at least 280 million
EVs will be adopted by 2040, as Fig. 1 indicates.

To analyze electric mobility in the Nordic region, this study relied
on a holistic, normative and qualitative framework of “energy justice.”
As summarized by Sovacool et al. (2016), Sovacool et al. (2017a,
2017b), and McCauley et al. (2019), this framework can be typified as
consisting of four interconnected and somewhat central tenets of
modern justice theory: distributive justice, procedural justice, cosmo-
politan justice, and justice as recognition. When applied to electric
mobility, EVs, and V2G in particular, Table 1 demonstrates how this
“energy justice” approach underscores issues as diverse as benefits and
burdens (distributive justice), planning and policy (procedural justice),
globally produced or distributed externalities (cosmopolitan justice),
and impacts on vulnerable groups (recognition justice). The remainder
of this section introduces each of these four justice dimensions, and
then examines evidence linking them to energy and transport.

2.1. Distributive Justice

Theories of distributive justice date back to the Greeks and are
prominently associated with the work of either utilitarian philosophers
(emphasizing costs and benefits, pleasure and pain) (Sovacool and
Dworkin, 2014), or more modern theorists such as Rawls (1971) and
Dworkin (1981a, 1981b). Such theories concern themselves with how
social goods and evils are allocated among society. Generally, dis-
tributive justice deals intently with three aspects of distribution: What
goods, such as wealth, power, respect, food, or clothing, are to be dis-
tributed? Between what entities are they to be distributed (e.g., living
or future generations, members of a political community or all hu-
mankind)? And what is the proper mode of distribution— is it based on
need, merit, utility, entitlement, property rights, or something else? As

Table 2 indicates, such distributive justice issues can be spatial (inter-
national or intranational) as well as temporal (intergenerational).

Given that entire philosophical schools such as utilitarianism, social
contract theory, and cost-benefit analysis are grounded in distributive
justice, and also that economics as a whole has a strong element ex-
amining distribution and equity, the list of specific studies applying
distributional justice principles to energy and mobility is interminable.
Nonetheless, to cite just a few compelling linkages, in Australia middle
and upper income households consumed as much as four times the
amount of fuel, light, power, and transport services than lower income
homes (van Hoa, 1985). Tindale and Hewett (1999) discovered a clear
relationship between income and car ownership in the United Kingdom,
with the richest decile eleven times more likely to have the use of a
private car than households in the poorest decile, where less than one in
ten own their own automobile. Jacobson and Kammen (2005) ap-
praised the equity of energy use in El Salvador, Kenya, Norway, Thai-
land, and the United States. Even the most equitable country, Norway,
saw half of residential electricity being used by only 38% of customers;
in the United States half of household electricity was used by 25% of
households; in El Salvador, 15%; Thailand, 13%; and Kenya, 6%.
Druckman and Jackson (2008) looked at large disparities in the United
Kingdom in the use of energy-intensive technologies like clothes
washers, clothes driers, refrigerators, and freezers. Papathanasopoulou
and Jackson (2008) examined fossil fuel consumption in the United
Kingdom from 1968 to 2000, and found that higher incomes result in
much greater consumption of fuel, car use, recreation, and international
travel. Wells (2012: 751) noted that transport and mobility can re-
inforce patterns of exclusionary access, inequality, and poverty. Berry
et al. (2016) found that rates of transport fuel poverty—unaffordable
access to mobility—were significant in countries such as France, where
it effected as much as 10% of the population. Huijts (2018) found that
injustice in the form of distributive unfairness led to strong feelings of
anger toward the citing of hydrogen infrastructure in the Netherlands.

2.2. Procedural Justice

Procedural justice emphasizes an entirely different aspect of justice:
principles of due process, representative justice, and justice as public
participation (Sovacool and Dworkin, 2014). Generally, these ideas
center on who sets rules and laws, who is recognized in planning, and
the impartiality and fairness of the decisions that result. Procedural
theories of justice are thus all oriented with process (Weston, 2008) or
deliberative democracy (Gutmann, 2004). In parallel, Paavola et al.
(2006) argue that procedural justice deals with recognition (who is
recognized), participation (who gets to participate), and power (how is
power distributed in decision-making forums). Although procedural
justice may strike some as dry and unimportant, fair procedures matter
because they tend to promote better—more equitable but also more

Fig. 1. Global diffusion of electric vehicles, 2016 to 2040.
Source: International Energy Agency, 2017.

Table 1
Energy justice dimensions, definitions, and applications.

Definition Application to electric mobility

Distributive justice Equitable or utilitarian distribution of social and economic benefits and burdens
within and across different generations

Benefits and burdens of vehicle use, equity of access

Procedural justice Adherence to due process and fair treatment of individuals under the law Planning, due process, and policy issues surrounding incentives and
regulations

Cosmopolitan justice Universal respect for individual human rights regardless of one's identity Globally produced or distributed externalities including embodied
emissions, pollution, and lifestyle impacts

Justice as recognition Appreciation for the vulnerable, marginalized, poor, or otherwise under-represented
or misrepresented populations and demographic groups

Impacts on vulnerable groups, especially women, children,
minorities, or indigenous people

Source: Authors.
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efficient and effective—outcomes (Dolan et al., 2007). Table 3 illus-
trates six common dimensions to procedural justice as well as four
different international approaches.

When explicitly applied to energy or transport topics, Haggett
(2009) notes that there are pragmatic reasons for ensuring due process.
For instance, public involvement can increase the likelihood of support,
and therefore ultimate approval, for the siting of energy or transport
projects. As she writes, “while fiscal regulations and subsidies, technical
efficiency and political deliberations all affect the deployment of re-
newables, the stark fact remains that all of this matters little if there is
no public support for a development” (Haggett, 2009: 299). Walker and
Baxter (2017) conclude that opposition to the development of local
wind farms in Candida was highly associated with a lack of procedural
justice including few opportunities to take part in siting discussions.
Evensen et al. (2018) argue that the social legitimacy or acceptance of
different energy technologies or policies will be influenced by proce-
dural justice aspects of whether consumers or citizens feel they have a
“voice” in decision-making as well as whether procedural issues were

treated with “respect, openness, and honesty.” Likewise, Ryder (2018)
found issues of procedural justice an important factor in determining
the social acceptability of oil and gas projects within communities.

2.3. Cosmopolitan Justice

Cosmopolitan justice suggests that moral principles—such as those
from distributive and procedural justice—must apply universally to all
human beings in all nations. Cosmopolitan justice acknowledges that all
ethnic groups belong to a single community based on a collective
morality. Moellendorf (2002: 171) writes that cosmopolitanism implies
that “duties of justice are global in scope, and these duties require
adherence to general principles including respect for civil and demo-
cratic rights and substantial socioeconomic egalitarianism.” Put another
way, as advanced across a variety of works (Pogge, 1992; Caney, 2005a;
Brock, 2009; Held, 2010), cosmopolitan justice accepts that all human
beings have equal moral worth and that our responsibilities to others do
not stop at borders. It suggests that the ultimate unit of concerns are

Table 2
Distributive justice dimensions, issues, and examples.
Source: Modified from McLaren, 2012.

Dimension Issue Energy justice example(s)

International Unequal development Considers the disadvantages of poorer countries and poorer groups within those countries in the face of higher energy
costs resulting from the enforced adoption of low-carbon options and the elimination of subsidies for conventional
fuels. Also addresses the disadvantages faced by developing countries in ensuring just development and application of
international climate change policy.

Vulnerability to impacts of climate
change

Addresses the uneven impacts arising from higher vulnerability to both sea-level rise and extreme weather events in
poorer countries.

Intergenerational Impacts on future generations Includes both issues with availability of non-renewable resources in the future, and the direct impacts of climate change,
both of which are unequal between current and future generations.

Intranational Access to energy services Address issues of energy poverty and uneven fuel security. Mainly distributional in approach but also includes some
work applying capabilities and recognition.

Access to capital Primarily relating to obstacles in access to microgeneration and energy efficiency measures for poorer households.

Skill levels Considers skills as a critical factor in respect of whether communities or localities can access the potential benefits of
energy system investments.

Localised impacts or benefits Focuses on the uneven distribution of environmental impacts and economic benefits. Substantial literatures in respect
of several different energy technologies.

Worker risk Addresses uneven health risks faced by workers, particularly in the nuclear industry and in mining.

Table 3
Procedural justice dimensions and approaches.
Source: Modified from McLaren, 2012.

Dimensions Approaches

Legal and regulatory Århus convention International arbitration Organisational

Access to information Transparency Freedom of information Adequate notice Bilateral communication and
familiarity

Participation Voice, representation Participation Right to be heard Refutability, bilateral communication

Impartiality Impartial unbiased consistent Right to composition of tribunal,
independence

Impartiality

Accessibility Access to a fair hearing Timely, affordable access to
justice

Right of standing Courtesy (and respect) appeal rights

Objectivity Objectivity consistency Merits based Reasoned judgement Explanation

Respect Reasoned judgement Courtesy
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human beings and persons, not communities or nation-states. It argues
that justice concerns apply to everyone equally, regardless of their
gender or social status. It holds that the way to individual and com-
munal mutual benefit is to treat others as they themselves would wish
to be treated. Although it acknowledges we are influenced by cultures
and a diversity of perspectives, it lastly states that one is a member of a
global community of human beings.

When utilized as a part of energy justice theory, cosmopolitanism
holds that ethical responsibilities apply everywhere and to all moral
agents capable of understanding and acting on them, not only to
members of one community or another (Sovacool et al., 2016). Caney
(2005b: 756) applies cosmopolitan principles to argue that people have
a “positive right” to a clean and safe environment, as well as the
“human right not to suffer from the disadvantages generated by global
climate change.” Similarly, Harris (2011) uses a cosmopolitan lens to
argue that distance and geography makes no moral difference as to
complicity in pollution flows: individual sources of pollution have a
moral duty to reduce it. Walker (2012: 179) writes that cosmopolitan
thinking demands a holistic, global appraisal about the spatiality (dis-
tribution across geographic space) and temporality (timing of impacts)
of energy or climate related costs and externalities. LaBelle (2017)
suggests that cosmopolitan justice enables one to challenge government
led attempts to narrowly reduce costs or bring stability to markets
without considering negative social effects within or beyond national
borders; and Heffron and McCauley (2017) argue a cosmopolitan per-
spective in the context of energy justice requires a whole systems ap-
proach that looks at lifecycle consequences across the globe.

2.4. Recognition Justice

Sometimes known as the injustice of misrecognition, recognition
justice originates from Fraser (1998) and Fraser and Honneth (2003).
Recognition justice advocates both for tolerance and that vulnerable
individuals must be fairly represented, that they must be free from
physical threats and that they must be offered complete and equal
political rights. It suggests that injustice as misrecognition manifests
itself not only as a failure to recognize a class of energy users or sta-
keholders, but also as the practice of misrecognizing itself—a distortion
of people's views, status, class, or ethnicity that may appear demeaning
or contemptible. From this perspective, recognition justice places more
emphasis on comprehending differences and accommodating particular
needs (Walker and Day, 2012). Recognition justice scholarship chal-
lenges the predominantly accepted discourse of distribution and pro-
cedure, suggesting that vulnerable classes of people get special re-
presentation, treatment, or protection (Jenkins et al., 2016b). McCauley
and Heffron (2018) frame it around a narrative of “restoration,” to
repair harm rather than to only punish an offender.

When applied to energy or transport, recognition justice demands
that one explores which groups of potential users may become more
vulnerable, or conversely, which classes of already existing vulnerable
groups could see their vulnerability worsen. Tyfield et al. (2014) note
that new transport innovations can be disempowering and alienating,
and one must ask whether they are enabling or disabling for particular
demographic or cultural groups. They also suggest that one must con-
sider collective identity and quality of life and wellbeing among po-
tentially impacted groups. Hurlbert and Rayner (2018) write that so-
ciety has a duty to recognize that the interests of vulnerable groups or
indigenous people, such as the Chippewas First Nation in Canada, may
stand apart from general societal interests and deserve special status in
justice considerations. Broto et al. (2018) demonstrate how a recogni-
tion justice approach unveils hidden disparities in how urban versus
rural people in Mozambique experience access to electricity and
modern energy services. Partridge et al. (2018) extoll the values of
including recognition justice as a lens which evaluates shale gas ex-
traction in the United States and United Kingdom.

3. Empirical Strategy: Expert Research Interviews and Qualitative
Analysis

To assess the interstitial injustice dimensions to electric mobility
and V2G in the Nordic region, our primary source of data was 227 semi-
structured interviews with 257 expert participants from over 200 in-
stitutions across the five Nordic countries. This data was collected as
part of a larger project looking at various aspects of the sociotechnical
transition to electric mobility and V2G in Denmark, Finland, Iceland,
Norway and Sweden (Sovacool et al., 2018a; Sovacool et al., 2018b;
Sovacool et al., 2018c; Kester et al., 2018a; Kester et al., 2018b; Kester
et al., 2019; Noel et al., 2018a, 2018b; Noel et al., 2019; Zarazua de
Rubens et al., 2018). The choice for expert (or “elite”) semi-structured
interviews may seem odd, given the justice focus of the study, but it
follows the complexity of the topic of electric mobility and V2G, al-
lowing for longer and more complete discussion. Interview respondents
were asked, among other questions, “What do you see as some of the
most significant benefits, and barriers, facing electric mobility and V2G
in the Nordic region?” The term “electric mobility” was meant to en-
compass passenger vehicles such as hybrids, plug-in hybrids, and full
battery electric cars (hereafter called “EVs”) but experts were free to
discuss e-bikes and other electrified transport modes, like electrified
heavy transport.

Those interviewed were selected to represent the diverse array of
stakeholders involved with electric mobility, from both a transport and
an electricity side. In particular, we interviewed experts from:

• National government ministries, agencies, and departments in-
cluding the Ministry of Industries & Innovation (Iceland), Ministry
of Environment and Energy (Sweden), Ministry of Finance
(Finland), and Ministry of Taxation (Denmark):
• Local government ministries, agencies, and departments including
the Akureyri Municipality (Iceland), City of Stockholm (Sweden),
Aarhus Kommune (Denmark), City of Tampere (Finland), City of
Oslo (Norway), and Trondheim Kommune (Norway);
• Regulatory authorities and bodies including the National Energy
Authority (Iceland), Danish Transport Authority, Icelandic
Transport Authority, Helsinki Regional Transport Authority
(Finland) and Trafi (Finland);
• Universities and research institutes including the University of
Iceland, Swedish Environmental Institute, DTU (Denmark), Aalborg
University (Denmark), VTT Technical Research Centre (Finland),
NTNU (Norway), and the Arctic University of Norway;
• Electricity industry players such as ON Energy (Iceland), E.ON
(Sweden), Vattenfall (Sweden), Energinet (Denmark), DONG
(Denmark), Fingrid (Finland), Elenia (Finland) and Statnett
(Norway);
• Automobile manufacturers and dealerships including the BMW
Group (Norway), Volvo (Sweden), Nissan Nordic (Finland),
Volkswagen (Norway), and Renault (Denmark);
• Private sector companies including Siemens Mobility (Denmark),
Nuvve (Denmark), Fortrum (Finland), Virta (Finland), Clever
(Sweden), Nordpool, (Sweden), Norske Hydrogen (Norway),
Microsoft (Norway) and Schneider Electric (Norway);
• Industry groups and civil society organizations such as Danske Elbil
Alliance (Denmark), Finnish Petroleum and Biofuels Association,
Tesla Club (Finland), Power Circle (Sweden) and the Norwegian
Electric Vehicle Association.

Table 4 offers an overview of our interviews and respondents by
country, gender, focus area, and sector.

Participants were guaranteed anonymity and not prompted for re-
sponses. To encourage candor and protect respondents, we present such
data as anonymous. We did not correct respondents or normalize and
modify answers in anyway—meaning at times respondents are speaking
to their perceptions, rather than absolute or definitive facts. On
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average, the interviews lasted between thirty and ninety minutes. As
some interviews included multiple respondents, each participant was
given a unique respondent number (e.g., R187). Each interview was
recorded, fully transcribed, and then coded using NVIVO. We then
conducted frequency counts of the coded transcripts to inductively
distill common justice themes, which we elaborate on more in the next
section. This enables the study to have an “inductive,” “negotiated,” or
“grounded” element (Berman and Kofinas, 2004; Tacconi, 1998), in
that our results are drawn entirely from (“grounded in”) the inter-
viewee material and the secondary literature suggested by interviewee
respondents.

In terms of strengths, our research design enabled us to collect
qualitative data in a conversational style of information-gathering, al-
lowing space for spontaneous responses that added depth and in some
instances unforeseen evidence or previously unknown arguments to our
findings (Harrell and Bradley, 2009). An additional advantage is that
interviews enabled interactivity because they encouraged participants
to talk openly, and also allowed the conversation to attain suitable
momentum that prompted exploratory investigations of topics (George
and Bennett, 2004). Moreover, the visual element of the interviews
enabled us to look for nonverbal cues to decide whether a respondent
understood a question (King et al., 1994), meaning we could rephrase
questions or prompt participants to elaborate on their answers. Fur-
thermore, Yin (2003) argues that semi-structured research interviews
are most appropriate when the objective of the research is to under-
stand complex elements and their intersection with perceptions, beliefs,
and norms—particularly the case with justice issues. Qualitative in-
terviews are especially recommended when the research objective is to
solicit stakeholder perceptions (Canova and Hickey, 2012) or assess
value-based or normative criteria (Loring and Hinzman, 2018).

Nonetheless, our method does have some shortcomings. The quali-
tative aspect of interview responses makes them difficult to code and
answers understandably varied for each participant. Some respondents
may have provided socially desirable responses, telling us what they
think we wanted to hear. Others could have deliberately given answers

that they thought would sway the outcome of the study in their favor.
Inaccuracies could also arise due to poor recall and memory of the in-
terviewee (Kroes and Sheldon, 1988). We have attempted to minimize
these shortcomings by validating their findings with a secondary
method, that of a literature review, and by triangulating responses
within the sample (i.e., not presenting only minority opinions or flag-
ging when a statement could not be confirmed) and by conducting
frequency counts of responses below.

4. Results and Discussion: Rethinking the Injustice of Electric
Mobility and V2G

Across the entire population of interviews, justice issues—even
though they were only indirectly queried through the language of
“benefits” and “barriers”—arose with perhaps surprising frequency. As
Table 5 summarizes, respondents made 162 distinct statements that we
coded as falling within distributive, procedural, cosmopolitan, or re-
cognition injustice dimensions (for more details on the coding process,
see the footnote to Table 5). The remainder of this section discusses
each in turn, beginning with an explanation of the issues at stake, with
references to previous research when relevant, followed by supporting
interview statements.

4.1. Distributive Injustice: Inequitable Access and Privacy Concerns

Issues of distributive injustice center on two distinct areas: in-
equitable access to electric mobility (viewed as an elite or luxury item,
especially for EVs) and concerns over privacy and cybersecurity.

By far the most frequently mentioned injustice attribute across the
entire sample of interview statements was that access to electric mo-
bility technologies are not distributed evenly across Nordic society. This
point has already been made repeatedly in the literature, with examples
from around the world. As Wells (2012: 751) writes, “only if an in-
dividual is wealthy enough to own or run an electric vehicle, or is af-
forded one by the company that employs them, can that individual then
benefit.” Thus studies of EVs in China (Tyfield et al., 2014; Tyfield,
2014), France and Germany (Ensslen et al., 2015), Ireland (McCoy and
Lyons, 2014), the United Kingdom (Skippon and Garwood, 2011) and
the United States (Neubauer et al., 2012) have all confirmed that
adopters tend to be in higher income brackets, often using their EV as a
second car. Similarly, early adoption patterns of EVs or e-bikes in
Austria (Wolf and Seebauer, 2014), Sweden (Vassileva and Campillo,
2017), Canada (Axsen et al., 2016), and Norway (Nilsson and Nykvist,
2016) have favored higher income users. At a more general level,
transportation infrastructure and technology developments focusing on
passenger cars (including EVs) often benefit middle and upper class
denizens because: they cater to their transportation needs (the devel-
opment of suburban highways, for instance); pollution and congestion
often concentrate in poorer neighborhoods; and poor residents are more
likely to be displaced or have their neighborhoods disrupted due to
developments (Roth, 2004; Kaufmann and Jemelin, 2003).

As expected, the issue of equity and access did come up repeatedly
from our interviews, although focused mostly on passenger EVs, and
then a specific brand (Tesla). As R140 put it succinctly:

The most common EV in the Nordic Region is a Tesla. That's only for
rich people and companies. It is not a mainstream car, it is not for
everyone. It is a beautiful car, cool to have. But almost nobody can
afford to.

R192 was more elaborate in their reflection and highlighted the
equity and justice challenge with electric mobility:

Tesla owners in Norway on average have a quite high income. The
Tesla is not their only car, they can have it as maybe their second or
third or fourth or fifth car. It's the wealthy getting in front of the
common people so they can just pass them in the queue in the

Table 4
Overview of research interviews and respondents.

Interviews
(n=227)

Respondents
(n=257)

% of
respondents

Country= Iceland (Sept–Oct 2016) 29 36 14.0%
Country= Sweden (Nov–Dec 2016) 42 44 17.1%
Country=Denmark (Jan–Mar 2017) 45 53 20.6%
Country= Finland (Mar 2017) 50 57 22.2%
Country=Norway (Apr–May 2017) 61 67 26.1%

Gender=Male 160 207 80.5%
Gender= Female 40 50 19.5%
Gender=Mixed groups 27

Focusa=Transport or logistics 73 81 31.5%
Focus= Energy or electricity system 63 75 29.2%
Focus= Funding or investment 10 12 4.7%
Focus= Environment or climate change 12 16 6.2%
Focus=Fuel consumption and technology 22 23 8.9%
Focus=Other 13 14 5.4%
Focus= EVs and charging technology 34 36 14.0%

Sectorb=Commercial 66 70 27.2%
Sector= Public 37 46 17.9%
Sector= Semi-public 40 51 19.8%
Sector=Research 37 39 15.2%
Sector=Non-profit and media 12 13 5.1%
Sector= Lobby 22 25 9.7%
Sector= Consultancy 10 10 3.9%

Source: Authors.
a Focus represents the primary focus area of the organization or person in

question.
b Sector represents the sector the company was working in (semi-public re-

ferring to commercial companies owned by public authorities, like DSOs).
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morning, and that's irritating … A recent newspaper found that the
typical, single Tesla Model X owner received subsidies in 2016
worth the same amount you can hand out to provide 30,000 trips on
the buses and the subway system of Oslo.

If accurate, such a statement even quantifies the equity issues,
placing a single EV adopter above the needs of thousands of public
transport users—it privileges one “wealthy” person over 30,000 po-
tential “common people.”

That said, we should emphasize at this point that our interviewees
are speaking about their perceptions, not necessarily mirroring factual
diffusion patterns in the Nordic region. For instance, while it may be the
most visible brand of EVs, Tesla continues to be outsold by Renault,
BMW, Mitsubishi, and Nissan across Europe, and by VW and Nissan in
the Nordic region, as Table 6 indicates. And, although they are not
reflected in prominent sales patterns, a host of EVs are marketed for the
“average consumer” and much more affordable than a Tesla, a trend
initially started with the Buddy and Th!nk City. As such, the equity and
access issues mentioned by respondents do not necessarily hold true
across all contexts.

A second concern, however, touches not on the equity dimension to
distributive justice, but on the unfairly distributed burdens and costs to
society. These themes notably connect to loss of privacy, or the en-
hanced risk of cybersecurity breaches or terrorism. R59 captured the
thrust of this vision by noting that the linking of ICT and vehicles en-
abled by a V2G transition could completely transform how people are
connected to the web:

I imagine a world where companies can monitor and track your
every move. Everyone could see where you are and stuff like that. If
you're a one-person household people could see that the car is away.
They could come into your house, it's a problem.

Their statement implies that V2G could opens up intimately private
lives not only to companies but to others who could use or misuse the
system as mass surveillance. R64 emphasized such a system could have
major distributive burdens such as terrorism:

Tomorrow's terrorism is probably completely different form yester-
day's, and we need to think about that when we are working with
these systems … Would it be possible to get into these computers
and make V2G cars do things they shouldn't do? … How will cyber

security be protected or maintained in a world full of future ter-
rorists and hackers? … Such a system may give many the opportu-
nity to do the evil things.

In short, these two statements reveal a fearful, potentially dark side
to electric mobility adoption where the digital society that results may
be more efficient, but also opens up new concerns about data protection
and security.

4.2. Procedural Injustice: Exclusion and Elitism in Planning and
Policymaking

In the domain of procedural justice, respondents raised concerns
that EVs only created (or were backed by) exclusionary policies and
reflected elitism in national planning and policymaking. Essentially,
these comments draw on or connect with some of the distributive jus-
tice issues mentioned above, such as equity, but relate it back to pro-
cedures and the regulatory process. In this way, issues of unfair access
and elitism become reflected and entrenched in policy, which then
further perpetuate inequity across mobility systems (Verlinghieri and
Venturini, 2018). Watson (2013) analogously shows how practices of
mobility that depend on private cars can influence policy and regula-
tions in ways that create “sticky points” resistant to change as well as
“feedback effects” that marginalize other forms of mobility, such as
cycling.

Again, similar to distributive justice, most statements about proce-
dural justice centered on EVs rather than V2G or e-bikes more broadly.
For instance, R86 suggested that:

In the beginning, I thought the negative reactions to Teslas was
related to envy or jealousy. But after thinking more about it, it's a
rational and emotional reaction. Why should we lose a lot of money
for rich people getting a cheap, expensive, luxury car? The politi-
cians … are [being] controlled.

R87 framed this as a procedural justice issue about policy, rather
than one purely of distributive justice:

People see EVs as only for the upper class. They find them very
unfair. To the politicians, electric mobility sounds very good and
they remain convinced that EVs can help store energy, decarbonize
transport, and balance the grid.

Table 5
Overview of energy injustices related to electric mobility and V2G in the Nordic region.

Dimension Frequency by interview respondents
(N=257)a

Frequency by statements
(N=162)

Example(s)

Distributive justice 30% 48% EVs are luxury goods, accessible only to the rich
Infringements on privacy, hacking, and cyberterrorism

Procedural justice 17% 27% Exclusion and elitism in national transport and energy planning behind
EV policies and incentives
Capture of consumers and authoritarian business models

Cosmopolitan justice 9% 14% Contribution to congestion and health risks
Externalities (air, climate, water) and lifestyle impacts

Recognition justice 7% 11% Loss of jobs/disruption to traditional businesses
Exacerbation of vulnerability (rural areas)
Entrenchment of patriarchy

Source: Authors.
a Note: Coding the frequency of particular statements was admittedly difficult, given that they exhibit a mix of different terms and phrases. We therefore adopted a

grounded coding strategy that had us code, and then recode, based on common or recurring statements. We identified 78 statements about distributive justice by
coding among all interviews for the words and phrases related to “equity,” “equality,” “cost,” “price,” “affordability,” “access,” “privacy,” “terrorism,” and “hacking.”
We identified 44 statements about procedural justice searching for terms such as “procedural,” “due process,” “fairness,” “accountability,” “transparency,” “elite,”
“democracy,” “participatory,” “exclusion,” “democratic” and “authoritarian.” We identified 22 statements about cosmopolitan justice by searching for the terms
“externality,” “congestion,” “traffic jam,” “pollution,” “water,” “carbon,” “climate,” and “health.” We identified 18 statements about recognition justice by searching
for “disruption,” “employment,” “jobs,” “vulnerability,” “minorities,” “rural,” “gender,” “sex,” and “patriarchy.” Statements were mutually exclusive—they were
only placed in the single category for which they best fit.
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Similarly, R165 and R166 discussed that:

In Finland, government policy for EVs has been socially cata-
strophic, because only rich people buy new Teslas (laughs).

R106 mentioned the problem as one of “politicians prioritizing be-
tween hundreds of goals,” and perhaps lacking the “political will” to
make controversial decisions or challenge entrenched interest. R202
advanced a similar concern when they noted that:

Almost everyone is okay with subsidizing the small ugly EVs that
have a range of sixty kilometers. It [existing policy] subsidizes rich
lawyers and bankers living in big houses now owning a 2.5 ton super
luxury sports car which can drive circles around any Porsche. All of
a sudden Tesla owners get hundreds of thousands of kroner in
subsidies, and people with more practical, or uglier cars, get almost
nothing.

These statements all problematize how distributive issues such as
access and affordability have become embedded in policy and the
policymaking process.

At another level, respondents mentioned that the widespread
adoption of electric mobility systems, especially in a V2G configuration,
could potentially erode democratic processes, and undermine people's
autonomy or liberty. R188 for example noticed a reluctance among
consumers to “become dependent on some distant infrastructure for
their daily travel.” R30 illustrated another part of the logic of this vision
when noting “people are afraid that the batteries will not last long
enough and it is very costly to get new ones.” This last statement un-
derscores the potential for a V2G system to become more easily con-
trolled by profiteering companies—creating an exclusionary innovation
system or policy regime.

4.3. Cosmopolitan Injustice: Externalities and Environmental Impacts

The cosmopolitan justice issues connected to electric mobility lar-
gely touch on externalities—at various types (environmental, commu-
nity, social) and scales (local, national, global).

In the environmental domain, some literature has noted that EVs in

particular can lead to externalities such as greenhouse gas emissions
from electricity use, toxic pollution from battery manufacturing and
disposal, and water consumption. In terms of climate change, for EVs to
actually deliver well-to-wheels carbon reductions, the carbon content of
electric power generation must be low. Otherwise, EVs will simply shift
the exposure to air pollution away from urban areas and toward rural
populations located closer to the power plants that provide electricity
for recharging EV batteries in the city, as was found to be the case in
China (Ji et al., 2012). Any overall GHG reduction benefit will depend
on the carbon intensity of the electricity used during the battery re-
charging periods.

R199 offered an illustrative statement underscoring environmental
concerns in the context of plug-in hybrid EVs. They noted:

The problem with plug-in hybrid EVs in the region is that they can
switch between fossil fuels (gasoline or diesel) and all electric mode.
Many of such cars are bought by rich people not bothering to plug it
in, driving it in pure fossil mode all the time only to save 100,000 to
200,000 kroner in taxes. They buy the car but never intend to use
the environmental package, so that's obvious that you need some
scheme to stimulate the real zero emission driving.

And in terms of e-bikes, both Wolf and Seebauer (2014) and Lin
et al. (2017) have noted (in non-Nordic countries) that such technolo-
gies do not largely displace or substitute for more carbon intensive
forms of travel or commuting patterns (such as public transit).

In addition, some research has suggested that EVs shift pollution
from local places and make it more regional; it also depends on local
fuel mixes whether a net benefit to health or greenhouse gas emissions
occur. For instance, Buekers et al. (2014) found that EV benefits oc-
curred only in countries that relied on low air pollutant emitting fuel
mixes, i.e., small countries in the European Union. There, such benefits
accrue mostly in urban centers. But this merely shifts pollution flows
outward to other countries and close to power plants, mostly in rural
areas, and perhaps across national borders, making it a cosmopolitan
issue. Consequently, there is a potential for richer urbanites to capture
substantial benefits, while passing all the burden into the lungs of
others.

Table 6
Leading European and Nordic electric vehicle brands.

a. Top ten European electric vehicle sales by make and model, 2017

No Brand Volume of annual sales EV market share

1 Renault Zoe 31,410 10%
2 BMW i3 20,855 7%
3 Mitsubishi Outlander PHEV 19,189 6%
4 Nissan Leaf 17,454 6%
5 Tesla Model S 15,553 5%
6 Volkswagen Passat GTE 13,599 4%
7 Volkswagen e-Golf 12,895 4%
8 Tesla Model X 12,630 4%
9 Mercedes GLC350e 11,249 4%
10 BMW 225xe 10,805 4%

b. Top Nordic electric vehicle brands, 2017

Denmark Finland Iceland Sweden Norway Grand total

VW 528 37 222 1086 24,877 26,750
Nissan 1500 367 1024 3635 18,110 24,636
Tesla 3503 511 27 3195 16,066 23,302
BMW 820 35 26 432 11,448 12,761
Renault 1256 32 55 1393 5590 8326
Mercedes 0 0 14 77 4348 4439
Hyundai 9 34 15 0 1660 1718
Opel 0 0 0 0 834 834
Kia 29 6 106 129 0 270

Source: Authors, top panel is modified from European sales data present in Zach (2018), bottom panel comes from the EAFO database (2018).
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Furthermore, the production of EVs requires equipment and mate-
rial inputs that raise concerns about toxicity and recycling. Electric
drivetrains, motors, and batteries need lithium, nickel, copper, and
aluminum, as well as critical materials, somewhat harder to find, such
as, cobalt, and indium. For instance, a typical hybrid electric vehicle
such as the Toyota Prius needs 2.2 pounds (0.5 kg) of neodymium, in
addition to significant amounts of rare earth minerals such as dyspro-
sium and praseodymium as well as lithium (Hensel, 2012). R21 made
this connection when they stated that.

As far as I know, most of the material for batteries, especially li-
thium, comes from Bolivia or Columbia. Is it really better to be
dependent on Bolivia and Columbia on lithium than Saudi Arabia on
oil? So what is the difference? Whether it's a lithium mine in the
desert of Bolivia, or an oil well in Riyadh, you have to destroy many
things to get either one.

In this context, the possible environmental benefits of an electric
mobility transition—fewer greenhouse gas emissions and improved air
quality in urban environments—may come at the cost of greater pol-
lution from factories making components and the landfills and junk-
yards where obsolete models end up (Hawkins et al., 2012), especially
when compared to low-carbon public transport. A related concern is
how the diffusion of electric mobility across the Nordic region may
push conventional, dirtier used cars to other markets—especially when
Nordic used cars are already being exported to countries with more
relaxed environmental standards such as the developing economies of
the Asia-Pacific or Sub-Saharan Africa (United Nations Environment
Program and United Nations Economic Commission for Europe, 2017).

A third environmental externality is water. A shift from internal
combustion engines to electric power for mobility is likely to increase
consumption of electricity, and thus contribute to water scarcity.
Looking at the United States, King and Webber (2008) projected that
the increased water cooling of thermoelectric power plants providing
energy to EVs could increase aggregate water consumption by a mul-
titude of 3 and water withdrawals by a multitude of 17. This sheer
water intensity of EVs makes it difficult to electrify transport where
water is scarce—something that matters given projections of water
stress. R45 discussed this concern in terms of “heat waves across
Europe” that could result in “power outages across the region,” ex-
pressing worry it could be “too hot” to generate electricity for EVs. Most
of the world's water sources are already under stress, with one assess-
ment calculating that global groundwater needs are 3.5 times in excess
of the actual area of aquifers, and warning that 1.7 billion people live in
areas “where groundwater resources and/or groundwater-dependent
ecosystems are under threat” (Gleeson et al., 2012).

An additional cosmopolitan justice issue falls in the community
domain, where externalities to greater electric mobility adoption in-
clude a greater risk of accidents and traffic congestion, given that ve-
hicles and e-bikes can still promote an automobility paradigm that
transportation should be private, rather than public, and motorized
rather than human-powered (Sovacool and Axsen, 2018). High volumes
of EVs can contribute to traffic jams that make reaching even nearby
destinations time consuming, and can reduce access to community
services, employment opportunities, and social support networks. As
R55 indicated:

When they aren't in bus lanes or special parking garages, EVs still
don't save you time compared to rapid transit or the metro. They still
get stuck in congestion [traffic jams].

R67 added, “for sure, congestion is a problem.” More seriously, EVs
and e-bikes are prone to life-endangering accidents every year. The
World Health Organization (2018) estimates that every year 1.25 mil-
lion people are killed and 20 to 50 million injured in traffic road crashes
involving cars or motorcycles; globally, road traffic injuries are also the
leading cause of death for those between the age of 15 and 29 years old.

Finally, in the social domain, motorized vehicles (of both the

electric and internal combustion type) require less physical activity
than walking or cycling, or even than mass transit, which usually in-
volve a walking component. R204 expanded this argument when
noting:

The reason I don't want an EV is because I like to cycle and walk. I
don't get the same level of exercise if I were to switch over.

EVs and e-bikes thus contribute to public health problems. Physical
inactivity is responsible for 3.3% of worldwide deaths and 19 million
disability adjusted life years annually, and those that rely on private
transport have higher rates of diabetes, cardiovascular disease, and
obesity than those that walk or take public transport (Woodcock et al.,
2007). To the extent that electric mobility diffusion trades off with
walking, cycling, or public buses and trains (which often require
walking), the overall public health effects of electric mobility could be
negative. Under this lens, EVs reflect a potential half-measure that fails
to capture many of the additional benefits of public transportation.

4.4. Recognition: Jobs, Vulnerable Groups, and Gender

This class of justice concerns relate to recognition justice and vul-
nerability, especially jobs (notably small and independent fuel provi-
ders and maintenance firms), impacts on rural residents, and the en-
trenchment of patriarchy (or at least objectification of women).

First, a global electric mobility transition has the potential to sig-
nificantly disrupt both global energy and automotive markets. In laying
out his vision for electric mobility, the entrepreneur Aggassi (2007)
noted in a white paper that:

The total economic dislocation [by electric mobility] seems almost
incomprehensible. Fuel at the pump represents a market of $1.5
trillion every year. Cars and components size roughly to the same
size of market, $1.5 trillion a year. Financing for new cars, gaining
acceptance worldwide is estimated at $0.5 trillion a year. Clean
electricity generation for cars is a market that will reach $0.15
trillion a year. ERG infrastructure construction will reach levels of
$0.5 trillion a year. Battery manufacturing will reach similar levels
of $0.5 trillion a year, accounting for reduction in battery cost as the
market size will continue to increase. In-car services, such as GPS,
media, phone as well as related services such as insurance and
maintenance collectively worth more than $1.5 trillion a year will
be affected. Carbon credits alone will be worth roughly $0.3 trillion
when all cars are driven on clean electricity. In the aggregate, we are
looking at an annual dislocation reaching roughly $6 trillion a year.

Admittedly, much of these impacts will fall upon major incumbents
such as ExxonMobil and British Petroleum (oil and fuel suppliers) and
OEMs such as Volkswagen or Nissan—hardly a vulnerable population in
a traditional justice sense. But they could result in greater levels of
unemployment and the closure of factories that can collapse commu-
nities (e.g., Detroit) and lead to the next generation of vulnerable
groups.

Furthermore, in the Nordic region many petrol and fuel stations
would need to install electric charging infrastructure, a costly prohi-
bitive endeavor. Volkswagen, Daimler, BMW and Ford already an-
nounced together than they expected the costs for building the first
wave of 400 “fast charging stations” for EVs in Europe to surpass €1
billion (Campbell, 2016). Automotive dealerships and maintenance
firms would also see a potentially large loss of revenue, as well as those
selling alternatives to electric vehicles such as small-scale biofuel or
hydrogen companies, a growing industrial segment at least in Denmark
(Andreasen et al., 2014a, 2014b). McKinsey and Company (2017) es-
timate that the automotive maintenance and repair business generates
about 45% of total aftermarket revenues in Europe, with the remainder
coming from retail and wholesale of vehicle parts, a $237 billion sector
in 2015 (McKinsey and Company, 2017). That said, the higher use of
electronics and sensors in EVs can increase the cost of an average car
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crash (and repair), and facilitate new services becoming available in the
form of diagnostics and car data digitalization, so not all repair revenue
would be lost to EVs.

Nonetheless, within Nordic automotive dealerships specifically,
Zarazua de Rubens et al. (2018) found that salespersons generally ar-
ticulate that EVs take a longer time to sell, take more effort to sell, and
result in less revenue for maintenance—which can all result in negative
impacts on profitability for automotive companies and dealerships, and
consequently jobs, in the short term. Book et al. (2012) imply that in-
dependent automotive and maintenance firms could even be at a un-
ique and comparative disadvantage, given that smaller independent
shops are less able to cope with the required expertise and investments
in infrastructure to handle EVs.

Multiple interview respondents reflected these concerns. R010
noted that:

EVs may be good for business in general, but they are not necessarily
good for the car industry itself, there are big hurdles there. You have
to understand how the business model of a company like
Volkswagen works. They sell you a car, and then they have this
massive distribution and support network that lives on and thrives
on support, spare part sales and lubricating the car and changing
this and that. They expect that you buy a new car and then you
maintain your guarantee to come there every 3 or 6months or
whatever for checkups so they can charge you every time. But if you
have an electric car and you don't ever have to come back, it's a
massive change in the business model.

R36 added that:

If you have an electric car, the margin is smaller today, because the
cars are really expensive, and after a dealer sells the car, it's basi-
cally gone. There are few maintenance revenues because EVs are
very reliable and there is a high likelihood there will no problems,
especially since they have better drivetrains and transmissions.

R114 confirmed this numerically:

Current EV fleets show that they save at least 80% on maintenance
needs. Because there's nothing wrong with them. There's no oil
change, no oil filter, no tail pipe. So that's a huge challenge in the
industry to come. How are we going to make money when we have
mainly EVs?

R207 therefore concluded that:

The losers are the traditional energy firms who will be displaced by
V2G and you will also have firms repairing traditional vehicles or
owning gas stations that will suffer.

Thus, it seems clear that EVs will disrupt and harm at least some
businesses across the Nordic region and Europe.

More complicatedly, electric mobility adoption could alter both the
provision of mobility services across urban and rural areas. R181
warned that V2G may seem wonderful until one considers marginal and
vulnerable segments of the population, such as those in rural areas:

Even though I'm a green person, I will have to accept that there are
going to be diesel trucks taking food to the northern most corner of
Finland because that is what makes sense. It [a transition to elec-
trification] could be very discriminative to exactly the most mar-
ginalized or vulnerable elements of society. … I have a problem
accepting such a system. That just because it makes more economic
or environmental sense, that we marginalize people even more.

This pattern could only concentrate the burdens of a V2G transition
among some vulnerable groups.

A final recognition concern centers on gender roles and gender
identity, or at least the possible entrenchment of masculinity or patri-
archy and a degree of sexism. For R89 remarked that:

If electric vehicles have a very big advantage, it would be the “dick
factor.” If you want to go with a blonde you want a car with ac-
celeration. And electric cars they have very good acceleration.

This sort of statement begins to imbue a masculinity to particular
EVs and also connect them to sexuality. R196 clarified this further:

Other than Tesla, which has some power and acceleration, most EVs
are downright ugly. Most of the models I see here look like a fucking
dustbin. It looks like a plastic can on wheels! Where is the dick
factor on that one, you know? I mean, if you put your ass in a Buddy,
you immediately look eighty years old. I'd be relegated to a sexless
life for sure if I bought one, forget about it!

Although such statements were not widely reflected across the
sample of interviews, they do reveal the extent that EVs can become
integrated with gender constructs and also particular gender roles that
marginalize women and reduce them to sexual objects.

5. Conclusion and Implications

To conclude, our qualitative examination of the distributive, pro-
cedural, cosmopolitan, and recognition injustice dimensions to electric
mobility and V2G—derived primarily from semi-structured expert in-
terviews—expands our lexicon of justice consequences. It also validates
the necessity of considering them comprehensively, holistically, and
multi-dimensionally. Our assessment reveals that experts question the
underlying morality of promoting expensive, inequitable, luxury items
as a way to provide mass mobility. Other experts criticize the elitism
and exclusionary nature of EV planning and policymaking. Still others
take issue with imposing the burden of electric mobility innovations on
the environment (notably the climate, air pollution, water consump-
tion, and the toxic impacts of rare earth minerals), communities, and
public health systems; and/or the possible exacerbation of unemploy-
ment, rural poverty, or patriarchal gender roles, especially as compared
to better alternatives, like public transportation. This demands that
contemporary analysts, policymakers, and even consumers begin to
reconsider their energy and mobility decisions as moral ones, and fairly
complex ones at that—transcending normally separate dimensions of
energy justice.

Furthermore, our qualitative mapping of injustices does lead to
some forceful policy implications. EVs, as compared to conventional
cars, are commonly framed as a remedy to the existing injustices of the
current mobility system, with advocates espousing the potential energy
justice benefits of electrification. On the other hand, we have shown
above that EVs can pose injustices of their own in the broader mobility
context. As such, if EVs are determined by policymakers to play an
essential role in national climate change mitigation plans, we suggest
several policies to prevent or at least minimize injustice in Table 7.
Thus, our justice framework shows that policymakers need to think
broadly when implementing EVs in order to avoid half-measures that
risk energy injustice.

In addition, many of the injustices identified, or the issues of equity
and vulnerability that arise, are not “new” to EVs or V2G—they likely
exist with other low-carbon technologies and also conventional cars
and other forms of mobility. However, a lesson here is perhaps that
changing the performance or engine of a vehicle, or introducing a new
type of car such as an EV or an innovation such as V2G, does not ne-
cessarily change the underlying political economy or power dynamics
behind mobility or automobility. Systems of mobility themselve-
s—involving multiple, competing and overlapping technologies, modes,
and transport infrastructures—can also be just or unjust, even if they
utilize innovations such as EVs or V2G that have material potential to
reduce environmental and social harms. There may be situations,
practices, or socio-material configurations where V2G EVs meet prin-
ciples of justice, sustainability, or sustainable development, but also
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areas where they may not (such as when an EV reinforces automobility
and merely represents an additional car, and thus becomes a net en-
vironmental burden, or increases the demand for motorized mobility at
the expense of more active walking and cycling). The justice potential
of electric mobility is therefore situational, relational, and contingent.
The answer to the question “Is it good?” will invariably be “It depends.”

As a final reflection, energy injustices generally do not exist in black
or white – the energy justice concerns for EVs and V2G transcend dif-
ferent domains including distribution of benefits and burdens, planning
procedures and due process, global whole-systems issues such as the
flow of negative externalities, and aggravated consequences on mar-
ginalized social groups. One can only grapple with these complexities
with a holistic energy justice framework. Moreover, within this “poli-
tical economy” of justice (Jenkins et al., 2016a, 2016b), interventions
such as EVs and V2G mobility—rightly lauded for their prospective
environmental and even economic attributes— can still exacerbate in-
equality, even when they offer net societal benefits. Further research is
needed to properly assess the justice aspects of EVs, for instance by
integrating or juxtaposing a justice perspective with the vast studies on
the positive co-benefits of EVs, offering a more balanced, rounded out
perspective. Nevertheless, the above reminds us that even potentially
just low carbon forms of mobility such as EVs or V2G, which can be net
beneficial for society, still have the potential to concentrate environ-
mental hazards among the socially vulnerable and geographically dis-
advantaged.
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socioeconomic consumers

Exclusion of other subsets of population (low
income, users of other mobility)

Better inclusion of entire population in EV policies (e.g. public charging infrastructure coverage),

Broader electrification of public transport, more comprehensive transport policy, progressive EV and
V2G subsidies

Cosmopolitan justice EVs exacerbate other externalities (congestion,
electricity-related externalities)

Global south excluded from EVs, instead get cheap
petrol/diesel

Deployment of EVs requires deployment of renewable electricity, transportation planning policies,
internalizing externalities, carefully managing battery and lifecycle waste streams

Shift international focus of EVs beyond global North, international mechanisms to shift technology
and support small EV initiatives present in those countries (clean development mechanism policy)

Justice as recognition Conventional car industry job loss, particularly
maintenance

Dealership resistance to selling new technologies

Implement job training programs for new EV industry (e.g. battery specialization, EVSE repair, V2G
aggregation) similar to coal-to-solar transition

Consistent EV and V2G policy signals, allowing industry preparation and investment for EV
transition
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1 Introduction  
 

Regions differ in their industrial and economic structures, and long-term structural change towards a 

low-carbon Europe will have uneven regional impacts. While some regions can be expected to benefit 

from the growth of low-carbon industrial activities, other regions that are currently dependent on 

high-carbon activities will face challenges.  

 

It is important to understand these challenges, both because of the direct welfare implications for 

those regions, and because of their potential importance for the politics of the transition. It is intuitive 

that populations in regions with significant economic dependence on high-carbon industries may be 

sources of political resistance to climate policies.  

 

This paper aims to map the economic vulnerability of European regions at the NUTS2 level to 

decarbonisation pathways. We do so by developing an indicator that combines the share of 

employment in high carbon industries with other dimensions of vulnerability and resilience. The paper 

first sets out some relevant literature and the conceptual background to the indicator. We then  

 

 

2 Background, conceptual framework and data 
 

For many years, it has been standard to think of vulnerability as a function of three constituent parts: 

exposure to some source of disruption, sensitivity to that disruption, and the adaptive capacity to 

respond and recover (IPCC 2014). Regions with high exposure and sensitivity, and low adaptive 

capacity, are the most vulnerable in the face of disruption.  

 

There is an existing literature using this approach to develop maps of regional vulnerability to the 

physical impacts of climate change. For example, (O’Brien et al. 2004) examined regional vulnerability 

across India from physical climate change impacts; while Allison et al (Allison et al. 2009) conducted 

similar work on economic dependence on fisheries, and corresponding vulnerability to climate change 

impacts. However, this approach has hitherto been largely confined to analysis of vulnerability arising 

from the physical impacts of climate change. 

 

There is also an established literature on regional labour and competitiveness impacts of various 

climate change policies. However, there has been less work attempting to combine different 

dimensions of vulnerability, as expressed in the IPCC vulnerability framework. Carley et al. (2018) are 

the only paper applying this approach, and they map the vulnerability of US regions to renewable 

energy policies.  

 

We adopt a broadly similar conceptual approach, but with a different focus. Unlike Carley et al. 2018, 

we consider exposure to a decarbonisation scenario described in terms of the technology pathway to 

2050, rather than in terms of specific policy instruments. Exposure, in our analysis, is related to the 

stringency of the climate target and the associated expected declines in fossil-fuel related activities. 

The aim here is not to identify how specific policies have or will affect particular regions, but rather to 

identify the underlying reliance of different regions on specific technologies and activities that are 

expected to be phased out or substantially reduced in a decarbonised Europe. In the subsequent 

sections, we discuss how each element of vulnerability is defined for our indicator.  



 

2.1 Exposure: decarbonisation pathways for Europe 
 

The relevant disruption to which regions are exposed is the expected reduction in a set of core high-

carbon activities. These are taken from decarbonisation scenarios, which provide detailed techno-

economic descriptions of how the European energy system can develop to reach 2050 targets. Such 

scenarios illustrate, for example, the degree to which coal production in the EU could decrease, or the 

extent to which internal combustion vehicles are replaced by electric vehicles. For this first preliminary 

analysis, we examine a fossil-free scenario for Europe in 2050.  

 

2.2 Sensitivity: dependence on high-carbon activities 
 

Measures of economic dependence on specific industries are not common in the economic geography 

literature, and have tended to be developed to explore dependence on single resources (oil, fisheries 

etc), often in developing country contexts (e.g. (Allison et al. 2009)). Other measures of regional 

vulnerability focus on economic openness (increasing exposure to exogenous shocks), dependence on 

strategic imports (increasing vulnerability to price volatility in those imports), and export 

concentration—i.e. excessive reliance on a narrow range of export goods increases the impacts of 

demand shocks to any one good (See a short review in (Briguglio et al. 2009)). We assume that regions 

are more vulnerable if they are highly specialised in high-carbon sectors, noting that diversification is 

considered to increase the resilience of regions to economic shocks (Kemeny and Storper 2015). 

 

A wide range of economic activities can be expected to be phased out, or substantially reduced, in 

most decarbonisation scenarios. These include: 

- Coal mining and processing, and the manufacture of coke 

- Oil extraction, and to a lesser extent gas 

- Generation of electricity in fossil-fuel plant 

- Support activities for fossil fuel extraction, including specialised consulting services 

- Petroleum refining  

- Manufacture of internal combustion engines and other equipment specific to fossil fuels (such 

as gas boilers). 

 

Regions with a significant economic dependence on such activities can be considered to be vulnerable 

in the face of deep decarbonisation scenarios. However, industry classifications do not always make 

it straightforward to clearly identify such activities. This is either because data is often collected or 

reported only at relatively high levels of aggregation, or because the economic activities cut across a 

number of traditional industry classifications (e.g. there is no NACE category for machinery 

manufactured for coal mining; instead such activities are part of “Manufacture of machinery for 

mining, quarrying and construction”). For this project, four major sets of economic activity have been 

identified that can both be measured with some confidence, and that can be expected to decline 

substantially in many deep decarbonisation scenarios. These are: coal mining, oil & gas extraction, 

petroleum refining and the manufacture of coke, and the manufacture of internal combustion engines.  

 

There have already been some studies that explore elements of these. The JRC recently conducted a 

detailed study specific to coal-related jobs (ALVES DIAS et al. 2018). There have also been some studies 

in specific countries on the jobs impacts of a shift away from internal combustion vehicles (Transport 



and Environment 2017). However, no previous studies have combined these into a broad perspective 

on regional economic vulnerability to a shift away from fossil fuels.  

 

Other studies have explored dependence on economic activities that might be expected to bear heavy 

costs (i.e. energy- and carbon-intensive sectors, such as cement, steel, and chemicals) in a 

decarbonisation scenario (see ongoing work in the REEEM project, for example). However, these are 

a more uncertain source of vulnerability: while it is clear that scenarios stop using coal, for instance, 

it is not clear how the residual costs of carbon will be borne across sectors, consumer groups, etc. – 

since these are dependent on policy design and associated political decisions. Exploring the 

vulnerability of regions to high carbon and energy prices is likely to be a useful addition to the present 

work, but it is beyond the scope of this initial exercise. Similarly, other studies have incorporated 

residential electricity prices and poverty concerns into considerations of vulnerability (Carley et al. 

2018). We focus more narrowly on dependence on high-carbon economic activities, and in particular 

dependence on high-carbon jobs.  

 

 

 

2.2.1 Data on regional dependence on specific sectors 
 

The principal data source for identifying regional economic dependence on specific sectors is 

Eurostat’s regional Structural Business Statistics. This data source provides industry-by-industry data 

on employment at the NUTS2 level of spatial disaggregation. However, these records are incomplete 

at the NUTS2 level, and considerable additional work was required to fill missing values or to estimate 

values that had been suppressed for confidentiality reasons. The procedures used to do so for each 

sector are summarised below.  

 

Information about employment at the NUTS2 level for B05 “Mining of coal and lignite” was taken from 

the JRC Science and Policy Report on coal in the EU (ALVES DIAS et al. 2018). Only direct employment 

in coal activities is considered. Some of the NUTS2 codes in the report are based on NUTS2013 

classification and had to be updated to NUTS2016. 

 

The data for B06 “Extraction of crude petroleum and natural gas” is primarily taken from Eurostat 

(Eurostat Structural Business Statistics, 2018). This data contains many gaps. We calculated missing or 

confidential values where this was possible using available data for NUTS1 and other NUTS2 regions. 

Similarly, we were able to estimate a number of values using data from the NACE Rev 2 “B” code and 

other two-digit codes in the B-class.  

 

The Eurostat data for C19 “Manufacture of coke and refined petroleum products” was similarly patchy. 

Here, we used information from the European Pollutant Release and Transfer Registry (European 

Environmental Agency, 2018) to identify the locations of coke ovens and petroleum refineries across 

Europe. This information was then used to estimate the number of workers per region where data for 

NUTS1 and other NUTS2 regions was available. If a particular NUTS 1 region had missing or confidential 

values for two or more NUTS2 regions which both host a relevant plant, then an equal distribution of 

workers across these plants and regions was assumed. 

 

To estimate the number of workers in internal combustion engine (ICE) manufacturing per region, we 

relied on the NACE Rev 2 code C29 “Manufacture of motor vehicles, trailers, and semi-trailers”. As this 

code also includes the manufacture of other components of motor vehicles (e.g., bodies, accessories, 



and electronic equipment), further steps were taken to reduce the number of workers to only those 

working in the manufacture of ICEs. Clearly not all automotive jobs are vulnerable to a low-carbon 

transition, and as carmakers shift to the manufacture of electric or potentially fuel cell vehicles there 

will be new jobs in producing these components. Data from the European Automobile Manufacturers 

Association (2018) was used to identify the locations of ICE and other relevant manufacturing plants 

and to estimate which shares of C29-workers indeed work in the former. For regions which host both 

ICE and other kinds of plants, the authors assumed an equal distribution of workers across plants. This 

assumption is rather weak: some data is provided by some automotive firms on the numbers of jobs 

involved in engine manufacture and other activities in automotive plants. This data does not align 

perfectly with the overall numbers reported to be employed in the manufacture of motor vehicles in 

the Eurostat figures, and the resulting estimates are too patchy to be used. Further work is required 

to reduce this source of uncertainty.  

 

For the indicator used in this paper, we used the employment share in the high-carbon activities, 

rather than the absolute number of workers. This is because the populations of NUTS2 regions vary 

over several orders of magnitude (the smallest NUTS2 region by population, Åland, has only ~29,000 

people, compared with Île-de-France which has a population of ~12 million). Using absolute numbers 

would likely miss smaller regions with high dependence on fossil fuel activities. Nevertheless, we recognise 

that large absolute numbers are important, and future work could explore high absolute employment 

levels.   

 

 

2.2.2 Industry-specific differences in sensitivity of regions to decarbonisation 
 

Clearly the four sectors highlighted above (coal mining, oil & gas extraction, manufacture of internal 

combustion engines, and coke & petroleum refining) differ substantially in important characteristics, 

the most obvious of which is that some are manufacturing sectors, while others are geographically 

restricted to specific geological conditions. These differences are important, because the 

characteristics and relative relatedness of different economic activities plays a key role in the extent 

to which dependence on them results in economic vulnerability. The reason for this is that regional 

structural change is path-dependent. New growth paths and emerging industries tend to ‘branch’ out 

of technologically-related industries (Frenken et al. 2007; Neffke et al. 2011). The intuition behind this 

observation is straightforward: regions are better at incubating new industries that share similar needs 

in terms of technological capabilities, institutional arrangements and skills. Much the same is true at 

the level of countries, as Hidalgo et al. (Hidalgo et al. 2007) have shown.  

 

Thus we can expect that regions with dependence on high-carbon sectors that have close low-carbon 

technological relatives will be less vulnerable than regions dependent on what one might call ‘black 

sheep’ industries: those that are not close even to their nearest relatives. For example, the 

manufacture of internal combustion engines is part of a broader ‘industrial cluster’ (to use the term 

of Neffke et al.), closely related to a number of other manufacturing sectors, such as agricultural 

machinery, cars, machinery parts, and so on. Regions heavily dependent on manufacturing internal 

combustion engines can expect to see those economic activities disappear, but they are relatively well 

placed to transition into new, related industries. In contrast, regions dependent on ‘black sheep’ 

industries, which have few close relatives, are more vulnerable.  

 

Observed labour flows are one way of measuring the degree of relatedness of industries, and this 

study will rely on such data to weight the relative importance of each of the sectors in overall 



vulnerability of a region to decarbonisation scenarios. Note that such historically observed data is 

inherently limited: many potential labour flows may only now be emerging. For example, there has 

been much speculation, and some recent (largely qualitative) analysis of the possible extent of 

spillovers between offshore oil and gas activities and emerging offshore renewable energy sectors 

(Mäkitie et al. 2017; Steen and Hansen 2014). A second major weakness of such data is that it 

overlooks the loss of value of skills in many inter-industry job switches.  

 

In this study, we use a measure of inter-industry relatedness based on observed inter-industry labour 

flows in Germany between 1999-2008, based on the work of Neffke et al. 2017. The resulting weights 

are broadly intuitive: extractive sectors are relatively less related to other sectors than are 

manufacturing sectors (such as automotive). We use this to generate industry-specific weights, to 

reduce the sensitivity of regions with a relatively high reliance on sectors that are relatively more 

closely related to others.  

 

As a first approach, we compare the average pairwise distance between all sectors with the average 

pairwise distance between fossil fuel sectors and all other sectors. This provides a crude estimate of 

the extent to which fossil fuel sectors are, on average, more or less closely related to other sectors 

than are any two random sectors. This data suggests that, of our fossil fuel sectors, oil & gas extraction 

is relatively least related to other sectors, while automotive manufacturing is most closely related to 

other sector.  

 

 

2.3 Adaptive capacity: other dimensions of vulnerability 
 

However, economic vulnerability is not simply a matter of dependence on specific activities, whether 

relative or absolute. It is intuitive that regions with higher levels of education will be better able to 

adapt to exogenously-driven structural change, as will those with relatively low levels of 

unemployment initially (Briguglio et al. 2009). Thus we can include these two additional elements 

(education levels and unemployment) in a measure of adaptive capacity.  

 

This is not an exhaustive list of potentially relevant factors. Others include the quality of infrastructure 

(such as transport and digital infrastructure), or regional measures of entrepreneurship or social 

capital. These are not explored in the current version of the indicator, but further work could examine 

whether these are thought by stakeholders to be important.  

 

2.3.1 Data on adaptive capacity 
 

Eurostat provides data on our two measures of adaptive capacity: unemployment and levels of 

education. For education, we used Eurostat data on the share of the population aged 25-64 with 

tertiary education levels (levels 5-8). The Eurostat data on populations, employment, unemployment, 

and education is sometimes reported using the NUTS2010 and NUTS2013 classifications. As such, this 

data had to be updated to the NUTS2016 standard. In cases where the geographical coverage of the 

regions differed across the classifications, this involved some assumptions about the equal distribution 

of people across regions. 

 

 

  



3 Combining exposure, sensitivity and adaptive capacity: 

normalisation, weighting and aggregation 
 

The constituent parts of the vulnerability indicator (exposure, sensitivity and adaptive capacity) have 

to be combined in order to produce a single composite indicator of vulnerability. The approach to 

combining the different elements of the vulnerability indicator (exposure, sensitivity, and adaptive 

capacity) was informed by the approach used in Allison et al. 2009, and the guidance in the OECD 

manual on the construction of composite indicators (OECD 2008).  

 

The composite vulnerability indicator is made up of several sub-indicators. All the sub-indicators 

have been normalised to range between 0 and 1: the aim here is to convert each indicator to a 

common scale (from best to worst performing), while not excluding information about relative 

performance of regions (as would happen with a simple ranking).  

 

The sub indicators are: 

- Exposure.  This is the degree to which each sector reduces in a European decarbonisation 

scenario. In the preliminary analysis presented here, we assume a fossil-free scenario, and 

this indicator = 1 for all regions. In other words, all four high-carbon activities are considered 

to be completely exposed to decarbonisation. 

- Sensitivity. This is based on the share of the region’s employment in the four high-carbon 

sectors. The score for each sector is weighted by an indicator of the skill-relatedness of the 

sector to other sectors in the economy. The resulting sensitivity sub-indicator thus combines 

information on a region’s relative dependence on the four sectors, and those sector’s 

relative distance from other sectors. As a result, sensitivity in a region = sum of (each 

sector’s employment share in the region * sector-specific skill relatedness weight).  

- Adaptive capacity. This is comprised of the mean of two sub-indicators: the proportion of 

the population that is unemployed, and the proportion of the population with tertiary 

education.   

 

To aggregate the indicators, we have used a linear weighted sum approach (V = E*weight + S*weight 

= AC*weight, with the exposure and sensitivity indicators receiving equal weights, and the adaptive 

capacity measure receiving half the weight of the sensitivity measure – on the basis that the 

indicator is principally interested in identifying regions that are reliant on high-carbon activities.  

 

4 Preliminary results 
 

The preliminary results of the work are shown in a series of tables, and in a final map of the 

composite vulnerability indicator. Table 1, below, shows the top ten regions in terms of employment 

share in high carbon activities, without taking into account any other dimensions of adaptive 

capacity, or the relative sensitivity of different sectors (based on their relatedness to other non-

vulnerable sectors).  

 
Table 1. Top ten regions by share of jobs in high-carbon sectors 

Region 
code 

Region name Share of high 
carbon jobs 

Major vulnerable 
sectors 



PL22 Slaskie 5.1% Coal, automotive 

EL53 Δυτική Μακεδονία 
(Dytiki Makedonia) 

4.5% Coal 

DE11 Stuttgart 3.9% Automotive 

CZ05 Severovýchod 3.5% Mostly 
Automotive 

HU22 Nyugat-Dunántúl 3.3% Automotive 

NO04 Agder and Rogaland 3.0% Oil & gas 

UKM5 Northeastern Scotland 2.8% Oil & gas 

CZ08 Moravskoslezsko 2.7% Coal, Automotive 

SE23 Västsverige 2.6% Refineries & 
Coke, Automotive 

CZ02 Střední Čechy 2.5% Automotive 

 

 

 

 

In table 2, we present the top ten regions combining the job share data shown above with the 

adaptive capacity indicators (unemployment and education), but without industry-specific weights 

for the sensitivity indicator (i.e. excluding the information on skill-relatedness, and assuming that 

regions with dependence on automotive manufacturing are equally vulnerable as regions dependent 

on coal mining). As can be seen from the table, including regional differences in adaptive capacity 

results in a shift in the ranking of the most vulnerable regions. Notably, Dytiki Makedonia, owing to 

its high existing rates of unemployment, replaces Slaskie at the top of the list. Wealthier regions with 

low unemployment or particularly high levels of education fall down the list or disappear from the 

top ten (North Eastern Scotland and Agder & Rogaland). Regions with lower levels of education and 

higher unemployment rise up the rankings or enter the top ten (e.g. Yugoiztochen).  

 
Table 2. Combining adaptive capacity with (unweighted) high-carbon employment share 

Region code Region name 

EL53 Dytiki Makedonia 

PL22 Slaskie 

DE11 Stuttgart 

CZ05 Severovýchod 

HU22 Nyugat-Dunántúl 

CZ08 Moravskoslezsko 

NO04 Agder and Rogaland 

CZ02 Střední Čechy 

SE23 Västsverige 

BG34 Yugoiztochen 

 

 

Finally, we present results incorporating sector-specific weighting of the sensitivity indicator, based 

on Neffke’s skill-relatedness measure. The results here push regions with high reliance on the 

automotive sector (such as Stuttgart) down the list, and bring to prominence those that have a 

higher reliance on oil and gas, which is (according to Neffke’s data) the sector that is least closely 



related to others. This results in Adger and Rogaland and North Eastern Scotland – both major oil & 

gas hubs – becoming prominent in the list of most vulnerable regions. The full mapping of the 

vulnerability index across all European regions is presented in Figure 1. 

 
Table 3. Top ten most vulnerable regions, incorporating adaptive capacity and sector-specific sensitivity weights 

Region code Region name 

EL53 Dytiki Makedonia 

PL22 Slaskie 

NO04 Agder and Rogaland 

IE05 Southern Ireland 

UKM5 North Eastern Scotland 

BG34 Yugoiztochen 

CZ05 Severovýchod 

CZ08 Moravskoslezsko 

DE11 Stuttgart 

HU22 Nyugat-Dunántúl 

 

 

 

 
Figure 1. Map showing relative vulnerability across European NUTS2 regions 

 

Finally, note that these results are based on an assumed ‘fossil free’ scenario. Further work could 

examine other scenarios, in which the four activities decline by different amounts. For example, an 

80% reduction scenario would see very substantial reductions in coal mining, but less dramatic 

reductions oil and gas extraction, since gas in particular is expected to play a role in the European 

energy system in such a scenario. In an 80% scenario, one would expect a greater dominance of coal 

regions in the top ten list of vulnerable regions, and a less prominent role for oil & gas regions.  



 

 

5 Conclusions, limitations and further work 
 

This initial attempt to map vulnerability to decarbonisation has generated a useful conceptual 

framework, and highlights regions that may need support to transition away from high dependence 

on fossil fuels. In particular, the approach combines multiple dimensions of vulnerability into a single 

indicator.  

 

These results should be seen as illustrative: further work is necessary to test and validate several 

aspects of the composite indicator. In particular: 

- Several high-carbon activities are excluded, on the basis that the data was insufficient to 

accurately map them. In particular, support activities specific to both coal mining and oil & 

gas extraction are not included, neither are jobs associated with the operation of fossil fuel 

electricity generation.  

- There are weaknesses in the existing data – in particular with regard to the split of 

‘manufacture of motor vehicles’ into internal combustion engines and other activities.  

- A broader assessment of regional adaptive capacity would be a useful complement to the 

existing adaptive capacity indicators. For example, the quality of infrastructure is a relevant 

component of adaptive capacity, and assessing whether the indicator is sensitive to the 

inclusion or exclusion of such data would be a relevant additional step.  

- The approach used to weight the sensitivity of different sectors using Neffke et al. (2017)’s 

data on skill-relatedness has many weaknesses, as briefly discussed in section 2.2.2. Future 

work will address whether there are better ways of measuring the relative sensitivity of 

different sectors.  

- Finally, more work needs to be undertaken to assess the sensitivity of the indicator, given 

the underlying uncertainty in data, and the different possible perspective in terms of 

appropriate weights for different components.  

 

Future work with the indicator will aim to refine the indicator by addressing some of these 

limitations. Further work will also include consulting with relevant stakeholders—in particular those 

involved in regional economic policy, since the indicator should be seen as capturing relevant 

dimensions from their perspective. 
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The political economy of actively phasing 
out harmful industries: lessons from 
three short case studies (DRAFT) 
 

Will McDowall, UCL Energy Institute 

 

1 Introduction 
 

There has recently been an upsurge in interest in the long-term policy questions posed by the need 

to transition away from economically significant but high-carbon activities. Coal-related industries 

have come under particular scrutiny, given both their exceptionally high-carbon nature and 

geographic concentration.  

 

The emerging literature on “coal transitions” explores the social and economic impacts of declining 

coal mining. The Coal Transitions project (Caldecott et al. 2017) has recently produced a series of 

excellent case studies on the experiences of communities that have undergone a loss of coal mining, 

highlighting the multi-generational and widespread social and economic impacts that can 

accompany the closure of coal mines. The conclusions drawn by Caldecott et al. (2017) highlight that 

proactive policy support for restructuring has been crucial in facilitating better long-term outcomes 

for previously coal-dependent communities.  

 

The case studies here build on that existing work, but do so by exploring a different set of case 

studies from other sectors. Most of the coal transitions examined by Caldecott et al. ultimately took 

place because underlying economic drivers made the industries unprofitable. While government 

support for the industries often continued long after the industry was unprofitable, the ultimate 

removal of policy support resulted in a transition away from coal.  

 

In contrast, the transitions examined here are those in which policy has taken active steps that direct 

result in declines in the industry. These cases are: 

- Tobacco farming in the South Eastern USA.  

- Asbestos mining in Quebec 

- Long distance cod trawlers in Hull and Grimsby 

 

2 Approach & background 
 

These case studies are exploratory, aiming to highlight important possible mechanisms for change 

and questions for future research. Each has been conducted based on secondary and primary text 

sources, with no direct field work or collection of new primary data. As case studies, they are not 

intended to generate findings that can be understood to be generalizable. The first two case studies 

(on asbestos mining and tobacco production) were selected because of the policy context for 

decline. In both cases, the industry came under policy pressure because consumption of the good 



was revealed to cause significant harm – analogous to the pressure faced by high-carbon activities. 

The third case study (long-distance cod trawling in Hull & Grimsby) was selected because it provides 

a useful insight into the long-term political after-effects of a policy-induced decline. 

 

Here, we aim to assess whether the key dynamics observed in historical coal transitions are also 

found in these policy induced declines; and whether the cases generate interesting observations 

about the politics of industry phase out. The limited scope of the research precluded the collection 

of primary data, and the case studies are based largely on desk-research. In addition to a review of 

academic literature discussing the case, we also examined two other data sources: contemporary 

print media coverage of the cases; and policy documents, particularly parliamentary and 

congressional debates and government reports. 

 

3 Tobacco farming in the South Eastern USA  
 

This case is interesting because of the political efforts to resist the forces driving industry decline, 

and the politically powerful nature of the industry. Tobacco’s decline, illustrated in the figure below, 

was at least in part driven by increasingly strong policy pressure to reduce tobacco consumption in 

recognition of the health impacts of smoking.  

 

 
Figure 1. Hectares planted with tobacco in the US. Source: Gro-Intelligence.com 

 

US tobacco farming was concentrated in the South Eastern USA, in particular in Kentucky, 

Tennessee, Virginia, and North and South Carolina (see figure). It was an important crop: in Kentucky 

in the mid 1990s, tobacco accounted for nearly a quarter of all agricultural receipts (Blake Brown et 

al. 1999).  



 
Figure 2. Distribution of tobacco farms in the US in 2004. Source: USDA 

 

Tobacco farming in the US had been subsidised since the 1938 Agriculture Adjustment act (Mathis 

and Snell 2012). Subsidy support was finally eliminated in 2004. From a climate change perspective, 

it is interesting to observe that tobacco production subsidies went alongside policy efforts to reduce 

tobacco consumption for more than 20 years.  

 

Much like fossil fuels, tobacco was a powerful industry under threat because of a set of scientific 
findings about the impacts of use of the product. The attempts by the tobacco industry to cast doubt 
on the scientific case for reducing smoking are well documented. This case highlights that, in 
addition to casting doubt on the science linking smoking to ill health, tobacco lobbyists also 
highlighted the potential tobacco control policies to result in unemployment in tobacco producing 
regions. As a Kentucky newspaper reported in 1995 “The farmer’s wrath probably was enough to kill 
the cigarette-tax increase proposed by President Clinton…” (Cited in (Altman et al. 1996)). As with 
the other cases, the role of tobacco in the community identity of tobacco farmers emerges strongly 
from this case. Altman et al. (2000) note that many tobacco farmers describe tobacco as “a way of 
life” rather than a crop.  
 

Perhaps unsurprisingly, many tobacco producing regions saw the emergence of a strong advocacy 

and policy coalition (Sabatier 1998) in favour of looser tobacco control (Fallin and Glantz 2015). 

Growers were a core part of this advocacy coalition: an internal Philip Morris government relations 

internal briefing document in 1985 referred to growers as the “backbone” of the tobacco lobby 

(cited in (Fallin and Glantz 2015). Imagery of tobacco growers, and emphasis on the economic 

importance of tobacco production, was often used in corporate lobbying materials (OTAÑEZ and 

GLANTZ 2009). 

 

Scholars studying tobacco dependence have postulated that the policy environment can be 

characterised as an “iron triangle” of legislators, bureaucrats and businesses, all of whom have an 

interest in maintaining the status quo. As Sullivan and Glantz (2010) describe it: “Within an iron 

triangle, interest groups lobby key legislators and bureaucrats, while bureaucrats administer 

programs with interest group input and provide support to constituents of key legislators, and 

legislators push legislation favorable to the interest groups and provide budgets and political support 

for bureaucrats”. Associated with these dynamics, it has been observed that tobacco-producing US 

states tend to smoke more, have lower cigarette taxes, and weaker policies to reduce smoking 

(Sullivan & Glantz 2010). Altman et al. 1996 found that 73% of tobacco farmers would support 

higher cigarette taxes if the proceeds were used to help farmers transition out of tobacco – 

illustrating that the resistance to tobacco control policies were at least to some extent bound up in 



direct economic self-interest. Eventually, there was a rupture between the business interests in 

South Carolina, which had significant agricultural interests in tobacco, but no manufacturing. 

Farmers increasingly started to see alternatives beyond tobacco, and this resulted in a split within 

the tobacco ‘regime’ (Sullivan and Glantz 2010). 

 

Early evidence suggested that the unemployment impacts arising from the decline of tobacco 
farming in producing regions in the US have been modest, and much lower than had been predicted 
by the industry (Warner et al. 1996) – but also suggests that negative impacts could have been 
avoided by more proactive policies (Barbeau and Levenstein 1999). As pressure against tobacco 
grew, some states (e.g. Kentucky) had initiated programmes to support farmer diversification away 
from tobacco (Mathis and Snell 2012), but the tobacco quota program still provided support to grow 
tobacco. 
 
Following the end of subsidy support, a large programme of ‘transition payments’ was implemented 
to soften the transition from the tobacco quota program. This program, which ended in 2014, 
included estimated total payments of $6.7bn from the US Department of Agriculture. 
 
Key findings 
Similarities with coal transitions studies:  

- The case highlights that proactive policy can play an important role in reducing the economic 
impacts associated with industry decline. However, it’s also a case in which the economic 
vulnerability is relatively modest, since farmers’ adjustment costs to other crops are very 
low in comparison with the challenges of diversifying out of coal.  

- The case also notes the importance of cultural identity in sustaining regional support for the 
industry; but it also reveals that the economic self-interest of farmers was also highly 
relevant.  

 
The case highlights the way that the employment impacts associated with potential decline are an 
important part of a political strategy used by a threatened sector. It also highlights the role of 
producers—and producer regions—as key members of advocacy coalitions resisting forces for 
change.  
 

4 Asbestos mining in Quebec.  
 

Asbestos mines operated in Quebec throughout the 20th century, and the last mine (in the town of 

Asbestos, Quebec) closed only in 2011. Despite the relatively small number of employees, and the 

obvious health concerns associated with asbestos products, successive Quebecois and Canadian 

governments supported the industry and campaigned against international bans on asbestos. This 

policy support at both Federal and Provincial level continued up to 2012. Following changes in 

policy, the industry became unviable, and the mines closed.  

 

The continued government support for asbestos until very recently is on the face of it astonishing. 

Here is a material with very significant health risks, which had become of vanishingly small economic 

significance. Since the 1980s, only two small communities relied on asbestos production (Asbestos, 

population ~6,000; and Thetford Mines, population ~25,000), with the larger of the two having 

considerably diversified its economy. For Canada to defend the interests of these small communities 

in the face of international pressure and obvious domestic health concerns seems astonishing. The 



answer to the extended policy support lies in the cultural and political dynamics of those 

communities, Quebec, and Canada itself.  

 

Key issues here relate to the cultural significance and sense of identity that asbestos had in both 

asbestos-producing communities and Quebec more broadly.  

 

Much of this account is drawn from (Van Horssen 2016), and her account of the history of Asbestos. 

The Jeffry Mine in Asbestos, Quebec once produced the overwhelming majority of the world’s 

Chrysotile asbestos, producing 30,000 tonnes per day in 1960 (Horssen 2016).  One might think, 

naively, that the town would be only too happy to rid itself of an industry that caused such sickness. 

Much like fishing and mining communities, the risks of the industry become intertwined with the 

sense of identity and pride. The people of Asbestos knew that that asbestos mining was harming 

their health by 1949 at the latest, and probably earlier – but they largely chose to accept these risks, 

in return for the economic benefits and the cultural identify conferred by asbestos. While the health 

risks associated with asbestos were a contributor to the 1949 strike, the community increasingly 

accepted those risks, and was active in promoting the idea that asbestos was not harmful. By the 

1970s, it was clear that asbestos exposure was very harmful to health. Yet mine workers typically 

refused the respirators that were provided by management, despite their knowledge of the 

associated risks. In 1997, four mine workers from asbestos ran in the Paris marathon, with the aim of 

highlighting that their health was not compromised by long-term exposure. The cultural identity of 

the town now included willingness to accept the risks associated with the material. It is notable, 

though, that much of the information received by the community was mediated through the mine 

owners – not least because much of the medical literature was in English, which was little spoken in 

Asbestos.  

 

Certainly the mine owners attempted to hide the full extent of the health risks that workers were 

exposed to. As early as 1920, the company that owned the mine knew of the health risks associated 

with asbestos, and was attempting to conceal this information from workers and the general public 

(Horssen 2016). This pattern continued, with the mine owners repeatedly concealing information 

and providing inaccurate reports on the health of mine workers.  

 

Rising litigation costs resulted in the bankruptcy of the owning company, JM, in 1983. Despite this 

collapse—a direct result of the health impacts of asbestos and the legal liability costs associated with 

them—the community in Asbestos remained largely committed to the industry. The provincial 

government nationalised the mine, and continued the dishonesty that had been shown by JM: 

downplaying risk, limiting communication of hazards in exports, and so on.  

 



 
Figure 3. Global asbestos consumption, from (Rice 2011) 

 

 

Both the provincial and federal Canadian governments were hugely supportive of the industry, 

despite the health risks. In 1984, faced with increasing restrictions in the developed world the 

Federal and Provincial governments, the asbestos mining companies, and the union representing 

asbestos miners, jointly founded the “Asbestos Institute”, which was (according to Ruff & Calvert 

2014) directly modelled on the Tobacco Institute. The organisation lobbied globally to maintain 

access to markets – particularly in the developing world. In 2005, Canada brought a case at the WTO 

against France, which had banned asbestos imports, claiming that France was discriminating against 

one of Canada’s “cultural industries” (Horssen 2016).  

 

It was not until 2016 that Canada banned asbestos, following the 2012 decision of the Parti 

Quebecois provincial government to withdraw subsidy support. Mining of Asbestos ceased almost 

immediately. Again, cultural forces were important here. Just as asbestos the material was central to 

the cultural identity of the communities of Thetford and Asbestos, the asbestos miners had an 

important role in Quebec’s cultural and political history: the strikes of 1949 had played a significant 

role in the development of modern, secular Quebec (Guindon 1978) – and the miners thus had an 

important cultural significance for the province as a whole (Ruff 2017).  

 

Quebec, in turn, plays an important role in Canadian politics. The province’s strong sovereignty 

movement and sense of cultural identity distinct from Anglophone Canada has tended to mean that 

federal governments are cautious in interfering in politically sensitive issues in Quebec – particularly 

when matters of perceived cultural identity are in play. That the asbestos industry was located in 

Quebec is essential to understanding the federal government’s willingness to support the industry 

(Ruff). As Ruff puts it “until the asbestos industry was defeated in Quebec, there was no possibility of 

the Canadian government banning asbestos” (Ruff 2017). 

 

But by 2010, this had shifted. Quebec’s role in promoting asbestos around the world was starting to 

be seen as a source of embarrassment rather than pride (Ruff 2017), and the campaign against 

asbestos was increasingly led by Quebecois activitists (Ruff and Calvert 2014). A campaign that 



showed the impacts of asbestos on communities in India did much to shift Quebecois public opinion, 

as it revealed the human suffering caused by asbestos exports. At the same time, the workforce 

directly dependent on the mines had dropped substantially since the 1980s, and neither Thetford 

Mines nor Asbestos were viable without subsidy (Ruff 2012).  

 

Since closure of the mine, the Provincial government has attempted to support economic 

diversification and regional development, with a $50m programme launched in 2012. This has been 

successful in attracting and enabling some new industries attracted to the town (such as poultry 

processing and brewing)1,2, and unemployment has fallen since the initial shock of mine closure. 

Nevertheless, it is notable that efforts to facilitate diversification did not begin until after policy 

support for the industry had been withdrawn.  

 

Key findings from the case study: 

- The politics of cultural identity can play a central role in determining policy support for 

industries. This can take place at multiple scales: producers can have a strong cultural 

identify bound up in the resource; but producers can have a wider cultural significance that 

affords protection from control policies.  

- Policy support for economic diversification was not introduced until after the (sudden) 

withdrawal of policy support for mining. The tight coalition supporting continued asbestos 

mining was unable or unwilling to support measures to reduce the vulnerability of the 

communities that were dependent on asbestos.  

 

5 After decline: cod fishing in North Eastern England.  
 

The first case is that of the cod fisheries of Hull and Grimsby in the North East of England. Following 

the Cod Wars in the 1960s-1970s, Britain implemented restrictions on cod fisheries, which 

accelerated major losses to fishing fleets and jobs particularly in Hull and Grimsby.  

 

This case is interesting because of the suddenness and unexpectedness of the change in policy – 

which aligns well with some of the coal cases explored by Caldecott et al. It is also a case that 

illustrates a) the challenges for post-collapse regeneration policies; b) the political consequences 

that result from policy-induced industrial decline; and c) the potential importance of related 

industries (in this case, fish processing) in mitigating the economic impacts of loss of a resource-

based industry.  

 

In the early-1970s, Hull and Grimsby were the leading UK ports for landings of fish. In Hull in 

particular, the majority of landings were fish caught in distant waters and frozen at sea, by a fleet of 

90 large trawlers of >140ft (Symes and Haughton 1987). Just over ten years later, only three of those 

large trawlers were left – the fishing sector of the Humber region had collapsed.  

 

The most significant event leading to this decline was the series of cod wars with Iceland. In a series 

of increasingly tense stand-offs, often involving Royal Navy frigates and Icelandic coastguard vessels, 

the UK and Iceland negotiated and fought over access to fish in Icelandic waters. Two factors were 

                                                           
1 https://www.theglobeandmail.com/news/national/five-years-after-asbestos-mine-closure-quebec-town-
seeks-new-identity/article31569391/  
2 http://www.bbc.com/capital/story/20180529-the-town-fighting-its-killer-reputation  

https://www.theglobeandmail.com/news/national/five-years-after-asbestos-mine-closure-quebec-town-seeks-new-identity/article31569391/
https://www.theglobeandmail.com/news/national/five-years-after-asbestos-mine-closure-quebec-town-seeks-new-identity/article31569391/
http://www.bbc.com/capital/story/20180529-the-town-fighting-its-killer-reputation


critical in Iceland’s ultimate victory. The first was geopolitical. In the 1960s, during an earlier stage of 

the cod wars, the British Foreign Secretary made clear that “NATO’s defences in the North-Atlantic 

and the balance of power were more important than the interests of the Humber trawler owners and 

fishermen” ((Guðmundsson 2006) ; p. 101). The importance of Iceland within NATO remained a key 

factor throughout the subsequent cod wars. In particular, US pressure to resolve the dispute, after 

the breakdown in UK-Iceland diplomatic relations in 1976, was a factor in Britain’s ultimate 

capitulation. But Britain’s eventual acceptance of Iceland’s exclusive fishing rights were also partly 

driven by the wider strategic and economic need to establish a universal 200-mile exclusion zone in 

international law – critical for the UK’s North Sea oil and gas rights, but also important for the UK’s 

other fisheries (Gudmondsson 2006).  

 

The extreme measures that the UK had taken to resist Icelandic demands (deploying the Royal Navy 

against a key NATO ally) clearly indicate the significant costs the UK was willing to bear to support 

the Humberside fishing fleet. Yet the case illustrates that geopolitical concerns and other emerging 

industries can result in the withdrawal of support for an industry facing potentially devastating 

losses.  

 

Britain’s policy decision to accept Icelandic demands was the key factor that led to the decline of 

industry. In addition to the cod wars, entry into the European Economic Community gave access to 

European fleets to the UK’s waters. Having lost access to Icelandic waters, the long distance fleet 

was unable to adapt to the new competition, and went into an immediate decline.  

 

Since the cod wars, both Hull and Grimsby have maintained large fish processing sectors, though 

most of the fish is now imported rather than landed by local boats (EC 2006). Indeed, the fish 

processing sectors have been very resilient to the decline in the domestic fishing fleet. The sector 

was highlighted as a thriving ‘cluster’ of seafood processing activities by a government initiative in 

20103. There have been spillovers beyond fish, with other food processing firms locating in Grimsby 

(EC 2006).  

 

Governments responded to the resulting industry collapse in two ways. First, there have been efforts 

to foster regional re-training or employment growth in the wake of the collapse of the Humberside 

fishing fleets. A ‘Fishing communities regeneration initiative’ was launched by the labour 

government in 2001 (more than 15 years after the collapse of the fishing industry), though questions 

were raised about its efficacy4. A European initiative, PESCA, aimed to support fishing communities 

across the continent, and ran from 1994-19995, and there have also been subsequent European 

initiatives to support diversification of fisheries-dependent communities.  At least some of this 

money has been invested in the fish processing sector, with funding for the Grimsby Fish Market and 

Seafood Village from the European Fisheries Fund (EC 2006).  As the EC (2006) report puts it “A key 

factor mitigating increased unemployment due to the loss of the capture industry is the role of the 

local and national government in spending monies to increase the competitiveness of sectors which 

employ people in the area.”  

 

                                                           
3 https://www.greaterlincolnshirelep.co.uk/assets/documents/Agri-food_sector_plan_final.pdf  
4 https://api.parliament.uk/historic-hansard/westminster-hall/2001/oct/24/fishing-communities-regeneration 
5 http://europa.eu/rapid/press-release_IP-94-128_en.htm  

https://www.greaterlincolnshirelep.co.uk/assets/documents/Agri-food_sector_plan_final.pdf
http://europa.eu/rapid/press-release_IP-94-128_en.htm


Second, direct compensation was granted to some trawlermen at the time of the closures, and a 

further round of compensation was granted by the British government 35 years later: 2,500 

fisherman were offered £1000 each6.  

 

However, both places both remain economically disadvantaged, with high levels of long-term 

unemployed7. National statistics show that both Hull and North East Lincolnshire (the Local 

Authority for Grimsby) have above average unemployment and workless households, and lower 

than average educational attainment and wages.  

 

The social and psychological damage inflicted by the loss of the fishing industry has also been noted 

as significant: people in Grimsby are reported to feel that the town has lost its ‘purpose’ (EC 2006).  

 

Despite the efforts of European and UK policymakers to support regeneration and economic 

diversification of Hull and Grimsby, both areas voted strongly to leave the EU. Many people blame 

Europe for the decline in the region’s fishing industry, and blame what are seen as London-centric 

politicians for doing too little to support the region to move away from a reliance on fishing. Long-

term trust in the political process has been badly undermined by both the decision to prioritise other 

sectors and national interests, and by the subsequent perceived failure to adequately compensate or 

support the region. 

 

Key findings 

Much like the coal transitions cases examined by Caldecott et al, this case study finds similar issues 

in terms of: 

- Long standing impacts on trust and political engagement.   

- Important ongoing role of sense of identity, with strong sense that the concerns and issues 

have not been recognised or taken seriously 

- Long-term impacts on employment 

 

6 Conclusions across the case studies 
 

Caldecott et al. highlight a number of key lessons from across their studies of coal transitions. The 

three cases presented here echo many of those findings. Caldecott finds that governments typically 

have to “pick up the pieces” following coal industry decline. The same is true of the cases examined 

here: 

- Significant public investments to support diversification, unemployment support and other 

assistance has been required in Hull and Grimsby to offset the losses associated with fishing 

industry closure. The workers were not given redundancy pay by trawler owners, due to the 

way in which they were employed – and it was left to the state to belatedly provide some 

compensation through the trawlermen’s compensation scheme. As with the coal cases, the 

direct compensation of affected workers has not been seen as a particularly effective 

response – not least since the knock-on effects on the local labour market have continued 

long after the trawlermen who lost their jobs in the 1970s would in any case have retired.  

- The Tobacco Transition Payment Program has cost the USDA over £6bn to ease farmer 

transitions out of the tobacco quota program 

                                                           
6 https://www.thetimes.co.uk/article/cod-wars-payment-is-too-little-too-late-gmwlh9djhcm  
7 http://www.bbc.co.uk/news/uk-england-humber-11184103  

https://www.thetimes.co.uk/article/cod-wars-payment-is-too-little-too-late-gmwlh9djhcm
http://www.bbc.co.uk/news/uk-england-humber-11184103


- The government of Quebec has funded diversification activities in Asbestos, in order to 

lessen the unemployment impacts of mine closure. 

 

Caldecott also highlighted how poorly each region had prepared for “economic life beyond mining”. 

The case examined here is also notable for the lack of foresight and preparation that policymakers 

put into diversifying the local economy in the face of obvious long-term threats to the viability of the 

principal industry. In the case of cod, it is perhaps more understandable that preparations for 

shifting away from fishing were not made, given the UK’s determination to win the cod wars. But 

even here, it was obvious from the 1960s onwards that Humberside’s fishing interests were no 

match for geopolitical pressures to concede to Icelandic demands. Diversification and regeneration 

policies came late in all the cases examined, just as they did in Caldecott’s analysis.  

 

These lessons on the timing of policy support are reflected in a wider literature on industrial decline, 

which suggests that lobbying-inspired protectionism and other forms of support are a common 

response in the early stages of industrial decline. A model developed by Cassing and Hillman (1986) 

suggested that a typical pattern is one of discontinuous decline, since the costs of protectionist and 

other policy instruments used to ‘prop-up’ failing industries eventually reach a threshold level at 

which they political consensus shifts and they are withdrawn. This leads to precipitous collapse – 

though others have questioned the reasonableness of this model and proposed alternatives in which 

decline is gradual (Brainard and Verdier 1997), with lobbying resulting in permanently higher-than-

equilibrium levels of activity in the declining sector, but also gradually declining levels. Both of these 

models appear to be plausible for high carbon activities such as coal mining.  

 

However, the dynamics of a policy-induced decline may be somewhat different, since the role of 

lobbying can be expected to be even greater for economic declines that are the direct result of 

policy. The cases examined here support a view that sits between these two models: policy support 

props up the industry at significant cost, and is suddenly withdrawn – but only after gradual decline 

has made the impacts of withdrawing support lower than they originally might have been. In both 

the asbestos and tobacco cases, potentially inconsistent policies (restricting consumption but 

supporting production) continued in tandem for a considerable period.  

 

One factor emerges strongly from both the Asbestos and Tobacco cases: the role of producer 

communities—and the vulnerability of those communities—in a wider advocacy coalition opposing 

control policies. Tobacco growers and asbestos communities were eager to participate in lobbying 

activities that sought to discredit the scientific evidence justifying reduced use of the products. This 

is perhaps unsurprising, but it is striking, since it underlines the importance of such communities as 

potentially important political actors. Early efforts to identify such communities, and to support their 

economic diversification, might be expected to reduce the depth of political opposition to change in 

producer communities. For climate change policies, this implies identifying regions with a high 

economic dependence on high-carbon activities, and prioritising such regions for economic 

development investments in sectors that reduce the regions’ dependence on those activities.  

 

Finally, the issue of cultural identity, which Caldecott touches upon, emerges from these cases as an 

important force in the politics of industrial decline and support. The sense that the local industry is 

part of “who we are” has played an important role in the cases in terms of both political durability of 

support for the industry (in particular in the tobacco and asbestos case), and the challenges post-

decline (in the cod case).  
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A B S T R A C T

Decarbonisation and innovation will change the affordability of different domestic energy practices. This has the
potential to alleviate vulnerability to fuel poverty, but could create new injustices unless the risks are preempted
and actively mitigated. In this paper, we ask: In what ways can emerging low-carbon innovations at the house-
hold scale complement, and complicate, achieving energy justice objectives? Drawing from four empirical case
studies in the United Kingdom, the paper highlights different risks that come from different types of innovation
required to tackle different decarbonisation challenges. More specifically, it assesses four particular household
innovations—energy service contracts, electric vehicles, solar PV, and low carbon heating—selected for their fit
with a typology of incremental vs. radical technology and modest vs. substantial changes in user practices. It
shows how in each case, such innovations come with a collection of opportunities but also threats. In doing
so, the paper seeks to unveil the “political economy” of low-carbon innovations, identifying particular tensions
alongside who wins and who loses.

1. Introduction

It is becoming increasingly certain that in order to successfully de-
carbonize the global economy, we must focus on accelerating innova-
tion and technical development across electricity, transport, buildings,
agriculture and other sociotechnical systems (Rockström et al., 2017;
Geels et al., 2017). However, such technological and infrastructural
shifts must also account for necessary and perhaps radical changes to
psychology, behavior, knowledge, and lifestyle (Lorenzoni et al., 2007;
Gifford, 2011; Stoknes, 2014; Creutzig et al., 2016, 2018). The global
decarbonisation challenge becomes even more pressing when one con-
siders that, despite having clear social co-benefits such as displaced pol-
lution and reduced climate change, it still raises pressing justice issues
related to equity, justice, fairness, and legitimacy (Auld et al., 2014;
Sovacool et al., 2016; Jenkins et al., 2018; Partridge et al., 2018). In
simpler terms, with great transformation comes great opportunities –
for a cleaner, fairer way of life. However, it also presents risks and we
will only reap these rewards if we preempt problems and act to mitigate
them.

The United Kingdom (UK) in particular offers a paradigmatic ex-
ample of both the challenges involved in decarbonisation and the po-
tential benefits in overcoming them. National industrial strategy, an-
nounced in 2018, calls on all “new cars and vans” to be effectively
zero emission by 2040, and for commercial and residential energy
use in buildings to be cut by 50% by 2030 (May,

2018; BEIS, 2017a). To meet the carbon targets set out in the Climate
Change Act (2008), the UK needs to effectively eliminate the 20% of
CO2 emissions that come from how households use heat and hot water
(CCC, 2014). UK homes are plagued by draughts, damp, mold and over-
heating (even in winter). Around two-thirds of households reported at
least one of these problems, and many endured such problems to avoid
the hassle, disruption and resources required to tackle them (Lipson,
2017). Furthermore, as with other services, when households are in vul-
nerable situations they can face serious difficulties affording adequate
energy, with approximately 4 million UK households classified as fuel
poor (BEIS, 2017b; National Energy Action, 2017).1 Common life events
– like childbirth, illness and retirement – can force people to heat their
home for longer periods and to higher temperatures, increasing their ex-
penditure on energy, at a time when their incomes decline (Büchs et al.,
2018).

Transforming household energy systems via low carbon innovation
could present opportunities to improve experiences of using energy.
Nonetheless, it also risks exacerbating current problems, or creating new
problems for households if it is conducted without considering the unin-
tended consequences of the transformation. For example, policymakers
might be able to harness digital platforms and smart meter data to target
support at households who are vulnerable to fuel poverty (Sovacool et
al., 2017a). However, some households may be harmed by new digital
energy business models, such as those without the internet, or by car-
bon taxes, such as those without access to low carbon energy networks.
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In sum, both the global and domestic decarbonisation challenge in
the UK requires transformational changes that can disrupt the energy
system, and related energy practices, as we know them. To assess issues
of fairness and vulnerability in this complicated and shifting landscape,
this paper asks: In what ways can emerging low-carbon innovations at
the household scale complement, and complicate, achieving energy jus-
tice objectives? This paper highlights different sorts of risk that come
from different types of innovation required to tackle different sorts of
decarbonisation challenge. More specifically, it assesses four particular
household innovations—energy service contracts, electric vehicles, solar
PV, and low carbon heating—selected for their fit with a typology of in-
cremental vs. radical technology and modest vs. substantial changes in
user practices. It shows how in each case, such innovations come with a
collection of opportunities but also threats and risks. In doing so, the pa-
per seeks to unveil the “political economy” of low-carbon innovations,
identifying tensions alongside particular winners and losers.

So far, research exploring the political economy of energy justice,
such as Healy et al. (2019), Jenkins et al. (2016a), Baker et al. (2014),
and Newell and Mulvaney (2013) has tended to examine sources of en-
ergy supply such as nuclear power or coal, and, or developing coun-
tries. Other work emphasizing tradeoffs has focused on energy security
(Sovacool and Saunders, 2014) or the sustainable development goals
(Fuso Nerini et al., 2017). This paper will build on the small amount of
work (Lambie et al., 2016; Gillard et al., 2017) that has looked at energy
justice political economy or tensions—the achievement of one justice di-
mension at the expense of another—at the household scale in an indus-
trialized country such as the UK. This paper highlights that “low carbon”
does not mean a positive outcome for all consumers. We already see cer-
tain groups underrepresented in discussions and policymaking, such as
those in fuel poverty (Gillard et al., 2017), implying that a low carbon
system will not necessarily improve access to affordable energy.

To make this case, the paper proceeds as follows. It first explains
its research methods and selection of four case studies from a typology
of low-carbon innovations. Included in this section is also a brief intro-
duction to the concept of energy justice. Then, the paper examines in-
tently the justice tensions across energy service contracts (incremental
with a substantial change in user practices), electric vehicles (radical
with a substantial change in user practices), solar PV (radical with mod-
est change in user practices), and low carbon heating (incremental with
modest change in user practices). It concludes with broader implications
for planners, policymakers, and researchers.

2. Research concepts, methods and case selection

To begin, we selected four different classes of technology (to serve as
case studies of low-carbon innovation) fitting into a modified typology
presented by Geels et al. (2018). As that typology in Fig. 1 indicates,
innovations can be technologically incremental (such as loft insulation
or quieter washing machines) or radical (such as battery electric vehi-
cles or LED lights). They can also require only a modest change in user
practices (such as fuel economy improvements to conventional cars or
gas boilers) or a substantial change in user practices (living in passive
houses, adopting teleconferencing or e-working rather than commuting
to an office).

We selected this typology because it has at least four strengths. It
was explicitly designed for the topic of low-carbon transitions and inno-
vations. It expressly suggests that a low carbon transition is not solely
a techno-economic matter, but a social or socio-technical one involv-
ing users and changes in practices, consumption, and demand. It forces
analysts to be comprehensive when examining energy justice issues,
calling attention not only to radical or transformative new technology
but also to more mundane and conventional ones that reinforce con-
ventional practices (or systems). Lastly, it implicitly recognizes a tem-
porality to innovations, that over time they may move between the

1 Fuel poverty is a devolved issue in the UK and each nation has its own definition.
Stated figures were 2.5 million in England, 748,000 in Scotland, 386,000 in Wales and
294,000 in Northern Ireland, though fuel poverty was defined in different ways in each
country (BEIS, 2017b, p.74).

Fig. 1. A typology of low-carbon innovations. Source: Modified from Geels et al. (2018).
Geels et al. (2018) had originally placed electric vehicles in the bottom right quad-
rant—we have made that category of vehicles more explicit by placing hybrids in the bot-
tom right but full battery electric vehicles, or BEVs, in the upper right. We have also placed
heat pumps in the upper right given in the UK users have struggled to adjust their prac-
tices when adopting them.

quadrants as their performance attributes change or consumers adjust
their practices.

We selected innovations, or technological case studies, that fell
within each quadrant of this typology. These are:

• Energy services contracting, an example of a technologically incre-
mental innovation requiring substantial changes in user practices (e.g.
buying a warm home rather than units of fuel);

• Electric vehicles (EVs), an example of a technologically radical inno-
vation requiring a substantial change in user practices (e.g. how they
are refueled and charged, adjustment of range and trip length);

• Solar photovoltaic (PV) panels, an example of a technologically rad-
ical innovation requiring little or modest changes in practices (e.g.
electricity supply is still reliable);

• Low carbon heating, an example of an incremental innovation requir-
ing a modest change in user practices (e.g., reliable heat supply).

Methodologically, such an approach has been described as “compar-
ative cross case analysis,” ideal for testing or confirming a hypothesis
and examining causal effects beyond a single instance (Gerring, 2004,
2005; Seawright and Gerring, 2008). The aim of discussing the energy
justice implications across four different cases is to highlight how wide-
spread the potential issues are, so that there is a stronger focus on de-
signing a transition that is fair or just. We maintain that this will not
happen automatically without explicit attention. Although we examine
only four cases qualitatively, we maintain that such a small number of
cases can still result in qualitatively “big conclusions” (Lieberson, 1991).
The study thus attempts to achieve what Yin (2014) terms analytical (not
statistical) generalization. Rather than drawing inferences from statisti-
cal data to a population, it instead makes projections about the likely
generalizability of findings based on a qualitative analysis of factors and
contexts.

To collect evidence on these four case studies, we conducted a narra-
tive, thematic review to look for qualitative evidence across the four in-
novations. We searched for peer-reviewed studies indexed on the Scopus
database with repeated searches across journals in the domains of en-
ergy and buildings, energy policy, mobility and transport policy, innova-
tion studies, sustainability transitions, geography, and political science.
We searched only in English, and were looking for only the most recent
evidence, i.e. studies generally published within the past five years. We
collected approximately seventy studies and cite most of them in the re-
sults section.

Lastly, as a conceptual lens by which to filter all of this data, we re-
lied on the emerging concept of “energy justice.” Generally, Sovacool et
al. (2016) write that this framework demands a focus on:
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• Costs, or how the hazards and externalities of the energy system are
disseminated throughout society;

• Benefits, or how the ownership of and access to modern energy sys-
tems and services are distributed throughout society;

• Procedures, or ensuring that energy decision-making respects due
process and representation;

• Recognition, or assessing the impact of energy systems on the poor,
vulnerable, or marginalized

To operationalize energy justice in practice, Sovacool et al. (2017b)
and Delina and Sovacool (2018) stipulate the ten energy justice “princi-
ples” for decision-makers shown in Table 1. Jenkins et al. (2016b) sim-
ilarly frame energy justice as relating to the “what,” “who,” and “how”
of energy justice. The “what” relates to distributive justice and involves
describing where they are located and how they might be solved. The
“who” concerns recognition and who is ignored, and how they ought to
be empowered or recognized. The “how” concern procedures and mech-
anisms to ensure injustices are addressed and new decisions are fair.

Within the energy justice literature, a stream of research has empha-
sized “political economy” (broadly meant to convey winners and losers)
or the tensions between pro-justice (and often low-carbon) interventions
or efforts. As Sovacool et al. (2017b:680) write:

Sometimes or perhaps even often, energy justice issues do not
exist in black or white – there is no single, or even identifiable,
immediate “winner,” nor an immediate, discernable “loser.” In-
stead, there are bundles or constellations of winners and losers,
and even “pro-justice” interventions can create some type of in-
equality, even when they offer net societal benefits.

A community attempting to provide universal access to energy, for
instance, would harness its fossil fuel resources as quickly as possible
(meeting justice standards of equity), but in doing so would erode the
natural resource base (violating principles of sustainability as well as fu-
turity, as fewer resources would be available for future generations).

This paper will argue that using such a conceptual lens to explore
a changing household energy system can reveal potential threats and
opportunities for how a transition might affect issues of equity and
justice. All too often it is assumed that tackling climate change and
addressing fuel poverty are mutually synonymous, or these issues are
left unconsidered completely. Moving away from the inherently po-
litically contested concept of “fuel poverty” in the UK, we free our-
selves of the trappings of the current system and the current defini

Table 1
Ten energy justice principles.
Source: Modified from Sovacool et al. (2017b: 687) and Delina and Sovacool (2018).

Principle Explanation

Availability People deserve sufficient energy resources of high quality.
Affordability All people, including the poor, should pay no more than

10% of their income for energy services.
Due Process Countries should respect due process and human rights in

their production and use of energy.
Transparency and

accountability
All people should have access to high-quality information
about energy and the environment and fair, transparent, and
accountable forms of energy decision-making.

Sustainability Energy resources should not be depleted too quickly.
Intragenerational

equity
All people have a right to fairly access energy services.

Intergenerational
equity

Future generations have a right to enjoy a good life
undisturbed by the damage our energy systems inflict on the
world today.

Responsibility All nations have a responsibility to protect the natural
environment and minimize energy-related environmental
threats.

Resistance Energy injustices must be actively, deliberately opposed.
Respect Intersectional differences in knowledge and epistemic

upbringing, culture and experience, and race and gender
have to be respected in energy decision-making.

tion of who is or is not fuel poor. The energy justice framework allows
the focus to be broader than much of the previous work that has only
explored distributional justice and will build on recent work that en-
gages with broader understandings of what drives inequalities and in-
justices for energy consumers (e.g. Simcock and Mullen, 2016; Gillard
et al., 2017; Robinson et al., 2018).

The potential for such energy justice tensions to exist is not aca-
demic. We see them empirically with numerous examples around the
world, ones involving not only fossil fuels and nuclear energy but
low-carbon innovations such as wind power and solar energy. Efforts to
alleviate energy poverty in China and India have involved an expansion
of coal-fired power that, in tandem, has resulted in an increase in the
mining of coal, some of which is done by child laborers, and/or rising
rates of pneumoconiosis, or black lung disease (Sovacool et al., 2017b).
Landfills and waste-to-energy facilities in Scotland, and nuclear storage
facilities in Taiwan, have met principles of availability and sustainabil-
ity, but violated those of equity, due process, or fairness (Walker, 2012);
similar tensions have occurred at nuclear power facilities in Japan and
South Korea (Park and Sovacool, 2018). The production of Canadian
tarsands has met the principles of availability and affordability, but
done so by displacing and damaging vulnerable groups of indigenous
peoples (Walsh and Stainsby, 2010). Wind farms being constructed and
operated in Mexico have enhanced the principles of availability and sus-
tainability, but done so at the erosion of due process, transparency, and
community equity (Oceransky, 2010). Solar energy parks in India have
similarly sought to enhance availability of energy and sustainability, but
done so through exclusion, land grabbing, and elitism (Yenneti et al.,
2016).

In sum: energy justice does not exist in a vacuum, and this body of
work strongly suggests one must always be cognizant of the socioeco-
nomic tensions that can occur when attempting to transition energy or
transport systems.

3. Results: energy justice and low-carbon household innovation
in the UK

It is with this appreciation for both energy justice and the perni-
cious potential for tensions that we examine four specific technological
case studies of low-carbon innovations at the household scale in the UK.
When considering the energy justice framework more explicitly, we ex-
amine four principles in greater depth:

• Affordability, meant to include the cost of the innovation and whether
it can provide comparatively inexpensive energy services that most
households can afford;

• Sustainability, meant to capture the improved efficiency or environ-
mental performance of an innovation, including greenhouse gas miti-
gation;

• Equity, meant to capture the accessibility of an innovation to ordinary
households, as well as potentially future generations;

• Respect, meant to ensure that an innovation does not impose burdens
on particular demographic groups, especially vulnerable groups.

As a high-level summary of our qualitative assessment, Table 2
shows how every innovation meets some justice principles at the ex-
pense of another. Some, as we will see, even conflict internally, such as
the sustainability attributes of EVs, or the affordability of low carbon
heat.

Table 2
Qualitative energy justice assessment of four low-carbon domestic innovations.
Source: Authors. Pluses qualitatively indicate the justice principle is strengthened, minuses that it
is weakened, the number of marks indicates the degree (one mark is slightly, two is moderately,
three is strongly).

Energy service
contracting

Battery
electric
vehicles

Solar PV
panels

Low
carbon
heat

Affordability +++ − + +/−
Sustainability ++ +/− ++ +++
Equity −−− −−− −−− −
Respect −− − − −
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3.1. Energy service contracting

Energy service contracts illustrate tensions between affordability and
sustainability (by giving consumers more confidence they will get the
outcomes they want from using energy, whilst expending less effort or
money) and equity and respect (potentially only benefitting those who
are offered contracts).

Energy services contracts, as with other services, enable consumers
to buy the outcome they want (e.g. a warm building), rather than hav-
ing to assemble, integrate and operate all the components needed to de-
liver it (e.g. fuel, a heating system, heating controls). Economic forces
drive service providers to discover more efficient ways to deliver higher
quality services, so that they can reduce their costs and increase the
value they offer their customers. Emerging connected home technolo-
gies, or smart home technologies (Wilson et al., 2017), can create data
sources that catalyze opportunities to broaden the scope and range of
such contracts significantly to include domestic consumers. Energy com-
panies could rely on digitization and information technology to extend
personalized energy services to domestic consumers.

Over the past few decades, energy service contracts have become a
more prominent mechanism for encouraging non-domestic consumers
to implement efficiency measures related to either electricity use or heat
(Nolden et al., 2016). Usually, an energy service contract guarantees a
specific level of energy service over several years, with the cost of the
energy efficiency measures being financed by the energy they save. The
idea is that such an approach can overcome the usual barriers to en-
ergy efficiency by reducing transaction costs and better managing risks
(Nolden et al., 2016; Nolden and Sorrell, 2016). A novelty here is also
focusing not on energy technology per se or the value proposition of
selling commodities and fuels such as gas or electricity, but instead the
energy service itself such as light, warmth, or hot water (Brown, 2018;
Fell, 2017). In their overview of the UK energy service contract market,
Nolden and Sorrell (2016) note that the business model for performance
contracts was imported from the United States in the 1980s, and grew
in the 1990s driven partly by the diffusion of combined heat and power
and partly by the growth of facilities management contracts. As of 2014,
when Nolden and Sorrell (2016) collected their data, the energy service
contracting market was populated by dozens and dozens of firms, many
of them “large players,” with a range of origins and actors summarized
by Table 3.

Table 3
Energy service contracting market in the UK.
Source: Modified from Nolden and Sorrell (2016).

Origin Main companies

Equipment
suppliers

Doosan Babcock, Finning, General Electric, Honeywell, Johnson
Controls, Philips Lighting, Siemens, Veolia (Dalkia)

Utilities and
energy
suppliers

EDF, E.On, British Gas Business, SSE

Construction
and
engineering
companies

Bilfinger, Bouygues, Imtech, Interserve, Kier, Skanska, Wilmott
Dixon

Facilities
management
or integrated
services

Carillion, Cofley, ENERG-G, Mitie, Norland, Schneider Electric

Procurement
agencies

EuroSite Power, Utilitywise

Independent
ESCOs

Ameresco, Anesco, Breathe Energy, Cynergin, Self Energy, Utilyx,
Vital Energi

Local
authorities

Aberdeen Heat and Power Company, Barkantine Heat and Power
Company, Birmingham District Energy Company, Coventry
District Energy Company, Enviroenergy, Leicester District Energy
Company, Pimlico District Heating, Southampton Geothermal
Heating Company, Thameswey Energy

Communities Brighton and Hove Energy Services, Douglas Community
EcoHeat, Kielder Community Enterprises, Meadowside Ozone
Energy Services, Ovesco, Woolhope Woodheat

Early experiments show that households like the idea of buying a
warm home rather than units of fuel (Lipson, 2018). This opens up a
new route to decarbonizing heating. If energy service providers were
mandated to decarbonize over time, like car manufacturers, businesses
that learnt to use this data to design and deliver appealing low car-
bon domestic energy services could reap significant commercial rewards
(Batterbee, 2018). In theory, Lipson (2018) notes that various posi-
tive possibilities emerge: service providers can form richer relationships
with their customers, reducing the costs of acquiring and retaining them
and offering higher value services; device vendors can apply usage data
to improve their products and share the value their devices deliver; net-
work operators and investors can work with service providers to plan
network upgrades that consumers will want to pay for, as providers will
understand what consumers need from complex energy infrastructure.

However, the expansion of energy service contracts also bring with
them justice risks. Cirell (2016) warns that not all energy service com-
panies are equal. Some, such as those devolved to or controlled by local
authorities, may try to mitigate fuel poverty. But others, especially at
for-profit firms, may actually discriminate against customers who will
produce lower profits. Hannon and Bolton (2015) found the for-profit
versus non-profit distinction to be important in their survey of local au-
thorities in the UK and the energy service companies they promoted.
As Hannon and Bolton (2015: 206) warned, commercial energy service
providers “will tend to prioritize projects that promise high returns,
such as large scale, mix-use schemes with strong economies of scale
and a balanced demand load, over smaller projects that may promise
lower returns but with a stronger environmental and/or social welfare
dimension.” This same profit motive could also lead domestic energy
service providers to focus on attracting more “desirable” (i.e. more prof-
itable) customers, leading to different implications for different con-
sumers (OFGEM, 2017).

Indeed, issues of justice, equity, and privacy remain heavily debated
and contested in public and media discussions in the UK (Milchram et
al., 2018; Hielscher and Sovacool, 2018). Those households in vulnera-
ble situations, especially the chronically poor, and on low incomes are
unlikely to be able to engage with new services as early and as compre-
hensively as other households. Those groups suffer from the “poverty
premium” whereby the poorest pay more for essential goods and ser-
vices, for instance because they live in rented accommodation or have
poor credit ratings (Cambium Advocacy, 2015; Davies et al., 2016). The
group most highly exposed to the poverty premium was defined by us-
ing prepayment meters for fuel and using higher-cost financial credit
(Davies et al., 2016). As such, people without access to this smart new
world of energy services could become the new fuel poor. Anyone with-
out access to the internet, tenants unable to install sensors or sign up to
contracts, anyone without a smart phone, or groups deemed undesirable
by providers (for whatever reason) could all be excluded.

However, Lipson (2018) has highlighted that services could also cre-
ate new routes for policymakers to deliver societal goals, like reducing
fuel poverty. Service providers would have to learn how much it cost to
deliver their service to households, but there is no need for consumers
to pay if they could not afford it. For example, government subsidies
could be used to pay service providers by results (such as improving af-
fordability of specific levels of energy service) rather than based on out-
puts (such as the number of homes that have been insulated). Service
providers would have a commercial incentive for delivering energy ser-
vices as efficiently as possible, encouraging them to find the best mix-
ture of fabric and appliance efficiency in each home.

3.2. Battery electric vehicles (EVs)

Battery electric vehicles, hereafter electric vehicles (EVs), underscore
the tensions between sustainability (displaced carbon, reduced urban air
pollution) and affordability and equity (only particular groups can af-
ford to purchase or use them).

For example, EVs can result in lower total emissions, particularly
when compared to other alternatives (Reddy et al., 2016). The en-
vironmental and climate change benefits of EVs can vary consider-
ably by context, but generally
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emit less greenhouse gas than conventional vehicles, with estimates
ranging from 10–24% (Hawkins et al., 2013) to 62–65% (Addison et
al., 2010). Climate change benefits can accrue via the electrification of
transport, controlled charging to avoid high carbon electricity sources,
decarbonisation of the ancillary service markets, or peak shaving of high
carbon electricity sources. For instance, numerous studies in the litera-
ture suggest that EVs generally operate more efficiently than those that
run on internal combustion engines, given the comparative efficiency
of electric drivetrains (Tran et al., 2012; Mitchell et al., 2010). Other
broader social co-benefits of EVs include displaced urban air pollution
and improved public health; von Stackelberg et al. (2013) for instance
calculated that gasoline passenger vehicles cause $26 billion in health
damages annually in the United States. Nonetheless, the ability of dif-
ferent low carbon transport policy approaches to address issues of jus-
tice and equity is unclear and can affect different groups differentially,
resulting in a more or less just system (Mullen and Marsden, 2016;
Mattioli, 2016).

In the UK, EVs could be an ideal option for those who can afford a
newer vehicle and a home with off-street parking who do not need to
drive far (perhaps people living in urban/suburban areas with good pub-
lic transport options, or in good to moderate health so they can walk to
where vehicles are parked). Currently, in the UK the cost of the vehicles
is subsidized (by taxpayers) and the cost of the fuel is cheaper because
EV owners do not have to pay VAT on electricity.2 Projections suggest
that EVs could cut emissions from passenger transport in the UK in half,
from roughly 32 t of carbon dioxide to 15 t of carbon dioxide for smaller
vehicles across their lifecycle (from construction to use and scrapping)
(Gabbatiss, 2018). Similarly, assumptions made in the modeling done
for the Committee on Climate Change suggest that “the CO2 emissions
of a vehicle are reduced by 50% if it has an electric range of 25 km” in
the UK (Stewart et al., 2015: 14).

However, EVs could benefit some people more than others. Consider
that access to mobility in the UK is not equal. Car access, distances trav-
elled, and income are all closely and positively correlated (Offer et al.,
2011). Wealthier households drive more frequently, drive further dis-
tances, and have a greater ability to purchase new cars. Using vehi-
cle test records, patterns of car usage, and energy consumption data,
Chatterton et al. (2018) find that UK motoring costs are strongly regres-
sive, with lower income areas, especially in rural locations, spending
about twice as much of their income on mobility as the highest income
areas. Wells (2015) notes in particular that half of all UK households in
the lowest 20% by income did not have access to any sort of car whatso-
ever, and that many of these households were also composed of vulner-
able groups such as the disabled, the elderly, or single parent families.

Thus, consumers who cannot afford to buy a new EV may end up
paying more to run an older, less efficient petrol or diesel car. Approx-
imately one third of people in the UK live in homes without off-street
parking, of those around half struggle to park in the same place every
night (ETI, 2013). They may face higher costs to install charging infra-
structure and higher non-monetary costs finding a place to charge their
car. Furthermore, as EV uptake rises, there will be commercial drivers
on fuel stations to close as they begin to service fewer customers, which
could make it more time-consuming and expensive to fuel a petrol or
diesel vehicle.

There is even the potential for the poor to provide financial sup-
port for the affluent. Historically, Lane and Potter (2007) note that most
adopters of EVs in the UK have been new car purchasers, with high ed-
ucational levels and incomes, and resided in urban areas. Wells (2015:
23) emphasizes that the automotive industry considers this to still be
true, quoting one expert who said:

These [EV] customers are predominantly high-earning, environ-
mentally aware city dwellers who already own a premium ve-
hicle. They said they would use the e-car mainly as a second
or third car, mostly for

2 Further detail on VAT available at https://www.gov.uk/guidance/
rates-of-vat-on-different-goods-and-services#power.

short trips. This group of customers, which we call the “Premium
2.0” segment, is not price sensitive in that by buying an environ-
mentally friendly e-car they can be seen to be green.

By contrast, lower income households tend to purchase cheaper and
less-efficient vehicle models (ONS, 2017). This means they could end up
paying to subsidize EVs without being able to benefit from the lower
running costs.

Even the environmental sustainability benefits of EVs in the UK are
contested, and can be eroded by rebounds or unsustainable practices.
Graham-Rowe et al. (2012) noted for example that because adopters
perceived their EVs to be more “environmentally-friendly,” they drove
them 1.64 times further than cars they did not see as “eco-cars.” Some
drivers even attempted to recharge their vehicles not by plugging in
at home or at work, but by running the internal combustion engine
and then using the re-generative braking system to “charge” their vehi-
cle “thereby negating the carbon savings” (Graham-Rowe et al., 2012).
Modeling of EV driving behavior (Hamamoto, 2019) also underscores
this paradox: EVs are more technically efficient than conventional cars,
meaning they have great carbon abatement potential, but if/when
adopters increase their annual mileage, overall emissions for transport
can actually increase.

Moreover, the limited range of EVs could present higher risks to
those who live in more remote locations, where they will likely have
to travel further for work or to access supermarkets and other services.
Alternatives to car ownership, like car clubs, autonomous cars or taxis
are more difficult in remote areas because of the lower demand, and
can therefore cost more. EVs can lastly shift pollution flows from urban
areas (tailpipes) to rural areas (power plants). Offering partial support
for this claim, Woodcock et al. (2009) noted in London that reduction
in traffic or the phasing in of cleaner modes of mobility (such as EVs)
had the greatest health benefits in urban areas, but negligible impacts
on rural areas, being unevenly distributed.

3.3. Solar photovoltaic (PV) panels

Installing household solar photovoltaic (PV) panels brings a host of
benefits, including displaced fossil fuels and the opportunity to take ad-
vantage of feed-in tariffs, but also raise concerns related to equity and
affordability.

Solar PV panels are a source of electricity that can be built in various
sizes, placed in arrays ranging from watts to megawatts, and used in a
wide variety of applications, including for homes, integrated into build-
ings, or even for off-grid systems for remote power use. PV systems have
emerged to be a modular and generally durable source of electricity. In
the UK, about one million households (or 3% of all homes nationwide)
have installed solar PV panels and two-thirds of them were using them
for self-generated power (Strielkowski et al., 2017). KPMG (2015) ar-
gued that these trends made the UK “the most dynamic PV market in
Europe” at that time with PV “becoming the most popular renewable
energy among British electricity consumers”.

On the positive side, people who put PV on their rooves can gen-
erate their own electricity, saving money and earning from feed-in-tar-
iffs for electricity they sell back to the grid. They could benefit more
if they can store electricity in a battery or hot water tank to use
when they need, especially if households begin to face time of use tar-
iffs (Infield, 2007; Barnham et al., 2012; Parkhill et al., 2013; Uddin
et al., 2017). BEIS (2016) suggest that solar PV will be significantly
cheaper by 2020 than predicted three years ago, meaning it can reach
a broader range of households. Uddin et al. (2017) even go so far
as to argue that if current battery cost reduction trends persist, it is
predicted that households with solar PV could ultimately disconnect
from the grid and lead to autonomous homes or micro-grids. Lastly,
there is the potential of solar PV to increase reliability for consumers
when mains electricity supply isn’t available, such as during power
cuts and maintenance. This can be especially important for households
where constant electricity supply is important, such as those who are
reliant on electricity for medical equipment like a stair lift, nebulizer
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or refrigeration to preserve medicine. This type of vulnerability is al-
ready acknowledged by the Priority Services Register in the UK.3

Strikingly, however, the benefits of existing solar PV are not evenly
distributed. Indeed, household solar PV is exclusionary insofar that
adopters need to own a building or a roof. This excludes the 37% of
people who do not own their own home (ONS, 2018), or live in flats
without a roof. In addition, modeling undertaken by Strielkowski et al.
(2017) suggests that solar PV in the UK favors richer consumers and
particular network users who do not bear their fair share of total sys-
tem distribution and transmission costs. They warn that any increase in
solar PV in the UK only comes at the risk of further transfers of wealth
between lower income and higher income consumers, given that feed
in tariffs for solar PV are paid for by a levy on energy bills by all con-
sumers. Under the current scheme, this is potentially regressive, because
energy costs account for a larger portion of bills for lower income house-
holds than those that are better off. Below average income households
therefore pay more for energy policy costs, as a percentage of their
share, than richer households (Barrett et al., 2018).

But the risks to justice are not just about the income of consumers.
As a substantial piece of technology in the home and from a relatively
new retail sector, consumers need information and knowledge in or-
der to make a choice to purchase and use solar PV equipment. This
is a problem to all consumers but is most significant to those without
access to the internet, with poor health, previous financial difficulties
and lower education levels (Walker, 2008). Finally, solar PV gives rise
to some negative externalities, including toxic materials utilized dur-
ing manufacturing and installation, required integration with other sys-
tems, and dependence on rare earth mineral imports that do have global
whole-systems impacts outside of Europe (Sundqvist, 2004; Burger and
Gochfeld, 2012).

3.4. Low carbon heat

As a final example, investments in low carbon heating—changing fu-
els, heating systems and/or perhaps improving thermal efficiency—can
reduce greenhouse gas emissions and improve the long-term livability
of homes but also raise issues of sustainability and futurity.

Today in the UK, most homes burn natural gas in boilers to get heat-
ing and hot water. Tackling climate change means heating these homes
with something other than natural gas. Various analyses highlight a
significant role for electric heat pumps, district heat networks, or re-
purposing the natural gas grid to transport hydrogen or biogas instead
(BEIS, 2017b). Such efforts are sometimes—though not always—com-
plemented with building thermal efficiency improvements such as insu-
lation.

Most buildings that will be standing in 2050 have already been built
so the decarbonisation challenge for heat is one of retrofitting, not new
build. Well insulated homes require less fuel to heat, can be heated by
lower power heating systems (like heat pumps), warm up quicker, stay
warm longer, and may be less likely to become damp. Upgrading build-
ings with new heating systems or insulation can also raise the value of
the property (DECC, 2013).

However, heating improvements require capital investment. This
presents difficulties to people without the capital, or who do not own
their own home. Policies may be introduced to encourage households to
switch away from natural gas central heating. Penalties such as a car-
bon tax on natural gas, or boiler prohibition would penalize those un-
able to afford an alternative. Subsidies designed to reduce the cost of
low carbon heating would not help those without access to suitable al-
ternatives. After all, it will take time to upgrade electricity networks,
construct heat networks, or repurpose the gas grid, so some households
will have no access to low carbon energy networks during the transition.

Furthermore, some particular low-carbon heating technologies, such
as heat pumps, can backfire for households, especially lower income
households. Hannon (2015) notes that in the UK, 3.6 million homes
are unconnected from

3 See https://www.ofgem.gov.uk/consumers/household-gas-and-electricity-guide/
extra-help-energy-services/priority-services-register-people-need.

national gas grids, and require central heating, which might make them
more suited to heat pumps. However, early trials with heat pumps sug-
gest not only that some had frequent faults, and that occupants had to
learn how to use them effectively (Sweetnam et al., 2018). Some suf-
fered “periods of high electricity bills,” entrenching dissatisfaction and
also worsening “fuel poverty in this vulnerable segment of the popula-
tion” (Lowe et al., 2017: 139).

In addition, when fuel switching away from gas is coupled with effi-
ciency improvements, such efforts can be mitigated by rebound or take-
back effects, or simply shoddy work. In some cases, the Warm Front
program in England, which installed more efficient boilers and/or in-
sulation in more than 2.3 million homes, saw net household energy
consumption paradoxically increase after the implementation of effi-
ciency upgrades (Sovacool, 2015). Looking at a subsample of Warm
Front homes, Hong et al. (2006) and Green and Gilbertson (2008) both
noted that some households “took back” the benefits of improved en-
ergy efficiency as increased warmth and comfort rather than as fuel sav-
ings particularly following the installation of a new heating system. This
essentially meant such homes achieved improved comfort at the expense
of societal goals to reduce emissions. And, when looking at the commu-
nity of heat installers in the UK, Wade et al. (2016) also noted a series
of “bad practices” including “examples of poor workmanship of varying
severity, from messy pipes, poor finishes and incorrect locations to un-
safe, illegal installations.” This harms the very homeowners who took
the diligence to implement low-carbon heating improvements.

4. Conclusion and implications

To conclude, our analysis does reveal that transforming the UK
household energy system creates a bounty of desirable opportunities as
well as complex tensions and risks that need to be managed actively.

Low carbon innovations in the household sector have immense op-
portunity to deliver positive co-benefits. The adoption of energy service
contracting can generate financial savings. EVs can reduce carbon emis-
sions and air pollution. Solar PV can reduce household energy bills and
also lead to added revenues from feed in tariffs. Retrofitting homes with
low carbon heating can improve indoor air quality and improve prop-
erty values. When coupled with emerging innovations such as smart
home technologies or storage, the benefits could become synergetic. A
world of energy services could for instance reveal new routes to elimi-
nating fuel poverty, or culminate in new integrated business models cen-
tered on whole-systems decarbonisation (including appliances and cars
within homes but also connecting homes to each other or low-carbon
urban networks). In this way, each of the low-carbon innovations ex-
amined can enhance some aspect of energy justice. In particular, those
owning homes or seen as “desirable” customers seem to have some of
the best potential for capturing the benefits of low-carbon innovations.

However, decarbonizing the household energy system also comes
with justice tensions. As Table 4 summarizes, each of the gains men-
tioned above come with a collection of risks. These risks especially con-
cern the potential for energy justice principles such as affordability and
sustainability to erode equity and respect. Those without the internet,
sensors or a smart phone may have less access to future energy ser-
vices contracting. Those unable to afford an EV or park it off the street
may pay more for less convenient transport. Those who cannot gener-
ate their own electricity because they do not own their own roof, can-
not afford PV, or comprehend the technicalities may miss out on lower
energy bills, even though they pay to subsidize them. Those who can-
not upgrade their heating to low carbon alternatives because they lack
the capital or live in poorer quality, lower value housing and be penal-
ized by measures to reduce household carbon emissions. In particular,
those not owning their own homes may miss the opportunities to ben-
efit from low-carbon innovations. Conceptually, these findings remind
us, too, that even innovations with only incremental technological com-
plexity (energy services, heat) as well as modest changes in user prac-
tices (solar PV, heat) can still result in qualitative injustices alongside
radical innovations or those requiring substantial changes in user prac-
tices. In this way, the conservative or incremental attribute of an inno-
vation is independent of whether it can contribute to energy injustice.
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Table 4
Summary of household low-carbon innovation justice tensions.
Source: Authors.

Case study
Technological
complexity

Change in
user
practices

Positive justice
dimensions

Negative
justice
dimensions

Energy
services

Incremental Substantial Cost savings,
more reliable
service, more
predictable
cost, increased
productivity of
subsidy

Some may
be excluded
from the
market (e.g.
because they
lack the
internet,
sensors or a
smart
phone).

Electric
vehicles

Radical Substantial Reduced
carbon
emissions and
air pollution,
fuel savings

Less
accessible to
those
without off-
street
parking,
and/or those
who cannot
afford a new
car

Solar
photovoltaic
panels

Radical
(especially
with storage
and ToU
tariffs)

Modest Reduced
electricity bills,
improved
resilience and
potential
revenue from
feed in tariffs

Limited to
those who
own their
own roof but
subsidized
by everyone
and too
difficult for
some to
understand

Low carbon
heat

Incremental Modest Upgrading
heating
systems and
insulating
homes can
raise property
values and
improve the
quality of
indoor
environments.

Some lack
the capital to
invest in
upgrades or
the ability to
make the
decision
because they
rent their
home.

There is also a temporal dimension to the justice dimensions we
examine—injustices occur not only in space (across different scales or
actors), but also over time. Currently, energy service companies may
prefer only those projects with the greatest rates of return, excluding
smaller projects. As energy service contracting markets grow in the fu-
ture, however, exclusion could shift to those that refuse to participate
in the digital economy or those that resist smart home technologies.
Current EVs are often unaffordable for those not able to purchase new
cars or with accessing to parking. But in the future, if adoption of elec-
tric vehicles causes petrol service stations to close, those owning or us-
ing petrol or diesel vehicles could struggle to refuel their vehicles. Over
time, EVs could also shift pollution patterns from tailpipes to power
plants, “cleaning” urban areas at the possible expense of rural areas.
Those who do not currently own their own property or have access to
a roof are functionally excluded from benefitting from solar PV. How-
ever, in the future when household energy prices may vary in real time,
then those with solar PV and storage could benefit by storing electricity
when it is cheap and selling it later when prices rise, but those unable
to afford the equipment, or unable to shift their consumption patterns,
will be worse off. In the domain of heat, currently tenants and those
unable to find the capital to invest in heating efficiency are excluded
from benefits. But in the future, those without access to low carbon heat
sources—whether from district heat, gas networks repurposed for hy-
drogen or biomass, or low carbon electricity networks with enough ca-
pacity to supply a heat pump—may be penalized if carbon policies in-
crease the cost of using natural gas boilers (Fig. 2).

In other words: low-carbon innovations never eliminate risk, they
just shift or redistribute it qualitatively, spatially, or temporally. Ex-
isting energy policy may be far more focused on the needs of today's
poor, rather than tomorrow's. Instead, we must craft policy that is more
aware of tensions so they can be minimized or maybe even eliminated.
Ultimately, decarbonizing will change the affordability of energy ser-
vices as well as the desirability and scope of different energy prac-
tices. This can alleviate the impact of existing vulnerabilities to fuel
poverty and enhance principles of justice, but it also threatens to push

Fig. 2. Differentiating current from future justice challenges. Source: Authors.

people into new forms of poverty and exclusion unless emergent risks
are preempted and actively mitigated.
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Processes of elite power and low carbon pathways 

1. Introduction 

Avoiding dangerous climate change will require a transformation of national and global 

energy systems by 2030, if not earlier (Rockström et al. 2017). As many have argued, this will 

involve far-reaching social and economic changes, including disruption to transport systems, 

decentralizing electricity generation, reducing consumption, and shifting economic activity 

towards the delivery of services rather than products (Green and Denniss 2018; Creutzig et al. 

2018; Geels et al. 2018).   The rate and scale of change required is best described as 

revolutionary: there are few historical precedents and progress to date has been limited (Geels 

et al. 2017). This transformation will require large institutions, industrial players, systemic 

structures, governments, households and individuals to: adopt a range of low-carbon 

technologies (e.g. electric vehicles, energy storage, heat pumps, smart homes); reduce and 

change energy-consuming behaviors and lifestyles in significant ways (e.g. in transport and 

food choices); support ambitious climate policies (e.g. carbon pricing, material efficiency 

measures and stringent energy efficiency standards, and geoengineering projects); and accept 

far-reaching changes in local and national energy systems (e.g. widespread diffusion of wind 

turbines, district heating, solar farms).  

But what if the dominant social (and even academic) discourse surrounding a low 

carbon society is incomplete?  To many commentators and institutions such as the 

Intergovernmental Panel on Climate Change (IPCC) or International Energy Agency (IEA), a 

low-carbon transition is a way of rapidly achieving social or policy goals towards addressing 

climate change.  To others, it is a way of addressing market failure or capturing co-benefits 

such as jobs or improved health attached to low-carbon systems.  However, these 

interpretations have often failed to show how processes and pathways of low-carbon 

transitions (mitigation, adaptation) can become intertwined with  elite responses and 

practices that contribute to inequality, exclusion and injustice’.   

Using a critical lens that draws from political ecology and political economy (among 

others), this article explores how pathways—mitigation, measures of low carbon development, 

and climate change adaptation—can be captured by or influenced by elites, those in positions 

of socioeconomic dominance (Bonds 2016). In this way, low carbon pathways can facilitate 
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elite power, thereby masking or compounding existing injustices and inequalities.  In particular 

our analysis focuses on the following three processes:  

 Experimentation: using peripheral spaces (geographically, socio-economically, or 

politically) as a laboratory to test climate change mitigation or low carbon 

technologies, transferring risks there but not always the benefits (Paprocki 2018);  

 Financialisation: the expansion and proliferation of financial instruments, innovations, 

logics, and markets within the global economy and many national economies. 

Commonly described as “the increasing role of financial motives, financial markets, 

financial actors and financial institutions in the operation of the domestic and 

international economies” (Epstein 2005:3), we examine how financialisation has 

extended into the realm of climate change adaptation and mitigation. 

 Dispossession: using processes of climate change mitigation and adaptation as a 

mechanism through which to dispossess others of their land, wealth, political and 

economic participation or other assets, exacerbating inequalities in the process 

(Sovacool 2018).  

We explore these three processes at both national and global levels. Firstly, we examine the 

implementation of coastal protection measures in Bangladesh and the Netherlands. Secondly, 

we analyze the case of climate risk insurance as a mechanism of climate change adaptation, 

with Malawi as a case study. Thirdly, we look at processes of renewable energy finance, 

drawing from case studies in Mexico and South Africa.   

2. Elite processes in climate change pathways of adaptation and mitigation  

By elites, we mean particular individuals or institutions that have significant power 

and/or exert dominance in society.  Scott (2008: 30) argues that “elites are those groups that 

hold or exercise domination within a society or within a particular area of social life.”. A 

longstanding debate within the literature on elites concerns whether elite power is 

influenced more by agents (conduct-shaping) or by structure (context-shaping) (Lukes 1974; 

Avelino and Rotmans 2011; Boonstra 2016). Here, we sidestep this debate by treating elite 

power as both agent and structure shaped, or relational.  

Weiss (2005) offers a spatial categorization of elites based on their mobility or scale: 

transnational elites are spatially autonomous and have the capacity to move seamlessly 

around the world and profit from global flows of capital. An example here would be the 
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financial investor George Soros or Microsoft founder Bill Gates. National elites are more 

dependent on institutions of the nation state and its systems of regulation or lack thereof 

(e.g. tax policy) and profit mostly from institutional and/or physical infrastructure within a 

country. An example here would be national parliamentarians. Local elites have varying 

access to national or global flows of wealth but still retain authority or hegemony within a 

smaller community or region, e.g. a tribal elder or village leader.  

Mann (2012a, 2012b) classifies four processes, or sources, of elite power - ideological, 

economic, military, and political – that can be tied to four categories as follows: 

 Technical elites (scientists, engineers, researchers) can use the values of progress or 

technical innovation and advancement as an underlying inform of ideological power;  

 Financial elites (property owners, local businesspersons, corporate directors, 

investors) can use monetary and fiscal resources as an underlying form of economic 

power;  

 Physical elites (soldiers, police officers, organized criminals) can use physical violence 

or force as a form of military power;  

 Regulatory elites (lawyers, national planners, political representatives, members of a 

political party) can use the legal system as a form of political power.  

The way that elites will likely exercise their power across low-carbon pathways will differ—

based not only on context and country, but also their type (technical, financial, physical, and 

regulatory) and scale (local, national, transnational).  While creating an exhaustive typology 

covering all of these dimensions is probably futile, for the purposes of this study we 

distinguish three separate elite processes: experimentation, financialisation, and 

dispossession.   

 

2.1 Experimentation  

The elite process of “experimentation” envisions low carbon pathways, often 

deployed in more social, economic, or geographically peripheral areas, as an arena where 

technical elites can pilot new, novel, or risky technologies.  The “laboratory” for this 

experiment is essentially the world itself, a place where real life experiments are located and 

where particular methodologies to understanding risk are put into practice (Knorr-Cetina 

1992; Voytenko et al. 2016). Experiments are a form of “anticipatory action” (Anderson 2010) 
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or “imagination” (Paprocki 2018) that seek to use countries as a “development laboratory” 

(Cons 2018) or “living laboratory” (Tilley 2011).    

Paprocki (2018), for example, frames experimentation as a North-South 

phenomenon, with technical elites—scientists, engineers, consultants, and researchers—in 

industrialized countries using a low-income country, Bangladesh, for the piloting or testing of 

new innovations. Such technical elites are able to justify the testing of technologies or 

innovations, especially those with problematic cultural and socio-economic consequences, 

because they will lead to “new ideas and technologies” for fighting climate change (Paprocki 

2018: 6).  Smart technology and satellite imagery are increasingly playing a role in the 

construction of hegemonic narratives on climate change, serving as powerful signifiers of the 

Global North’s superior ability to examine global challenges from a ‘bird’s eye’ perspective. 

Indeed, it is countries such as the United States (US) and Japan that effectively conduct 

surveillance of the Global South via remote sensing, frequently using forest surveys and 

assessments to monitor activities that could emit carbon in the South, such as tropical 

deforestation in Peru (Potapov et al. 2014).  Experimentation can thus perpetuate an 

“epistemic supremacy” (Rodriguez 2017) that privileges Western science, technology and 

knowledge and discounts objections and other ways of knowing.   

Experimentation, of course, need not be limited to North-South exchanges.  There are 

numerous examples of where elites within Northern countries also use experiments to gain 

competitive advantage over each other. In the North, scientific elites have used experiments 

to  observe “action oriented research” on land use planning and “attractive” and resilient 

“Green/Blue Cities” as well as “New Forms of Urban Governance,” “Experimental Cities,” and 

“Urban Experiments” (Voytenko et al. 2016; Edwards and Bulkeley 2018).  

Even if such experiments or tests marginalize consumers, or produce externalities, 

they are still seen as a success if they benefit elite power via technology transfer, the 

development of intellectual property, or validation of a new prototype.  Edwards and 

Bulkeley (2018) add that “experimentation entails an ambivalence to both the possibilities of 

the present and the potential of the future,” reshaping approaches to experimentation as 

well as the subjects of experiments to meet the needs of the experimenter. 

We observe the hegemonic features of experimentation at play in numerous low-

carbon pathways. The international Roundtable on Sustainable Palm Oil, which experimented 

with new crops and strands for biofuel, for example, underscores more the hegemonic side 
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of experimentation and it has been criticized for pushing industry interests over local 

stakeholder interests and for contributing to the degradation of carbon-intensive peat forests 

(Laurance et al. 2010; Schouten and Glasbergen 2011). Similar experiments with 

afforestation and hybrid crops throughout Africa have been attacked for forcibly relocating 

forest dwellers without adequate due process and for worsening social, political, and gender 

inequality (Anderson et al. 2011; Prouty 2009; Sovacool et al. 2015).   

2.2 Financialisation  

Financialisation is an increasingly amorphous and debated term across the social 

sciences concerned with critiques of contemporary capitalism and now subject to a growing 

diversity of empirical and theoretical interpretations. Taking its origins from Marxist 

heterodox economics (Bayliss et al 2018, Fine 2013) the term “financialisation” has latterly, 

though less commonly, emerged as a concept within economic geography (Pike and Pollard 

2010) and development studies (Mawdsley 2018, Bracking 2012, 2016).  

The growing literature on financialisation is wide-ranging and often contested (cf 

Fine 2013). At its most simple it can be described as the expansion and proliferation of 

financial markets in general (Ibid p56) in light of the increasing and integral role that finance 

has played in the global economy and in many national economies since 1970, particularly 

those with highly developed capital markets. This invokes the commonly-cited definition of 

financialisation as “the increasing role of financial motives, financial markets, financial 

actors and financial institutions in the operation of the domestic and international 

economies” (Epstein 2005:3).  More specifically, we use it here to refer to the growing 

financial activities of non-financial firms as compared to their productive activities, and the 

increasing share of GDP and national income from the financial sector (Chester and 

Newman 2014:5) which has seen in the incorporation of national economies and firms into 

global circuits of financial capital as an indicator of economic maturity (Mawdsley 

2018:267). In this sense, financialisation has resulted in “the extension of interest bearing 

capital to new areas of economic and social life in hybrid forms with other types of capital” 

(Fine 2013:47), as well as the transformation of physical objects (such as renewable energy 

infrastructure as we explore in Section 5), into assets for speculation (Leyshon and Thrift 

2007). Although financialization is celebrated by many as the “democratization of finance” – 

through which a range of new actors at multiple scales can access finance to fund 

entrepreneurial investment (Pike & Pollard 2010) – there are two main negative 
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implications of greater financialization that are relevant to our analysis here. Firstly, 

financialization has been increasingly associated with growing global inequality (e.g. Piketty 

2015). Indeed, by deferring to market rather than social development logic (through state 

policy objectives, for example), financialization may reinforce pre-existing inequality and 

exclusion, with more “risky” regions, sectors, or individuals unable to access finance 

(Rosenman 2017). Secondly, it may increase the exposure of the newly incorporated 

economic actors and regions to the systemic risks inherent to financial markets, potentially 

creating new vulnerabilities (Mawdsley 2018).  

Until recently the literature on financialisation has tended to focus on advanced and 

liberal market-based economies, particularly the US and UK (cf Mawdsley 2018). However, 

“emerging markets” or “frontier economies” offer increasing research opportunities for 

global capital flows (Mawdsley 2018:267). Moreover, given that “theorising financialisation 

requires global perspectives” (Christophers 2012), any analysis must go beyond the scale of 

national boundaries in order to examine the ever-shifting dynamic international circuits and 

networks of debt, equity and ownership. In addition, following Pike and Pollard (2010:31), 

financialisation has an ever-extending “social, spatial and political reach” and there is 

therefore significant opportunity to examine its expansion not only across borders, but also 

into new global assets for speculation, such as renewable energy as a rapidly expanding 

infrastructural sector as we discuss in Section 5. 

The expansion of financialisation into development finance is a further focus of our 

analysis, particularly in Section 4 which explores climate risk insurance as a new 

financialised form of climate change adaptation in low and middle-income countries.  As 

Mawdsley explores, in recent decades there has been “a distinctive acceleration and 

deepening of the financialisation-development nexus” (Mawdsely 2016:265) resulting in 

significant shifts in the models and types of development finance. These shifts have seen the 

evolution of an industry that previously provided the majority of assistance via loans and 

grants, to one that is now acting in partnership with institutions “which are themselves 

increasingly governed by financial logics”, such as venture capital, special purpose vehicles, 

hedge funds, sovereign wealth funds, credit ratings agencies, global accountancy firms (Ibid 

page 267). This “re-configuration of parts of the ‘developing world’ as the risky frontiers of 

profitable investment” (Mawdsley 2016:271), with DFIs providing “the institutional and 
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material basis for capital penetration, financialisation, market development and a more 

orderly set of practices for the management of risk to capital” (Carroll and Jarvis 2014:535). 

 

2.3 Dispossession  

Dispossession is associated with processes through which market elites effectively 

come to possess the assets of others, and is a central theme in political ecology research 

(Sovacool 2016; Paprocki 2018). “Dispossession” has its roots in Marxist- inspired political 

economy and theorises that the capitalist system is constantly striving for profits and capital 

accumulation in a competitive market economy so that labor, land, and other assets become 

“dispossessed” and treated as commodity, subject to the same pricing mechanisms (Gilpin, 

1987: 36-38).  Drawing from these antecedents, Harvey (2004: 66) elaborates the concept of 

“accumulation by dispossession,” defined as the “centralisation of wealth and power in the 

hands of a few by dispossessing the public of their wealth or land.”  Accumulation by 

dispossession can take a variety of forms, including the privatisation of land and forcible 

relocation of people residing there, the establishment of property rights or suppression of 

rights to the commons, and the process of appropriating assets such as natural resources or 

land (Harvey 2003, 2006). Political dispossession has been defined as the (neoliberal) 

restructuring of the state by finance through the privatisation of profits, and the socialisation 

of losses (Keucheyan 2018:498).  

Dispossession can have many causal mechanisms. The most direct is simply stealing or 

“grabbing” of land.  When an area already owned or controlled by a group is taken over by 

others, it is known as land seizure (White et al. 2012). When a group is prevented from 

acquiring or accessing land to which it is entitled, it is known as land denial (Adnan 2013).  Ex 

situ displacement or dispossession is a process whereby people are directly and forcibly 

removed from their land; in situ displacement or dispossession is when struggles for or 

regulation of land indirectly leads to expulsion, such as through higher prices or changes in 

the law (Feldman and Geisler 2011).   

Bernstein (2010) has also developed a typology of land dispossession. Sometimes, 

farmers or peasants are displaced by local elites that own property or agrarian capital; or, 

they are displaced by their neighbors who begin to accumulate wealth and differentiate 

themselves by class.  In other times, dispossession can be more a national and international 

phenomena, with pressures coming from political elites in urban areas or even transnational 
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flows of capital.  Moving on from Bernstein, in still other cases, dispossession can involve 

corporate actors investing in genetically engineered crops or the growing of feedstocks that 

end up displacing people from their land (McMichael 2012; Lambin and Meyfroidt 2011). In 

others cases, land and natural capital might be directly appropriated for environmental ends, 

such as circumventing restrictions on logging in an old-growth tropical forest. In still others, 

national or corporate “land deals” may legally set aside land for other uses such as economic 

development or the creation of jobs. Anguelovski et al. (2017) frame this as land grabbing via 

“selective land use regulations and resettlement.” Fairhead et al. (2012), conceptualise these 

processes as “green grabbing,” where physical or regulatory elites “grab” an area in order to 

protect and preserve it for conservation or other reasons.  

As well as land, elites can also dispossess people of their wealth or financial assets 

through processes enabled by markets, technology, and (lax) regulation. In his critique of 

neoliberalism and privatization, Harvey (2003) discusses how the privatisation and 

commodification of public assets has essentially transferred property from public ownership 

to private ownership, moving capital from national governments to private parties.  These 

elites can then (perversely) sell or rent back to the public what used to be theirs, using capital 

to earn more capital.  Examples of such instances include the dispossession of assets (the 

raiding of pension funds and their decimation by stock and corporate collapses) by credit and 

stock manipulations (Harvey 2004: 74-75). The collapse of US-based energy company Enron, 

for example, dispossessed many people of their livelihoods and their pension rights. In other 

cases, Harvey (2004) documents how regulatory or financial elites suddenly raise interest 

rates to force poorer nations into bankruptcy.  In neo-Marxist terms, these are instances of 

the capitalist class gaining power at the expense of the labor class. 

 There are numerous examples of where mitigation and adaptation efforts have 

perpetuated dispossession.  Solar energy parks developed by international companies in India 

have been prone to exclusion and land grabbing (Yenneti et al. 2016).  Biofuel cultivation for 

private firms has also been prone to grabbing land from local communities, farmer, or 

pastoralists across Ghana, Kenya, Madagascar, Senegal, South Sudan, Tanzania, and Uganda 

(Temper 2018).  The Roundtable on Sustainable Biofuels, an international forum, has been 

similarly accused of facilitating land grabbing—often converting land needed by rural 

pastoralists or subsistence farmers into assets for elites (Fortin and Richardson 2013).  In 

Australia, the construction of the Wonthaggi desalinisation plant, an attempt to adapt to 
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declining natural rainfall, resulted in the enclosure of thirteen sites of land of “significant 

value” to the Bunurong Aboriginal community (Barnett and O’Neil 2010). 

2.4 Synthesis  

 As we will see in the next three sections of the paper, these processes operate across 

five selected cases of coastal protection measures in Bangladesh and the Netherlands, 

disaster recovery and climate risk insurance in Malawi, and climate change mitigation and 

renewable energy financing in Mexico and South Africa.  These cases were chosen because 

they represent illustrative, clear fits with our theoretical framework, and also cover a diverse 

mix of technologies, market economies, instruments, and types of elites.   

3. Coastal protection: The elite processes of afforestation, micro-finance and seawalls   

Coastal protection efforts deal primarily with attempting to mitigate the risks of 

severe weather along coastal areas, especially storm surges and damage from hurricanes and 

typhoons.  They can include “soft” measures using natural capital such as afforestation and 

mangrove restoration, or “hard” measures such as seawall construction or reinforcement 

(Sovacool 2011; Dolšak and Prakash 2018).  Annual weather-related disasters have increased 

fourfold from forty years ago, and insurance payouts have increased by a factor of eleven 

over the same period, rising by $10 billion per year for most of the past decade (Reddy and 

Assensa 2009). One team of researchers even found that due to climate change, average 

storm surge damage will likely rise from $10 to $40 billion per year in 2014 to possibly $100 

trillion by 2100, affecting up to 600 million people (Hinkel et al. 2014). Indeed, by combining 

future global sea level rise with tide gauge water levels, another research team expects that 

today’s “once in a century” storm surges might become “once in a decade” storms in the 

future (Tebaldi et al. 2012). We see elites and our pathways at work across hard and soft 

coastal protection measures in both Bangladesh and the Netherlands.    

Given that Bangladesh is arguably one of the countries most at risk to climate change, 

it constitutes an ideal laboratory for technical elites to experiment with different coastal 

protection measures. Experimentation is strongly present in Bangladesh.  As Paprocki (2018) 

and Cons (2018) have documented, Bangladesh (especially its southwestern borderlands 

where sea level rise, salt-water intrusion, and cyclones occur) has become a ground zero 

laboratory for so-called ‘resilient development’.  Experiments include training programmes 

sponsored by the United Sates or European Union that seek to educate farmers on new ways 
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of growing vegetables, planting trees, and erecting single-family rainwater collection wells, as 

well as schemes to build flood defenses, mounds, domes, and shelters. Capital intensive 

dykes, erected by the technical elites at the Bangladesh Water Development Board, have 

become a particularly popular measure (Sovacool 2018).  

We also see a link between other technical elites (such as experts in satellite imagery, 

remote sensing, and digital forest management) and climate change-informed 

experimentation in Bangladesh.  There, systems such as Landsat (Patapov et al. 2017), Linear 

Imaging Self Scanner (LISS), and Advanced Wide Field Sensor (AWiFS) satellite data (Reddy et 

al. 2016) are used to monitor and track the extent of deforestation linked to carbon 

emissions.  Scientific and technical institutes such as the Indian National Remote Sensing 

Centre, Bangladesh Forest Department, USAID, the Food and Agricultural Organisation, and 

World Bank all conduct these types of remote assessments (Rahman et al. 2017), which have 

become integrated into Bangladesh’s Forestry Master Plan from 2017 to 2036 (Bangladesh 

Forest Department. 2016). These technical elites entrench “epistemic supremacy” by 

imposing a new (and supposedly superior) way of seeing and governing a policy problem to 

local agencies.  Physical elites, such as forest patrols or the police, then enforce policies and 

detain those who encroach on protected areas (Rahman et al. 2017; Sarker et al. 2011). 

 Efforts at experimentation have been coupled (weakly) with financialisation, at least 

to the extent that local communities are integrated into global commodity markets and 

financing schemes.  For example, community-based adaptation measures supported by 

USAID and the World Bank have focused on community and social responsiveness by offering 

market-based incentives to vulnerable communities who are interested in diversifying their 

economic activities into new forestry, fishing and farming sectors.  These programmes 

include incorporating non-monetary farming practices into a “Triple F” model of “Forestry, 

Fisheries, and Food” that seeks to create local economies of exchange and trade and then 

connect them to the commodity markets in Dhaka.  One aspect of the programme even 

disbursed mobile phones so sellers could check global commodity prices. The central premise 

behind FFF activities is that adaptation efforts must also generate a continuous flow of 

income for local communities (Rawlani et al. 2011). The problem with such efforts is that they 

fold local communities into a market economy and then use financial tools—often 

microfinancing loans—to keep them permanently trapped in debt (Cons and Paprocki 2010). 
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Communities often struggle to pay off the interest – let alone the principal – and must 

borrow perpetually until they lose their collateral. 

Bangladesh has lastly been prone to strong forms of dispossession, in particular 

numerous types of land grabbing associated with the development of seawalls and 

embankments.  Sovacool (2018) documents the direct displacement of vulnerable 

communities alongside roads or dykes intended to protect urban areas.  In some gases, gangs 

of bandits employed by criminal bosses or local strongmen yielding bamboo clubs use threats 

of violence, or violence itself, to appropriate land. Seawalls and dykes intended to help 

predominately poor populations have instead, at times, been plagued by land predation and 

land grabbing, with khas (public) and (coastal island) lands most at risk (Islam 2006a; Rashid 

2014; Paul and Islam 2015). The most active agencies in these practices have been 

government departments and military forces as well as private interest groups inclusive of 

commercial land dealers and speculators, and civil officials in their personal capacities 

(Feldman and Geisler 2012).   Anguelovski et al. (2017) have similarly noted how the 

government-sponsored Greater Dhaka Integrated Flood Protection Project, intended to 

reduce flooding in the city, disproportionately burdened the urban poor. The siting of 

embankments, designed with little consultation of residents, has caused major disruptions to 

adjacent communities and their livelihoods. Initial designs have also excluded substantial 

areas of low-income settlement and caused widespread waterlogging inside the protected 

zone.  We thus see three of Bernstein’s (2010) types of dispossession—farmers and peasants, 

indigenous classes, and emergent capitalists—operating.  

These processes are not limited to only developing countries such as Bangladesh.  In 

the Netherlands, technical elites have been strongly experimenting with coastal protection 

measures for more than a millennium, with the more recent Dutch Delta Works an illustrative 

example of coordinated efforts to build tidal barriers, locks, flood barriers and storm surge 

barriers (see Table 3). The Delta Works, from the 1950s to the 1980s, were supported on the 

grounds that they would protect against a 1 in 10,000 years storm surge event for the 

provinces of Holland, and 1 in 4,000 years storm surge event for the provinces of Zeeland, 

Friesland, and Groningen (McRobie et al. 2015).  Their design, construction, and maintenance 

involved extensive scientific experimentation and advances in physics, biology, ecology, 

materials, and modelling (to name a few) (d’Angremond & Kooman 1986; Leemans 1986).  

The elites behind these experiments included the government department Rijkswaterstaat 
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(translated as the Directorate-General for Public Works and Water Management), scientists 

at the Delft Hydraulics Laboratory, and a consortium of major engineering firms such as 

Ballast Nedam, Boskalis Westminster, Baggermaatschappij Breejenhout, Hollandse 

Aanneming Maatschappij, Hollandse Beton Maatschappij, Van Oord-Utrecht, Stevin 

Baggeren, Stevin Beton en Waterbouw, Adriaan Volker Baggermaatschappij, Adriaan Volker 

Beton en Waterbouw and Aannemerscombinatie Zinkwerken. (Sovacool and Linner 2015). 

The Rijkswaterstaat in particular considered themselves the “dike masters” of the world, and 

were modeled on the elite Corps des Ponts et Chaussees (Corps of Bridges, Waters, and 

Forests) in France (Sovacool and Linner 2015).  

Collectively, these government, scientific, and corporate actors ran hundreds of 

experiments and simulations were run to assess the integrity and performance of building 

materials such as natural rock, sand, and clay.  As a result of the new knowledge gleaned 

from these experiments, a number of new construction methods for pylons and vessels were 

designed, new dredging techniques were invented, ballasted bases and block mattresses 

perfected, and artificial islands were created (Sovacool and Linner 2015). One of the largest 

pieces of the Delta Works, the Eastern Scheldt Storm Surge Barrier, was even designed to 

open and close; and to protect the parts of the storm surge barrier exposed to seawater, 

unique polypropylene and concrete-block mats, asphalt slabs and graded-filter mattresses 

had to be invented and installed (van Noortwijk and Klatter 1999).    

More recently, in the digital era, the Delta Works have facilitated numerous ways to 

experiment with what the Government of Netherlands (2016: 2) calls “high tech flood 

protection.” One is the novel use of radar images from earth observation satellites to 

enhance the monitoring of dykes via remote sensing imagery and digital sensors.  Another is 

the use of “intelligent geotextiles” to provide early warning of deformations in floodwall 

structures, embankments, and dykes (Government of Netherland 2016).  

Moving from experimentation to financialisation, the perceived success of the Delta 

Works did not rest solely on its functional ability to provide flood control and enhance safety; 

there was also a connection to profit making from infrastructure and global markets.  The 

Delta Works were funded almost entirely by public money (a “Delta Fund” to guarantee long 

term financial stability, raising about €1 billion per year) (Kompier 2012).  Yet technical and 

financial elites at large Dutch engineering firms were able to utilise the threats from climate 

change and rising sea levels around the world—because of their links to government—to 
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generate significant revenues and earnings from designing surge barriers based on its design 

around the world (Corvers 2009).  The knowledge from the Delta Works was financially 

appropriated in at least five large-scale storm surge barriers totaling almost $11 billion of 

collective investment in the Netherlands as well as in Germany, Italy, the UK and the US, all 

done with expensive Dutch consultants (Hillen et al. 2010). One textbook suggested that 

more money can be made, given that innovations such as the Eastern Scheldt Storm Surge 

Barrier are a necessary component of “next generation infrastructure” to be considered by 

every city as postindustrial society confronts climate change (Brown 2014).  According to this 

logic, the Delta Works becomes its own brand; and coastal protection is not done for social 

obligation, but for profit, becoming a magnet for finance.  

 Lastly, the Dutch Delta Works perpetuated strong forms of dispossession across three 

dimensions: exclusionary forms of bidding and firm involvement; exclusionary forms of 

planning; and the physical dispossession of fishers and other recreational users of the 

watershed.  Firstly, due to the size and capital intensity of the project, the Rijkswaterstaat 

presumed that contracting private construction companies, especially small and medium 

enterprises, would not work (Bijker 1993; Bijker 2002). Thus, only a select number of 

construction companies were invited to participate, with the final consortium consisting of a 

mere eleven entities.  Secondly, the decision-making and planning process was exclusionary. 

Though the Rijkswaterstaat featured well trained civil engineers, the project tended to ignore 

contrary viewpoints coming from ecologists and biologists; creating a “highly closed system” 

with a “monopoly on knowledge” (Leemans 1986).  Thus, for decades the views of 

oppositional saltwater fishers, environmentalists and conservation scientists, civil society 

members, and even local planners were marginalised (Sovacool and Linner 2015).  Finally, the 

Delta Works as a whole displaced fishers and local recreational users of waterways, and it led 

to severely degraded fishing areas, eroded biodiversity and ecosystem vitality, and led to a 

massive die-off of non-human species. As Eelkema (2013: ix) declared when reviewing the 

environmental impacts of the project: “it has become clear that the Eastern Scheldt is a basin 

that has been shaped strongly by a multitude of human interventions… It will take in the 

order of centuries before the morphological effects of these interventions will have leveled 

out.” 



Elite power and low carbon pathways 14 
 
4. Disaster recovery and climate risk insurance  

While there is little consolidated evidence to date on emerging processes of climate 

risk insurance (Weingärtner 2017), as we now discuss, such processes offer examples of 

experimentation, financialisation and dispossession, at the same time as potential significant 

benefits for climate change adaptation finance.  

Climate risk insurance is taken out by – or on behalf of – regions or countries against 

natural disasters and extreme weather events such as droughts, hurricanes and floods, as a 

mechanism for climate change adaptation. The insurance is index-based or parametric, 

meaning that payouts are triggered when certain parameters fall within certain values as 

opposed to being based on assessments of actual loss (Reeves 2016). A key rationale put 

forward for climate risk insurance is that it offers a more efficient and rapid response to 

natural disasters than the current humanitarian system is able to.  

Sovereign climate risk insurance is based on a similar model to that of catastrophe 

bonds, a relatively recent innovation which began in 2000 and which has grown rapidly since 

the 2008 financial crisis (Ralph 2017), partly in response to the rise in weather disasters such 

as hurricanes Matthew (Haiti and Florida) in 2016, and Irma (Florida) and Maria (Dominica 

and Puerto Rico) in 2017 (Gray et al 2018). Considered an “innovative risk transfer product” 

by the insurance industry (Insurance Information Institute 2018), catastrophe bonds are used 

by insurers as an alternative to conventional insurance and reinsurance products as they 

allow insurers to pass the risk of natural disasters onto investors in the global capital markets 

(WSJ 2016). The bonds pay out subject to a variety of triggers that have in turn been 

determined by a variety of complex metrics including wind speeds and storm surges and 

cover a specified period, usually between one and three years (WSJ 2016).  As with any bond, 

a catastrophe bond is a type of debt security and therefore a tradable financial asset (Phillips 

2014).  

Catastrophe bonds are one of the fastest growing parts of the global insurance 

market and the most visible form of insurance linked security (ILS), now increasingly popular 

with pension funds, hedge funds, big investors and sovereign wealth funds.  However thus 

far, catastrophe bonds have been a mechanism largely deployed in wealthy countries, 

particularly the US (Insurance Information Institute 2018). It is only recently that the 

catastrophe bond model has been applied to expand to low and middle-income countries, 

including through the Caribbean Catastrophe Risk Insurance Facility, set up in 2014 by the 
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World Bank (Allianz 2016:12); the Pacific Catastrophe Risk Insurance Facility; and the African 

Risk Capacity (ARC) which we discuss in more depth below.  

Climate risk insurance is arguably part of elite processes of financialisation as it has 

converted disaster recovery into a speculative asset. Climate risk insurance has been 

described by Johnson (2014:157) as “securitisation of the geophysical effects of climate 

change”, particularly through insurance-linked securities and in this sense, has facilitated the 

creation of “socioecological fixes” for capital through the “reconfiguration of hazard risk into 

asset class” (Ibid). 

In setting up an ILS, an insurance firm creates a special purpose vehicle (SPV) on 

behalf of a government or public agency in order to sell the bonds to investors and hold the 

risk. Investors pay into the SPV that pays out to insurers should certain predefined events 

take place. Therefore, in the event that the natural hazard specified in the bond contract 

takes place and an insurer’s losses pile up, the investors risk losing their principal. But 

otherwise, investors benefit from a relatively lucrative revenue stream in the form of 

insurance premiums from the bonds (Talbot and Barder 2018:20). Despite having extremely 

poor credit ratings, ILSs are considered an attractive prospect for investors as they offer 

relatively high annual returns of between 5 to 15 per cent, as compared to corporate or 

government bonds (FT 2017).  

Various justifications are given for the promotion of climate risk insurance as a tool 

for climate change adaptation. These include firstly the inadequate, fragmented and 

unreliable nature of the dispersal of humanitarian assistance, including mismatches between 

the way it is provided and how it should be used, the tardiness of international aid appeals 

and the failure of patterns of disbursement to meet patterns of need (Talbot and Barder 

2016). As a result, survivors of humanitarian disasters lose their livelihoods, resorting for 

instance to the sale of livestock and tools, and taking their children out of school. This is 

compounded by the reallocation of public resources by governments away from essential 

services such as health and education in order to respond to the crisis. A second justification 

is the inability of many states to fulfil their traditional function as insurer of last resort, 

particularly in the case of fiscal instability (Ibid).   

These processes of financialisation are strongly tied to global climate change 

adaptation and resilience efforts. For many development finance institutions such as the UK’s 

Department for International Development (DfID) and the World Bank, as well as the IPCC, 
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the United Nations Development Programme (UNDP) (World Bank 2018) and a collaboration 

of insurers called the Insurance Development Forum (IDF), climate risk insurance is viewed as 

something of a panacea to disaster response. In addition, the InsuResilience Global 

Partnership for Climate and Disaster Risk Finance and Insurance Solutions, launched in 2017 

with the collaboration of the G20, the V20 (a group of 20 of the world’s most vulnerable 

countries) civil society organisations, the private sector and academia, aims to bring climate 

insurance to 400 million people in the developing world by 2020 (Llull 2016). In this sense, 

insurance contracts are seen as a technical solution that can override the collective action 

problems of the geopolitics of donors and development finance. This is accompanied by an 

unwavering belief that the tools of the financial industry, together with the power of global 

capital markets can be channelled for the benefit of the global public good.  

While there are several ILS fund managers and investors based in the City of London, 

until very recently there was no legal regime in the UK under which catastrophe bonds could 

be issued. For this reason, most have been issued in Bermuda, the Cayman Islands and 

Dublin, in turn raising questions of transparency and accountability (Ralph and Binham 2017). 

Risk analysis is undertaken by independent firms such as Applied Insurance Research and 

Eqecat who undertake climatic modelling.   

In addition to the financialisation of climate mitigation strategies, climate risk 

insurance can also be seen as a moderately strong example of experimentation, in that it 

brings together the latest and highly sophisticated innovations in climate and catastrophe 

modelling and financial risk analysis, thereby merging what Keucheyan (2018:496) refers to 

as “big data, insurance and nature”. 

One example of the implementation of climate risk insurance is the African Risk 

Capacity (ARC) which was established in early 2012 by the African Union to pool risk across 

the continent. (OPM 2017).  ARC is owned by its member states and capital contributors: at 

its inception Germany’s KfW and the UK’s DfID provided “repayable capital” of EUR 50 million 

and GBP 90 million commitments respectively to be repaid after 20 years with no interest 

(ARC 2018). Since October 2016, ARC has signed MoUs with 17 countries (ARC 2017). ARC 

uses its own dedicated risk-modelling software, Africa Risk View (ARV) which is currently 

focused on drought. This software is proprietary and therefore not accessible to the public 

but concerns have still been raised over the reliability, complexity and accuracy of this model 

have been raised (Reeves 2017, OPM 2017:v).  
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The clearest example of where ARC and ARV appear to have failed to function 

effectively refers to a severe drought in Malawi in May 2016 which affected 6.7 million 

people (OPM 2017b:vi). In this case, despite Malawi having purchased a $5 million premium 

for 2015/6 agricultural season, the ARC’s model did not initially yield a pay-out, as a result of 

discrepancies between the outputs of the ARV model and the reality of the situation in-

country. This led to a national and international outcry and subsequently a technical 

investigation (OPM 2017b). The main reason put forward by ARC for the failure of the ARV 

model was due to the modelling using a different maize variety with a longer maturation 

period than that which was actually used by farmers. Beyond that, it has also been argued 

that the modelers failed to incorporate inputs from agronomists, agro-meteorologists and 

other experts and were simply “too far removed ‘from the ground’” (OPM 2017b:34). By 

November 2016 ARC agreed to pay Malawi $8 million, a fraction of the total estimated 

drought response cost of $395 million (Reeves 2017:3). Moreover, the payment did not 

arrive until January 2017, long after funding was urgently needed to respond to the country’s 

humanitarian crisis. Subsequently Malawi did not renew its policy. 

Reeves (2017:3) describes ARC as “an experiment that failed Malawi” because of its 

inadequate and flawed design. The case has also raised significant questions as to whether 

this model can be effectively customised for individual country contexts (OPM 2017b) and 

increased concerns over the accuracy, transparency and reliability of the ARV model. This, in 

addition to the fact that the ability to understand and operate it rests with a small number of 

individuals (OPM 2017b:14).  

Lastly, climate risk insurance arguably constitutes a form of moderate dispossession 

firstly in that it fails to adhere to basic principles of justice (Duus-Otterström and Jagers 

2011). Indeed, contrary to the “polluter-pays principle,” such schemes require the most 

vulnerable countries who have least contributed to climate change “to co-finance the costs 

that others have unilaterally imposed on them, whereas it would seem that they ought to 

have no part of that cost” (Ibid).  Secondly, critics point to the tendency for climate risk 

insurance to entrench dispossession by failing to tackle the underlying structures of poverty 

and inequality (Reeves 2017 and Ralph and Aglionby 2017). As the case of Malawi has 

illustrated, despite having taken out a private plan it is still the government who ends up 

being the insurer of last resort (Johnson 2015, Isakson 2015). Further concerns have been 

highlighted, including that the focus on insurance detracts from the more proactive and 
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preventive tasks involved in building resilience to natural disasters, such as measures in 

planning, building and infrastructure (Ibid). Finally, risk insurance advocates have been 

accused of making huge assumptions about the democratic accountability of the 

governments in question and their willingness and ability to efficiently pass on any insurance 

payouts they may receive to the populations most in need of them (OPM 2017a:iii).  

5. Climate change mitigation: renewable energy auctions  

This final section examines the elite-driven processes that characterize the 

implementation of renewable energy auction programme, drawing on examples from Mexico 

and South Africa. While renewable energy auction programmes have become something of a 

success story across the globe for the investment and projects they have helped to facilitate 

(Eberhard 2018) such investment has also let do the financialisation of renewable energy. In 

parallel, this has also resulted in instances of dispossession. To a limited degree the 

implementation of such programme could also be viewed as yet another form of elite 

experimentation.  

Starting with financialisation, the growing success of the development and 

deployment of renewable energy and its increasing cost competitiveness with fossil fuels, has 

nonetheless been determined by the frameworks and logics of finance and investment, 

including its increasing financialisation via processes of securitisation1, on-selling and the 

creation of a secondary market (Baker 2015). Finance has played an integral role in shaping 

the way in which renewable energy infrastructures, technologies and their ownership are 

emerging. In this sense, renewable energy is situated in the context of its inseparable, 

mutually co-constitutive relationship with the finance that shapes and supports it and 

therefore becomes “a particular historical phenomenon inextricably tied up with unequal 

exchange” (Lohmann and Hildyard 2014:10).  Such an approach borrows from Marxist 

concepts of energy which as Huber (2008:106) discusses place an analytical focus on energy 

as a social relation, “enmeshed in dense networks of power and socioecological change.”  

Renewable energy auctions have become the preferred mechanism for the 

procurement of utility-scale renewable energy under which, private sector companies or 

                                                 
1 Defined as: “the technique of pooling the contractual liabilities held by a financial institution and selling them 

onward as a packaged financial product. Investors purchase a security based on expectations of future income 

creams. In exchange, they contractually assume the liabilities associated with that income stream, which are 

transferred off the original institution’s balance sheet” (Johnson 2015:156-157). 
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independent power producers (IPPs) typically submit a bid with a price per unit of electricity 

at which they would sell electricity to the national grid. Between 2005 and 2016 the number 

of countries implementing renewable energy auctions grew from six to 67 (IRENA 2016), 

including various upper middle-income countries worldwide such as Mexico and South Africa. 

The fierce and growing competition generated by these auctions has contributed to a 

significant and unanticipated reduction in the electricity tariffs submitted by project bidders 

and a rapidly evolving wind and solar PV market dominated by fewer and bigger players and 

highly globalized production chains. Yet such competition has also raised concerns over both 

the long-term sustainability of renewable energy (Radowitz 2017) and the extent to which 

local communities have been able to participate and benefit (REN 21 2017).  

Commercial priorities for ‘bankability’ and the reduction of investor risk are highly 

deterministic over the nature of a project’s development and its contractual arrangements. 

For instance, involving the community within structures of project ownership is often 

perceived as an investment risk (Baker, 2015). There are therefore serious tensions between 

the increasingly complex financial and investment arrangements for renewable energy 

projects, and any socio-economic co-benefits that may be required under national 

frameworks for renewable energy procurement. While designing auctions in such a way that 

facilitates community ownership and participation is key to creating an enabling environment 

for any just transition, it is currently underdeveloped. Indeed, early evidence suggests that 

despite their pro-environmental outcomes, many auction programmes and the projects that 

they facilitate have resulted in exclusionary and/or exploitative outcomes for those living in 

the national and local vicinity of these developments. Such impacts are comparable to those 

observed in extractive industry projects (Marais et al 2017, Baker, S. 2015).  

With this in mind, the way in which communities have been included in and affected 

by utility-scale renewable energy development has not resulted in positive socio-economic 

outcomes (Baker, L. 2015) and in this sense has arguably resulted in processes of 

dispossession. Despite its potential for socio-economic development, renewable energy 

development in South Africa and Mexico is being implemented within a national context of 

socio-economic and political inequality along racial divisions. In South Africa, this is as a result 

of the country’s apartheid legacy, despite attempts at land restitution and legislation for the 

economic empowerment of historically marginalised individuals, known as black economic 

empowerment. The majority of renewable energy projects in the country are located in rural 
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areas with high levels of poverty and unemployment which has resulted in the 

mismanagement of community benefit funds and has put pressure on the limited planning 

capacity of municipal and provincial governments (Wlokas 2015).  

Such dynamics in renewable energy auctions have been similarly observed in Mexico, 

where 70 per cent of indigenous peoples are poor and 40 per cent of indigenous language 

speakers live in extreme poverty (CONEVAL 2016). Large-scale renewable energy generation 

projects backed by national and international firms are being built disproportionately in 

indigenous areas, notably Oaxaca, Yucatán and Puebla, where the most competitive 

renewable energy resources are located.  Consequently, indigenous communities have 

endured significant negative impacts, including being drawn into conflicts over land tenure 

and corruption; while the extent of the benefits that they enjoy has so far been limited 

(Business & Human Rights Resource Centre et al. 2017).  In some cases, resistance has 

resulted in community blockades, extensive protests, and protracted litigation (Baker, S. 

2012). State police have even been called in repeatedly to quash protests and try to quell 

dissent—with 12 injured during one violent clash, and the governor of Oaxaca promising that 

“blood would flow” if a wind project was cancelled due to community opposition (Jung 2017: 

14). Similarly, Dunlap (2018) describes how the activities of the wind energy industry and 

associated national and local elites in the Isthmus of Tehuantepec (Istmo) in Oaxaca have 

resulted in ‘barbaric fighting’ and ‘violent social divisions’ between the police and the 

demonstrators protesting against such developments. He describes the dispossession of land, 

community, sacred sites and cultural traditions facilitated by locally recruited private security 

services.  

Finally, while it is weaker than in the other examples explored in this paper, we do 

nonetheless see a (weaker) link between renewable energy auctions in South Africa and our 

core concept of experimentation. Under South Africa’s renewable energy auction 

programme, in order for the bid to be successful project companies are required to submit a 

competitive bid below a certain tariff cap and also to commit to socio-economic criteria. 

These criteria require that local communities hold a minimum ownership shareholding of 2.5 

per cent of the project. This shareholding has to be allocated to a legally established 

community trust, which is tasked with representing the local community and managing the 

dividend which will eventually accrue to the community after the project has paid off its debt 

by about year 15 of project operation (Baker L. and Wlokas 2015). Yet in almost all projects 
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approved, community trusts have been established by project developers without prior 

consultation with – or participation by – the actual community. Consequently, not only do 

community trusts lack capacity, but conflicts have also ensued within the trusts over how the 

anticipated revenue streams should be spent and distributed (Wlokas et al 2017).   

6. Conclusion 

 The preceding examination elite processes across our five case studies lead us to 

make five conclusions.  First, elite processes are occurring within the climate change 

pathways of coastal protection, climate risk insurance, and renewable energy auction 

processes.  As Table 1 indicates, their presence is not uniformly strong across these cases, 

but most processes are present most of the time.  

Table 1: Degrees of Experimentation, Financialisation, and Dispossession in Climate Change 

Pathways 

Climate 
pathway  

Case study Experimentation Financialisation  Dispossession  

Coastal 
protection  

Bangladesh Strong  Moderate  Strong  

 Netherlands  Strong  Weak  Strong  

Disaster 
recovery  

Malawi  Moderate  Strong Moderate  

Climate change 
mitigation  

Mexico Weak Strong Moderate  

 South Africa  Weak Strong Moderate  

Source: Authors 

Second, the types of elites at work are dynamic, falling into the technical, financial, 

regulatory, and physical categories described in the paper.  Table 2 offers a summary of these 

different types of elites with examples from each case study, with most elites operating in 

most cases (with some exceptions, notably the lack of physical elites in Malawi since refusal 

to disburse insurance claims does not require direct violence, or South Africa using 

community trusts).  

Table 2: Summary of elite processes of power and types of elites 

Case(s) Technical elites Financial elites Regulatory elites  Physical elites 

Bangladesh 
(coastal 
protection) 

Experiment with 
community 
afforestation pilots 
and dyke design 

Invest in 
infrastructure 
and valuable 
land  

Erect planning 
processes and 
policies to 
exclude others 

Use physical 
force to evict 
the landless 
from char and 
khas land 
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(e.g., World Bank 
and USAID) 

Netherlands 
(coastal 
protection 

Experiment with 
dredging, materials, 
vessels, and storm 
surge barrier design 
(e.g. Delft 
Laboratory and a 
consortium of 
Dutch engineering 
conglomerates) 

Configure the 
Delta Works as 
a profit making 
entity via 
consulting 
contracts 
overseas 

Rijkswaterstaat 
ignore local and 
environmental 
concerns 

Physically 
evict fishers 
and 
recreational 
users from 
estuaries and 
coastal areas 

Malawi 
(climate 
insurance)  

ARV; World Bank; 
DfID; 
InsuResilience, 
IPCC, World Bank  

Investors; fund-
managers; ARC 
Limited; 
Applied 
Insurance 
Research; 
Eqecat;  

 
 

 

South Africa 
(renewable 
energy 
financing) 

 Banks; Equity 
investors; 
Project 
developers. 

National 
renewable energy 
procurement 
programme  

 

Mexico 
(renewable 
energy 
financing) 

 Banks; Equity 
investors; 
Project 
developers 

Renewable 
energy auction 
regulatory 
frameworks, 
state government 
(i.e., governor of 
Oaxaca)  

Local, state 
and regional 
authorities 
threatening 
violence and 
disrupting 
counter-
insurgency  

Source: Authors 
 

 Third, elite power is a multi-scalar process. Our cases reveal locally embedded elites 

operating alongside national elites and even globally circulating, transnational elites. In 

Bangladesh, for instance, national policies have reoriented efforts towards boosting 

resilience and enhancing exports and economic development, practices that protect some—

notably wealthy land owners—but exclude others—notably the landless and displaced 

peasants. At the level of cities and communities, we see bandits roaming the countryside on 

behalf of physical, regulator, and environmental elites to steal land or appropriate resources, 

with an eye for which coastal protection projects make land more valuable and worth 

grabbing.  Similarly, in the Netherlands, the local processes facilitating the Delta Works, 

especially the consolidation of expertise and power within the Rijkswaterstaat, enabled a 
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power elite to emerge which utilised its monopoly on information to exclude and marginalise 

opponents, and ultimately collapse multiple ecosystems across the Dutch coast.  In the case 

of climate risk insurance in Malawi, investors and fund managers who are disconnected from 

realities on the ground monitor financial flows while sophisticated risk modelling determines 

disbursement. Utility-scale renewable energy projects, in Mexico and South Africa meanwhile 

become conduits for global flows of finance and investment.  Critically, while responses to 

climate change are in theory state-based, this research demonstrates the influence of forces 

and processes at stake that go far beyond the jurisdiction of the nation state. 

Fourth, the differentiated patterns of finance and financialisation have been largely 

overlooked within research on low carbon pathways. There is therefore a significant 

opportunity for research in this space.  Further analysis is also needed in order to capture an 

evolving complexity of networks and stakeholders shaping the ownership and development 

of renewable energy infrastructures and technologies.  

Lastly, our study reveals how elites grapple with responses to climate change, how 

they view it and attempt to respond to it.  For some elites, climate change offers a 

justification for conducting pilots, trials, and experiments, sold on the grounds of urgency but 

ultimately transferring risks to those being experimented on and benefits (in the form of 

data, knowledge, potential patents, etc.) to the experimenters.  To others, climate change is 

an opportunity to be exploited –  it creates lucrative markets for bonds or reinsurance or 

contributes to disaster conditions that enable profiteering over distressed low-income 

environments.  Within these complex and adaptive pathways of elite strategy, power is 

shape-shifting, but also asymmetrical and unstable.  Better understanding how elites decide 

to engage with a phenomenon as all-encompassing and significant as climate change can 

help ensure not only that elite processes are identified, but perhaps understood and then 

transformed into more equitable and egalitarian low-carbon futures.   
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A B S T R A C T

Drawing from examples in Germany, California, and Australia, we show that large scale integration of renewable
energy in existing electricity grids does not necessarily lead to cheaper electricity, the strengthening of energy
security, or the enhancement of economic equity. Indeed, efforts to integrate renewable energy into the grid can
thwart efforts to reduce chronic poverty. Planners around the world need to be cautious, pragmatic and realistic
when attempting to similarly decarbonize their energy systems.

1. Introduction

It may seem perplexing, but despite increasing electricity supply
capacity in many industrialized nations, and notwithstanding rapidly
declining renewable energy costs (especially for wind turbines and solar
photovoltaic panels), electricity prices and bills are increasing in most
countries of the world. As a case in point, the energy transition in
Germany (the much studied Energiewende) has seen non-hydro renew-
able energy increase from 15% to 35% of its fuel mix between 2010 and
2017 (Fraunhofer, 2018a). Over the same period, Germany's residential
electricity tariffs have increased by 16% (Fig. 1a), considerably more
than in most other European countries.

Similarly, California's non-hydro renewable generation grew from
11% to 26% of total generation between 2010 and 2017. Over the same
period, average residential electricity prices increased by 10% (Fig. 1b),
and state residents are paying considerably more than the national
average for their electricity (EIA, 2018a). With surplus electricity ex-
ceeding 15% and further predicted surpluses of 6% in the next three
years (Penn and Menezes, 2017), the economic principles of demand
and supply should mean that electricity rates would fall.

Australia's renewable energy development is also challenged by
rising electricity rates. Its non-hydro renewable energy grew from 4% to
9% of generation between 2010 and 2017, and over the same period,
the average residential electricity price in Australia increased by 12%
(Finkel et al., 2016) (Fig. 1c). With rising tariffs, there are more energy-

poor households (Weber and Cabras, 2017; Strielkowski et al., 2017). A
decarbonization paradox could be emerging - a situation where appar-
ently beneficial increases in electricity supply capacity coupled with a
more diversified and renewable energy mix is being achieved at the
expense of household energy security and affordability.

This paradox becomes all the more important when considering that
many countries with significant poverty also seek to adopt renewables,
including those most committed to the Paris Accord and those com-
mitted to doubling renewable energy capacity under Sustainable
Development Goal 7 (SDG7). What is more, the scale of this potential
decarbonization paradox is not trivial: as of the end of 2017, sector-
specific targets for renewable power were in place in 146 countries,
with additional targets for renewable heating and cooling and renew-
able transport in 48 and 42 countries, respectively (REN21, 2018).

2. Unintended consequences

To be sure, the decarbonization of the German, Californian, and
Australian electricity grids has brought significant benefits. Of parti-
cular note, renewable energy technologies (RETs) are labour intensive
and are thus capable of boosting employment.

For instance, Germany posted a gain of 322,000 jobs in the re-
newables sector in 2016, especially from the wind, geothermal and
bioenergy sectors (REN21, 2018). Similarly, in the U.S. energy work-
force in 2017, solar energy firms employed 350,000 individuals, and an
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additional 107,000 workers were employed in wind energy firms
(NASEO and EFI, 2018). Benefits in California extend to addressing
issues of minority representation in the workforce and improving en-
rolments into the apprenticeship programs of the 16 union locals of
electricians, ironworkers, and operators that have built most of the
renewable energy power plants in California (Luke et al., 2017). Like-
wise, Australia experienced a 33% increase in full-time employment
(FTE) in renewable energy between 2015/16 and 2016/17 (Australian
Bureau of Statistics, 2018).

Besides job creation, co-benefits of solar and wind encompass

cleaner air and water, improved health, the development of new in-
dustries, decreasing energy imports, and diversification, amongst
others. As indicative examples, the renewable energy roll-out is cor-
recting the negative environmental externalities of fossil fuel combus-
tion. About €8.8 billion of primary fuel import costs in Germany were
avoided in 2015 due to renewable energies (Kreuz and Müsgens, 2017).
Further, the continued roll-out of RETs and energy-efficiency programs
resulted in significant 6% reductions in energy intensity for both Ger-
many and Australia between 2013 and 2015 (The World Bank, 2018).

However, such gains have come at the cost of four largely unin-
tended effects: growing energy dependence, increasing renewable en-
ergy curtailment and capacity firming (defined as using conventional
generation sources like coal, natural gas and nuclear to mitigate against
the variability of wind and solar), limited greenhouse gas (GHG) re-
ductions, and increased vulnerability among some "losers."

2.1. Growing energy dependence

While decarbonization has enhanced some elements of national
energy security, it has eroded other dimensions. The Energiewende has
seen Germany become increasingly dependent on its neighbors (the
Czech Republic, Poland, the Netherlands, Belgium and France) to bal-
ance and import occasional excess power generation. In 2016, it was
reported that despite being a net electricity exporter, Germany im-
ported about 37 TWh from France (International Energy Agency (IEA),
2017).

The California grid region imports a net daily average of 201 GWh
(about 26% of its average daily demand) throughout the year from
other western regions (EIA, 2017a). This has motivated California's
Governor to propose the creation of a larger regional power planning
system. This will help to address the problem that "at certain times of
the year, California produces more solar and wind energy than it can
use, and must pay other states to take it to avoid overloading the system
and causing blackouts" (Penn, 2018).

Similarly in Australia, despite wind and PV contributing over 48%
of electricity generation for the Southern Australia region, electricity
imports increased for the southern region by 40% between 2015/16
and 2016/17 (AEMO, 2017a).

2.2. Increasing curtailment and capacity firming

Aggressive electricity decarbonization is being matched with
growing renewable energy curtailment or more capacity firming using
conventional generation sources. Using the German case again, the
curtailment rate for wind farms (defined as an involuntary reduction in
the output of a generator) rose 27-fold between 2000 and 2016 with
congestion management costs expected to remain high in coming years
(Joos and Staffell, 2018).

Similarly, in California, the 'Duck Curve' that highlights the non-
correlation between PV power production and demand over the course
of the day has seen increasing curtailment, particularly when solar
penetration exceeds 30% of the fuel mix. Between 2015 and 2016,
curtailment rates for wind and solar rose from 187 GWh to 308 GWh
per annum (CAISO, 2017).

In Australia, the growing integration of VRE has not led to a decline
in reliance on traditional generation sources (Abbott and Cohen, 2018).
For instance, in South Australia, increasing wind penetration is being
matched with increasing capacity firming necessitating the Australian
Energy Market Operator (AEMO) to mandate that a minimum level of
synchronous generation capacity be maintained online at all times for
managing system strength. Furthermore, the mandated minimum level
is subject to further increase as non-synchronous electricity generation
capacity (mostly from wind turbines) increases (AEMO, 2017b).

Fig. 1. Non-hydro renewable electricity penetration (blue bars) and residential
electricity prices (black lines) in 2010–2017 (For interpretation of the refer-
ences to colour in this figure legend, the reader is referred to the web version of
this article).
Notes: Price data for Australia are published by fiscal year; these are averaged
across calendar years in the table for consistency across case studies.
Sources: (Fraunhofer, 2018a, 2018b; EIA, 2015, 2018c, 2017b; Anon., 2019;
IEA, 2018).
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2.3. Meager climate change abatement

In some situations, the rise of renewables has not led to a corre-
sponding reduction in greenhouse gas emissions. While renewables in
Germany's electricity grid has increased, so have CO2 emissions from its
power sector due to the increased burning of lignite to stabilise pro-
duction (Morton and Müller, 2016). As a result, Germany is set to miss
its 2020 emissions target.

In California, despite a 24%, 14% and 13% decline in GHG emis-
sions from the electricity consumed by the commercial, residential, and
industrial sectors respectively between 1990 and 2015, 2015 GHG
emissions levels were still 2% higher than 1990 levels due, in part, to
increased GHG emissions from transport and agriculture (EIA, 2018b).
In fact, California's ambitious renewable energy program notwith-
standing, the state ranked second in CO2 emissions (only behind Texas)
in the U.S. in 2015 (EIA, 2015).

In Australia, there has been a consistent increase in GHG emissions
for three years running due to 3.4%, 3.8% and 3.9% annual increases in
non-renewable electricity generation in recent years (Department of the
Environment and Energy, 2018).

2.4. Worsening vulnerability and poverty

Increases in renewable electricity can enhance some aspects of
vulnerability, creating so called political economy "losers." In contrast
to the employability positives given above, one source is the job losses
associated with the displacement of coal, natural gas and oil (due, in
part, to the non-transferability of skills) (Sovacool, 2017). While job
losses might in theory be offset by job gains in the renewables sector,
diligent planning may be required to ensure such an outcome. More-
over, others have shown that job losses can be quite localized given that
fossil fuels and renewables do not typically occupy the same space
(Renewable Energy Jobs, 2016). Additionally, there have been in-
creased costs incurred by residential households in the renewable en-
ergy market.

In Germany, for instance, the exemption of privileged electricity
consumers (industries) in 2015 from the German Renewable Energy Act
EEG surcharge of 4.8 billion euros (107 TWh in electricity terms) in-
creased the energy burden of other electricity consumers, particularly
private households with energy intensive industries in turn, benefiting
the most from the merit order effect (Fraunhofer ISE, 2018).

In California, renewable-energy mandates and its carbon cap-and-
trade program have created a regressive energy tax resulting in higher
household electricity burdens (percent of household income spent on
electricity bills). One implication of this was that in 2012, 1 million

households in California faced energy poverty with several counties
having household energy poverty prevalence rates as high as 15%
(Lesser, 2015).

In Australia, despite being a relatively new and marginal source of
electricity, complaints have raised concerns about the equity of land-
owners and contracts for hosting wind farms (Office of the National
Wind Farm Commissioner, 2017). When contracts are perceived as
unfair, social consequences can be severe, both in terms of fracturing
support for the wind farm within the community as well as dividing the
community in economic terms. There has also been concerns arising
from consumers in Victoria paying as high as 21% more on average for
energy (Abbott and Cohen, 2018).

3. Policy implications

Don't get us wrong. Expanding renewable electricity in most if not
all countries is the right choice, especially when one considers the
seriousness of climate change and the monumental and mounting costs
of fossil fuels. There is also growing, compelling evidence that we can
accelerate transitions in ways unimaginable a few decades ago, and
acknowledgement that transitions are non-linear and can produce sur-
prises and manifest unintended consequences (Sovacool and Geels,
2016). To this end, we propose three suggestions for future develop-
ments.

First, a sequential displacement model for the low-carbon energy
transition offers opportunities to address justice concerns while accli-
matizing to renewables (see Fig. 2). Rather than disruptive policies
implemented without sensitivity to vulnerable groups, a sequential
displacement can achieve significant CO2 reductions while reducing
electricity bills. For instance, it could capitalize on the benefits of
natural gas and energy efficiency while moving more gradually to re-
newables while they continue to improve and become more affordable.
Acknowledging the inherent geopolitical tensions its use creates, nat-
ural gas may offer an attractive initial displacement for coal (with
significant environmental benefits), especially when its availability is
within reach and methane leakage is controlled (Gilbert and Sovacool,
2017). Coupling these supply-side transitions with stronger demand-
side programs to help retrofit houses and deploy more efficient-energy
devices can prevent electricity bills from rising (Brown et al., 2017).
Moreover, subsidising energy-efficiency initiatives especially for the
poor and vulnerable and providing ample time for households and
businesses to accrue significant savings may be a powerful motivator of
broad support for subsequent transition initiatives.

Secondly, reconfiguring the existing energy landscape rather than
an overhaul can achieve decarbonization as well as stability in the

Fig. 2. Sequential displacement decarbonization strategy
(VRE - Variable Renewable Energy).

Fig. 3. Hybridisation decarbonisation strategy.
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electricity sector. Greater hybridization between dominant carbon in-
tensive energy systems and emerging innovations in storage and digi-
tization (Geels, 2018) can support low-carbon energy transitions. For
instance, the careful decoupling of coal power stations could begin with
the integration of coal with carbon capture and sequestration (CCS) or
with closed-loop biomass (see Fig. 3). High initial investment costs
notwithstanding, the reconfigured energy systems still ensure that (1)
any necessary electricity cost increment is not detrimental to con-
sumers, (2) job losses (especially associated with non-transferrable
skills) can be effectively minimized and adequately compensated, (3)
system stability can be maintained, and (4) significant CO2 emissions
can still be achieved.

Finally, consumers still offer great potential for significant energy
demand reduction in low-carbon energy transitions. As one tool to
engage the consumer as a low-carbon agent, smart meters coupled with
time-of-use tariffs, solar PV, and mobile (i.e., electric cars) and sta-
tionary storage - along with the suite of initiatives that support them -
can facilitate both reductions in household consumption and an ex-
pansion of low-carbon supply. Similarly, the effective utilization of
wind and solar can be enabled by the direct load control (DLC) of
heating, ventilation, and cooling, and the bidirectional charging of
electric vehicles.

4. Conclusion

Although critical of renewable energy policies and practices to some
degree, we have not sought to dismiss the ambition of the low-carbon
energy transition. Rather, our criticisms have a target in mind: create
more equitable, egalitarian, and pro-poor low-carbon transition po-
licies. Considering the likely irreversible momentum of variable re-
newable energy (Obama, 2017), we advise caution and a more people-
centric approach. In formulating decarbonization pathways, policy-
makers must critically evaluate such policies to ab initio pre-empt likely
and potential fall-outs and provide commensurate compensation for
"losers".

Admittedly, our paper is the product of an international scan of
renewable energy policies and data by experts in the field, identifying
some common and concerning trends. It is not a modeling exercise with
simulated counterfactuals or matched treatments and controls, but
there is an underlying literature that the authors draw on and have
contributed to, which provides robustness to our interpretations

While it may be infeasible to exhaustively determine unintended
consequences of low-carbon energy transition pathways, fall-outs we
contend must not emanate from irrational or short-sighted decisions.
This we conclude is necessary in facilitating a just, result-oriented, and
sequential low-carbon energy transition, one that does not cut carbon at
the cost of the most vulnerable members of society.

Acknowledgments

This work was partially funded by the NRF-TWAS (UID: 105474) in
South Africa and the Brook Byers Institute for Sustainable Systems at the
Georgia Institute of Technology. The authors are lastly appreciative to
the Research Councils United Kingdom (RCUK) Energy Program Grant
EP/K011790/1 "Center on Innovation and Energy Demand," and the
European Union’s Horizon 2020 research and innovation programme
under grant agreement No 730403 "Innovation pathways, strategies and
policies for the Low-Carbon Transition in Europe (INNOPATHS)". The
content of this deliverable does not reflect the official opinion of the
RCUK or the European Union. Responsibility for the information and
views expressed herein lies entirely with the author(s).

References

Abbott, Malcolm, Cohen, Bruce, 2018. Finding a way forward: policy reform of the Australian
national electricity market. Electr. J. 31 (6), 65–72 ISSN 1040-6190.

AEMO, 2017a. South Australian Electricity Report.
AEMO, 2017b. South Australian System Strength Assessment.
Anon Electricity Prices for Households in Germany from 2010 to 2017, Semi-annually (in Euro

Cents Per Kilowatt-hour). https://www.statista.com/statistics/418078/electricity-prices-
for-households-in-germany/.

Australian Bureau of Statistics, 2018. Employment in Renewable Energy Activities, Australia,
2016-17. Australian Bureau of Statistics.

Brown, Marilyn A., Kim, Gyungwon, Smith, Alexander M., Southworth, Katie, 2017. Exploring
the impact of energy efficiency as a carbon mitigation strategy in the U.S. Energy Policy
109, 249–259.

CAISO, 2017. Impacts of Renewable Energy on Grid Operations.
Department of the Environment and Energy, 2018. Australian Energy Statistics, Table O.

April. .
EIA, 2015. Rankings: Total Carbon Dioxide Emissions, 2015 (Million Metric Tons).
EIA, 2017a. California Imports about a Quarter of its Electricity on Average.
EIA, 2017b. Electric Power Annual.
EIA, 2018a. Electric Power Monthly, May 2018. Available online at:. U.S. Energy Information

Administration, U.S. Department of Energy, Washington D.C, pp. 20585. https://www.eia.
gov/electricity/monthly/current_month/epm.pdf.

EIA, 2018b. California Plans to Reduce Greenhouse Gas Emissions 40% by 2030.
EIA, 2018c. Electric Power Industry Generation by Primary Energy Source Back to 1990.

California. .
Finkel, A., et al., 2016. Independent Review into the Future Security of the National Electricity

Market: Preliminary Report. Commonwealth Government Publication, Canberra.
Fraunhofer, I.S.E., 2018a. Net Installed Electricity Generation Capacity in Germany. Available

online at:. https://www.energy-charts.de/power_inst.htm.
Fraunhofer, I.S.E., 2018b. Annual Electricity Generation in Germany. Available online at:.

https://www.energy-charts.de/energy.htm?source=all-sources&period=annual&year=
all.

Fraunhofer ISE, 2018. Recent Facts about Photovoltaics in Germany. Available online at:.
https://www.ise.fraunhofer.de/en/publications/studies/recent-facts-about-pv-in-
germany.html.

Geels, F.W., 2018. Disruption and low-carbon system transformation: progress and new chal-
lenges in socio-technical transitions research and the multi-level perspective. Energy Res.
Soc. Sci. 37, 224–231 ISSN 2214-6296.

Gilbert, A., Sovacool, B.K., 2017. US Liquefied Natural Gas (LNG) exports: boom or bust for the
global climate? Energy 141 (December), 1671–1680.

IEA, 2018. Energy Prices and Taxes, Second Quarter 2018. http://www.oecd.org/publications/
energy-prices-and-taxes-16096835.htm.

International Energy Agency (IEA), 2017. World Energy Balances.
Joos, M., Staffell, I., 2018. Short-term integration costs of variable renewable energy: wind

curtailment and balancing in Britain and Germany. Renew. Sustain. Energy Rev. 86, 45–65
ISSN 1364-0321.

Kreuz, S., Müsgens, F., 2017. The German Energiewende and its roll-out of renewable energies:
an economic perspective. Front. Energy 11 (2), 126–134 ISSN 2095-1698.

Lesser, J.A., 2015. Less Carbon, Higher Prices: How California’s climate Policies Affect Lower-
Income Residents. Manhattan Institute for Policy Research 2016 annual report by the office
of the national wind farm commissioner to the Parliament of Australia, New York.

Luke, N., et al., 2017. Diversity in California’s Clean Energy Workforce: Access to Jobs for
Disadvantaged Workers in Renewable Energy Construction. Center for Labor Research and
Education, Green Economy Program, Berkeley.

Morton, T., Müller, K., 2016. Lusatia and the coal conundrum: the lived experience of the
German Energiewende. Energy Policy 99, 277–287 ISSN 0301-4215.

NASEO and EFI, 2018. U.S. Energy and Employment Report. . www.usenergyjobs.org.
Obama, B., 2017. The irreversible momentum of clean energy. Science 0036–8075.
Office of the National Wind Farm Commissioner, 2017. Annual Report to the Parliament of

Australia.
Penn, Ivan, 2018. After Fiasco, California Tries to Remake Power Grid Again. pp. B1, B5. New

York Times. https://www.nytimes.com/2018/07/20/business/energy-environment/
california-energy-grid-jerry-brown-plan.html.

Penn, I., Menezes, R., 2017. Californians are Paying Billions for Power They Don’t Need. The
Los Angeles Times. http://www.latimes.com/projects/la-fi-electricity-capacity/.

REN21, 2018. Renewables 2018 Global Status Report.
Renewable Energy Jobs, 2016. Renewable Energy Jobs: Future Growth in Australia by Ernst &

Young and the Climate Council of Australia.
Sovacool, B.K., 2017. Contestation, contingency, and justice in the Nordic low-carbon energy

transition. Energy Policy 102, 569–582 ISSN 0301-4215.
Sovacool, B.K., Geels, F.W., 2016. Further reflections on the temporality of energy transitions: a

response to critics. Energy Res. Soc. Sci. 22, 232–237 ISSN 2214-6296.
Strielkowski, Wadim, Štreimikienė, Dalia, Bilan, Yuriy, 2017. Network charging and residential

tariffs: a case of household photovoltaics in the United Kingdom. Renew. Sustain. Energy
Rev. 77, 461–473.

The World Bank, 2018. Energy Intensity Level of Primary Energy (MJ/$2011 PPP GDP).
Weber, G., Cabras, I., 2017. The transition of Germany’s energy production, green economy,

low-carbon economy, socio-environmental conflicts, and equitable society. J. Clean. Prod.
167, 1222–1231 ISSN 0959-6526.

Dr. Chukwuka G. Monyei is a Research Fellow on Demand Side Energy Management
and Big Data Analytics in the Big Data Enterprise and Artificial Intelligence Laboratory
(Big-DEAL), University of the West of England, United Kingdom.

Dr. Benjamin K. Sovacool is Professor of Energy Policy at the Science Policy Research
Unit (SPRU) at the School of Business, Management, and Economics, part of the
University of Sussex in the United Kingdom.

C.G. Monyei et al. The Electricity Journal 32 (2019) 47–51

50

http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0005
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0005
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0010
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0015
https://www.statista.com/statistics/418078/electricity-prices-for-households-in-germany/
https://www.statista.com/statistics/418078/electricity-prices-for-households-in-germany/
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0025
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0025
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0030
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0030
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0030
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0035
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0040
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0040
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0045
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0050
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0055
https://www.eia.gov/electricity/monthly/current_month/epm.pdf
https://www.eia.gov/electricity/monthly/current_month/epm.pdf
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0065
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0070
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0070
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0075
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0075
https://www.energy-charts.de/power_inst.htm
https://www.energy-charts.de/energy.htm?source=all-sources%26period=annual%26year=all
https://www.energy-charts.de/energy.htm?source=all-sources%26period=annual%26year=all
https://www.ise.fraunhofer.de/en/publications/studies/recent-facts-about-pv-in-germany.html
https://www.ise.fraunhofer.de/en/publications/studies/recent-facts-about-pv-in-germany.html
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0095
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0095
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0095
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0100
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0100
http://www.oecd.org/publications/energy-prices-and-taxes-16096835.htm
http://www.oecd.org/publications/energy-prices-and-taxes-16096835.htm
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0110
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0115
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0115
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0115
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0120
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0120
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0125
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0125
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0125
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0130
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0130
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0130
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0135
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0135
arxiv:/www.usenergyjobs.org
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0145
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0150
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0150
https://www.nytimes.com/2018/07/20/business/energy-environment/california-energy-grid-jerry-brown-plan.html
https://www.nytimes.com/2018/07/20/business/energy-environment/california-energy-grid-jerry-brown-plan.html
http://www.latimes.com/projects/la-fi-electricity-capacity/
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0165
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0170
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0170
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0175
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0175
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0180
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0180
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0185
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0185
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0185
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0190
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0195
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0195
http://refhub.elsevier.com/S1040-6190(18)30314-2/sbref0195


Dr. Marilyn Brown is a Regents' and Brook Byers Professor of Sustainable Systems in the
School of Public Policy, Georgia Institute of Technology where she directs the Climate and
Energy Policy Laboratory.

Dr. Kirsten E.H. Jenkins is an early career Lecturer in Human Geography and
Sustainable Development within the School of Environment and Technology (SET) at the
University of Brighton.

Dr. Serestina Viriri, is a Professor of Computer Science, in the School of Mathematics,
Statistics and Computer Science, at the University of KwaZulu-Natal in South Africa.

Yufei Li is a doctoral candidate at the School of Public Policy, Georgia Institute of
Technology, focusing on energy and the environment. He has a Masters Degree from Duke
University’s Environmental Management program.

C.G. Monyei et al. The Electricity Journal 32 (2019) 47–51

51


