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The European Union (EU) faces a double crisis: both economic and environmental, which has brought into stark
relief the question of whether climate change mitigation and economic growth are mutually exclusive. Is saving
the environment a ‘luxury’ reserved for wealthy countries, with less affluent countries being too poor to be
green?We seek to address this important and timely question using fuzzy-set Qualitative Comparative Analysis
(fsQCA) to analyse the causal relationship between economic growth and stability, and the expansion of renew-
able electricity shares among the European Union's (EU) 28member states during the recent economic recession
(2008–2013). Our paper, analyses the recent economic and financial crisis and its effects on sustainability tran-
sitions, and establishes a new indicator for progress in renewable electricity transitions in the context of Europe's
2020 targets. It therefore extends the ‘sustainability as a luxury’ debate to include renewable energy. The analysis
reveals an ambivalent picture of the role of wealth in renewable energy transitions (RET) in Europe. Indeed, driv-
en by the EU's common renewable energy targets, thefindings suggest that RETs are promoted both because, and
in spite of the means.
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1. Introduction

This paper analyses whether the economic and financial struggles of
some EU member states have resulted in slower renewable energy transi-
tions. More specifically, we investigate whether the economic crisis
has led to a division in the progress in expanding renewable electricity
generation between economically stable and affluent EUmember states
and the weaker peripheries.

Following the financial crash of 2007/8, the European Union's (EU)
economy plunged into a recession that officially ended in 2013
(Eurostat, 2017).1 Rising debt levels particularly in Eurozone states led
to thewidespread introduction of austeritymeasures. The EU further in-
troduced its 2020 Strategy in 2010 that set binding emission, renewable
and efficiency targets for governments on a path towards greener
growth. The 2020 strategy thereby reflected the emerging narrative of
a ‘double crisis’ that linked the economic and environmental crises
(Bina, 2013; Bina and La Camera, 2011; Edenhofer and Stern, 2009;
arlotte.burns@york.ac.uk

r negative growth, with the re-
l 28 member states.
Everett et al., 2010; Foxon, 2013; Leichenko et al., 2010; Read, 2009;
Reinhart and Rogoff, 2009; Tienhaara, 2010; UNEP, 2009). Measures to
achieve sustainable development are, however, often perceived as cost-
ly and a potential drag on the economy (Skovgaard, 2014). A key ques-
tion in this debate therefore concerns whether the protection of the
environment has becomea luxury. Crucially, can poorer countries afford
to invest in renewable transitions when times are tough?

Drawing upon the literature on the relationship betweenwealth and
sustainability we develop the following two hypotheses:

(i) Less wealthy EU countries have made poorer progress towards
meeting their 2020 renewable electricity targets.

(ii) Wealthier EU countries have better progress towards meeting
their 2020 renewable electricity targets.

These hypotheses are assessed through a fuzzy-Set Qualitative Com-
parative Analysis (fsQCA) approach as developed by Ragin (2008, 2000)
that determines causal relationships between an outcome and multiple
qualitative and quantitative conditions. We seek to identify which eco-
nomic conditions are minimally sufficient and minimally necessary for
strong progress in the expansion of renewable electricity shares across
EU member states. Progress in renewable electricity shares constitutes
the outcome for our analysis and is represented through an innovative
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2 The Commission sought to increase these targets during the crisis (Skovgaard, 2014).
In October 2014 the European Council introduced the framework for climate and energy
that set a target of 27% renewables in final energy consumption by 2030. A proposal by
the Commission from November 2016 calls for member states to combine their actions
to ensure the meeting of these targets and envisaged a greater coordinating role for the
EU and was aimed at complementing the Energy Union Governance (European Commis-
sion, 2016b). The Energy Union itself was identified as a priority project by the Juncker
Commission and seeks to establish a fully integrated European energy market to improve
energy security and efficiency, decrease prices and carbon emissions, and improve com-
petitiveness and research and innovation (European Commission, 2017b).
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measure devised by the authors: the Progress of Renewable Electricity
Transitions (POET) indicator. The timeframe of the analysis, the eco-
nomic recession in the EU (2008–2013), constitutes an important mo-
ment. Crises represent severe disruptions that test existing institutions
and norms, providing opportunity for change, but also catalysing and
unveiling underlying trends, dynamics and behaviours (Claessens and
Kose, 2013; Habermas, 1975). We chose the focus on renewable elec-
tricity due to the decisive role played by the electricity sector in global
environmental degradation and pollution (Heede, 2013).

Our paper enriches the existing debate in three main ways. Empiri-
cally, it provides a timely analysis set within the context of the recent
economic and financial crisis and thereby contributes to the growing lit-
erature on how the crisis is affecting European climate and energy pol-
icies (Slominski, 2016). The focus on renewable electricity further
provides a valuable new facet within thewider debate on ‘sustainability
as a luxury’, due to energy's position at the critical junction of the econ-
omy (as its fundamental fuel) and the environment (as its primary pol-
luter). We further provide a new way of conceptualising progress in
renewable energy transitions (RETs) within the context of Europe's
2020 targets by establishing the novel POET indicator. Finally, method-
ologically, the application of QCA adds to a small but growing number of
publications in the field of energy policy and environmental economics
(Crawford, 2012; Muench, 2015; Wright and Schaffer Boudet, 2012;
Yamasaki, 2009). This article represents the first application of QCA for
testing a specific hypothesis surrounding the effect of economic condi-
tions on renewable energy policies in times of economic crisis. To the
best of our knowledge, ours is also the first study that explicitly ad-
dresses the issue of model ambiguities in QCA, a problem that has
only recently been brought into focus by Thiem (2014a) and
Baumgartner and Thiem (2015).

Belowwe briefly review the debates on the role ofwealth in sustain-
ability transitions; before providing a detailed outline of the use of QCA;
in section four we present the results of the analysis before discussing
them in section five. Section six provides some final remarks and con-
clusions. The analysis suggests an ambivalent relationship between
wealth and renewable energy transitions in Europe: no significant gap
emerged between wealthy and less wealthy EU countries' renewable
energy transitions. As both indicators of wealthy and lesswealthy Euro-
pean economies are identified as causes for POET, the overall findings
suggest that RETs are promoted both because, and in spite of the
means. As such, the role of differing national, political contexts and
the EU's common renewable energy targets as a fundamental driver of
RETs should not be underestimated.

2. Renewable Energy: A Question of Means?

Debates about the relationship between economic development and
environmental protection are long-standing. In the EU context, analysts
have sought to determine if there is a ‘(rich) north - (poor) south divide’
in environmental policy (Börzel, 2002, 2000; Lekakis, 2000). Martinez-
Alier (1994) suggests that wealthier states are more sustainable, for
three principal reasons. More extensive sustainability measures in
wealthier statesmay be (i) based on the need to counteract growing re-
source dependence associatedwith increasingwealth, (ii) an attempt to
benefit from the positive economic effects of sustainability, and (iii) due
to the greater availability of means to invest in the environment
(Martinez-Alier, 1994) – a prominent argument also related to the
intra-European ‘north-south divide’ (Börzel, 2002, 2000). These analy-
ses suggest three general motivators for government action, namely
(i) the acknowledgment of a need for greater sustainability that leads
to the willingness to act, (ii) a benefit from such action (motivation),
and (iii) the means to act.

We can see willingness and motivation directly translated in the
EU's 2020 Strategy that seeks to counteract anthropogenic climate
change (willingness) and claims benefits of green and sustainable
growth through innovation and efficiency (motivation). European
countries are further ‘motivated’ to act by the threat of penalties if tar-
gets are missed (European Commission, 2013). It is important to note
that some countries that have historically been more supportive of sus-
tainabilitymeasures, or in this case renewable energy, such as Denmark,
Germany, the Netherlands and Sweden, might have a greater willing-
ness and motivation than other EU member states (Cohen, 2000;
Dryzek, 2005; Requier-Desjardins et al., 1999). Nevertheless, with the
basic targets set and National Renewable Energy Action Plans (NREAP)
created by individual governments, a common, basic level ofwillingness
and motivation can be considered a given, however, significant differ-
ences in the means available to facilitate greater sustainability remain.
Therefore our question is how do these differences in the means
(wealth) affect member states' RETs?

The existence of the double crisis and the two binding targets in the
formof austerity and the 2020 strategy represent a significant challenge
to policy-makers. The propagated fiscal consolidation is based on the
belief that unsustainable government debt levels undermine the eco-
nomic and financial stability of the Union (Checherita and Rother,
2010). Austeritymeasures thereby represent the enforcement of the Eu-
ropeanMonetary Union's (EMU) convergence criteria that require state
government deficits to remain below 3% of Gross Domestic Product
(GDP) and government debt below 60% of GDP. At the same time, the
2020 strategy seeks to address issues of environmental degradation,
pollution and anthropogenic climate change through setting binding
targets that seek a 20 percent reduction of greenhouse gas (GHG) emis-
sions (based on 1990 levels), a 20 percent increase in renewable energy
and a 20 percent improved energy efficiency (European Commission,
2010). For the renewable sector these targets are based on the 2009 Re-
newable Energy Directive that followed the 2008 climate change and
energy package.2

While RETs are an important tool in mitigating the effects of anthro-
pogenic climate change, considering the polluting effects of convention-
al energy sources (Heede, 2013), RETs are neither the cheapest nor the
most effective way to do so (Apergis and Payne, 2012; Darwall, 2015).
Replacing existing conventional power plants with renewables requires
government support to create a favourable policy and investment envi-
ronment that could be undermined through extensive fiscal consolida-
tion programmes (Alesina and Ardagna, 2012; Busch et al., 2013).
Although RETs do not necessarily impose an additional burden on the
state budget, as many renewable policies transfer costs onto end-con-
sumers, they are seen to increase electricity prices (Klessmann et al.,
2008; Sáenz de Miera et al., 2008; Sensfuß et al., 2008). The installation
of renewables has also been associated with a decrease in a country's
wealth in the formof GDPper capita (Silva et al., 2012). Renewable elec-
tricity sources are therefore considered expensive vis-à-vis fossil fuels if
the further societal and environmental benefits from renewables are
not internalised. Hence, the economic effects of RETs fail to align with,
and may even seem to directly contradict, the need to overcome the
economic recession.

Sustainability transitions have therefore often been considered the
preserve of wealthier, developed countries that can afford to carry the
financial and economic burden of being green. Yet the literature
assessing environmental quality in terms of being either a ‘normal’ or
a ‘luxury’ economic good shows an ambivalent picture: it has been iden-
tified both as a normal (Aldy et al., 1999; Kristrom and Riera, 1996;
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Ready et al., 2002) and luxury good (Irene Lai and Yang, 2010; Martini
and Tiezzi, 2014; Pearce and Palmer, 2001).3 It, therefore, does not
seem a given that the richer a country, the greater the willingness to
pay for environmental quality, or in turn, that poorer countries are nec-
essarily less sustainable.

As the role of means in driving sustainability transitions, therefore,
appears to be inconclusive, this paper seeks to test the two fundamental
assumptions of the current debates that are represented through our
hypotheses.
3. Methodology and Data

QCA is a method of causal inference based on a difference-making
theory of causation, and has been applied in a growing number of pa-
pers across many disciplines (Baumgartner, 2014; Baumgartner and
Thiem, 2015; Ragin, 2008, 1989; Schneider and Wagemann, 2012).4

QCA focuses on the causes of an outcome (B is caused by A) rather
than the outcomes of a cause (A leads to B) (Baumgartner, 2014; Katz
et al., 2005), which makes it “a powerful tool [in] testing hypotheses
or existing theories” (Berg-Schlosser et al., 2009, p. 16). One of QCA's ad-
vantages is the ability to establish equifinality by identifying multiple
causes and causal paths affecting an outcome, which is crucial as causal
structures in social sciences are highly complex (Ragin, 2000, p. 222).

Whether a condition or a set of conditions is a difference-maker is
established through patterns, called configurations. QCA configurations
follow notions of sufficiency and necessity in relation to the outcome
(Schneider andWagemann, 2012). A sufficient condition is a condition
that whenever it is present, so is the outcome. However the outcome
can also be present in the absence of the condition, indicating the possi-
bility for the outcome to occur for reasons other than the condition. The
condition is therefore sufficient (every time it is present, the outcome
is) but not necessary, since not every time the outcome is present, the
condition is too. It is important to stress that an effect cannot occur
without any of its causes, meaning that the union (or disjunction) of
all causes is necessary for the outcome.

In order to identify the difference-maker(s) of the outcome and,
hence, its causes, necessary and sufficient conditions need to be freed
of all redundancies (Baumgartner, 2014; Thiem and Baumgartner,
2016). Redundancies are factors that can be removed from conditions
without altering a condition's sufficiency or necessity through a two-
phase minimization process using the Quine-McCluskey optimisation
using Boolean algebra (Baumgartner, 2014; Thiem and Baumgartner,
2016). During this minimization process, the method generates prime
implicants of the Boolean function, which is based on the concept of im-
plication: “[a] Boolean expression is said to imply another if the mem-
bership of the second term is a subset of the membership of the first”
(Ragin et al., 2008, p. 39). A prime implicant (PI) of a function cannot
be covered by a more general implicant, and therefore is minimal. If a
PI covers an output of the function not covered by any other combina-
tion of PIs, this PI is called essential. One therefore differentiates be-
tween essential and inessential PIs.

The overall minimization process is inhibited by limited diversity,
which refers to a situation in which not every logically possible config-
uration of conditions is observed. To address the issue of limited diver-
sity, the number of conditions should be kept low relative to thenumber
of cases through not exceeding its root (√number of cases) (Berg-
3 Luxury goods in private consumption present an income elasticity of demand that is
greater than unity, or put differently, a good for which demand increases more than pro-
portionally as income rises.

4 “[D]ifference-making theories stipulate—as their name suggests—that causes are char-
acterized by their property of making some sort of difference to their effects, where the
relevant sort of difference-making is variably specified in different theories”
(Baumgartner, 2014, p. 3)
Schlosser and De Meur, 2009). This rule allows for results that may be
tested, and thereby corroborated or falsified, which is essential for the
scientific quality of the method.

For this analysis of 28 EU states, we chose five conditions tomeasure
‘means’ as a maximum. Using Thiem's (2016) QCApro extension pack-
age for the R environment, we built the parsimonious solution as it is
the only reliably causally interpretable solution (Baumgartner, 2014).
The minimization process as a whole follows indicators of coverage
and inclusion. Coverage refers to the degree to which cases exhibiting
the outcome agree in exhibiting at least one combination of conditions
and provides a sense of empirical relevance (Legewie, 2013; Ragin,
2000; Schneider andWagemann, 2012). Inclusion refers to “the degree
to which cases sharing a given combination of conditions agree in
displaying the outcome in question” (Ragin, 2008, p. 44). It thereby rep-
resents the strength of the set-relationship. In cases of configurations of
multiple sufficient causal paths to an outcome, the causal configuration
with the highest unique coverage can be considered most important,
when the inclusion score is high (Ragin, 2008, pp. 63–68). As real-
world examples render full inclusion levels of 1 rare, the inclusion rate
can be lowered as low as 0.75 (Ragin, 2008), yet other minimum levels
have been identified as well, such as 0.8 and 0.9 (Ragin et al., 2008;
Thygeson et al., 2012). Furthermore, Ragin et al. (2008) claim that the
coverage should not be below 0.75 (p.78). While there is a common
trade-off between a higher inclusion and a higher coverage, no indicator
exists onwhat constitutes the right balance for the solution to be empir-
ically and theoretically compelling. The general strength of a causal
model is calculated through the product of the inclusion and the cover-
age. To accommodate the above differences in approach and ensure the
strongest possible result, we sought causal configurations that would
show both the highest possible inclusion and coverage. As such, we
ran the analysis from the top,with a cut-off of 1.0 and gradually lowered
the inclusion score until the coverage score in the consequent model
reached at least 0.8. It is important to note that during fsQCA analyses,
the final inclusion score of a model can be below the initial cut-off and
suchmodels have not been considered in our analysis, as they do not ad-
here to the requirements initially set through the cut-off.5

In fsQCA, each condition is assigned a membership score between 0
(non-membership) and 1 (full membership) by decimal place. It can
thereby express data in relative terms to other data and with respect
to a given context or a designated benchmark. The notion of ‘fuzzy’ in
fuzzy-set therefore refers to unclear conceptual boundaries of, for ex-
ample, wealth that is a matter of degree (one can be more or less
wealthy), and relative depending on its context (Schneider and
Wagemann, 2012). The point of indifference, 0.5, represents the cross-
over between membership and non-membership and acts as a qualita-
tive anchor (Schneider andWagemann, 2012; Thiem, 2014b). It should
be stressed that this calibration may require and can be enhanced
through a high degree of qualitative knowledge of the matter at hand
(Kent, 2009). The choice in conditions for the analysis is therefore im-
pacted by the limitations of data and the focus of the analysis. Based
on these factors, we identified the following five conditions: Eurozone
membership, GDP per capita, real GDP growth, government debt, and
governmental deficit.

We drew the data for the analyses from Eurostat (2017) and The
World Bank (2016), with each country's 2020 target considered accord-
ing to its NREAP (European Commission, 2016a). Based on these data,
we consider renewable electricity to include small and large hydropow-
er, as well as biomass, geothermal, solar and wind. An overview of the
5 To our knowledge, there has been no solution for this issue so far, and although not
common practice in current fsQCA applications, to circumvent current problems in the
QCA protocol, we only consider models with an inclusion score that meets the initial
cut-off.



Table 1
Outcome and conditions calibration patterns.

Measures Anchor pointsa

Outcome
Renewable energy
share progress

Change in renewable electricity share,
2008–2013.

Calculated around mean of data (1.00 = strong progress; 0.5 = neither weak nor strong progress; 0.0 = no
progress)

Renewable energy
share achieved

Share of renewable electricity
achieved of 2020 target in 2013.

Full achievement means full membership, other anchors set accordingly (1.00 = Achieved 2020 target; 0.50 =
half way towards achievement; 0.00 = no achievement)

Conditions
Eurozone
membership

Full accession to the Eurozone (1.00 = yes, 0.00 = no)

GDP per capita Average GDP per capita between 2008
and 2013.

Calculated around mean of data (1.00 = wealthy EU member state; 0.50 = neither wealthy nor poor EU
member state; 0.00 = poor EU member state)

Real GDP growth Average real GDP growth between
2008 and 2013.

Calculated based on spread of data set, around no growth (0) (1.00 = strong GDP growth; 0.50 = neither
positive nor negative growth; 0.00 = strong negative growth)

Government debt Average government debt between
2008 and 2013.

Calculated according to Maastricht convergence criteria, with threshold set at 60% of GDP (1.00 = very high
debt; 0.50 = meeting convergence criteria; 0.00 = less debt than convergence criteria)

Governmental
deficit

Average governmental deficit between
2008 and 2013.

Calculated according to Maastricht convergence criteria, with threshold set a 3% of GDP (1.00 = very high
governmental deficit; 0.50 = meeting convergence criteria; 0.00 = lower governmental deficit than
convergence criteria)

a The anchorpoints of non-membership (0.00), indifference (0.50) and full-membership (1,00) are set basedonqualitative knowledgeor calculatedbased on thedata. The latter implies
the rounded down mean of the condition's data as threshold, with double of the mean set as full membership. All otherwise informed anchor points are explained specifically.

84 J.-J. Andreas et al. / Ecological Economics 142 (2017) 81–90
calibration of conditions can be seen in Table 1 and is further explained
in the following to enhance replicability.
3.1. The Outcome

The POET indicator consists of two variables; each member states'
renewable electricity share progress (RESP) over the period of analysis,
and the share achieved of eachmember states' 2020 renewable electric-
ity target as of 2013 (RESA).6 The final calibration score of the outcome
is the average of the two separate variables' calibration scores.

We calibrated RESP around the rounded-down mean of the data,
with double the mean necessary to reach full membership. The mean
of 7.6 translated into calibration scores of 0, 7, and 14. In the context
of membership, they imply that countries with a renewable electricity
share increase of 14% or more are a full-member, showing very strong
growth, while those between 7.1% and 13.9% show strong growth re-
ceiving membership scores of 0.51–0.99. Countries with renewable
electricity share increases between 0.1 and 6.9% showweak growth, in-
dicating their non-membership through scores of 0.01–0.49, and those
at 7% show neither strong nor weak growth (0.5). As it cannot reason-
ably be expected that a country met more than its 2020 target by
2013, the thresholds for the RESA were set at 0, 50 and 100, meaning
every country that already achieved its 2020 target in 2013 received a
full-membership score.

We focus on renewable electricity ‘shares’, rather than capacity or
generation levels, since the 2020 targets are expressed this way. As
RESP also stands relative to the total electricity produced, possible gen-
eral declines in total electricity generation (and consumption) due to
the economic downturn are taken into account. Combining RESP and
RESA allows for the representation of change in renewable electricity
shares relative to other member states' progress, as well as to each
member states' own capabilities and ambitions. We joined the two var-
iables, therefore, due to each individual one's explanatory shortcom-
ings. For RESP, the share increase relative to other countries can be
impacted by the differing sizes of countries' electricity markets as well
as already installed base levels of renewable electricity as of 2008.
Installing, for example, one wind farm on a smaller energy markets
6 As aforementioned,we chose the timeframe of 2008–2013 as itwas the time from the
beginning of the financial crisis until the official end of economic recession.
canmake a significant difference for the renewable electricity share, un-
like in countries of larger electricity markets. Also, a higher base level
can affect the pace in which significant changes can take place over
the period of study, considering different levels of market saturation
under current technological conditions. RESA, while only representing
a single point in time, puts progress in renewable electricity share in a
solely domestic context, based on national endowment, investment
and ambition. Indeed, the combination of the achievement condition
with the general progress in renewable electricity compared to other
EU states also provides an idea of how ambitious the state's targets are
(for example, when a state has shown strong progress compared to
EU members but very little regarding its targets, the latter might have
been too ambitious). Jointly, the two variables balance some of the in-
terpretational pitfalls and provide a more comprehensive picture of
the outcome (POET) in each EU member state.
3.2. The Five Conditions

Eurozone membership focuses on the potential impacts of austerity
on RETs, as officially, only its member states are required to adhere to
the EMU's convergence criteria. Its calibration provided every Eurozone
state with a score of 1, and the remaining EU members with a 0. Den-
mark, although part of the Exchange Rate Mechanism II, under which
the national currency is allowed to float against the euro, is also given
a non-membership score, as factually, Denmark does not have the
Euro and hence is not part of the Eurozone. The condition's abbreviation
during the analysis is EURO.

GDP per capita captures the central aspect of the hypothesis that a
sustainable electricity generation is costly and reserved for wealthy
countries. GDP is the standard measure of economic performance at
the national level. It represents the market value of all final goods and
services produced within a country over a given period of time, usually
a year. GDP per capita aims to represent the income and expenditure of
the average person in the economy. Although GDP has several known
shortcomings as it ignores, for example, the economic activities placed
outside the market (e.g. home production, volunteer work and recrea-
tion) and social inequalities in wealth distribution (Stiglitz et al.,
2010), we use it in our analysis as it represents themost widely used in-
dicator about the economic conditions in a country. This is due to the
fact that production is related to a country's wealth-related issues,
such as standard of living, wages, and unemployment. The calibration
was based on the average annual GDP per capita of each EU member



Table 2
Calibration scores for the outcome (POET) and its sub-indicators (RESP, RESA), and thefive
conditions.

Country Outcome Conditions

RESP RESA POET EURO GDPPC GDPG DEF DEB

Belgium 0.55 0.59 0.57 1.00 0.70 0.63 0.60 0.84
Bulgaria 0.64 0.92 0.78 0.00 0.11 0.69 0.25 0.13
Czech Republic 0.54 0.95 0.75 0.00 0.31 0.53 0.56 0.32
Denmark 1.00 0.83 0.92 0.00 0.91 0.33 0.26 0.35
Germany 0.75 0.66 0.71 1.00 0.67 0.67 0.25 0.63
Estonia 0.78 1.00 0.89 1.00 0.25 0.37 0.11 0.06
Ireland 0.69 0.49 0.59 1.00 0.79 0.37 1.00 0.75
Greece 0.83 0.53 0.68 1.00 0.40 0.00 1.00 1.00
Spain 0.91 0.91 0.91 1.00 0.48 0.18 1.00 0.56
France 0.19 0.63 0.41 1.00 0.64 0.60 0.87 0.69
Croatia 0.56 0.99 0.78 0.00 0.21 0.07 0.91 0.50
Italy 1.00 1.00 1.00 1.00 0.56 0.14 0.6 0.97
Cyprus 0.45 0.41 0.43 1.00 0.47 0.30 0.72 0.56
Latvia 0.72 0.82 0.77 1.00 0.21 0.15 0.75 0.31
Lithuania 0.59 0.62 0.6 1.00 0.21 0.61 0.94 0.27
Luxembourg 0.12 0.45 0.29 1.00 1.00 0.73 0.00 0.16
Hungary 0.09 0.61 0.35 0.00 0.21 0.37 0.64 0.65
Malta 0.11 0.12 0.12 1.00 0.32 0.98 0.54 0.56
Netherlands 0.19 0.27 0.23 1.00 0.79 0.48 0.58 0.51
Austria 0.21 0.96 0.59 1.00 0.75 0.65 0.48 0.66
Poland 0.45 0.56 0.50 0.00 0.2 1.00 0.86 0.44
Portugal 1.00 0.89 0.94 1.00 0.34 0.18 1.00 0.86
Romania 0.67 0.88 0.78 0.00 0.13 0.74 0.90 0.24
Slovenia 0.20 0.83 0.52 1.00 0.37 0.23 1.00 0.37
Slovakia 0.29 0.87 0.58 1.00 0.26 0.96 0.80 0.35
Finland 0.27 0.94 0.61 1.00 0.74 0.31 0.18 0.39
Sweden 0.59 0.98 0.78 0.00 0.84 0.66 0.03 0.32
United Kingdom 0.60 0.45 0.52 0.00 0.62 0.59 1.00 0.62
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state between 2008 and 2013 that enables the representation of a
country's change in GDP per capita over the course of the crisis. We cal-
ibrated the condition based on the rounded-downmean, as before with
RESP. With a mean of 33,285, the condition's thresholds were set at 0,
33,000 and 66,000. The condition's acronym is GDPPC.

Real GDP growth sheds light on the role of thewealth of a state in the
context of RETs from a slightly different angle. It serves as an indicator
for the change in size of a country's economy, representing the welfare
and stability of an economy. Using real instead of nominal GDP accounts
for inflation, thereby adjusting GDP rates for different price levels at dif-
ferent years, enabling a better judgment about improved or worsened
conditions in a country relative to others. With a minimum value of
−4.95, a mean of−0.14, and a maximum value of 3.02, our calibration
of this conditionwas unable to follow the computational approach used
with RESP and GDPPC. Consequently, the spread of the data from a
rounded −5 to 3 was taken and divided by 2. By setting the cross-
over at the centre, the thresholds were set at −2, 0, 2. The division by
two set the thresholds below the minimum and maximum values in
order for countries to be able to reach a full and a full non-membership
score. It should be noted that with the cross-over at zero, countries
below this threshold have negative growth. The condition's acronym
is GDPG.

The fourth andfifth conditions on deficit and debt are closely related,
and refer to two EMU convergence criteria that are the basis for the im-
plementation of austerity across the Eurozone. The size of government
debt and deficit can therefore hint at the severity of imposed austerity
measures, and thereby at thefinancialmeans available to a government,
providing another perspective for testing the hypotheses.While a large-
sized government deficit could also represent a government that is not
austere, by January 2012, every EU member state had officially
embarked on a path of austerity (Melchiorre, 2013; Šonje, 2012). To re-
iterate, the convergence criteria require that the annual governmental
deficit relative to the country's GDP does not exceed 3%, and the overall
gross government debt relative to GDP atmarket prices does not exceed
60% (European Commission, 2015). It should be noted that both criteria
are closely linked to theGDP growth of a country, since they are connot-
ed in portion to overall GDP; potential slumps in the economy could
therefore lead to an expansion of government debt to GDP ratio, despite
reduced government spending (Alesina et al., 2014; Pedroso, 2014).We
calibrated the conditions by their aggregate average over the five-year
period of analysis according to each condition's target as set in the con-
vergence criteria. For debt, thresholds were identified as 0, 60, 120. The
acronym for this condition is DEB. For governmental deficit the calibra-
tion had to take into account a budget surplus as well as deficit. The
condition's thresholds, in accordance to the criteria, were hence set at
0 (making every state with a balanced budget or a surplus a full non-
member), −3 (representing the criterion's 3 percent deficit) and −6.
The acronym for this condition is DEF.

4. Results

Table 2 shows the results of the calibration and includes the RESP
and RESA scores used to estimate the POET index to provide a better un-
derstanding of the underlying dynamics of the outcome. Considering
the results, the two variables are similar (within 0.1 points of each
other) in only nine countries (Belgium, Germany, Spain, Italy, Cyprus,
Latvia, Lithuania, Malta, Netherlands) that therefore show an aligned
progress in renewable energy shares towards national targets domesti-
cally and compared to other member-states. The remaining cases in
whichRESP andRESA scores diverge by N0.1 scores can be further divid-
ed into the five with a better RESP than RESA score (Denmark, Ireland,
Greece, Portugal, United Kingdom) and the remaining 14 that scored
better in the RESA (Bulgaria, Czech Republic, Estonia, France, Croatia,
Luxembourg, Hungary, Austria, Poland, Romania, Slovenia, Slovakia,
Finland, Sweden). The better RESP score for Denmark, Ireland, Greece,
Portugal and the UK implies that these states may have adopted overly
ambitious 2020 targets, while for the other 14, the opposite is true. It
should be noted that none of these scores is making any statement
about whether countries are more or less likely to reach their 2020 tar-
gets, as they are merely comparing progress levels between 2008 and
2013.

Overall, four countries made extremely strong progress (0.90–1.0),
eight countries showed very strong progress (0.65–0.89), eight coun-
tries showed strong progress (0.51–0.64), one country showed neither
strong norweak progress (0.50), three countries showedweak progress
(0.34–0.49), and three countries showed very weak progress (b0.35),
with the lowest score being 0.12 (Malta). It is therefore also noteworthy
that only France, Cyprus, Luxembourg, Hungary, Malta and the Nether-
lands received a ‘weak’ POET score of below 0.5, of which France and
Hungary had at least a partial score above 0.5. Poland is the only country
that received an overall score of 0.5, rendering it a country that neither
showed strong nor weak progress in its RET. This means that 21 out of
28 cases show strong progress in RETs. This group includes five of the
six European Debt Crisis states (Portugal, Italy, Greece, Spain, Ireland,
yet not Cyprus), with Italy, indeed, receiving the highest score among
the EU-28. Since Italy achieved full membership in both variables,
meaning its increase in renewable electricity share has been one of
the strongest among EU countries, this success seems to be authentic
and not due to an unambitious 2020 target. A first look at the calibration
scores in light of the hypotheses already indicates that there is no clear
gap among more affluent states and poorer states regarding a weaker
progress in RETs in the latter; several countries with low scores in
GDPPC and GDPG, such as Croatia, Latvia, and Slovenia, received POET
scores of above 0.5.

The analysis identified six different models at seven different cut-
offs in which the final inclusion score was equal to, or higher than the
initial cut-off. The models are shown in Table 3, with the inessential
PIs in brackets. The highest cut-off that resulted in a model was at
0.97, while themodel crossing the 0.8 coverage threshold was achieved
at a cut-off of 0.89. As expected, the various models depict a gradual



Table 3
Six identified models, their cut-offs, inclusion, coverage scores, overall strength and causal paths.

Cut off Incl. Cov. Strengtha Model

1 0.97 0.970 0.694 0.67318 EURO*gdppc*gdpg+ (euro*deb) ⇒ POET
Unique coverage: 0.394 0.035

2 0.95 0.959 0.723 0.693357 EURO*gdppc*gdpg+ (euro*deb+ euro*GDPPC) ⇒ POET
0.94 0.959 0.723 EURO*gdppc*gdpg+ (euro*deb+ euro*GDPPC) ⇒ POET

Unique coverage: 0.394 0.028 0.01
3 0.89 0.893 0.883 0.7914 def*DEB+ (euro*GDPPC+ EURO*gdppc+ gdppc*deb+ GDPPC*gdpg) ⇒ POET

Unique coverage 0.028 0 0 0 0
4 0.89 0.893 0.883 0.7914 def*DEB+ (euro*deb+ euro*GDPPC+ EURO*gdppc+ GDPPC*gdpg) ⇒ POET

Unique coverage 0.028 0 0.01 0 0
5 0.89 0.896 0.874 0.7831 def*DEB+ (DEF*deb+ euro*GDPPC+ EURO*gdppc+ gdppc*def+ GDPPC*gdpg) ⇒ POET

Unique coverage 0.028 0 0.01 0 0 0
6 0.89 0.890 0.874 0.77786 def*DEB+ (DEF*deb+ euro*def+ euro*GDPPC+ EURO*gdppc+ GDPPC*gdpg) ⇒ POET

Unique coverage 0.028 0 0 0 0 0

a Product of inclusion and coverage.
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trade-off between the inclusion and coverage scores. Considering the
unique coverage of each causal path, the highest score of 0.394 is
assigned to the PI ‘EURO*gdppc*gdpg’ in Models 1 and 2. However,
M1 and M2 have a low coverage of around 0.7, meaning that there
exist several cases featuring the outcome that cannot be explained by
the model, which is reflected in an overall strength of the models
below 0.7. As such, the model of fit of M1 and M2 is less than with the
other four models at the low cut-off of 0.89. Indeed, model three to six
have a high coverage of 0.87/0.88 and a strength of between 0.77 and
0.79.

5. Discussion

It is important to highlight that through the calibration, we identi-
fied 21 out of 28 EU member states with a strong POET (score above
0.5). This result indicates that there has been a solid support and
achievement in promoting the expansion of renewable electricity in
the EU, with only a few laggards since the economic downturn. Howev-
er, the model ambiguity – represented through the six different models
– shows that the data are insufficient to determine a data-generating
causal structure. As such, the data underdetermine their own causal
modelling, as technically, only one of the models can represent a causal
path. Consequently, we focus our analysis, firstly, on the four strongest
models (M3, M4, M5, and M6) that are all included due to the fact
they are all generated from the same cut-off, and secondly, on the com-
mon elements shared across these fourmodels, as their causal relevance
is supported by the data, and they, therefore, constitute a sufficiently in-
formative result. Indeed, we can only causally interpret these common
paths, as elements appearing in only somemodels are not clearly iden-
tifiable as causes. There are four common elements across M3–6 (com-
pare Table 3): (i) def*deb, (ii) euro*GDPPC, (iii) EURO*gdppc, and (iv)
GDPPC*gdpg. Althoughwith the exception of the first path, all elements
are inessential PIs, their repeated occurrence as causes for strong prog-
ress in RETs across the models renders them highly noteworthy.

Considering the first element of (i) a low deficit and high debt,
‘def*DEB’ is the essential PI in all four models at the cut-off of 0.89. A
low deficit and a high debt could indicate a case in which fiscal consol-
idation is taking place following prior fiscal expansion that supported
the progress in RETs. As capacity expansion of renewable energy can
take up to five years from the securing of funding until entering the
market, the strong POET may be the result of a more favourable invest-
ment environment prior to the introduction of austerity, which has gen-
erally been associated with increased uncertainty over investment
(Alesina et al., 2014; Busch et al., 2013; Corsetti et al., 2012). The intro-
duction of austerity and the therefore potentiallyworsening investment
environment, however, could alsomean that the progress in renewable
energy transitions will be slower in the future.
The second and third elements both relate to Eurozonemembership
andGDPper capita, in opposite contexts,meaning one path (ii) refers to
non-Eurozone membership and a high GDP per capita (euro*GDPPC),
and the other (iii) to Eurozone membership and a low GDP per capita
(EURO*gdppc). These elements also partly appear in M1 and M2. Cru-
cially, ‘euro*GDPPC’ seems to affirm the second hypothesis that a
wealthy country that is not required to adhere to the Eurozone's conver-
gence criteria (and hence austerity) can afford to invest in renewable
energy. For example, Denmark and Sweden, who represent such cases
are well-known for their wealthy, stable economies, and their
pioneering role in sustainability efforts and renewable energy
(Jänicke, 2008; Mathiesen et al., 2011).

By contrast however, (iii) ‘EURO*gdppc’ directly contradicts our first
hypothesis that less wealthy states are too poor to be green. It is, how-
ever, also similar to the results of Hess and Mai (2014), who find that
poorer Asian countries have higher levels of renewable electricity. In
the European context, there are several potential explanations for this
result. Four of the seven observed cases (Greece, Spain, Cyprus, Portu-
gal) meeting the path received bailout packages from the ‘Troika’ of
the European Commission, European Central Bank, and International
Monetary Fund (European Commission, 2017a, 2014).While, therefore,
these crisis-ridden countries had to adhere to strict austerity measures
as part of the packages' requirements, this international support may
have reassured investors and facilitated the development of renewable
energy policy capable of meeting the countries' 2020 targets. The re-
newables sector may also have profited from the necessary re-structur-
ing and reforming of these countries' economies encouraged through
the concept of ‘green growth’ embedded in the 2020 strategy, which
aims to achieve economic growth without the large and irreversible
negative effects on the environment (Jacobs, 2012; OECD, 2014; Van
Der Ploeg andWithagen, 2013). The combination of Eurozonemember-
ship and low GDP per capita also exists in combination with low GDP
growth in M1 and M2 as both models' essential PI. In this combination
it represents the highest unique coverage of 0.394, and can thereby ex-
plains almost 40% of cases with the outcome.

The fourth element, of (iv) highGDPper capita and lowGDPgrowth,
again appears to affirm our second hypothesis about wealthier states
showing better progress in renewable energy transitions. This finding
suggests that developed countries, or high-income countries, achieved
a high standard of living while economic growth rates fall to lower
levels, and includes Denmark, Ireland, Italy, the Netherlands, and Fin-
land. At the same time, there is also the ongoing debate about the effects
of RETs on the economy, with some commentators suggesting that RETs
undermine economic growth since policies impose costs on the private
sector (Alesina et al., 2014; Busch et al., 2013; Darwall, 2015; Silva et al.,
2012). As such, the two elements (iii), ‘EURO*gdppc’, and (iv),
‘GDPPC*gdpg’, could hint at an inverse relationship, i.e. expansive RETs
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do have an adverse effect on the economy. However, this argument
does not hold when considering the other causal paths identified by
the analysis. A case in point is that both a low and a high GDP per capita
are identified as difference-makers in conjunction with membership of
the Eurozone. Consequently, the argument that renewable energy may
also decrease GDP per capita (Silva et al., 2012) appears questionable.

6. Conclusion

The analysis depicted an ambivalent picture of the role of wealth in
RETs in Europe. Crucially, the causal paths identified across the four
strongest models, both reaffirmed our second hypothesis that wealthy
states show a strong progress in renewable energy transitions
(euro*GDPPC, GDPPC*gdpg), and invalidated our first hypothesis that
less wealthy states are too poor to be green (EURO*gdppc). The fourth
causal path that we identified, of a low government deficit and high
government debt as cause for strong progress in renewable energy tran-
sitions (def*DEB) could mean that a more favourable investment envi-
ronment prior to the introduction of austerity drove a strong progress
in renewable energy transitions. In turn, however, this finding leads to
the question whether current policies under an austerity regime will
be sufficient to drive renewable growth in the future; something that
calls for in-depth research on the effects of the economic crisis on con-
temporary renewable energy policy.

Overall, the results of the calibration showed that 75% of EUmember
states showed strong progress in expanding their renewable electricity
share between 2008 and 2013, includingmost of the debt-ridden states
(with the exception of Cyprus), as well as several states with low real
GDP growth/ GDP per capita. As such, and considering the identified
Country Renewable
electricity share
difference,
2008–13

Renewable electricity
share 2020 target as
per NREAP, in %

Renewable electricity
share of 2020 target
achieved in 2013, in %

A
c
2
U

Belgium 8.8 20.9 64.1 4
Bulgaria 8.9 20.6 91.7 7
Czech
Republic

8.7 13.5 103.0 2

Denmark 22.6 51.9 93.4 6
Germany 13.1 38.6 73.1 4
Estonia 12.5 17.6 83.0 1
Ireland 11.5 42.5 53.4 5
Greece 12.3 39.8 55.0 2
Spain 14.1 40 94.5 3
France 3.9 27 67.8 4
Croatia 11.5 39 116.2 1
Italy 16.8 26 128.5 3
Cyprus 7.1 16 46.3 3
Latvia 12.4 59.8 85.5 1
Lithuania 8.8 21 65.2 1
Luxembourg 2.3 11.8 50.0 1
Hungary 2 10.9 67.0 1
Malta 3.3 13.8 23.9 2
Netherlands 2.5 37 27.0 5
Austria 4.8 70.6 99.2 4
Poland 8 19.13 64.8 1
Portugal 18 55.3 94.2 2
Romania 13.6 42.62 97.8 9
Slovenia 3.9 39.3 86.3 2
Slovakia 6 24 95.8 1
Finland 4.1 33 95.2 4
Sweden 9.7 63 100.5 5
United
Kingdom

12.3 31 57.4 4

Source: Eurostat (2017) and The World Bank (2016).

Appendix A. Aggregate Raw Data for Outcome and Conditions
causal paths, no growing division between wealthy and less wealthy
EU countries could yet be identified. As differing conditions of means
seem to explain a strong RET equally well, other factors, for example
within the national political context, may be playing a role in driving
the expansion of renewable energy. This outcome is supported by the
fact that Eurozone membership was identified as a difference-maker
in opposite wealth contexts.

Concerning the debate on ‘sustainability as a luxury’, the analysis
demonstrated that of the three factors crucial to sustainability –motiva-
tion,willingness andmeans – the role ofmeans is highly ambiguous. In-
deed, the result of the QCA analysis suggests that RETs are promoted
both because of, and in spite of, themeans. Here, the power of the bind-
ing Europe 2020 targets in encouraging countries to ensure the expan-
sion of renewable energy despite potential economic reservations
should not be underestimated. By establishing a target framework
across EU member states, the 2020 Strategy provided a common driver
for the expansion of renewables. It remains to be seen whether more
significant divisions in reaching the targetswill emerge over time. How-
ever, for the time being, our analysis indicates that ‘where there is awill,
there is a way’.
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verage GDP per
apita,
008–2013, in
SD

Average real
GDP growth,
2008–2013, in %

Average government
debt to GDP ratio,
2008–2013, in %

Average government
deficit to GDP ratio,
2008–2013, in %

6,292.09 0.63 101.41 −3.56
370.85 0.87 16.91 −1.97
0,389.43 0.51 39.06 −3.11

0,121.03 −0.29 42.54 −1.07
4,647.82 0.84 75.44 −1.21
7,387.17 −0.04 7.69 −0.46
2,756.02 0.21 92.53 −11.89
5,750.72 −4.14 153.11 −10.31
1,174.18 −0.91 71.44 −8.23
2,501.93 0.40 84.49 −5.01
4,056.28 −1.57 64.50 −5.56
6,737.46 −1.30 118.80 −3.50
0,417.49 −1.04 73.01 −4.96
4,016.48 −0.87 38.13 −4.06
4,240.18 0.81 33.76 −4.91
09,480.96 1.39 19.79 0.76
3,723.85 0.09 77.47 −3.63
1,087.68 2.41 67.31 −3.06
2,249.45 0.16 62.03 −3.31
9,550.63 0.54 79.93 −2.84
3,298.73 3.11 52.09 −4.90
2,562.12 −0.99 106.90 −7.13
144.26 1.26 30.81 −4.86
4,311.68 −0.50 49.61 −6.24
7,653.62 1.93 44.23 −4.50
9,202.77 −0.70 48.24 −1.41
5,705.90 0.87 39.07 −0.39
1,648.94 0.69 76.50 −7.50
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