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Abstract

To mitigate climate change, transition to clean energy should proceed faster than in the last three
decades. Can policies overcome economic, technological and social inertia to achieve the required
acceleration, and if so, under what conditions? The 2022 REPowerEU plan is an excellent case to
investigate these questions because it responds to a profound energy security threat (Russia’s invasion
of Ukraine) in advanced economies that are already the global leaders in decarbonisation. Here we
analyse to which extent REPowerEU and related policies aim to accelerate energy transitions, what has
enabled the ambitious targets, and whether these are feasible. Considering policy-technology co-
evolution involving multiple feedbacks and non-linear growth, we define policy-driven acceleration as
a significant deviation of feasible policy goals from the S-curve of technology diffusion reflecting
empirical trends, near-term projections and analogies.

We show that REPowerEU sets unprecedented targets implying acceleration of all renewables and a
radical deviation from the onshore wind growth trajectory. At the same time, REPowerEU is not an
isolated crisis response, but a continuation of a policy shift that started around 2018 and included the
European Green Deal (2019), the ‘Fit for 55" package (2021), and related plans. Before 2018, policy
targets extended historical trends and did not become more ambitious over time. Although motivated
by climate concerns, they were only weakly linked to long-term climate goals but strongly shaped by
technological uncertainties and economic costs. Energy security was seen as protection from short-
term shocks through resilient infrastructure and did not directly shape the goals for renewables. In
contrast, post-2018 policies decisively link the net-zero vision for 2050 and the 2030 renewable targets.
In 2022, these climate-derived targets were securitised through directly linking them to energy
independence from Russian oil and gas, now viewed as a long-term security concern. Both net-zero and
energy independence goals were inspired by the declining costs of renewables and by the emerging
technological opportunities of substituting fossil fuels in transport, industry and heating through low-
carbon electrification.

We analyse whether the new targets are feasible using the ‘inside’” and the ‘outside’ view of feasibility
by Jewell and Cherp (2023). We argue that the main barriers for onshore wind are conflicting land uses,
for offshore wind - uncertainties around the infrastructure and complementary technologies, and for
solar power - grid integration. We show that the required growth of each renewable technology is
similar to the growth of nuclear in Western Europe in the 1960s-1980s. The similarities between the
two contexts, including the presence of an energy security crisis, give hope that the planned growth is
feasible. However, the combined growth of solar and wind is entirely unprecedented, although on a
smaller scale, a similarly fast growth of nuclear occurred in France and Sweden. Our findings indicate
that policy-driven acceleration of energy transitions might be possible but requires a unique
constellation of motivations and capacities. Historical analogies provide useful benchmarks for the
attainable speed of transition, but more research is needed on the applicability of policy lessons across
different low-carbon technologies.

I The authors are grateful to Vadim Vinichenko of Chalmers University of Technology and Ismayil Aliyev for
providing figures, calculations and data used in this paper.
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1 Introduction

Rapid transition towards low-carbon energy is crucial for mitigating climate change, yet whether such
transition is feasible is widely debated. Some scholars believe that switching to new energy sources
always takes many decades (Smil 2010; Fouquet and Pearson 2012; Grubler and Wilson 2013), while
others argue that future transitions can be faster if they are accelerated by deliberate policies (Kern
and Rogge 2016; Sovacool 2016; Sovacool and Geels 2016). At the same time, the evidence on whether
and if so under what conditions policies accelerate energy transitions remains inconclusive.

On the one hand, there are good reasons to believe that policies can drive energy transitions as in
industrialized countries responding to the oil crises of the 1970s (lkenberry 1986) or in Germany
pursuing ‘Energiewende’ in the 2000s (Hake et al. 2015). Moreover, policies could potentially get
stronger over time or ‘ratcheted up’ if they create supportive coalitions or institutional learning
(Meckling, Sterner, and Wagner 2017; Pahle et al. 2018; Leipprand, Flachsland, and Pahle 2020). On the
other hand, policy ambitions may be constrained by insufficient capacities (EC Directorate-
General for Energy et al. 2023; Ember 2023) and policy feedbacks may not only increase stringency but
also lead to the lock-in of existing structures or to growing resistance to change (Kontogianni et al. 2014;
Breetz, Mildenberger, and Stokes 2018; Schumacher et al. 2019). Empirically, Vinichenko et al. (2023)
show that the rates of coal phase-out envisioned in existing plans are not faster than historical, Suzuki,
Jewell, and Cherp (2023) argue that the growth of low-carbon energy in the Group of Seven (G7) has
not been accelerated by numerous climate policies, and Leegreid et al. (2023) demonstrate that
countries commit to phase out coal after, not before, they reach the peak of coal use.

This paper empirically contributes to the debate on whether and under what conditions policies can
accelerate energy transitions. As a case study we use the EU’s renewable energy policies, which were
strongly impacted by the 2022 Russia’s invasion of Ukraine in 2022, providing an excellent case to test
whether policies can accelerate energy transitions under such extreme circumstances. In its 2022
Renewable Energy report, the International Energy Agency (IEA 2022b) called the war in Ukraine “a
turning point for renewables in Europe”, referring to the REPowerEU plan (EC 2022e) published in
Spring 2022. Focusing on this plan and the related policies we ask the following questions:

1. Arethe recent EU policies, especially REPowerEU, accelerating transition to renewables?

To address the methodological challenge of detecting policy-driven acceleration, we develop a
framework that considers co-evolution of socio-technical and policy action systems. We show
that the recent EU policies, especially REPowerEU, aim for unprecedented acceleration of wind
power, on par with the growth of nuclear power in Western Europe in the 1960-80s, but that
large part of this growth was planned under climate policies before the war.

2. What caused the recent policy shift towards the acceleration of energy transitions? We show
that this policy change was driven by several mechanisms including shifting policy paradigm on
long- vs. near-term climate mitigation, elevated security risks accompanied by bold
securitization moves, and perceived technological opportunities associated with cost declines
and decarbonisation of industry, transport and heating. We argue that none of these
mechanisms would enable policy change in isolation from others.

3. Is acceleration envisioned by the new policies feasible? Even the most ambitious policies will
not accelerate energy transitions if they stay on paper and are not implemented in the real
world. To assess the feasibility of implementing the new policies, we review the challenges,
compare the EU-wide targets with the existing national plans, and benchmark these targets to
the growth of nuclear power in Western Europe in the 1960s-1980s, identifying similarities and
differences with that historical analogy. We highlight that the existing barriers are likely to
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hinder the growth of onshore wind on the local level and that overcoming these challenges
while adhering to democratic principles may be difficult.

This paper starts with outlining its theoretical premises and analytical approach. Subsequently, we
report the results structured by the three research questions and followed by Discussion and
Conclusions.

2 Theoretical premises and analytical approach

2.1 Defining policy-driven acceleration in the context of policy-technology co-evolution

There are three main challenges of detecting and measuring policy-driven acceleration of energy
transitions. First, transitions are driven not only by policies but also by other factors, such as technology
diffusion and market dynamics. Any observed acceleration may be due to these factors rather than to
policies. Second, technologies and policies regularly interact. For example, policies may support
innovation, provide subsidies, or restrict competing technologies, while technological development
may reduce policy costs and thus enable (seemingly) more stringent policies. Such integration makes it
difficult to establish a causal dependence that would allow arguing for policies accelerating transition.
Finally, due to these feedbacks, energy transition trajectories are normally non-linear, which makes it
difficult to measure their ‘regular’ vs. ‘accelerated’ speed.

The concept of co-evolution of socio-technical and policy action systems proposed by Cherp et al.
(2018) helps to address these challenges. Co-evolution means that policies and technologies experience
periods of autonomous development intercepted by periods of strong mutual interaction. In words of
Christopher Freeman:

‘It is ... essential to study both the relatively independent development of each stream of
history and their interdependencies, their loss of integration, and their reintegration.” (Freeman
and Loucga 2001).

From the perspective of co-evolution, there is obviously no policy-driven acceleration when policies
and technologies develop autonomously without impacting each other. However, full integration of
policies and technologies also make it impossible to meaningfully speak of policy-driven acceleration.
This is because the multitude of two-way feedbacks between policies and technologies in tightly
coupled systems makes it impossible to trace causal dependencies or even to draw a clear boundary
between political and socio-technical systems (making some of the scholars speak of a single ‘seamless
web’ encompassing technologies, regulations, and political goals (Bijker 1997; Hughes 1986)).

In contrast, the pattern of co-evolution, signifying a policy-driven acceleration, logically includes two
necessary elements:

1) Loss of integration between policies and technologies: when the policy action system
autonomously develops goals for acceleration through changing the course of transition;

2) Reintegration of policies and technologies: when these policy goals are implemented, they
drive a change in socio-technical systems that results in acceleration of transition.

Within this framework, detecting policy-driven acceleration implies two elements: (1) proving the ‘loss
of integration’, i.e., demonstrating that policy goals are set autonomously from socio-technical systems
and aim intervene and (2) establishing that the implementation of these policy goals is feasible given
the realities of socio-technical systems which they aim to change.

2.1.1 How to measure acceleration of energy transitions?

To establish that a particular policy aims to accelerate energy transitions it is important to understand
how a technology would have evolved in the absence of the policy. This can be done by depicting the
baseline or regular technology deployment by an S-curve with four distinct phases (Figure 1) according
to technology diffusion theories.
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1)

The first formative phase? of a new technology is “an extended period of experimentation
during which the technology is tested, refined and adapted to market conditions” (Grubler,
Wilson, and Nemet 2016). At this phase, the growth is erratic due to experimentation,
failures, and rapid learning. Policies aim to create favourable conditions for new
technologies (Markard 2018) and may include direct subsidies to pilot and demonstration
projects as well as support to research and innovation.

e Policy-driven acceleration at the formative phase is signalled by targets which drive the
technology beyond the formative phase, especially if it is faster than in similar
technologies.

In the second, acceleration, phase, growth is nearly exponential (with a constant year-on-

year growth rate) because annual additions increase from one year to another due of

positive feedback loops or ‘increasing returns’ in economic, technological and policy
spheres. At this stage, policies focus on ensuring that technology remains profitable and
does not run into barriers.

e Policy-driven acceleration at this phase is signalled by targets aiming to increase year-
on-year growth rates, especially beyond what was observed in other contexts or for
similar technologies historically.

In the third, stable growth, phase, countervailing forces (such as more complex grid

integration, decreasing land availability, increasing social opposition, and political

resistance (Kontogianni et al. 2014; Breetz, Mildenberger, and Stokes 2018; Schumacher et
al. 2019) start balancing the ‘increasing returns’ and the growth no longer accelerates. In
other words, annual additions of new technology reach their maximum and stop increasing
from year to year: the growth becomes quasi-linear. At this stage, policies focus on reducing
countervailing barriers, e.g., through ensuring grid integration, streamlining permitting

procedures, or compensating the affected communities (Markard 2018).

e Policy-driven acceleration at the stable growth phase is signalled by targets aiming to
increase annual additions, i.e., the rate of linear growth, especially faster than the rate
observed in similar polities or for similar technologies historically.

In the final, slow-down phase, growth eventually stops as technology reaches its final

market share. Policy-driven acceleration would be signalled by resumption of growth. This

phase has not been achieved by renewables and therefore not analysed in this paper.

2 Recent literature defines the threshold for the formative phase of energy technologies of providing 0.5-1.0% of
total electricity (Cherp et al. 2021; Vinichenko, Jewell, et al. 2023; Jakhmola et al. 2023).
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Figure 1. Policy targets aiming for acceleration of transition compared to a regular S-curve of technology
diffusion for cumulative (top) and the growth rate (bottom) of deployment at four different stages
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Criteria for detecting policy-driven acceleration are summarized in Table 1. To detect reliable policy
acceleration all or several of these criteria should be met.

Table 1. Criteria for detecting policy-driven acceleration of energy transitions

Phase Criteria of policy-driven acceleration
All phases Policy goals become more ambitious or stringent over time
Formative Policy targets exceed the take-off threshold with growth trajectories comparable or

faster for similar successful technologies at similar stage

Acceleration Policy targets require an increase in the year-on-year growth rates especially beyond
near-term projections and those observed in similar countries or technologies

Stable growth Policy targets require an increase in the linear growth rate (yearly additions) especially
beyond near-term projections and those observed in similar countries or technologies

Slow-down Policies aim for the resumption of growth or increase in yearly additions

2.1.2 Feasibility of implementing policy goals

For policy-driven acceleration, policy goals should be formulated autonomously from technological
trends, but subsequently be implemented (or, in terms of co-evolution, ‘reintegrated’) in real-life socio-
technical systems. This is not automatically guaranteed. Historically, energy transition plans often fail
as was the case of rooftop solar and wind power in India (Mercom India 2023) and CCS in Europe and
North America (Reiner 2016; Wang, Akimoto, and Nemet 2021) This may happen because policy goals
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fail to properly account for or address real-life challenges. To assess the feasibility (defined by the IPCC
as the “likelihood of climate mitigation options to be implemented” (IPCC 2022b, footnote 72)) of
accelerating energy transitions Jewell and Cherp (2023) highlight two approaches: the ‘inside’ and the
‘outside’ views.

The ‘inside view’ identifies barriers, risks and strategies to overcome these. For the implementation of
EU-wide policies one challenge is translating them into national legislation, for which we review national
plans of EU member states and check whether these add up to the EU-wide goals. We also identify
other barriers to renewable growth, measures that have been proposed to overcome these barriers
and potential second-order effects of these measures.

The ’outside view’ identifies reference cases of similar transitions in history or in other contexts and
compares the context and the outcome of these cases to the planned transitions. Here we use the
reference case of nuclear power in Western Europe, which was a case of rapid growth of advanced
capital-intensive technology in industrialised countries exposed to energy security risks. We also use
reference cases from other technologies and contexts to benchmark the proposed acceleration and
assess its feasibility.

2.2 Explaining change in policy goals

Our paper aims not only to detect policy-driven acceleration, but also to explain how the relevant policy
change came about. Cherp et al. (2018) point to three top-level variables potentially explaining energy
transition policies: state goals, institutions, and political interests. The interaction of these factors
involves discursive elements such as policy paradigms and securitization and features positive and
negative feedbacks, eventually resulting in non-linear policy change (Kingdon 2014).

Among state goals, energy security has historically been the most visible (Jewell and Brutschin 2019;
Helm 2002). For example, oil crises of the 1970s motivated expansion of nuclear power in France and
natural gas in the Netherlands (Sovacool 2016), phasing out oil from the power sector (Vinichenko,
Cherp, and Jewell 2021), as well as industrial restructuring in Germany, Japan, France and the US
(Ikenberry 1986). The literature argues that articulating and prioritizing specific energy security
concerns involves political judgement as much as objective analysis of material realities. For example,
Cherp and Jewell (2014), who define energy security as ‘low vulnerability of vital energy systems’,
recognize that both ‘vital systems’ and their ‘vulnerabilities” may be objectively delineated in different
ways, may differ across countries and time periods, and may also be viewed differently by different
actors. Energy security is important for our analysis because it was used among the main arguments
supporting ambitious energy goals in the REPowerEU plan.

Another state goal affecting renewable energy policies is climate change mitigation. Over the last three
decades, it has been enshrined in global treaties such as the United Nations Framework Convention on
Climate Change (UN 1992) and its Kyoto Protocol (UNFCCC 1997) and Paris Agreement (UNFCCC 2015)
as well as in hundreds of energy-related national climate policies (NewClimate Institute 2023).
However, translating the global temperature goals into specific national energy policies has not been
straightforward. In addition to scientific uncertainties, it involves political judgement about the
distribution of mitigation costs and efforts across regions and countries and over time as well as
choosing mitigation options which can range from forcing lifestyle changes to capturing carbon dioxide
from the atmosphere. In its Sixth Assessment Report (AR6), IPCC has published over 200 different
scenarios (climate mitigation pathways) compatible with the 1.5°C target, each envisioning its own mix
of measures to reduce the concentration of greenhouse gases in the atmosphere (IPCC 2022a). As we
will show, understanding how these choices were made is important for explaining the evolution of
renewable energy policies in the EU, since until 2022 their main rationale was climate change
mitigation.

Explaining policies in terms of state goals is ‘state-centric’: it views the state as an autonomous actor
capable of formulating and pursuing its own goals (Cherp et al. 2018). In contrast, ‘state-structured’,
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‘neo-pluralist’, approaches view the state as lacking its own agenda but instead aggregating interests
of different actors such as voters, businesses, and social movements (Cherp et al. 2018). For example,
policies supporting coal and renewables in Germany as well as nuclear power in Japan were adopted
under a strong influence of vested interests (Cherp et al. 2017). Whether the state pursues its own
goals or aggregates diverse interests, it operates through institutions. The structure and capacity of
institutions have been used to explain energy policy and policy change starting from the seminal
Ikenberry’s paper (1986) discussing how different institutions led to different responses to oil crises in
Germany, France, Japan and the US, to more recent literature showing how institutions affect energy
transitions in the EU (Cetkovi¢ and Buzogdny 2020) that states with stronger institutional capacity often
experience earlier and faster energy transitions (Brutschin and Andrijevic 2022), including the
introduction of nuclear power (Brutschin, Cherp, and Jewell 2021) and renewables (Cherp et al. 2021)
as well as phase-out of coal (Jewell et al. 2019; Brutschin et al. 2022; Leegreid, Cherp, and Jewell 2023).

Thus, an explanation of policy-driven acceleration of energy transitions should consider state goals,
special interests and institutions as well as factors that are ‘external’ to political systems such as
technological development, economic change, and geopolitical dynamics. For example, economic
downturn or hostile actions of energy suppliers may re-order state priorities and new technologies may
empower certain interests or enable certain institutions. In addition to this dynamics, policy change
literature stresses three concepts: discursive elements, policy feedbacks and non-linearities.

The dominant discourse about policy goals, priorities and instruments is conceptualized as policy
paradigm (Hall 1993). Hall argues that a policy paradigm shift occurs when the state and other actors
agree on a new problem definition or solution, emphasizing the role of learning. Kern et al. (2014) apply
Hall's theory to explain the shift in UK energy policies in the 2000s from self-regulated markets to state
intervention, attributing it to changes in 'crisis narratives' (Widmaier, Blyth, and Seabrooke 2007).

Another concept explaining discursive shifts is ‘securitization’: presenting a policy problem as an
existential threat. As originally formulated by the Copenhagen School (Buzan 1983; Buzan and Waver
2003; Buzan, Waever, and Wilde 1998), securitization is a twofold discursive move, which, first, presents
a referent object (e.g. energy supply in case of energy security or food production in case of climate
change) as being under the existential threat and, second, legitimizes urgent and exceptional measures
aimed at the elimination of the threat and securing the referent object. In its ultimate form,
securitization may justify disruption of normal democratic procedures, because dealing with a threat in
extreme situation typically involves a centralized, top-down approach to decision-making and requires
sacrifices from society that would not be accepted in other circumstances (Delina and Diesendorf 2013;
Kester and Sovacool 2017; Delina and Diesendorf 2018). Securitization does not necessarily mean
accelerating green energy transition, it could also trigger securing energy supplies from alternative
sources, military protection of critical infrastructure (Jewell et al. 2016) or other security-related
measures. Although energy security threats often trigger changes in energy systems, securitization may
remain a ‘figure of speech’, what Heinrich and Szulecki (2017) call 'security jargon’. This happens if
security language is used only to gain political weight or media attention instead of taking prompt
action. Moreover, securitization of energy may also be used by politicians as an element of ‘state
encroachment’ (Szulecki 2020) on energy systems. Finally, securitization of energy issues may not be
sufficient to facilitate long-term green transitions as it is vulnerable to other shocks competing for public
attention (Kester and Sovacool 2017).

Policy feedbacks involve how the implementation of one policy influences conditions for future policies,
resulting in a non-linear and path-dependent process (Knill and Tosun 2012). Pierson (2000) highlights
'increasing returns' as a policy benefits specific recipients, leading to their support and reinforcement
of the policy, thus amplifying its impact. Jacobsson and Lauber (2006) demonstrate this cycle with the
case of Germany's renewable electricity policies from the 1990s, where initial modest policies
empowered beneficiaries who then advocated for policy retention and expansion in the 2000s (also
observed in (Cherp et al. 2017)). Creating such ‘winning coalitions’ (Meckling et al. 2015; Meckling,
Sterner, and Wagner 2017) as well as fostering institutional learning and increase in expertise (Pahle et
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al. 2018) would make it possible to develop more stringent policies overtime. This theory is behind the
policy sequencing framework based on the hypothesis that “each stage [of policy development — AP] is
conducive to achieving the subsequent, more stringent one” (Pahle et al. 2018). Literature shows how
stepwise policy development with a shift in interests and coalitions of policy actors leads to the
ratcheting-up of climate policies in the EU (Pahle et al. 2018; Leipprand, Flachsland, and Pahle 2020;
Meckling, Sterner, and Wagner 2017). On the other hand, increasing returns may lead to policy path
dependence (Pierson 2000) and lock-in as is generally the case with fossil fuel subsidies, which, once
enacted, are very difficult to withdraw due to their multiple beneficiaries (Inchauste and Victor 2017).

Moreover, not all policy feedbacks are positive, i.e., reinforcing the existing policies, because policies
produce both winners and losers with the latter likely to oppose their strengthening. The number of
losers often increase with stronger policies or, in our case, increasing the use of renewables. For
example, even among the public who supports renewables in general, there is less support for specific
projects at the local level as (Schumacher et al. 2019) show. Moreover, the acceptance of renewable
infrastructure further decreases among the public who already has experience with renewables
(Donald et al. 2022; Kontogianni et al. 2014). Politicians who support renewables responding to national
opinion polls pay locally with electoral losses (Stokes 2016). The growth of renewables is therefore
slowed down by socio-political resistance that may weaken the accelerating effect of technological
learning (Breetz, Mildenberger, and Stokes 2018) and ratcheting-up of a given policy.

The presence of both positive and negative feedbacks makes policy evolution highly uneven and non-
linear, when periods of relative stagnation are intercepted by brief periods of rapid change as
articulated in the concept of punctuated equilibrium (Baumgartner and Jones 2002) and accounted for
in the Multiple Streams Theory (Kingdon 2014) arguing that for policy change to occur many factors
should coincide in time such as external circumstances, interests, and institutional capacity. Similarly,
the Advocacy Coalition Framework (ACF) (Sabatier and Weible 2007) explains policy change as a result
of conflicts between competing advocacy coalitions with different beliefs and interests on a policy issue.
Policy change can be triggered by external shocks, prompting coalitions to adapt through policy-
oriented learning (Knill and Tosun 2012). The implementation of new policies may generate feedback
effects, influencing subsequent policy decisions and contributing to the overall policy change process.

In summary, to account for conditions when policy goals aim to accelerate transitions we consider state
goals, interests, institutions, discursive elements such as policy paradigms and securitization, and the
process by which all these factors interact with each other.

3 Results

3.1 Renewable energy growth and the evolution of policy goals in the EU

Plans and policies targeting renewable energy in the EU date back to the early 2000s when the first
Renewable Energy Directive 2001/77/EC (‘RED 0’) (EC 2001) was published. Subsequently, the updated
REDs were published in 2009 (‘RED I, Directive 2009/28/EC) (EC 2009a) and in 2018 (‘RED II’, Directive
2018/2001/EU) (EC 2018b). In July 2021, a proposal amending RED Il was released with regard to the
‘Fit for 55’ package (EC 2021b). In less than a year, in May 2022, the Commission released the
REPowerEU plan® (EC 2022e) together with five Communications related to its implementation (EC
2022b). In order to reach the REPowerEU objectives, the Commission has also proposed to update,
among other things, RED Il (EC 2022f). After discussion, in spring 2023, the European Parliament and
the Council reached a provisional agreement on the Commission’s proposal (EC 2023). The final draft
of the updated Renewable Energy Directive (‘RED I1I’) will be considered in the European Parliament in
September 2023 (European Parliament 2023). Throughout the paper, we refer to all the documents
released together or amended with regard to the REPowerEU plan as to ‘REPowerEU and related
policies’. In this section we analyse the relationship between the growth of renewable energy (overall

3 Note that a draft proposal of the REPowerEU plan was resealed even earlier, in March 2022 (EC 2022a).
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as well as specifically solar and wind power) and EU policy goals. Subsequently we use the criteria from
Table 1 to reason whether there is evidence that the policies aim to accelerate the transitions.

3.1.1 Share of renewables in final energy

Comparisons of renewable energy targets set in REDs from different years and the actual trends in
renewable energy are shown in Table 2, Figure 2, and Figure 3). Approximated with linear trend, the
average historical rate in 2004-2021 is close to 0.7 percentage points (pp). In these terms, RED |
targeted a slightly faster growth of 0.9pp and RED |l still faster growth of 1.2pp, whereas REPowerEU is
way more ambitious, almost tripling this rate to 2.6pp ('Fit for 55' package — 2.1pp and RED IlI* = 2.3pp).

Figure 2. Historical trends (linear) and policy targets for the share of renewable energy in final energy
consumption in the EU
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However, both the actual growth of renewables and the indicative trajectories in RED | and RED Il are
not linear (Figure 3). The actual growth slightly slows down between 2004-2019 and then experiences
a boost in 2020-2021 (which may be partially attributed to COVID-19 (EC 2022c)). In contrast, the
indicative trajectories in both RED | and RED Il envision accelerated growth of renewables. RED |
envisions acceleration with a higher year-on-year rate (about 5.7%) than has happened historical, but
RED Il envisions acceleration with exactly the historical rate (4.7%). In this sense RED Il is less stringent
than RED | but is closer to historical data. The proposal for RED Il made in 2014 envisioned an even
slower rate under 3%. The ‘Fit for 55’ package and the REPowerEU related policies are more ambitious
alsoin terms of exponential growth: ‘Fit for 55’ envisions 7.0% year-on-year growth, REPowerEU —8.4%,
and RED Il — 7.6% (Figure 3, Table 2).

4 The REPowerEU plan’s proposal amending RED Il (EC 2022f) envisioned to raise a 2030 target for the share of
renewable energy in final energy consumption in the EU up to 45% — from 32% set in the 2018 RED . In spring
2023, the European Parliament and the Council agreed on raising the 2018 RED Il target to 42.5% (EC 2023).
Throughout the paper, we refer to the former as to ‘REPowerEU’ target and to the latter as to ‘RED III’.
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Figure 3. Historical trends (exponential) and policy targets for the share of renewable energy in final
energy consumption in the EU, log-scale
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Table 2. Historical and current trends and plans concerning renewable energy share in FEC*
. Compound
L th t
Policy and year of adoption Policy Target I;::; i?l’vés) (percentage annual growth
P rate (CAGR)
Historical 2004-2008 7.5pp 6.9%
RED 1, 2009 20% by 2020 0.6 pp 5.7%
Historical 2004-2014 0.78 pp 6.1%
Proposal for RED II, 2014 27% by 2030 0.6 pp 2.8%
Historical 2004-2018 0.7 pp 5.0%
RED II, 2018 32% by 2030 1.1pp 4.7%
Historical 2004-2021 0.7 pp 4.9%
‘Fit for 55, 2021 40% by 2030 2.1pp 7.0%
REPowerEU, 2022 45% by 2030 2.6 pp 8.4%
Provisional agreement on RED Ill, 2023 | 42.5% by 2030 2.3 pp 7.6%

*FEC - Final energy consumption

3.1.2 Electricity from solar and wind power

The total share of renewables in the final energy consumption (FEC) is a very aggregate indicator,
encompassing many different sectors (buildings, transport, industry, power) and technologies (hydro,
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biomass, heat pumps, electric vehicles, wind power), which do not develop in a synchronized manner.
It is possible that policies seek to accelerate the growth of some of these technologies more than
others. We therefore examine EU’s policy goals specifically for renewable electricity. Renewable
electricity is needed not only to decarbonise the power sector, but also for reducing emissions of
transport, heating, and industry. Solar and wind power are posed to generate almost of all low-carbon
electricity growth by 2030.

REPowerEU envisions about 3.4 times faster growth of renewables in electricity in 2022-2030 than in
2014-2022, increasing the speed of onshore wind and solar PV deployment by about 3 times and
offshore wind by almost 8 times (Table 3). This unprecedented growth is faster than any historical
growth in similar size countries (Figure 4) and can be compared to the growth of nuclear in Western
Europe (Figure 11). In the next section we focus on the three main renewable electricity technologies:
onshore and offshore wind and solar power.

Table 3. Capacity addition rates of main renewable electricity technologies: historical for 2014-2022
and as envisioned in REPowerEU, GW/year

Historical (2014-2022) REPowerEU (2022-2030)

Onshore wind 9.4 26
Offshore wind 1.7 13
Solar PV 15 49
Total 26 88

Figure 4. Maximum growth rate of low carbon technologies in countries and regions of different sizes.
Historical: hollow circles (for stable and stagnating growth) and crosses (for accelerating growth). EU
and Germany plans and near-term projections: color circles. Replicated with permission from
Vinichenko, Jewell, et al. (2023).
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3.1.3 Onshore wind

Onshore wind emerged as a commercial technology first in Denmark in the 1980s and then towards
the end of the 1990s in Germany and Spain followed by other European countries (Cherp et al. 2021).
Its rate of growth accelerated until about 2010 subsequently stabilising at ca 9-10 GW/year between
2010-2021 (Figure 5) despite continuous cost decline. The year-on-year growth rate of 21% observed
in 2000-2009 dropped to under 7% in 2014-2022. This means that onshore wind is currently at the
stable growth phase of the S-curve (Figure 1), when the driving and countervailing forces such as
conflicting land uses are balanced out. According to technology diffusion theories, it would be natural
to expect future growth with either the existing rate or possibly even slowing down.

In contrast, both ‘Fit for 55" and REPowerEU require much faster growth at ca 25 GW/year® or with
CGAR of 10% between 2022 and 2030. This growth would be much faster than what is projected in
both the main and the accelerated cases by the IEA (IEA 2022b).To achieve their goals, the policies
would need not only to significantly accelerate the current pace of onshore wind deployment but also
to change its entire growth trajectory (Figure 5).

Figure 5. Cumulative (left) and annual additions (right) capacity of onshore wind power in the EU in
2001-2023 vs. the growth envisioned in ‘Fit for 55’ and REPowerEU by 2030 and projected in the IEA
main and accelerated cases
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3.1.4 Offshore wind

In comparison to onshore wind, offshore wind power is a newer and more complex technology, which
still plays a relatively minor role in renewable electricity supply. The use of offshore wind in the EU is
dominated by four countries: Denmark, Germany, the Netherlands and Belgium (Cherp et al. 2021),
and its overall growth is uneven. In 2009, the European Energy Programme for Recovery (EC 2009b)
allocated almost €600 m to offshore wind energy projects which could have caused a boost of
deployment around 2014-2015 but the subsequent rate of additions did not increase (Figure 6). ‘Fit for
55’, based on the EU strategy on offshore renewable energy (EC 2020b), aims to almost quadruple
offshore wind capacity by 2030 and the REPowerEU roughly doubles this ambition® (Figure 6). This
accelerates the historical trends and is generally comparable to the growth of nuclear power in Western
Europe in the 1960s (Figure 9).

5 ‘Fit for 55" envisioned 469 GW of total wind of which 60-70 offshore and 400-410 — onshore. REPowerEU
envisioned 510 GW of total wind of which 111 GW offshore (EC Directorate-General for Energy 2023), and 399
GW onshore. Subtracting the 2021 capacity (173 GW) and dividing the result by 9 we get 25 GW/year of expected
additions.
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Figure 6. Cumulative capacity (left) and annual capacity additions (right) of offshore wind in the EU vs.
the growth envisioned by REPowerEU and the ‘Fit for 55’ package
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3.1.5 Solar PV

Solar power took off about one decade later than onshore wind and its initial growth in the EU was
uneven. There was a boost in additions around 2009-2012 which followed subsidies provided as part
of the European Economic Recovery Plan (EC 2008a), a response to the financial crisis of 2008-2009. At
the peakin 2011, additions of solar power reached over 20 GW/year. In subsequent years most of the
subsidies were stopped (Vinichenko 2018) and the additions decreased to much lower levels of 5-6
GW/year in 2013-2018. However, due to the rapidly declining costs of solar power it started re-
acceleration to the level exceeding the growth in the early 2010s (Figure 7). After 2017, the additions
started to steadily increase reaching almost 36 GW in 2022 as a result of decreasing costs of solar
(IRENA 2022) (Figure 7). The IEA main case (IEA 2022b) projects a continuation of these additions until
2027 with approximately the same pace, while the accelerated case envisions their increase to about
52 GW/year.

REPowerEU aims to modestly accelerate the rate of recent additions to about 48 GW/year, which is
more than in the IEA main case, but less than in the IEA accelerated case. The CAGR of solar power in
the EU in 2017-2022 was 16%, whereas REPowerEU envisions 15% in 2022-2030, which means that
exponentially extrapolating the growth from 2017-2022 to 2030 would result in approximately the
same capacity as REPowerEU (Figure 7). The envisioned growth of solar power is faster than past growth
of wind but comparable to the early growth of nuclear (Figure 10).

Figure 7 Cumulative (left) and annual capacity additions (right) of solar power in the EU vs. the growth
envisioned by REPowerEU and projected in the IEA main and accelerated cases
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3.1.6 Summary

The relationship between the growth of renewables and policy goals can be divided into two distinct
periods. In the first period extending approximately to 2018, renewable technologies followed the
trends that could be expected from technology diffusion theories and policy goals were generally in line
or even more modest than these trends. Policy goals also did not become more ambitious over time,
though temporary policy interventions around the financial crisis led to short growth spurs of solar and
offshore wind.

In contrast, post-2018 policies aim to substantially accelerate both the growth in the overall share of
renewable energy and the uptake of solar and wind power. The increased ambition is evident not only
in REPowerEU but also in the ‘Fit for 55" package and other Green deal (EC 2019) related policies (e.g.,
‘Climate Target Plan’ (EC 2020c), EU strategy on offshore renewable energy (EC 2020b), and the
proposal to amend RED Il (EC 2021b)). The acceleration was most obvious with respect to wind power,
where the onshore wind entered the stable growth phase already in 2010s but is presumed to be
accelerated by up to 3 times and much faster than the near-term projections which clearly means
finding new growth mechanisms and offshore wind witnessed doubling the already very high ambitions
between the ‘Fit for 55’ package and REPowerEU.

3.2 Policy stability and change: pre- and post-2018

The previous section shows that the EU renewable policy goals in the pre-2018 period both followed
the historical technology trends and were relatively constant over time, while the post-2018 goals
deviated from the historical trends and became decidedly more ambitious. This section discusses the
mechanisms that could explain this different policy dynamics. For each period, we consider policy goals
and paradigms related to climate and decarbonisation, energy security, economic growth, and
perceived technological opportunities while also accounting for institutional capacities and interests.

3.2.1 Pre-2018: renewable targets are motivated by climate concerns but only weakly linked to long-
term climate goals

During this period, renewable energy policies were primarily driven by climate change concerns, that
were presentin the EU policies already since mid-1990s (EC 1996). However, translating these concerns
to specific renewable targets was complicated by scientific, technological, and political uncertainties.
In setting the indicative objective in the White Paper “Energy for the future” in 1997 (EC 1997), the
European Commission remarked:

“Given the overall importance of significantly increasing the share of RES in the Union, this indicative
objective is considered as an important minimum objective to maintain, whatever the precise
binding commitments for CO2 emission reduction may finally be.”

The first European Renewable Energy Directive (‘RED 0’) (EC 2001) was released in 2001 based on the
White Paper and reflecting the climate commitments arising from the Kyoto Protocol (UNFCCC 1997).
The goal of RED 0 was to promote renewable energy, contributing to environmental protection, social
cohesion, and security of energy supply (EC 2001). Limiting the scope only to electricity generation,
RED 0 set an indicative target of 22% renewables in the EU electricity consumption by 2010, in line with
the White Paper's indicative target of 12 % of renewables in energy consumption by 2010 (ibid.). The
first target was under-achieved (the EU produced 19.6% of its electricity from renewables in 2010)
while the second target was slightly over-achieved (12.5% of total consumption from renewables in
2010).

With entering into force of the Treaty of Lisbon in 2009, ‘combatting climate change’ became a specific
EU goal (Kurrer and Lipcaneanu 2023). The first concrete climate targets by the European Union were
aligned with the Kyoto Protocol (EU 2015). In the first commitment period in 2008-2012, the required
emission reduction was 5% and the EU adopted 8% compared to the 1990s level. In the second
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commitment period (2013-2020) the required reduction was 18%, and the EU committed to 20% in its
“20 20 by 2020” package (EC 2008b). The target for renewable share in energy consumption at 20% by
2020 was later stipulated in the Renewable Energy Directive 2009/28/EC (‘RED I’) (EC 2009a), also part
of the package (EC 2008b).

In 2011, the Commission proposed a ‘Roadmap for moving towards competitive low-carbon economy’
(EC 2011) with 80% reduction of emissions by 2050, which was widely believed to be necessary to keep
the temperature increase below 2°C as well as intermediate targets of 40% by 2030 and 60% by 2040,
(retaining the 20% by 2020 target). In 2010, at the request of the Council of the European Union (2009),
the Commission assessed an option to increase the 2020 target from 20% to 30%. However, the
Commission argued that achieving the proposed target would to be too costly, especially in light of the
recent financial crisis and given the failure of the 2009 COP in Copenhagen (EC 2010a). A similar analysis
conducted in 2012 (EC 2012) concluded that even increasing the 2020 target to 25% would be too
expensive (by an extra €18 bln/year). In 2014, the goal to reduce emissions by 40% by 2030 was finally
enacted in the policy framework for climate and energy for 2020-2030 (EC 2014), which also set a goal
of renewable share at 32% by 2030. While the emission reductions target already exceeded Kyoto
Protocol’s commitments, the target for renewables has continued the historical trajectory (Figure 2).
Eventually, the RE share target of 32% by 2030 was enacted in the revised Renewable Energy Directive
2018/2001/EU (‘RED II') (EC 2018b) in 2018.

Concerns about energy security were present in European energy policy at least since the 1980s (see
e.g. (The Council of the European Communities 1986). Yet, in contrast to climate, EU energy policy was
specifically incorporated into the EU Treaty only in 2009 (EU 2015). The specific concerns about security
of hydrocarbon supplies from Russia first emerged in the early 2000s due to Russia’s ‘resurgent
resource nationalism’ (Kuzemko 2013) and a series of gas supply crises (in 2006, 2009) to Europe
through Ukraine (Stern 2006; Pirani, Stern, and Yafimava 2009). However, despite the mention of
energy security in both 2001 and 2009 Renewable Energy Directive (EC 2009a), no specific linkage
between renewable targets and energy security were articulated. After the 2009 crisis when 18 EU
countries experienced gas disruption in the middle of the winter (Reuters 2009) the EC proposed “A
strategy for competitive, sustainable and secure energy” (EC 2010b) that defined the EU’s energy
security objective as insuring “the uninterrupted physical availability of energy products and services
on the market, at a price which is affordable for all consumers (private and industrial), while
contributing to the EU's wider social and climate goals”. Overall, the 2010 Strategy (EC 2010b) primarily
focused on creating critical infrastructure to increase the systems resilience and protect against supply
shocks rather than accelerating the uptake of renewables.

After 2014, concerns about energy supplies from Russia have intensified as, on the one hand, Russia
annexed Crimea and got involved in the armed conflict over Donbas and, on the other hand, the
dependence of the EU on natural gas supplies from Russia increased (EIA 2022). In light of the potential
risks, the EC proposed a new European Energy Security Strategy (EC 2014) that outlined eight steps
aimed to increase the EU energy security, including diversification of energy supplies through
establishing new gas routes and expansion of the infrastructure, moderation of energy demand,
increase in energy production inside the EU, and improvements of interconnectivity between the
Member States. Energy security policies rarely mentioned increasing supply of renewable electricity as
a means reducing dependence on Russian fossils. This was to a certain extent logical: the increase in
intermittent renewable electricity and simultaneous phase-out of coal and nuclear power was bound
to increase rather than decrease dependence on imported gas.

The connection between economic considerations and renewable energy policies in this period was
highlighted in the aftermath of the financial crisis of 2008 which led to a slow-down of most European
economies. To support economic recovery, the European Union introduced the European Economic
Recovery Plan (EC 2008a), with specific provisions to stimulate green energy technologies, including
offshore wind power. Some of the member states provided additional subsidies to solar power, which
have led to its temporary growth spur (Figure 6, Figure 7, (Cherp et al. 2021)). It was also around this
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time that Germany subsidised and expanded manufacturing of solar panels, which significantly
contributed to their cost decline®.

In summary, in this period renewable energy goals were mostly driven by climate change concerns,
however, the climate goals themselves were a relatively conservative response to the modest global
targets. Moreover, translating these goals into renewable energy targets was first hindered by
considerable uncertainty over technology potential and subsequently by concerns over the costs. Thus,
long-term climate targets were translated into more even more cautious near-term renewable targets
for renewables essentially continuing their historical trends. Exceptions to these policies were
temporary responses to the 2008 financial crises with the purpose to stimulate the economy through
public spending, when both EU and national subsidies resulted in growth spurs of solar and offshore
wind. The dominant energy security concern at that time was supply shocks and the protective
measures focused on increasing short-term system’s resilience without much effect on renewable
policies. Finally, institutional capacity for understanding and promoting renewable growth has been
gradually strengthened including through the evolution of epistemic communities linking policy makers
to energy modellers, other scientists, think tanks and advocacy groups, that laid the foundation for
formulating more ambitious targets in the 2" period.

3.2.2 Post-2018: near-term renewable targets are derived from net-zero for 2050 vision

Towards the second half of the 2010s, the global climate governance has changed. The Paris agreement
(UNFCCC 2015) set a political goal of limiting global warming to 1.5°C (Cointe and Guillemot 2023). This
goal was linked to the ‘net zero emissions’ by mid-century aspiration (Rogelj et al. 2021) and the related
concept of ‘net zero energy by 2050 (IEA 2021). In 2018 the European Commission endorsed the goal
of achieving net zero emissions by 2050 (EC 2018a). In 2019, the adoption of the European Green Deal
marked a resetting of the Commission’s commitment to solving climate and environmental problems
with an aim to:

“transform the EU into a fair and prosperous society, with a modern, resource-efficient and
competitive economy where there are no net emissions of greenhouse gases in 2050 and where
economic growth is decoupled from resource use”(EC 2019).

This was still far too distant a goal to dictate concrete near-term strategies. Following the adoption of
the Green Deal, the EC investigated what would the 2050 goal mean for 2030 emissions reduction
target, which was still set at 40% as in the 2011 Roadmap. The EC’s Impact Assessment (EC 2020a)
argued that achieving net zero emissions by 2050 would require increasing the 2030 target as well,
because otherwise it will lead to unrealistically high rate of decarbonisation in 2030-2050. Thus, the
2030 emission reduction target was recommended to be set at 55%, a massive ramping up meaning
nearly doubling the speed of the previously planned emission reduction. Subsequently, energy and
emission scenarios based on cost-optimisation models derived the required speed of renewables
introduction (EC 2020a), which formed the bases of the ‘Climate target plan’ (EC 2020c), ‘EU offshore
wind strategy 2020’ (EC 2020b) and the ‘Fit for 55’ package (EC 2021a). Increased ambition with regard
to emissions reduction target has also led to the revision of the 2030 renewables share target, that was
set at 40% in the proposal amending Renewable Energy Directive (EC 2021b) —up from 32% in the 2018
RED Il. Reaching climate neutrality by 2050 was eventually enacted into the first ‘European Climate Law’
(Regulation (EU) 2021/1119) in 2021.

Expansion of renewables was eventually linked not only to climate targets but also to ensuring EU’s
energy independence, where long-term dependence on Russia rather than short-term supply shocks
have emerged as the primary concern. At first, although the relationships between the EU and Russia
continued to deteriorate, energy security remained a marginal consideration in the ‘Climate Target
Plan” (EC 2020c) and the Green Deal (EC 2019). For example, the 2021 ‘Fit for 55’ package (EC 2021a)

& Though the manufacturing was subsequently shifted to China, the cost decline continued eventually enabling
the possibility of solar growth almost a decade later.
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mentions security only once and that is not energy, but food security. However, with Russia’s full-scale
invasion of Ukraine in February 2022, Europe’s dependence on Russia’s gas was immediately casted as
an existential security problem. The winter and spring of 2022 featured intense media discussion on
how to reduce this dependence (Pavienko 2022). In March 2022, the IEA came up with a 10-point plan
to reduce the European reliance on Russian (emphasis added) natural gas (IEA 2022a), which included
expansion of renewables and maximization of electricity generation from nuclear in the EU. Same time,
“to make Europe independent from Russian fossil fuels well before 2030, starting with gas” (EC 2022d),
the Commission proposed an outline of the REPowerEU plan (EC 2022a). The final version of the plan
as well as other accompanying documents were presented in May 2022 (EC 2022b). In contrast to
previous policies, REPowerEU features a very strong energy security language, claiming that renewables
increase the EU's energy independence and improve security of supply. While the ‘Fit for 55’ package
(EC 2021a) did not mention energy security, the REPowerEU plan (EC 2022e) mentions security of
energy supply over 20 times. It Is also noteworthy that ‘Fit for 55’ package clearly calls for action ‘to
fight against climate change’, whereas the REPowerEU plan (EC 2022e) does not mention ‘climate
change’, not even once. Yet, paradoxically, despite this radically different rhetoric, REPowerEU does
not dramatically alter the 'Fit for 55' goals for renewables.

Linking near-term renewables targets to long-term climate goals as well as energy independence was
possible, among other things, by perceived technological opportunities. First, the net zero targets
signalled the need to decarbonise not only electricity but also industry, heating and transport, which
among other things would mean a much larger market for renewable power. Second, decarbonising
these sectors would also be a plausible strategy to reduce the dependence on Russian oil and gas (which
could never be achieved by decarbonising electricity alone). Third, advances in decarbonising non-
electricity sectors held a promise of maintaining or expanding EU leadership in low-carbon technologies
ranging from heat pumps to non-fossil steel and cement production and thus in worldwide economic
competitiveness. These goals now seem not only desirable, but also feasible considering the declining
costs of renewables (especially solar) as well as the explosive growth of batteries and electric vehicles
and emerging visions and plans for production and use of hydrogen and other low-carbon fuels.

In summary, the post-2018 ramping up of renewable energy targets was due to several coinciding
factors. The increased climate ambition linked to the net-zero by 2050 commitment implied rapid
decarbonisation of non-electricity sectors, thus promising larger markets and requiring faster growth
of renewable power. In a paradigmatic shift, the European Commission linked these long-term goals to
near-term targets through the ‘Fit for 55’ package. In parallel, the dependence on Russian oil and gas
was securitised as a result of the war in Ukraine and also linked to the rapid expansion of renewables,
following, somewhat paradoxically, the targets derived from long-term climate goals. This fusion of
climate and energy security goals to support massive expansion of renewables was made possible on
the one hand by perceived technological opportunities especially cost decline and advances in
electrification and on the other hand by the strengthened EU bureaucracy and weakening of economic
interests linked to the import of Russian gas as well as the use of coal and nuclear power”.

3.3 Challenges and feasibility of achieving renewable energy goals

Due to the high ambition of recent policies, the feasibility of their implementation has been questioned,
as, for example, during the discussion of the recently proposed revision of the Renewable Energy
Directive (EC 2022f) in May-June 2023 (see, e.g., Abnett 2023). In this section we discuss this concern
with respect to offshore and onshore wind and solar power. For each technology we compare its

7 Germany completed phase out of the 2" largest nuclear power fleet in Europe by early 2023. The production
and use of coal in the European Union has declined under the 2010s, with most countries pledging to phase out
coal use (Jewell et al. 2019; Vinichenko, Vetier, et al. 2023).
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projected EU-wide deployment with the existing national plans, with historic development of nuclear
power, and discuss potential barriers for its implementation.

3.3.1 Onshore wind

Onshore wind is the most mature and largest source of renewable electricity in the EU and globally and
it is also posed to contribute most to the REPowerEU goals. As we explain in section 3.1.3, these goals
would need to alter its historical trajectory of steady quasi-linear growth in the last decade. This means
that re-accelerating growth would need to eliminate the barriers that have prevented acceleration over
the last decade. One of the most important barriers is broadly understood land availability which
manifests itself in complicated permitting and wider social opposition. Onshore wind required more
land than solar and offshore wind and good sites are becoming increasingly scarce (McKinsey 2023). In
its report “Land: a critical resource for energy transitions”, McKinsey argues “beyond the technical
suitability of the land, which is a hard limiting factor, a significant amount of land in Europe is
unavailable for development because of strict regulations”. The report finds that in Germany, the rules
about distance from settlements and infrastructure as well as other technical, regulatory, and
environmental constraints reduce available land by 82 percent in comparison with what is technically
available. Competing land uses result in lengthy permitting procedures and permits for onshore wind
and other renewable projects being frequently denied. For example, about 80% of applications for
onshore wind power in Sweden were refused in 2021 (SVT 2022). There is significant pressure to
‘streamline’, ‘shorten’ and ‘simplify’ the permitting procedures, but these also run risk on infringing on
normal democratic processes and may result in backlash and more resistance over time (Kester and
Sovacool 2017; Bavarian Ministry of Economic Affairs, Energy and Technology 2022).

Currently, 80% of onshore wind power in the EU is deployed in 8 countries: Germany, France, Spain,
Italy, Poland, Sweden, the Netherlands, and Belgium. These are the largest countries, predominately
located in Northern Europe and on the Atlantic with best wind conditions, and historically characterized
by strong motivation and capacity to develop wind power. There is therefore no reason to expect that
the distribution of wind power across the member states will drastically change. These eight countries
plan to install about 276 GW of onshore wind by 2030, which scaled up to the whole EU will add to 345
GW or some 50GW (10-15%) less than the REPowerEU target of ca 400 GW. REPowerEU would also
require 25-30% faster additions than in the current national plans.

Onshore wind power has historically grown slower than nuclear power and even faster growth in
REPowerEU would still be slower than nuclear (Figure 8). However, drawing lessons from the nuclear
growth would be problematic because nuclear power was never in a situation when stable growth was
re-accelerated by policies, and it never had to overcome the barrier of competing land-uses.
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Figure 8. Historical generation from onshore wind power in the EU (blue solid line) and FF5 and
REPowerEU targets (blue triangles) compared to the historical growth of nuclear power in Western
Europe (purple line). The left panel shows the electricity supply from each technology in absolute numbers
(1993-2021 + 2030 for wind and 1961-1998 for nuclear) and the right panel — as percentage of total electricity
supply each year (1997-2021 +2030 for wind and 1961-1994 for nuclear).
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3.3.2 Offshore wind

Compared to onshore, offshore wind is a relatively new technology, where the EU is the global
frontrunner, which has just cleared the formative phase and requires at least 8-fold upscaling to reach
the REPowerEU targets. On the positive side, rapid deployment of offshore wind is in line with the
voluntary national plans for offshore wind development set in the non-binding agreements
(EC Directorate-General for Energy 2023). However, implementing these plans would require
overcoming several barriers and risks, including securing the necessary investments, overcoming
interest conflicts in using maritime areas, constructing the transmission infrastructure and ensuring
that linked technologies such as hydrogen production do not fail to provide the necessary demand.
Historically, development of offshore wind farms has been associated with long lead times and failures
to implement the announced projects. To pursue an 8-fold increase in capacity within the 7 years would
require immediately addressing these challenges.

Among renewable electricity technologies, offshore wind has most similarities to nuclear power,
including technical complexity, large project size, and its concentration in a handful of countries that
share necessary conditions. In contrast to nuclear power that relied on rapidly and ‘naturally’ growing
domestic markets, offshore wind would need to be sold in international markets because many
countries plan its production far beyond their own needs. Furthermore, it may need to be used in
conjunction with other, even less mature, technologies, such as hydrogen production, that would also
require massive state support to take off. Thus, development of offshore wind power would need
massive state involvement, which also makes it similar to nuclear.

So far, the growth in offshore wind generation has been somewhat slower than the growth of nuclear
power at early stages of its development (Figure 9). For example, the share of nuclear power in
electricity in 1960-1967 increased by 8.5 times, but for offshore wind in the similar period (2014-2021)
it increased by only 4.3 times. In contrast, REPowerEU envisions somewhat faster growth of offshore
wind in 2022-2030 than the growth of nuclear in a comparable period (Figure 9).
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Figure 9. Historical generation from offshore wind power in the EU (blue solid line) and the REPowerEU
targets (blue triangles) compared to the historical growth in nuclear power generation in Western
Europe (purple line). The left panel shows the electricity supply from each technology in absolute numbers
(2009-2021 + 2030 for wind and 1961-1982 for nuclear) and the right panel — as percentage of total electricity
supply each year (2014-2021 +2030 for wind and 1961-1977 for nuclear).
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3.3.3 Solar PV

Solar power is a rapidly growing technology, which has achieved grid parity and is rapidly growing
around the world including the EU. Its advantage are lower investment barriers and possibility of flexible
deployment in diverse conditions. However, its growth also requires extensive policy support, for
example protection from negative prices and price volatility when too much solar power is deployed
(SolarPower Europe 2023). Other barriers include the near-term increase in costs due to raising costs
of materials and bottlenecks in manufacturing. Isabel Schnabel of The European Central Bank (ECB)
coins the term “Greenflation” (ECB 2022) identifying an “important paradox in the fight against climate
change: the faster and more urgent the shift to a greener economy becomes, the more expensive it
may get in the short run”. This is because solar requite large amounts of metals and minerals, such as
copper, lithium, and cobalt. Demand for such materials rises faster than their supply because it typically
takes five to ten years to develop new mines, and the constrained supply drives skyrocketing of the
prices. Cost increases are important, because being extremely decentralised technology, solar power is
very sensitive to costs, where any deterioration of economy immediately discourages multitude of
actors to invest in new installations.

On the positive side, the eight countries which currently contribute 85% of solar power?® currently plan
additions in the range of 37-38 GW/year, which if upscaled to the whole of the EU will be 44-45
GW/year, close to the rate required by REPowerEU. Moreover, solar power is more likely to gain more
share in Southern Europe, Central Europe and the Balkans than in the Northern Europe which make up
the bulk of solar power deployment at the moment. Thus, the national plans can be realistically
implemented leading to implementation of REPowerEU.

The generation from solar power was similar to nuclear in terms of the total volume (2006-2021
compared to 1960-1975) and the share in electricity supply (2009-2021 compared to 1960-1971). For

8 These are the same eight countries as contributing 80% of wind power (Germany, France, Spain, Italy, Poland,
Sweden, Netherlands and Belgium)
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2021-2030, REPowerEU envisions growth comparable to the growth of nuclear in 1975-1984 (in terms
of absolute generation) or 1971-1980 (in terms of the share in electricity supply) (Figure 10). This
similarity signals the level of ambition for solar power in REPowerEU, but given that it is a very different
technology, few lessons can be drawn from nuclear.

Figure 10. Historical generation from solar power in the EU (solid orange line) and the REPowerEU
targets (orange triangles) compared to the historical growth of nuclear power in Western Europe
(purple line) (top) and onshore wind in the EU (blue line) (bottom). Left panels: electricity supply in absolute
numbers (2006-2021 + 2030 for solar; top: 1961-1997 for nuclear; bottom: 1993-2021 for wind) and the right

panels — as percentage of total electricity supply each year (2009-2021 +2030 for solar; 1961-1997 for nuclear;
bottom: 2006-2021 + 2030 for solar and 1998-2001 for wind).
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3.3.4 Combined growth of wind and solar

In addition to overcoming specific barriers for the development of on- and offshore wind and solar,
European economies face a combined challenge of deploying all these three technologies
simultaneously, which is historically unprecedented. The scale of this challenge is illustrated by
comparing the combined generation from wind and solar power in the EU to the generation of nuclear
in Western Europe (Figure 11).

While historically the growth of wind and solar power was initially similar and then slower than nuclear,
REPowerEU envisions not only faster growth in 2022-2030, but also deployment to the higher eventual
shares of electricity (which means that the growth of renewables would need to avoid the slowdown
experienced by nuclear in the 1990s) (Figure 11). This will be an unprecedented policy challenge since
all three renewable technologies (and the connected non-electricity technologies) would require policy
support and resources.

Figure 11. Historical growth of solar and wind power in the EU (solid blue line) and the REPowerEU
target (blue triangles) compared to the historical growth of nuclear power in Western Europe (purple
line). The left panel shows the electricity supply from each technology in absolute numbers (1993-2021 + 2030

for solar and wind and 1961-1997 for nuclear) and the right panel — as percentage of total electricity supply each
year (1998-2021 +2030 for solar and wind and 1961-1993 for nuclear).
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4 Discussion

This paper contributes to the debate on whether and under what conditions policies can accelerate the
transitions to low-carbon energy technologies. To address the challenge of two-way interaction
between policies and technologies we address this question in terms of policy and technology co-
evolution. Acceleration of technology growth can be attributed to policies when there is an
‘autonomous’ policy change which is subsequently re-integrated with technological realities. We
subsequently argue that the post-2018 policy-technology interaction departs from the pre-2018 trends
and may signal the beginning of policy-driven acceleration of transition.

Pre-2018, policy-technology coevolution was ‘integrated’. Policies supported technology diffusion and
reacted to emerging opportunities or barriers through incremental learning and adjustment. The
empirical hallmarks of this pattern are smooth technology growth trajectories following S-curves, while
policy goals are mostly tracing historical trends and do not become more stringent with time.
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Supportive policies resulted in early adoption of renewable electricity throughout the EU (Cherp et al.
2021). At the same time the growth of these technologies was not especially fast, compared both to
the growth required for reaching climate targets and to the past growth of nuclear (Cherp et al. 2021;
Vinichenko, Jewell, et al. 2023). Although the renewable policies were guided by climate change
concerns, the international climate targets were interpreted reactively and moderately. Even as long-
term goals gradually became more stringent, their translation into near-term renewable targets was
cautious and done with reference to economic costs and the global distribution of climate mitigation
burden. In other words, the normative climate goals informed the direction rather than the speed of
energy transitions.

Post-2018, renewable policies developed more autonomously, acquiring their own logic and aiming to
achieve normative climate goals through disruptive interference in technological diffusion. The
empirical hallmarks of this pattern are sudden changes in policy rhetoric, as well as policy goals which
are not in line with historical trends (requiring deviation from S-curves) or past goals. Some of these
hallmarks were observed around the late 2010s and early 2010s when large subsidies were distributed
to solar and offshore wind power leading to temporary growth spurs. Yet, at that time there was neither
sustained acceleration of technology diffusion nor a fundamental policy shift because policies reacted
to a one-off disruption by the financial crisis of 2008 while socio-technical systems were not ready for
acceleration due in part to high technology costs®. A more profound emergence of this pattern starts
in 2018 when EU goals for renewables are set far beyond the historical trends (Figure 2) and a rapid
simultaneous acceleration of renewable electricity (Figure 11), especially onshore (Figure 5) and
offshore (Figure 6) wind is envisioned together with acceleration of hydrogen production and other
technologies in the adjusted technology clusters.

Three simultaneously emerging policy discontinuities are likely to have contributed to the new pattern.
The first was a paradigm shift in linking long-term climate goals, particularly the ‘net zero’ vision for
2050 to the near-term (2030) emission and renewable targets calculated through normative cost-
optimisation scenarios. This can be contrasted to the previous mode of target-settings when the
connection between long- and near-term targets was more tentative and balanced against
technological and cost realities. This paradigm shift was the culmination of a long period of learning
within the EU climate and energy bureaucracy and the closely linked epistemic communities of energy
and climate modellers and researchers.

The second was securitization of renewables following Russia’s invasion of Ukraine which brought
attention to the dependence on Russian fossils to the media, public and politicians. Once again, the
presence of actors capable of making the ‘securitisation” move was critical. In the REPowerEU plan (EC
2022e), European Commission not only presented transition to renewables as a matter of avoiding an
existential threat but also framed a proposal to promote renewables through declaring them a matter
of national security that is ‘overriding public interest’ (EC 2023).

The third discontinuity was the perceived technological opportunities, especially reduction of costs of
solar and offshore wind power, as well as the prospects of decarbonising transport, heating and
industry through electrification and hydrogen production with help of renewables.

We argue that these factors could only work together, not in isolation. Climate concerns have inspired
renewable energy policies over more than two decades but have not induced a disruptive change in
technological trajectories, even when extreme urgency language was used in the UN and the media.
While ambitious, the EU ‘Fit for 55’ package (EC 2021a) contained more modest targets for both
offshore wind and solar power than the subsequently ‘securitized” REPowerEU. Moreover, even with
its extremely challenging onshore wind target, ‘Fit for 55’ did not contain a realistic strategy of achieving

9 This effect on renewables can be compared with a similar failure with respect to carbon capture and storage
(Reiner 2016; Abdulla et al. 2021).
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it, it was the securitization mode that proposed to override the existing land use and social opposition
concerns with casting renewables as a matter of public interest.

Likewise, energy dependence on Russia has been profound and increasing, but the main threat was
seen as supply shocks, not a long-term vulnerability requiring a drastic expansion of renewables. Past
energy security shocks led to build up of infrastructure and resilience including through supplier
diversification whereas energy security was not even mentioned in policy rhetoric concerning
renewables. Even after Russia’s invasion of Ukraine there were still options to respond to the threat
(e.g., increasing coal-fired and nuclear power generation, diversifying gas supplies, energy saving)
without rapidly ramping up the renewable targets.

Finally, technological change on its own would also be unlikely to deliver the planned acceleration,
except possibly for solar power. Onshore wind, where the cost of technology no longer declines has run
into significant socio-technical barriers, particularly conflicting land uses, that stopped its acceleration.
The rate of its steady growth over the last decade, although higher than for other renewables, has been
far lower than policy aspirations. Offshore wind is a large-scale emerging technology which would only
take-off with massive state involvement in the necessary infrastructure and related technologies such
as hydrogen production.

While none of the three factors would work in isolation, it is their combination that is shifting the co-
evolution pattern. The paradigm shift in climate policy allowed to formulate concrete near-term targets
whereas securitization triggered by the war allowed to make these targets urgent and existential
leading to their endorsement by policy-makers and stakeholders. Securitization was successful because
the EU policy was primed in this direction by decades of previous, climate-motivated policies and the
well elaborated ‘Fit for 55’ package and because the strong centralised bureaucracy was able to quickly
make the securitisation move. Furthermore, dependence on Russia does not imply any specific
renewable targets, so it was symptomatic, that REPowerEU mostly adopted the ‘Fit for 55’ climate
targets that were never designed to address security concerns. In other words, normative and
technocratic climate policy agenda was skilfully securitized by powerful bureaucracy. The perceived
technological opportunities played an important role here because policy makers believed that
implementing the ambitious targets would revive rather than slow down economies due to both lower
costs and an opportunity to secure EU leadership in global clean tech markets. The observed dynamics
resulting from this complex interaction exhibits the ‘punctuated equilibrium’ (Baumgartner and Jones
2002) pattern with stability periods intercepted by rapid change and is in line with the Multiple Streams
Theory (Kingdon 2014).

Even given this unprecedented policy shift, it remains to be seen whether the renewable technology
diffusion is going to be accelerated beyond the historically observed patterns. To do so, several major
barriers should be removed. For onshore wind, the major barrier is competing land uses and resulting
local opposition and complicated permitting. This is a barrier which should be overcome at the national
rather than the EU level, and therefore it is a particularly strong warning sign that the current
REPowerEU target is not aligned with national plans for this technology. Overcoming this barrier
through ‘streamlining’ localisation of wind projects may infringe on democracy and trigger further
backlash. For offshore wind, the main barrier is reducing long lead times and risks related to
implementation of complementary technologies such as hydrogen production. Given technological
similarities, certain lessons can probably be learned from nuclear power expansion in the 1960s and
the 1970s. For solar power, the main risk may be near-term cost increases related to material
availability.

The current conditions of an energy security shock may be conductive to overcoming some of these
challenges. Once again, the parallel with nuclear may be useful, since nuclear expansion was also
triggered by an existential threat to energy systems resulting from the oil embargoes of the 1970s.
Some of the recent scholarly contributions to applying wartime mobilization models used during World
War Il to energy transition policies include, for example, Delina and Diesendorf (2013); Hanna et al.
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(2021); Odenweller et al. (2022). A softer version of this is ‘Mission Economy’ proposed by Marianna
Mazucato drawing parallels between clean energy transitions and the Appollo project. These analogies,
while useful, may work better in overcoming barriers related to offshore wind with large projects, fewer
interests and massive involvement of the states, while the challenges of wind and solar power are much
more localised and thus would require different approaches. We also signal a specific challenge of
developing all three technologies simultaneously, which would require a greater policy effort than for
the development of nuclear power in Western Europe the 1960s-1980s, especially significant because
so far renewables developed slower, not faster, than nuclear. In both cases this policy effort occurs in
advanced industrialized democracies expecting boom in electricity demand and under an energy
security crisis. However, there are also significant differences. European Union is more diverse than
Western Europe with different conditions and capacities. This may create barriers in achieving
universally fast growth but also an advantage because diverse conditions might enable applications of
diverse technologies. It may also be hoped that the diversity of technologies will relax the barriers and
thus enable their wider application (while nuclear was largely confined to larger countries and required
rapid electricity demand growth, solar and wind can also be deployed in smaller countries with smaller
demand growth). There are additional differences in the context (e.g. the degree of electricity market
liberalisation and the stringency of environmental regulations) that would need to be addressed in
future research.

5 Conclusions

The question we ask in the beginning: ‘Can policies accelerate energy transitions?’ is less conceptually
and methodologically straightforward than it seems, given the coevolution of policies and technologies.
To answer this question, we first develop a definition of policy-driven acceleration as a process when
policy goals on the one hand deviate from technology diffusion S-curves expected from empirical trends
and near-term projections but on the other hand are feasible in given socio-technical institutional and
economic realities.

When this definition is applied to the analysis of renewable energy targets in the EU, two distinct
periods are easily identified: the pre-2018 with no policy driven acceleration and the post-2018 which
is likely the beginning of an acceleration, especially in onshore and offshore wind. The contrast between
the two periods is likely explained by three major and simultaneous shifts in the policy process and its
context. The first was the shift from weakly to strongly coupled long-term climate and near-term
renewable energy targets. This shift, closely connected to coining the net-zero for 2050 vision, occurred
within a strong epistemic community of climate and energy modelers and policymakers, and required
scientific advances and the institutional capacity to translate these into policies. The second was a shift
from perceiving security as protection from short-term supply shocks to securitizing dependence on
Russian oil and gas, triggered by Russia’s war in Ukraine, and, as a consequence, renewable energy as
a means to substantially reduce this dependence. The third was the shift of viewing renewable
electricity as somewhat uncertain and potentially costly option to perceiving it as an opportunity to
rapidly and cheaply decarbonize not only the power sector, but also transport, heating and industry
thus achieving the net-zero climate goal and eliminating the dependence on Russia. In light of these
findings, policy-driven acceleration is certainly possible but seems to be an exception rather than the
rule.

Even though the new policies clearly aim to accelerate the transition, the feasibility of their
implementation is not given. The ‘inside view’ signals profound barriers especially with respect to
onshore wind power that has not been accelerating for the last decade and where a 3-fold acceleration
is required. The ‘outside view’ points to a rather hopeful benchmark of nuclear power in Western
Europe that historically could grow as fast as any of the three renewable technologies. Yet, the
differences between the nuclear analogy and the planned growth of renewables are not trivial. Most
importantly, nuclear power has not experienced the barrier of conflicting land uses and local opposition
now faced by onshore wind. Furthermore, while nuclear growth can be matched to the targets for each
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of the three technologies (on- and offshore wind and solar), their combined simultaneous growth,
especially coupled with the growth of complementary technologies in other sectors, is completely
unprecedented. This poses a challenge for feasibility research that would need to combine the ‘inside
view’ analysis with lessons carefully transferred from other technologies and contexts.
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