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Abstract

This paper analyses the implementation of the energy transition in the EU and the continuation of
EU energy policy, from the Green Deal to the new Clean Industrial Deal. It draws from sustainability
transitions research to generate an academic perspective on the current geopolitical challenges
facing the energy sector. Although the energy transition has advanced, progress has been slow, with
some member states lagging behind. The key problems include: lack of tradition in considering
geopolitics in energy policy; differing progress and energy profiles in member states; tensions
between achieving rapid decarbonisation and improved competitiveness; investment and knowledge
needs to create more resilient energy systems; and impacts of increasing critical raw materials
acquisition. The paper also presents potential solutions, such as consistent signals to investors;
openly assessing and discussing tensions between different policy objectives; increased alignment
between member states to create a more uniform “EU energy sector”; and cultivating diverse
international collaboration for mutual benefit and based on principles of justice and fairness. We
need to find ways to balance pursuits of competitiveness and strategic autonomy with
environmental sustainability and social justice.
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1 Introduction

Having reached midway, the 2020s has already been a turbulent decade with the Covid-19
pandemic, new wars initiated in Europe and nearby areas, acceleration of climate change, and
energy price crises. In addition, we have seen localised incidents threatening energy security, such
as electricity interconnector damage between Finland and Estonia in 2024 and widespread backout
in Spain and parts of Portugal in 2025. Looking towards 2035, the next few years do not look any
less turbulent. With a new administration in the United States, Russia seeking alliances with North
Korea and China, continued progress of climate change and biodiversity loss, and challenges to
boost the EUs competitiveness, the new European Commission faces a tough time setting a course
for EU energy policy making. Such policy making should address the environmental, security and
competitiveness challenges together while maintaining a socially just society for the EU citizens and
acting in a globally responsible way. Energy policy making in the EU should also take a systemic
approach that thoroughly considers the socio-technical nature of the energy transition in progress,
and what kind of policy, market, organisational, institutional and cultural changes are needed in the
European energy sector, besides technological advancements. In the start of 2025, the European
Commission has initiated new policy frameworks — the Competitiveness Compass and the Clean
Industrial Deal to respond to the current global challenges. They embrace the triple challenge of
climate change, competitiveness and (economic) resilience — but perhaps still place too little
attention to security beyond economic aspects. In this paper, | will later comment on these policies
from the perspective of this multi-objective policy challenge.

The early 2000s policy discussions were already focused on these three policy objectives:
competitiveness (leading to the Treaty of Lisbon in 2007), sustainability (implementation of the
Kyoto Protocol signed in 1997) and security (implementation of the Treaty of Moscow that required
United States and Russia to reduce nuclear warheads by end of 2012). But the surrounding
international context was different than today. In early 2000s, energy policy in the EU was much
focused on market forces and liberalisation — with less attention to energy security or geopolitics
(Umbach 2010). While some concern was presented over the dependence of the EU on Russian
energy imports, in particular following natural gas disputes between Russia and Ukraine in 2006
and 2009 (Wrange & Bengtsson 2019), the market and climate change orientations prevailed with
little concrete action on this risk.

EU energy policy has traditionally embraced the objectives of (1) ensuring energy security via
diversification of supplies, solidarity and collaboration; (2) a fully integrated energy market enabling
free flow of energy; (3) improving energy efficiency, reducing emissions and driving employment
and growth; (4) decarbonising the economy in line with the Paris Agreement, and; (5) Promoting
research in clean energy technologies to drive the energy transition and improving competitiveness.
These have been endorsed in the Energy Union Strategy (2015). The EU Green Deal launched in
2019 included a more specific policy programme to achieve the above objectives, emphasizing both
decarbonisation and competitiveness. In 2022, the RePower EU plan initiated in response to
Russia’s war in Ukraine, further strengthened three objectives of the Energy Union: saving energy;
diversifying supplies; and quickly substituting fossil fuels by accelerating Europe’s clean energy
transition. Subsequently, questions around “open strategic autonomy” and “technology sovereignty”
have become part of EU energy policy discussions (Miré 2023; Schmitz & Seidl 2023), with actions
taking place such as the Critical Raw Materials Act in 2023, the European Chips Act in 2023, the
Net-Zero Industry Act in 2024, and a joint purchasing platform for natural gas. See Figure 1 for a
depiction of key energy policy objectives in the EU.



Figure 1: Objectives of EU energy policy
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The new policy developments tie EU energy policy even more strongly than before to industrial
policy, which has experienced a gradual ‘return’ or ‘restrengthening’ during the last decade (see
Johnstone et al. 2021) and has become a key EU policy objective especially via the new Clean
Industrial Deal. A stronger interconnection means that more focus needs to be paid to so-called
“multi-system transitions” or “multi-system dynamics”. This means, for example, that energy and
mobility system transitions are increasingly integrated and co-evolve (Ates et al. 2024). Different
systems may have functional or structural couplings, based on flow of materials and other
resources, or same actors or technologies playing a role in more than one system (Andersen &
Geels 2023). In the case of energy and industrial systems, there has always been a tight connection
via the energy use of industries. However, the tightening pressures for cost-competitiveness and
inexpensive energy as well as the processes of electrification of industries and developing more
circular systems, place focus on closer multi-system interactions.

The EU’s new energy commissioner, Dan Jorgensen, has called for 1) structural changes, 2)
delivering tangible results fast, 3) putting people first (listen to their concerns, take them seriously),
and being inclusive. These calls match well with what sustainability transitions research has posited
about delivering socio-technical energy transitions in a just manner. Yet, delivering just
sustainability transitions has become even more difficult than before. Despite supportive
technological progress helping to advance sustainability transitions — the global society is facing
negative trends in terms of disinformation and data colonialism?, polarisation of societies, and
increased risks and scale of trade conflicts and wars. Such trends have led to increasingly inward-
looking and self-centred approaches by states and other actors, threatening progress in addressing
the UN sustainable development goals.

! Data colonialism refers to normalisation of exploiting humans through data. Such data can be extracted via
technology-enabled platforms, applications (e.g. for self-tracking), logistics and gamification. (Couldry & Mejias 2019)



In this paper, | aim to address the implementation of energy transition in the EU and the
continuation of EU energy policy - i.e.,, the EU Green Deal and Fit-for-55 package in this rapidly
changing context, referring also to the new Clean Industrial Deal launched in early 2025. | will draw
from sustainability transitions research to generate an academic perspective on the current
challenges. The paper is structured as follows: After presenting the lenses of acceleration and
decline, | will review the current status of the energy transition in the EU. Subsequently, | discuss
the relevant policy context and present some thoughts on how the current geopolitical situation
may affect further progress in the EU’s energy transition, and discuss the new EU policies in this
light. To end, | explore some ways forward.



2 Two key mechanisms of sustainability transitions: Niche
development/expansion and regime decline

Sustainability transitions research, which originated in the late 1990s, have during the past 3
decades accumulated a wealth of knowledge and conceptualisations on how socio-technical
transitions towards improved environmental sustainability unfold and how they can be supported
with public policies. Empirically this research has oriented especially to energy system transitions,
but has also examined, for instance, mobility, food, water and industrial systems. Much work on
sustainability transitions has oriented around the multi-level perspective and its conceptualisations
of niches, socio-technical regimes and the landscape (i.e. the broader context) (F.W. Geels 2006). A
niche refers to a protected space where experimentation can take place and disruptive or radical
innovations (technologies, services, business models) deviating from the incumbent regime can
develop; whereas regimes are stable and dominant sets of technologies, institutions, practices and
actor-networks built around societal service provision, e.g., energy, mobility, food, water, other
industries (Frank W Geels 2002; Rip & Kemp 1998). A niche can be, for example, a test market
created by regulation or a confined geographical area. The latter has also been linked to the
development of lead markets for cleantech (Georghiou, 2025).

For example, wind and solar power technologies were initially developed as niches to the
mainstream energy systems, but have since in many places expanded and become a part of
contemporary electricity systems. At present, green hydrogen, small modular nuclear reactors, and
new alternative energy service business models can be depicted as niches. Niches can be
experimental spaces constructed around globally alternative developments, where actors interact
and innovations are developed across state borders (for instance, electrolysers and mobility-as-a-
service developments are still largely global niches), or they can also be seen as national or more
local experimental developments. For example, an application of real-time spot power pricing
contracts for households are widely applied in some countries, but such business models are a
niche in others. Socio-technical energy regimes have often been empirically examined on the
national level due to energy policy being typically largely in state control, but they can also be
regional or international. For instance, EU energy, climate and single market policies set the same
boundary conditions for energy systems and markets in different member states, and electricity
network interconnectors increasingly connect physical infrastructures. Hence, a certain kind of
sociotechnical energy regime also exists at the EU level. On the other hand, more local or regional
energy regimes can exist, organised, for example, around municipality owned power companies,
regional industrial eco-systems and/or geographically constrained power transmission to other
locations. Yet, local/regional energy regimes are typically always connected to national energy
systems.

Transition studies have paid the most attention to niche development processes, e.g., via the
analytical framework of strategic niche management (Raven et al. 2010). This framework presents
three key processes that influence how new niches develop and evolve: (1) articulation of
expectations and visions; (2) creation of social networks; and (3) learning in multiple dimensions.
During the niche development process, involved actors’ expectations develop into shared visions
about future developments (van der Laak et al. 2007). Similarly, networks of actors become larger
over time and create a community around the niche, where resources are allocated and interaction
occurs (Schot & Geels 2008). Different types of learning takes place enabled by experimentation
around technological development, market creation, cultural aspects and policy knowledge — while
deep learning that also changes cognitive frames and assumptions is important (Ghosh et al. 2021).



Subsequent research has looked at processes where niches expand from their initial experimental
and demonstration phases, to form part of socio-technical regimes. Processes such as upscaling
(increased size of the niche), replication in different location and contexts, and institutionalisation
have been mentioned as important (Naber et al. 2017). These processes have been noted to lead to
fit-and-conform, where the changes to regime are rather small (example: biofuels for transport), or
stretch-and-transform leading to much more substantial changes (example: solar power) (Smith &
Raven 2012).

Initially, it was rather assumed conceptually that incumbent unsustainable regimes destabilise and
decline, when niches create new more sustainable socio-technical regimes in place. Subsequently,
empirical research has shown the complexities involved in the destabilisation of regimes (Turnheim
& Geels 2012). For instance, transition processes related to regime decline may meet resistance,
opposition, and tensions, which can even become adverse security consequences, such as physical
conflicts or riots (Kivimaa 2024). Resistance has been a well noted phenomenon linking to coal or
peat communities when the use of these fuels has been in decline (Lempinen 2019; MacNeil &
Beauman 2022). During recent years, specific research on regime decline and phaseout has
materialised (Isoaho & Markard 2020; Koretsky et al. 2022; Rogge & Johnstone 2017). Empirical
research also shows processes for regime restabilisation (Kivimaa 2024; Sillak & Kanger 2020) and
reconfiguration (Laakso et al. 2020) instead of regime decline, meaning that incumbent systems
initially in decline can be restrengthened or reinvigorated. Europe has seen examples of reinstated
support for domestic fossil fuels since the 2022 energy price crisis.

Particular processes have been suggested that can be involved in the development of socio-
technical regime decline (Kivimaa & Sivonen 2023): disruption to and repurposing skills and assets,
unlearning and deep learning, and deinstitutionalisation and shifting pressures. | will explain each of
these below.

— Disruption to and repurposing skills and assets implies that disruptive innovation and
regime decline can make existing competences, skills, knowledge and resources less valuable or
even obsolete (Abernathy & Clark 1985). This, in consequence, weakens the flow of resources to
existing regime elements, such as key technologies and financial resources (Rosenbloom &
Rinscheid 2020; Turnheim & Geels 2013). However, incumbent actors can also repurpose their
skills to new commercial operations (Nemes et al. 2021), for example oil and gas industry
expanding to offshore wind production (Makitie 2020).

— Unlearning and deep learning refers to discarding of old practices and ineffective habits,
established routines and mental models (van Mierlo & Beers 2020; van Oers et al. 2023), but
this requires conscious and reflexive efforts to change and reject previously dominant values
and beliefs (Feola et al. 2021; Lawhon et al. 2016). Unlearning is coupled with deep and
experiential social learning that creates new in-depth knowledge about the altering system
dynamics (Ghosh et al. 2021).

— Deinstitutionalisation and shifting pressures means that legitimacy is reduced when
social, political and functional pressures change, leading to changes in interests and power
relations, leadership structures and cultural consensus (Novalia et al. 2022). This means that
key actors may be replaced (Turnheim & Geels 2012) and dominant actors lose influence
(Markard et al. 2020). Yet, such actors can also object, search for new roles and aim to re-
legitimise their position (Makitie 2020)



Figure 2: Processes of niche development and expansion of socio-technical regime decline forming the
process of sustainability transitions
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Recent studies pertaining to energy transitions in Europe have shown that the two processes of
niche expansion and socio-technical regime decline do not happen necessarily at the same time or
at all. We see examples where renewable energy production and electrification have advanced while
at the same time the fossil fuel regime has maintained its position — or even strengthened after
2022 - but there is a lot of diversity regarding these processes in European countries (Kivimaa
2024; Sillak & Kanger 2020).

Regime decline can involve one or more system dimension: technology, infrastructure, markets,
regulation and policy, finance, everyday practices, power positions or culture. The disruptiveness of
the transition is influenced by how many dimensions are changed and in what magnitude
(Barragan-Contreras et al. 2025; Kivimaa et al. 2021). In the European energy sector, we can see a
rather rapid technological shift to intermittent renewable energy (wind, solar) and advancement of
electrification. These in combination with the 2022 energy price crisis have also meant changes in
the dimensions of markets, regulation and policy, and even everyday practices of energy use.
However, for instance, the need of finance is still lagging behind the substantial investment needs
for new technology.



3 Expansion of renewable energy and electrification in the EU

Europe has become a hub of renewable energy and electrification developments. Wind power has
expanded in the north and solar power in the south of Europe. Geothermal energy is becoming a
popular heating source in some member states. New initiatives are underway across Europe on
energy storage, hydrogen, batteries, etc. Energy efficiency is also advancing, especially in the
context of industrial production, driven, for example, by cost reduction needs, voluntary private
sector initiatives, and energy efficiency agreements between private and public sectors.
Nevertheless, much of Europe still lags behind in improving the energy efficiency of homes despite
the EU’s policy advancements that call for “efficiency first” and requlate newly built homes, as deep
renovations call for larger investments unavailable for many homeowners (Gillett et al. 2025).
Some member states are heavily investing in strengthening transmission capacity to support the
electrification of industry and transport, while other member states are lagging behind in this too.
Increasing attention is paid to the skills, raw materials and component needs of the energy
transition. The advancing energy transition is important for the EU from two perspectives. The first
is that it can advance the progress of energy intensive industries to reduce their energy
consumption and prices, while simultaneously providing sustainability benefits, for instance, when
gas is replaced by electricity in industrial manufacturing processes. The second is the creation of
lead markets in new technologies that have frequently been linked to cleantech as the most
promising area for Europe’s competitiveness (Draghi 2024; Georghiou 2025).

The share of renewable energy and biofuels in the EU has gradually increased since 1990 from
2,975 Petajoules to 10,453 Petajoules in 2022. This is 3.5 times increase, showing the
advancement of the clean energy transition - albeit rather slowly. The expansion of renewables has
been rather steady during 2010-2020. In 2023, renewable energy accounted for 24.5% of the EU’s
energy consumption and 45.3% in gross electricity consumption 2. In particular, the decarbonization
of the electricity sector has benefited from scaling up of wind and solar power. But while this has
happened, new innovation needs arise for electricity storage and flexibility mechanisms to balance
this variable electricity generation capacity (EASAC 2025). This need is escalated by the estimated
increase in the demand for electricity, with investments in data centres and the electrification of
transport and industry. There is a lot of diversity between EU member states with Sweden, Finland,
Denmark and Latvia leading in the share of renewable energy, with Belgium, Luxembourg, Malta,
Ireland and Poland having the lowest shares. Spain, in turn, is one of the leading member states in
the rate of decarbonising its energy system °>.

2 Accessed 28.3.2025: https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Renewable energy statistics

3 Accessed 19.3.2025: https://agendapublica.es/noticia/19145/renewables-spanish-industry-competitive-advantage.
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Figure 3: Gross available energy EU, 1990-2022
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The manufacturing of renewable energy technologies is heavily concentrated in China. For
components of solar PV’s, the share of Chinese manufacturing ranged from 74.6% of modules to
96.8% of wafers in 2021. In 2021, Europe produced 8% of polysilicon, 2.8% of modules and less
than 1% for wafers and cells used in solar PVs globally *. In 2024, China manufactured over 70% of
batteries and has extensive knowledge in all supply chain phases, including mineral mining, refining,
battery manufacturing equipment and final production — with Korea and Japan also substantial
competitors in the global battery industry. Europe suffers from 50% higher production costs, weak
battery supply chain ecosystems and lack of knowhow °. Wind power manufacturing is more
geographically spread, because the size and fragility of components favour locating manufacturing
closer to demand © From a security perspective, an important consideration is also where the
microchips of clean energy technologies are produced. An American company Intel, a Korean company
Samsung and a Taiwanese company TSMC are leading in the development of microchip technology
and its mass-production ’. The European Chips Act aims to boost technological competences and
microchip and semiconductor production in Europe, increasing production up to 20% by 2030. While
25 years ago, the EU had about a quarter of global semiconductor production, this has fallen to less
than 10%. What this means that the EU’s energy transition is currently largely dependent on
technologies and technological capabilities outside Europe. To create more synergies between
sustainability, competitiveness and security, this trend needs to be reversed. This also brings us back
to my earlier comments about multi-system transitions, in this case, between energy and cleantech
sectors — and the need for better policy alignment. The question is not only aligning energy and
industrial manufacturing, but importantly climate and environmental policies too. The ‘race to

4 Accessed 19.3.2025: https://www.iea.org/data-and-statistics/charts/solar-pv-manufacturing-capacity-and-production-
by-country-and-reqgion-2021-2027.

5 Accessed 19.3.2025: https://www.iea.org/commentaries/the-battery-industry-has-entered-a-new-phase.

& Accessed 19.3.2025: https://www.iea.org/reports/renewable-energy-market-update-june-2023/is-there-enough-
global-wind-and-solar-pv-manufacturing-to-meet-net-zero-targets-in-2030

7 Accessed 19.3.2025:_https://ia.ft. com/microchips/
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cleantech’ and critical raw materials should not and cannot sacrifice vitally important and rare natural
environments, such as Viiankiaapa in the Finnish Lapland &.

As noted above, niche development and expansion are guided by expectations and visions about the
future. Expectation dynamics for the expansion of new energy technologies and electrification are
important but have been fluctuating in recent years, due in particular to geopolitical shifts but also
to possibly inconsistent public policies. Therefore, it is imperative that long-term policy consistency
towards sustainability is maintained, while policies increasingly address competitiveness and security
challenges. It is repeatedly proven in academic research that company investments into innovation
and new technologies are more likely in a consistently stringent policy context than in an inconsistent
and rapidly changing policy context (Kern et al. 2017; Rogge & Johnstone 2017).

Substantial regional differences in the opportunities offered by the energy transition and associated
industrial transitions exist. These differences are not only resource availability -based but also linked
to infrastructure, skills and location — and the broader expectation dynamics of industries in these
regions (Box 1).

Box 1. Regional differences in the opportunities offered by the energy transition

North Karelia in Finland suffers from lack of wind power and high voltage transmission networks to attract
new industrial activity. Wind power construction has been limited due to defence concerns which is not the
case in the Western regions of the country (Kivimaa 2024). Yet, the expansion of NATO has provided new
opportunities for dual use technologies in this region.

Decarbonisation of the electricity system can create expectations for lowering electricity prices and,
hence, attract industrial investments. Alongside Finland and northern parts of Sweden, Spain and
Portugal are becoming increasingly attractive due to lower electricity prices achieved by scaling wind
and solar electricity (Box 2).

Box 2. Decarbonisation of the electricity system in Spain

Spain is among the fastest in decarbonizing its electricity system. Wind and solar power together contribute
to over a half of generation capacity, with production of solar energy cheaper than in many other countries.

Recent discussions around the interlinks between decarbonised electricity production and industrial
investments have centred around ‘green steel’, ‘green hydrogen’ and data centres with some
competition between regions and member states around who gets to host such investments. It is
argued that investments into new solar and wind power as well as grid infrastructure necessitate
expected demand from industrial investments too, which, for example, guarantee certain income from
renewable energy via power purchase agreements. Hence, industrial policy also plays an important
role in the expectation dynamics of the energy transition.

Transitions necessitate different types of learning ranging from technical via market to social
learning. In particular, policy learning has been important to find out what type of policy instruments
and mixes can support renewable energy expansion. One key insight is that, while innovation
supporting and demand oriented policies are important, phaseout policies give vital signals to the
energy sector and can have a more substantial effect in promoting innovation expenditure (Rogge &

8 Accessed 26.3.2025: https://classic.nationalparks fi/viiankiaapa
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Johnstone 2017). Another key insight is that, yes, policy experimentation is useful, but this needs to
be matched with broader institutional changes in regulatory frameworks and organisation structures
to be attuned to the energy transition (Kivimaa & Rogge 2022). Hence, for instance, the policy pilot
outlined in the Clean Industrial Deal, where the European Investment Bank counter-guarantees power
purchase agreements, is a good development. But this needs to be complemented with processes
that generate broader learning about what kind of institutional changes are needed in the EU to better
support a sustainable and secure energy-industrial transition. A part of these learning exercises
should attempt to critically analyse on what governance level (EU, national or regional) are certain
policy and regulatory mechanisms best suited to promote such a transition.

Since 2022 especially, the EU has faced a high volatility of electricity prices. While this is not ideal
from a consumer perspective, the volatility and high peaks incentivize investments into batteries and
other energy storage and flexibility solutions - spurring technical and market learning. So, in a
longer term, the price is likely to even out with the development and expansions of these new
technologies. Hence, for instance, planned support for new large nuclear power plants in terms of
guaranteed price for output (e.g. propositions made in Sweden and Finland), would disincentivise
progress in new technologies supporting the energy transition. Social learning has also taken place,
when household and SME consumers have responded to fluctuating energy prices, in best cases
generating increased demand for new business models, such as price-sensitive electricity tariffs and
energy services.
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4 Decline of fossil fuels in the EU

The need to phaseout fossil fuels, i.e. coal, oil and natural gas, has for long been recognised vital for
mitigating climate change and reducing greenhouse gas emissions. Despite advances in the
expansion of renewable energy and energy efficiency, noted above, the transition away from fossil
fuels has occurred too slowly — especially from a global perspective. Globally, fossil fuels contribute
to over 2 million megawatts, with new production planned in China, India and elsewhere -
responding to continuously increasing demand for energy (Kivimaa 2024).

In the EU, there has been somewhat of a decline in oil and petroleum product use since 2007,
especially during mid-2010s and a dip during Covid-19 pandemic in 2020. In 2022, the use of
21,532 Petajoules of oil was a 20% reduction to peak year 2007 and 119% reduction to base year
1990. Natural gas use in the EU peaked in 2010, with 15,191 Petajoules, reducing 22% by 2014.
But the use of gas has increased since to 12,343 Petajoules in 2022 - about a 19% reduction
compared to 2010 but 18% more than in base year 1990.

In terms of energy production in the EU, the decline has been much more substantial, amounting to
circa 70% reduction in production of oil and petroleum products and natural gas between 1990 and
2022. Whereas the import of oil is approximately same in terms of quantity as in 1990, the import
of natural gas has about doubled from around 7,000 Petajoules in 1990 to almost 15,000
petajoules in 2022. Natural gas markets cause a price volatility risk to the EU, and the EU lost over
a year's GDP growth in the aftermath of 2022 to redirect fiscal resources to energy subsidies and
build new infrastructure for imported liquefied natural gas (Draghi 2024). “In 2022, the share of
solid fossil fuels in gross available energy was highest in Poland (40.2 %) and Czechia (32.1 %). The
EU average stood at a much lower figure of 11.6 %" (Eurostat, 2023) °. Having a consistent long-
term plan for phasing out natural gas and other fossil fuels makes sense for economic, geopolitical
and sustainability reasons.

Despite the price and security of supply risks associated with fossil fuels, their phaseout has been
surprisingly low. One explanatory factor may be that both energy security measures and the
operation of militaries have relied on the use and stockpiling of fossil fuels (Kivimaa 2024). Hence,
a more substantial decline in the use of fossil fuels would imply unlearning established practices
and ways of working in terms of fossil fuels and adapting new kinds of learning associated with
electrification and new energy storage mechanisms. Despite research by NATO and militaries on
alternative fuels, the phaseout of fossil fuels in military operations is a long-term project. Instead,
in other parts of the society, it can be a more medium-term development which needs to be
supported by deinstitutionalising fossil energy -based structures. This is likely to require renewing
electricity market regulation and pricing structures, for instance. The European Commission has
undertaken such developments in recent years, but member state implementation may be lacking.

Regime decline can be faster when supported by incumbent actors, whose existing sets of skills and
capabilities are likely disrupted by the transitions. Although, examples of repurposing skills and
assets exist — for instance, between oil and gas industry and offshore wind (Makitie 2020) — many
incumbent energy companies, such as BP and Equinor, have recently announced scaling down their
renewable energy activities. However, in response, investors are calling for more ambitious actions
and selling shares in energy companies with strategies not aligned with the global climate

9 Accessed 28.3.2025: https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Energy statistics - an overview
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ambitions.*° In the transport sector, the incumbent European automobile manufacturers have
struggled to keep up with manufactures of electric vehicles in Asia in terms of design and
performance. Hence, repurposing skills with the advancing energy transition is something that the
EU-based companies need to rapidly learn, not only for the sake of sustainability but also
competitiveness and security of supply.

10 Accessed 19.3.2025; https://www.reuters.com/business/environment/investor-co-leading-climate-talks-with-equinor-

calls-time-sells-out-2025-03-18/
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5 The EU Green Deal and Fit-for-55, followed by the Clean Industrial
Deal

Fit-for-55 is the legislative package to support the EU Green Deal policy plan, containing 28
measures for climate and energy. The features of the Green Deal include a new policy style of
science-based targets based on cost-effectiveness but not social optimality, complex and large
policy packages (what can be named as policy mixes in transition studies), and the emergence of an
approach by ‘strategies’ and policy-led industry-innovator-partnerships (Diaz Lépez et al. 2023).
They link to the advancement of sustainability transitions via efforts that can generate disruptive
innovations, are ambitious addressing policy mixes across domains, and link to networking via new
industry partnerships.

Von Homeyer et al. (2022) make two important remarks:

First, the implementation of the European Green Deal has progressed despite some headwinds,
while EU climate policy has continued to fall short of what would be required in view of the 2/1.5°C
goal of the Paris Agreement. Second, the still evolving energy crisis, strongly amplified by the
Russian aggression against Ukraine, has the potential to significantly weaken the historically
established East-West conflict line in EU climate policy.

Yet, despite this progress, a key problem recognised is that the member states do not have an equal
footing in the implementation of EU Green Deal and fit-for-55 and the development of related
industries (D’Amato, 2024). Even between seemingly similar member states, such as the Baltic
countries, there is divergence in opportunities and strategies related to the implementation in the
energy sector (Zepa 2022). This can be partially explained by the different orientations that
member states have had towards the energy transition in general (Mata Pérez et al. 2019) and
specific differences in their perceptions of energy-geopolitical risks (Kivimaa 2024).

The Green Deal has been argued to address both sides of transitions: niche development and
regime decline (Rogge & Stadler 2023). It has also taken from the transitions’ perspective beneficial
long-term perspective, providing predictable and consistent policy development, which | argue to be
important to company investments. Many parts of the Fit-for-55 are planned to take effect from
2030 onwards. Examples include the proposed average emission reduction of new cars and vans by
559% by 2030 followed by prescription of zero emission cars by 2035; the phase-out of free
allocation of emission allowances to energy-intensive industries under CBAM in the 2030s, and
share of clean fuels in aviation and maritime transport (von Homeyer et al. 2022). However, the
consistency of these policies in the eyes of companies and investors depends on the extent to which
the implementation of the new Clean Industrial Deal continues with the same directionality. At least,
CBAM will be continued in a revised form, which should support levelling the playing field for
European companies against their competitors — although they need to step up in terms of skills
and design of leading products.

The Clean Industrial Deal is the European Commission’s new growth strategy for EU. It is a
showcase of the return and restrengthening of industrial policy that has made a slow comeback
during the last decade (Johnstone et al. 2021). Today’s industrial policy is increasingly linked to the
advancement of sustainability transitions in particular via the decarbonisation of industries. The
Clean Industrial Deal aims to tackle three challenges at the same time: “a climate crisis and its
consequences, competitiveness concerns, and economic resilience” (European Commission 2025 p.
1). Despite the current turbulent era in global security and geopolitics as well as the strategy noting
fossil fuels and geopolitical volatility as a reason for high energy costs, the third objective is framed
in terms of ‘economic resilience’ instead of ‘security’. In any case, the implementation of this
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package should be more attuned to geopolitical risks than the EU energy policy has been in the
past. To address the three challenges, six elements are listed:

1. affordable energy,
2. lead markets,

3. financing,

4. circularity and access to materials,

5. global markets and international partnerships and
6. skills.

Each element can be seen to tie into EU energy policy via the energy needs of industry,
development of lead markets in clean tech, the massive financing needs to progress with the
energy-industrial transition, circularity in materials used for clean energy technologies, the
implications of the above on international relations, and the need for high-level skills that are
lacking or partially lacking in many areas.

From the perspective of sustainability transitions, this policy package too addresses both sides of
the coin: niche development and expansion as well as regime decline. It aims to boost
competitiveness and advance decarbonization by promoting cleantech industries in the EU and
decarbonize energy-intensive industrial sectors by electrification. It also connects to the phaseout of
fossil fuel import -based energy industry in Europe. Many of the measures are oriented to scaling
up the European cleantech industry, while rather little specific attention is paid to transformative
innovation system dynamics, such as innovation partnerships, vision-building and learning in the
innovation domain - which are desperately needed for the EU to gain more stronghold in the global
cleantech race and as borders are becoming more closed in a geopolitically tightening world.

One key measure is the speeding up of permitting of clean energy. According to the strategy, the
Commission will support member states to implement permitting legislation, share best practices
and conduct an implementation dialogue. This seems like a very important measure to accelerate
the energy transition, but poses questions on what kind of negative side-effects might incur for
democratic participation, legitimacy and justice, or the natural environment, in rolling-out green
energy initiatives. Another key measure is public procurement that can be utilised via non-price
criteria for sustainability and resilience. This is likely to create market demand for solutions
improving sustainability and resilience, accelerating transitions, provided the European companies
can also upgrade their knowhow, products and services. Overall, the Clean Industrial Deal addresses
several systemic elements, such as technology, markets, policy and requlation, and finance - while
the ways in which practical and cultural changes, also required by systemic socio-technical
transitions, are to be stimulated is less clear.

The strategy also outlines the EU as an actor on global scale, via clean trade and investment
partnerships, range of trade defence instruments and the simplification of CBAM. It recognises that
the clean industrialization objectives cannot be met without international partnerships, for instance,
pertaining to critical raw materials and to security. Essentially, it talks about “open, rules-based
trade and access to third markets for goods and capital” (European Commission 2025 p. 16). At the
same time, the globally intensifying context is noted. Hence, the strategy also wishes to protect the
global level playing field. Pertaining to foreign direct investments into the EU, the strategy aims to
set conditions, in projects that also involve public financing, that link to open strategic autonomy.
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Such conditions could apply to ownership of equipment, EU-sourced inputs and EU-based staff
recruitment.

Overall, the Clean Industrial Deal develops a rather convincing follow-up strategy to the Green Deal,
but its implementation is dependent on many factors, such as member state reactions, political
ambition and global development. In particular, the new US administration has rapidly taken new
measures influencing global climate policy, the energy sector and international relations
substantially. Hence, | will address that in the next section more specifically.

18



6 Implications of the new US administration on the EU’s energy
transition

The EU is highly dependent on energy imports — with 62.5 % of energy used in consumption
imported in 2022 **. This means that global geopolitical and economic developments play a
substantial role for the EU energy policy in years to come. Despite substantial progress in the
expansion of renewable energy, the EU has not managed to phase down the use of imported fossil
fuels in a rate that is beneficial in terms of either decarbonisation or energy security. In 2024, 45 %
of all imports of liquefied natural gas and 16 % petroleum oils were brought in from the US 2.

Since January 2025, during his first days in the office, Donald Trump withdrew from the Paris
climate change agreement and declared an emergency energy executive order in the US. The
executive order promotes the exploration of coal, oil and gas, pursues to remove all policies that
create ‘burden’ for these, and eliminates the “electric vehicle (EV) mandate” '*. The reasoning behind
the executive order is unclear because the US produced last year a record amount of oil and gas, of
which a substantial amount to export. The strengthened support to oil and gas production in the US
can increase fossil fuel production to export markets, expanding availability and lowering prices in
Europe. In his speech for the World Economic Forum, the US president also called for OPEC to lower
oil prices, which OPEC has subsequently done.

For the EU, this development likely helps replace natural gas shortages that have occurred since
natural gas flows from Russia have been reduced and reduce the price fluctuation risk at least
temporarily and in the short term. Since 2022, the EU has imported much more gas from the US
than before, and the current US administration’s decisions may result in increased gas flows. It also
increases the competitiveness of existing fossil fuel using power plants and other technologies (e.g.
combustion engine vehicles), perhaps influencing the investment rate on non-fossil energy
infrastructure and electric vehicles - the latter also affected by the ongoing tariff increases. Much
of this of course depends also on EU policies related to fossil fuel phase out and the degree to
which regulations or price incentives guide the EU energy transition. For example, lowering prices for
oil products globally and increased tariffs for electric vehicles produced outside the EU, could in
combination substantially reduce the diffusion of electric vehicles in Europe — also with cascading
impacts on the prices of second-hand electric vehicles.

It is also important to acknowledge security of supply risks when import occurs from any single
country, meaning that if that supplier country changes its policies, it can create sudden supply risks
or price hikes. What if the US decides to use natural gas as a political leverage against Europe? Or
there is a change of president that shifts policy back to a different direction? Or what if buyers in
the rest of the world pay a lot more than European buyers can? Relying on fossil fuel imports from
the US in substantial quantities or for the long term creates, thus, both energy security and climate
security risks for Europe (see EASAC 2025).

11 Accessed 28.3.2025: https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Energy statistics -
_an_overview

12 Accessed 28.2.2025: https://ec.europa.eu/eurostat/web/products-eurostat-news/w/ddn-20250321-
1#:~text=The%20United%20States%20and%20Norway,%25)%20and%?20Algeria%20(10.7%25).

13 Accessed 28.3.2025: https://www.whitehouse.gov/presidential-actions/2025/01/unleashing-american-energy/
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In this sense, a diversified energy system and policies aiming for such a diversified system is the
best approach from the perspectives of both sustainability transition and energy security. European
Commission President Von Der Leyen noted in her speech to the World Economic Forum that “last
year alone global trade barriers have tripled in value”. The energy transition is not unaffected by
developments in trade barriers, and hence, increasing the European contribution to energy
production, fuels and technologies is vital. Many measures supporting the sustainable energy
transition — improved energy efficiency, increase of solar and wind power, development of
geothermal energy, energy storage and flexibility mechanisms — at the same time make the EU less
dependent on global geopolitical and trade developments.

President Donald Trump has also already announced curtailing measures for clean energy
technologies in the US, including wind power and electric vehicles. This most likely also indicates
that he will not support R&D or industrial policy efforts in the clean tech sector, which might tilt a
competitive advantage to the EU (while still having to deal with Chinese advancements). Hence,
continued intensive build-up of knowledge, skills, R&D activities, innovation demonstrations and
industrial activities in the clean tech sector is the EU’s best bet. The Draghi report also identified
clean tech as one of the sectors, where the EU still has some competitive edge over China and the
US, especially in battery technology (Draghi 2024).
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7 Conclusion

Although the energy transition has advanced in the EU, progress has been rather slow with some
member states lagging behind in the implementation of supportive policies. The key problems for
the further advancement of the energy transition and making the energy sector more resilient
include:

— A lack of tradition in taking into account geopolitics and hard security as part of energy
policymaking, leading to the need for large institutional and perspective changes today.

— The differing energy profiles, transition progress and technological interests, and worldviews on
security by EU member states, making it more difficult to create effective EU energy policies.

— Simultaneous pressures for the energy sector to rapidly decarbonise, support the industrial
policy and competitiveness of the EU, and to provide resilience via improve security as well as
justice. Although renewable energy and electrification create synergies between these goals,
there are also risks pertaining to actions on competitiveness that may slow down
decarbonisation or severe international relations.

— Investment and knowledge needs to create more robust and resilient electricity systems, which
enable curtailing disruptions to specific parts of the grid and avoid cascading effects, such as in
Spain in April 2025, and which involve creating surveillance and protection mechanisms for
critical electricity interconnectors and transmission networks.

— The negative implications of expanding open strategic autonomy in critical raw materials for the
natural environment and indigenous communities, as many mines exist in valuable natural
environments and the living environments of the Sami people.

Although the slow progress of some member states advocates for stronger European level policies,
the haste to speed up permitting even in the face of negative environmental and social
consequences raises also questions about the degree to which decision-making should be placed on
the EU level.

So, what can be done given the complexities involved in achieving just sustainability transitions in
the energy sector in a rapid enough paste and the current turbulent world context.

1. Itisimportant to give investors consistent policy signals, so the ambitions of the Green Deal
for energy sector decarbonisation and energy efficiency should continue but be more
responsive to pressures on security and competitiveness. It is also vital to openly discuss
the trade-offs and potential risks associated with EU policies. For instance, the measures to
bolster industrial cleantech by ways of protectionist policies cannot jeopardise consistently
moving away from imported fossil fuels and risks associated with liquefied natural gas
imports.

2. Cleantech tariffs should be focused on those materials and technologies where there is
genuine potential in the EU, and not take a blanket approach. For example, competition
possibilities in many solar components appear weak, while batteries and wind power
components offer more potential. Energy efficiency should be strengthened as it benefits all
three goals, but still appears unappealing in the eyes of many politicians. Improving
capabilities in smart technologies and microchips is vital for the advancement of the
increasingly digital energy transition and for technology sovereignty.
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3. There is a need for alignment between member states and creating a more uniform picture
of the “EU energy sector”, with aiming for policies affecting across member states and
reduction of member state specific energy subsidies creating unfair internal competition. It
is clear that best practices about electricity network stability and resilience need to be
shared between member states and EU coordination on this increased. Internal cohesion is
vital in this era, but this should also take into account regional differences in nature values,
resources and innovation capabilities.

4. ltis important to learn from history. The EU should not treat Russian dependencies and the
2022 events as an isolated event but learn to became more anticipatory and prepared for
different geopolitical and climate-based risks for the future. This does not mean ‘closing the
borders’ but cultivating diverse international relations and collaboration for mutual benefit
and based on principles of justice and fairness.

Sustainable energy transitions can be thought of from two perspectives. The first is an internal (i.e.
domestic or European) perspective, focusing on transitions that will make society more energy
efficient and improve quality of life (e.g. housing, environment) and boost local employment and
create affordable solutions (via heating solutions, SMEs, boosting local consumption for efficiency
and renewable solutions). This is what Commissioner Dan Jorgensen has emphasised as important.
The second one is an external perspective which is focused on how sustainability transitions link
with competitiveness of countries, their international relations, security and export industries.
Following the Draghi report, latest public discussion in the EU has very much focused on the
external dimensions and competitive benefits that the energy and cleantech sectors can generate -
also addressed by the new Competitiveness Compass launched by the European Commission in
January 2025. Yet, the internal perspective is vital too to address the issues pointed forward by
Commissioner Jorgensen, tangible results, putting people first and justice. It is imperative that we
include both internal and external dimensions in future discussions and decision making that link to
the clean energy transition and try to find alignment and synergies between these two viewpoints
on the energy transition.

So, what does this mean in practice? It means that we need to find ways to genuinely balance
pursuits of competitiveness and strategic autonomy with environmental sustainability and social
justice. More specifically, new critical raw material mines, refinement facilities or battery factories -
albeit desperately needed to reduce the EU’s dependencies on the rest of the world - cannot create
substantially harmful air and water emissions, destroy the local environment or cultural heritage -
in the search for the ‘clean tech advantage’. The decisions made need to consider less-vocal groups
in society, such as indigenous people and the youth, who may face more severe consequences —
and the benefits arriving from new developments need to be distributed fairly for the whole society.
For instance, all profits cannot go to international corporations and to their shareholders, but new
mechanisms are needed for taxing and investing those funds for the future society (such as setting
up funds similar to the Sovereign Wealth Fund for Norway in relation to mining of critical raw
materials).

Sustainability transitions research delivers insights that can be useful for further policymaking
pertaining to the European energy transition. Innovation policy continues to be important.
Transitions are never ready, and the energy transition is far from complete. Hence, innovation
activities, for instance, around energy storage, flexibility and social aspects of the transition are
needed (F. W. Geels et al. 2024). Such innovation activities not only have a massive funding need,
but also require building the required skills and capabilities in Europe via innovation networks, active
ways to seek how to repurpose the capabilities of incumbent actors and streamlining permitting
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processes to allow faster demonstration and scaling — but being aware of the environmental, social
and security risks involved.

Experimentation plays an important role in creating learning and building skills and capabilities,
especially in the current context of multi-system transitions taking place. We need to learn more
about the benefits of artificial intelligence and the operation of the electricity sector, and how
electric vehicles infrastructure can be used to improve energy security, for example. Scaling up
previous good experiences is also needed across member states. For instance, spot priced based
electricity contracts are not yet available for household consumers in all member states. These
should be supported, alongside traditional fixed pricing, to encourage innovation and
commercialisation of different energy storage and energy efficiency services.

The ways in which future expectations are formed is vital, and to an important degree influenced by
public policy and regulations, as noted above. Public policy measures are reactions to — and hence
interpretations of the broader landscape developments we are facing, giving signals to innovation
and other actors how to respond. Research shows that different actors can interpret certain
developments in very differing ways (Kivimaa & Sivonen 2024). Science plays an important role in
delivering as unbiased knowledge as possible about the social, technical, geopolitical and policy
developments - to help making the best possible decisions based on the expectations we have.

The new Competitiveness Compass and the Clean Industrial Deal aim to bolster cleantech
innovation and manufacturing in Europe. This means also that regulations are needed to create
European markets for improving cleantech. Domestic production can be incentivised not only with
subsidies but also tighter protective measures, such as export controls. The downside of this is
suffering international relations, risk of escalating trade wars, and slowing down of the energy
transition. Therefore, careful balancing is needed. Advanced regulation creating domestic lead
markets for new advanced technologies appear perhaps the most promising alternative. There is
plenty of historical experiences of such approaches, but it needs also a necessary skills base to exist
for European industries to become competitive in cleantech. Competition is not only about pricing
but also about performance and design, where in some areas (e.qg. electric vehicles), non-EU-based
companies are taking leaps forward over their European competitors.

Many EU member states and regions have visions building on green hydrogen and batteries. It is
important to create knowledge, innovation and industrial ecosystems in a way that the different
European regions avoid excessive competition but instead aim for fruitful cross-border
collaborations that benefit the whole of the EU. This is vital especially in areas where there are
skills and knowledge gaps. This is linked to my earlier remark about need for learning to attempt to
critically analyse on what governance level (EU, national or regional) are certain policy and
regulatory mechanisms best suited to promote such a sustainable, fair and resilient energy
transition.

Overall, global developments, and the changing context it creates for Europe, support a faster
implementation of the energy transition, which can after initial investment costs provide better
longer-term possibilities for improving industrial competitiveness and advancing with the
sustainable energy transition. These, in consequence, are necessary to provide sufficient economic,
climate and geopolitical security for the EU. The advancement of the transition needs to be inclusive
of the citizens of the EU, while feelings of inclusivity and fairness are increasingly threatened by
spread of misinformation and data colonialism, with negative effects on societal polarisation.
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