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Abstract

An acceleration of the pace of decarbonization and clean energy deployment driven 
by climate mitigation and energy security goals is defining a new era of industrial 
policy and geoeconomic competition. The paper explores how the energy trilemma, the 
challenges to bridge sustainability, security and equity goals, has evolved after Russia’s 
invasion of Ukraine, and what new tensions arise between its three legs in the current 
context of increased geopolitical tension. The paper concludes that while new difficult 
challenges arise to pursue sustainability, security and equity at once in the current 
context, win-win-win options are available to ensure swift, secure and fair energy 
transitions
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Resumen

Una aceleración del ritmo de la descarbonización y el despliegue de energía limpia 
impulsados por objetivos de mitigación climática y seguridad energética está definien-
do una nueva era de política industrial y competencia geoeconómica. Este articulo 
explora cómo el trilema energético, la complejidad de afrontar los objetivos de soste-
nibilidad, seguridad y equidad energética a la vez, ha evolucionado después de la in-

*  The opinions expressed in this article are the author's own and do not represent those of his affiliation.
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vasión rusa de Ucrania, y qué nuevas tensiones surgen entre sus tres patas en el con-
texto actual de tensión geopolítica. El articulo concluye que, si bien surgen nuevos 
desafíos difíciles para lograr la sostenibilidad, la seguridad y la equidad simultánea-
mente en el contexto actual, existen opciones para garantizar transiciones energéticas 
rápidas, seguras y justas.

Palabras clave: transición energética, trilema energético, geopolítica de la energía, po-
lítica industrial.

1. � Introduction

The world is experiencing a perma and polycrisis with the conjunction of the 
increasingly devastating effects of climate change, the COVID-19 pandemic, 
Russia’s invasion of Ukraine, fierce geoeconomic competition and increased 
instability in the Middle East, all with fundamental consequences on how we think 
about energy and the need to balance sustainability, security and economic 
objectives, or the so-called energy trilemma.

Russia’s invasion of Ukraine in February 2022 disrupted the flows of gas to 
Europe and gave a heavy blow to energy systems with consequences around 
the world. The weaponization of gas by Russia during its invasion of Ukraine 
was a wake-up call for the European Union (EU) and its complacency on its 
overdependence on what once were thought as secure, affordable imported 
fossil fuels, and has given impetus to accelerate the energy transition as a way 
out of the crisis. 

Fueled by climate and energy security concerns, an acceleration of clean 
energy deployment is bringing in a completely new set of economic and energy 
security risks stemming from clean energy supply chain concentration. In this 
context, a more complex and fragmented geopolitical landscape has emerged, 
with new energy and industrial policy strategies aiming at ensuring energy and 
economic security in the context of swift decarbonization while competing to 
capture the economic benefits and “green growth” of the new clean energy 
economy.

This new geopolitical and geoeconomic landscape around the energy transition 
prompts us to reshape how we think about bridging sustainability, security and 
equity goals and balance a changing, challenging energy trilemma. To advance on 
the current literature, this paper explores the newfound energy trilemma challenges 
in today’s world, and concludes that, while complex, win-win-win solutions for 
climate, security and economic growth are possible. To do so, the paper briefly 
presents the energy trilemma, reflects on its evolution in Europe after Russia’s 
invasion of Ukraine, presents a new set of tensions between sustainability, security 
and equity in the current context of steep geopolitical and geoeconomic 
competition, and finally shows potential ways forward to ensure win-win-win 
solutions.
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2. � The energy trilemma

2.1. � The challenging relationship between sustainability, security, and  
equity goals has defined the energy trilemma and shaped our thinking  
on energy systems since its inception in the late 20th century

As our countries around the world seek to address the climate change crisis, 
tensions between economic development, national security and climate mitigation 
goals have come to the fore. This “trilemma” first appeared in 1987’s Brundtland 
report on sustainable development, which outlined the interconnections between 
economic growth, environmental protection and social equity and called for greater 
integration of all three in political decision-making (Fleming, 2021). The report, 
which argued for “a safe, environmentally sound, and economically viable energy 
pathway” as a key imperative to “sustain human progress into the distant future” 
(World Commission on Environment and Development [WCED], 1987), clearly 
laid down the three dimensions of what would later be termed the energy trilemma: 
security of supply, economic viability and environmental protection. While scholars 
have named the pillars differently (Olabi, 2016) or even coined the term “triangle” 
(highlighting mutual reinforcement) (Zillman et al., 2018) rather than “trilemma” 
(which emphasizes inherent tensions) (Heffron et al., 2015), all point to the 
balancing act that governments face in ensuring the security, equity and sustainability 
of their energy systems and their societies at large. In general, this article follows 
these three general definitions:

•	 Energy sustainability: Following the goals enshrined in the 2015 Paris 
agreement, to reach net zero greenhouse gas (GHG) emissions by 2050 in 
order to keep temperature rises below 2ºC above pre-industrial levels (United 
Nations, 2015), and taking into account that energy represents more than three 
quarters of global GHG emissions (International Energy Agency [IEA], 
2023a), energy sustainability is understood as the ability to provide 
decarbonized, productive and efficient energy solutions that mitigate and avoid 
potential environmental harm and climate change impacts. 

•	 Energy security: While defining energy security has been subject to extended 
academic debate (Sovacool, 2011) and is very context dependent, given energy 
importing countries might have very different priorities (security of supply) 
than energy exporting ones (security of demand) (Luft et al., 2011), we can 
understand energy security as the availability of energy resources and 
infrastructure to meet current and future demand and its resilience to withstand 
system shocks with minimal disruption (Yergin, 2006).

•	 Energy equity: Considering the relationship between energy access and 
affordability with development, energy equity is understood as the ability to 
provide universal access to reliable, affordable and abundant energy for 
domestic and commercial use (World Energy Council [WEC], 2022), ensuring 
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prosperity-enabling levels of energy consumption as well as affordable energy 
sources essential for growth and competitiveness (Kruyt et al., 2011). In the 
context of the transition, energy equity must also take into account the need to 
mitigate the potential distributional effects of the transition (Cabrita et al., 
2021), as well as the opportunity to capture the employment and other socio-
economic benefits of new clean technologies.

2.2. �� While the relationships between sustainability, security,  
and equity are highly context-specific and assumption-dependent,  
the energy trilemma in a fossil fuels world has tilted toward  
energy security and equity to the detriment of sustainability

Throughout time, the concept of the energy trilemma has helped highlight the 
circumstances where there may be obstacles to ensuring the three goals 
concurrently, with the result that only exceptionally can progress be made in 
achieving all objectives, or demonstrated that policy makers will have to make a 
choice between them (Heffron et al., 2015), capturing a frequently held perception 
that countries cannot chose, simultaneously, e.g., sustainability and affordability 
or energy security and sustainability. Historically, the assumptions that underline 
the framing of the trilemma is not only that fossil fuel-based energy, although 
less sustainable, is the cheaper and more competitive form of energy and the only 
source genuinely able to ensure supply security (Viñuales, 2023), but also that 
the economic goals of energy policy are opposed to sustainability ones. The 
accuracy of these assumptions and the application of the energy trilemma largely 
depends on the circumstances of a country, its specific energy endowments, 
invested physical assets, demand uses, timeframe (short, medium, long-term) and 
accumulated human capital, among others. It also depends on the pace of 
technological change and diffusion, which can redraw the economic calculations 
around the prices of fuels and challenge the zero-sum game perspective of the 
relations between the three terms of the trilemma (Grigoryev & Medzhidova, 
2020), as well as the understanding and calculation of climate change impacts 
and the prioritization of decarbonization as prime objective. 

2.3. �� While WEC’s Energy Trilemma index provides a useful quantitative 
assessment of the trilemma per country and its evolution over time,  
current events prompt us to qualitatively rethink the relations  
between energy sustainability, security and equity

Although not an easy inquiry, for more than a decade the World Energy 
Council, a UN partner organization, has been analyzing the trilemma and 
publishing an Energy Trilemma Index for 127 countries (WEC, 2022) (Figure 1), 
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ranking them per category and per overall performance. In 2022, the World 
Energy Council gave the world a 58/100 on energy security, a 69/100 on energy 
sustainability and an 83/100 on energy equity. Nordic countries top the rank with 
high scores on all, while the top score for energy security is led by Canada and 
the US, for equity by Luxembourg and Qatar, and for sustainability by Sweden 
and Switzerland. Interestingly, if we focus on the case of Germany, the country 
ranks 7 in the world in the Trilemma Index, with good scores for all dimensions. 
Despite increases in import dependence over the last decade, its energy security 
score has increased driven by energy storage and electricity generation 
improvements. While its sustainability score also increased over the past decade 
driven by lower energy intensity and CO2 emissions per capita, its equity score 
has been decreasing given rising electricity and gasoline prices over the years. 
Clearly, and as recognized by WEC, the 2022 results are not aligned to the recent 
energy shocks and crises and are not reflective of the current situation. While the 
work of WEC and the long term data of the index remain informative as we think 
about the complexities and the evolution of the energy transition, the Russian 
aggression of Ukraine and the European and global energy crisis it provoked 
prompts us to qualitatively rethink the trilemma and the new relationships between 
security, equity and sustainability in a world were fossil fuels are no longer king, 
clean technologies are becoming increasingly competitive and the priority to 
decarbonize is paramount.

FIGURE 1 
WORLD ENERGY TRILEMMA INDEX MAP (2022)

SOURCE: World Energy Council data, produced by © Natural Earth.
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3. �� The energy trilemma during Russia’s invasion of Ukraine: a trilemma no 
longer?

European and global responses to Russia’s invasion of Ukraine and its effects in 
the global energy system have led to a fundamental transformation of how 
governments think about energy, accelerating the move away from a reliance on 
fossil fuels, a process that was already underway because of the much wider 
phenomenon of climate change and the goals of the Paris Agreement but that has 
been accelerated because of the energy and economic security concerns emanating 
from the conflict. From this perspective, the consequences of Russia’s aggression 
can be seen as a clash in the ongoing tension driven by climate, economics and 
security between two competing regimes, one based on fossil fuels and one on 
clean energy (Viñuales, 2023), and the recognition that accelerating the energy 
transition is seen as a way out the trilemma: allowing for increased energy security, 
energy equity and accelerated decarbonization all at once.

3.1. �� Russia’s weaponization of gas supplies has shattered  
the sanctity of long-term, predictable, secure fossil fuel trade,  
exposing the fragilities of the fossil fuel age

The European Union has a high dependence on energy imports, close to 60 % 
in 2020 according to Eurostat, including 83 % of its natural gas, and all EU 
Member States are net energy importers. Before Russia’s invasion of Ukraine in 
2022, the European Union imported 45 % of its coal, 39 % of its gas and 29 % 
of its oil from Russia (Eurostat, 2023a), quantities that made the continent 
largely reliant on a single supplier for its energy needs. For gas, while European 
consumption has been marginally declining over the past decade, EU’s reliance 
on Russian natural gas grew driven by lower domestic production being filled 
by rising imports. While in 2010 Russia’s share of EU’s gas demand was 26 %, 
the figure grew to over 39 % in 2021, or more than 150 billion cubic meters 
(IEA, 2022a). After Russia’s invasion of Ukraine, the weaponization of energy 
supplies and EU’s attempts to wean itself off from Russian energy led to a drop 
to 13 % of gas imports and 2 % of oil imports from Russia in the second 
quarter of 2023 (Eurostat, 2023a). While gas demand was matched by increased 
supplies from the US, Algeria, the UK and Norway, among others, together 
with an unprecedented surge of liquefied natural gas (LNG) projects across the 
world, to the weaponization of gas trade and contracts by the Russian government 
for the first time since the very inception of gas trade with the country in the 
1960’s shattered the sanctity of long term contracts and the supposed role of 
fossil fuels in ensuring the security of energy systems, exposing the fragilities 
of the fossil fuel age. 
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3.2. �� In this context, the energy crisis has transformed the narrative  
around clean energy technologies not only as a sustainability  
but also a security imperative, sustainability now reinforcing  
security by allowing reduced dependence on imported fossil fuels 

The Russian invasion of Ukraine hit Europe while governments were already 
discussing ambitious climate and renewable energy targets under the Fit for 55 
plans. The energy and economic security consequences of the crisis gave additional 
impetus to accelerate the clean energy transition, which is now seen not only as a 
driver for decarbonization but also as a key lever to reduce fossil fuel dependency 
and increase energy security (Damen, 2023). The March 2022 Versailles Declaration 
had a strong focus on increasing European sovereignty in the energy sector, and the 
REPowerEU which, among others, plans to increase the share of renewables in 
final energy consumption to 45 % as well as produce and import 10Mt each of 
green hydrogen by 2030, clearly linked achieving energy sovereignty to delivering 
the climate goals of the Green deal, arguing that the plan is “about rapidly reducing 
our dependence on Russian fossil fuels by fast forwarding the clean transition and 
joining forces to achieve a more resilient energy system and a true Energy Union” 
(European Commission, 2022). The interlinked objectives of energy sovereignty 
and accelerated decarbonization were also key themes of the Commission’s 2022 
and 2023 strategic foresight reports (European Commission, 2023a). All in all and 
taking into account not only European countries but also that 80 % of the global 
population live in countries that are net energy importers (International Renewable 
Energy Agency [IRENA], 2022a), higher shares of domestically produced clean 
energy, coupled with other policies like energy savings or efficiency, reduce the 
need for imported fuels and can increase security, sovereignty and diversity.

3.3. �� Most importantly, the energy consequences of the Russian invasion of 
Ukraine have made blatantly clear that energy security is inextricably 
linked to energy equity, quickly transforming a gas supply security issue 
into an affordability, energy poverty and industrial competitiveness one

While the price of fossil fuel resources saw a slight increase starting in late 2021, 
with the post pandemic rebound, gas prices reached all-time highs due to Russia’s 
weaponization of EU’s gas dependency in 2022. Title Transfer Facility (TTF) spot 
prices averaged at a record high EUR 120/MWh (USD 38/MBtu) in 2022, almost 
eight times their five-year average during 2016-2020. Month-ahead prices on TTF 
spiked to an all-time high of EUR 340/MWh (USD 99/MBtu) at the end of August 
2022. Overall, between the second half of 2021 and the second half of 2022, average 
household prices in the EU increased from EUR 23.5 per 100 kWh to EUR 28.4 per 
100 kWh, and average gas prices from EUR 7.8 per 100 kWh to EUR 11.4 per 100 
kWh in the same period (Eurostat, 2023a). High energy prices resulted in increased 
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energy poverty rates in Europe, with 9.3 % of the population unable to keep their 
homes adequately warm in 2022, up from 6.3 % in 2021 (Eurostat, 2023a), despite 
the more than 540 billion euros EU governments have spent to try and shield 
consumers from rising energy costs, 158 billion euros earmarked by Germany alone 
(Sgaravatti et al., 2023a). Higher gas and electricity costs have also affected the 
productivity and competitiveness of energy-intensive industries, particularly in the 
chemicals and basic metals sectors in countries where gas has a larger share in the 
energy mix (Sgaravatti et al., 2023b) quickly raising concerns about the drastic loss 
of global competitiveness for European energy intensive companies in 2022.

3.4. �� In this context, the crisis has made competitive clean energy sources  
key elements to advance energy equity and economic prosperity  
while shielding consumers from fossil fuel price fluctuations

Compared to leaders facing similar challenges with global fossil fuel markets, 
such as during the oil crisis of the 1970s, today’s policymakers have a wider range of 
highly competitive clean technologies at their disposal they can use to increase energy 
security without sacrificing on energy equity. According to IRENA (2022b), the 
period 2010 to 2021 witnessed a seismic shift in the balance of competitiveness 
between renewables and incumbent fossil fuel and nuclear options. In 2021, the 
global weighted average levelized cost of electricity (LCOE) of new utility-scale 
solar photovoltaics (PV) and hydropower was 11 % lower than the cheapest new 
fossil fuel-fired power generation option and that of onshore wind 39 % lower. In 
most affected regions, higher shares of renewables were correlated with lower 
electricity prices (IEA, 2022b), helping reduce exposure to energy price fluctuations 
emanating from regional or global fossil fuel markets (Renewable Energy Policy 
Network for the 21st Century [REN21], 2022). The deployment of clean energy 
technologies is thus not only favoring energy security, but also can reduce energy 
prices and secure long-term competitiveness.

3.5. �� During Europe’s response to Russia’s energy war, security and equity 
driven clean energy deployment aligned with sustainability goals and is 
starting to cause an accelerated, yet insufficient, global fossil fuel phase out

While EU’s Versailles Declaration of March 2022 and the REPowerEU plan 
committed to phase out Russian fossil fuel imports “as soon as possible” and to 
accelerate clean energy technologies in the EU, the legacy of Russia’s actions and the 
global energy crisis it provoked may very well not only radically transform the EU 
market away from fossil fuels but precipitate the end of the fossil fuel era the country 
once reigned. According to the IEA (IEA, 2023b), the momentum behind clean energy 
technologies around the world is now sufficient for global demand for coal, oil and 
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natural gas to reach an all-time high before 2030 in the State Policies Scenario, which 
provides insight into the direction of the energy system based on policies that have 
been put into place or are under development. Driven by sustainability but also equity 
and security concerns, renewable electricity capacity in the EU is projected to double 
over the 2022-2027 period, with many European countries passing or proposing plans 
with even more ambitious targets and increased policy support. All over the world, for 
every USD 1 spent on fossil fuels, now USD 1.8 is spent on clean energy technologies 
and their infrastructure, when only five years ago this ratio was 1:1. In this context, 
the share of fossil fuels in global energy supply, which has been stuck at 80 % for 
decades, is now starting to edge downwards and reach 73 % by 2030 in the Stated 
Policies Scenario (STEPS). Although not yet in line with our climate goals – the share 
of fossil fuels in the global energy mix should be 62 % in a Net Zero Emissions 
(NZE) scenario – the new data points to an important shift and change of direction.

3.6. �� As swift decarbonization is seen as the way out  
of the trilemma, advancing security and equity goals,  
the clean energy acceleration gives rise to other tensions

Russia’s invasion of Ukraine and its weaponization of energy resources has clearly 
shown that an overdependence on fossil fuels can quickly lead to energy security and 
energy equity crisis, while at the same time contributing to GHG emissions underpinning 
the climate crisis. In the specific context of Europe during 2022’s energy crisis, a focus 
on the acceleration of clean energy technologies could satisfy the three legs of the 
trilemma, making it a trilemma no longer: advancing energy security by reducing 
reliance on imported fossil fuels from Russia, increasing energy equity by decoupling 
economies from the fluctuations of fossil fuel prices and promoting “green growth”, 
and accelerating energy sustainability by upscaling carbon neutral energy sources. 
While the environmental case for clean energy technologies needed no reinforcement, 
the economic arguments in favor of cost-competitive and affordable clean technologies, 
as well as their security case, is now stronger. Although this alignment of economic, 
climate and security priorities can substantially move the energy system towards a 
better outcome for the people and the planet, the complex interactions between security, 
equity and sustainability are not completely bypassed, but reshaped in a clean 
technologies energy system world marked by geopolitical and geoeconomic competition. 

4. �� The new clean energy trilemma in a climate change afflicted world 
marked by geopolitical and geoeconomic competition

The world stage in flux. While Russia’s invasion of Ukraine has challenged the 
foundations of the multilateral and rule-based international order and reshaped how 
we think about energy, China is aiming at a redefinition of the international order 
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through economic influence and diplomatic assertiveness, the US is increasingly 
integrating domestic and foreign policy objectives and developing economies 
around the world are calling for a greater voice in a fairer international system. The 
strategic courses of world economies, particularly China and the US, is galvanizing 
economic, political and technological rivalry, defining a new era of deep geopolitical 
and geoeconomic competition that the European Union is inevitably part of. 
Nonetheless, Europe and its partners around the world agree on at least one key 
goal: decarbonization. In this new world where decarbonization is key and clean 
energy the solution, economic and energy security issues around clean energy 
supply chains give rise to a new era of industrial policy and geoeconomic 
competition, which ultimately is reshaping, again, how we think about bridging 
sustainability, security and equity and balance a changing, challenging energy 
trilemma. Three dynamics affect the trilemma in this context: (1) increased pressures 
to decarbonize, (2) geopolitical and energy security concerns from clean energy 
supply chain concentration and (3) industrial policy and geoeconomic competition 
to capture the benefits of the new clean energy economy.

4.1. �� In a world marked by climate catastrophe and not on track to  
net zero, accelerating energy sustainability becomes paramount

World prosperity and security depends on the international community’s 
collective ability to keep world average surface temperature rise below 1.5ºC above 
pre-industrial levels, as agreed in the framework of the Paris Agreement. Today’s 
average surface temperature is already 1.2ºC above pre-industrial levels, causing 
heatwaves and other extreme events over the world, and greenhouse gas emissions 
have not peaked yet (IEA, 2023a). The energy security and equity consequences of 
increased temperatures and extreme weather events are clear: the uneven effects  
of climate change over the world affect developing countries most, fuel poverty, 
increase displacement, leads to substantial physical costs, and affects country’s 
fiscal position and debt sustainability all while driving inequality (Taconet et al., 
2020). Despite know dire consequences, in the latest IEA Stated Policies Scenario 
(IEA, 2023a), temperature rises to 1.9ºC in 2050 and 2.4ºC in 2100 which, although 
0.1ºC lower than its 2022 outlook, is still completely out of track to achieve the 
goals of Paris. Even considering announced pledges (Announced Pledges Scenario) 
the world is still not on track to meet its climate goals, with an expected 1.7ºC 
temperature rise by 2100, showcasing the urgent necessity to scale up and speed up 
decarbonization. Considering both the role of energy systems in decarbonization 
and the positive economic and security co-benefits of deploying renewable energies, 
world leaders are gearing up for a substantial effort to triple renewable energy 
capacity by 2030 and double energy efficiency improvements, leapfrogging out of 
the current crisis and accelerating time to decarbonization as the most fundamental 
way to preserve world prosperity and security. Nonetheless, as climate objectives 
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become paramount and clean technology solutions the right answer to the problem, 
new energy and economic security issues arise. 

4.2. �� With energy sustainability as king, the acceleration of clean energy 
deployment drives new geopolitical, energy security risks

The current clean energy transition brings in new risks to energy and economic 
security, stemming from the excessive concentration of clean energy technology and 
critical mineral supply chains in a handful of countries. For technologies ranging 
from wind, electrolyzers, electric vehicles (EV) batteries, heat pumps and solar 
panels, the 3 largest manufacturing countries represent more than 70 % of global 
capacity for each, with China topping the chart in each occasion (IEA, 2023b). In 
2022, more than 96 % of EU imports of solar panels came from China, which 
controls the whole value chain (Eurostat Statistics Explained, 2023b). The country 
traded more than 25 billion dollar in all-components solar PV with the EU the same 
year. Similarly, more than 80 % of finished lithium-ion accumulators imported into 
the EU in 2022 came from China, with the EU being only a minor participant in 
finished and intermediate goods of the supply chain (García-Herrero et al., 2023).

At the same time, the critical minerals required to fuel the transition, which will 
more than quadruple by 2040 in a Paris-aligned scenario, are also concentrated in a 
few countries (IEA, 2021). Three countries – Australia, Chile, and China – produce 
more than 90 % of global lithium, while the Democratic Republic of Congo produces 
70 % of global cobalt, Indonesia 30 % of nickel and Chile and Peru 40 % of copper. 
In this context, China not only dominates the refining and processing of most of these 
metals (i.e., 59 % of global lithium refining) (Castillo & Purdy, 2022), but also 
commands a network of trade agreements and cross border acquisitions all over the 
world that feed its domestic industry (Holden et al., 2022). For products like rare 
earths, the country accounts for 98 % of EU imports (European Commission, 2020).

4.3. �� Countries are developing industrial strategies and driving a new  
era of geoeconomic competition to pursue sustainability and security  
goals all while capturing new opportunities for green growth

As countries around the world understand the urgency of climate mitigation and 
the issues around energy and economic security in a new clean technology world, 
many are putting forward new industrial policies to reshore or diversify supply 
chains and try to capture not only the sustainability but also the economic benefits 
of the transition, all while ensuring security. According to the IEA (2023a), the 
global market for clean technologies manufacturing will be around 650 billion dollar 
a year by 2030, a 3x increase from today’s level, if countries implement their 
announced climate and energy goals. Related jobs would increase to 14 million from 
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6 million today, and further and deeper industrial and employment opportunities 
are expected with accelerated decarbonization and further beyond 2030.

Global geoeconomic and geopolitical competition has ensued pursuing these 
goals. In its communication on the “Green Industrial Plan for a Net Zero Age,” the 
EU lays out the dynamics of new geoeconomic reality clearly:

(…) Europe’s partners are also beginning to seize the net-zero industrial 
opportunities. The United States’ Inflation Reduction Act will mobilise 360 
billion dollars by 2032 (approximately 330 billion euros). Japan’s green 
transformation plans aim to raise up to 20 trillion yens (approximately 140 
billion euros), through “green transition” bonds. India has put forward the 
Production Linked Incentive Scheme to enhance competitiveness in sectors like 
solar photovoltaics and batteries. The UK, Canada and many others have also 
put forward their investment plans in clean tech technologies. Europe is 
committed to working with all of those partners for the greater good. 

However, trade and competition on net-zero industry must be fair. Some of 
our partners’ initiatives can have undesired collateral effects on our own net-
zero industries. More fundamentally, China’s subsidies have long been twice as 
high as those in the EU, relative to GDP. This has distorted the market and 
ensured that the manufacturing of a number of net-zero technologies is currently 
dominated by China, which has made subsidising clean tech innovation and 
manufacturing a priority of its Five-Year Plan. China’s pipeline of announced 
investments in clean technologies exceeds 280 billion dollars (approximately 
260 billion euros). Europe and its partners must do more to combat the effect of 
such unfair subsidies and prolonged market distortion. Where the public footprint 
in private markets is outsized, distortions create an unlevelled playing field and 
unfair competition emerges. The Commission will continue to make full use of 
trade defence instruments (TDI) to defend the Single Market, and rules-based 
international trade, from unfair trade practices like dumping and distortive 
subsidies. (European Commission, 2023b)

In this context, the European Union has coined the new term “de-risking”, 
understood as reducing dependence on China through diversification, and put 
forward two key proposals in its support: the Critical Raw Materials Act (CRMA), 
(European Commission, 2023c), aiming to diversify sources of supply of critical 
minerals, and the Net Zero Industry Act (NZIA), (European Commission, 2023d), 
which wants to reshore manufacturing to Europe. It has coupled these initiatives 
with a new European Economic Security Strategy, which strives for a better 
assessment, and response, to economic security risks, and new specific actions, like 
the anti-subsidy probe into electric vehicle imports from China. As the European 
Union puts forward these new industrial policy initiatives, needed to accelerate the 
transition and safeguard the continent’s economic competitiveness, it is worthy to 
explore potential newfound tensions between the traditional sustainability, equity 
and security dimensions of the dilemma.
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4.4. �� In this context, newfound tensions between energy sustainability, security 
and equity arise, reshaping and redefining the energy trilemma

In a world marked by the pressures of climate change mitigation, defined by 
new geopolitical tensions and the energy security pressures of clean technology 
supply chains, and with the rise of industrial policy in the context of geoeconomic 
competition, new relationships between the traditional sustainability, security and 
equity goals of the energy trilemma arise.

4.4.1. �� While supply chain diversification is key for energy security,  
friend-shoring and re-shoring projects take time, which an  
accelerated decarbonization pathway does not have 

The urgency to decarbonize is clear. Nonetheless, re-shoring and near-shoring is a 
long game, with decision-making not happening overnight, nor the movement of the 
supply chains. The inability to expand supply quickly and diversify supply chains 
swiftly can hinder global decarbonization efforts and hold back progress toward clean 
energy deployment. While diversification strategies are key to ensure energy security 
and instruments like the CRMA and the NZIA are being put into place, projects take 
a much longer time than that allowed for the energy transition (Garcia-Herrero et al, 
2023; IEA, 2023a). The length of the process depends, among others, on what supply 
chain is targeted and how much of that supply chain is being moved – either only the 
final assembly point or several other tiers of suppliers. The longest times are for 
critical raw materials, where lead times take up to 17 years on average (IEA, 2023a). 
Similarly, the negotiation of trade agreements and other partnerships to access a 
diversified source of critical raw materials takes long negotiation and ratification 
times. Manufacturing projects for clean technologies take less time, but can still take 
a few years. Small and modular technologies like PVs and batteries can take shorter 
times to build in conducive investment environments, with a new polysilicon factory 
taking between 18 and 50 months to build and ramp-up (IEA, 2023b). Efforts to build 
greater supply and diversify currently concentrated supply chains also need available, 
skilled labor, shortages being a key constraint to clean technology acceleration. All in 
all, there is a challenging relationship between the needed timelines for new, 
diversified supply chains for energy security and the pace of acceleration needed for 
energy sustainability, which increase pressure on figuring out ways and instruments 
to reduce lead times across the world.

4.4.2. �� While accelerated decarbonization is key for sustainability,  
it increases overdependence on a few suppliers in the short  
to medium term, impacting energy security 

Given the time required to upscale supply and diversify currently concentrated 
supply chains in a context of increasing demand, an accelerated decarbonization 
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pathway requires the trading of clean technology products with current market 
leaders. While demand for critical minerals will grow substantially over the next 
decade to meet climate goals, six times per lithium only, tracking of announced 
projects suggest that critical raw materials supply chain concentration levels in 2030 
will remain very high, especially for refining and processing (IEA, 2023b). While 
manufacturing supply chains can be diversified faster, accelerated deployment levels 
mean dependence on concentrated markets will continue to be necessary to meet 
climate goals, at least in the short to mid-term. For example, plans for additional solar 
manufacturing show that concentration will remain high in 2030 and that trade will 
continue to be essential for decarbonization. China plans to add 500GW of solar 
manufacturing capacity in the next few years, plans that remain unmatched by any 
other country, putting it on track to maintain 80 % of the global share and its dominant 
position on PV exports (IEA, 2023b). While the EU is set to double solar manufacturing 
in the mid-term, deployment is also being accelerated to meet decarbonization targets 
and reduce fossil fuel dependency, meaning around 70 % of the deployment in 2030 
will still depend on imports in the current scenario. While European and US 
investments in other technologies from batteries to electrolyzes and heat pumps point 
to a moderate decrease in China’s share of the market in the mid-term, there is again 
a new tension between the needed accelerated pace of decarbonization required for 
climate mitigation and supply, energy security goals.

4.4.3. �� Access to imported, cheaper products underpin a cost-effective, 
accelerated transition to meet climate goals, but sacrifices  
on energy security and challenges efforts to ramp  
up domestic clean technology manufacturing capabilities

Access to cheap clean energy technologies is key for their accelerated 
deployment and has underpinned the rapid deployment seen in technologies like 
solar over the past decade. Chinese domestic policies and innovation have enabled 
an 80 % cost decline in solar technologies, making it the most affordable electricity 
generation technology in many parts of the world (IEA, 2022c). In 2022, solar PV 
manufacturing costs in China were 10 % lower than India, 20 % lower than the 
United States and 35 % lower than in Europe. Access to cheap clean energy 
manufacturing products from China has enabled the solar boom underpinning the 
acceleration of energy sustainability and reduced prices of solar electricity 
worldwide, but it has also led to the movement of manufacturing capabilities from 
the US, Europe and Japan to China, leading to an overconcentration of PV 
manufacturing that raises important energy and supply security risks. While access 
to cheap clean energy components from abroad is very welcome in terms of 
accelerating a cost-effective transition, supporting accelerated uptake and affordable 
prices, it also deepens energy security challenges and creates a difficult situation 
for European domestic manufacturers trying to ramp up their manufacturing 
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capabilities encouraged by broad political support and as defined in the Net Zero 
Industry Act. Access to cheaper imported products created tensions, then, between 
energy sustainability and affordability in the context of accelerated deployment 
and energy security and domestic manufacturing competitiveness in the context of 
supply chain overconcentration. 

4.4.4. �� On the other hand, while de-risking advances security goals,  
it can also lead to increased clean energy technology costs,  
sacrificing energy equity 

The other side of the coin is clear: diversification in the name of energy security 
is costly. The most recent and clearest example is Europe’s diversification away 
from Russian gas and increase of LNG imports from the US: while it was essential 
in ensuring energy security and continuity of supplies, a substantially higher price 
on US liquefied natural gas drives energy prices, inflation and can lead to de-
industrialization. Similarly, comparisons on producing green technologies in 
different parts of the world show that reshoring to the EU or the US would make 
technologies more expensive. While both the CRMA and the NZIA aim to ensure 
domestic production of critical minerals and clean technologies, it must consider 
that such reshoring incurs substantial costs (García-Herrero et al., 2023), which 
drive up the price of clean technologies and can affect both energy prices and the 
competitiveness of energy-intensive industries in Europe. At the same time, trade 
policy efforts put in place to support de-risking, diversification and the emergence 
of a domestic manufacturing base can endanger energy sustainability and equity by 
slowing down deployment by making access to clean technologies more costly. 
Finally, de-risking can also lead to economic security challenges if China decides 
to make it more expensive for Europe through retaliation, imposing either export 
controls or stockpiling. All in all, while diversification and de-risking are essential 
from an energy security point of view, they also incur costs on energy equity.

4.4.5. �� If efforts to accelerate energy sustainability while ensuring energy 
security are done to the detriment of affordability, risks to  
the political agreement underpinning decarbonization arise 

The energy transition needs to be affordable, providing cheap and full access to 
electricity while reducing the additional spending required on clean energy over 
conventional options – for example, the green premium required for EVs over an 
internal combustion engine. While for uses and in some parts of the world clean 
energy technologies are cost competitive compared to fossil fuels (IEA, 2023b),  
in order cases cost gaps remain – and might be widened by fragmented supply 
chains or reshoring initiatives. Cost of living concerns are already at the top of 
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voters’ minds heading to the next European election, and far-right political groups 
have already been alluding to social injustices to oppose swift climate action 
(Schaller & Carius, 2019). Political opposition against pushing ahead on the green 
transition has resurfaced all over Europe citing equity and economic concerns, from 
the heating law in Germany to nitrogen standards in the Netherlands and the nature 
restoration law in the EU Parliament (Damen, 2023). In this context, and for the 
transition to be not only accelerated but also stable, policymakers will need to 
threat carefully and assess the social and equity implications in the new trilemma, 
ensuring that efforts to decarbonize and securitize clean energy technology supply 
chains also provide for the people and gain popular support. 

5. �� Conclusions and win-win-win solutions for sustainability, security and 
equity in the context of fierce geopolitical and geoeconomic competition

Russia’s invasion of Ukraine and the global energy crisis that followed, coupled 
with the pressures of the climate crisis and the current landscape of geopolitical and 
geoeconomic competition have fundamentally reshaped how countries think about 
energy, about industrial policy and, ultimately, about the energy trilemma. With a set 
of newfound tensions between sustainability, security and equity in a clean technology 
world, countries around the world are designing strategies that try to make political 
decisions on the balance of the three legs of the trilemma. As its name itself 
demonstrates, “trilemma” makes advancing sustainability, security, and equity swiftly, 
at once, a complex matter. Nonetheless, solutions are available to create win-win-win 
scenarios and ensure that countries, collectively, fulfill their climate obligations, 
strengthen energy security and provide for socioeconomic development:

•	 Key actions to advance energy sustainability and accelerate our climate goals 
while safeguarding energy equity and security include reducing lead times for 
the construction of clean energy production and manufacturing projects, as 
well as designing incentives to accelerate uptake and reduce the “green 
premium”. To do so, countries will need to work on reducing permitting times, 
establishing clear permit approval times, creating a “strategic project” 
designation for accelerated processes, and putting together a one-stop shop for 
permitting. Coordinating an accelerated rollout of infrastructure will also be 
key to enable increased clean energy uptake and accelerated climate mitigation. 
In parallel to these efforts, sustainability must be made affordable: incentives 
reducing upfront and operating costs of clean projects through investment 
costs rebates or production incentives, coupled with making dirtier forms of 
energy more expensive, will be fundamental to accelerate sustainability goals. 
Accelerating demand of green products with offtake support or public 
procurement is the other side of the same coin and should also be pursued. 
Finally, circularity and recycling of the components and minerals needed for 



THE ENERGY TRILEMMA ONCE MORE: NEW RELATIONS BETWEEN ACCELERATING ... 21

Cuadernos Económicos de ICE n.º 107 · 2024/I

the transition do not only reduce environmental and climate footprint, but also 
ensure energy security.

•	 Actions to promote energy equity while safeguarding sustainability and 
energy security must not only reduce the costs of green tech, but tackle the 
distributional effects of the transition and speedily invest in workforce 
development. Policy support to accelerate decarbonization must make sure 
households and industries are not bearing too much upfront costs without 
seeing near-term, tangible benefits – which could reduce political support 
for green policies. Lowering the costs of clean technologies by supporting 
supply and demand, as seen above, is key, but so is paying attention to the 
distributional effects of the transition. In this context, and apart from working 
diligently to reduce the green premium, the best energy equity investment that 
also contributes to accelerated sustainability and energy security is to focus 
on workforce training, education, and reskilling programs by designing accredited 
curriculums, funding apprenticeship opportunities and/or requiring apprenticeship 
and re-skilling as part of public procurement tenders. By focusing on communities 
most impacted by the transition, these actions can ensure a reduction on lead 
times for clean energy deployment, supporting sustainability and security, 
and addressing the distributional effects of the transition. Well-designed 
training programs can also reduce the costs associated with finding and skilling 
appropriate workforce, which can in turn reduce technology costs and contribute 
to affordability.

•	 Advancing energy security while maintaining a speedy and cost-effective 
transition requires strengthening international collaboration, creating new win-
win partnerships with developing economies and investing in the time to market 
and circularity of new technologies. To diversify the currently concentrated 
supply chains and advance energy security goals it will be essential to both put 
together industrial strategies to accelerate the transition, as seen above, and 
strengthen international cooperation. Expanding clean energy in line with a net 
zero by 2050 scenario is not possible if countries prioritize self-sufficiency and 
onshoring over integration and trade. Countries must build complimentary 
partnerships with other countries to take responsibility of different parts of the 
supply chain through coordinated specialization, paying attention to the social 
and climate needs and aspirations of developing and emerging economies 
(Garcia-Herrero et al., 2023). Designing win-win partnerships with developing 
countries, coupled with financing and de-risking instruments, can advance 
supply chain diversification while contributing to the sustainability and equity 
goals of emerging nations, and without incurring on the steep costs of domestic 
onshoring. Finally, reducing time to market for new technologies through 
investments in innovation in mineral extraction, mineral production, clean 
technology manufacturing and reuse and recycling will be fundamental in 
alleviating bottlenecks in supply chains and increasing energy security, all while 
advancing sustainability. 
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