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Abstract:

Ukraine’s monocentric structure and centralised,
fossil fuel-based energy system is characterised
by import dependencies on its Soviet legacy.
This introduced ine Cciehcies, which were fur-
ther exposed by the Russian invasion in 2022, en-
tailing a reconstruction of critical energy infras-
tructure. The invasion presents a turning point
for Ukraine to rethink its energy transition to-
ward a more resilient and decentralised system.
This leads to the following research questions:
How can resilience and decentralisation be im-
plemented in a national energy planning strategy
for Ukraine’s heating and electricity sectors to-
wards 2050 to decrease the monocentric structure
and improve energy security?. A mixed-method
approach is applied, combining energy system
modelling, using the tool EnergyPLAN, stake-
holder analysis, and institutional reform analy-
sis. The project builds on Concrete Institutional
Economics, Innovative Democracy, and Institu-
tional Theory, forming the Socio-Technical In-
stitutional Transition Framework, which guides
the following analyses. The three analyses inves-
tigate: A modelled energy scenario for Ukraine’s
electricity and heat sector to support decentral-
isation and resilience in 2050, the stakeholder
landscape critical to implement the modelled sce-
nario, and market, institutional and technical re-
forms needed for a sustainable long-term transi-
tion. The project concludes that Ukraine can en-
hance energy security with institutional changes
by integrating multi-level governance measures
in the governmental structure and decentralising
energy production by increasing domestic renew-
able energy sources.
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Summary

The Russian invasion of Ukraine in 2022 damaged large portions of Ukraine’s energy
infrastructure, exposing the vulnerabilities of a highly centralised energy structure and
system. Ukraine, as a former Soviet Union country, was largely dependent on centralised
power plants and imported fossil fuels. This structure was once eledtive in ensuring
uniform access, however, it left the country’s energy supply inflexible and ine [cieht.
Rather than rebuilding this monocentric structure, the war presents Ukraine with a
critical opportunity to transition the energy landscape towards a more decentralised and
resilient energy system. Ukraine possess significant potential for wind and solar power,
o[ering an opportunity for the country to become energy independent and eventually a
renewable energy exporter to the European energy market. This report explores how
such transformation can be achieved by 2050, aiming to reduce reliance on imported fuels,
improve the national energy security, while aligning with broader European standards.

A socio-technical institutional transition framework provides the foundation of how
technological development must align with changes in the Ukrainian norms, values and
regulatory structures. The transition is explored by applying a combination of technical
modelling, stakeholder analysis, and institutional assessment. Using the modelling tool
EnergyPLAN, a reference scenario and two future scenarios are developed: A reference
scenario, based on current policies, a business-as-usual scenario for 2050, with limited
changes, and a decentralised and resilient scenario for 2050 focusing on an increase
of renewable energy. The modelling showed that decentralising energy production,
by increasing the share of solar and wind power, combined with integrated electricity
and heating sectors, would not only enhance energy system e Lciehcy but also improve
Ukraine’s resilience and independence.

To implement the decentralised and resilient scenario for 2050, an analysis of the
stakeholders involved in Ukraine’s energy system is conducted, from governmental agencies
to international financial and regulatory institutions and non-governmental organisations.
This stakeholder mapping revealed a fragmented landscape where coordination is limited
and responsibilities are opaque. In order to decentralise the Ukrainian centralised
government, governance measures are required to strengthen transparency and the
interrelations between stakeholders.

Building on these findings, the project identifies recommendations for key institutional
reforms necessary to support this transformation. Key recommendations include aligning
national laws with the standards of the European Union, liberalising the energy market,
investing in local capacity building, and decentralising the regulatory authority to
empower regional energy planning. Drawing on theories of institutional change and
democratic participatory, the analysis emphasises the need for both top-down regulation
and bottom-up participation. A shift in the Ukrainian norms and values is required, so the
centralised control transition towards a more collaborative and strategic energy planning.

In conclusion, the project demonstrates that rebuilding Ukraine’s energy system and
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supporting its transition is not solely a technical challenge, but a deeply institutional and
regulatory one. With a strategic long-term vision, guided by decentralisation, Ukraine
can reshape the energy sector and reduce its dependency. Ukraine can recover from the
damages of the war as a strategic leader in the European energy market.
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Reading guide

Figures and tables are numbered according to the chapters in which they are presented.
Abbreviations and acronyms used throughout the report are compiled in a list at the
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De nitions of Terms

Decentralisation

The term Decentralisation is used in two distinct contexts throughout this report. First,

it refers to the decentralisation of Ukraine's energy system. This includes the technical

con gurations of distributing the energy production across localised sources closer to the

energy consumption. Second, the term denotes the decentralisation of the Ukrainian
governmental structure. This includes implementing governance measures to delegate
decision-making responsibilities across administrative levels.

Institutions

The term Institutions has two distinct meanings in this report. On one hand, institutions
refer to formal and informal organisations. On the other hand, the term institutional
denotes the required changes of the underlying norms, rules, and values that shape social,
political, and economic behaviour.

Sustainability

The term Sustainability is used in this report as the environmental, economic or social
capacity to endure and maintain its function over time without depleting resources or
weakening the conditions necessary for continued existence. The term can be expanded
to include political sustainability, which refers to the ability of institutions or policies to
remain stable and e ective for future generations.

Renewable Energy

The term Renewable Energyrefers to energy derived from naturally replenishing sources
such as wind, solar, biomass and hydroelectric power. In this project, Renewable Energy
does not include nuclear, as it is not considered a naturally replenishing resource within
this scope.
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Introduction

The global energy sector undergoes a major transformation towards sustainability,
highlighting a shift towards decarbonisation, electri cation and decentralisation. The
green transition is characterised by global trends, emphasising the gradual phase-
out of fossil fuels and the increasing share of renewable energy (RE), supported by
technological innovation, policy regulation and socio-economic factors (Adnan et al., 2024).
Technological innovation supports research and development in alternative technologies
while focusing on energy e ciency. Policy and regulations involves supporting and
aligning international agreements while securing an attractive landscape with governance
approaches. Lastly, the socio-economic factor ensures focusing on energy security, cost-
e ective energy, while empowering the market for deployment of RE. Despite ongoing
e orts to reduce the dependency on fossil fuels and expand renewable energy, fossil fuels
still dominated the power generation in 2023, accounting for 62% (Yang, 2024).

As the transition progresses, achieving 100% RE systems requires not only reducing
fossil fuel dependence but also integrating innovative solutions such as improved energy
e ciency, decentralised energy systems, and enhanced electri cation. A united e ort from
policymakers and society is imperative, as this shift represents a pivotal transformation
in the global energy landscape (Adnan et al., 2024).

Given the above, the European Union (EU) presents a key role in the global landscape,

establishing ambitious energy policies that set the agenda for the green transition. The

EU accelerates the shifts towards decarbonisation, phase-out of fossil fuels, increasing RE
and decentralised energy systems. These policies guide the EU's transition and extend
their in uence beyond their borders.

Although Ukraine is not an EU member, it is part of the Energy Community, which aligns
non-EU countries with the EU's energy and climate policies (Energy Community, 2025).
As a member, Ukraine follows similar initiatives, including regulatory reforms, increased
RE integration, and commitments to reducing carbon emissions. These e orts contribute
to the broader European objective of achieving a sustainable and resilient energy
system. Through the commitment, Ukraine submitted an updated Nationally Determined
Contribution (NDC) in 2019, which recognises the necessity of reducing greenhouse
gas (GHG) emissions and has set ambitious targets related to the EU's (Government
of Ukraine, 2021). The Ukrainian Cabinet of Ministers also adopted the National Energy
and Climate Plan (NECP), drawing from best practices of EU member states (European
Union, 2018). The NECP aims to harmonise energy and economic policies to support
Ukraine's sustainable development, serving as a strategic framework for energy policy.

On the 24th of February 2022, the Russian national forces invaded the country of Ukraine.
The Russian military systematically targeted Ukraine's energy infrastructure, causing
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disruptions to the electricity and heat production and distribution (UNDP and World
Bank, 2023). Despite the destruction of Ukraine's energy system, the crisis presents an
opportunity to fundamentally rethink and reconstruct its energy infrastructure. Rather
than restoring a centralised, high-intensity energy system, which aligns with Ukraine's
Soviet-era legacy, Ukraine has the opportunity to reconstruct a resilient, decentralised and
sustainable, oriented energy sector that aligns with both domestic and global sustainability
trends (IEA, 2024b).

However, realising this transition requires not only a technical roadmap for implementing
decentralised energy solutions. Such a transition also requires regulatory reforms to
accommodate a radically dierent energy paradigm. It is therefore essential that
the reconstruction e orts are guided by national strategic energy planning, to ensure
coordination across the governmental levels of Ukraine, strengthening cross-sector
collaboration and changing the institutional understanding of the energy sector in
Ukraine (European Commission, 2024).
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State of the Ukrainian
Energy System

The following chapter will describe the state of the Ukrainian energy system and the
status quo. Before elaborating, a brief introduction to Ukraine is presented. Ukraine is a
sovereign nation in Eastern Europe with a total land area of approximately 579.40(km?,
making it the largest country in Europe. The location of Ukraine can be seen in Figure 2.1.
Ukraine consists of 24 administrative regions called Oblasts and the autonomous region of
Crimea. Sevastopol and the capital city of Kyiv are considered cities with special status.
These regions are also illustrated in Figure 2.1, where regions occupied by Russia are
highlighted.

Figure 2.1. lllustration of Ukraine's location within the European continent. Ukraine is
marked with yellow and blue on the top left map. The regional composition of Ukraine is also
illustrated, where the regions marked with black lines indicate Russian-occupied territories as of
February 2025. Data is from: Kartographia (2025).

Understanding the historical elements of Ukraine's energy system will be provided for
further analysis of its pre- and post-war conditions.

This chapter provides a foundation for understanding the long-term ine ciencies, external
dependencies, and vulnerabilities that have been exposed due to Russia's invasion. This
perspective is crucial for evaluating the post-war reconstruction, short- and long-term
strategies and the shift towards a more resilient, decentralised energy system. Rebuilding
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Ukraine's energy system necessitates a fundamental rethinking of previous choices and
principles.

2.1 Ukrainian Energy System

Ukraine was a former Soviet Union country from its establishment in 1922 until its formal
dissolution in 1991. Energy policies of the Soviet era maintained a high industrial output
that relied on cheap and abundant fossil fuel sources. These sources were state-subsidised,
resulting in a reduced economic incentive to adopt energy-saving technologies or improve
system e ciency (Stuggins et al., 2013).

Additionally, heat and electricity were considered fundamental rights, resulting in
arti cially low prices for district heating (DH) and household electricity. Although
this ensured a ordability for households, it also resulted in a lack of investments in
new infrastructure and modernisation of existing infrastructure. The Soviet-era pricing
system was designed to protect consumers from the true costs of energy production, which
resulted in arti cially low energy prices (Kumar and Osband, 1991). Arti cially low prices
contributed to energy ine ciency, as households and industries over-consumed, as energy
prices were not an incentive for energy e ciency programs. Soviet industrial companies,
which operated under soft budget constraints, had a reduced motivation to optimise energy
usage, which meant that the energy intensity remained signi cantly higher than in Western
market economies. Furthermore, state-owned energy companies were expected to provide
services at below-market rates but without the ability to recover the costs (Kumar and
Osband, 1991).

A report from OECD (2020) describes that the Ukrainian energy market continued, after

the dissolution of the Soviet era, with structural ine ciencies due to these regulated

prices. In addition, Ukraine's energy intensity remained among the highest in Europe due
to ine cient production and outdated infrastructure (OECD, 2020).

Furthermore, Russia's annexation of Crimea in 2014 highlighted Ukraine's need for a more
diverse energy mix, since it exposed the country's dependency on Russian energy supplies,
as well as the vulnerabilities associated with geopolitical instability. The annexation of
Crimea resulted in the loss of energy infrastructure and the control of o shore fossil fuel
reserves in the Black Sea. The lost infrastructure belonging to Crimea made it challenging
to maintain a stable energy supply since the largest power-generating companies were
located in the southern and eastern regions of Ukraine. The loss of energy infrastructure
impacted the national energy security, operational capacity, while changing the shape
of the energy landscape, which led to reforms such as focusing on domestic RE and
modernisation of the energy system and infrastructure. Between 2015 and 2020, Ukraine
initiated signi cant e orts to modernise its energy infrastructure to reduce its reliance

on Russian energy. This included developing domestic RE technologies, especially photo
voltaic (PV) and strengthening partnerships with international stakeholders to enhance

a more independent energy security (Perevozova and Lastovets, 2024). However, these
e orts encountered structural challenges due to the path dependencies and an insu cient
regulatory framework marked by the Soviet era.
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2.1.1 Pre-War Composition of Ukraine's Energy System

During the Soviet era, Ukraine's energy infrastructure was integrated with Russia, where
pipelines, transmission grids and industrial supply chains were designed to rely on Russian
fossil fuel suppliers. This was to ensure uniform energy access across the former Soviet
Union and was built to function as part of a larger centralised economy. The reliance
on large power plant (PP)s, such as nuclear and hydroelectric dams, requires extensive
transmission networks, as the system is generated from a few central areas, distributed
throughout the country (Trondle et al., 2024).

Vilhelm Rothe, who is an energy adviser for Centre of Global Cooperation at Danish
Energy Agency, states in Appendix A that the former Eastern Bloc was heavily in uenced
by centralised planning where DH was a good opportunity due to the large combined heat
and power (CHP) located in the centre of large cities. In addition, many Ukrainian cities
still use Soviet-era DH systems, where a single central CHP or boiler station provides heat
to entire neighbourhoods (Rothe, 2025).

Ukraine's energy mix has historically relied heavily on imported fossil fuels, particularly
oil and natural gas from Russia, alongside domestic nuclear power and a growing RE
sector. Nikolaj Lomholt Svensson, Energy Counsellor at the Embassy of Denmark in
Ukraine, states in Appendix C that Ukraine is a nuclear-powered country where the nuclear
power accounts for around 75% of the electricity supply, dependent on weather conditions,
and thereby is used as a large and reliable baseload (Svensson, 2025). Before the war,
Ukraine bene ted from relatively low fossil fuel prices, allowing Russia to use energy as a
political tool, o ering discounted supplies to maintain its in uence. This dependency was
especially critical in the natural gas sector, as Ukraine's domestic production of fossil fuels
was insu cient to meet its energy needs. Furthermore, Ukraine's long-standing policy of
arti cially low energy prices discouraged investment in energy e ciency and alternative
energy sources. As a result, the country remained dependent on inexpensive Russian
imports instead of diversifying its energy mix (Trondle et al., 2024). Figure 2.2 illustrates
the distribution of fuel sources of the total energy consumption from 2000 to 2022.

Figure 2.2. Total energy consumption in TJ of Ukraine from 2000-2022, distributed into
energy-fuel sources. Data is from: IEA (2023b)
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