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Aim of the study

The aim of this study is to provide an overview on the state of Ukraine's en-
ergy sector before the war, assess the impact of the war on its energy in-
frastructure, and explore its potential for renewable energy sources—solar,
wind, biomass, geothermal, and hydropower—as well as nuclear, natural gas,
and hydrogen. Based on this, it will identify opportunities for V4 countries
to collaborate with and support the reconstruction of Ukraine's energy in-
frastructure, with particular emphasis on clean technologies that will go the
furthest towards ensuring Ukraine's resilient, competitive and independent
energy system of the future.

This study operates under the scenario that the war in Ukraine has ended fa-
vourably on its terms; free of the immediate constraints of conflict and con-
tinuing its pro-Western EU integration pathway opening the door to strategic
investments in energy infrastructure.

It should be in the interest of V4 countries to take a leading role in supporting
Ukraine's EU accession and shaping its reconstruction process, particularly in
the areas of energy and climate, since Ukraine's integration provides oppor-
tunities to enhance regional stability and create new economic opportunities.



INTRODUCTION

Russian's military aggression against Ukraine has caused immense suffering
and massive damage to the country's critical infrastructure, including its en-
ergy system. The damage to key energy facilities, such as the Zaporizhzhia
nuclear power plant (NPP)', the destruction of the Kakhovka Hydroelectric
Dam, and the loss of approximately 44% of the country's thermal power
stations and 60% of power generation capacity, has significantly disrupted
Ukraine's energy security.? This situation has led to a sharp reduction in en-
ergy production, with electricity generation and consumption falling by over
30% from before the war.3

Ukraine possesses significant untapped renewable energy potential, like so-
lar and wind power, bioenergy, and hydropower. Solar and wind generation
could take a leading role in Ukraine's electricity mix with potential total gen-
eration of 80% by 2050 (from 12% in 2020), complemented by nuclear, hy-
dro, and bioenergy.* Achieving this goal will require a well-defined strategy,
substantial investments, and continuous support for nuclear energy, which
could serve as a key pillar of the transition.

Environmental activists from Greenpeace are calling for the implementation
of a "Marshall Plan for Solar Energy" to help rebuild Ukraine with a focus on
renewable energy and clean technologies. The World Bank estimates the to-
tal cost of Ukraine's recovery at approximately $486 billion® while Kyiv School
of Economics is more conservative, at around $155 billion.’

The V4 countries (Czech Republic, Hungary, Poland, and Slovakia) are posi-
tioned to play a crucial role in this endeavour because of geographical proximity
(3 share a boarder) and experience from undergone energy sector transformation

1 Despite the damage, the Zaporizhzhia NPP remains operational, though at the time of writing
of this study (October 2024) its at minimal capacity.

2 H.Duggal, “Mapping Russia's Kursk nuclear power plant,” Aljazeera, August 27, 2024. Available
online: https://www.aljazeera.com/news[2024/8/27/mapping-russias-kursk-nuclear-power-plant
(accessed on).

S.Jayanti, "Ukraine's Energy Sector Faces Its Biggest Crisis Yet," Time, August 10, 2024. Available
online: https:/[time.com[7008613/ukraine-russia-power-sector-frontline/ (accessed on).

3 Enhancing imports of electricity from the European Union to Ukraine," Energy Community
Secretariat, Ukraine Energy Market Observatory, 16/2024, October 2024. Available online: https://
www.energy-community.org/dam/jcr:55flac5c-f53c-492 b-9b56-d4623f5be23a/UA_MO_16_2024_
import%20to%20Ukraine.pdf

4 "Rebuilding Ukraine with a Resilient, Carbon-Neutral Energy System," United Nations Econom-
ic Commission for Europe, 2023. Available online: https:/lunece.org/sites/default/files/2023-07/
EN_Rebuilding%20Ukraine%20with%20a%20Resilient%20Carbon-Neutral%20Energy%20Sys-
tem_V8.pdf (accessed on).

5 L.Limb, “Solar Marshall Plan: Can Ukraine become the world's first post-war country rebuilt on re-
newables,” Euronews, June 8, 2024. Available online: https://www.euronews.com/green/2024/06/08/
solar-marshall-plan-can-ukraine-become-the-worlds-first-post-war-country-rebuilt-on-renewa
(accessed on).

6 "Ukraine's recovery, reconstruction needs seen at $486 billion over next decade,” UNDP, Feb-
ruary 15, 2024. Available online: https://[www.undp.org/ukraine/press-releases/ukraines-recovery-
reconstruction-needs-seen-486-billion-over-next-decade (accessed on).

7 "$155 billion—the total amount of damages caused to Ukraine's infrastructure due to the war,
as of January 2024," Kyiv School of Economics, February 12, 2024. Available online: https://kse.
uafabout-the-school/news/155-billion-the-total-amount-of-damages-caused-to-ukraine-s-infra-
structure-due-to-the-war-as-of-january-2024/ (accessed on).

S. E. Jayanti, “Ukrainian nuclear energy can fuel country’'s recovery and power Europe,” Atlan-
tic Council, April 16, 2024. Available online: https://www.atlanticcouncil.org/blogs/ukrainealert/
ukrainian-nuclear-energy-can-fuel-countrys-recovery-and-power-europe/ (accessed on).
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and modernisation over the past decades.? More recently V4 countries have
moved into more sustainable and decentralized energy systems which al-
lows them to provide technical know-how and serve as a valuable source of
inspiration for Ukraine.” Moreover, a strong and stable energy grid in Ukraine
enabling large amounts of cheap, low-carbon energy could benefit V4 coun-
tries with the development of interconnectors to import this energy.”®

8 I. Jonek-Kowalska and S. Rupacz, “Transformation of Energy Resources in the Visegrad Group:
Strategies, Results, and Climate Effectiveness,” Resources, Vol. 13, No. 5: 64, 2024. Available on-
line: https://doi.org/10.3390/resources13050064 (accessed on).

P. Zuk, A. Buzogany, M. Misik, J. Osi¢ka and K. Szulecki, “Semi-peripheries in the world-system?
The Visegrad group countries in the geopolitical order of energy and raw materials after the
war in Ukraine,” Resources Policy, Vol. 85, Part B, 2023. Available online: https://doi.org/10.1016/j.
resourpol.2023.104046 (accessed on).

9 A.Prokip, “Liberalizing Ukraine's Electricity Market: Benefits and Risks,” Wilson Center, May 6, 2019.
Available online: https://www.wilsoncenter.org/blog-post/liberalizing-ukraines-electricity-market-
benefits-and-risks (accessed on).

“Integration of Ukrainian power grid with ENTSO-E is strategic direction of cooperation,” Interfax
Ukraine, April 6, 2018. Available online: https://en.interfax.com.ua/news/economic/497339.html
(accessed on).

10 G.Maseznikov, "Stance of the V4 countries towards Russian military aggression against Ukraine,”
Heinrich B6ll Stiftung, December 20, 2022. Available online: https://cz.boell.org/en/2022/12/13/pos-
toje-krajin-v4-voci-ruskej-agresii-proti-ukrajine (accessed on).



UKRAINE'S ENERGY SECTOR
BEFORE THE WAR

Electricity Mix of Ukraine
in 2021

Ukraine, before the war, has long relied on two primary pillars in its energy
sector: nuclear and coal. Nuclear energy accounted for approximately 54%
(86,206 GWh) and coal about 23% of electricity generated (36,536 GWh)." This
was supplemented by gas power plants (9% or 14,341 GWh) and hydropower
plants (6% or 10,332 GWh. Renewable energy sources (solar, wind, biomass)
produced about 6% of the energy in 2021 (10,151 GWh). It is important to note
that Ukraine's overall electricity mix was also influenced by natural gas,
which made up as much as 27%.?

Figure 1. Ukraine's Electricity Generation by Source in 2021 (GWh)

Renewables (Solar, Wind, Biomass)

Hydropower

Gas Power Plants

Nuclear

Coal

Source: IEA

11 “Ukraine," International Energy Agency, 2022. Available online: https://www.iea.org/countries/
ukraine (accessed on).
12 "Energy Statistics Data Browser," International Energy Agency, December 21, 2023. Available

online: https://www.iea.org/data-and-statistics/data-tools/energy-statistics-data-browser?coun-
try=UKR&fuel=Energy%20supply&indicator=ElecGenByFuel (accessed on).
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Coal for Ukrainian Industry

Ukraine has significant coal reserves, particularly in the eastern part (Donbas),
which represents up to 90% of all Ukrainian deposits.”® Since 2014, mining in
Donbas has been disrupted due to conflict and a boycott of coal purchases
from mines controlled by separatists, creating a need for energy reforms and
diversification.”® Thus in 2021, Ukraine imported 14.0 million tons (72%) of coal
from Russia, 3.0 million tons (15%) from Kazakhstan, and 2.6 million tons (13%)
from other countries to ensure its energy security.”s

Natural Gas and Oil Reserves

Ukraine holds the second-largest natural gas reserves in Europe (1.09 trillion
cubic meters as of 2019), second only to Norway. Despite this, only a small
portion of these reserves is currently utilized, with an annual extraction rate
of just 2%. This was enough to cover about 60% of domestic consumption
(20 billion cubic meters) in 2021—mostly used by industry and for heat pro-
duction, especially heating of households—with the rest imported from Eu-
ropean countries via reverse flow. There is potential for further exploration,
which could uncover new gas fields and increase overall production capaci-
ty. In recent decades, the government has been striving to increase domes-
tic production and more efficiently utilize existing reserves to improve the
country's energy security.”

Ukraine's gas infrastructure includes an extensive network of transit pipe-
lines—most importantly the Brotherhood and Soyuz pipelines which trans-
port gas from Russia to Europe—along with large underground gas storage
facilities that serve for seasonal balancing and supply stabilization.

Although Ukraine has substantial hydrocarbon reserves estimated at 9 bil-
lion tonnes of oil equivalent, it is highly dependent on imports, with 50%
coming through Black Sea ports in 2021."® The same goes for petroleum prod-
ucts, where imports accounted for about 80% of total demand (12 million
tons) in 2021. Of the total fuel demand, diesel accounted for the largest share
at 66% (8 million tons), followed by gasoline at 18% (2.2 million tons), and LPG
at 16% (2 million tons).

13 "Ukraine CoallndustryRestructuring SectorReport,” World Bank Group,Report No.15056-UA, March
4,1996, p. 24. Available online: https://[documentsl.worldbank.org/curated/en/179841468778209054/
pdf/multiOpage.pdf (asccessed on).

14 V. Melkozerova, “Ukraine's war-torn Donbas region is on the verge of environmental disas-
ter,” NBC News, May 16, 2021. Available online: https://www.nbcnews.com/news/world/ukraine-s-
war-torn-donbas-region-verge-environmental-disaster-n1266372 (accessed on).

15 Ukraine's coal imports up 15% in Jan-Dec 2021," The Coal Hub, 2021. Available online: https://
thecoalhub.com/ukraines-coal-imports-up-15-in-jan-dec-2021.html

16 Ibid

S. Elliott, “Ukraine’'s UGV brings new high-throughput domestic gas well into production,” S& P
Global, March 6, 2024. Available online: https://www.spglobal.com/commodityinsights/fen/mar-
ket-insights/latest-news/natural-gas/030624-ukraines-ugv-brings-new-high-throughput-domes-
tic-gas-well-into-production (accessed on).

P. Polityuk and N. Chestney, “Ukraine's energy options limited in event of Russian gas disrup-
tion," Reuters, February 24, 2022. Available online: https://www.reuters.com/business/energy/
ukraines-energy-options-limited-event-russian-gas-disruption-2022-02-24/ (accessed on).

17 "Ukraine energy profile Energy security,”" International Energy Agency, n.d. Available online:
https://[www.iea.org/reports/ukraine-energy-profile/energy-security (accessed on).

18 Ukraine Energy Profile,” International Energy Agency (IEA), 2020. Available online: https://
www.iea.org/reports/ukraine-energy-profile (accessed online).


https://thecoalhub.com/ukraines-coal-imports-up-15-in-jan-dec-2021.html
https://thecoalhub.com/ukraines-coal-imports-up-15-in-jan-dec-2021.html

When Russia invaded in February 2022, Ukraine was almost immediately cut
off from its primary fuel suppliers Russia and Belarus, which had provided
the majority of its diesel (65%), gasoline (40%), and LPG (65%). Altogether,
Ukraine experienced a drastic 70% reduction in fuel availability, forcing it
to quickly reorganize supply chains. Although the EU stepped in to fill some
of the gap, it could only cover10% of Ukraine's pre-war demand, leaving the
country in a precarious situation.”

Role of Ukraine's Transit
Infrastructure

The transit of fossil fuel commodities through Ukraine, a traditional linchpin
of both Ukrainian and European energy security, has been in decline.?° The
Yamal-Europe natural gas pipeline, completed in the late 1990s, was one of
the first major projects to bypass Ukraine, transporting natural gas through
Belarus and Poland to Germany.?' In the 2000s and 2010s, Russia further re-
duced its reliance on Ukraine by developing the Nord Stream pipeline, and
later, Nord Stream 2, which directly connect Russia to Germany via the Baltic
Sea.?? These projects, along with geopolitical tensions since 2014, have dras-
tically reduced the volume of gas transiting through Ukraine, lessening its
strategic role within the European energy system and decreasing revenues
from transit fees.??

Similarly, once a crucial oil transit route from Russia to Central and Western
Europe, the significance of Ukraine’'s oil transit system has been eroded. The is
a result of both shifting geopolitical alignments and the development of new
infrastructure intended to reduce Europe's dependence on Russian supplies.?*

The decline in Ukraine's strategic role as a transit nation for gas and oil has
had significant economic consequences, most directly felt by the reduction
in transit revenues that once played a vital role in its economy. For Ukraine to
regain its strategic importance, significant infrastructure modernization and
improved cooperation with European partners will be essential.®

19 P. Przybyto, “Past, present and the future of the Ukrainian fuel sector. The origins of the fuel
crisis and analysis of the viable support options during and post the Russian aggression,” Casimir
Pulaski Foundation, op. cit.

Ukraine Energy Profile,” International Energy Agency (IEA), 2020. Available online: https:/fwww.
iea.org[reports/ukraine-energy-profile (accessed online).

20 Ukraine's Gas Sector," Pirani, Oxford Institute for Energy Studies, 2007. Available online: https://
web.archive.org/web/20080527194203/http:/www.oxfordenergy.org/pdfs/NG21.pdf (accessed online).

21 "Yamal—Europe Gas Pipeline,” Hydrocarbons Technology, n.d. Available online: https:/fwww.
hydrocarbons-technology.com/projects/yamal-europegaspipel/ (accessed on).

"Gazprom launches Yamal megaproject,” Gazprom, December 3, 2008. Available online: https://
web.archive.org/web/20090116180039/https:/www.gazprom.com/eng/news[2008/12/32740.shtml
(accessed on).

22 ,WhoWeAre,"NordStreamAG,n.d.Availableonline:https://web.archive.org/web/20090116180039/
https:/www.gazprom.com/eng/news[2008/12/32740.shtml (accessed on).

23 A.Losz, “Q & A | Russian Gas Transit through Ukraine,” The Center on Global Energy Policy,
October 3, 2023. Available online: https://www.energypolicy.columbia.edu/ga-russian-gas-tran-
sit-through-ukraine/ (accessed on).

24 S. Morrow, “Ukraine halts oil transit through Druzhba pipeline,” Energy Terminal, August 9,
2022. Available online: https://www.aa.com.tr/en/energy/oil/ukraine-halts-oil-transit-through-dru-
zhba-pipeline/36010 (accessed on).

25 B.McWilliams, S.Tagliapietra and G. Zachmann, “Europe’s Russian oil embargo: significant but
not yet," Bruegel, June 1, 2022. Available online: https://[www.bruegel.org/blog-post/europes-rus-
sian-oil-embargo-significant-not-yet (accessed on).
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In 2022, the situation took a decisive turn as major European gas importers,
including Germany, France, Italy, Austria, and the Czech Republic, ceased to
be clients of Gazprom.? For many, this marked the end of the era of gas
transit through Ukraine (and Slovakia). Future developments, however, may
change this (considered in the idealistic scenario of this study) if, hypothetical-
ly, Russia were to lose the ongoing war and be compelled to pay reparations,
potentially renewing partial transit as part of a broader economic repara-
tions deal. In addition, Ukraine's initiative to establish a regional gas hub
for Central and Eastern Europe leveraging its extensive western gas storage
facilities could be the focus of future gas market cooperation rather than
Russian gas transit alone.?

Figure 2. Major routs of gas pipelines via Ukraine

Major routes of gas pipelines connecting

natural gas fields in Western Siberia

to export markets in Western Europe

run via Ukraine » Brjarsk

' Entry point
' Exit point

w—  Gas pipeline '.m

Source the Maticnal Gas Unkon of Ukraine

Source: NBC News—2014

Energy Reforms After 2014

In response to geopolitical challenges, Ukraine initiated significant energy
reforms to reduce its dependence on Russian gas and oil, modernize its ener-
gy market, and integrate with the European energy network. In 2011, Ukraine
joined the European Energy Community, signalling its commitment to aligning

26 S.Gross and C. Stelzenmuller, “Europe’s messy Russian gas divorce,” Brookings, June 18, 2024.
Available online: https://www.brookings.edu/articles/europes-messy-russian-gas-divorce/ (ac-
cessed on).

27 M.Kolisnyk,"Ukrainianstorageand pipelinescanbekeytoeastEurope'sgassupplysecurity,” Eu-
ractiv, March 29, 2024. Available online: https://[www.euractiv.com/section/europe-s-east/opinion/
ukrainian-storage-and-pipelines-can-be-key-to-east-europes-gas-supply-security/ (accessed on).
S. Makogon, “Ukraine's gas storage facilities can play a key role in European energy security,” At-
lantic council, July 25,2023. Available online: https://www.atlanticcouncil.org/blogs/ukrainealert/
ukraines-gas-storage-facilities-can-play-a-key-role-in-european-energy-security/ (accessed on).

1



with European energy legislation.?® Following the annexation of Crimea and
conflicts in Donbas in 2014, Ukraine ceased direct gas purchases from Russia
and began importing gas from the EU.?° Subsequent reforms in 2015 and 2017
included the adoption of laws to liberalize the gas and electricity markets,
creating a competitive market closer to EU standards.3® Ukraine later joined
ENTSO-E in the first days of the war.3' In 2018, the Verkhovna Rada passed
a new Law on the Electricity Market, designed to establish a retail electricity
market in Ukraine similar to those in the European Union. Early reforms also
supported renewable energy and prepared for diversifying gas supplies.3?

Challenges in Reforming
the Energy Sector

Despite a victory in the key legal dispute before the Swedish Arbitration Court,
Ukraine experienced delays in energy reforms due to fears of a crisis and social
resistance to European integration.’* Between 2014 and 2017, legislative meas-
ures were taken to align the Ukrainian energy sector with European standards,
yet threats persisted as Ukraine faced cyberattacks linked to Russia, which
repeatedly targeted energy facilities and caused power outages. Energy re-
forms from the early 2010s to 2022 were inconsistent, as attention to energy
security often fluctuated due to public expectations and subsidies. The main
problem was the politically sensitive issue of energy prices for households,
where attempts to introduce market prices were repeatedly postponed to
avoid political backlash, which ended in failure to create real market lib-
eralization.?* Before the 2022 invasion, Ukraine undertook some legislative
measures to enhance energy efficiency and promote renewable energy. The
Law on Energy Efficiency of Buildings (2017) established energy performance

28 “Commissionwelcomes Ukrainein Energy Community,” European Commission,September24,
2010. Available online: https://ec.europa.eu/commission/presscorner/detail/en/ip_10_1173 (ac-
cessed on).

29 A. Gardner, “Russia cuts gas to Ukraine," Politico, June 16, 2014. Available online: https://www.
politico.eufarticle/russia-cuts-gas-to-ukraine/ (accessed on).

S. Walker, “Russia cuts off gas supply to Ukraine after talks collapse,” The Guardian, June 16,
2014. Available online: https://www.theguardian.com/world/2014/jun/[16/russia-cuts-off-gas-sup-
ply-ukraine (accessed on).

30 “Implementation of the EU-Ukraine Memorandum of Understanding on Energy Coopera-
tion during 2014," European Commission, EU-Ukraine Energy Cooperation, Ninth joint EU-
Ukraine report, April 28, 2015. Available online: https://energy.ec.europa.eu/system/files/2015-05/
EU-UKRAINE%2520ENERGY%2520COOPERATION_O.pdf (accessed online).

31 Ukrainian Transmission System Operator, NPC Ukrenergo, joins ENTSO-E as new member,”
ENTSO-E, 14 December 2023. Available online: https://www.entsoe.eu/news/2023/12[14 /ukraini-
an-transmission-system-operator-npc-ukrenergo-joins-entso-e-as-new-member/

32 A. Prokip, “Liberalizing Ukraine's Electricity Market: Benefits and Risks,” Wilson Center, May
6, 2019. Available online: https://www.wilsoncenter.org/blog-post/liberalizing-ukraines-electrici-
ty-market-benefits-and-risks (accessed on).

33 The Stockholm arbitration court ruled in favor of Ukraine’s Naftogaz in its dispute with Rus-
sia’s Gazprom over take-or-pay gas contracts, with Naftogaz seeking $30.3 billion in compensa-
tion, a lower gas price, and removal of the take-or-pay clause, while Gazprom is demanding $47.1
billion for both contract obligations and transit fees for gas supplied to Europe.

"Arbitration court rules in favour of Ukraine in Russian dispute,” Enerdata, June 2, 2017. Availa-
ble online: https://www.enerdata.net/publications/daily-energy-news/arbitration-court-rules-fa-
vour-ukraine-russian-dispute.html (accessed on).

34 A.Prokip, “The State of Ukraine's Energy Sector after Ten Years of War," Wilson Center, Feb-
ruary 8, 2024. Available online: https://www.wilsoncenter.org/blog-post/state-ukraines-energy-
sector-after-ten-years-war (accessed on).

"Ukraine Country Report 2024," Bertelsmann Stiftung'’s Transformation Index, 2024. Available
online: https://bti-project.org/en/reports/country-report/UKR (accessed on).
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standards for new constructions and major renovations, introducing man-
datory energy certification to ensure compliance.® Additionally, the Nation-
al Renewable Energy Action Plan until 2020 aimed to increase the share of
renewables in Ukraine's total energy consumption to 11% by 2020.3¢ Despite
these initiatives, challenges such as regulatory instability, limited funding,
and inconsistent policy enforcement hindered substantial progress in energy
efficiency and renewable energy adoption before 2022.

35 LawNo0.2118-VIllon Energy Efficiency of Buildings,” Climate Change Laws, 2017.Available online:
https://climate-laws.org/documents/law-no-2118-viii-on-energy-efficiency-of-buildings_984e?id=
law-no-2118-viii-on-energy-efficiency-of-buildings_0259 (accessed online).

36 "National Renewable Energy Action Plan (NREAP) through 2020," State Agency on Energy
Efficiency and Energy Saving of Ukraine, n.d. Available online: https://saee.gov.ua/documents/
NpdVE_eng.pdf (accessed on).
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IMPACT OF THE WAR ON
ENERGY INFRASTRUCTURE

From the Annexation of Crimea
to the 2022 Invasion

Ukraine has been in a state of de facto war since 2014, which has significantly
affected the functioning of the entire energy sector. As mentioned above, the
coal reserves Ukraine depended on—and the only energy resource where the
country was self-sufficient®—were primarily located in the Donetsk region,
which was under the control of pro-Russian separatists. This led to a shift
away from coal towards alternative sources and marked the beginning of
instability and uncertainty for the entire energy infrastructure.’®

Consequences of the
2022 Invasion

By the end of 2021 and the beginning of 2022, it was evident that a ma-
jor conflict was approaching, raising concerns about the possible impact on
Ukraine's energy infrastructure.® After the start of Russia's full-scale inva-
sion, which coincided a critical test of Ukraine's electricity system operat-
ing in an island-Ukrainian energy infrastructure was heavily hit by missile
attacks, drones, and artillery, leading to the destruction of more than two
dozen fuel depots and refinery facilities. The electricity sector suffered sig-
nificant losses, especially after the occupation of the Zaporizhzhia NPP—the
largest in Europe—which before the war represented 44% of Ukraine's nucle-
ar capacity. Additionally, 30% of Ukraine's solar capacity and 90% of its wind
capacity remained in occupied areas.*®

37 “International Coal Dialogue: Quo vadis Ukraine," European Economic and Social Commit-
tee, European Association for Coal and Lignite, November 18, 2014. Available online: https://
public.euracoal.eu/download/Public-Archive/Events/Conferences/20141118-EESC-EURACOAL-
Ukraine/20141118-EESC-EURACOAL-Int-Coal-Dialogue-Ukraine-rev04.pdf (accessed on).

38 T. Laffitte and I. Moshenets, “Synchronized: The Impact of the War on Ukraine's Energy Land-
scape,’ Foreign Policy Research Institute, December 5, 2023. Available online: https://www.fpri.
org/article/2023/12/the-impact-of-the-war-on-ukraines-energy-landscape/ (accessed on).

39 A. Prokip, “Ukrainian Energy at Gunpoint,” Wilson Center, February 3, 2022. Available online:
https://www.wilsoncenter.org/blog-post/ukrainian-energy-gunpoint (accessed on).

40 A.Prokip, “The State of Ukraine's Energy Sector after Ten Years of War," Wilson Center, op.cit.
"Towards a Green Transition of the Energy Sector in Ukraine," United Nations Development Pro-
gramme, June, 2023. Available online: https://www.undp.org/sites/g/files/zskgke326/files[2023-06/
undp-ua-energy-damage-assessment.pdf (accessed on).
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Russian Attacks on Energy
Infrastructure

In September 2022, Russia launched a massive campaign of aerial attacks
against Ukrainian energy infrastructure, aimed at destroying production and
transmission capacities. More than half of the transmission infrastructure was
destroyed or critically damaged, and missile strikes completely decimated
the 750 kV high-voltage grid.* By the end of April 2023, the available capacity
of thermal power plants had dropped by 65% from 2022, while the capacity of
hydroelectric power plants fell 29.8%.%2 in June 2023, Russians detonated the
Kakhovka dam, which threatened people, the environment, and the econo-
my.** Between 2022 and 2023, roughly half of Ukraine's electricity production
capacity was either occupied by Russian forces, destroyed, or damaged, with
approximately half of the major grid substations similarly affected.*

Increased Attacks and Further
Energy Shortages

Between March and May 2024, Ukraine lost another 9 GW of production ca-
pacity®, bringing it down to about one-third of pre-war levels, even before
the summer attacks of 2024.%¢ In addition, district heating and natural gas
infrastructure were targeted, with 18 major combined heat and power (CHP)
plants and over 800 boiler houses damaged or destroyed. Above-ground nat-
ural gas storage infrastructure suffered damage while underground reserves
remained intact.”’

41 A. Grabchuk, “The energy system has lost 40220-750 kV transmission lines due to war—Ukren-
ergo,” Mind, July 10, 2023. Available online: https://mind.ua/en/news/20259743-the-energy-system-
has-lost-40-220-750-kv-transmission-lines-due-to-war-ukrenergo (accessed on).

42 Y.Valova, "How Ukrainian power engineers are preparing for the winter," Emerging Europe,
October 5, 2023. Available online: https://[emerging-europe.com/analysis/how-ukrainian-pow-
er-engineers-are-preparing-for-the-winter/ (accessed on).

43 A. Prokip, “The Kakhovka Dam Disaster: Responsibility and Consequences," Wilson Center, June
14, 2023. Available online: https://[www.wilsoncenter.org/blog-post/kakhovka-dam-disaster-re-
sponsibility-and-consequences (accessed on).

44 T.Vatman and C. Hart, “Russia’s attacks on Ukraine's energy sector have escalated again as
winter sets in," International Energy Agency, January 17, 2024. Available online: https://origin.iea.
org/commentaries/russias-attacks-on-ukraines-energy-sector-have-escalated-again-as-winter-
sets-in (accessed on).

45 “Russia has destroyed 9.2 GW of Ukrainian power generation, EU ambassador says,” Ukrainska
Pravda, June 3, 2024. Available online: https://www.pravda.com.ua/eng/news/2024/06/3/7458900/
(accessed on).

46 J.E.Herbst, O. Khakova and Ch. Lichfield, "Reconstructing Ukraine at war: The journey to pros-
perity starts now," Atlantic Council, June 7, 2024. Available online: https://www.atlanticcouncil.
org/in-depth-research-reports/report/reconstructing-ukraine-at-war-the-journey-to-prosperity-
starts-now/ (accessed on).

47 S. Elliott, “Ukraine's Naftogaz reports damage to gas storage facility after Russian attack,”
5 & P Global, March 25, 2024. Available online: https://[www.spglobal.com/commodityinsights/en/
market-insights/latest-news/natural-gas/032524-ukraines-naftogaz-reports-damage-to-gas-stor-
age-facility-after-russian-attack (accessed on).

15



Electricity Shortages
and Managed Rationing

During the summer of 2024, Ukraine faced an acute electricity shortage, with
production capacity lagging behind peak demand by 2.3 GW, even with elec-
tricity imports from western European neighbors.*® Ukraine's state transmis-
sion system operator, Ukrenergo, navigated this with planned shutdowns,
limiting electricity supply in the most affected areas to just a few hours per
day. Approximately half of Ukrenergo's high-voltage substations, as well as
many distribution substations, were damaged. #°

Current Energy Situation
and Temporary Solutions

In summer 2024, Ukraine's demand peaked at 12 GW with a 2 GW deficit. In the
winter, demand could rise to 18.5 GW, with a potential deficit of 6 GW, even
with 1.7 GW from Europe.*® Households rely heavily on smaller generators,
which have become widely available. Diesel generators are being donated
as part of humanitarian aid through EU initiatives like ‘Generators of Hope,
from strategic reserves such as resceU, and by the FAO UN (Food and Agricul-
ture Organization of the United Nations).> In 2022 alone, Ukraine imported
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over 650,000 power generators.5? The situation is expected to improve fur-
ther, with even more generators available now for the upcoming winter, and
the question becomes whether sufficient diesel supplies are available to run
them. Ukraine is dependent on diesel imports from Western countries, main-
ly sourced from or passing through Lithuania, Poland, Romania, Slovakia, and
Hungary. As an example, in 2023 Romania increased diesel imports by 30%
compared to 2022, while imports from the Russian Federation dropped by
87% due to sanctions. Additional supplies have been sourced from Kuwait,
Italy, and Turkey.>

Figure 3. Verified damage to energy infrastructure in Ukraine
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Furthermore, in each city, so-called ‘Points of Invincibility’ have been estab-
lished—locations equipped with state-supplied generators where residents
can warm up, charge their devices, and access basic services during power
cuts, especially critical in winter.> These efforts have been part of a larger cam-
paign called ‘Winterization of Ukraine' launched before the winter of 2022/23
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port Fund to enhance the coordination of financial and in-kind assistance
to the country.>®
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UKRAINE'S ENERGY
POTENTIAL

Ukraine is the second-largest country on the European continent after Rus-
sia. This vast territory is geographically diverse rich natural resources and
biodiversity. The western region is known for mountainous forests and pas-
tures, while central areas are dominated by extensive agricultural fields and
steppe ecosystems.’’

Ukraine has ambitious plans to expand its renewable energy production ca-
pacity as part of its post-war recovery.>® The National Recovery Plan includes
investments of approximately $130 billion to support energy independence
and the development of green energy in two phase (from 2023-2025 and
2026-2032), aiming to add 5-10 GW of solar and wind capacity, localize re-
newable energy equipment production, construct over 30 GW for hydrogen
production, and develop smart grids.”” However, much of the potential for
renewable energy development is concentrated in regions that are or were
under Russian control, complicating the execution. Currently, 66% of solar
and wind installations are located in regions such as Odesa, Zaporizhzhia,
Mykolaiv, Kherson, and Dnipro, areas that may require repairs and mainte-
nance once Ukraine regains full control.°

Wind Energy

The total area suitable for wind farm construction and operation in Ukraine
is estimated at up to 9,000 km?, mostly in the south®, supporting total wind
energy potential of 16-30 GW, 10 to 20 times the country's pre-war capacity.
The most attractive areas for wind energy development are along the Black
Sea and Azov Sea coasts, the southern coast of Crimea, parts of the Ukrainian
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Carpathians, the Crimean Mountains, and the Donbas region.®* Ukraine also
has ideal conditions for offshore wind generation, with average annual wind
speeds of 7.0-8.5 m/s (on land at about 100 meters, and at about 50 meters
in coastal areas). These conditions allow for the use of highly efficient mega-
watt-class wind turbines with annual capacity utilization rates of 0.3-0. 4.

Figure 4. Wind power potential in Ukraine
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Solar Energy

Ukraine has relatively high solar potential, especially in southern regions like
Odesa, Zaporizhzhia, and Mykolaiv, with annual solar radiation between
1,070 and 1,400 kWh/m?.¢> Solar energy experienced significant growth before
the war, reaching aninstalled capacity of over 6 GW.% Several studies estimate
that up to 14 GW of installed solar capacity is technically and economically
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feasible by 2030, but the southern regions most suitable for solar power are
largely under occupation or face the threat of destruction.®’¢¢

Ukraine also has immense potential in the agricultural industry for integrat-
ing agrivoltaics. Given the vast agricultural areas in Ukraine, agrivoltaics could
play a crucial role in enhancing the country's energy independence and con-
tribute to the decarbonization of its energy system. Investment in agrivolta-
ics provides clean electricity generation and enhances agricultural produc-
tivity by retaining water due to the shading effect. This dual benefit makes
agrivoltaics a highly attractive option for Ukraine, as it seeks to modernize
both its energy and agricultural sectors.®’

Figure 5. Photovoltaic Power Potential in Ukraine
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Hydropower

Hydropower plants play a key role in Ukraine's energy system, stabilizing the
grid and responding to fluctuations in energy demand. Installed hydropower
capacity stands at 6,229 MW, with 1,528 MW of pumped-storage power plants,
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which is about half of what is technically feasible (21,500 GWh).”® Ukraine plans
to realize this potential over the next decade, reaching a 15% share of total

energy supply.

The majority of this is concentrated between Dnipro, Dniester, and Southern
Bug rivers,” with the former anchoring the sector 3.8 GW capacity. In addi-
tion to large hydropower plants, Ukraine has significant untapped potential
small and medium hydropower, which could help decentralize the energy
system and improve energy access in remote areas.”?

Biomass

Given the country's vast agricultural base and forest resources, biomass is
one of the most promising renewable energy sources, suitable for produc-
ing heat, electricity, and biofuels. Agricultural residues, such as straw, corn
stalks, and sunflower husks, can be effectively used for energy production.”
Additionally, Ukraine has the option to shift some of its production to grow
specialized energy crops.” Furthermore, Ukraine has extensive forested areas
covering about 16% of its total land area, which can provide forestry biomass,
including wood waste and trimmings, as well as fast-growing trees like pop-
lar and willow.”

Natural Gas and Hydrogen

With an estimated volume of approximately 1,000 billion cubic meters (bcm),
Ukraine possesses the second-largest reserves in Europe after Norway.”> Un-
der normal circumstances, production is close to 20 bcm.”” Ukraine aims to
increase domestic production to reduce reliance on imports by adopting
new technologies and enhancing extraction efficiency.”® The main challenge
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for gas extraction is that most reserves are located in conflict zones such as
Kharkiv and Poltava regions.”

In addition, Ukraine has significant untapped shale gas potential which could
be developed to improve its energy security. The greatest potential lies with
the Yuzivska gas field in Eastern Ukraine, estimated to have 10-20 bcm.® Shell
signed a major development deal in 2013 but withdrew in 2015 because of geo-
political instability in the region. Despite these challenges, Naftogaz has been
working to revive the project and further explore Ukraine's shale gas potential.

As far as infrastructure, Ukraine's gas transit system exceeds 140 bcm, although
utilization has declined due to the diversification of European supplies and
supply routes, such as Nord Stream.?' Ukraine needs to modernize this infra-
structure to improve efficiency and reliability, including upgrades to com-
pressor stations and pipelines.®?2 Ukraine also possesses one of the largest gas
storage capacities in Europe at over 31 bcm combined.®

Ukraine also has significant potential for green hydrogen production® to pair
with an adaptable gas infrastructure network. This could make it an integral
partner for the European Union's hydrogen market®, as well as importing from
third countries.®® This development would not only bolster Ukraine's energy
security but also contribute to decarbonization efforts and reduce depend-
ence on fossil fuels, supporting the EU's climate neutrality goals.®’
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Nuclear Energy

Traditional Nuclear Power Plants

Nuclear energy has long been a cornerstone of Ukraine's energy mix.®® Suc-
cessive governments have expressed interest in expanding nuclear capaci-
ties, with the most ambitious plan from 2006 aiming for the construction of
11 new reactors.?? These were intended to complement the existing fleet of
15 reactors, boosting installed capacity to 16.5 GW. However, little of this plan
has been realized, largely due to economic challenges, corruption, and inef-
ficiencies in government institutions.”® The latest key projects include the
expansion of the Khmelnytskyi NPP with the construction of Units 3 and 4,
which are already underway, and Units 5 and 6 in the next phase.”” The South
Ukraine NPP will also be expanded with Units 4 and 5.2 These seven new re-
actors are expected to add over 7 GW of installed capacity, all using AP1000
technology from the U.S. company Westinghouse. Additionally, there are dis-
cussions about completing the abandoned Chyhyryn site with four reactors
with totalling a capacity of 4 GW.?

Small Modular Reactors (SMR)

Small modularreactors (SMRs) could be anideal complement to Ukraine's ex-
isting nuclear infrastructure.® The modular design of SMRs offer greater
flexibility, quicker installation and lower investment costs compared to
traditional large nuclear reactors. Moreover, their advanced safety systems
can help alleviate public concerns regarding nuclear energy safety.

Ukrainian Energoatom has signed partnerships with Holtec, Westinghouse,
and Rolls-Royce to deploy advanced SMR technologies in Ukraine. Holtec of-
fers its SMR-160 model, a 160 MW reactor designed for flexibility, passive cool-
ing without external power, and the ability to run for up to four years with-
out refuelling. This model is also intended for various applications, including
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industrial use and electricity generation.”> Westinghouse will deploy its AP300™
SMR, a 300 MW reactor based on the proven AP1000 design, featuring highly
efficient design and simplified systems for easier maintenance and scalabil-
ity. Construction could begin by 2030.” The Rolls-Royce 470 MW reactor is
factory-built to ensure rapid deployment, and is capable of powering one
million homes with carbon-free electricity for over 60 years. This reactor
is also designed for energy independence and post-war recovery, featuring
scalable deployment for faster energy restoration.”

Geothermal energy

Ukraine possesses significant geothermal energy resources, with an estimat-
ed annual potential of 438 GWHh, or 8.4 million tons of oil equivalent (Mtoe),
which could replace 10 bcm of natural gas.”®

Geothermal is included in the State Program for renewable energy develop-
ment. The State Commission of Ukraine on Mineral Resources has approved
the cogeneration potential of geothermal water resources at 27.3 million m?|
day, with a thermal power capacity of 351 million GJ/year.”®

Ukraine has a medium geothermal gradient, with its most promising regions
for future development located in Transcarpathian, Crimea (south), and the
Dnipro-Donetsk basin™ where it could be utilized for heating and electricity
production.’”’
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Figure 6. Prospective regions for the use of geothermal resources
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Role of Interconnectors

Ukraine's high-voltage power grid encompasses a total length of 19,000 km
and includes 103 substations. Before the synchronization with continental
Europe, the system featured more than 50 cross-border links, with a signifi-
cant high-voltage backbone of 750 kV. Interconnectors play a pivotal role
in linking Ukraine's energy grid with those of neighbouring European coun-
tries, offering a dual benefit of energy security and market flexibility. This
is especially vital given the damage inflicted by Russia on Ukraine's energy
infrastructure. Despite these challenges, Ukraine has successfully exported
electricity to countries such as Hungary, Moldova, Romania, Poland, and Slo-
vakia. In March 2024, for instance, Ukraine exported a record 13 gigawatt hours
of electricity.!%?

A significant milestone occurred on March 16, 2022, when Ukraine and Mol-
dova synchronized their electricity grids with the continental European grid,
integrating into the 50 Hertz alternating current system.

The potential role ofinterconnectors becomes even more apparent when con-
sidering Ukraine's fluctuating energy supply. For example, to optimize solar
power in summer months, measures such as dynamic line rating (DLR) could
be applied to enhance the efficiency of power transfers between Ukraine
and its neighbours. By winter 2025/26, grid-enhancing technologies along
with the completion of interconnection projects with Slovakia and Romania,
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Ukraine's import capacity could rise to 3.6 GW, significantly reducing poten-
tial power shortages. Romania is particularly important in this regard, with
the 400 kV Pivdennoukrainska NPP-Isaccea line to provide over 1 GW transfer
capacity, possibly by 2026. Trilateral talks with Moldova also outlined plans
to supply Ukraine with 150 MW and propose an additional 350 MW via re-
gional interconnections.’*3

As Ukraine moves toward rebuilding its energy sector, modernizing and ex-
panding interconnectors will be critical for leveraging its renewable ener-
gy capacity. The expansion of the Zamosc¢-Dobrotvir 220 kV line and the po-
tential for future upgrades to 400 kV could play a pivotal role in stabilizing
regional energy flows. Additionally, Ukraine's vast gas transmission infra-
structure, which is already an important asset, could be used to transport
natural gas from non-Russian sources. In the future, this infrastructure could
be repurposed to support hydrogen transport, positioning Ukraine as a key
player in Europe's transition to cleaner energy.’*

Renewable Energy
and Export Potential

Ukraine has an ambitious long-term vision to become a renewable energy
powerhouse producing up to 850 GW from renewable sources.'> Ukraine's Na-
tional Energy and Climate Plan (NECP) sets a goal of reducing greenhouse gas
emissions by 65% by 2030.°¢ However, the 27% renewable energy target for
2030 lags behind the EU's 42% target, a gap that Ukraine will need to bridge.”’

With the right investments and policies, Ukraine can become a major ener-
gy exporter to Europe.'®® The success of this energy transition depends on
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strong market-based incentives and investor confidence. By adopting the EU
Clean Energy Package and creating a stable regulatory framework, Ukraine
can attract the necessary investment to expand its renewable energy capac-
ity and fully integrate with the European energy market.'®

Importance of RES and V4

Renewable energy sources are a critical part of Ukraine's future energy sys-
tem because they are decentralized and, therefore, more resilient to enemy
attacks. Unlike centralized power plants, such as nuclear facilities, renewable
energy systems like solar and wind farms are spread over large areas, making
them harder to target and disrupt. However, Ukraine faces another major
challenge: a shortage of energy experts due to the war. This is where the ex-
pertise of other countries, particularly the V4 nations, could play a vital role.
V4 countries, having undergone their own energy transitions, can offer both
technical know-how and practical experience to help rebuild Ukraine's ener-
gy sector based on clean technologies.
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operationwithUkraineand Moldova,” European Councilon Foreign Relations,March11,2024.Availa-
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POTENTIAL CONTRIBUTION
OF THE SLOVAK REPUBLIC

Slovakia is focusing on development its eastern region, emphasizing the
strengthening of connectivity between Ukraine and the EU. Key medium-term
objectives include the modernization of highways, railways, waterways, and
ports, as well as the construction of energy interconnections.” The current
government supports these initiatives through its strategy titled “Frame-
work for the Involvement of the Slovak Republic in the Reconstruction of
Ukraine," which aims to actively engage Slovak entities, particularly compa-
nies, in Ukrainian reconstruction projects. This approach not only creates new
business opportunities but also enhances the competitiveness of Slovak en-
terprises internationally. Additionally, it will attract new foreign direct invest-
ments to eastern Slovakia with increased interest in exports to Ukraine™ In
this section, we explore the potential for the V4 countries, including Slovakia,
to contribute to the reconstruction of Ukraine, the utilization of Ukraine's vast
energy potential, and the integration of Ukraine into the EU energy systems.

Gas and electricity
interconnectors

After Gazprom increased prices in 2014, the Ukrainian government signed
a deal with Slovakia to secure alternative gas supplies. Since then, the ma-
jority of Ukraine's gas imports have transited through Slovakia. However,
Slovakia did not allow Ukraine to utilize its main transit pipelines with free
capacity exceeding 50 bcm per year, thereby denying Ukraine access to larger
volumes of gas. Instead, a technical solution was found for the reverse flow
of gas from Europe to Ukraine by modernizing a previously unused pipeline
from Vojany to Uzhgorod, unlocking capacity of up to 14.5 bcm per year. This
pipeline was put into operation on September 2, 2014, ensuring alternative
gas supplies for Ukraine and reducing its dependence on Russian gas."?

Beyond reverse gas flows, Slovakia's gas transmission system operator, Eu-
stream, has been collaborating with Ukraine's Naftogaz to explore the feasi-
bility of repurposing existing pipelines for hydrogen transport as part of the
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Central European Hydrogen Corridor, a joint project between several gas in-
frastructure companies.™

In addition to the Vojany-Uzhgorod pipeline, Slovakia and Ukraine share the
“Brotherhood" pipeline (Urengoy-Pomary-Uzhgorod), the largest carrier of
Russian gas into Europe, with a capacity of over 100 bcm per year. The total
reverse flow capacity between the two is up to 14.5 bcm per year, representing
a significant contribution to Ukraine's energy security.™ This also helps posi-
tion Ukraine as a future energy hub, leveraging its underground gas storage."*

Slovakia also playsacrucialrolein enhancing Ukraine's energy security through
the development and modernization of key cross-border projects, such as
the 200 million euro™ rehabilitation of the Mukachevo—Velké KapusSany in-
terconnector, a 51 km 400 kV overhead line. This project is essential not only
for facilitating the cross-border flow of electricity but also for expanding gas
storage capabilities, thereby contributing to the broader Eastern European
energy hub envisioned by Ukrainian Prime Minister Denys Shmyhal."” It will
also be vital for stabilizing Ukraine's grid and enabling its energy sources to
be exported to Slovakia and further into Europe."® Slovakia has become a net
exporter of electricity, with clean exports rising to nearly 1,900 GWh in the
first half of 2024, marking a year-on-year increase of 70.5%."°

The two-stage project begins as a single-circuit line with a second circuit add-
ed at a later stage. The single circuit will add about 600-800 MW of transfer
capacity from 264 MW in 2024. With 70% of the work completed in Ukraine,
efforts are being made to expedite its commissioning scheduled for 2026,
though newer sources suggest it may be 2028.'%°
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Biomass

As an agricultural country, Ukraine has a unique opportunity to leverage bio-
mass production, which is a field Slovakia is very experienced in.

Several biomass projects have been implemented in Slovakia, perhaps most
significant among them being the advanced biofuels plant in Leopoldoy,
where Enviral and Clariant are building a facility for the production of cel-
lulosic ethanol from agricultural residues with an annual capacity of 50,000
tons. Anotherimportantinitiative is the Biomass Association's project, which
focuses on creating a sustainable market for wood pellets, including the ret-
rofitting of 44 public buildings from coal to pellet boilers, with a planned
production capacity of 12,000 tons of pellets annually. The facility in Kysucké
Lieskovce processes 20,000 tons of wood residues into 12,000 tons of pellets
per year, demonstrating another successful project in this field. The Polana
Region Bioenergy Project transitioning to biomass heating systems and the
co-firing project at Elektrarne Novaky, where biomass is replacing 30% of the
coal, are other examples.”

Legislative measures supporting biomass include the Renewable Energy Sup-
port Act, which facilitates biomass energy production and establishes sus-
tainability criteria for its utilization. Slovakia has outlined sustainability cri-
teria to ensure that biomass is sourced from sustainable origins and does
not compromise biodiversity. Slovak legislative provisions also offer finan-
cial support for biomass cogeneration systems, ensuring priority access to
the distribution grid and guaranteed electricity buy-back agreements. The
FTP initiative and the LignoSilva Center of Excellence aim to enhance stra-
tegic processes in the forestry bioeconomy and promote innovations. The
LIFE 3.0 Project focuses on integrating renewable resources, including bio-
Mmass, across various sectors.'?

Promoting biomass development could significantly impact regions in eastern
Slovakia adjacent to Ukraine, enhancing cross-border cooperation with west-
ern Ukrainian areas rich in woody biomass. These forested regions represent
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POTENTIAL CONTRIBUTION
OF V4 PARTNERS

Czech Republic

The Czech Republic has much to offerwhen it comes to supporting Ukraine's en-
ergy reconstruction. Their experience with building nuclear power plants,
particularly navigating the legislative and financial hurdles, could provide
Ukraine with a roadmap for developing its own nuclear capabilities. The Czech
Republic has also been exploring the use of SMRs, which could offer more
flexible and efficient energy solutions for Ukraine's energy system. Further-
more, Czech Republic has also been developing agrovoltaics

Hungary

Ukraine would also stand to benefit from Hungary's expertise in geothermal
energy, with projects like Szeged geothermal district heating showcasing
how geothermal resources can be effectively harnessed, Hungary has also
made significant progress in solar energy, with large-scale projects and sup-
portive policies that could serve as a useful model for Ukraine. Additionally,
Hungary's position as a bordering country makes it a key player in developing
energy interconnections, whether electricity, gas, or even hydrogen networks.

Poland

Poland's experience with wind energy, particularly in the development of off-
shore and on-shore wind farms, could be invaluable for Ukraine. Particularly
its experience with project development, regulatory processes, and logistic.
Moreover, Poland's geographical proximity and strong trade ties with Ukraine
make it an ideal partner for developing cross-border energy infrastructure,
including gas and electricity networks, as well as exploring opportunities for
hydrogen transport.
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CONCLUSION

Risks, challenges and
opportunities

The V4 countries face considerable risks in supporting Ukraine's energy re-
construction, stemming largely from ongoing geopolitical instability. The
destruction and occupation of significant energy-producing areas by Russian
forces pose a persistent threat to long-term investments and infrastructure
projects. Currently, about 66% of Ukraine's wind and solar installations are
located in regions like Zaporizhzhia, Kherson, and Mykolaiv—areas under Rus-
sian control or at risk of conflict. Additionally, critical infrastructure has been
devastated, with over 50% of high-voltage substations damaged, 30% of solar
capacity disrupted, and a 65% reduction in thermal generation capacity since
the invasion began.

Ukraine's dependence on fossil fuels, which constituted 70% of its energy mix
pre-war, also complicates alignment with EU climate targets. Shifting to re-
newable energy will require extensive modernization and decarbonization
efforts. Rebuilding the energy grid will require massive investments, with the
World Bank estimating Ukraine's total reconstruction cost at $486 billion.
The EU and international partners will need to secure large-scale financial
commitments, while investor confidence must be strengthened through sta-
ble regulatory frameworks and risk mitigation strategies.

The 2024 mobilization law exempts energy workers from military service, yet
retaining enough qualified professionals in the clean energy sector will re-
main a challenge for Ukraine. Additionally, regulatory alignment with the EU
is essential but complex, as Ukraine must bring its market and environmen-
tal standards up to EU compliance—a task requiring substantial financial and
technical support.

At the same time, these challenges present opportunities for partnership pre-
sents between Ukraine and the V4 countries, particularly in RES development
and strategic energy storage and distribution. Ukraine's renewable energy
resources, especially in wind and solar, are among the largest in Europe, with
an estimated 30 GW of wind capacity and 14 GW of solar potential, particu-
larly concentrated in southern regions with optimal solar irradiance reach-
ing up to 1,400 kWh/m? annually. These vast RES resources can provide the
foundation for a decentralized and resilient energy network that can bolster
Ukraine's energy security and provide clean energy exports to neighbouring
countries.

Ukraine's strategic location and existing infrastructure also position it as
a critical energy hub for Central and Eastern Europe. With natural gas reserves
totalling 1.09 trillion cubic meters—second largest in Europe—and a storage
capacity of 31 bcm, Ukraine can play a central role in stabilizing gas supplies for
the V4 region. Especially as Europe seeks alternatives to Russian gas, Ukraine
can play a key role bolstering the region’'s energy independence.

In addition, Ukraine is well-positioned to become a major player in green hy-
drogen, leveraging its RES potential and nuclear power. The development of
green hydrogen production and storage would not only enhance Ukraine's own
energy resilience but also support the EU's hydrogen market and long-term
decarbonization goals. With investments in hydrogen infrastructure, Ukraine
could become a leading supplier for Central and Eastern Europe, facilitating
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the region's transition to low-carbon economies and contributing to broader
EU climate objectives.

V4-Ukraine cooperation in energy is essential for Ukraine's recovery and re-
gional energy security. The V4 countries bring vital experience transitioning
away from coal towards towards cleaner and more modern energy systems
that meet EU standards, and their support can help Ukraine do the same.
Key priorities include rebuilding Ukraine's renewable capacity, modernizing
cross-border interconnections, and ensuring regulatory alignment with EU
standards. With coordinated efforts, V4-Ukraine energy cooperation can cre-
ate a resilient energy system that meets both regional security needs and EU
climate goals.
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