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Russia’s full-scale invasion of Ukraine in February 2022 and the subsequent energy crisis throughout Europe revealed a dangerous
dependence of European countries on Russian energy resources. This resulted in a crucial change in energy strategy of the European
Union (EU). Following the REPowerEU strategy, the European Union already decreased Russian gas import by two-thirds (from 45%
to 15% of total natural gas import) and plans totally refuse Russian energy supplies “well before the end of the decade”. The EU strategy
on complete replacement of Russian energy supplies and accelerating implementation of renewable sources of energy is challenging
right now but crucial for Europe’s long-term energy security. The EU’s current binding target to achieve 42.5% of renewable energy
sources in the total energy mix by 2030 is in line with the European Green Deal strategy and works on the independence of the EU
from Russian energy resources.

Ukraine is currently withstanding the worst of the war, including thousands of deaths, millions of refugees, occupied territories,
and destroyed infrastructure. National energy security is just one of many challenges facing the country. Following the EU’s strategy,
Ukraine urgently needs to transform its energy sector in a sustainable manner. Ukraine’s current plan to achieve 27% renewables in total
energy production by 2030, while less ambitious than the EU’s goal, is still a compelling strategy given the country’s wartime situation.
The country can and should rely heavily on renewable energy sources, including solar and wind generation. Biogas and biomethane
production can also play a significant role in replacing natural gas in Ukraine, given the country’s vast agricultural potential. Along with
a radical increase in energy efficiency, this will transform Ukraine’s energy sector into a sustainable and secure one. Key words: energy
security, sustainable development, renewables, energy resources, Russia’s war in Ukraine.

Eneprernuna Oe3meka Ta mnoTeHuiag BigHoBmoBaHoi eHeprerukn €C Ta Ykpainm B ymoBax pociiicbkoi arpecii.
Sxumenko LJI., Bybaienko H.O, CanaBop O.M., Huuuk O.B., LllanoBanos €.b., Xenmeas /1.

IToBroMacmTabHe BropraenHs Pocii B Ykpainy B motomy 2022 poky Ta mofaibllia eHEpreTUdHa Kpu3a 1Mo BCiil €Bporni BUSBUIN
HeOe3MeyHy 3aJIeKHICTh €BPONEHChKUX KPalH BiJl POCIHCHKHUX SHEPreTUUHHUX pecypciB. Pociiicbke BroprueHHs B YKpalHy NpH3BENo
JI0 KapJAMHAJIBHOI 3MiHHM eHepreTH4Hoi crparerii €Bpomneiickkoro Coro3y (€C). Peanizyroun crparerieto REPowerEU, €C Bixe cko-
POTHB IMITOPT POCIHCHKOTO Ta3y Ha ABI TpeTuHH (3 45% 1o 15% 3aransHoro iMmopty razy y €C) Ta miaHye MOBHICTIO BIIMOBHTHCS
BiJl POCIMCHKUX €HEPreTHYHHX IOCTABOK «3aJO0BrO J0 KiHIA AecaTUmiTTs». Crpareris €C mon0 MOBHOTO 3aMiIEHHS POCIHCHKUX
SHEPreTHYHUX MOCTABOK Ta MPHCKOPEHHS BIPOBA/UKEHHS BiHOBIIOBAHUX JDKEpeN eHepril € CKIIaJHOI0 Ha JaHWil MOMEHT, aje Mae
BHpIIIAJIbHE 3HAYESHHSI JUIS JOBIOCTPOKOBOI eHepreTHyHoi O6e3nekn €Bporu. [Totouni 30608’ s3ytoui 1inti €C mono gocsraenss 42,5%
BiJTHOBJTIOBAHUX JDKEPEJI eHeprii B 3araJbHOMY eHepreTnaHoMy Oananci 10 2030 poky BiAmoBizaroTh cTpaTerii €BporeiichKroro 3eme-
HOTO Kypcy Ta COpsIMOBaHi Ha He3zanexHicTh €C BiJf pOCIHCHKIX €HEPreTHYHHX PECYPCIB.

Hapasi Vkpaina Hece OCHOBHUIA Tsirap BiliHH, BKJIIOYAIOYM THUCSYl CMEpTei, MiIbHOHH OiXKEHIIB, OKYIIOBaHi TepUTOPIl Ta 3pyi-
HOBaHy iH(pacTpykTypy. HamionansHa eneprernyna Oe3reka — Iie JIMIIE OJMH i3 OararboX BHUKJIMKIB, IO CTOSITH Heped KpaiHOolo.
Jotpumytouncs crparerii €C, Ykpaini TepMiHOBO TOTpiOHO TpaHC(HOPMYBATH CBil eHepreTHYHUI ceKTop y cranui croci6. [Torounnit
TUIaH YKpaTHH MIOAO0 JOCATHEHHS 27% BiTHOBIIOBAHHX JUKEPEI eHeprii B 3aranbHoMy BUpOOHHITBI eHeprii 7o 2030 poky, xoda i MeHIII
amOiTHHH, HiX 1ib €C, ane € NepeKOHIIMBOIO CTPATETI€I0, BPaXOBYIOUYH BOEHHY CHUTYaLito B kpaiHi. KpaiHa Moxe i MOBHHHA 3HAYHOIO
MIpOFO MOKJIAIATUCSI Ha BiIHOBJIFOBAHI JpKEpeJia CHEePTii, BKIFOYAKYH COHSYHY Ta BITPOBY TeHepailito. BupoOHunreo diorasy ta 6iome-
TaHy TAKOXX MOXKE BiIrpaBaTH 3HAYHY POJIb Y 3aMiHi IIPUPOHOTO ra3y B YKpaiHi, BPaXOBYIOUH BEITHMUYE3HUH CLILCHKOTOCIONAPCHKUI
nmoTeHmian kpainu. [1opsy i3 CyTTeBUM MiIBUIICHHSAM €HEProeeKTUBHOCTI, IIe IEPETBOPUTH CHEPIeTHYHHI CEKTOp YKpaiHHU Ha CTa-
nuii Ta Oe3neyHuil. Knrovosi croea: eHepreTndHa Oe3rnexa, CTaaui pO3BUTOK, BiIHOBIIOBAHI JUKepesia eHeprii, eHepreTH4Hi pecypcH,
BiitHa Pocii B YkpaiHi.

Problem statement. Sustainability and environmen-
tal issues are important parts of the long-term national
energy security strategy, but in times of energy crises
the demands for sustainable energy resources may be
temporary compromised, at least in the short-term,
by urgent demands for the nations in available energy
resources [1]. Urgent needs for most European countries

to replace Russian gas and oil forced the nations search
other options, including, e.g., returning to coal, which
is obviously not the environmentally friendly choice.
On the other hand, the energy challenges over Europe
due to Russian invasion of Ukraine will accelerate the
transition of the EU member states to renewables, and
change the situation in the long-term. For example, sig-
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nificant part of the REPowerEU strategy of the European
Commission for overcoming the EU’s dependence on
Russian gas envisages renewable sources [2].

In 2023, the EU’s natural gas supply already decreased
by 7.4% compared with 2022, marking the lowest value
since 1995. Moreover, in 2023 brown coal supply
decreased by 24.2%, and hard coal supply dropped by
20.4% compared to 2022. Both figures are the lowest
recorded since the Eurostat data series began [3].

Meanwhile, Ukraine is becoming an integral part of
the EU community, which means Ukraine may and should
be a part of energy sector of the EU, sharing all challenges
and approaches of the Union for its energy security.

In this article, we analyze the challenges of energy
security for the EU and Ukraine due to the Russian war
against Ukraine.

Energy sector of the European Union. More than a
decade ago, in response to global financial and economic
crisis of 2008, the EU strengthened sustainable develop-
ment approaches through the implementation of Europe
2020 strategy on smart, sustainable and inclusive growth
[4]. In terms of this strategy, among other priorities, the
EU was determined to reach 20% renewables in the total
energy mix of the Union in 2020. The goal was achieved
as in 2020 renewable energy represented 22.1% of
energy consumed in the Union [5]. Further climate /
energy goals of the EU were set in the European Green
Deal [6] and in Fit for 55 strategy [7]. Finally, according
to the Directive (EU) 2023/2413 (the revised Renewable
Energy Directive) [8], the EU binding renewable target
for total energy consumption was set as 42.5% by 2030.

While renewables were the EU’s priority for many
years in terms of global warming, restriction of depend-
ence of the Union on Russian energy supplies also
implied. And the EU authorities had strong evidence on
the risks of the EU significant dependence on Russia.
Yet in 2018, the European Parliament authorized the
analytical research on the EU vulnerability in its energy
dependence on “authoritarian Russian regime” [9]. The
analysis clearly demonstrated that during many years
Russia used its energy resources as a powerful tool of
its foreign policy for geopolitical motives. The analysis
concluded on high risks for the EU member states due to
its dependence on Russian natural gas supplies.

For European countries, Russian gas was cheaper
than from other sources. It was not only due to geo-
graphical reasons, but it was one of Putin’s geopolitical
tricks. This resulted in more than half share of Russian
gas in natural gas imports of many EU member states,
e.g., in Germany and Hungary — 57%, in Austria — 64%,
in Greece, Slovakia, Latvia and Estonia — about or over
80%, Bulgaria and Finland — 100% [9].

Being ten times weaker compared to the EU in terms
of GDP, Russia managed to control the EU energy mar-
ket significantly [10]. And due to vast energy resources,
Putin’s regime received significant financial resources
for its war crimes. For example, in 2021 Russia’s global
revenue from fuel sale reached about $250 billion [11].

But just in a few days after the beginning of the war,
the European Commission issued the communication on
energy security of the EU member states REPowerEU,
increasing the level of demands [2]. The communica-
tion had a clear purpose to solve the problem of energy
dependence of the EU on Russia as soon as possible. The
Commission confirmed that Russia provided about 45%
of the EU’s total natural gas consumption, 27% of oil
imports and 46% of coal imports of the EU.

The communication proposed a detailed list of
actions, which could decrease the EU demands in
Russian gas by two thirds to the end of the 2022 and
totally refuse Russian gas imports by 2030. It is the most
radical plan in energy security of the EU that needs coor-
dinated efforts of the EU member states and their part-
ners. Two key strategies of the plan are:

— Diversifying gas supplies via higher LNG and
pipeline imports from non-Russian suppliers, higher
levels of biomethane and hydrogen;

— Reducing faster the EU dependence on fossil fuels
by boosting energy efficiency and increasing the share
of renewables.

According to the document, by the end of 2022 the
EU was able to replace over 100 bem of Russian gas,
following such measures as:

— LNG diversification — 50 bcm replacement;

— Pipeline import diversification — 10 bem replace-
ment;

— Increasing wind and solar deployment and green
hydrogen production — 20 bem.

In further response on Russian blackmailing, the
European Commission called for energy saving in every
member state through the reducing gas consumption by
15%. That was the equivalent of 45 becm of natural gas
saving. As a result of concerted actions of the EU mem-
ber states, in 2023 the import of Russian natural gas into
the EU fell to less than 15%, including LNG [12].

Renewable energy potential of the EU. Share of
renewable energy more than doubled between 2004 and
2020 through the EU member states. Sweden had 60%
of energy from renewable sources in its gross final con-
sumption of energy in 2020, following by Finland (44%)
and Latvia (42%) [5]. The share of energy consumed in
the EU during 2022 generated from renewable sources
was 23% [13], demonstrating slight growth compared
with previous year, but not significant enough to reach
the ambitious EU goals for renewables till 2030.

Solid biomass is the largest among renewable energy
sources throughout the EU, widely used in electricity gen-
eration, industry and residential heating. It represented
40% of the total renewable energy supply in the EU in
2022, followed by wind (15%), hydropower (10%) and
liquid biofuels (7%). Solar photovoltaics and heat pumps
each represented around 7% of the EU renewable sup-
ply. Other significant renewables sources were biogases,
renewable waste, geothermal and solar thermal [13].

To be clear, in electricity generation throughout the
EU, which is only a part of the total energy mix. And in
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2023, renewable energy already accounted 44.7% of all
electricity production in the EU, marking an increase of
12.4% compared with 2022 [3].

As for Russian natural gas physical replacement,
biomethane is an important renewable alternative with a
big potential throughout the EU. Even before the current
challenges with Russian energy supplies, some EU mem-
ber states demonstrated great potential of these renewa-
bles. For example, Germany had estimated about 9,700
biogas plants operating as of 2018. That was the highest
number of biogas plants in any country in Europe and the
world. There was a total installed capacity of 4.8 GW, and
about 32,500 GWh of electricity and 17,200 GWh of heat
generation in Germany in 2017 using biogas [14].

As for the progress in the field, according to the
European Biogas Association [15], in 2022 Europe pro-
duced 21 bem of biogas, including 18 bem of biogas
produced in 27 EU member states. And 20% of biogas
produced in Europe in 2022 were upgraded to biome-
thane. From this 4.2 bem of biomethane, 3.4 becm were
produced in the EU. Thus, biomethane production dou-
bled in Europe from 2018 to 2022. The fastest growth
was demonstrated in France, Italy, and Denmark.

The Hydrogen Strategy for a Climate Neutral Europe
was adopted in the EU in 2020 [22] as a part of ambi-
tions of the European Green Deal [6]. The priority is the
use of green hydrogen, which is produced due to elec-
tricity from renewable sources. The proposed phased
approach assumed that in 2020 — 2024, at least 6 GW of
electrolyzers should be installed in the EU and up to one
million tons of hydrogen will be produced from renew-
able energy sources.

Energy sector of Ukraine. Before the Russian war
against Ukraine, energy production in Ukraine was
mostly provided by fossil fuels and nuclear power. In
2020, Ukraine had the following structure of primary
energy sources: natural gas — 27.5%, coal — 26.4%,
nuclear energy — 23.1%, oil — 16.4%, renewables — 6.6%
[16]. Thus there was a significant dependence on natu-
ral gas and nuclear energy, and extremely low share of
renewables in energy sector of Ukraine.

During the last before-the-war years, Ukraine pro-
duced about 20 bem of natural gas annually. It covered
about two thirds of the national demands in natural gas.
The rest of gas supplies, about 8-10 bem, was imported
to the country from some EU member states (Slovakia,
Hungary, and Poland). But it was mostly Russian gas
by the origin. Ukraine also has been 85% dependent on
the imports of petroleum products. And the share of oil
products produced in Russia or from Russian raw mate-
rials in the structure of Ukrainian imports exceeded
80%. Ukraine also remained significantly dependent on
the supply of nuclear fuel from Russia, which met more
than 50% of needs of Ukrainian nuclear power plants.

Thus, Ukraine shares the challenges of most European
countries in its dependence on Russian energy resources.
Russian aggression aggravated the situation for Ukraine.
The matter is that the Dnipro-Donetsk region of Ukraine

accounts for approximately 90% of national gas produc-
tion. Now this region is severely affected by the war.
According to the national experts, about 70% of gas
production facilities in the country currently may be
destroyed or out of operation.

Among the advantages of Ukraine in energy sector,
there is a potent gas transportation system, which during
decades served as the main transport route for Russian
gas to Europe. The other important part of energy infra-
structure of Ukraine is the largest in Europe underground
natural gas storage facilities (more than 30 bcm), which
comprise 21% of total European facilities. And while
the gas transportation system will lose its significance
for Russian gas transport, Ukrainian gas storage facili-
ties may play important role in energy security of both
Ukraine and the EU.

Potential of renewable energy production in
Ukraine. Paying attention to the low level of renewables
in the total energy mix in Ukraine, in 2021 Ukrainian
government proposed National Action Plan for the
Development of Renewable Energy until 2030 [17].
According to the plan, in 2030, Ukraine should produce
27% of the whole energy mix from renewables. This
level is much lower that updated plans in the EU (42.5%
as a binding target), and Ukraine does have the potential
to reach more.

It is worth to indicate, that in Ukraine about three
quarters of renewables are bioresources [16]. Being
one of the largest producers of agricultural crops in the
world, Ukraine has a huge potential in bioresources,
first of all, in form of agricultural residues. Experts of
Bioenergy Association of Ukraine (UABIO) calculated
that Ukraine has a biomass potential for energy produc-
tion in a total of 21.7 million tons of oil equivalent (toe)
per year. The main components of the energy potential
of biomass are by-products and waste of agriculture, and
agricultural residues The largest shares of the potential
of agricultural residues fall on the straw of cereal grain
crops (36%) and by-products/waste from the production
of grain corn — 33% [18].

Moreover, according to the last UABIO assessment
[19], transforming available and potential bioresources,
Ukraine may produce about 22 becm of biogas/biometh-
ane per year. Among the most powerful bioresources for
biogas production, the UABIO experts name cover crops
and harvest residues from agricultural crops. A bit less
potential for biogas production in Ukraine was revealed
by experts of Ukrainian Technological Company (UTC).
Being one of the major industrial companies in bio-
gas technology in the country, UTC assesses potential
of Ukraine in biomethane production in up tol5 bcm
annually with new facilities installation in a scale of
about one bem of biomethane production per year. This
approach is promising for Ukraine. Because this way
Ukraine may use natural gas transportation system and
natural gas storage facilities.

Biogas production generates a significant amount of
useful side product, digestate, which may be used as an
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organic fertilizer. Organic waste treatment has additional
benefits for the environment. Organic waste deposited in
landfills, produces a significant amount of biomethane
as a pollutant of the atmospheric air. Methane is a pow-
erful greenhouse gas, 80 times stronger for greenhouse
effect / global warming that carbon dioxide. For Ukraine
this question is more than relevant as most of municipal
waste is still go to the landfills here. On the other side,
being treated in the technological process of anaerobic
digestion, organic waste will be transformed into valua-
ble energy resource.

Currently, Ukraine has only about 83 biogas plants
with total capacity of 140 MW [19]. For comparison,
in 2022, Germany, the main biogas producer in Europe,
had 9,876 biogas plants with total capacity of about 13
GW (91 TWh) replacing about 10.8% of natural gas by
biogas [20]. Ukraine has both significant bioresources
for biogas production and sufficient amount of well-ed-
ucated professionals in the fields of biotechnology and
industrial ecology. Under the financial and technologi-
cal support of European and American partners, Ukraine
may fast reach significant progress in biogas / biometh-
ane production.

Ukraine has relatively good climate conditions
for wind and solar power generation. Today not only
Ukraine has low level of renewables in the national
energy mix (about 6.6%), but most renewables (75%
of them) are represented by bioresources, mostly solid
biofuels [16]. Meanwhile international experts assess
the potential of wind power generation in Ukraine in
stunning 320 GW [21], which technically may cover
the all national energy demands. Of course, this poten-
tial should be restored yet through the deoccupation of
southern regions of the country. Because the most prom-
ising wind power regions are the southern and southeast-
ern parts of Ukraine.

Solar generation also has a high potential in Ukraine.
Even though Ukraine is in the lower part of the list of
countries according to its photovoltaic power potential,
the country is ahead of many European states, including
Germany, Austria, Czech Republic and Poland [22].

The National Renewable Energy Action Plan of
Ukraine implies the construction of 10 GW of electro-
lyzers for the production of green hydrogen on the ter-
ritory of Ukraine, the country can become an integral
part of the implementation of the ambitious goals of
the European Green Deal [23]. In addition to Ukraine’s
role as a producer of green hydrogen on the European
market, the EU may be also interested in adapting the
Ukrainian gas transportation system to supply a mixture
of hydrogen and natural gas. As experts note, there is no
infrastructure for hydrogen in Eastern Europe. Its crea-
tion will take ten or more years. The possibility of using
existing gas pipelines for the transfer of hydrogen or
hydrogen mixtures requires research and practical tests
but are promising.

Nuclear power generation in Ukraine. The impor-
tant issue for Ukrainian energy sector is the challenge

of nuclear power. Ukraine is the third European country
after France and Slovakia with highest share of nuclear
power in energy mix. Before the war, Ukraine generated
about 55% of its electricity in 15 nuclear reactors. The
challenge here is that most nuclear reactors exhausted
its operation life (30 years). Meanwhile, Nuclear Energy
Agency (NEA) experts concluded that if nuclear utilities
implement enhanced ageing management programmes
using readily available technical evidence, while per-
forming the necessary repairs and replacements, long-
term operation should not face any major generic tech-
nical barriers [24].

Nevertheless, Ukraine has a bad historic background
being the country affected by the biggest nuclear acci-
dent in the world, the Chornobyl (Chernobyl) disaster.
See, for example, [25]. So, the country needs both strict
international technological control during the operation
of its nuclear reactors and research-based decisions on
its further operation.

The challenges in energy sector for Ukraine.
Energy infrastructure of Ukraine is worn and outdated in
general. Almost all power units of thermal power plants
have exhausted their park resource, are technologically
outdated. The power units of nuclear power plants for-
mally should be decommissioned due to the end of their
service life. Electrical networks are experiencing sig-
nificant deterioration, with some components exhibit-
ing over 70% degradation. All these facilities need to
be rebuilt and modernized in nearest years in terms of
national energy security.

Due to the war, many national industrial sites, includ-
ing Azovstal in Mariupol city, one of the largest steel
rolling companies in the country, were destroyed or occu-
pied. This situation will result in different consequences
for the national energy sector. On one side, Ukraine
will need huge energy resources to restore the national
economy and to rebuild the country after the war. On the
other side, before the war, Ukrainian economy was one
of the most energy inefficient in Europe. For example,
energy consumption per unit of national GDP in Ukraine
was about 3 times higher than average throughout the
EU [26]. And the country should use postwar economic
recovery for radical technological modernization of all
branches of the economy to make it much more energy
efficient. In turn, it may significantly reduce the national
demands in energy resources, including natural gas.

The war added new risks and challenges in energy
security both for Ukraine and for whole Europe, e.g., cur-
rently the largest Ukrainian nuclear power plant, the larg-
est in Europe, with 6 nuclear reactors, Zaporizhzhia NPP,
is under the control of Russian invaders. Energy infra-
structure of Ukraine was significantly affected due to per-
manent Russian terrorist attacks (see, for example, [27]).

Conclusions. A long-term dependence of most
European countries, including Ukraine, on Russian
energy resources was a significant risk, which European
community should overcome. The EU’s strategy on a total
replacement of Russian natural gas, acceleration of renew-
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ables’ installations, and energy saving / energy efficiency
strengthen European energy security in middle and long
terms, being challenging at the moment. Ukraine being
an integral part of European community and defending
European democratic values and freedoms, meets huge
challenges in all fields of the country’s life, including
energy security issues. Strong international support is cru-
cial both for Ukrainian victory and for successful postwar
recovery of the country. Ukraine itself has a significant
potential in energy sector, e.g., developed infrastructure

for natural gas transportation and storage, great potential
in biogas / biomethane production, and a significant elec-
tricity production due to the nuclear power generation.
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