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KEY TRENDS IN GOVERNING UKRAINE'S ENERGY SECTOR
IN THE CONTEXT OF MILITARY AGGRESSION

Background. The energy sector of Ukraine is a critical component of the national infrastructure. In Ukraine, this issue is
especially relevant under the influence of military aggression, since its facilities in all sectors (from mining to electricity generation
and oil refining) are being constantly destroyed. The restoration of the energy sector of Ukraine and its further development require
new approaches to its management and the application of new technologies to increase the efficiency of resource use. The purpose
of the study is to identify key trends and develop approaches to the intensive use of Ukraine's energy resources using the latest
technologies. The task of the study is to determine the prospects for using cogeneration to rebuild the energy sector of Ukraine.
The object of the study is approaches to the intensive use of energy resources. The subject of the study: the main tools for
rebuilding the energy sector of Ukraine.

Methods. The methodological basis of the study is general scientific and special methods of scientific knowledge, in
particular, theoretical and methodological analysis of modern literature on the development of the energy sector, and documents
of world organizations in the energy sector. The method of analysis and synthesis was used to generalize and provide a unified
approach to highlighting the advantages and disadvantages of the above-mentioned tools for rebuilding the energy sector. SWOT
and PESTEL analyses were also used to determine the advantages and disadvantages of using cogeneration as a tool for rebuilding
the energy sector of Ukraine.

Results. The study showed that significant destruction in the energy sector of Ukraine requires the application of new
strategies for its development. Damage to electricity generation facilities requires their restoration on the principles of low-carbon
technologies, and attacks on oil and gas fields led to the need to restore previously preserved sources of hydrocarbons. It was
determined that the use of deposits that were closed due to unprofitability requires the transition to new, more modern
technologies, which will allow for an increase in the resource base of hydrocarbons and, using cogeneration of energy, to solve
the problem of energy independence and ecology.

Conclusions. The introduction of cogeneration in the current conditions and war will allow attracting additional
investments to increase the extractable reserves of oil and gas, maintain hydrocarbon production at the current level to increase
electricity production, achieve energy stability and autonomy, save fuel, reduce the country's energy dependence, solve
environmental safety, etc.
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reserves.

Background

Ukraine's energy sector is a critical component of the
national infrastructure, as the sustainability of all social,
economic, and defence institutions of the country depends
on its functioning. The energy sector is the basis for the
development of the national economy. In Ukraine, this issue
is especially relevant because of the military aggression, as
there is constant destruction of its facilities in all its segments
(from mining to electricity generation and oil refining). The
reconstruction of Ukraine's energy sector and its further
development are based not only on the availability of
adequate financing but also require new approaches to its
management and the application of new technologies to
increase the efficiency of resource use. Modern challenges
caused by ongoing political and geopolitical tensions, as
well as significant destruction of the energy infrastructure
due to military actions, pose a daunting task for the
Ukrainian government to restore destroyed facilities and to
develop a strategy for the protection and recovery of all
segments of the energy sector, taking into account the
prospects of European integration.

The purpose of the study is to identify key trends and
develop approaches to the intensive use of Ukraine's energy
resources using the latest technologies. The objective of the
study is to determine the prospects for using cogeneration
to rebuild the energy sector of Ukraine.

Literature review. The object of the research is the
approaches to the intensive use of energy resources. The
subject of the research is the main instruments for the
reconstruction of the energy sector of Ukraine.
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In economic literature, the issue of forming a modern
strategy for developing a sustainable renewable energy
sector is actively considered. For example, Sulich and
Sotoducho-Pelc (2022) conducted a thorough study of the
main directions of transformation of the energy sector
development strategies. They found that modern strategies
not only prioritize technological solutions but are also based
on the sustainable development of the sector and the
economy as a whole. Markovska, Taseska and Pop-
Jordanov (2009) made an attempt to determine the optimal
strategy for its sustainable development based on a SWOT
analysis of the energy sector of Macedonia. They
recommended the use of natural gas, economically
reasonable electricity prices, increased energy efficiency,
and the use of renewable energy as the basis for further
development of the sector in the country. Papiez, Smiech
and Frodyma (2019) analysed the impact of the
development of the renewable energy sector on the
relationship between electricity consumption and economic
growth in the EU countries in 1995-2015. The authors found
that the development of the renewable energy sector has a
positive impact on economic growth. Dziku¢ et al. (2021)
considered the issue of abandoning the excessive use of
solid fuels. They emphasized that Poland is currently trying
to catch up with other EU countries in its economic
development, but to do this, it needs to switch to low-carbon
technologies. They noticed that a component of such a
process should be the transition to renewable energy
sources. Strielkowski et al. (2024) examined the main
directions of the energy sector transformation in European
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countries to reduce harmful emissions within the framework
of the Paris Climate Agreement and identified six groups of
countries depending on the strategy they use on the path to
sustainable development of the sector. One of the main
criteria for the analysis was the share of renewable energy
in its total production. Lorek, and Lorek (2023) proposed a
concept for modernizing the sustainable energy segment,
taking into account the EU policy and the principles of
sustainable electricity generation. They noted that some
factors (energy and economic crises) do not contribute to an
effective transition to renewable energy. Liu et al. (2022)
highlighted that very often a trilemma arises when building a
strategy for the development of the energy sector, that is, a
conflict between three challenges: equitable access to
energy, energy security, and environmental protection. The
authors considered that achieving all three goals
simultaneously is impossible, the environment suffers the
most, and the countries with the largest greenhouse gas
emissions are in no hurry to improve the situation. Juhola et
al. (2024) examined the impact of renewable energy on
climate change mitigation, as well as the impact of climate
risks on energy companies operating in the renewable
energy sector. They argued that companies typically ignore
these risks because they consider them insignificant.

Another area of research that is popular in the economic
literature is the use of cogeneration to build a sustainable
energy sector. Particularly, Cakir, Comakli and Yiksel
(2012) considered the cogeneration system as one of the
ways to save energy, increase energy efficiency, and reduce
carbon emissions. Oh et al. (2007) examined the
commercial use of cogeneration plants jointly producing
electricity and heat to determine their optimal size from an
economic perspective. According to the authors, the
payback period of the investment and the rate of return are
crucial. Also, a popular area of research is the impact of
cogeneration on energy sector transformation strategies to
increase its sustainability (He et al. 2021; Ma et al.2021;
Salehi et al. 2021).

The work of many scientists, both domestic and foreign,
is dedicated to the study of the problems in the energy sector
and the innovative and investment development of the
energy sources. Thus, the issues of energy investment by
regions of the world were revealed in the work of
Stepanova.The author proved the importance of investing in
the energy sector for the entire developed world and
identified the priorities of this process, the ways to solve
Ukraine's energy dependence, taking into account existing
world best practices. In the research by Hernego and
Lyakhova (2021) dedicated to the investments in alternative
energy in Ukraine, it was proven that increasing the potential
of alternative energy in Ukraine is associated with the
possibility of attracting financial resources from various
sources. Based on a study of practical aspects of financing
renewable energy sources, the features of financing the
potential for the development of alternative energy in
Ukraine are revealed, and the factors that determine it are
identified. Babina identified and systematized the features of
innovation and investment activities in the development of
alternative energy sources and substantiated ways to
implement world best practices in innovation and investment
activities for the development of alternative energy sources
in Ukraine (Babina, 2020). The author has improved the
economic and mathematical modelling of the development
of alternative energy sources, which allows for creating
multivariate forecasts for the development of alternative
energy sources by regions of Ukraine, as well as to develop
a framework for the development of alternative energy
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sources. Samoilenko (2018) considered the innovation and
investment frameworks for the development of the energy
market of Ukraine, and established the need to implement
regulatory benchmarking as a measure that allows for
determining the reference level of efficiency of an energy
company in several key aspects, such as operational and
investment activities, and in such factors as reliability, costs,
and losses. In particular, Sobolev and Zatonatska (2024)
focused on the main directions of further development of the
energy sector of Ukraine within the framework of the
implementation of the state strategy. The authors proposed
their own definition of the energy sector, which was based
on such components as the main segments of energy
demand and the energy supply segment. The authors
concluded that the successful implementation of Ukraine's
national energy strategy requires further improvement of the
regulatory environment, expansion of economic support
instruments, and intensification of international cooperation.
Another area of research that is popular in the scientific
literature is the use of cogeneration to build a sustainable
energy sector. Thus, Khodakivskyi and Karpenko attempted
to determine the effectiveness of the implementation of
cogeneration in the conditions of modernization and
redundancy of the heat supply system (Khodakivskyi and
Karpenko, 2025). The analysis of the efficiency of
centralized and decentralized heating systems, including
Power-to-Heat technologies, conducted by the authors,
showed that distributed generation systems, electrification
of heat supply, and the introduction of renewable energy
sources can significantly reduce greenhouse gas emissions
and increase the reliability of energy infrastructure. Andreev
et al. (2015) conducted a thorough study dedicated to the
analysis of low-power power generating units used in the
conversion of existing boiler houses into mini-CHP plants.
Their work presented comparative features of gas piston
engines and gas turbine plants for small power generating
facilities, and assessed the possibilities of implementing
cogeneration principles. The researchers carried out
feasibility studies on the implementation of a superstructure
based on GPA, focusing on the impact of gas prices on the
project's payback period, which is extremely important in
today's conditions of energy instability. Stepanov and
Resident (2023) determined the impact of the ratio of gas
and electricity prices on the economic efficiency of combined
heat and power generation using natural gas. They showed
that using a cogeneration plant to cover one's own electrical
needs is economically feasible if the ratio of prices for
electricity and natural gas is more than 2.4. The authors
confirmed that cogeneration is economically feasible, but
has significant investment payback periods. However,
despite significant scientific achievements in this area, not
all issues related to the formation of Ukraine's energy sector
during the military aggression have yet been resolved, which
makes this area of research relevant.

Methods

The methodological basis is a combination of general
scientific and special methods. A theoretical and
methodological analysis of modern scientific literature on the
problems of energy sector transformation, as well as official
documents and analytics of international organizations in
the field of energy, was applied. To generalize approaches
and identify discussion fields, methods of analysis and
synthesis, induction and deduction, comparative and
systemic approaches were used. The empirical part is based
on statistical methods for processing time series:
construction of indices, calculation of chain and basic
growth/decline rates, moving averages, as well as the ratios
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"investment — production" for oil and gas. To preliminarily
identify the relationship between the dynamics of capital
investment and actual production volumes, the correlation
approach and elastic estimates (in percentage changes
year-on-year) were applied. Institutional and political-
economic analyses were used to interpret the obtained
quantitative results in the context of military risks and
regulatory constraints. The assessment of strategic
directions for reconstruction was carried out through two
complementary frameworks, including SWOT analysis and
PESTEL analysis of the implementation of cogeneration,
taking into account the conditions of wartime and post-war
recovery. Additionally, elements of the scenario approach
and case analysis were applied. The source database
includes official statistics, specialized government
publications, as well as analytics from international
organisations and industry research reviews.

Limitations. Due to the martial law and increased
confidentiality requirements, official statistics after 2022
have significant limitations. The calculations used an agreed
assumption regarding the proportional distribution of
investments between the gas and oil segments. At the same
time, the lack of quarterly data and possible structural gaps
in reporting do not allow for drawing unambiguous cause-
and-effect conclusions. The obtained results of correlation
and elastic estimates are considered indicative. To increase
the reliability of the conclusions, methodological
triangulation was used, involving a combination of
quantitative and qualitative approaches.

Results

In the modern world, the concept of the green economy is
actively developing, which involves the transformation and
further development of the energy sector according to a new
scenario focused on renewable energy, reducing greenhouse
gas emissions, waste, and environmental protection.
Ratification of the Paris Climate Agreement of December 12,
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2015 and implementation of relevant measures by its
signatories would provide several significant positive effects
by 2040: increasing electricity production from renewable
energy sources (RES) to 37% in the overall electricity
production structure; using RES for new capacities at 60%
and increasing their competitiveness; increasing the number
of electric vehicles to 150 million units, etc. If these projections
come true, CO2 emissions from the global energy sector will
grow by an average of 0.5% annually, compared to an
average of 2.4% since 2000. This indicates the need for a
more active transition to carbon-neutral development, in
particular, through the transformation of the energy sector of
the economy. The fundamental principle of decarbonising the
energy sector is the transition from traditional energy
production and consumption systems based on fossil fuels,
such as oil, natural gas, and coal, to the expansion of
renewable energy sources, the implementation of non-
traditional sources, as well as the improvement of energy
transmission and storage systems.

Renewable energy sources play a key role in shaping a
new energy paradigm that not only meets the requirements of
environmental sustainability but also stimulates significant
economic shifts. In Ukraine, as it combats difficult challenges
due to military aggression, the implementation of strategies
for transitioning to renewable energy sources can promote
economic growth, reduce dependence on imported energy
resources, increase energy security, and create new jobs.

According to forecasts by the International Renewable
Energy Agency, the global transition to renewable energy
sources by 2030 could add more than $4 trillion to the world
economy and create more than 20 million new jobs. At the
same time, to achieve the baseline scenario by 2030, global
investments in renewable energy sources must increase
significantly, meaning at least threefold. These trends are
also reflected in the development of the global renewable
energy market (Fig. 1).

7.28

6.21
5.29
4.52
3.85
3.29
2.8
2.39
2.04
1.74
L, 148
0.85 0.94 0.93 106
AN I
0 —mm

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034

Fig. 1. Global renewable energy market (trillions of U.S. dollars)
Source: compiled by the author based on data from Precedence Research 2025 and Grand View Research 2024. Forecast starting from 2025.

If in 2018 the volume of this market was only 0.1 trillion
USD, then according to forecasts for 2025, this figure will
reach 1.74 trillion USD. The global renewable energy market
is expected to reach $7.28 trillion USD by 2034, with a
compound annual growth rate of 17.23% between 2025 and
2034. This shows evidence of significant demand for clean
energy in various sectors of the global economy.

ISSN 1728-2667 (Print), ISSN 2079-908X (Online)

Ukraine is actively seeking integration into the European
Union, and the practices of the EU member states in the field
of renewable energy are an important guide for us. It should
be noted that the transition to energy transformation is an
important step to ensure sustainable development and
stability of Ukraine's energy system in the future. However,
the implementation of this policy is impossible without
overcoming the consequences of military destruction
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caused by russia's armed aggression. As a result of this
destruction, the energy infrastructure (Fig.2) and the
country's economic base suffered significantly, which
complicates the process of transitioning to renewable
energy sources and increasing energy efficiency. Therefore,
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the recovery of damaged energy infrastructure facilities is an
important stage in the context of the overall energy
transformation, which should ensure not only the
sustainability of the energy system but also create
conditions for sustainable socio-economic development.
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Fig. 2. Direct losses of Ukraine's energy sector as a result of the armed conflict (billions of U.S. dollars)
Source: compiled by the author based on data from Report on Direct Damage to Infrastructure from Destruction as a Result of russia's

Military Aggression against Ukraine (as of November 2024).

Total direct damage from destruction due to military
aggression as of November 2024 is estimated at 14.6 billion
USD. This reflects the scale of the destruction, particularly
in the electricity generation and transmission sector, which
is most vulnerable to shelling and attacks by the aggressor.
Damages caused to energy facilities amount to over 12
billion USD, with a significant portion of them occurring at
large generation facilities. Massive missile strikes on
thermal and hydroelectric power plants resulted in damage
or destruction of a significant number of turbines,
generators, and auxiliary equipment. One example is the
destruction of the Kakhovka hydroelectric power plant in
June 2023, which caused losses in excess of $0.6 billion
USD. Critical damage was sustained by thermal generation
facilities: as a result of massive shelling, several key thermal
power plants and CHP plants were destroyed or put out of
action, such as Burshtynska TPP, Ladyzhynska TPP, and
Trypilska TPP.

Gas transportation and distribution suffered losses
estimated at USD 0.8 billion and USD 0.2 billion,
respectively. Damage to gas pipelines and gas distribution
stations has caused a chronic gas shortage, which is
particularly acute at the level of industrial enterprises and
the population, particularly in the winter. Given the critical
importance of this infrastructure for the country's energy
security, its restoration is an important task to ensure a
stable energy supply. The storage of oil and petroleum
products suffered losses of USD 0.3 billion, and the coal
mining industry lost USD 0.4 billion. Part of the coal mining
industry, in particular mines and quarries for coal extraction,
is located in territories where active hostilities are taking
place or which have already been captured by the enemy.
This significantly limited access to the necessary resources
for thermal power plants that use coal as their main fuel. As
a result, Ukraine has become significantly dependent on
imported energy sources, which increases the vulnerability
of energy infrastructure and creates additional risks to the
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country's energy security. Additionally, electricity generation
facilities from renewable sources also suffered serious
losses. A significant portion of solar and wind generation
capacity was located in temporarily occupied territories,
resulting in the loss of 13% of solar generation capacity and
almost 80% of wind generation capacity. Constant shelling
of energy facilities has led to the destruction or serious
damage of more than 20% of renewable capacity. Current
direct losses for the renewable energy segment are
estimated at $0.3 billion USD (as of November 2024).

Despite the serious destruction caused by the war and
the need to restore a significant part of the energy
infrastructure, it is important to note that the existing
infrastructure has long required modernization. It is
outdated and worn out, which complicates the efficient use
of resources and increases risks to energy security.
Therefore, along with the restoration of damaged facilities,
it is necessary to direct efforts to the development and
implementation of innovative solutions and investment
changes in the management of the energy sector. This will
not only ensure the stability of the energy sector but also
contribute to its long-term modernization and efficiency
improvement.

Ukraine's oil and gas industry consists of three main
sectors:  hydrocarbon exploration and production,
hydrocarbon transportation and storage, as well as
processing and distribution. Each of these sectors plays an
important role in the country's energy independence, but the
hydrocarbon exploration and production sector occupies a
key position. It is the structural element, as it ensures the
growth of resources, stability, and development of the entire
oil and gas industry, and therefore the energy security of the
state. Analysis of data on oil production in Ukraine in recent
years indicates a negative trend of decreasing production
volumes, which became even more pronounced after the
start of russia's armed aggression.



EKOHOMIKA. 1(228)/2026

~111 ~

2,5

1.62 1.62

Y

2016 2017 2018 2019

2.18
2.1
1.71 1.67 1.65
1.5
15 1.37
) I
0

2020

2021 2022 2023 2024

Fig. 3. Dynamics of oil production (million tons)
Source: compiled by the author based on data from the State Statistics Service 2024 of Ukraine and open sources.

According to the data in Fig. 3, in 2016, oil production
was at the level of 1.62 million tons; however, in 2022, it
decreased to 1.37 million tons, which indicates a significant
reduction in extractable resources. The negative impact of
russian aggression, particularly in the territories where oil
and gas fields are located, has complicated the process of
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hydrocarbon extraction. Although oil production increased to
2.1 million tons in 2023 and 2.18 million tons in 2024, it
cannot fully compensate for the losses caused by both the
long-term trend of declining production and the destruction
caused by the war.
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Fig. 4. Dynamics of gas production (billion m?)
Source: compiled by the author based on data from the State Statistics Service of Ukraine 2024 and open sources.
Since 2022, gas and condensate production have been reported as a single indicator.

Analysis of data on gas production in Ukraine in recent
years also indicates negative trends. According to the
dynamics shown in Fig.4, in 2016 the volume of production
was 20 billion m3, but by 2022 it decreased to 18.59 billion
m?3. The steady decline is due to a number of factors,
including infrastructure problems, equipment wear and tear,
and, of course, military operations. 2023 was marked by a
slight increase in production to 18.7 billion m?3 which
continued into 2024 (19.12 billion m®). However, this growth
cannot compensate for the shortage of gas in gas storage
facilities. As of early spring 2025, about 5 billion m® of gas
remained in the underground storage facilities of the gas
transportation system of Ukraine, and in February 2025, it
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was necessary to urgently purchase 0.5 billion m?3, while 0.8
billion m® was required. It should be noted that for the stable
passage of the 2025-2026 winter season, Ukrainian
underground storage facilities need to accumulate at least
12.8 billion m® of gas, including 4.6 billion m® of so-called
buffer gas, necessary to maintain pressure in storage
facilities. Despite all the efforts of the oil and gas complex,
this is impossible in conditions of constant shelling. Only
import remains.

It should be noted that the systemic stagnation observed
in the oil and gas industry negatively affects the economy of
Ukraine, since the industry has a significant share in the
country's GDP. At the same time, a decrease in production
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leads to a decrease in energy independence, as the country
becomes more dependent on energy imports, which, in turn,
increases the vulnerability of the national economy to
external economic and political factors. In such conditions,
the role of the state in creating and implementing innovative
changes in the oil and gas industry becomes particularly
important. It should become the main driver of the industry's
development, creating conditions for the inflow of
investments and stabilization of hydrocarbon production.
Innovations in exploration and production, the use of the
latest technologies and drilling methods, as well as
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improving infrastructure for transporting and storing
hydrocarbons, can become key factors in ensuring the
stable development of the industry and increasing the
country's energy independence in the face of global
changes in energy markets.

Overall, despite some recovery in 2023-2024, the
general trend towards a decrease in hydrocarbon production
threatens the country's energy security, which requires
comprehensive measures to attract significant investments
to the industry (Fig. 5).
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Fig. 5. Capital investments in oil, gas, and condensate production, billion UAH
Source: compiled by the author based on data from the State Statistics Service of Ukraine 2025.

Our analysis of capital investments in oil, gas, and
condensate production in Ukraine shows significant
fluctuations, indicating the serious challenges the industry
has faced amid the armed conflict and economic difficulties.
In 2020, capital investments in the sector amounted to UAH
16.306 billion, representing a relatively stable level. In 2021,
investments increased to UAH 18.951 billion.

(+16.2%), indicating some improvement in the
conditions for the development of the oil and gas industry,
likely due to a more stable economic situation and partial
recovery from the COVID-19 pandemic. However, in 2022,
investments decreased sharply to UAH 4.672 billion (-
75.3%). This significant reduction is explained by the
beginning of russia's armed aggression against Ukraine,
which caused large-scale destruction of infrastructure,
particularly in the oil and gas sector. Not only did physical
facilities suffer from shelling and combat operations, but
investors also became more cautious due to the sharp
increase in risks, which negatively affected the volume of
capital investment. However, in 2023, there has already
been a significant increase in capital investments to UAH

38.07 billion (+714.6% compared to 2022), which indicates
the state's efforts to restore the industry and attract new
financial resources to stabilize oil and gas production. This
growth resulted from government support and investment
incentives, as well as efforts to adapt to new conditions and
the urgent need to restore critical energy infrastructure.
In 2024, capital investments continued to grow, reaching
UAH 39.221 billion (+3.0 %). This trend is a positive signal
for the industry and demonstrates its capacity to develop
despite ongoing challenges. However, data for the first quarter
of 2025 — showing capital investments of UAH 9.282 billion
compared to the same period in 2024— indicate a potential
slowdown in investment growth, creating risks for the
stability of the industry's development in the short and
medium term.

Our analysis of the dynamics of capital investments in oil
and gas production in Ukraine relative to the actual
indicators of hydrocarbon production allows us to trace a
clear relationship between the volume of invested resources
and the performance of the industry (Table 1).

Table 1
Dynamics of changes in investments and oil and gas production in Ukraine
Year inve1s-?rtr1aelnts, % ) Inves?n?ents . Ir?ves_tr.nents Gas Pr_oduction, % Qil .pr.oduction, %
b in gas, billion UAH in oil, billion UAH billion m? million tons
billion UAH
2020 16.306 - 15.16 1.145 20.2 - 1.675 -
2021 18.951 +16.2 17.63 1.32 19.79 -2.0 1.65 -1.5
2022 4.672 -75.3 4.35 0.33 18.59 -6.1 1.37 -15.7
2023 38.07 +714.6 35.4 2.6 18.7 +0.6 2.1 +53.6
2024 39.221 +3.0 36.5 2.7 19.12 +2.3 2.18 +3.8

Source: compiled by the author based on data from the State Statistics Service of Ukraine.
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In 2020, the total volume of capital investments in oil, gas,
and condensate production amounted to UAH 16.306 billion.
At the same time, there was a clear imbalance in the
distribution of funds: oil received UAH 1.145 billion (7 % of the
total amount); gas accounted for UAH 15.16 billion (93 %).
This confirms the state's strategic focus on supporting the gas
production sector, whereas the oil sector remained relatively
secondary in terms of investment. The lack of official detailing
by industry sector after 2020 is explained by the confidentiality
requirements of the Law of Ukraine "On Official Statistics"
dated August 16, 2022, No. 2524-IX. However, if we
conditionally apply the ratio of 93% (gas) to 7% (oil) for the
following years, we can trace the following patterns:

¢ In 2021, investments increased to UAH 18.951 billion.
This means that the gas production sector could have
accounted for about UAH 17.6 billion, while the oil sector for
only UAH 1.3 billion. This imbalance logically explains why
oil production grew only symbolically (+0.2%), while gas
showed a more noticeable increase (+2.5%).

¢ In 2022, the total volume of investments fell sharply to
UAH 4.672 billion (-75.3 %). Applying the previous ratio, gas
would account for about UAH 4.35 billion, and oil would
account for less than UAH 0.33 billion. This decline was
reflected in production: oil fell by 15.7%, and gas by 9.5%.
Thus, the investment deficitimmediately affected production
volumes, and in the oil and gas balance, it was the oil
segment that suffered the greatest losses.

e In 2023, investments recovered to UAH 38.07 billion
(+714.6 %). Under the conditional distribution, gas got UAH
35.4 billion; oil got UAH 2.6 billion. In the same year, oil
production increased by 53.6%, and gas production by only
0.6%. This difference is explained by the fact that even a small
additional inflow of funds into the oil sector (from UAH 0.3 to
2.6 billion) had an instant effect, while gas production, due to high
inertia and a long investment cycle, reacts much more slowly.

e In 2024, investments increased by another 2.9%,
reaching UAH 39.221 billion. Following the same proportion,
gas received about 36.5 billion UAH and oil 2.7 billion UAH.
As a result, oil production increased by 3.8% and gas by
2.3%. This demonstrates that a gradual increase in
investment in wartime conditions still allows for the
stabilization of production, although the effect is different for
different sectors of the industry.

In general, the growth of capital investment in oil and gas
production shows a positive correlation with production
volumes, but this effect depends on the scale of investment
and the existing challenges. We have come to the
conclusion that in Ukraine, we can observe: the dominance
of the gas sector, as about 90% of all investments were
directed specifically to gas production, while oil remained
underfunded. This led to a long-term decline in oil
production, despite the overall growth in investments in
2021. The analysis reveals several key patterns: high
sensitivity of oil production — even a small increase in
investments in the oil segment (for example, from UAH 0.33
billion in 2022 to UAH 2.6 billion in 2023) produced a rapid
effect, resulting in a sharp increase in production (+53.6%);
inertia of gas production — the gas industry reacts slowly
even to substantial increases in investments, which can be
explained by the long cycles required for drilling new wells,
developing infrastructure, and commissioning new
capacities; war as a key factor — the sharp decline in
investments in 2022 and the subsequent reduction in
production confirm that military actions and the destruction
of infrastructure remain the decisive factors behind the
stagnation of the industry; strategic need — to restore
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Ukraine's energy independence, it is essential to balance
investments between the oil and gas sectors, with a special
emphasis on modernization and innovation. This approach
would help reduce the investment lag in gas production and
enhance the overall efficiency of investments in the oil and
gas sector. For stable development and sustainable
production growth, it is necessary to attract investment,
promote innovation within the industry, and continue the
restoration of critical infrastructure.

At the beginning of Ukraine's independence, significant
volumes of associated petroleum gas (APG) were lost
through flaring due to technological imperfections in
collection and preparation systems, as well as the
remoteness of the fields from the main gas infrastructure. In
the absence of economic incentives and against the
backdrop of relatively cheap electricity from nuclear power
plants, cogeneration projects were considered secondary.
From an economic point of view, this meant lost profits:
instead of converting APG into commercial electrical and
thermal energy, there was a direct destruction of the
resource without a multiplier effect on GDP and local
budgets. Nowadays, taking into account military risks,
capacity shortages, and high volatility of fuel markets,
cogeneration is becoming a priority vector of investment. Its
key advantage is high fuel efficiency due to the simultaneous
production of electricity and useful heat, which reduces
specific fuel consumption and the cost of energy for industry
and district heating, and power utilities. Additional economic
effect is formed by: reducing system balancing costs through
distributed sources close to consumption; reducing network
losses and capital-intensive investments in its transmission;
"monetizing" previously lost APG. From an energy security
perspective, decentralized cogeneration increases
resilience to attacks on mainline infrastructure and reduces
dependence on imports.

Cogeneration technology is not new to Ukraine, but its
large-scale implementation has remained limited for a long
time. In practice, the use of cogeneration units was
concentrated mainly in large cities based on thermal power
plants (TPPs), where they served as manoeuvring
capacities with the ability to quickly respond to fluctuations
in demand. Such stations operated mainly on traditional
fuels such as coal, natural gas, or fuel oil. According to data
until 2021, the share of cogeneration in the structure of
electricity production in Ukraine was about 27% of the total
generation volume. However, this dynamics did not have
stable growth in 2016-2021, which indicates the lack of
systemic investment support and proper state policy for the
development of the industry. After the start of russia's large-
scale aggression, the situation became even more
complicated: the availability of statistical data has declined,
and energy infrastructure has suffered significant damage.
At the same time, official data from the National Commission
for State Regulation of Energy and Utilities (NCRECU) for
2023 indicate a significant drop: electricity production from
cogeneration TPPs decreased by 4.1% compared to 2022
and by 37.3% compared to 2021 (TEK, 2021). This decline
reflects both wartime destruction and chronic underfunding
of the industry's modernization. In such a situation,
cogeneration takes on particular importance from an
economic point of view. Firstly, it is a tool for increasing
energy efficiency: simultaneous production of heat and
electricity allows achieving a fuel utilization ratio of 80-90%,
which significantly exceeds the performance of traditional
generation. Secondly, the development of cogeneration
technologies can reduce dependence on energy imports,
since cogeneration plants can be built closer to consumers,
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using local resources. Thirdly, they form an investment-
attractive segment in the war and post-war period:
investments in cogeneration are less capital-intensive than
the construction of large thermal power plants or
hydroelectric power plants, but provide a faster economic
effect due to flexibility and decentralization.

However, the situation with cogeneration does not look
hopeless. Thus, in 2024 alone, 68 cogeneration plants with
a total electrical capacity of 77 MW were put into operation;
in the first five months of 2025, 29 plants with an electrical
capacity of 377 MW and a thermal capacity of 1,625 MW
were qualified. Experience shows that some installations do
not meet the criteria for high efficiency. The main reasons
are too low electricity production, as well as the use of
outdated equipment with low efficiency, sometimes over 50
years old. To increase efficiency and obtain the status of
highly efficient cogeneration, the State Agency for Energy
Efficiency and Energy Saving of Ukraine recommends that
owners of such installations conduct energy audits,
implement accurate energy accounting systems, consider
switching to alternative fuels, prepare feasibility studies for
modernization, and seek financing through available
financial programs (Ukraine and the EU, 2025). Thus, the
further development of cogeneration capacities in Ukraine

requires technical modernization, a targeted innovation and
investment strategy, and international investment support.

State innovation and investment policy in the energy
sector is gaining particular importance in the current
conditions of military challenges and transformational
dynamics of the Ukrainian economy. It forms the basis for
implementing the economic growth strategy, ensuring the
integration of scientific and technological achievements into
production processes and creating the prerequisites for
increasing the competitiveness of the national economy. An
energy sector capable of rapid adaptation and implementation
of innovative technologies, including in the cogeneration
segment, is becoming a key factor in sustainable
development. Investments in the modernization and
development of such technologies increase energy efficiency
and create a multiplier effect for related industries, stimulating
socio-economic changes. So, to determine the strategic
priorities for the innovative development of Ukraine's oil and
gas industry in the face of military threats and global energy
transformation, it is advisable to use the SWOT analysis tool
kit. This allows for a comprehensive assessment of the
industry's internal strengths and weaknesses, as well as
external opportunities and threats that will determine the
prospects for its further evolution (Table 2).

Table 2

SWOT analysis of the implementation of innovations in the oil and gas industry of Ukraine

Strengths

Weaknesses

Experience. Ukraine has many years of experience in the production,
transportation, and processing of oil and gas, which provides a basis for
implementing innovations.

International support. Active cooperation with international partners and
organizations provides the opportunity to obtain modern technologies
and investments.

Resources. The presence of our own oil and gas reserves, including
unconventional ones, which can be used more efficiently with the help
of the latest technologies.

Developed infrastructure. Oil and gas infrastructure, although damaged,
is still ready for modernization in a relatively short period of time.
Investments. In the context of war with russia, the governments of
Ukraine and the United States signed a mineral agreement that will
allow attracting foreign capital to develop the industry.

Import dependence. High dependence on energy imports,
especially in times of war, complicates the stability of supply.
Outdated infrastructure. A significant part of the infrastructure
needs modernization, which requires significant financial
investments.

Economic constraints. Limited financial resources due to war
and economic crisis, which limit opportunities for innovation.
Security risks. Military actions and the constant threat of attacks
on energy infrastructure.

Occupation. Some of the oil and gas fields are located in
occupied territories or directly in the combat zone.

Opportunities

Threats

Investments in fields written off from the State Balance Sheet. Re-
liquidation of inactive fields and wells for re-production of oil and gas.
Cogeneration. The construction of cogeneration plants will combine the
oil and gas and energy industries and reduce dependence on imported
energy resources.

Investment in renewable energy sources. The development of
renewable energy sources within the oil and gas industries will reduce
dependence on traditional energy resources in their extraction and
processing.

International assistance and grants. Obtaining international assistance
and grants for the restoration and modernization of infrastructure.
Development of new technologies. Introduction of modern technologies
for the extraction and processing of energy resources, which will
increase efficiency and safety.

A prolonged war. Continued military operations, constant
destruction of infrastructure will significantly complicate the
implementation of innovations and the development of the
industry.

Cybersecurity threat. Increased vulnerability to cyberattacks,
which can lead to infrastructure disruptions.

Market volatility. The instability of global energy markets,
fluctuations in oil and gas prices can affect the economic
stability of the industry.

The conducted SWOT analysis demonstrates a complex
and at the same time multi-vector picture of the development
of the oil and gas industry of Ukraine. Despite its existing
strengths, such as its own resources, many years of
experience, and international support, the industry remains
vulnerable due to outdated infrastructure, limited financial
resources, and military risks. At the same time, opportunities
associated with the re-licensing of inactive fields, the
development of cogeneration, and the integration of
renewable energy sources open up prospects for
modernization and reduced dependence on imports.
Threats posed by war, cyberattacks, and instability in energy
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markets underscore the need to strengthen public policy and
create flexible innovation and investment mechanisms.
Therefore, the strategic course should be aimed at
maximizing the use of existing opportunities and neutralizing
threats, which will create conditions for long-term energy
security and economic sustainability of the state.

In modern conditions, which determine the priority areas
for the development of the state's energy independence, it
is necessary to focus efforts on the level of diversification of
its sources and on the existing capabilities of our land. One
of the sources of innovative development of the oil and gas
industry is its closer connection with the energy sector,
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which is currently in an extremely difficult situation. One of
these areas that allows for the most effective use of one's
own energy potential is cogeneration plants (cogeneration),
which is a process that combines the production of electrical
and thermal energy.

Innovative approaches to implementing cogeneration
systems include:

¢ decentralization, changes in social and economic
reforms in the state;

¢ development of technological and digital technologies;

e saving certain resources due to the implementation of
modern technologies;

¢ use of low-pressure gas from certain fields and wells;

e use of oil refining products;

¢ use of renewable energy sources that have the ability
to be constantly renewed.

Investment approaches for implementing cogeneration
systems include:

e state support programs that provide conditions for
energy transformation;

¢ organization of public-private partnerships that provide
for their joint financing;

¢ participation in international grant programs that
provide funds for the implementation of such initiatives;

e community support programs that provide for the
modernization of individual complexes.

In order to form the conceptual foundations for the
implementation of innovative cogeneration technologies
based on depleted and liquidated fields (wells) of Ukraine in
the context of military challenges, it is advisable to use the
PESTEL analysis methodology. This approach allows for a
systematic assessment of key environmental factors
(political, economic, social, technological, environmental,
and legal) that determine the possibilities and limitations of
implementing the relevant process. The results of the
analysis are integrated into Table 3, which reflects the
impact of the external factors on the prospects for the
implementation of cogeneration projects in the oil and gas
industry of Ukraine in wartime conditions.

Table 3

PESTEL analysis of the implementation of cogeneration in depleted and liquidated fields (wells)

of Ukraine in wartime conditions

Political Factors

Continuous destruction of the infrastructure of the oil and gas, and energy industries which makes stable
operation and the possibility of implementing innovations impossible.

Occupation of part of the oil and gas fields, coal and peat deposits, which are the main source of electricity
production.

Support of the authorities for the purpose of internal development and transition to European energy markets.
The need to reform legislation to integrate into international law, to implement the mineral agreement
concluded with the United States.

Economic Factors

Limited financial resources and low investment attractiveness due to the war.

War and economic sanctions affect the stability of markets and the cost of energy resources, which affects
the implementation of innovative projects.

High dependence on gas imports and price fluctuations in European energy hubs increases vulnerability to
external economic impacts.

Social Factors

The population's need for a stable supply of electricity.
The need for highly qualified personnel to implement innovations and new technologies.
High public support for the development of Ukraine's energy independence.

Technological Factors

Implementation of modern technologies for oil and gas production.
Modernization of oil and gas infrastructure, including the re-liquidation of inactive fields and wells for the re-
production of oil and gas.

Environmental Factors

Significant public support for the elimination of environmental pollution related to oil spills and gas emissions
into the environment.
The need to adapt to climate change and reduce greenhouse gas emissions.

Legal Factors

Reforming and implementing changes to the legislation of Ukraine regarding hydrocarbon production and
obtaining special permits for subsoil use.

Reforming legislation to integrate and harmonize with European legislation, which will promote transparency
and attract investment.

Ensuring legal protection of investments and compliance with international agreements, including mineral
agreements with the United States.

As the PESTEL analysis shows, the key barriers to the
implementation of cogeneration technologies are political
instability, infrastructure destruction, and limited financial
resources. At the same time, the opportunities are
dominated by high public support for energy independence,
the potential for using depleted wells, and the need to adapt
to European standards. This creates the prerequisites for
attracting both domestic and foreign investments, especially
in the context of post-war reconstruction. Thus,
cogeneration based on depleted deposits can become one
of the strategic directions for modernizing the Ukrainian
energy sector and strengthening its economic sustainability.

The key challenge remains overcoming the systemic
asymmetry between the need to increase the resource base
and safely increase production, and existing institutional and
legal restrictions. Resolving this "inequality" requires an
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urgent government initiative from relevant bodies with a
package of solutions that simultaneously:

e harmonize Ukrainian legislation with European
legislation (permitting procedures, environmental standards,
guarantees of energy origin, etc.);

e launch financial instruments to accelerate investments
(long-term loans from IFOs, partial CAPEX compensation,
accelerated depreciation, "green" and transitional PPAs for
electricity and heat contracts for cogeneration, etc.);

e provide regulatory predictability for private investors
(stable rules for access to resources, transparent auctions,
standardized connection agreements, etc.).

After the active phase of the war ends, the priority will be
the re-privatization/recapitalization of "dormant" assets and
the targeted scaling of distributed high-efficiency
cogeneration based on APG and low-pressure gas as the
fastest way to increase energy efficiency, reduce import
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dependence, and stabilize local energy balances. At the
same time, seismic exploration and reassessment of
resources in the continental part should be launched,
including infrastructure modernization of gas collection and
preparation. According to estimates by a number of
reputable experts, Ukraine's potential allows it to increase
natural gas production up to =55 billion m3year in the
medium term, provided that security is stabilized, the market
is liberalized, and investments in exploration and production
are scaled up. To implement this trajectory, an Energy
Recovery Investment Fund with a clear mandate is needed:
co-financing  exploration, modernization  of gas
collection/processing infrastructure, and development of
cogeneration projects (including heat contracts for
communities and industry). Thus, an economically viable
combination of (1) legal harmonization, (2) long-term
investments, and (3) technological modernization, relying on
highly efficient cogeneration and the prospect of offshore
projects, is capable of ensuring a sustainable recovery of the
energy sector, increasing production, and strengthening
Ukraine's energy security.

Discussion and conclusions

The economic literature examines in detail the issue of
energy sector transformation strategies used in the modern
world. The main goal of such transformations is to achieve
sustainable development of the sector, transition to low-
carbon technologies, and promote environmental protection.
One possible direction is the use of cogeneration using
various technologies. Resolving these issues in the current
conditions and war will allow attracting additional
investments to increase recoverable oil and gas reserves,
maintain hydrocarbon production at the current level to
increase electricity production through cogeneration,
achieve energy sustainability and autonomy, save fuel,
reduce the country's energy dependence, address
environmental safety, etc.

In general, the processes of forming strategies for
managing the transition to a sustainable energy
environment must take into account important socio-
economic and political issues:

(1) Energy and financing. Appropriate strategies for
transforming the energy sector include transparent long-
term business planning, approaches to ensuring flexibility
and balancing the system, as well as issues of increasing
investment. Transparent step-by-step planning will ensure
stability and efficient management with safe conditions for
stakeholders in a liberalized and balanced energy market.
Another important issue is the policy of attracting large
amounts of investment needed in the energy sector. It is
extremely important to guarantee security and transparency
for investors and organizations financing renewable energy
projects. This, in turn, can reduce the cost of renewable
energy sources and the overall cost of the system.

(2) Stakeholders and government regulation. When
planning the phase-out of fossil fuels and the transition to
renewable energy sources, it is necessary to consider the need
to involve key government stakeholders and relevant decision-
making mechanisms. Involving a wide range of experts in
decision-making on the use of appropriate policy instruments
will ensure the harmonization of socio-economic processes at
all levels of the economy. In particular, state institutions form
and approve regulatory legal acts and development strategies
for countries and industries in the field of sustainable
development, decarbonization, stimulation of green
investments, etc. At the same time, the state, through the
implementation of environmental innovations, renewable
energy sources, environmental management and audit
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systems, and the business sector, provides appropriate
measures for sustainable environmental policy. Providing
information about decarbonization processes and the specifics
of implementing alternative energy at the level of individual
communities and households, as well as providing them with
green credits and benefits, will also contribute to reducing CO2
emissions. Examples from European countries demonstrate
that institutions involving key stakeholders can improve the
implementation of such a process at the political level.

(3) Transformation and industrial policy. Sustainable
transformation of the energy industry has long-term
consequences. This includes the consequences that
disproportionately affect territories and populations, the
impact of the energy transition on the economy as a whole,
and how they can be regulated. What is relevant here is the
implementation of a systemic policy on retraining and
compensation payments to employees laid off in connection
with the transformation policy. Changes in the energy sector
will provide a comprehensive set of new opportunities and
jobs for the personnel laid off, for example, from coal-based
power plants and mines. Another aspect that needs to be
taken into account concerns socio-economic issues, in
particular the rise in energy prices for end consumers. As
this may disproportionately affect vulnerable households
and energy-intensive industries, this issue should be given
special attention to avoid social hardship. Strategic
coordination of industrial and energy sector policies is
important here: which areas have been negatively affected;
do they remain potentially viable in the future, and how can
they be kept internationally competitive? It is recommended
to introduce mechanisms for compensation and/or
exemption from energy fees and taxes for enterprises in
certain energy-intensive industries. It is also extremely
important to increase state preferences for electricity
productivity and modernization. This will help energy
companies compete internationally, and this is especially
important for companies that still use outdated technologies
and do not receive financing.
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Buwui HaBYanbHUi 3aknag "HauioHanbHa akagemis ynpaBniHHA", KuiB, YkpaiHa

Kno4oBI TEHAEHLUIT B YIPABIIHHI EHEPTETUYHUM CEKTOPOM YKPATHU
B KOHTEKCTI BOEHHOI ArPECIi

B cTyn. EHepzemuyHuli cekmop YKpaiHu € Kpumu4YHUM KOMIMTOHEHMOM HayioHasbHOi iHgppacmpykmypu. B YkpaiHi ye numaHHsi € ocobnueo
akmyanbHUM nid ennueom eilicbkoeoi azpecii, ockinbku eid6yeaembcsi mocmiliHe pyliHyeaHHs1 06'ekmie y ecix cekmopax (8i0 eudobyeHoz2o0 0o
2eHepauyii enekmpoeHepzii ma Hagpmonepepobku). BiOHoeneHHs1 eHep2emu4YHO20 cekmopy YkpaiHu ma (io2o nodanbwuli po38umoK euma2aromb
Hoeux nidxodie do ynpaeniHHA ma 3acmocyeaHHsi Hoeux mexHosnoezili Ona nidsuweHHs1 egheKmueHocmi eukopucmaHHsi pecypcie. Memoto
docnidxeHHs1 € 8U3Ha4YeHHs1 OCHOBHUX mpeHdie i po3pobeHHs1 nidxodie o0 iHMeHCUBHO20 8UKOPUCMaHHS eHep2emu4HUX pecypcie YkpaiHu i3
3acmocyeaHHsIM HOEImHix mexHosnogzili. 3ae0aHHsIM AocnidXeHHs1 € eU3Ha4YeHHsI MepcrieKmue eUKOpPUCMaHHsI Ko2eHepauil dnsi eidbydoeu
eHepzemuyHo20 cekmopy YkpaiHu. O6°ckm docnidxeHHs1 — nioxodu 00 iHMeHCUBHO20 BUKOPUCMAaHHSI eHepaemu4yHux pecypcise. lMpedmem
docidxeHHs1 — OCHOBHI IHcmpymMeHmu 0nsi 8id6ydoeu eHep2emu4yHO20 ceKmopy YKpaiHu.

MeTtoaun. MemodonoziyHoto ocHogor OocniOXeHHs1 € 3aza/llbHOHayKoei ma creyianbHi Memodu HayKoeoa2o ri3HaHHS, 30Kpema U
meopemuko-memodosio2iyHull aHasi3 cy4yacHoi limepamypu 3 numaHb po36ydoeu eHep2emu4HO20 ceKmopy, OoKyMeHmie ceimoeux op2aHizayili
8 eHepz2emu4Hili cepepi. Memod aHanizy ma cuHme3sy aukopucmaHo 0711 y3a2a/lbHeHHs1 ma €0uHOo20 nidxody 0o euceimiieHHs1 nepesae i Hedoilikie
3a3HayeHux iHcmpymeHmie Onsi 8iobydoeu eHep2emuy4yHo20 cekmopy. Takox 3acmocoeaHo SWOT- i PESTEL-aHani3 dns eu3Ha4yeHHs1 nepesaz i
Hedorlikie suKkopucmaHHs1 Ko2eHepauii sik iHcmpymeHmy 8i06ydoeu eHepeemuYyHO20 cekmopy YKpaiHu.

PesynbTatu. [ocnidxkeHHs noka3ano, wo 3Ha4Hi pyliHyeaHHs1 8 eHep2emu4yHOMy cekmopi YKpaiHu euma2aromb 3acmocyeaHHsI HO8UX
cmpameeiti tioeo po36ydosu. lMowkodxeHHs1 06'ckmie 2eHepauii enekmpoeHepeii mompebye iXHbo20 8iOHOBMEHHS Ha MPUHUUNax Hu3bKosyaneuyesux
mexHoriozili, a amaku Ha podosuwa Hagpmu ma 2a3y npu3seesiu do HeobxiGHocmi eiGHOBsIEHHSI MONepPedHbLO 3aKOHCEPBOBaHUX OXkepesl a8y2r1eeo0Hie.
Bu3sHayeHo, w0 sukopucmaHHsi podosuuy, wio 6ynu 3aKoHcepeoeaHi Yepe3 HepeHmMabesnbHicmb, s8uMa2ae rnepexody Ha Hoei, cyyacHiwi mexHomnoaii, wo
dacmb 3Mo2y Hapocmumu pecypcHy 6a3y eyanesodHie i 3a AornomMo20r0 Ko2eHepauii eHepaii po3e‘a3amu npobremy eHep20He3aeXXHOCMI U eKosnoaii.

BucHoBKU. BnpoeadxeHHs1 ko2eHepauii 8 ymoeax cb0200eHHsI i eilinu do3eonumsb 3any4yumu Adodamkoei iHeecmuuyii dns npupocmy
eudobysHux 3anacie Hagpmu i e2a3y, nidmpumaHHsi eud0ob6ymkKy eyane800Hi8 Ha MOMOYHOMY Pi6Hi 3 Memolo MPUPOWEHHsI 8upobHUYmMea
esrekmpoeHepe2il, docsicHeHHs1 eHepaemuy4Hol cmilikocmi Ui a@moHOMHOCMI, eKoHoMil nanuea, HHS1 eHep IYHOI 3amexHocmi KpaiHu,
3abe3neyYyeHHs1 ekosl02i4Hol 6e3nexku moujo.

KnioyoBi cnoBa: Hagma, 2a3, Hedioyi podosuwja, nikeidoeaHi ceepdnosuHu, Hagpmozasoea 2asy3b, 8u00bymMoK, KozeHepauisi,
saxkoeudobyeHi 3anacu.
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