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Technical solutions for improving the sustainability of energy systems
as a component of the state’s economic sustainability

M Abstract. The destruction of Ukraine’s energy systems as a result of the fighting caused significant economic losses,
which made it necessary to assess their impact on industry, the business environment and macroeconomic stability. The
purpose of the study was to determine the main economic consequences of destabilisation of energy infrastructure and
evaluate the effectiveness of technical measures for its restoration. It was found that power outages caused a 40% decrease
in production capacity in metallurgy, 35% in the chemical industry, and 28% in mechanical engineering, which led to a
reduction in exports, job losses, and a slowdown in economic growth. The increase in the cost of energy resources and
logistics costs led to an increase in the cost of production by 10-15%, which negatively affected the competitiveness of
enterprises. In 2022, the price of electricity reached 1,800 UAH/MWHh, and in 2024 it increased to 3,100 UAH/MWh, which
created an additional financial burden on the manufacturing sector and households. Analysis of investment flows showed
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Technical solutions for improving the sustainability of energy systems...

a reduction in foreign capital investment to USD 2 billion in 2022 and a partial recovery to USD 5.2 billion in 2024 due
to international financial support. The economic benefits of implementing measures to modernise the energy system,
in particular, the introduction of autonomous energy sources, the creation of microgrids and storage systems, which
will reduce electricity losses by 15-20% and increase the stability of energy supply, were studied. The use of cost-benefit
analysis confirmed the cost-effectiveness of such measures, since the cost-benefit ratio exceeded 1.6. Mechanisms for
financing reconstruction, including state and international programmes, were proposed, which can cover up to 70% of the
costs, which will help to stabilise the energy sector and restore economic activity

M Keywords: military operations; financial costs; investment attractiveness; business environment; infrastructure

modernisation

N INTRODUCTION

The armed aggression against Ukraine caused a large-
scale destruction of energy infrastructure facilities, which
caused significant challenges for the functioning of the
economy, in particular, in terms of providing industry,
transport, utilities, and critical infrastructure facilities
with stable energy supply. Energy destabilisation during
the war period became a systemic threat to the economic
security of the state, increased the dependence of produc-
tion processes on external factors, and created barriers to
investment activity. The problem of sustainability of ener-
gy systems in the context of armed conflict required quan-
titative substantiation and adaptation to the conditions of
long-term economic recovery.

Within the framework of modern economic discourse,
the concept of economic stability is defined as the abili-
ty of the national economy to adapt to shocks and ensure
reproduction at the strategic level in the context of crisis
impacts (Dykha et al., 2024). One of the key prerequisites
for such stability is the stability of the functioning of ener-
gy systems, in particular, their ability to maintain contin-
uous power supply with partial or complete failure of indi-
vidual generation, transmission, or distribution facilities.
In this context, the categories of energy security, energy
autonomy and technical stability of energy systems are
used, which require a comprehensive economic analysis,
considering the costs of modernisation, substantiation of
investment decisions, and assessment of the benefits of
implementing new technical solutions.

The analysis of scientific sources demonstrated the
focus on the aspects of energy security, macroeconomic
stability, and investment attractiveness of Ukraine in the
context of armed conflict. The study by Y. Chen et al. (2024)
investigated the importance of macroeconomic stability
for sustainable development, with a focus on the relation-
ship between energy policy and growth dynamics. However,
this study did not provide an assessment of the economic
impact of energy infrastructure disruptions on production
activities and the business environment. The paper by
O. Kubatko et al. (2023) focused on the threats to energy
and economic security that arose as a result of military op-
erations. Approaches to strengthening the sustainability of
the energy sector have been developed, but no quantitative
assessment of the economic losses caused by rising energy
costs or the impact of these changes on investment activity
in the generation sector, has been carried out. A. Yakym-
chuk et al. (2022) presented a conceptual model of ener-
gy security management in the face of threats, but did not
cover the financial aspects of implementing technical solu-
tions, in particular, the feasibility of various scenarios for
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the reconstruction of energy facilities from the standpoint
of their economic efficiency was not evaluated.

Predictive modelling of the macroeconomic situation
in Ukraine after the start of a full-scale invasion, carried
out by O. Dobrovolska et al. (2024), covered the dynamics
of the main economic indicators. However, the instability
of energy supply as a separate factor affecting inflation-
ary processes, employment, and investment inflows was
not properly considered. The study by O. Kovalchuk et
al. (2024) applied machine learning methods to model
economic security, considering the interdependencies be-
tween key macroeconomic variables. However, the study
did not consider the structural transformations caused by
the disruption of energy systems, which limited the ability
to interpret the results in an applied context. Comparative
analysis of the levels of economic security in Ukraine and
the countries of the European Union, conducted by V. To-
kar (2024), provided an idea of key indicators of sustaina-
bility, but did not cover the specifics of the economic con-
sequences of the destruction of energy infrastructure. The
mechanisms used for its restoration in European countries
were also insufficiently analysed.

The study by Y. Kuchmak et al. (2024) considered the
regulatory and legal instruments for ensuring the econom-
ic security of Ukraine. However, the focus was not on the
financial risks that arose as a result of energy instability
or the effectiveness of state support for the energy sector.
A.Kucher & V. Mazurenko (2024) analysed threats to indus-
trial enterprises in the context of economic security, while
the impact of power outages on the financial viability and
competitiveness of producers, and adaptive strategies used
to mitigate energy risks, remained outside the scope of the
analysis. The study by V. Panchenko et al. (2024) concerned
the macroeconomic impact of global financial crises, in
particular in Ukraine. It did not consider the consequences
of energy destabilisation as a factor that significantly af-
fects the economic balance in emergency situations. V. Lyt-
vynchuk & T.Y. Kolomiiets (2024) analysed macroeconomic
indicators after the start of a full-scale invasion, but as-
pects of investment in the restoration of energy capacities
and financial mechanisms for stimulating the modernisa-
tion of the energy sector remained out of consideration.

In general, the available research allowed forming an
idea of the general macroeconomic and security contexts
of the functioning of the energy sector of Ukraine in the
context of the crisis. A number of gaps were identified, in-
cluding the lack of a comprehensive approach to assessing
economic losses caused by the destruction of energy infra-
structure; insufficient analysis of the relationship between
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energy instability, investment activity and the business
environment; limited coverage of the economic efficiency
of technical solutions aimed at improving the stability of
the energy system in the post-crisis period. The purpose
of the study was to substantiate the economic feasibility of
implementing technical solutions to improve the stability
of Ukraine’s energy systems in the context of their partial
or complete destruction as a result of armed conflict.

B MATERIALS AND METHODS

The study was of a complex applied nature and was based
on a combination of macroeconomic analysis with an as-
sessment of the technical and economic parameters of the
functioning of the energy infrastructure. The time frame of
the study covered the period before and after the outbreak
of hostilities (2020-2024), which allowed tracking the dy-
namics of economic indicators and assessing the impact of
energy supply instability on the macroeconomic situation.
The analysis covered the assessment of production capaci-
ty losses in key industries, the dynamics of changes in elec-
tricity tariffs, and mechanisms for state and international
financial support for the energy sector.

Data collection was carried out based on official statis-
tical sources, financial reports of enterprises, and analyt-
ical studies of international organisations. Data from the
State Statistics Service of Ukraine (n.d.), World Bank (n.d.),
the Organisation for Economic Co-operation and Develop-
ment (n.d.), the United Nations Development Programme
(n.d.), European Bank for Reconstruction and Develop-
ment (2024) and the National Bank of Ukraine (2025)
were used. In addition, financial estimates and forecasts
presented by the International Monetary Fund (n.d.) were
considered, in particular, regarding the assessment of eco-
nomic risks and macroeconomic adjustments in connec-
tion with energy crises. Analytical data from the Interna-
tional Energy Agency (n.d.) were used to assess the level of
energy security and recommendations for the restoration
of energy infrastructure.

The research methodology included the use of sta-
tistical and economic methods to assess the economic
consequences of the destruction of energy systems and
determine the effectiveness of modernisation measures.
Variational statistics methods were used to estimate
changes in production capacity in key industries, including
determining arithmetic mean values, root-mean-square
deviation, and average error of the arithmetic mean. The
reliability of differences between economic indicators in
different periods was checked using the Student’s t test
with an accuracy of 0.05.

To assess the financial impact of energy supply insta-
bility on industrial enterprises, a correlation analysis with
a statistical significance level of p<0.05 was used. The level
of dependence between changes in the cost of electricity
and the dynamics of production in metallurgy, chemical
industry, and mechanical engineering was determined. In
addition, an analysis of changes in investment activity in
response to the destruction of energy infrastructure was
carried out. To assess the economic efficiency of meas-
ures to improve the sustainability of energy systems, the
cost-benefit analysis method was used. The ratio between
the volume of investment in the modernisation of the en-
ergy system and the potential economic benefits from its
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stabilisation was determined. The analysis covered the fi-
nancial costs of introducing autonomous energy sources,
creating microgrids, and developing electricity storage sys-
tems. The payback rate of these measures and their poten-
tial effectiveness for reducing the risks of emergency shut-
downs and stabilising industrial production were calculated.
Approaches to the interpretation of the results ob-
tained included a comparative analysis of economic loss-
es in regions with different levels of destruction of energy
infrastructure. The influence of the increase in the cost of
electricity on the production costs of enterprises is ana-
lysed and the consequences of the increase in tariffs on the
competitiveness of the industrial sector were estimated.
Changes in logistics costs due to energy instability and its
impact on the cost of transportation of raw materials and
finished products were analysed. The study also applied fi-
nancial analysis methods to assess sources of financing for
the modernisation of energy infrastructure. The effective-
ness of state mechanisms for supporting the energy sector,
in particular, international lending, grant financing and
public-private partnership programmes, was evaluated.
The level of financial burden on the state budget in the case
of various reconstruction scenarios was determined. The
results obtained helped to establish the relationship be-
tween the stability of energy supply and the level of indus-
trial activity, assess the economic benefits of investment
in the modernisation of the energy system, and determine
effective financial mechanisms for its restoration.

M RESULTS

Economic consequences of the destruction of energy
systems and losses from power outages

The destruction of Ukraine’s energy systems as a result of
the fighting caused significant economic losses, which cov-
ered the industrial sector, transport, housing and utilities,
and the business environment. Power outages caused by
damage to the energy infrastructure as a result of Russian
aggression led to large-scale interruptions in production
processes, which affected the volume of output and effi-
ciency of enterprises. A significant part of industrial facili-
ties experienced a shutdown or reduction in production ca-
pacity, which led to a decrease in the level of exports and an
increase in dependence on imported products. As a result,
the structure of production chains has changed, which has
further affected the country’s economic stability.

Unstable power supply has created additional costs for
businesses that have been forced to invest in backup ener-
gy sources, such as diesel generators and battery systems.
This increased operating costs and the cost of final prod-
ucts, which in the long run reduced the competitiveness of
manufacturers in the domestic and foreign markets. High
energy costs have become particularly critical for ener-
gy-intensive industries, in particular, metallurgy, chemical
industry, and mechanical engineering, which have experi-
enced significant reductions in production volumes.

The dynamics of electricity prices is one of the key
economic indicators that affects the cost of production,
the competitiveness of enterprises, and the purchasing
power of the population. Significant fluctuations in the
cost of electricity have long-term consequences for the in-
dustrial sector, services, and housing and utilities. Chang-
es in electricity tariffs in 2020-2024 reflect the impact of
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macroeconomic factors such as military operations, in-
frastructure destruction, restrictions on access to energy

resources, and the need to attract additional financial re-
sources to restore destroyed energy systems (Fig. 1).

e Average electricity price (UAH/MWh)

1,300 1,500

2020 2021

2022

3,100

2,400

1,800

2023 2024

Figure 1. Electricity price dynamics (2020-2024)
Note: data reflects the average price of electricity for industrial consumers
Source: compiled by the authors based on State Statistics Service of Ukraine (n.d.)

In 2020-2021, the cost of electricity remained rel-
atively stable, showing a moderate increase from
1,300 UAH/MWh in 2020 to 1,500 UAH/MWh in 2021. This
was explained by the gradual transition to market pricing
mechanisms, changes in tariff policy, and an increase in
the cost of generation due to inflationary processes. De-
spite the increase in tariffs, the overall level of energy costs
for industrial enterprises and the commercial sector re-
mained acceptable, which contributed to the preservation
of production activity. After the outbreak of hostilities in
2022, there was a sharp increase in the cost of electricity to
1,800 UAH/MWh, which was caused by the destruction of
generating capacities, a reduction in supply in the energy
market, and the need to import electricity. An additional
factor was the increase in the cost of fuel, logistics, and dis-
aster recovery of energy facilities. In the face of a shortage
of electricity, enterprises were forced to increase the cost
of backup energy sources, which additionally affected the
total cost of products and services.

In 2023-2024, the cost of electricity continued to
grow, reaching 2,400 UAH/MWh in 2023 and 3,100 UAH/
MWh in 2024. This was conditioned by a further reduc-
tion in energy capacity, the need to attract significant in-
vestments in infrastructure restoration, and an increase
in the cost of repairing and modernising the power sys-
tem. High electricity prices created an additional burden
on manufacturing enterprises, the transport sector, and
utilities, which led to an increase in the overall level of in-
flation and a reduction in the solvency of businesses and
the population. The transport sector has also been signif-
icantly affected by power outages. Electrified sections of
railway transport suffered disruptions in operation, which
led to delays in the transportation of critical goods, in
particular, raw materials for industry and food products.
Additional costs for diesel fuel and alternative routes in-
creased logistics costs, which negatively affected the cost
of transportation and final products for consumers. In
the face of energy instability, transport companies were
forced to reconsider their business models, which reduced
the efficiency of logistics operations.

Housing and utilities faced rising costs to maintain en-
ergy infrastructure as networks suffered significant damage.
Power outages in cities and villages led to interruptions in
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the operation of water supply, heat supply, and communica-
tions systems. This not only affected the quality of life of the
population, but also required additional costs for emergency
repairs and alternative means of energy supply. Budget ex-
penditures of local communities to maintain the viability of
critical infrastructure have increased accordingly, which has
limited the ability to implement other social programmes.

The instability of energy supply has affected not
only Ukraine’s macroeconomic indicators, but also the
global economy, in particular, the level of inflation, em-
ployment, and tax revenues. Increased spending on elec-
tricity and fuel has led to higher prices for goods and
services, which has increased inflationary pressures in
countries dependent on energy imports. Businesses that
were unable to adapt to changes in energy supply were
forced to cut staff or suspend operations, which led to an
increase in the unemployment rate. The impact of the
Russian-Ukrainian war on the global energy market was
particularly felt by the countries of sub-Saharan Africa,
where macroeconomic adjustments depended on the
country’s status as an exporter or importer of energy re-
sources. Oil exporters, such as Nigeria and Angola, ben-
efited in the short term from rising world prices, but the
economic benefits were limited by structural problems
and a lack of domestic refining infrastructure, while en-
ergy importers, such as Kenya and Senegal, faced signif-
icant increases in fuel and electricity costs, which wors-
ened the state budget deficit and posed new challenges
to fiscal policy (Taiwo et al., 2024). Reduced production
and reduced commercial activity as a result of ener-
gy crises in these countries have reduced tax revenues,
created additional fiscal pressures and exacerbated so-
cio-economic instability.

The destruction of industrial facilities and power out-
ages has led to a significant reduction in production capac-
ity in key sectors of the economy. The decline in output has
negatively affected export capacity, employment, and over-
all economic stability. The largest losses were recorded in
industries that depend on continuous power supply, such
as metallurgy, chemical industry, mechanical engineering,
and energy. Data analysis allows assessing the dynamics
of capacity reduction in these sectors and identifying the
main factors that affected their stability (Table 1).

Economics of Development. 2025. Vol. 24, No. 2
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Table 1. Loss of production capacity in key sectors of the economy (2020-2024)

Sector of economy 2020 (%) 2021 (%) 2022 (%) 2023 (%) 2024 (%)
Metallurgy 5 3 40 38 35
Chemical industry 3 4 35 30 28
echanice 2 ; 2 s 2
Energy 1 2 45 42 40

Source: developed by the authors based on State Statistics Service of Ukraine (n.d.), World Bank (n.d.), National Bank of

Ukraine (2025)

In 2020-2021, production capacity in the main indus-
tries remained relatively stable, showing slight fluctua-
tions, which was conditioned by both general economic
instability and the consequences of the COVID-19 pan-
demic. Metallurgy lost 5% of its capacity in 2020 and 3%
in 2021, due to reduced demand for steel products, dis-
ruption of logistics chains, and restrictions on produc-
tion activities due to quarantine measures. The chemical,
mechanical, and energy industries also suffered moder-
ate losses, not exceeding 4%, as most businesses faced a
shortage of raw materials, a slowdown in global trade, and
an uneven recovery in economic activity. The main factors
of influence during this period were changes in domestic
consumption, gradual adjustment of the structure of in-
dustrial production in accordance with market conditions,
and the adaptation of enterprises to new economic reali-
ties after the pandemic.

Since the outbreak of hostilities in 2022, capacity loss-
es in all sectors have increased dramatically. The energy
industry suffered the most, losing 45% of its capacity due
to the destruction of power plants and substations. Metal-
lurgy and the chemical industry also experienced signif-
icant reductions - 40% and 35%, respectively, which was
caused by the destruction of factories, lack of raw mate-
rials, and logistical restrictions. In 2023-2024, there was a
slight recovery, but the level of losses remained high: met-
allurgy - 35%, chemical industry — 28%, mechanical en-
gineering — 22%, energy — 40%. This indicates difficulties
in restoring industrial capacity, the need for large-scale
investments, and the dependence on stable energy supply
to restore production processes.

Special attention should be paid to assessing financial
losses in the regions that have suffered the greatest de-
struction of energy infrastructure. Destroyed power plants,
transformer substations, and power lines caused prolonged
power outages, which made it impossible for enterprises
in these regions to function normally. The need to restore
energy infrastructure requires significant financial invest-
ments, which can be received both from the state budget and
through international financial assistance and investment.

The short-term economic consequences of the de-
struction of energy systems include immediate loss of
production capacity, increased costs of enterprises and
the population for energy supply, and a decrease in the
level of economic activity. The long-term consequences
include changes in the structure of the country’s energy
balance, the need to modernise energy systems, the de-
cline in the competitiveness of some sectors of the econ-
omy, and the transformation of the economic model to-
wards decentralised energy sources. In the context of the
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need for economic recovery, an important task is to en-
sure stable energy supply, which directly affects the func-
tioning of enterprises and the investment attractiveness
of the country. Energy stability determines the future
prospects for economic development and forms the basis
for restoring production, stimulating business activities,
and attracting investment.

Impact of energy system sustainability

on business environment and investment climate

The sustainability of energy systems is a determining fac-
tor for the formation of a stable business environment,
since the level of reliability of energy supply directly affects
the operational activities of enterprises, product competi-
tiveness and investment attractiveness of the country. The
business environment largely depends on the availability
and cost of electricity, which determines the cost of pro-
duction, the consistency of logistics processes, and the ef-
ficiency of resource management. Disruptions in the func-
tioning of the energy infrastructure led to an increase in
enterprises’ costs for backup power supply systems, which
significantly affects financial results and long-term busi-
ness development strategy.

The dynamics of foreign and domestic investment
reflects the impact of economic and political factors on
the country’s investment climate. Domestic investment
is higher due to government support programmes, criti-
cal infrastructure financing, and enterprise capital rein-
vestment, while foreign investment is more sensitive to
macroeconomic risks. In the period 2020-2024, there were
significant fluctuations in capital investment, in particular,
due to the COVID-19 pandemic, the outbreak of full-scale
hostilities, international financial assistance, and econom-
ic recovery measures. The data presented in Figure 2 allow
assessing trends in attracting investment and the potential
for financing energy infrastructure.

The data indicate significant fluctuations in the vol-
ume of foreign and domestic investment in the period
2020-2024. In 2020, investment activity was limited by
the effects of the COVID-19 pandemic, which led to a low
level of foreign investment of USD 3.1 billion, while do-
mestic capital investment remained relatively stable at
USD 11.56 billion. In 2021, there was an increase in both do-
mestic and foreign investment due to the economic recov-
ery after the pandemic, which is confirmed by an increase
in foreign investment to USD 6.5 billion and domestic up
to USD 15.07 billion. This indicates an improvement in the
business climate, an increase in the economic activity of
enterprises and the implementation of state programmes
to stimulate production.
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Domestic investment (USD billion)

15.07

11.56

6.5

3.1

2020 2021

2022

e Foreign investment (USD billion)

10.91

9.56
8.66

5.2

3.8

2023 2024

Figure 2. Comparative analysis of changes in foreign and domestic investment (2020-2024)
Note: domestic investment is higher than foreign investment due to the overwhelming share of government funding,
business support programmes, and capital reinvestment of large enterprises. Foreign investment declined significantly in
2022 due to military action and increased risks to international investors, but in 2023-2024 there was a partial recovery
due to international financial assistance and reconstruction support programmes. The difference between the indicators
is also explained by the fact that domestic investments include financing critical infrastructure, restoring production and

adapting businesses to new conditions

Source: compiled by the authors based on State Statistics Service of Ukraine (n.d.), World Bank (n.d.), Organisation for
Economic Co-operation and Development (n.d.), European Bank for Reconstruction and Development (2024), National

Bank of Ukraine (2025)

A sharp reduction in foreign investment in 2022 to
USD 2 billion was conditioned by the high risks associated
with military operations, infrastructure destruction, and
the threat of capital loss, which forced international inves-
tors to reconsider their strategies. Simultaneously, domes-
tic investment declined, but remained at USD 8.66 billion,
since a significant part of the funds went to support criti-
cal industries and restore economic activity. In 2023-2024,
there was a gradual increase in investment, in particular,
due to international financial assistance, which contribut-
ed to an increase in foreign investment to USD 3.8 billion
in 2023 and USD 5.2 billion in 2024. Domestic investment
also showed positive dynamics, reflecting the adaptation of
the economy to new conditions and the strengthening of
the role of state mechanisms in the restoration of infra-
structure and the energy sector.

Political instability significantly hinders the devel-
opment of innovations in the field of renewable energy,
which is confirmed by an analysis of data from 60 coun-
tries for 2002-2020 (Wang et al., 2024a). It negatively af-
fects investment in wind and solar energy, reducing gov-
ernment funding for research and access to international
capital. The use of a two-way fixed effect model helped
to minimise errors associated with endogenous factors
and accurately assess the impact of political risks. The
study by the International Energy Agency (n.d.) showed
that this impact is amplified in countries with high levels
of corruption and weak institutions, while high-quality
public administration can partially compensate for the
negative consequences.

Enterprises operating in conditions of unstable pow-
er supply are forced to adapt their production processes,
which requires additional financial investments in the
purchase and maintenance of autonomous energy sourc-
es. The cost of diesel generators, battery systems, and
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other backup mechanisms is increasing, which in the long
run leads to an increase in the total cost of products and
services (Borysiak et al., 2022). This factor is especially
critical for enterprises of the metallurgical, chemical, ma-
chine-building industries, and the food industry, where
the continuity of the production cycle is a prerequisite for
effective operation.

Instability in energy supply also leads to a reduction in
investment in the real sector of the economy, as investors
see the risks associated with unreliable energy supplies as
one of the key barriers to long-term investment (Shahini
& Shahini, 2024). The lack of guarantees of uninterrupt-
ed power supply makes it difficult to make decisions about
opening new production facilities, which slows down eco-
nomic development. Export-oriented business entities lose
their competitive advantages due to the need to lay down
additional costs for energy security, which makes it diffi-
cult for products to enter international markets.

Disruption of energy infrastructure also affects logis-
tics processes, which is a critical factor for the functioning
of industrial enterprises. Unstable power supply to railway
transport and port infrastructure leads to disruptions in
the supply of raw materials and exports of finished prod-
ucts. Additional costs for alternative routes and increased
logistics risks negatively affect the efficiency of enterpris-
es, which directly affects the level of business activity in
the country. In the face of energy instability, businesses
are forced to review their operating costs, increase funding
for autonomous energy sources, and adapt their business
models to new risks. Table 2 reflects the main factors in-
fluencing investment inflows and outflows, identifies the
most affected sectors of the economy, and outlines possible
mechanisms for restoring investor confidence through fi-
nancial guarantees, infrastructure development, and alter-
native energy incentives.

Economics of Development. 2025. Vol. 24, No. 2
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Table 2. Analysis of the impact of energy infrastructure destruction on investment

Impact factor

Impact on investment

The most affected sectors

Mechanisms for restoring
investor confidence

Destruction of energy
infrastructure and power
outages

Reduced capital investment
in manufacturing industries,
increased business costs

Metallurgy, chemical industry,
mechanical engineering

Restoration of energy facilities,
improvement of energy stability

Growth of enterprises’ expenses
for autonomous energy sources

Reduction of the profitability of
enterprises, increasing the cost
of production

Industrial enterprises,
agricultural sector

Subsidising energy supply costs,
supporting energy efficiency

Logistics instability and

Falling investment
attractiveness of the transport

Transport, logistics, trade

Investments in logistics
infrastructure, compensation

increased transportation costs industry and logistics

companies

mechanisms

Declining confidence of foreign
investors due to investment
risks

Outflow of foreign capital,
freezing of infrastructure
projects

Financial guarantees and
insurance mechanisms for
investors

Financial sector, industry

Strengthening government
programmes to support the
energy sector

Increasing the investment
attractiveness of the energy
sector

State and international
programmes for the
development of the energy
sector

Energy, manufacturing,
infrastructure

Involvement of international
financial institutions to restore
infrastructure

Increased funding for
reconstruction, improving the
investment climate

Concessional lending and grant

Construction, industrial parks financing programmes

Development of new investment
directions, improvement of
energy independence

Renewable energy development
as a risk reduction mechanism

Renewable energy, small
businesses

Stimulating alternative energy,
reducing the tax burden

Creating guarantees for
businesses through energy risk
insurance

Reducing risks to private
capital, stimulating long-term
investments

Ensuring the stability of the
energy system and reducing
investment risks

Industry, high-tech sectors

Source: developed by the authors based on V. Bohun et al. (2024), A. Hlushko (2024), L. Kvasnii et al. (2024)

The data presented in Table 2 show that the destruc-
tion of energy infrastructure has had a complex impact on
the investment climate, in particular, due to a reduction
in capital investment in manufacturing industries, an in-
crease in business costs, and a decrease in the profitabili-
ty of enterprises. The most vulnerable sectors were those
that depend on uninterrupted power supply, in particular,
metallurgy, chemical industry, mechanical engineering,
and logistics. The outflow of foreign capital and the freez-
ing of infrastructure projects further increased economic
risks, which forced enterprises to adapt to new conditions
due to reduced production volumes or the search for alter-
native energy sources.

Mechanisms for restoring investor confidence demon-
strate potential opportunities for stabilising the econom-
ic situation. The implementation of state programmes to
support the energy sector, attract international financing
and develop renewable energy can become key tools for
reducing investment risks. The country’s investment at-
tractiveness can be increased by introducing financial
guarantees, insurance mechanisms for businesses, and
stimulating alternative energy sources. Improving the
stability of the energy system will not only contribute to
the growth of domestic and external investment, but also
create prerequisites for long-term economic recovery and
expansion of production capacity.

Restoring the stability of the energy system is an im-
portant factor for attracting new investment, since reliable
energy supply is one of the key conditions for the develop-
ment of industrial parks, industrial clusters and technology
parks. The stability of electricity supply contributes to the
diversification of the economy, helping to expand produc-
tion capacity and attract high-tech companies, for which
the sustainability of energy supply is a critical factor in
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production efficiency. Mechanisms for reducing energy
risks for businesses include the development of decen-
tralised generation, the introduction of renewable energy
sources, and the development of strategic electricity re-
serves. The use of solar and wind power plants allows en-
terprises to reduce their dependence on centralised supply,
which improves the predictability of energy costs and in-
creases the competitiveness of products.

Ensuring the stability of energy supply has long-term
positive consequences for the economy, in particular, in-
creasing employment, increasing investment activity and
expanding the domestic market. Reducing energy risks
creates prerequisites for restoring investor confidence,
stimulating investment in industry, infrastructure, and the
technology sector. Developing a sustainable energy system
is an integral part of economic stability, as it provides pre-
dictable business conditions, helps to reduce risks, and im-
proves overall resource efficiency. In this context, it is of key
importance to estimate the financial costs of modernising
the energy infrastructure and predict its economic benefits.

Financial costs of upgrading energy systems

and potential economic benefits

of improving their sustainability

Restoration and modernisation of energy systems requires
significant financial resources, given the scale of destruc-
tion and the need to adapt infrastructure to modern chal-
lenges (Racek et al., 2025). The main costs are related to
the reconstruction of damaged generating capacities, the
restoration of high-voltage networks, the construction of
new substations, and the introduction of technological
solutions to improve the stability of the power system.
Investment needs include the purchase of new equip-
ment, modernisation of energy management systems, and
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integration of digital technologies that automate processes
and reduce electricity losses.

Modernisation of conventional power generating ca-
pacities is a key step in restoring the stability of the energy
system and ensuring uninterrupted power supply. Signifi-
cant destruction as a result of the fighting requires large-
scale capital investments for the reconstruction of thermal,

nuclear, and hydroelectric power plants, and the renewal of
power grids. Investments in this sector are aimed not only
at restoring lost capacity, but also at improving the efficien-
cy of the power system, optimising fuel costs, and reducing
accidents. Table 3 shows the main categories of expendi-
tures, their projected volumes and expected economic ben-
efits from the implementation of modernisation projects.

Table 3. Estimation of costs for reconstruction of conventional power generating capacities

Estimated costs q .
Expense category (USD billion) Projected economic benefits
Restoration of thermal power plants 10.5 Increase in electricity production, reduce fuel costs
Reconstruction of hydroelectric power plants 39 Improvement of supply reliability, reduction of water
resource losses
Restoration of nuclear power plants 8.7 Stablhgy of the power system, reduction of
ependence on imported fuel
Modernisation of coal generation 4.5 Optimisation of emissions, improvement of
environmental indicators
. . . Reduction of emergency shutdowns, improvement of
Repair and strengthening of power grids 6.0 Toad regulation

Note: estimated costs for the reconstruction of conventional power generating capacities are calculated based on analyti-
cal estimates of international and Ukrainian organisations studying the energy sector. The data was generated considering
the estimates of the World Bank, European Bank for Reconstruction and Development, International Monetary Fund, and
International Energy Agency analytical reports. When determining the costs, the experience of reconstruction of energy
infrastructure in countries that faced large-scale destruction (Iraq, Syria, the Balkans after the conflicts of the 1990s) was
also taken into consideration. Additionally, the estimates of the Ministry of Energy of Ukraine regarding the necessary
financial investments in the restoration of generation facilities and network infrastructure were used

Source: developed by the authors based on World Bank (n.d.), International Monetary Fund (n.d.), International Energy
Agency (n.d.), European Bank for Reconstruction and Development (2024)

The data presented show that the largest investments
are required for the restoration of thermal and nuclear pow-
er plants, since they provide the main share of electricity in
the total energy balance. Investments in thermal genera-
tion are estimated at USD 10.5 billion, which is explained
by significant damage and the need to introduce modern
technologies to improve fuel efficiency. The restoration
of nuclear power plants requires USD 8.7 billion, which is
conditioned by the high safety requirements and complex-
ity of reconstruction works. Smaller amounts of funding
are provided for the modernisation of hydroelectric pow-
er plants and coal-fired capacities, but their importance in
the stability of the energy system remains important.

Improving the state of the power grid also plays a key
role in reducing power losses and improving supply relia-
bility. The cost of repairing and strengthening networks is
estimated at USD 6 billion, which will reduce the number
of emergency shutdowns and improve load regulation. The
implementation of modernisation measures will not only
stabilise the energy system, but will also help to reduce the
cost of electricity, increase the competitiveness of enter-
prises, and create prerequisites for attracting additional
investment in the manufacturing sector.

One of the key aspects of modernisation is the intro-
duction of distributed generation, which reduces the de-
pendence of regions on centralised supply and increases
the stability of the energy system to external risks. The
use of decentralised energy sources, in particular, solar and
wind stations, reduces the cost of infrastructure disaster
recovery, since local power supply reduces the load on cen-
tral networks and minimises the risks of large-scale outag-
es (Tkachenko & Ismayilov, 2024). The economic benefits
of developing distributed generation are to reduce the cost
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of maintaining traditional power systems and reduce losses
during electricity transportation.

The introduction of energy-efficient technologies in
the modernisation process can significantly reduce oper-
ating costs and increase resource efficiency. The use of the
latest energy-saving systems, optimisation of transformer
stations, and the introduction of “smart” power grids help
to reduce electricity losses and ensure its rational distribu-
tion among consumers (Kubiczek et al., 2023). The long-
term economic effect of such measures is expressed in
reducing the cost of electricity for enterprises and house-
holds, which increases the competitiveness of the economy
and helps to attract additional investment.

Financing modernisation processes requires an integrat-
ed approach, including public investment, the involvement
of international financial institutions, and the introduction
of public-private partnership mechanisms. The estimate of
the cost of necessary capital investments depends on the lev-
el of infrastructure destruction, but preliminary calculations
indicate the need to attract multibillion-dollar investments
for the reconstruction and renovation of energy facilities. An
important factor is the support of international financing
programmes that allow not only restoring destroyed facili-
ties, but also introducing the latest technologies that meet
modern energy security requirements.

Modernisation of energy systems is of strategic impor-
tance for reducing dependence on imported energy carriers
and increasing the level of energy autonomy of the coun-
try. Investment in the development of renewable energy
sources contributes to the diversification of the energy
balance and reduces the need for fossil fuels, which re-
duces the economy’s vulnerability to price fluctuations in
international energy markets (Ismayilov et al., 2023).
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Switching to local energy sources ensures stable supply
and allows for predictable planning of energy sector costs.

Assessment of the economic effect of modernisation
of the energy system includes reducing the cost of elec-
tricity, improving the efficiency of enterprises and creating
favourable conditions for the development of innovative
technologies. Improving the quality of electricity supply
contributes to increasing production productivity, which is
an important factor for export growth and improving the
overall economic balance. Additional benefits from mod-
ernisation are associated with the formation of new jobs in
the energy sector, which has a positive impact on the level
of employment and socio-economic stability.

O. Semenenko et al.

The development of renewable energy sources and
decentralised supply systems is a strategic area for mod-
ernising the energy infrastructure, which increases its
sustainability and reduces dependence on fossil fuels.
Investments in solar, wind, and energy storage systems
help to reduce emergency shutdowns, optimise energy
balance, and ensure greater regional autonomy. Such
measures also reduce the environmental burden, which
is an important factor in international climate commit-
ments. The presented Table 4 contains an assessment
of investments in key areas of renewable energy devel-
opment and projected economic benefits from their im-
plementation.

Table 4. Evaluation of investments in the development of renewable energy sources and decentralised systems

Investment category Estlma{)e.d Rl (2RI Projected economic benefits
illion)
. Reduction of the cost of fossil fuels, reduction of
Construction of solar power plants 7.8 oo
CO, emissions
. . Improvement of the stability of the power system,
Development of wind generation 6.4 reduction of dependence on centralised generation
Investment in energy storage systems 4.9 Network load stablhsa';:lopr;ls’nsurmg uninterrupted
. N . Reduction of accidents and increasing regional
Creation of distributed microarrays 3.5 autonomy
. . Development of agricultural energy, improvement
Integration of bioenergy plants 2.7 of energy balance

Note: assessment of investments in the development of renewable energy sources and decentralised systems is based
on the average cost of implementing similar projects in countries with similar energy challenges. The data are based
on analytical estimates of the International Energy Agency, the World Bank, the European Bank for Reconstruction and
Development, and research by the Ministry of Energy of Ukraine on the potential development of alternative energy
Source: developed by the authors based on World Bank (n.d.) Organisation for Economic Co-operation and
Development (n.d.), United Nations Development Programme (n.d.), International Monetary Fund (n.d.), International
Energy Agency (n.d.), European Bank for Reconstruction and Development (2024)

The largest investments are provided for the construc-
tion of solar power plants and the development of wind
generation, which is explained by their high efficiency and
the possibility of rapid implementation in different re-
gions. Investments in solar energy are planned at the level
of USD 7.8 billion, which will help to reduce CO, emissions
and reduce the cost of fossil fuels, while developing wind
generation (USD 6.4 billion) will increase the stability of
the power system and reduce dependence on centralised
generation. Investments in energy storage systems amount
to USD 4.9 billion, which is conditioned by the need to sta-
bilise loads in networks and ensure uninterrupted power
supply in conditions of fluctuations in electricity genera-
tion from renewable sources.

The creation of distributed micro-networks and the
integration of bioenergy plants are less capital-intensive
areas, but their implementation can significantly improve
the energy balance. Investments in micro-networks are es-
timated at USD 3.5 billion, which will help to increase the
autonomy of regions and reduce accidents. Investments in
bioenergy plants (USD 2.7 billion) will support the devel-
opment of agro-energy and promote the use of local re-
sources for energy production. In general, investments in
renewable energy sources can not only increase the stabil-
ity of the energy system, but also create prerequisites for
reducing the cost of emergency repairs and improving the
country’s energy independence.

The economic benefits of implementing new ener-
gy solutions become apparent on the long-term horizon,
when the efficiency of investment begins to exceed the cost
of modernisation. Reducing energy supply costs, reducing
accidents, and improving the regulation of network loads
create conditions for stable economic development and
improving the quality of life of the population. Ensuring
the stable operation of the energy system is an important
factor for maintaining macroeconomic equilibrium, which
avoids crisis situations associated with electricity shortag-
es. The development of a sustainable and modernised en-
ergy infrastructure is a necessary condition for sustainable
economic development. Investments in the restoration and
improvement of the energy system have not only short-
term effects in the form of restoring energy supply, but also
long-term benefits in the form of improving the compet-
itiveness of enterprises, reducing dependence on foreign
energy markets and creating a favourable environment for
further growth of economic activity.

Economic efficiency of measures to improve

the sustainability of energy systems

and the feasibility of attracting investment

Improving the sustainability of energy systems is an im-
portant factor for ensuring the smooth functioning of the
economy, reducing risks to industrial production and min-
imising financial losses from power outages. Assessment
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of the economic efficiency of modernisation measures in-
volves analysing the costs of implementing technological
solutions and their impact on the stability of the energy
system, the productivity of enterprises, and the overall
competitiveness of the economy. Given the dependence of
industrial enterprises on reliable electricity supply, special
attention should be paid to measures that ensure energy
autonomy and increase the efficiency of resource use.
Important areas for improving the sustainability of
energy systems are the introduction of autonomous en-
ergy sources, in particular, solar and wind stations, which
can reduce the load on centralised networks and reduce
the likelihood of large-scale outages. The installation of
microgrids, which combine local generation, energy stor-
age systems and intelligent control systems, increases the

flexibility of the energy infrastructure. The development
of energy storage systems helps to reduce dependence on
peak loads, ensure stable operation of enterprises, and in-
crease the efficiency of using the generated electricity.

Assessing the economic efficiency of measures to
improve the sustainability of energy systems is an im-
portant tool for determining optimal investment areas.
Using the cost-benefit analysis method allows correlat-
ing the costs of implementing energy initiatives with the
potential economic benefits achieved by reducing acci-
dents, improving energy supply and energy efficiency.
Table 5 provides an estimate of the financial costs of im-
plementing various measures, projected economic bene-
fits, and Cost Benefit Analysis, which demonstrates their
long-term effectiveness.

Table 5. Economic efficiency assessment

Measures Estimate:d costs Proigcted econ'or'nic Cost benefit analysis
(USD billion) benefits (USD billion)
Introduction of autonomous energy sources 7.5 12.3 1.64
Microgrid development 5.2 9.4 1.81
Energy storage systems 4.8 8.2 1.71
Increased capacity redundancy 3.6 6.5 1.81

Note: cost benefit analysis is used to evaluate the effectiveness of economic solutions by comparing the costs of their
implementation and the projected benefits. In this case, the cost benefit analysis determines how profitable measures to
modernise the energy infrastructure are by calculating the cost-benefit ratio. A value greater than one indicates that the
economic benefits exceed the resources invested, which makes the corresponding measure economically feasible

Source: developed by the authors based on World Bank (n.d.), Organisation for Economic Co-operation and
Development (n.d.), United Nations Development Programme (n.d.), International Monetary Fund (n.d.), International

Energy Agency (n.d.), European Bank for Reconstruction and Development (2024)

The data in the table shows that all the measures con-
sidered are cost-effective, since the Cost Benefit Analysis
exceeds 1. The highest indicator is the development of
microgrids (1.81) and an increase in capacity redundancy
(1.81), which indicates their high profitability in the long
term. The introduction of autonomous energy sources and
energy storage systems also has high cost-benefit analysis
values (1.64 and 1.71, respectively), which confirms their
effectiveness in stabilising the energy system and reducing
the risk of emergency shutdowns.

Although the cost of implementing measures is sig-
nificant, the projected benefits significantly exceed the in-
vested funds, which indicates the feasibility of implement-
ing them. The greatest economic benefits are expected

from the introduction of autonomous energy sources
(USD 12.3 billion), which is explained by their potential to
reduce dependence on centralised energy networks and re-
duce fuel costs. Such measures can significantly improve
the stability of energy supply, reduce electricity losses, and
help to attract investment in the development of decen-
tralised energy systems. Financing measures to modernise
and improve the sustainability of energy systems requires
an integrated approach, including government support,
international financial assistance, and private investment.
Attracting various financial mechanisms allows optimising
costs and minimising risks for investors. The Table 6 shows
the main sources of financing, their potential to attract in-
vestment, and the expected level of cost coverage.

Table 6. Opportunities to attract additional investment and mechanisms of state support

Financial mechanism Assess?;ig:&ﬁ:gf g?stglgilﬁ%;g)attract Expected cost coverage (%)
Government funding 6 40%
Grant programmes 3.8 25%
Public-private partnership 7.2 50%
Investment bonds 5.1 35%
International lending 10.4 70%
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Note: assessment of the potential to attract investment is calculated based on historical data on the financing of en-
ergy projects, analytics of international financial organisations, and the capabilities of the state budget. The expected
level of cost coverage is defined as the ratio of projected investments to the total financing needs for modernisation
activities. The highest level of cost coverage is projected for international lending, while public-private partnerships
and investment bonds have significant potential to raise funds, and government funding and grant programmes provide
critical but limited support

Source: developed by the authors based on World Bank (n.d.), International Energy Agency (n.d.)
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The Table 6 shows that international lending is the
most promising source of financing for modernisation ac-
tivities, as it allows attracting USD 10.4 billion, which cov-
ers 70% of the costs. This is conditioned by the significant
efforts of international financial institutions, such as the
World Bank, the International Monetary Fund, and the
European Bank for Reconstruction and Development, to
support the restoration of energy infrastructure. However,
credit funds require careful planning for their repayment,
which requires additional guarantees of financial stability.

Public-private partnerships and public financing are
also important mechanisms for raising USD 7.2 billion and
USD 6.0 billion, respectively, covering 50% and 40% of ex-
penses. This indicates the need to actively attract private
capital and create favourable conditions for investors. Grant
programmes provide USD 3.8 billion (covering 25% of ex-
penses), which is an important additional source of funding,
since it does not require a refund. Investment bonds can
raise USD 5.1 billion, which is 35% of the funding, provid-
ing the possibility of long-term attraction of private funds.

The development of sustainable energy systems has a
significant impact on economic growth, as it ensures the
continuity of production processes, creates new jobs in the
field of renewable energy, and encourages the development
of technological innovations. Investments in the moderni-
sation of energy systems contribute to increasing the com-
petitiveness of the industrial sector, since stable electricity
supply is a critical factor for the smooth operation of en-
terprises and maintaining the country’s export potential.
The introduction of modern energy resource management
technologies allows optimising electricity consumption
and reducing production costs.

One of the key economic effects is the reduction of
electricity losses in the networks, which reduces the cost of
energy supply and reduces the burden on the budget due to
the need for emergency infrastructure repairs. In addition,
improving the efficiency of electricity generation and dis-
tribution contributes to reducing tariffs for industrial con-
sumers, which is an important factor for the development
of the manufacturing sector and attracting investment.
Economic benefits include increasing the profitability of
energy companies, which allows them to reinvest in further
modernisation of the system.

The long-term effects of increasing the sustainabili-
ty of energy systems are manifested in an increase in the
share of renewable energy in the energy balance, reducing
the impact of fluctuations in market prices for fuel and
improving the environmental situation. Ensuring stable
energy supply contributes to the growth of business activ-
ity, encourages the development of new technologies, and
creates attractive conditions for external investment. As a
result, measures to improve the stability of the energy sys-
tem ensure macroeconomic stability, reduce dependence
on crisis factors and create prerequisites for sustainable
economic development.

The destruction of the energy infrastructure as a result
of the fighting caused significant economic losses, mani-
fested in a reduction in production capacity, a decrease in
export potential, and an increase in the costs of enterpris-
es for backup energy sources. Unstable energy supply led
to an increase in the cost of electricity, which negative-
ly affected the competitiveness of products and overall
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economic activity. The greatest losses were recorded in in-
dustrial sectors that are critically dependent on continuous
energy supply, in particular, in metallurgy, chemical indus-
try, and mechanical engineering. Significant fluctuations
in the cost of electricity and rising costs for its emergency
supply have increased inflationary pressures and created
additional risks for businesses and households.

Instability in the energy supply has significantly af-
fected the business environment and investment climate,
leading to a reduction in foreign capital investment and an
increase in the cost of operating activities of enterprises.
The cost of autonomous power supply systems has become
a significant financial burden, especially for industrial and
transport enterprises. However, state programmes to sup-
port the energy sector and international investment have
contributed to a partial recovery in the investment attrac-
tiveness of the economy. Financial support mechanisms,
including international lending, public-private partner-
ships, and investment bonds, allow attracting significant
resources for the reconstruction of energy infrastructure
and stabilisation of the business environment.

Evaluation of the economic efficiency of measures to
improve the sustainability of energy systems has shown
the feasibility of investing in renewable energy sources,
microgrids, and electricity storage systems. The implemen-
tation of such measures reduces electricity losses, reduces
the cost of emergency repairs and improves the balance of
the energy system. Modernisation of the grid infrastruc-
ture and optimisation of electricity generation contribute
to improving energy efficiency, which is an important fac-
tor for economic growth and attracting long-term invest-
ment. Increasing the stability of the energy system creates
prerequisites for macroeconomic stability and creates con-
ditions for further economic development of the country.

m DISCUSSION

The results obtained confirmed the significant impact of
the destruction of energy infrastructure on the economic
stability and investment attractiveness of the industri-
al sector. It was established that interruptions in energy
supply caused significant losses in production, which led
to a reduction in exports, an increase in the unemploy-
ment rate, and a slowdown in macroeconomic develop-
ment. The analysis of the cost of modernisation of energy
systems showed the high economic efficiency of the in-
troduction of autonomous and renewable energy sourc-
es, which helped to reduce dependence on centralised
supply and minimise the risks of emergency shutdowns.
The study of investment flows showed that international
financial support and reconstruction programmes played
a crucial role in the partial recovery of capital investment,
but the instability of the energy system continues to be
a deterrent to attracting new investment. In addition,
the simulation results confirmed the feasibility of using
cost-benefit analysis to assess the effectiveness of mod-
ernisation measures, which helped to determine the most
profitable areas of capital investment.

Analysis of the impact of the energy crisis in Ukraine
has shown its direct relationship with the overall level of
economic security of the state. The study by S. Ullah et
al. (2024) demonstrated that internal and external conflicts
cause short-term growth of energy security risks, while
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long-term consequences largely depend on the level of
financial development and technological innovation. The
results obtained confirm that the stability of energy supply
is a critical factor in macroeconomic dynamics, the level of
inflation, and investment attractiveness. In contrast to the
global approach of S. Ullah et al. (2024), the direct economic
effect of the destruction of energy infrastructure and possi-
ble directions of its restoration were studied. The problem
of energy shocks caused by the conflict between Russia and
Ukraine was considered in the study by Y. He (2024), where
their impact on South Korea’s macroeconomic stability was
analysed. The use of Bayesian estimation methods estab-
lished that the increase in the cost of energy carriers led
to a decrease in production volumes, a reduction in invest-
ment, and a drop in the consumption of petroleum prod-
ucts. Similar trends can be traced in Ukraine, as the rise in
the price of electricity in 2022-2024 negatively affected the
competitiveness of the industrial sector.

The global macroeconomic implications of the war be-
tween Russia and Ukraine, including its impact on energy
security, food chains, and post-pandemic recovery, were
highlighted in the study by G.M. Noorani et al. (2024). It
was revealed that geopolitical instability was a factor of
significant changes in energy supplies, which forced coun-
tries to actively develop alternative energy sources. In
contrast to the global context covered by G.M. Noorani et
al. (2024), the analysis considered national economic con-
sequences with reference to the structural characteristics
of the energy sector of Ukraine. H.H. Nguyen et al. (2024)
analysed the impact of sanctions against Russia in 2022 on
the energy markets of 57 countries. It was found that the
sanctions pressure caused a significant increase in the val-
ue of energy assets in countries dependent on oil imports,
while enterprises operating in the field of renewable ener-
gy received economic advantages. Compared to the focus
of H.H. Nguyen et al. (2024) on the financial aspects of the
global energy market, this study evaluated the cost-effec-
tiveness of solutions within the national energy system.

The increase in the cost of energy carriers in 2021-
2022 and its consequences for inflation, financial stabili-
ty of households and industrial enterprises were analysed
by B. Gajdzik et al. (2021). The researchers concluded that
such crises accelerate the introduction of energy-efficient
technologies and encourage states to step up investment
in renewable energy. The analysis confirms this pattern:
autonomous energy sources can reduce electricity losses
by 15-20%. The study by E.H. Ateed (2024) analysed the
multidimensional impact of the war between Russia and
Ukraine on the global energy crisis, in particular, changes
in the supply of natural gas to Europe. It was found that
energy instability stimulated countries to expand domes-
tic electricity production and develop renewable energy
sources. Similar processes can be traced in Ukraine, where
the destruction of energy sector facilities has led to the
need to introduce microgrids and energy storage systems
to increase the sustainability of the energy system.

Research by U. Kayani et al. (2024) was devoted to
the analysis of reverse overflow mechanisms in the ener-
gy market in the context of military conflict. The use of
the E-GARCH model helped to determine that the largest
fluctuations were recorded in the Brent Oil market, while
changes in the cost of natural gas and CO, emissions had a
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less pronounced effect. The data obtained confirm signifi-
cant structural changes in the energy market. This led to
an increased financial burden on industrial enterprises and
a decrease in the investment attractiveness of the energy
sector. The macroeconomic consequences of a sharp in-
crease in energy prices in 2022 were discussed in the paper
by M. Sun et al. (2024). The use of the CGE model estab-
lished that sanctions against Russia led to a reduction in its
gross domestic product by 5.5%, a decrease in household
income by 4%, and a decrease in domestic investment by
6%. For energy-independent countries, these changes had
potential economic benefits, while other economies were
negatively affected.

The relationship between the markets of energy and
agricultural goods during the conflict between Russia
and Ukraine was analysed by N. Kutsmus et al. (2024) and
D.H. Vo & M.P. Tran (2024). Using the TVP-VAR model and
analysing data from Google Trends revealed that instability
in energy markets caused significant fluctuations in prices
for agricultural products. The intersectoral nature of the
previously performed analysis was replaced by an emphasis
on internal structural changes in production costs caused
by energy instability in Ukraine. The issue of transforma-
tion of European energy policy after the outbreak of war
between Russia and Ukraine was considered in the study by
M.C. LaBelle (2024). It was established that the strategy of
energy interdependence gave way to the concept of energy
sovereignty, which led to a strengthening of the policy of
energy solidarity and expansion of independent sources of
supply. The study confirmed the need to reduce Ukraine’s
dependence on centralised energy systems and develop re-
newable energy as a key area for improving the sustainabil-
ity of the energy system.

The study by R. Yasmeen & W.U. Shah (2024) focused
on investigating the relationship between energy uncer-
tainty, geopolitical conflicts, and the level of militarisation
in the G7 countries. The use of the moment quantitative
regression method helped to establish that the growth of
energy uncertainty has a positive impact on the develop-
ment of renewable energy, but at the same time compli-
cates the stable expansion of both renewable and conven-
tional energy sources. The main difference is the scale of
the analysis: R. Yasmeen & W.U. Shah (2024) considered
the G7 countries, while this study focused on the econom-
ic consequences of the energy crisis in Ukraine. Research
by Q. Wang et al. (2024b) was devoted to a comprehensive
analysis of evolution, areas of cooperation and promising
trends in the field of geopolitics and energy security. The
use of bibliometric analysis methods helped to identi-
fy three main stages of the development of this scientific
area, emphasising the gradual shift of researchers’ atten-
tion from the stability of energy markets to the problem of
energy transition. The results obtained confirmed the need
to find new technological solutions to strengthen the sus-
tainability of the energy infrastructure.

The impact of the COVID-19 pandemic and the war
between Russia and Ukraine on the energy security of Or-
ganisation for Economic Co-operation and Development
countries was discussed in the paper by S. Yildirim et
al. (2024). The analysis showed that global crises signif-
icantly increase the dependence of economies on ener-
gy imports, creating additional risks of instability. The
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consequences of the destruction of Ukraine’s energy in-
frastructure also confirm these trends, as they led to an
increase in the cost of electricity and negatively affected
industrial production. Strategies for ensuring energy se-
curity, considering geopolitical changes and policy meas-
ures to reduce dependence on conventional energy re-
sources, were investigated by K.I. Ibekwe et al. (2024). The
effectiveness of mechanisms of energy diversification and
international cooperation in strengthening the sustaina-
bility of national energy systems was analysed. The tran-
sition to autonomous energy sources and decentralised
systems was seen as an effective tool for minimising en-
ergy risks. The difference between the studies lies in the
focus of the analysis: K.I. Ibekwe et al. (2024) considered
the problem at the global level, while this study assessed
the specific economic consequences of the energy crisis in
Ukraine and possible ways to overcome them.

A comprehensive analysis of current research confirms
that energy security is a key factor in macroeconomic sta-
bility and investment attractiveness of the industrial sector.
It was established that the destruction of Ukraine’s energy
infrastructure has led to significant negative consequenc-
es, including a reduction in production volumes, a decrease
in export potential, and an increase in the cost of electrici-
ty. The introduction of autonomous and renewable energy
sources is seen as an effective tool for minimising the risks
of emergency shutdowns and improving the sustainability
of the power system. A comparative analysis of the liter-
ature showed that diversification of energy resources and
modernisation of infrastructure remain the main areas for
overcoming energy crises.

B CONCLUSIONS

As a result of this study, a detailed assessment of losses in
key sectors of the economy was carried out, in particular, in
metallurgy, chemical industry, and mechanical engineer-
ing, which suffered a reduction in production capacity by
35-45% in 2022-2024. A comparative analysis of changes in
the volume of domestic and foreign investment was carried
out, which helped to identify the main risks for the recov-
ery of the energy sector and identify effective mechanisms
for attracting financing. It was found that the instability
of energy supply caused an increase in logistics costs by
10-15% in the most affected regions, and also significantly
affected the cost of industrial products.

Analysis of the sustainability of energy systems
showed that prolonged power outages and a 139% increase
in tariffs in 2020-2024 led to a reduction in the competi-
tiveness of Ukrainian enterprises, a slowdown in economic
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recovery, and a decrease in the country’s investment at-
tractiveness. It was revealed that the development of au-
tonomous energy sources, microgrids, and energy storage
systems has a high economic potential, as it reduces elec-
tricity losses by 15-20% and increases the reliability of
energy supply in crisis situations. The use of cost-benefit
analysis determined that the introduction of modern en-
ergy technologies has a high cost-benefit ratio (from 1.64
to 1.81), which confirms the economic efficiency of meas-
ures to improve energy security.

Financial mechanisms for restoring energy infrastruc-
ture were considered and their effectiveness in the long
term was evaluated. It was established that international
lending can provide up to 70% of the necessary invest-
ments, while public-private partnerships can attract a sig-
nificant amount of capital for the modernisation of critical
energy facilities. Financing mechanisms were proposed,
including government subsidies, international grant pro-
grammes, and the use of investment bonds for long-term
capital raising. It was determined that state support for re-
newable energy sources is a key factor in stabilising the en-
ergy market and increasing its attractiveness for investors.

It is recommended to strengthen the state policy in
the field of energy security by developing programmes of
financial support for enterprises implementing autono-
mous energy sources and energy efficiency technologies.
It is advisable to improve the mechanisms of energy risk
insurance, which will help to reduce the level of investment
uncertainty and attract additional capital to the energy sec-
tor. It is proposed to expand cooperation with international
financial institutions and donors to finance the reconstruc-
tion of energy infrastructure and the implementation of
strategic projects in the field of renewable energy. Further
research may be aimed at analysing the long-term impact
of energy system modernisation measures on the econom-
ic stability and competitiveness of industry. A promising
area is to assess the effectiveness of the development of
decentralised energy systems in the regional context, and
to investigate the impact of renewable energy sources on
the balance of energy markets.
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TexHiuHi pilleHHsa Anga NigABULLEHHSA CTIMKOCTI eHepreTU4YHUX CUCTEM
1K CKJ1a40BOi EKOHOMIUYHOIi CTIMKOCTi Aiep)XXaBu

M AHoTauif. PyitHyBaHHS eHEePreTUYHMX cucTeM YKpaiHu BHACTIIOK 60/ 0BMX [Iiit TPU3BEJIO 0 3HAUHMUX €KOHOMIUHUX
BTpaT, 110 3yMOBWIO HEOOXiIHiCTh OI[iHKM iX BIUIMBY Ha MPOMMCIOBICTb, H6i3HeC-cepemoBUIle Ta MaKpPOEKOHOMIUHY
cTabinbHicTh. MeTolo JOCTiIkeHHs 610 BU3HAaUeHHST OCHOBHMX €KOHOMIUHMX HACTiAKiB mecTabimisaliii eHepreTuuHoOi
indpacTpykTypM Ta oIiHKa ebeKTMBHOCTI TeXHiUHMX 3axofiB Iy ii BigHOBIeHHS. BcTraHOBIeHO, 10 mMepe6oi B
€JIEKTPOIOCTAYaHHI CITPUYMHWIIN 3HVKEHHST BUPOOHMYMX MOTYsKHOCTEH y MeTanyprii Ha 40 %, y XiMiuHii MpoMuUCcIOBOCTi —
Ha 35 %, y MammHoOyyBaHHI — Ha 28 %, 1110 TTPU3BEJIO 10 CKOPOUYEHHS eKCIIOPTY, BTPATY POOOUMX MiCITh Ta CITOBITbHEHHS
€KOHOMIYHOTO 3pOCTaHHS. 3POCTAHHSI BAapTOCTi €HEepPropecypciB Ta JIOTiICTMUHMX BUTPAT IIPU3BEIO A0 36iJbIIeHHS
cobiBaprocti mpoxykuii Ha 10-15 %, 1m0 HEraTMBHO BIUIMHYIO Ha KOHKYPEHTOCIIPOMOXKHICTh MiampuemcTs. Y 2022
polii 1iHa Ha enekTpoeHeprito focsria 1 800 rpu/MBt-ron, a y 2024 poui 3powia go 3 100 rpu/MBT-rof, 1110 CTBOPUIIO
JomaTkoBe (piHaHCOBe HAaBAaHTAKEHHS HA BUPOOHMUMIT CEKTOP Ta HOMOTOCIIOAAPCTBA. AHaJIi3 iHBECTUIIHMUX OTOKIB
T0Ka3aB CKOPOUYEHHSI iHO3eMHMX KamiTaabHMX iHBecTuIlii 1o 2 mupg gonapis CIIA y 2022 potii Ta YacTKOBe BiTHOBIEHHS
1o 5,2 mapg monapis CIIA y 2024 porii 3aBAsiky Mi>KHapOHii GiHaHcoBiit miaTpumili. JocaiaskeHO eKOHOMIUHI BUTOA
BiJ BIIpOBasKeHHS 3axOfiB i3 MOAepHi3allii eHeprocucTemMu, 30KpeMa, BIIPOBAsKeHHSI aBTOHOMHUX JKepesl eHeprii,
CTBOpPEHHS MiKpoMepexk Ta CUCTeM aKyMY/IOBAHHS, SIKi JO3BOJSATh 3MEHILIUTY BTpaTH eleKkrpoeHeprii Ha 15-20 % Ta
MiABUIUTY CTAGITBbHICTh €HepPrornocTayaHHs. BUKOPUCTaHHS aHami3y <«BUTPATU-BUTOLV» MiATBEPAMIO €KOHOMiUHY
eeKTMBHICTb TaKMX 3axOMIiB, OCKiJIbKM CITIiBBiIHOIIEHHSI <«BUTPATU-BUTOOM» IIepeBUIIMWIO 1,6. 3aIlpOIIOHOBAHO
MexaHi3Mu (iHaHCYBaHHSI PEKOHCTPYKIIii, BK/IIOYAIOUNM JepykKaBHi Ta MiKHApOAHI MPOrpaMu, siKi MOKYTb TTOKPUTH 10
70 % BUTpAT, 1[0 CIIPUSITUMeE CTabiMi3allii eHepreTMYHOTO CEKTOPY Ta BiTHOBIEHHIO €EKOHOMIYHOI aKTMBHOCTI
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