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Search for innovative solutions to improve the energy system of Ukraine:
World experience

Abstract. This study analyses the global experience of introducing innovations in the energy sector to identify effective
solutions that can be applied to improve the energy system of Ukraine. The research methods included a comparative
analysis of international experience in the energy sector, an assessment of the possibilities of adapting innovative
technologies to Ukrainian conditions, and an examination of technical and economic aspects of integrating new solutions.
The study analysed the experience of countries such as Germany, Denmark, the United States, Finland, the Netherlands,
Sweden, Japan, China, France, and South Korea, which have succeeded in implementing innovative solutions in the energy
sector, in particular, in the integration of renewable energy sources (RES), the development of smart networks, energy
decentralisation, energy storage technologies, and energy efficiency improvement. It is identified that the most efficient
approaches include the integrated use of renewable energy sources in combination with energy storage, which ensures
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Search for innovative solutions to improve the energy system of Ukraine...

the stability of energy supply even in conditions of uneven electricity production. The importance of smart networks for
optimising energy distribution and reducing losses is also emphasised. The decentralisation of energy and the development
of energy cooperatives contribute to improving energy security and community engagement. The study also showed that
the introduction of smart energy management systems at the consumer level helps to increase the flexibility of the energy
system and effectively respond to fluctuations in demand. In addition, it is determined that the successful implementation
of innovative projects in the energy sector requires state support through subsidies and regulatory incentives. Based on
international experience, it is concluded that combining technical solutions with effective management and political
initiatives is key to ensuring the sustainable development of the Ukrainian energy system

Keywords: supply stability; smart networks; decentralisation; sustainable development models; subsidies; policy

initiatives

INTRODUCTION

In the context of the global energy crisis, the need for sta-
ble energy supplies and the challenges caused by shelling,
Ukraine faces an important task of modernising its energy
system. Substantial reliance on traditional energy sources
and low energy efficiency jeopardise national energy secu-
rity. It is critically important to consider the global experi-
ence of implementing innovative solutions that contribute
to the development of renewable energy sources (RES),
energy decentralisation, and the introduction of smart
networks and energy storage technologies. The experience
of countries that have successfully implemented these ap-
proaches can become an important source of knowledge
and practical recommendations for improving the energy
system of Ukraine and increasing its resilience to the chal-
lenges of the modern world.

In the examined area of the Ukrainian energy system,
there are several substantial problems that need to be
solved. There is a substantial dependence on traditional
energy sources, which threatens energy security and the
environmental situation (Shahini et al., 2024). Insufficient
integration of renewable energy into the national energy
system and the lack of efficient energy storage mechanisms
limit the ability to ensure a stable and sustainable energy
supply. C. Lamnatou et al. (2022) focus on the integration
of renewable energy sources into national energy systems,
especially their impact on reducing CO, emissions. In addi-
tion, the study examines problems and solutions for inte-
gration in the context of existing infrastructure. D.K. Panda
& S. Das (2021) examine the efficiency of smart networks,
in particular, their ability to optimise energy distribution
and reduce energy costs. Their paper also focuses on the
practical aspects of implementing such networks in differ-
ent regions. S. Sahoo & P. Timmann (2023) analyse current
energy storage technologies, especially their impact on the
stability of energy supply in irregular production. Their
study includes evaluating the efficiency of various types of
energy storage systems.

J. Fouladvand et al. (2022) explore the role of decen-
tralisation in energy, focusing on the impact of energy co-
operatives on improving energy security at the local level.
They also explore the benefits and challenges of decen-
tralised energy supply models. Y. Shao & Z. Chen (2022)
examine the impact of government subsidies and regula-

tory incentives on innovation in the energy sector. In the
study, they considered the impact of these mechanisms on
the development and implementation of new technologies.
M. Meliani et al. (2021) demonstrate how smart energy
management systems can increase the flexibility of ener-
gy systems. The study also showed how these systems help
adapt to changes in energy demand. U. Datta et al. (2021)
describe in detail the benefits of integrated renewable en-
ergy use together with energy storage to ensure supply sta-
bility. The study includes an analysis of various approaches
and their impact on energy stability.

A. Kumar et al. (2021) focus on improving energy ef-
ficiency through the latest technologies in construction
and industry. The study highlights the importance of in-
novation in reducing energy consumption and reducing
costs. M. Fowlie & R. Meeks (2021) analyse the experience
of countries that have successfully implemented energy
efficiency programmes. They emphasise the importance
of adapting such practices to the conditions of other
countries to improve the energy situation. M. Guertler &
N. Sick (2021) emphasise the importance of international
partnerships and the exchange of experience in implement-
ing innovative projects in the energy sector. Their study
also examines the role of international cooperation in the
introduction of new technologies. Gaps that require further
study include the lack of adaptation of smart networks to
the specific conditions of Ukraine and the lack of detailed
studies on the effectiveness of various energy storage tech-
nologies in the context of local climatic and economic real-
ities. In addition, it is necessary to explore more deeply the
possibilities of energy decentralisation through energy co-
operatives and local initiatives and to examine the impact
of regulatory and financial incentives on the development
of innovative solutions in the energy sector of Ukraine.

The purpose of the study was to investigate the world
experience of innovations in the energy sector for further
use in Ukraine. Objectives of the study:

O analyse the world experience of implementing inno-
vative solutions in the energy sector to identify the most
effective practices;

O evaluate technologies and approaches that contrib-
ute to the integration of renewable energy sources and im-
prove energy efficiency;
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O consider the possibilities of adapting these inno-
vative solutions to the conditions of the Ukrainian energy
system and their impact on ensuring a stable energy supply
and improving economic efficiency.

MATERIALS AND METHODS
The study examined key aspects of renewable energy in-
tegration, the use of smart grid technologies, the decen-
tralisation of the energy system, the introduction of energy
storage technologies, and improving energy efficiency.

The study compared different types of electricity gen-
eration in Ukraine to assess their efficiency and impact on
the country’s energy system. The analysis included aspects
such as power, efficiency, CO, emissions and the cost of
electricity for each type of generation. This allowed de-
termining the most efficient and environmentally friendly
solutions for ensuring Ukraine’s energy security.

The experience of Germany, which is actively develop-
ing programmes to support wind and solar power plants,
has been of considerable interest in analysing the regulato-
ry mechanisms and technical integration of renewable en-
ergy into the national energy system (Krug et al., 2022). The
experience of Denmark was considered, which has achieved
success in the development of offshore wind farms that
can have potential for the coastal regions of Ukraine (Har-
guindéguy and Wokuri, 2024). An important aspect was the
investigation of the possibilities of technical integration
and ensuring the reliability of the power system at the ex-
pense of renewable energy sources.

The introduction of smart grid technologies that can
improve the efficiency of energy supply management is
analysed. The experience of the United States was consid-
ered, where the introduction of such networks allowed sub-
stantially optimising the balance of energy supply and de-
mand, and reduce losses in power grids (Butt et al., 2021).
Finland’s experience in using smart electricity metering
technologies to improve energy consumption control and
improve energy supply efficiency (Tuomela et al., 2021).

The decentralisation of the energy system has also be-
come an important element of the study. The experience
of the Netherlands (Warbroek et al., 2023) and Sweden
(Lundmark et al., 2021), where the development of energy
cooperatives and the use of local resources such as biomass
contributed to improving regional energy security. The
prospects for using these approaches in rural regions of
Ukraine were considered, considering the specifics of local
energyresources and the need to decentralise energy supply.

The study also focused on energy storage opportu-
nities, which are becoming increasingly relevant in the
context of the growing share of renewable energy sources.
The experience of Japan, where the development of energy
storage technologies allows stabilising energy supply, was
reviewed (Zhang et al., 2021). In addition, Chinese experi-
ence in the development of large-scale energy storage bat-
teries was considered (Fan et al., 2021).

Special attention is paid to improving energy efficien-
¢y, which is important for reducing the load on the power
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system. In this context, the experience of France on pro-
grammes to improve the energy efficiency of buildings and
industrial facilities (Belaid et al., 2021) and South Korea’s
experience in implementing subsidies for energy-saving
technologies was examined (Park et al., 2023). These aspects
are of great importance for optimising the use of energy re-
sources in the industrial and residential sectors of Ukraine.

The study considered a thermal power plant with the
following characteristics: mains voltage V=230V, current
I1=100 A, and power factor Cos(¢) =0.9. These parameters
are typical for medium-power stations that are used to
power large industrial enterprises and residential areas
(Zhang et al., 2024). The calculation was conducted for a
typical thermal power plant that provides consumers with
heat and electricity, typical for regions with high demand
for stable energy supply. The following formulas were used
in the study:

1. Formula for calculating the power plant capacity (1):

P=VxIxcos(), (1)

where P is power (W); V is Voltage (V); I is current (A);
cos(¢) — power factor.
2. Formula for calculating generation efficiency (2):

N = Duseful ¢ 1000, 2)
Pinput
where n - efficiency; P
power (W).
3. Formula for calculating CO, emissions per unit of
energy produced:

- net power (W); P.

input

- input

useful

_ _Mco,
EC02 Eproduced’ (3)
where Eco, — CO, emissions per unit of energy (t/GW-h);
Mco, — mass of CO, emissions (t),E_ ., — produced energy
(GW-h).
4. Formula for calculating the cost of electricity:

C=—0>"

4
Eproduced’ ( )
where C is the cost of electricity (UAH/kW-H); T - total ex-
penses (UAH).
5. Formula for calculating the return on investment
time:

C;
T — investment , 5
payback Cenergy saved ( )
where T . - payback period (years); C,_ ... - total in-
vestment (UAH); C_ . .. ... — savings in energy costs for the
year (UAH).

The research methods included a comparative analysis
of innovative solutions, adaptation of international expe-
rience to Ukrainian conditions, and assessment of oppor-
tunities for implementing new technologies. Comparing
data from different countries allowed forming recommen-
dations for integrating international practices into the na-
tional energy system of Ukraine, which can substantially
increase its efficiency and stability.
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RESULTS

The energy system of Ukraine is a critical component of the
national infrastructure that ensures the functioning of the
economy, industry, and social sphere. It consists of tradi-
tional energy sources such as coal, gas, and nuclear power,
and renewable energy sources such as solar and wind pow-
er. However, in light of global changes and national needs,
the Ukrainian energy sector faces numerous challenges
that require urgent solutions and modernisation.

One of the main problems is the high dependence on
traditional energy sources, in particular, imported gas,
which creates risks for energy security and economic sta-
bility. Declining domestic coal reserves and an ageing en-
ergy infrastructure are also having a negative impact on

the energy sector. In addition, the limited integration of
renewable energy sources into the national energy system
hinders the development of sustainable and environmen-
tally friendly technologies.

The war with Russia, which has been going on since
2014 and has particularly worsened since 2022, has sub-
stantially complicated the situation. The war caused the
destruction of critical infrastructure, in particular, energy
facilities (Lazor et al., 2024). Damage to power plants, pow-
er lines, and gas pipelines has led to frequent power out-
ages and reduced energy security. These factors not only
complicate the provision of energy to the population and
industry but also substantially increase the cost of infra-
structure restoration and modernisation (Table 1).

Table 1. Impact of war on Ukraine’s energy system

Impact of war Description

Damage to power plants, power

Infrastructure destruction . S
lines, and gas pipelines

Frequent power outages,
increased recovery costs

Consequences Possible solutions

Repair and modernisation of
damaged facilities, strengthening
infrastructure protection

Risks of lack of stable energy

Reducing energy security supply due to fighting

Deterioration of the quality
of energy services, economic

Development of alternative energy
sources, decentralisation of the

losses energy system

High costs for the repair and
reconstruction of energy
infrastructure

Increased recovery costs

Financial pressure on the state
budget, delays in modernisation

Search for international financial
assistance, effective resource
management

Disruption of energy supply Problems with energy supplies
chains due to blockades and fighting

The emergence of energy
shortages, higher prices

Expansion of national production,
diversification of suppliers

Pollution and damage to
environmental systems due to
fighting

Environmental impacts

Negative impact on the
environment, additional costs
for environmental restoration

Implementation of environmental
standards in restoration, monitoring

of the ecological state
work

Source: compiled by the authors on the basis of data obtained by O. Lazor et al. (2024)

Table 2 shows the technical characteristics and econom-
icindicators of various types of power generation in Ukraine.
Data include power, efficiency, CO, emissions, the cost of
electricity, and other characteristics such as flexibility and

speed of response. The analysis of these indicators allows
assessing the advantages and disadvantages of each type of
generation, and their impact on the environmental situation
and economic efficiency of the Ukrainian energy system.

Table 2. Comparison of different types of electricity generation in Ukraine

Generation type Power (MW) Efficiency (%)

CO, emissions (t/

GW-h)

Electricity cost

(UAH/KW-h) Other features

Coal-fired thermal

Less flexibility, higher CO,

power plant 5,000-7,000 33-40 900-1,000 23 emissions, high pollution
Higher flexibility, lower CO,
Gas-fired thermal 3,000-5,000 45-55 400-500 2.5-3.5 emissions compared to coal-
power plant
fired thermal power plants
Nuclear power plant  1,000-3,000 33-37 10-15 1-1.5 Low CO, €missions, high safety
level, high capital cost
. High flexibility, minimal
Hydroelectric power ), + 70-90 0.5-1 CO, emissions, impact on
station 2
ecosystems
Wind farms 50-1,500 35-45 1.5-2.5 Weather dependence, minimum
CO, emissions
Solar power plants 10-1,000 15-20 2-3 Dependence on solar activity,

minimum CO, emissions

Source: compiled by the authors
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Various analytical tools and mathematical formulas are
used to assess the efficiency of electric generating plants
and their impact on the economy and environment. They
allow calculating such key indicators as generator power,
efficiency, carbon dioxide emissions, the cost of electricity
production and the payback period for investments in en-
ergy-saving projects. The following calculation examples
provide a deeper understanding of how to evaluate the effi-
ciency of energy projects and reduce their negative impact
on the environment.

Formula (1) is used to determine the power of an elec-
tric generator or network. Voltage, current, and power fac-
tor are the main parameters for estimating system power.
When the voltage in the electrical system is V=230V, the
current flowing through the system is I=100 A, and the
power factor (phase) cos(¢) =0.9. Then, the power is cal-
culated as:

P=230x100x0.9=20.7 kW.

Thus, the power of the system is 20.7 kW, which
means that the power plant can provide consumers with
this amount of energy every second. Efficiency shows how
much of the input power is converted into useful work.
High efficiency indicates the performance effectiveness
of the system. If the power plant consumes input pow-
er P, =250 kW and the net power used by consumers is
P . =200 kW. Then efficiency:

useful

200

=250 X 100% = 80%.

This means that 80% of the incoming energy is con-
verted to usable energy, and the remaining 20% is lost, for
example, in the form of heat or other undesirable forms of
energy. Formula (3) helps estimate how much carbon di-
oxide emissions are produced per GW-hour of energy. CO,
emissions is one of the key indicators of the environmental
impact of power plants. If a thermal power plant produc-
€S E_ yueea = 2 GWhour of electricity and emits Eco, = 500
tonnes of carbon dioxide during its operation, then:

Eco, = 5° =250 t/GW - h.

This means that for each GW-h of energy produced,
250 tonnes of CO, are emitted. This indicator can be used
to compare different types of energy generation by their
impact on the environment. The cost of electricity allows
determining how much it costs to produce one kW-hour of
energy. This indicator is important for assessing the eco-
nomic feasibility of various generation technologies. If the
power plant produces E_ . .,=1,000,000 kW-hour of ener-
gy and the total cost of its production is T=500,000 UAH.
Then the cost of electricity will be:

C = 500,000
= 1,000,000

= 0.5 UAH/KW - h.

This means that the production of one kW-hour of en-
ergy costs 0.5 UAH. Formula (5) allows determining how

Mikhailova et al.

many years the investment in the project will be repaid by
saving on energy consumption. If the project for installing
solar panels cost C._ __ =1,000,000 UAH and the annu-
al savings in electricity costs are C, . .,=200,000 UAH.

Then the payback time of the project will be:

T 1,000,000
payback ™ 50 g9

= 5 years.

Consequently, the investment will pay off in 5 years,
after which the project will begin to bring a net profit. The
results of the study show that the efficiency of a thermal
power plant with an efficiency of 80% and an emission in-
dex of 250 t/GWH is substantially lower compared to mod-
ern technologies implemented in other European coun-
tries. For example, German renewable energy-based power
plants achieve substantially higher efficiency through the
use of innovative energy storage technologies and reduced
heat losses. In addition, CO, emission indicators in Germa-
ny are substantially lower due to the active introduction of
“green” technologies and the rejection of the use of fossil
fuels (Ibrahim et al., 2024). Consequently, the calculation
results emphasise the need to modernise power generation
systems and introduce renewable energy sources to im-
prove energy efficiency and reduce environmental impact.

In the context of current challenges, two main strat-
egies are important: the modernisation of existing ca-
pacities and the implementation of innovative solutions
(Treshchov, 2024). Modernisation of the energy infrastruc-
ture is aimed at improving efficiency and reducing the cost
of energy resources. Important aspects include upgrading
equipment in thermal power plants, improving energy
storage technologies, and integrating smart grids to opti-
mise energy distribution. Special attention should be paid
to the restoration and protection of the energy infrastruc-
ture affected by the fighting.

Implementing innovative solutions is another impor-
tant component of the strategy. In particular, the develop-
ment of renewable energy sources, such as solar and wind,
can substantially reduce dependence on imported resourc-
es and reduce the environmental footprint. In addition,
decentralising the energy system through energy coopera-
tives and local initiatives can help improve energy security
and involve local communities in energy resource manage-
ment. It can also help reduce the system’s vulnerability to
external threats.

Government policies and regulatory initiatives play an
important role in this process. The introduction of subsi-
dies and tax incentives for investors in innovative technol-
ogies, and the creation of favourable conditions for solving
bureaucratic obstacles, can substantially accelerate the
transition to sustainable energy. In particular, state sup-
port for the restoration of infrastructure and ensuring the
safety of energy facilities is critical in the current condi-
tions. Thus, the energy system of Ukraine is at an impor-
tant stage of transformation, which is complicated by the
war. It is necessary to actively implement innovative solu-
tions, modernise infrastructure, and provide state support
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to ensure its stability and development. Only through an
integrated approach to solving these problems can the ef-
ficient and sustainable functioning of the energy system
be ensured, which will meet the needs of the economy and
society in the face of military threats and global challenges.

The energy system of Ukraine faces challenges that re-
quire not only the modernisation of existing technologies
butalso the introduction of innovative solutions. One of the
key areas is the integration of renewable energy sources. In
this context, the experience of Germany and Denmark can
provide valuable lessons for Ukraine. Germany is a lead-
er in renewable energy due to its ambitious Energiewende
programme, which was introduced to gradually move from
fossil energy sources to renewable energy sources (Krug et
al., 2022). The main aspects of this programme are the ex-
pansion of wind and solar energy, which reduces depend-
ence on traditional energy sources and reduces greenhouse
gas emissions. One of the key elements of Germany’s suc-
cess is the regulatory system, which includes substantial
subsidies for renewable energy investors. This allowed to
reduce financial risks and make investments in renewable
energy more attractive. The system of maintaining prices
for electricity produced from renewable sources also en-
courages the development of new projects.

The technical integration of renewable energy into the
national energy system is another important aspect. Ger-
many is actively developing energy storage infrastructure
and improving networks to effectively cope with the unpre-
dictability of renewable energy production. Network man-
agement systems that allow the integration of large vol-
umes of renewable energy are an important component of
this strategy. Germany is a leader in the introduction of re-
newable energy sources. Since 2010, the share of renewable
energy sources in the country’s electric grid has increased
from 20% to 47% in 2023. Modernisation of electrical net-
works, including the introduction of new transformers
and high-voltage lines, allowed increasing the capacity by
15%. For example, the introduction of new standards for
power lines has increased their capacity from 5,000 MW to
5,750 MW. Ukraine can use the experience of Germany to
create its own strategy for the development of renewable en-
ergy sources. The German model of subsidies and regulation
can provide an opportunity to build reliable support for in-
vestors. In addition, the modernisation of the energy infra-
structure, including energy storage, is important for the in-
tegration of new energy sources into the Ukrainian system.

Denmark also demonstrates substantial progress in
the development of wind energy, in particular, in the use of
offshore wind farms (Harguindéguy & Wokuri, 2024). Den-
mark is one of the pioneers in this field, and its experience
can be extremely useful for Ukraine, especially in coastal
areas. Denmark’s offshore wind farms allow efficient use
of offshore winds, providing a stable and powerful ener-
gy source. Denmark has developed advanced technologies
for the construction and operation of such parks, includ-
ing innovative solutions to reduce the impact on the ma-
rine environment and increase the cost-effectiveness of

projects. Denmark is actively developing offshore wind
farms. In 2023, the share of wind farms in total electricity
production reached 61%. The introduction of new energy
storage systems, such as large-scale batteries, has helped
stabilise the power supply, reducing dependence on wind
fluctuations by 20%. The Black and Azov Seas have poten-
tial for offshore wind power in Ukraine. Denmark’s experi-
ence can help create efficient wind farms that will expand
the renewable energy sector. The use of modern technol-
ogies will ensure minimal impact on ecosystems and in-
crease the productivity of energy production.

RES integration is an important component of the
strategy for the sustainable development of the Ukrainian
energy system. The experience of Germany and Denmark
in the field of renewable energy development can provide
Ukraine with valuable guidelines for adapting its own en-
ergy strategy. Borrowing successful practices such as the
German regulatory system and Danish offshore wind farm
technology can substantially improve the efficiency and
stability of Ukraine’s energy system, contributing to its in-
dependence and sustainable development.

The modern energy system faces new challenges that
require innovative solutions to improve the efficiency and
reliability of electricity supply. One such solution is smart
grids, which can substantially improve the management of
energy systems. The experience of the United States and
Finland in implementing these technologies can become
an important guide for Ukraine in its efforts to modernise
its energy infrastructure. In the United States, smart grids
have become an important component of energy infrastruc-
ture due to their ability to improve energy efficiency, reduce
energy losses, and improve system management (Butt et
al., 2021). Smart networks in the United States integrate
the latest technologies into traditional electrical networks,
which reduces energy costs and increases its reliability.

The main elements of smart networks are sensors, au-
tomated control systems, and real-time data acquisition
systems. These components provide the ability to monitor
and analyse the state of the power system in real time, which
allows responding faster to failures and optimising energy
distribution. The introduction of smart grids in the United
States has reduced energy losses, improved the quality of
electricity supply, and ensured more efficient use of renew-
able energy sources. The introduction of smart grids in the
United States has reduced power losses by 7-10% due to
automated management and monitoring. Currently, about
25% of American households use smart meters, which can
reduce energy costs by 5%. An important area for Ukraine is
the introduction of smart networks. They can improve the
efficiency of renewable energy integration and ensure the
stability of the power system. Such networks help to bet-
ter manage non-constant electricity generation and ensure
uninterrupted supply even during failures.

Finland demonstrates successful experience in imple-
menting smart electricity metering technologies (Tuome-
laetal.,2021). Smart metering technologies allow consum-
ers to control their electricity consumption and improve
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energy efficiency better. Smart meters used in Finland pro-
vide detailed monitoring of electricity consumption in real
time and provide consumers with information regarding
cost optimisation. The smart accounting system in Finland
includes integration with energy networks for automat-
ic data collection and analysis, which allows identifying
trends and anomalies in consumption. This, in turn, helps
to manage energy resources more efficiently and reduces
the cost of energy services. Such technologies also allow
consumers to better understand their energy consumption
and make better-informed decisions about saving it. In
Finland, the use of smart electricity metering has reduced
energy costs by 12% in a number of cities due to accurate
monitoring and management of consumption. The intro-
duction of new energy storage technologies has helped re-
duce peak load costs by 15%.

Smart accounting technologies will help Ukraine im-
prove energy efficiency at both the household and indus-
trial levels. They provide consumers with the opportunity
to control electricity costs and implement energy-saving
measures, which, in turn, will have a positive impact on
the country’s economy. The integration of smart grids
into the Ukrainian energy system is an important step to-
wards its modernisation and efficiency improvement. The
experience of the US in implementing smart networks and
Finland’s experience in developing smart accounting tech-
nologies can serve as important guidelines for Ukraine.
Following these practices and adapting them to national
conditions will allow Ukraine to substantially improve the
management of energy resources, reduce costs, and in-
crease the stability of the energy system.

Current trends in the development of energy systems
increasingly point to the importance of decentralisation
and active participation of local communities in energy
production and consumption. The approaches implement-
ed in the Netherlands and Sweden are of considerable in-
terest to Ukraine, where the issue of energy security and
stability remains relevant. Energy cooperatives and decen-
tralised energy models implemented in these countries can
become important elements in the formation of an effi-
cient and sustainable energy infrastructure in Ukraine. The
Netherlands is an example of a country where energy coop-
eratives are actively developing (Warbroek et al., 2023). In
this context, local communities take the initiative to pro-
duce and consume energy, which contributes to the decen-
tralisation of energy systems and improving energy secu-
rity. Energy cooperatives in the Netherlands allow citizens
to pool their resources, creating and managing local energy
sources such as solar panels and wind turbines.

Such cooperatives not only provide local residents
with clean energy but also contribute to economic develop-
ment at the local level. Members of cooperatives have the
opportunity to control energy costs and benefit from the
sale of excess energy. In addition, energy cooperatives help
reduce dependence on centralised energy suppliers and in-
crease the sustainability of the energy system. The Neth-
erlands has focused on the decentralisation of the energy
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system. The development of energy cooperatives and the
use of biomass allowed increasing the share of renewable
energy sources to 20% in 2023. It also helped reduce energy
security costs by 10%. Ukraine can borrow the experience
of the Netherlands in creating energy cooperatives, which
will help increase energy autonomy at the local level. This
is especially important for regions where there is a need to
reduce dependence on centralised suppliers and encourage
local development.

Sweden has successfully applied models of decentral-
ised energy, in particular, in the use of local resources such
as biomass (Lundmark et al., 2021). The Swedish model is
based on the principle that local resources can meet the
energy needs of regions, reducing dependence on external
energy sources and increasing the sustainability of the sys-
tem. The use of biomass, agricultural waste, and other local
resources allows Sweden to create efficient energy supply
systems that meet the specific conditions of each region.
This not only helps reduce greenhouse gas emissions but
also encourages rural development by creating new jobs
and supporting local businesses. Sweden has made sub-
stantial strides in introducing biomass as an energy source,
increasing its share to 35% in total production. The in-
troduction of new biomass combustion technologies has
reduced CO, emissions by 25% over the past 10 years. The
use of Swedish practices in processing biomass and agri-
cultural waste for energy production is a promising path
for Ukraine. This can reduce emissions, increase energy ef-
ficiency, and boost economic development in rural areas.

Energy cooperatives and decentralised energy models
implemented in the Netherlands and Sweden represent
valuable experience for Ukraine. The integration of these
approaches can substantially improve the efficiency and
sustainability of energy systems in Ukraine, ensure a more
even distribution of energy resources, and promote the de-
velopment of local communities. The use of local resources
and the participation of communities in energy production
can be important factors in improving energy security and
stability in Ukraine.

In the context of the global transition to renewable en-
ergy and the growing demand for energy stability, energy
storage technologies have become an important compo-
nent of modern energy systems (Shram & Kachan, 2023).
Japan and China are leaders in this area, and their achieve-
ments can serve as a guide for Ukraine, which seeks to
reduce its dependence on traditional energy sources and
ensure the stability of its energy system. Japan is one of
the leading countries in the development of energy storage
technologies. Japanese companies are actively investing in
the latest battery systems that allow efficient storage and
use of energy from renewable energy sources (Zhang et
al., 2021). One of the key technologies is the use of lithi-
um-ion batteries, which provide high energy density and
long service life.

Japanese developments in this area not only improve
the efficiency of renewable energy use but also contribute
to the stability of the energy system. They allow storing
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energy during periods of low consumption or excessive
production and using it when consumption exceeds pro-
duction. This helps reduce dependence on traditional en-
ergy sources and ensures an uninterrupted power supply.
Japan is actively developing energy storage technologies.
Large-scale batteries introduced after Fukushima can store
up to 10 GW-hour of energy that helps stabilise the ener-
gy system. This reduces fluctuations in energy supply by
30%. Japanese energy storage technologies can be useful
for Ukraine in the context of improving the stability of the
energy system. Considering the Japanese experience will
help reduce the risks associated with fluctuations in energy
production from renewable sources and ensure the smooth
operation of networks.

China is also actively investing in developing and
producing high-capacity batteries (Fan et al., 2021). The
Chinese approach focuses on large-scale production and
improvement of energy storage technologies. Chinese
company Contemporary Amperex Technology Co. Limited
is a global leader in the production of lithium-ion batteries
used in electric vehicles and energy storage systems. China
is a world leader in the development of large-scale energy
storage batteries. Investment in this area allowed the coun-
try to install 30 GW of energy storage capacity in 2023. This
reduced energy infrastructure costs by 15%. With a large
amount of investment and technological innovation, China
has the ability to provide high-quality batteries at compet-
itive prices. This makes energy storage technologies more
accessible to developing countries, including Ukraine. The
introduction of Chinese technologies can help Ukraine cre-
ate energy storage systems that will ensure a stable supply
of electricity even in conditions of uneven production from
renewable energy sources.

Energy storage technologies developed in Japan and
China can substantially affect Ukraine’s energy infrastruc-
ture. Japanese experience in the development of high-effi-
ciency batteries and Chinese achievements in large-scale
production of high-capacity batteries represent a substan-
tial potential for improving the stability and efficiency of
the Ukrainian energy system. Adapting and implementing
these technologies can reduce dependence on traditional
energy sources, ensure reliable electricity supplies, and
contribute to the sustainable development of the country’s
energy sector.

In today’s world, the growing emphasis on sustaina-
ble development and energy security forces countries to
look for ways to reduce energy consumption and improve
energy efficiency. France and South Korea are prime ex-
amples of countries successfully implementing energy ef-
ficiency programmes, and their experience can serve as a
valuable guide for Ukraine in this direction. France is one
of the European countries that actively implements ener-
gy efficiency programmes in both the construction sector
and industry (Belaid et al., 2021). The French approach to
energy efficiency is based on an integrated approach that
includes regulations, financial incentives, and technolog-
ical innovations. One of the main initiatives is the Plan

Batiment Durable programme, which aims to reduce en-
ergy consumption in buildings through the introduction
of new construction standards, modernisation of existing
buildings, and the use of energy-saving technologies.

France also implements support programmes that
promote the energy modernisation of industrial facilities,
through the provision of subsidies and tax incentives for
enterprises implementing energy-saving technologies.
These initiatives not only reduce energy consumption
but also energy costs and the negative impact on the en-
vironment. In France, energy efficiency programmes for
buildings have reduced energy consumption by 20% in a
number of new projects. This was achieved by introducing
the latest thermal modernisation technologies, such as en-
ergy-saving windows and insulation. Ukraine can use the
French experience to develop energy-efficient regulations
and support innovations in industry and the construction
sector. This will reduce energy consumption and increase
the overall efficiency of using energy resources.

South Korea is another example of a country that is
actively developing energy efficiency programmes (Park et
al., 2023). An important part of the Korean strategy is to
provide subsidies and encourage the introduction of ener-
gy-saving technologies through various financial instru-
ments, such as compensation programmes and tax breaks
for companies implementing energy projects. Korea is also
actively implementing energy efficiency technologies in
construction and industry. In particular, the programmes
promote the use of highly efficient heating and cooling
systems, the introduction of modern energy management
systems, and infrastructure modernisation. This allows re-
ducing energy consumption at all levels, reducing the load
on the energy infrastructure and energy costs. South Korea
has introduced subsidies for energy-saving technologies,
which has reduced energy costs by 18% in the industrial
sector. The introduction of new accounting technologies
has reduced the cost of energy resources by 10%. Ukraine
can consider the experience of South Korea, which has
made substantial progress in improving energy efficiency
through financial incentives and technological innova-
tions. The introduction of subsidies and compensations for
energy-saving technologies will contribute to improving
energy efficiency at the national level.

Reducing energy consumption and improving energy
efficiency are critical aspects of ensuring energy security
and sustainable development. The experience of France
and South Korea in implementing energy efficiency pro-
grammes provides Ukraine with the opportunity to im-
plement proven practices to achieve these goals. Learning
and adapting these approaches can substantially improve a
country’s energy efficiency, reduce the burden on energy in-
frastructure, and promote sustainable development. Thus,
innovative solutions, such as the integration of renewable
energy sources, the introduction of smart networks, the de-
velopment of energy storage technologies, energy decen-
tralisation, and energy efficiency improvement, are criti-
cal to improving the energy system of Ukraine (Table 3).
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These solutions will not only help ensure the stability and
efficiency of the energy system but also contribute to the
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economic and environmental development of the country
in the face of modern challenges.

Table 3. Key innovative solutions for improving the energy system of Ukraine

Innovative solution Description

RES integration power plants

Introduction of solar, wind, and hydroelectric

Advantages

Reducing dependence on imported energy
carriers, reducing CO,emissions

Smart networks

The use of digital technologies for monitoring
and managing the energy network

Optimising energy distribution, reducing losses,
and improving efficiency

Energy storage technologies technologies

Introduction of battery systems and other storage

Ensuring the stability of power supply,
supporting renewable energy sources

Energy decentralisation

Creation of local energy cooperatives and
independent energy sources

Improving energy security, involving
communities in management

Improving energy efficiency

Introduction of new technologies in construction
and industry to reduce energy consumption

Reduce overall energy consumption, reduce costs

Source: compiled by the authors on the basis of L. Mykhailova & O. Dumanskyi (2024)

Adaptation and implementation of international ex-
perience in the energy system of Ukraine can be a crucial
factor in ensuring its sustainability, efficiency, and inde-
pendence. Innovative solutions, such as renewable energy
integration, smart grid development, energy decentralisa-
tion, energy storage, and energy efficiency improvement,
can substantially change the energy landscape of Ukraine,
making it more adaptive to modern challenges.

DISCUSSION
As a result of the analysis of innovative solutions for im-
proving the energy system, it was determined that the inte-
gration of renewable energy sources is a key aspect for en-
suring energy stability. The identified data confirm that the
use of solar and wind power plants contributes to reducing
dependence on traditional, imported energy carriers, and
substantially reducing greenhouse gas emissions. This ap-
proach allows for a more sustainable energy environment
and meets international environmental standards. Howev-
er, it is also necessary to consider potential risks, such as in-
stability in renewable energy production, which may affect
the reliability of energy supply. This was also investigated
by M. Farghali et al. (2023), where the results confirmed
that the integration of renewable energy sources, such as
solar and wind energy, reduces the negative environmental
impact of traditional fuels by reducing emissions of pol-
luting gases. However, RES can affect local ecosystems, for
example, wind turbines can harm birds, and hydroelectric
power plants can alter river ecosystems. It is important to
conduct environmental assessments and take measures
to minimise negative impacts. A study by S. Erdogan et
al. (2021) also showed that switching to renewable energy
can substantially reduce dependence on traditional energy
resources such as oil, gas, and coal. This not only reduces
greenhouse gas emissions but also the economic depend-
ence on imported fuels, which can improve the country’s
energy security. Notably, this transition also has econom-
ic advantages since renewable energy sources often have
reduced operating costs compared to traditional sources.
Despite the advantages of renewable energy sources, their

integration into energy systems requires careful planning
and investment in new technologies. The effectiveness of
renewable energy sources may depend on the geographi-
cal location, climatic conditions, and level of infrastructure
development (Stoliarov, 2024). In addition, it is necessary
to consider potential environmental impacts, such as the
need for backup systems to ensure the stability of energy
supplies. Existing challenges can be overcome through
innovations in energy storage technologies and improved
management practices.

The second important aspect is the introduction of
smart networks, which has been confirmed by the results
of the study. Smart grid technologies allow managing en-
ergy flows more efficiently, reducing energy losses, and in-
creasing overall system efficiency (Selvakumar et al., 2024).
However, the implementation of such systems requires
substantial investment and adaptation to the specific con-
ditions of the Ukrainian market, which can be a challenge
for large-scale implementation. M. Judge et al. (2022) con-
cluded that the introduction of smart grids ensures the in-
tegration of modern technologies into energy systems to
improve their efficiency and reliability. Smart networks use
sensors, automated systems, and data analytics to monitor
and manage electrical networks in real time. This allows
optimising energy distribution, reducing the likelihood of
supply disruptions, and improving response to changing
consumption conditions. Key benefits include increased
fault tolerance, the ability to integrate renewable ener-
gy sources, and improved load management. T. Ahmad &
D. Zhang (2021) established that smart grids show high ef-
ficiency in reducing energy costs by being able to accurate-
ly measure and monitor energy consumption. They provide
more precise control of electrical loads, which reduces
energy costs and optimises the operation of generators.
The use of data analytics is used to predict demand and
adjust energy generation in accordance with the needs of
consumers, which reduces the cost of maintaining excess
capacity. These results support the above study, as they
demonstrate the benefits of smart grids in reducing ener-
gy costs and improving system efficiency. They show that
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such networks optimise energy distribution, reduce costs,
and improve the reliability of energy supply, confirming
their role in ensuring economic and energy efficiency.

Energy storage technologies have also demonstrated
their importance. Battery systems ensure a stable power
supply, compensating for periods of low renewable energy
production (Amidu et al., 2023). The study results showed
that such systems were successfully implemented in the
Kyiv region, where they helped to save excess energy and
ensure its availability during peak periods. Therewith, the
cost of implementing and maintaining battery systems re-
mains high, which requires additional funding and support
from the state. A paper of Q. Wu et al. (2021) is notable,
who also determined that energy storage technologies
such as batteries, pumped storage stations, and systems
based on new materials play a vital role in ensuring the
stability of energy systems. They provide for storing excess
energy obtained during periods of high generation or low
consumption and its usage at times of peak load or short-
age. This helps equalise fluctuations in renewable energy
generation, such as wind and sun, which can be unstable.
In turn, M. Hannan et al. (2021) concluded that battery sys-
tems have a substantial impact on ensuring the stability
of power supply since they provide the ability to store and
distribute energy depending on needs. These systems allow
reducing the load on the network during peak consumer
periods and provide backup energy sources in the event of
interruptions. Batteries also facilitate the integration of
renewable energy sources by loading the network during
periods of high generation and unloading it during peri-
ods of low generation. These data are consistent with the
theses presented in the previous section, as they confirm
the critical role of energy storage technologies in ensuring
the stability of energy systems. In particular, it is shown
that battery systems effectively smooth out fluctuations in
energy supply and help maintain a balance between gener-
ation and consumption. This confirms that increased use of
such technologies can reduce dependence on traditional,
less stable energy sources and improve the overall reliabil-
ity of energy infrastructure.

Energy decentralisation, which was analysed in detail,
also proved to be an effective tool for improving energy
security. The creation of energy cooperatives and the de-
velopment of local energy sources reduces dependence on
centralised suppliers and ensures greater participation of
local communities in the management of energy resources
(Stepanov et al., 2023). For example, in the Cherkasy re-
gion, implemented projects on energy cooperatives have
demonstrated a positive impact on the energy independ-
ence and economic development of local communities.
However, scaling up such initiatives requires a compre-
hensive approach to state funding and support. A. Berka &
M. Dreyfus (2021) also conducted a study that confirmed
that energy decentralisation involves the transition from
centralised power supply systems to distributed models
where energy resources are produced and managed local-
ly. This can have a substantial social impact, in particular,

contribute to improving the energy independence of the
community, creating new jobs, and developing local econ-
omies. However, decentralisation can also lead to uneven
access to new technologies and resources, especially in re-
mote or economically weaker regions. M. Rabbi et al. (2022)
also established that energy cooperatives play an impor-
tant role in improving energy security through collective
ownership and management of energy resources at the
local level. Such cooperatives allow communities to invest
together in renewable energy sources, such as solar or wind
installations, and provide reliable energy supplies, espe-
cially in remote or poorly connected areas. It also helps re-
duce energy costs and increase resilience to energy crises.
Comparing the data obtained in the course of the study, it
can be argued that the decentralisation of energy and ener-
gy cooperatives substantially increases social and econom-
ic sustainability. Decentralised systems provide greater
energy independence and create new jobs, improving the
social structure. Energy cooperatives increase energy secu-
rity by reducing costs and stabilising supplies, especially in
remote regions. Data confirm that these models effectively
contribute to development and stability but their success
depends on equal access to new technologies.

Improving energy efficiency, as the results of the
study showed, is crucial for reducing overall energy con-
sumption. Projects for the thermal modernisation of
buildings in large cities, such as Kyiv and Kharkiv, have
confirmed that the latest technologies can substantial-
ly reduce the cost of heating and air conditioning, which
has a positive impact on the economic situation and en-
vironmental balance. However, the successful implemen-
tation of such projects requires ensuring the appropriate
level of qualification of performers and compliance with
high quality standards. H. Sun et al. (2021) concluded
that the latest technologies, such as intelligent energy
management systems, high-performance thermal insula-
tion materials, and state-of-the-art automation systems,
play an important role in improving the energy efficiency
of buildings and industrial processes. In particular, the
introduction of intelligent control technologies allows
optimising energy consumption in real time, reducing
costs, and improving the overall efficiency of energy
systems. Highly efficient materials and automation sys-
tems provide a substantial reduction in energy consump-
tion for heating and cooling, which also has a positive
impact on economic performance. R. Blazy et al. (2021)
note that thermal modernisation, which includes updat-
ing thermal insulation, replacing old windows and doors,
and improving heating and ventilation systems, has a
substantial impact on overall energy consumption. It re-
duces heat loss and the need for energy for heating or
cooling buildings. This, in turn, helps reduce energy costs
and improve living comfort. When analysing the results
of the study, it is clear that the latest technologies and
thermal modernisation substantially increase energy ef-
ficiency. Intelligent control systems and efficient mate-
rials reduce energy consumption, resulting in economic
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and environmental benefits. Thermal modernisation also
substantially reduces overall energy consumption and re-
duces costs, confirming its effectiveness in reducing heat
loss and improving comfort.

In general, the results obtained highlight the need
to integrate innovative solutions into all aspects of the
Ukrainian energy system. Despite the positive trends
demonstrated by various innovative approaches, there are
substantial challenges associated with financing, tech-
nological adaptation, and state support. In the future, to
achieve sustainable development of the energy system, it
is necessary to continue research, improve existing solu-
tions, and adapt them to the specific conditions of Ukraine.

CONCLUSIONS

A comparative analysis of international experience shows
that the introduction of innovative solutions in the energy
sector can substantially improve the efficiency and stabil-
ity of energy systems. For Ukraine, where modernisation
of energy infrastructure is critical, it is advisable to adapt
successful practices from other countries, in particular, op-
timise networks, integrate renewable energy sources, and
use modern energy storage technologies. This will ensure
the sustainability of energy supplies and reduce energy in-
frastructure costs.

The integration of renewable energy sources, such
as solar and wind power plants, has demonstrated its ef-
fectiveness in reducing dependence on traditional energy
resources and reducing greenhouse gas emissions. The
introduction of such technologies ensures environmental
stability and meets international standards.

Mikhailova et al.

stability of the energy supply and help compensate for pe-
riods of low renewable energy production.

Decentralisation of energy, including the creation of
energy cooperatives and the introduction of innovative
technologies, has proven to be an important factor in im-
proving energy security and engaging local communities.
Improving energy efficiency through the latest technolo-
gies, such as the thermal modernisation of buildings and
the use of energy-saving materials, has shown a positive
impact on the overall reduction of energy consumption and
lower energy costs.

However, the implementation of these innovative
solutions in Ukraine requires additional investment and
state support. An assessment of international experience
shows that success in implementing innovative projects is
possible when combining technical solutions with effective
management and political initiatives. Thus, to ensure the
sustainable development of the Ukrainian energy system,
it is important to adjust international practices to the spe-
cific conditions of the country and provide the necessary
support for the implementation of these solutions.

It is necessary to examine the effectiveness of inte-
grating new technologies in the specific conditions of the
regions of Ukraine, including economic and social aspects,
to ensure their scalability and sustainability at the nation-
al level. A limitation of this study is the lack of a detailed
analysis of the economic and social impacts of implement-
ing innovative solutions in different regions of Ukraine,
which may affect the overall accuracy of recommendations.
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MowyK iHHOBaLWiMHUX pilleHb A9 BAOCKOHANEHHS
eHepreTUYHoOI cucTeMmn YKpaiHU: CBIiTOBUM AOCBIA

AHoTauiq. Lle foctimkeHHS aHaTi3ye CBiTOBMIT JOCBi/ BIIPOBAKEHHS iHHOBAIIii B eHepreTUuHii cdepi A/st BUSBIEHHS
edeKkTUBHUX pillleHb, SIKi MOKYTb OyTY 3aCTOCOBAHI IJISI BLOCKOHAJIEHHS] eHepreTUYHoi cuctemu Ykpainu. Metongu
JOCTiIPKeHHS BK/II0YaIy MOPiBHSIbHMI aHali3 Mi>KHapOIHOTO I0CBily B @eHepreTMYHOMY CEKTOPi, OI[iHKY MOKJIMBOCTe
ajarnTallii iHHOBaIliifHMX TeXHOJIOTi 10 YKPaiHChbKMX YMOB, a TAKOX AOCTiIKeHHSI TEXHIUHMX i eKOHOMIUYHMX acIeKTiB
iHTerpanii HOBUX pimeHb. Y goctigkeHHi 6y/0 mpoaHa/li30BaHO JOCBiA TakuX KpaiH, Ik HimeuunHa, Janis, CIIA,
Oiungaupis, Hinepnauau, lseuis, Anonist, Kuraii, ®panuis ta [liBnernHa Kopest, ki ocsrim ycIixy y BOpoBaKeHHi
iHHOBaIiliHMX pillleHb B eHepTreTUUHi cdepi, 30Kkpema B iHTerpartlii BizHOBMIOBaHMX Iykepen eHeprii (BIE), po3BUTKY
PO3YMHMX MEPEX, MelleHTpasli3allii eHepreTuKu, TEXHOJIOTiH 36epiraHHs eHeprii Ta MigBUIEHHS eHeproeeKTUBHOCTI.
BusiieHo, 110 HajieeKTUBHIIII TTiAX0AY BKIIOYAOTh KOMITIEKCHe BUuKopyucTtanHs BIIE y moegHaHHi 3i 36epiraHHSIM eHeprii,
1110 3a6e31euye cTabiIbHICTh eHePTOTIOCTauYaHHSI HaBiTh 32 YMOBM HEPiBHOMipPHOTO BUPOGHUIITBA eJleKTpoeHeprii. Takosk
MiIKpeciIeHo BasKIMBIiCTh PO3YMHMX Mepexk Jj1s1 ONTUMi3allii po3Iofiny eHeprii Ta 3HV>KeHHS BTparT. [lelieHTpasnisaiis
€HepreTUKM Ta PO3BUTOK eHepreTMYHMUX KOOTIePATUBIB CIIPUSIIOTH MiIBUIIEHHIO eHepreTUUHOI 6e31eKy Ta 3aTyYeHHIO
rpomaf. loctigykeHHS TaKOX II0Ka3aslo, 110 BIIPOBaIKeHHSI PO3YMHMX CUCTEM YIIPaBJIiHHS eHepri€io Ha PiBHi CIIOXMBaviB
CTIpUSIE MiIBUIIIEHHIO THYYKOCTi eHeprocucteMu Ta eeKTMBHOMY pearyBaHHIO Ha KOMMBaHHS rmonuty. Kpim Toro, BUsIBIEHO,
IO YCITiIIHA peati3allisi iHHOBaL[ifHMX MTPOEKTiB y eHepreTulli MoTpebye MiATPUMKY IepskaBu uepe3 cyocuaii Ta perynsiTopHi
ctumMynn. Ha 0CHOBI CBITOBOTO JOCBiy 3p06/1€HO BMCHOBOK, III0 TIO€IHAHHS TeXHIUHMX pillleHb 3 e(eKTUBHMUM yIIpaBIiHHIM
Ta MOMITUYHUMMU iHilliaTMBaMM € KJIIOUOBMUM )15 3a6e3TeUeHHsI CTaJIOT0 PO3BUTKY €HepreTUUHOI cucteMu YKpaiHu

KniouoBi cnoBa: cTabibHICTh MTOCTaYaHHST; PO3YMHI MepesKi; JelieHTpasisalisi; MoJesi CTajoro po3BUTKY; Cy6CuIii;
MOJIITUYHI iHilliaTUBU
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