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AHoTanis. MeTa IOCHIDKEHHSI — POaHANli3yBaTH CTPYKTYPY BHPOOHHIITBA E€JIEKTPOCHEPTil B
VYkpaiHi, BU3HAYUTH BIUTUB BIHW Ha CTaH EHEPreTHYHOI CHCTEMH Ta OOTPYHTYBaTH CTpaTeridHi
HanpsMu ii po3BUTKY. Orisig myOumikaiid, MpUCBSYeHUX TpobiieMaM BHUPOOHUIITBA Ta PO3MOJLTY
€JIEKTPOCHEPrii, BUSBUB TEHIEHIIO A0 IOCWICHHS LEHTPAJTi30BaHUX CHCTEM BHPOOHHIITBA Ta
MOCTaYaHHS EHEprii 3a ydYacTi JELEHTPaTi30BaHUX €JICMEHTIB, OCOOJHUBO 3 BHKOPHCTAHHIM
BIJTHOBIIOBaHWX Jokepen eHeprii. [lopiBHSAHHS TiepeBar Ta OOMEXEHb IICHTPali30BaHUX 1
JELEHTPAII30BaHUX CHCTEM BUPOOHMIITBA Ta MMOCTAYaHHs €HEpPrii MOKa3ye, M0 SIK 3 TEXHIYHOI, TaK 1 3
€KOHOMIYHOI TOYKH 30py JOLIBHO BUKOPUCTOBYBATH OOM/IBI CUCTEMH, SIKi JOTIOBHIOIOTH OJIHA OJIHY.

[IpoBesieHO CTPYKTYpPHHUH aHaJi3 JKepeal BUPOOHMIITBA €JIEKTpOeHeprii B YKpaiHi, OLIHEHO
BTPaTH TiJi 4ac BUPOOHUIITBA Ta PO3IMOJALTY €IEKTPOSHEPTii BHACTIJOK BIHCHKOBUX JIil, a TaKOXK
BU3HAYEHO CTpaTeriuHi HAaIpSAMHU BiIHOBJICHHS YKPaiHCbKOI EHEPreTHYHOT CUCTEMH i1 Yac BiiHU Ta B
MPOLIEC] MiCAABOEHHOT BiI0OYI0BH.
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[IpoanamnizoBaHo CTPyKTypy BHPOOHHITBA €lIeKTpoeHeprii B YkpaiHi. BusHaueHo HeraTuBHUA
BIUIMB BiffHM Ha €HEPreTHYHy CUCTeMy KpaiHn. Bu3HadeHO cTpareriduHi HampsMHU MiCISTBOEHHOTO
BIJTHOBJICHHS BITYM3HSHOI EHEPreTHYHOI CHCTEMH 3 YypaxyBaHHSAM TJOOATbHHX EHEPreTHYHHX
TEHJICHIIIN, TaKUX SK PO3IMOJAUICHE JCLEHTPaTi30BaHe BUPOOHUIITBO Ta PO3IMOiICHE BUPOOHUIITBO
eHeprii 3 BiZHOBMIOBaHHWX Jpkepen. [lim dac mmaHyBaHHS CTPYKTYpH €HeproreHeparii B Tepion
MICIISIBOEHHOI BiOYyA0BY KpaiHH OCOOIMBY yBary ciifl MPUAUTATH (pakTopy Oe3meK.

VY CTpyKTYpi JuKepen eHeproreHepariii B YkpaiHi nepeBaxaroTh aroMHa (oHasg 50 BiJICOTKIB) Ta
TemmoBa eHepretuka (Onm3pko 25 BinmcoTkiB). CucTeMH BUPOOHMITBAa Ta PO3MOALLY €HEPTii €
neHTpanizopanuMu. [lix vac BifiHM arpecop 3HHIIMB MOHAJ MMOJIOBUHY TCHEPYIOUMX MOTYKHOCTCH.
KopoTtkocTpokoBuMu 3axomaMu ypAay € BIAHOBJIGHHA 3pyiHOBaHWX 00’ekTiB. OmHak Tix dac
MICIISIBOEHHOI BiA0OYJ0BU CTPYKTYPY €HEproreHepaiii ciiiji SMiHUTH, a CTPaTeriYyHUM MPIOPUTETOM Mae
cratm Oe3meka eHepreTwdHOi cucrteMu. Crig 30UTBIIUTH YacTKy MAENEHTPaTi30BaHHUX JHKEpel
eHeproreHepariii, o BUKOPUCTOBYIOTh BiTHOBIIOBaHI JKEpeTa eHeprii.

KarouoBi ciioBa: crparerisi, cTpaTeriuydi 3MiHH, CTpaTerisi pO3BUTKY €HEPreTUYHOTO CEKTOpY,
CTPYKTypa JDKEped eHeprii, po3mojijieHa IeleHTpali30BaHa TeHepallis, pO3MOAiJIeHa TeHepalis
BiJTHOBITFOBAHOT €HEPTi, I[iJIb CTAIOTO PO3BUTKY Ne 7.
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Abstract. The objective of the study is to analyse the structure of electricity production in
Ukraine, determine the impact of the war on the state of the energy system and justify strategic
directions for the development of the country's energy system.

Publications review devoted to the problems of power generation and distribution of electricity
revealed a trend towards supplementing centralized energy generation and supply systems with
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decentralized ones, especially with the use of renewable energy sources. A comparison of the
advantages and limitations of centralised and decentralised systems of energy generation and supply
shows that, from a technical and economic point of view, it is worth using both systems, which
complement each other.

A structural analysis of energy production sources in Ukraine is carried out, the losses of energy
generation and distribution as a result of military operations are estimated, and the strategic directions
of restoration of the Ukrainian energy system during the war and in the process of post-war
reconstruction are identified.

The structure of electricity production in Ukraine is analysed. The negative impact of the war on
the country's energy system has been determined. The strategic directions of the post-war recovery of
the domestic energy system are outlined, taking into account the global energy trends, such as
distributed decentralised generation and distributed generation of renewable energy. Special attention
was paid to the safety factor when planning the power generation structure during the post-war
reconstruction of the country.

The structure of energy generation sources in Ukraine is dominated by nuclear (more than 50
per cent) and thermal energy (about 25 per cent). The energy production and distribution systems are
centralized. During the war, more than half of the generating capacity was destroyed by the aggressor.
The government's short-term actions are the restoration of destroyed objects. But during the post-war
reconstruction, the structure of energy generation should be changed; the strategic priority should be
the security of the energy system. The share of decentralized electricity generation based on renewable
energy sources should be increased.

Keywords: strategy, strategic change, energy sector development strategy, structure of energy
sources, distributed decentralised generation, distributed generation of renewable energy, Sustainable
Development Goal 7.

Introduction. Ukraine has identified key indicators for Sustainable Development Goal
7 (Affordable and Clean Energy) and has made gradual progress in reducing the energy
intensity of gross domestic product (GDP), decreasing heat and electricity losses in
transmission and distribution networks, and increasing the share of renewable energy sources
in total electricity generation. The war has resulted in a substantial decline in energy
generation capacity and extensive damage to electricity transmission and distribution
infrastructure. During the post-war reconstruction of Ukraine’s energy system, it will be
essential to address potential risks while adopting advanced, economically viable, and
environmentally sustainable energy technologies. Such an approach will not only restore
energy security but also support the transition toward a more resilient, efficient, and low-
carbon energy sector.

Literature review. For many decades, the approach of building a centralised integrated
energy supply system has prevailed in most countries of the world [25]. The prerequisites for
centralisation of power generation and supply were technological and economic: economies
of scale (increasing the size of steam turbines allowed to reduce the marginal cost of
electricity production); the use of alternating current instead of direct current allows to
transmit electricity over long distances with a significant reduction in losses; due to the use of
transmission networks generating capacities were moved outside urban centres, eliminating
pollution emissions from coal-fired plants.

But along with the advantages of centralised generation and distribution, there are also
weaknesses, both technological and economic. Transmission and distribution costs account
for up to 30% of the total cost of electricity supplied.

Transmission and distribution losses range from 6 to 10 per cent [25]. Centralised
energy supply is not cost-effective in areas with low population density due to high capital
costs of building transmission infrastructure and losses in the energy transmission over long
distances.
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Given these limitations of centralised energy supply, distributed generation has
traditionally been seen as complementary to centralised generation, primarily in areas with
low population density. For energy consumers whose buildings are frequently expanded and
renovated (e.g. hospitals), a distributed configuration can be cheaper due to localised and
properly sized wiring, which results in lower electrical equipment costs [36].

Decentralised generation systems are small-scale power technologies, typically in the
range of 3 kW to 10 MW, located very close to consumers to provide an alternative or
complement to the centralised or traditional power system. Decentralised generation systems
are connected directly to the distribution system or at the consumer's meter side, which
significantly reduces transmission and distribution losses in the power system [18]. Different
types of energy resources can be used for decentralised electricity generation, as well as their
combinations: combined cycle gas turbines, internal combustion engines, combustion turbine,
micro gas turbine, Stirling engines, small hydro, micro-hydro, wind turbines, photovoltaic
arrays, solar thermal-central receiver, solar thermal-Lutz system, biomass gasification, fuel
cells-phosphoric acid, fuel cells-molten carbonate, fuel cells-proton exchange, fuel cells-solid
oxide, geothermal, ocean thermal, battery storage [1]. The main driver of decentralized
generation is the need to use cleaner and more sustainable renewable resources compared to
the polluting and limited fossil resources traditionally used in electricity generation [18].
Decentralised electricity generation can significantly improve energy efficiency, reduce
carbon dioxide emissions, increase grid resilience and reduce investment in electricity
transmission [13].

Many researchers have compared the advantages and limitations of centralised and
decentralised energy generation and distribution. A study on the use of decentralised
photovoltaic systems [19] has shown that grid performance is higher compared to centralised
supply, because active power losses are reduced by 13.43 per cent and reactive power losses
are reduced by 14.43 per cent. In addition, the bus voltage is improved compared to the
centralised system. However, it was found that decentralised photovoltaic systems have a
greater negative impact on power quality than the centralised system. The payback period of a
decentralised PV system is 9 years, while that of a centralised system is 7 years. Certain
negative environmental impacts may arise after the end of the service life of decentralised
energy generation facilities, when the problem of their disposal arises [12].

Task statement. According to the researchers in [22], the integration of decentralized
generation into radial distribution networks is gaining increasing attention because of its
environmental and economic advantages. Particular attention needs to be paid to the
management of distribution networks, which are often subject to electrical accidents. Based
on the experience of the war in Ukraine, it should be noted that electricity distribution
networks have become strategic targets of attacks aimed at disrupting the country's energy
supply. The authors [32] conclude that the new environmentally friendly energy world
requires forecasting the availability of renewable energy sources, assessing demand and
managing energy storage systems.

In times of war, when the enemy deliberately destroys power plants, transmission and
distribution facilities, decentralisation of power generation becomes an urgent task. It is much
easier to destroy fifty large power plants than thousands of small and dispersed facilities [26].

Objective. The purpose of the study is to analyse the structure of electricity production
in Ukraine, identify the efficiency of energy distribution, determine the impact of the war on
the state of the energy system and justify strategic directions for the development of the
country's energy system.

Methodology. A structural analysis of energy production sources in Ukraine is carried
out, the losses of energy generation and distribution as a result of military operations are
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estimated, and strategic directions for restoring the Ukrainian energy system during the war
and in the process of post-war reconstruction are identified.

Results. According to the Decree of the President of Ukraine “On the Sustainable
Development Goals of Ukraine for the period up to 20307, goal 7 provides for “ensuring
access to affordable, reliable, sustainable and modern energy sources for all” [7].

An analysis of the structure of electricity generation in Ukraine in the period from 2015
to 2022 shows that more than half of electricity generation is carried out at nuclear power
plants (Table 1, Figure 1). Up to a quarter of the total generation was provided by thermal
power plants. The share of alternative energy sources reached 10 per cent. After the enemy's
full-scale invasion of Ukraine in February 2022, factors emerged that significantly affected
the country's electricity production. Firstly, some power plants were partially or completely
destroyed; secondly, some generating capacities were located in temporarily occupied
territories or in the war zone. Thirdly, the energy distribution infrastructure has been partially
destroyed. About 45 per cent of high-voltage transformers in the government-controlled
territories have been damaged or destroyed [3]. Fourth, Ukraine has stopped importing
primary energy resources from the aggressor country.

Table 1
Structure of electricity generation in Ukraine in 2015-2025 by sources of generation, %
Alterna-
Hydro- tive
Thermal Heat and : Nuclear | Block | energy
Year | Ukraine | power | cogeneration electric GAES | power sta- sources
plants plants bower plants | tions (wind,
stations solar,
biomass)
2015 | 100.0 31.3 3.9 3.3 1.0 55.5 3.9 1.0
2016 | 100.0 32.2 4.3 4.8 1.0 52.3 4.3 1.0
2017 | 100.0 29.0 7.0 5.8 1.0 55.1 1.0 1.2
2018 | 100.0 30.0 6.9 6.5 1.0 52.9 0.9 1.6
2019 | 100.0 29.2 7.1 4.2 0.8 53.9 1.2 3.6
2020 | 100.0 36.2 11.7 55 1.5 69.7 1.6 10.0
2021 | 100.0 23.8 5.5 5.9 0.8 55.0 1.0 8.0
2022 | 100.0 21.4 5.1 8.5 1.1 54.8 0.6 8.4
2023 | 100.0 28.5 no data available 11.8 no data 49.2 0.6 9.8
2024 100.0 20-25 no data available no data 6 52 no data 9
2025 | 100.0 25-32 no data available no data 6-7 50-60 no data 9-11

Developed by [8, 34].

The loss of energy capacity is uneven in different parts of the country. For example, the
state-owned power generating company Centrenergo lost 100 per cent of its generation
capacity [33]. As of June 2024, Ukraine has lost 9 GW of energy generation [4]. According to
some estimates, Russia has destroyed more than half of Ukraine's electricity production, with
Ukraine's generation dropping from 55 to 20 GW, i.e. by 64 per cent [21]. Ukraine lost 80 per
cent of its wind and 20 per cent of its solar power plants as a result of Russia's invasion [27].
After the first wave of attacks on Ukraine's energy sector, people and businesses began to
import generators. During the winter of 2022-2023, they were imported with a total capacity
of more than one million kilowatts [26].

240




Ilpoxoposa €.B., [Ipowenxo H.C., Oconv €.B.

Alternative energy
sources ; 8,4

Block stations; 0,6 Thermal power
plants; 21,4
Heat and
cogeneration
plants; 5,1
Hydro
electric power
stations; 8,5
Nuclear power GAES; 1.1

plants; 54,8

Fig. 1. Structure of electricity production in Ukraine in 2022 by generation sources
Developed by [8].

In the summer of 2024, following the ongoing attacks on Ukraine's energy sector, the
country is becoming increasingly dependent on renewable energy sources. For example, when
some nuclear power plant units undergo scheduled maintenance, energy generation decreases,
and consumers become dependent on solar and wind power. For example, in June 2024,
prolonged cloudy weather resulted in a significant reduction in solar power generation,
contributing to severe electricity shortages that persisted for several days.

At the same time, in 2022-2023, more than 660 MW of new renewable energy capacity
was commissioned in Ukraine [27]. According to the Energy Strategy of Ukraine, adopted in
2023, as early as 2030, the share of renewables should be at least 25 per cent in the energy
balance, and by 2050, Ukraine should achieve climate neutrality [27].

According to Ukrenergo, Ukraine will require an additional 1.4 GW of highly flexible
thermal power plant (TPP) capacity in the coming years to ensure the reliable operation of the
power system (currently there are none at all); 1.1 GW of biofuel TPPs (currently 0.3 GW);
3.8 GW of solar power plants (SPPs, currently 6.2 GW); 4.5 GW of wind power plants
(WPPs, currently 0.5 GW); 0.8 GW of electricity storage facilities (Energy Storage), which
are currently not available; 2 GW of additional capacity at the Dniester and Kaniv PSPPs
(currently 2 GW) [28]. Of course, the development of the energy sector requires large
investments. The Ukrainian government is currently developing financial instruments to
encourage households and businesses to invest in renewable energy sources.

Such devastating consequences of the impact of hostilities require decisions on how to
restore Ukraine's energy sector in the post-war period. Experts point out that due to the
vulnerability of the centralised power generation system and the destruction of distribution
facilities, a transition to decentralised or distributed generation, which involves bringing small
power generation facilities as close as possible to consumers, should be justified [28; 35; 5].
Of course, such decisions need to take into account not only technological and safety factors,
but also economic justification. When generating energy in large volumes, economies of scale
are achieved. On the other hand, statistics on technological losses of electricity in distribution
grids show that in 2015-2022, such losses ranged from 9.8 to 11.1 per cent [9]. In other
words, it is worth comparing energy losses in distribution networks and the possible higher
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cost of electricity with distributed decentralised generation. It is also worth using modern
energy-efficient technologies when planning the post-war restoration of the country's energy
system. For example, the energy intensity of gross domestic product (primary energy
consumption per unit of GDP), kg of oil equivalent per international dollar according to the
2011 PPP, ranged from 0.187 to 0.166 in 2015-2020, and this indicator tended to decrease.
However, there is no data for 2021-2023 [10].

Distributed generation of renewable energy should be an important part of decentralised
energy generation measures. According to the “Recovery Plan for Ukraine Blueprint” in the
section “Objective 3: Decarbonisation, optimisation of the energy mix and development of
low-carbon generation”, it is proposed to stimulate at the state level the implementation of
distributed generation of renewable energy projects [5].

After the war began, the value of renewable energy sources has been transformed from
environmental to security and economic. Before the war in Ukraine, renewable energy
sources were considered by the global community to be primarily a tool to combat inevitable
climate change and reduce carbon emissions. Today, renewable energy sources are key to
energy security and state independence, and their cost is significantly lower than fossil fuels.
With the transition to renewable energy sources, energy as such will no longer be an
instrument of political or military influence by one country over another. Almost all the wars
that have taken place in the world to date have been related to energy and the struggle for
energy resources: oil, gas, coal, etc. Ukraine, in particular, is a country that has been trying to
survive for 31 years of independence under constant energy blackmail and pressure from the
Russian Federation. Russia is now using the same fuel tool to influence European countries
that are providing massive humanitarian and military support to Ukraine in the war. Instead,
by using renewable energy sources, countries will not have to fight for them, as they are local
energy resources available to all. [30]

To scientifically substantiate the strategy of increasing the share of renewable energy
sources in electricity production, the National Academy of Sciences of Ukraine established
the Institute of Renewable Energy, which, among other things, created the Atlas of Energy
Potential of Renewable Energy Sources of Ukraine [2]. According to scientists, the
development of renewable energy is one of the top priorities for improving the energy and
environmental security of Ukraine.

To push the development of the alternative energy market, the Ukrainian government
has introduced a green tariff, which until the end of 2029 provides all producers a guaranteed
price per kWh denominated in euros. As of 2019, the tariffs were as follows: EUR 0.15 per
kwh for ground-mounted solar power plants, EUR 0.16 for rooftop solar power plants, and
EUR 0.10 per kWh for wind power plants with a capacity of over 2 MW peak [31]. The green
tariff was reduced in 2020; for existing companies, the tariff will remain in force until 2030,
whilst for new market entrants, the tariff does not apply [23]. Consequently, renewable energy
companies will switch to market-based pricing mechanisms [24].

In 2019, Ukraine entered the TOP-10 countries in the world in terms of renewable
energy development. In 2020, Ukraine entered the TOP-5 European countries in terms of
solar energy development. In 2023, Ukraine ranked 7th on this list. In 2019, in the
Climatescope ranking by Bloomberg New Energy Finance [6], Ukraine was ranked 8th (up
from 63rd) among 104 countries in terms of investment attractiveness in the development of
low-carbon energy sources and the construction of a green economy. In 2023, Ukraine took
47th place in this ranking, which is primarily due to military operations in the country.

According to statistics, in 2023, on average, up to 30 per cent of energy was produced
from renewable sources globally, and up to 35 per cent in Europe. In Ukraine, the share of
energy produced from renewable sources reached 9 per cent. At the same time, we can
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observe that in the leading countries, the share of energy produced from renewable sources
reached more than 80 per cent in Brazil and more than 60 per cent in Sweden (Figure 2).

Brazil

80%

Sweden

60%

40%

Europe

China

World

United States
20%

Ukraine

0% ‘ .‘
1985 1990 1995 2000 2005 2010 2015 2020 2023

Data source: Ember (2024); Energy Institute - Statistical Review of World Energy (2023) OurWorldInData.org/energy | CC BY
Fig. 2. Share of Electricity Generation from Renewable Energy Sources by Country,
1985 to 2023 [13].

There is a strong tendency for low-income countries to make much greater use of
renewable energy sources: more than 60 per cent of energy produced, compared to about 30
per cent for high-income or upper-middle-income countries (Figure 3).
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Data source: Ember (2024); Energy Institute - Statistical Review of World Energy (2023) OurWorldInData.org/energy | CC BY

Fig. 3. Share of Electricity Generation from Renewable Energy Sources by Country
Income Level 1985 to 2023 [13]
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Ukraine, as a low-income country, should take into account this trend towards the use of
renewable energy sources in the process of post-war reconstruction of the energy
infrastructure.

By 2028, renewable energy sources are expected to contribute more than 40% of global
electricity generation, with solar and wind energy each exceeding a 10% share and
hydropower providing approximately 15% of total electricity production (Figure 4).
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Fig. 4. Share of global renewable electricity generation by technology, 2000-2028 [17].

Ukraine set a goal to reduce greenhouse gas emissions by 65 per cent by 2030 compared
with 1990 levels [15]. This goal can be achieved, among other things, through the widespread
use of distributed generation of renewable energy. Nearly 19 000 mini-grids are installed in
134 countries, providing electricity to about 47 million people [16]. These small electric grid
systems are usually comprised of generation units and distribution lines that link a number of
households and other consumers.

Renewable energy sources are expected to provide between 45 and 50 per cent of global
generation by 2030, and between 65 and 85 per cent by 2050, according to McKinsey's
forecast [14]. In all scenarios, solar is the biggest contributor of renewable energy, followed
by wind.

The structure of the solar energy market in Ukraine includes two main players: CNBM
New Energy Engineering and Rengy Development, which control a third of the market, and a
large number of local small producers. The “Solar Chornobyl” project has a symbolic
meaning for the country, which suffered the consequences of the Chornobyl nuclear disaster.
In early 2018, Solar Chornobyl, a joint venture of the Ukrainian company Batkivshchyna and
Germany's Enerparc AG, put into operation in the Chornobyl exclusion zone a small solar
power plant (1 MW peak), and at the end of the same year an agreement was signed to
increase its capacity to 100 MW peak. The project envisages that after its completion, Solar
Chornobyl will become one of the largest solar power plants in the country [31].

Conclusions. In a time of war, when the aggressor is deliberately destroying power
generation, distribution and transmission facilities, the short-term task of the Ukrainian
government is to restore the destroyed energy infrastructure as soon as possible. In the long
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term, however, the structure of energy generation and distribution needs to be revised. In the
current situation, more than half of Ukraine's electricity is generated by nuclear power plants,
and about a quarter by thermal power plants. The system of electricity generation and
transmission is centralised. Despite the economic advantages of a centralised power
generation and distribution system, the priority for strategic development of the country's
energy system is the safety of energy facilities. Therefore, the first step is to determine the
prospects for further use of nuclear power plants for electricity generation. The war has
demonstrated the high risks of nuclear power plants, as their destruction can lead to an
environmental catastrophe similar to the use of nuclear weapons of mass destruction.

Similarly, to improve the safety, autonomy, and resilience of the energy system, it is
necessary to decentralise energy generation and distribution as much as possible. The
destruction of several large power plants by the enemy leads to a significant reduction in
energy generation. If there are hundreds or thousands of generation facilities, the losses from
the destruction of individual stations will not be as significant.

If the strategic priority is to build a decentralised energy generation system, efforts and
investments should be directed towards the use of renewable energy sources, which would be
in line with Sustainable Development Goal 7 on equal access to affordable, reliable,
sustainable and modern energy sources for all.

The structure of electricity production in Ukraine is dominated by nuclear and thermal
power plants. The share of renewable energy sources is gradually increasing in line with
Sustainable Development Goal 7. Losses of heat and electricity in the grid are decreasing.
Since the beginning of the war, the energy sector has undergone significant changes: energy
generation has been reduced, and some generating and distribution capacities have been
destroyed. When planning the post-war reconstruction of the country's energy system, the
focus should be on modern environmental and economic technologies, first of all on
distributed decentralized generation, distributed generation of renewable energy that will
ensure the achievement of sustainable development goals in terms of access to affordable,
reliable and sustainable energy sources.

References

1. Ackermann, T., Andersson, G., & L. Soder. ,,Distributed generation: A definition.” Electric Power Systems
Research, no.57(3), 2001, pp.195-204, https://doi.org/10.1016/S0378-7796(01)00101-8 Accessed 11 July
2025.

2. Atlas of Ukraine’s Renewable Energy Potential. Ed. S.O. Kudria. Instytut vidnovliuvanoi enerhetyky NAN
Ukrainy, 2020, www.ive.org.ua/wp-content/uploads/atlas.pdf. Accessed 11 July 2025.

3. ,,The energy sector in Ukraine and worldwide. Forecasts and current challenges.” BDO Ukraina,
www.bdo.ua/uk-ua/insights-2/information-materials/2024/energy-sector-in-ukraine-and-the-world-forecasts-
and-challenges. Accessed 14 July 2025.

4. Boiarchuk, Tetiana. ,,Losses in Ukraine’s power grid amount to around 9 GW; repairs are being carried out
round the clock.” LB.ua, Ib.ua/economics/2024/06/20/619803 vtrati_energosistemi_ukraini.html. Accessed
14 July 2025.

5. ,Joint Statement of NGOs, businesses and municipalities’ representatives on the role of distributed
generation of renewable energy sources in Ukraine’s Recovery Plan Blueprint.” Centre for Environmental
Initiatives “Ecoaction”, en.ecoaction.org.ua/wp-content/uploads/2022/09/joint-statement-distributed-
generation-ukraine-reconstruction.pdf. Accessed 12 July 2025.

6. ,,Climatescope ranking.” Bloomberg New Energy Finance (Bloomberg NEF), 2023, www.global-
climatescope.org/results/. Accessed 18 July 2025.

7. On Ukraine’s Sustainable Development Goals for the period up to 2030. Decree of the President of Ukraine,
September 30, 2019, No. 722/2019. Verkhovna Rada of Ukraine,
zakon.rada.gov.ua/laws/show/722/2019#Text. Accessed 18 July 2025.

8. ,.Electricity generation, billion kWh. Sustainable Development Goals: indicators for Ukraine.” Derzhavna
sluzhba statystyky Ukrainy, sdg.ukrstat.gov.ua/uk/7-1-1/. Accessed 18 July 2025.

9. ,,Technical losses of electrical energy in distribution networks, %. Sustainable Development Goals:
indicators for Ukraine.” Derzhavna sluzhba statystyky Ukrainy, sdg.ukrstat.gov.ua/uk/7-1-2/. Accessed 18
July 2025.

245



Crpareriyti 3MiHH Y CTPYKTYPI JDKEpes eHeprii ...

10.,,Energy intensity of GDP (primary energy consumption per unit of GDP).” Diia. Open data,
data.gov.ua/dataset/17352a76-8022-46e7-bb94-c629232e5675. Accessed 13 July 2026.

11.,,Distributed Generation of Electricity and its Environmental Impacts. About Distributed Generation.” The
United States Environmental Protection Agency, www.epa.gov/energy/distributed-generation-electricity-and-
its-environmental-impacts. Accessed 18 July 2024.

12., Distributed Generation.” Environmental and Energy Study Institute (EESD),
www.eesi.org/topics/distributed-generation/description. Accessed 12 July 2024,
13.,Share  of  electricity = generated by  renewables.”  Ember and Energy  Institute,

ourworldindata.org/grapher/share-electricity-
renewables?tab=chart&country=OWID_WRL~SWE~BRA~CHN~USA~UKR~OWID_EUR. Accessed 18
July 2024.

14.Global  Energy  Perspective.  October  18-21, 2023 Report. McKinsey &  Company,
www.mckinsey.com/industries/oil-and-gas/our-insights/global-energy-perspective-2023. Accessed 18 July
2024.

15.,,Russia’s attacks on Ukraine’s energy sector have escalated again as winter sets in.” IEA,
www.iea.org/commentaries/russias-attacks-on-ukraines-energy-sector-have-escalated-again-as-winter-sets-
in. Accessed 18 July 2024,

16. ,,Unlocking Smart Grid Opportunities in emerging markets and developing economies.” International Energy
Agency, February, 2024, iea.blob.core.windows.net/assets/5d97b28a-ca5f-46a5-a194-
2c13fd6edaad/UnlockingSmartGridOpportunitiesinEmergingMarketsandDevelopingEconomies.pdf.
Accessed 18 July 2024.

17.Share of renewable electricity generation by technology, 2000-2028. IEA, www.iea.org/data-and-
statistics/charts/share-of-renewable-electricity-generation-by-technology-2000-2028. Accessed 18 July 2024.

18. Kabeyi, Moses Jeremiah Barasa, Olanrewaju, Oludolapo Akanni. ,Decentralized and Distributed Power
Generation.” Proceedings of the 5th African International Conference on Industrial Engineering and
Operations Management, Lusaka, Zambia, April 4-6, 2023, 10.46254/AP04.20230268.

19. Khatib, Tamer, Sabri, Lama. ,,Grid Impact Assessment of Centralized and Decentralized Photovoltaic-Based
Distribution Generation: A Case Study of Power Distribution Network with High Renewable Energy
Penetration.” Mathematical Problems in Engineering, 5430089, 2021, https://doi.org/10.1155/2021/5430089.

20.Kryvolap, K. ,,The Ukrainian Power System 2023-2024: Problems, Challenges and Prospects.” Rubryka,
rubryka.com/blog/ukrayinska-energosystema/ Accessed 12 July 2024.

21. Kryzhnyi, A.. ,,Ukraine has lost 35 GW of electricity generation capacity since the start of the major war —
FT.” Economic Pravda, 24.06.2024, www.epravda.com.ua/news/2024/06/5/714710/ Accessed 12 July 2024.

22.Labed, Tebbakh, Labed, D, & M.A. Labed. ,,Optimal size and location of distributed generations in
distribution networks using bald eagle search algorithm.” Electrical Engineering & Electromechanics, no.
675, 2022, https://doi.org/10.20998/2074-272X.2022.6.11N Accessed 11 July 2024.

23. On Amendments to Certain Laws of Ukraine Concerning the Improvement of Conditions for Supporting the
Generation of Electricity from Alternative Energy Sources: Law of Ukraine No. 810-1X of 31 July 2020.
Verkhovna Rada of Ukraine, zakon.rada.gov.ua/laws/show/810-20#Text Accessed 13 July 2026.

24.0n Amendments to Certain Laws of Ukraine Concerning the Development of Renewable Energy Sources:
Law of Ukraine No. 3220-IX of 29 June 2023. Verkhovna Rada of Ubkraine,
zakon.rada.gov.ua/laws/show/3220-1X#Text Accessed 13 July 2026.

25. Martin, J. Distributed vs. centralized electricity generation: are we witnessing a change of paradigm? An
introduction to distributed generation. HEC Paris, 2009. Vernimmen.net,
https://www.vernimmen.net/ftp/An_introduction_to_distributed_generation.pdf. Accessed 11 July 2024.

26. Maskalevych, I. ,,Distributed generation: saving drowning people in the hands of you know who.” Mirror of
the week, 19 June, 2024, zn.ua/eng/distributed-generation-saving-drowning-people-in-the-hands-of-you-
know-who-.html. Accessed 11 July 2024.

27.,,0ver the past two years, more than 660 MW of new renewable energy capacity has been built in Ukraine.”
UKRAIHChKA ENERGETHMKA, January, 2024, ua-energy.org/uk/posts/ukraina-protianom-dvokh-rokiv-
vvela-660-mvt-novykh-potuzhnostei-vde-minenerho Accessed 11 July 2024.

28. Moisieiev, Valerii. ,,Reliability and safety in the energy sector are worth $15 billion — according to an
estimate by Ukrenergo.” Ekonomika Ukrainy, 22.11.2023, thepage.ua/ua/economy/yak-maye-zminitis-
energosistema-ukrayini-ocinka-ukrenergo Accessed 11 July 2024.

29.Nadeem, Talha Bin; Siddiqui, Mubashir; Khalid, Muhammad; Asif, Muhammad. ,,Distributed energy
systems: A review of classification, technologies, applications, and policies.” Energy Strategy Reviews, no.
48, 2023, https://doi.org/10.1016/j.esr.2023.101096 Accessed 18 July 2024.

30. Omelchenko, V. ,,Ukraine’s renewable energy sector before, during and after the war.” Razumkov Centre,
2022, razumkov.org.ua/statti/sektor-vidnovlyuvanoyi-energetyky-ukrayiny-do-pid-chas-ta-pislya-viyny
Accessed 11 July 2024.

246



Ilpoxoposa €.B., [Ipowenxo H.C., Oconv €.B.

31.,,Renewables in Ukraine.” KPMG Ukraine, July, 2019,
assets.kpmg.com/content/dam/kpmg/ua/pdf/2019/08/Renewables-in-Ukraine-Report-2019-en.pdf.  Accessed
12 July 2024.

32.Saxena, Vivek, Kumar, Narendra, & Nangia, Uma. Protagonist of renewable energy in distributed
generation: a review. Revista Tecnologia en Marcha, no.34(4), pp. 3-15, dx.doi.org/10.18845/tm.v34i4.5404
Accessed 11 July 2024.

33. Stasiuk, Andrii. ,,The destroyed Centrenergo thermal power stations — what will happen to the Ukrainian
power system, and are there any alternatives to these stations?” Suspilne novyny. 12.04.2024,
suspilne.media/724317-zniseni-tes-centrenergo-so-bude-z-ukrainskou-energosistemou-ta-ci-e-alternativi-
cim-stanciam/ Accessed 11 July 2024.

34.Tkach, Serhiy. ,,The structure of electricity production in Ukraine: sources, capacities and the path to
sustainability.” Vash Visnyk, May 12, 2026, visnyk-nanu.org.ua/struktura-vyrobnycztva-elektroenergiyi-v-
ukrayini-dzherela-potuzhnosti-ta-shlyah-stijkosti/ Accessed 13 July 2026.

35.,,The post-war power system: how to take all the nuances into account.” Ukrainuceka energetuxa. June 23,
2023, ua-energy.org/uk/posts/povoienna-enerhosystema-iak-vrakhuvaty-vsi-niuansy Accessed 12 July 2025.

36. Vedvik, R. ,,Learn the pros and cons of centralized and decentralized generator systems. Centralized, remote
and distributed standby generator designs are all options for power systems. Which one is best?”” Consulting-
Specifying Engineer, May 19, 2023, www.csemag.com/articles/learn-the-pros-and-cons-of-centralised-and-
decentralised-generator-systems/ Accessed 12 July 2025.

Submission date: 05.07.2026
Date of acceptance for publication: 27.07.2026

247



