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The article examines the problem of the insufficiently studied essence, structure, and socio-economic significance of the use of energy
from renewable sources (RES). Based on the analysis of a wide range of fundamental and applied scientific works, as well as the experience of
developed countries, the author substantiates the relevance of RES development in the context of limited fossil fuel resources, the need to comply
with international obligations to reduce greenhouse gas emissions (Kyoto Protocol) and ensure energy security. The specific characteristics and
types of renewable energy resources are systematized, considering the level of their integration into the economic activity of regional systems. The
energy potential of the regions of Ukraine for the introduction of innovative technologies for the use of renewable energy sources is assessed. It is
emphasized that the unsatisfactory state of the environment and energy deficit of the regional energy systems of Ukraine necessitate theoretical
substantiation and practical implementation of measures aimed at overcoming the problems of energy supply to the population and industry using
RES. It is argued that the effective implementation of RES in Ukraine requires the formation of its own national model, which includes the creation
of a separate energy sector with effective regulatory instruments for each type of RES, the development of an incentive state policy, which refers to
a set of measures and regulations designed to encourage the development and use of renewable energy and the search for sources of financing.
Achieving a balance of key technical and economic indicators of traditional and renewable energy is considered possible if the pricing system in
traditional energy is reformed, given that price is one of the determining factors in the internalization of global energy markets. Priority areas for
the implementation of renewable energy have been identified, including intensification of scientific (fundamental and applied) research, as well as
research and development and exploration work; creation of an educational base for training highly qualified specialists in the field of renewable
energy; modernization of the existing industrial and professional infrastructure to ensure theoretical and practical activities in the field of renewable
energy; simplification of access of renewable energy facilities to the electricity and heat networks of energy companies on the basis of relevant
regulatory frameworks.
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PROBLEM STATEMENT AND ITS SIGNIFICANCE

The critical state of the environment and the shortage of energy resources in domestic and regional
power systems necessitate immediate theoretical substantiation and practical implementation of measures
to overcome the energy supply problems for the population and industrial enterprises. Using renewable
energy sources (RES) is a promising way to solve this problem. According to experts, the limited reserves
of organic resources and current trends in their irrational use determine the time horizon of their
availability for human economic activity, which does not exceed 50-60 years. This may result in a global
crisis associated with the exhaustion of energy resources necessary for any economic activity. Given these
challenges, research on promising areas of global energy development is of particular relevance,
particularly in the context of identifying and implementing RES as an alternative to traditional forms and

types of energy supply.

ANALYSIS OF RECENT RESEARCH AND PUBLICATIONS

The issue of using renewable energy sources (RES) as an alternative to traditional energy supply is
not just a matter of scientific debate but a topic of strategic importance among energy theorists and
practitioners. Numerous fundamental and applied studies confirm the depth of this area. However, the
study's relevance is further enhanced by the insufficient development of issues related to the specification
of the essence, nature, and classification, as well as methods and technologies for using RES in the context
of regional economic systems.

The theoretical foundations of using modern methods, tools, and technological solutions to exploit
key types of RES (wind, solar, geothermal, biomass, and environmental energy) are covered in the works
of such scientists as S. Kudria [2], K. Pavlova, O. Pavlova [4, 7-9], V. Kupchak [3], D. Sala, and I. Bashynska
[11].

A. Shydlovsky's scientific works [5] provide a comprehensive consideration of the issues related to
assessing the economic potential, identifying ways to expand and prospects for the implementation of RES,
and improving the energy efficiency of the relevant equipment. This thorough research is a significant
contribution to the field.
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SETTING THE TASK

This study aims to comprehensively analyze the essence, nature, and efficiency of renewable
energy sources (RES), assess their energy potential in the regional context, and develop recommendations
for improving the efficiency of RES implementation in Ukraine's economic activity. The findings of this
study could significantly enhance the energy landscape in Ukraine. The following tasks have been set to
achieve this goal:

1. To conduct a theoretical generalization, specify the essence and nature, and develop
methodological approaches to using RES, focusing on practical application.

2. To study and summarize the EU countries' practical experience in ensuring a significant RES
potential, particularly by examining their policy frameworks, technological advancements, and the social
and economic impacts of their RES initiatives.

3. Identify and evaluate the social and economic effects of implementing regional energy systems
with an increased share of RES compared to traditional energy systems.

4. Identify and substantiate potential ways to diversify Ukraine's energy resources based on using
RES.

5. To monitor and analyze the state of energy potential of Ukrainian regions.

PRESENTATION OF THE PRIMARY RESEARCH MATERIAL

In the wide range of definitions of the concept of renewable energy (RE), the most accurate is the
one that defines it as a branch of economic activity that covers the relevant scientific and technical potential
for the production, transmission, transformation, accumulation, and consumption of mechanical, thermal
and electrical energy through the use of renewable energy sources (RES) as primary energy resources.
Renewable or inexhaustible energy resources are classified into primary and secondary. Primary energy
includes direct solar radiation, while secondary energy results from transformed wind, hydropower,
biomass, and geothermal energy. Using renewable energy sources makes it possible to solve the problems
of production, transmission, transformation, accumulation, consumption, and utilization of waste typical
of traditional energy systems in the context of their relative inexhaustibility, environmental balance, and
compliance with energy security requirements. Many countries are implementing strategies to
decommission nuclear power plants and gradually replace them with alternative and renewable energy
sources.

In the context of ensuring energy security, the importance of using renewable energy sources in
developed countries is not only due to limited fossil fuel reserves but also to the need to comply with the
limits on greenhouse gas emissions set by the Kyoto Protocol. The greenhouse effect, which results from
carbon dioxide emissions and its absorption of infrared radiation, increases the temperature and humidity
of the Earth's atmosphere, which has highly negative environmental consequences. Unlike conventional
energy technologies, renewable energy sources have virtually no impact on the planet's heat balance, help
reduce greenhouse gas emissions, and potentially increase energy production and transmission [1, 2].

Traditional energy sources include human and animal muscle power, hydropower (in particular,
water flow energy), peat, and wood combustion energy. Non-traditional renewable energy sources include
biomass (excluding firewood), solar, geothermal, wind, wave, river, and tidal energy. It should be noted
that the scientific literature also uses the term "new renewable energy sources" to refer to sources derived
from technological innovations.

Each renewable energy source is characterized by specific production features, different specific
power (kW), and various forms of use. Several factors affect the efficiency of each RES source: 1) geological
and exploration work, including environmental monitoring, to identify potential sources (cells); 2) analysis
of the needs of a particular region, taking into account the industrial, domestic, and agricultural sectors; 3)
development of predictive models for achieving the energy potential from a particular RES source. Energy
potential is the amount of energy reserves inherent in a particular type of RES. As a rule, the use of RES
has a more significant impact on the economic development of rural areas than urban ones.

The growth rate of the installed capacity of power plants using RES is significantly higher than that
of conventional power plants. The share of RES in the energy consumption of developed countries reaches
23.7% [1].

The European Union pursues a policy aimed at stimulating the use of RES. It has established
several requirements governing the share of energy from RES in the energy consumption structure of
member states and countries seeking integration with the EU. These measures give EU countries about 18%
of electricity from renewable sources. Germany is a leader among European countries in terms of the share
of non-conventional energy sources, resulting from the implementation of relevant legislation and
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established practices in this area. The EU's most common types of RES are biomass energy, wind, and
geothermal energy [2].

Given the priority of ensuring stable power, expanding the use of RES requires a systematic
approach and considering the balance between the load on the power system and the generated power.
The key factors affecting this balance are:

1. Revision of the Strategy for the use of pumped storage power plants.

2. Integration of many different RES and ensuring their systemic interaction.

3. Monitoring and regulation of reverse electricity supplies from thermal power plants.

4. Use of reserve capacities and regulatory mechanisms.

5. Implementation of energy-efficient consumption schedules and energy storage technologies.

6. Research and development of technologies for the use of hydrogen as a potential energy storage.

Competitiveness in the electricity generated from renewable sources is based on consumers' free
choice of suppliers and the absence of administrative and economic barriers to entry into the energy supply
and sales market. The modern European model of the renewable (alternative) electricity market,
characterized by integration and globalization, poses new challenges and potential threats to business
entities in this sector, especially newly established enterprises. This concerns ensuring transparency and
objectivity of the conditions for access to consumption and operation of energy networks, as well as
impartial and accelerated market development in line with the dynamic needs of the economic system and
growing consumer demands. The emphasis on transparency in market relations should reassure
stakeholders about the fairness of the market. Compliance with European standards and norms is also an
important aspect.

Reforming the electricity sector involves achieving interrelated goals: organizational, economic,
technical, technological, social, and environmental. However, integrating these goals can lead to
ambiguous consequences and risks, especially in the context of cost optimization and ensuring the financial
stability of enterprises. Potential conflicts of interest between stakeholders, such as large market players
and independent suppliers, should be considered.

The definition of strategic goals and objectives requires a systematic analysis of the energy market
in the following main areas: identification of reform priorities, taking into account national peculiarities, a
detailed analysis of potential benefits and risks for all market participants, as well as an assessment of
possible threats caused by external factors, such as fluctuations in energy prices, the emergence of new
renewable energy generating facilities, and changes in regulatory policy.

While an important step, strengthening the system operator's role does not guarantee its complete
independence from external risks and the influence of large market players. The liberalization of the
electricity market provides access to the wholesale market for other participants, including independent
suppliers, who can enter into direct contracts with generating companies and sell electricity generated
using renewable sources in the retail market to end consumers. Such participants are usually large
industrial consumers and associations of smaller consumers. On the supply side of the retail market, a
competitive environment is being formed that is an alternative to existing regional energy supply and
generation companies and encourages them to improve efficiency. The formation of consumer choice will
ultimately determine the price parameters, quality of services, reliability of supply, and transparency of
competitive relations in the market.

In 2014, the volume of investments in European countries aimed at developing renewable energy
sources amounted to USD 211 billion, and according to forecasts, this figure could reach USD 0.5 trillion
by 2020 [5].

In addition, the development of RES has a much more significant positive socio-economic impact
on regional development and national economic growth than traditional energy systems. According to the
"Renewables 2017 Global Status Report" (Paris REN21 Secretariat), in 2017, more than 4.5 million people
were employed in the renewable energy sector worldwide, including 800 thousand people in the solar
energy sector, 3.6 million people in wind energy, and about 2 million people in bioenergy. This indicates
an increase in the number of jobs in this industry, especially in countries such as the United States, Japan,
Germany, China, and Brazil, where research and development activities are actively conducted for the
commercial use of renewable energy. The technological development of renewable energy is a dynamic
process that depends on existing and new mechanisms to stimulate the development of renewable energy
and the gradual abandonment of traditional energy sources. According to IEA estimates, the annual cost
of subsidizing fossil fuels in developing countries and countries with economies in transition is about USD
0.5 trillion [6, 10].
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Several countries have implemented incentive policies for the development of RES. In particular,
China has reduced the tax burden on fossil fuel energy producers; Canada has abolished accelerated
depreciation for investments in oil and tar sands; Germany plans to stop financial support for the coal
industry by 2022; the Republic of Korea has stopped mining anthracite; Turkey does not support the policy
of expanding coal mines. In addition, with the establishment of limits on these emissions, greenhouse gas
emissions trading is one of the tools used to reduce the use of fossil fuels [2, 6].

The intensification of scientific and technical research in RES development began in the 1970s and
1980s in countries that had created the appropriate state, regulatory, and economic support. Considering
the need to comply with environmental safety standards, industrialized countries have increased energy
production and consumption expenditures to 3% of their gross domestic product (GDP) to minimize or
eliminate environmental impacts [5].

Review of the strategy for the use of pumped
storage power plants

| |Integration of a large number of different RES and
ensuring their systemic interaction

Monitoring and regulation of reverse electricity
supplies from thermal power plants

Factors
|

Use of reserve capacities and regulatory
mechanisms

Implementation of energy-efficient consumption
schedules and energy storage technologies

Research and development of technologies for the
— use of hydrogen as a potential energy storage
device

Fig. 1. Factors affecting the balance between the load on the power system and the generated power when integrating renewable
energy sources

Research institutes have monitored and developed a strategic forecast of coal, oil, and natural gas
reserves. According to the results, oil reserves will ensure its use as a resource for about 40 years. According
to optimistic forecasts, natural gas reserves are expected to be depleted in 50 years, while significant gas
deposits are located in regions remote from European countries, which creates risks of manipulating gas
shortages for economic and political reasons. Coal, as an organic energy resource, is available in sufficient
quantities. However, its use is accompanied by significant emissions of harmful substances that negatively
affect the state of the atmosphere and public health. For example, a 2,400 MW coal-fired thermal power
plant (TPP) emits 2,300 tons of carbon dioxide, 34 tons of sulfur dioxide, 9 tons of nitrogen oxides, 192 tons
of ash, and 35 tons of solid waste annually [2].

Until recently, the prospects for providing humanity with new energy resources were associated
with nuclear and fusion energy. However, the negative experience, especially for Ukraine, shows that the
operation of nuclear power plants (NPPs), even with the introduction of modern safety technologies, is
associated with a high risk of regional, national, or even global accidents. Nuclear resources also tend to be
depleted, and rising costs and energy intensity characterize their extraction and supply. In addition, using
nuclear energy leads to the accumulation of radioactive waste, which creates the problem of its safe storage
and disposal.

Thus, virtually all existing traditional fuels (organic, nuclear, and fusion) hurt the environment to
some extent, and the technological processes associated with their use lead to "thermal pollution". Scientists
agree that increasing the average ambient temperature by more than 3.5°C will lead to global climate and
atmospheric changes. According to forecasts, this could happen in the 2060s. Therefore, the transition from
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traditional to non-traditional sources of energy consumption is considered the basis for humanity's
sustainable development. Modeling the optimal energy future, which considers the impact of each energy
source on all areas of application, especially the environment and the economy, is of key importance.
However, comprehensive regulation of globalization problems is virtually impossible, so this aspect should
be implemented within groups of states or specific regional associations.

Ukraine, with its significant applied and technical solutions, has the potential to significantly
improve the energy efficiency of renewable energy's technological component. The volume of energy
supply from renewable energy sources is specific and differs in each region of the country, depending on
its socio-economic potential. This diversity and potential offer a promising future for renewable energy in
Ukraine.

Despite the challenges, significant progress Has been made in developing renewable energy in
Ukraine. The Institute of Renewable Energy of the National Academy of Sciences of Ukraine conducts
significant research. It obtains significant research results on selecting locations for constructing renewable
energy facilities, selecting equipment, etc. The development of "small wind energy" is a testament to this
progress, with about 450 installations based on wind turbines with a capacity of up to 10 kW operating in
different regions of Ukraine and more than 50 Ukrainian-made wind turbines successfully operating
abroad.

An adequate level of mass production of solar photovoltaic cells, modules, and batteries based on
semiconductor silicon has also been demonstrated, which helps reduce the cost of solar photovoltaic
production. The production of solar equipment is increasing, considering the industrial potential of the
regions and the practical regulatory and legal framework for research. Research is being initiated on the
further use of various types of solar energy, improvement of existing technologies, and development of
new technical and resource solutions and their combinations for autonomous power supply systems, hot
water supply, and heating of residential and industrial buildings. Almost all regions of Ukraine have
developed and are constantly improving regional and local programs to improve energy efficiency through
renewable energy sources.

Given the scarcity and rarity of traditional energy resources and their ecologically destructive
impact, the development of renewable energy in Ukraine is gaining priority in theoretical and practical
research. This helps to increase the diversification of energy resources and strengthen the state's energy
and environmental security.

The following factors contribute to the implementation of the policy of large-scale development of
domestic RES: deepening deficit of the traditional energy supply system, rising energy prices in the
consumer market and dependence on external supplies; unsatisfactory state of the material and technical
base of the fuel and energy complex (FEC), insufficiency and inefficiency of use of traditional fuel and
energy resources; negative impact of traditional energy on the environment and the need to fulfill
Ukraine'sUkraine's obligations under the Kyoto Protocol.

Ukraine's share of renewable energy remains low —only 5% of the total energy supply, although
this allowed it to rank first among the former CIS countries.

The regulatory framework that facilitated the development of renewable energy, including The
Comprehensive Program for the Construction of Wind Power Plants, developed under the Decree of the
President of Ukraine No. 137 of 03.02.1997 "On the State of Energy Security of Ukraine" dated December 9,
2005; Presidential Decree No. 1863; Law of Ukraine No. 106-UI of 2009 "On Amendments to Certain Laws
of Ukraine on the Establishment of a Green Tariff"; Energy Strategy of Ukraine until 2030, and others.

It should be noted that Ukraine has a significant potential for large-scale development of RES.
However, several obstacles exist to creating a practical framework for developing fundamental and applied
research in Ukraine's scientific and technological support of RES. These include insufficient theoretical
understanding of the essence, nature, and methods of realization of different types of energy; the need to
develop a scientific, technical, and venture capital base for the creation and implementation of new
technological solutions for RES-based energy systems; improvement of the system of operation of RES
equipment; the need to combine various material resources by integrating RES with different types of
related energy supply modes; synthesis of different types of RES in regional energy systems.

It is worth emphasizing the significant positive impact of RES on the environment and the social
sphere. The combustion of fossil fuels produces a significant amount of harmful emissions that pollute the
atmosphere and adversely affect public health and the state of economic infrastructure. In contrast,
renewable energy uses existing and environmentally adapted heat flows, which does not lead to significant
pollution of the atmosphere and society.
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The social effect is also important, as it creates new jobs in related industries, improves the rural
population's standard of living and quality of life, and develops territories. Unlike traditional sources, the
inexhaustibility of some types of RES allows us to talk about the stability of the energy supply. The
peculiarity of RES is their low energy density and spatial dispersion, which, if used efficiently and with
appropriate regional incentives, will contribute to an even distribution of population and industrial
facilities in rural areas rather than a concentration of energy consumption in megacities, which, in turn,
will contribute to the development of the agro-industrial complex throughout Ukraine.

CONCLUSIONS AND PROSPECTS FOR FURTHER RESEARCH

Effective implementation of measures for the practical development of renewable energy in
Ukraine, first of all, requires the development of its national model, promotion of a separate energy sector
with effective regulatory mechanisms for each type of renewable energy, determination of an incentive
state policy, including preferential conditions for energy producers and consumers, as well as the search
for sources of financing. Achieving a balance of key technical and economic indicators of conventional and
renewable energy in Ukraine is possible only if reforms in pricing for traditional energy sources are
implemented. The experience of leading countries in using renewable energy sources shows that price is
one of the most important factors in internationalizing global energy markets.

Thus, the primary tasks for introducing renewable energy in Ukraine are standardizing the
educational and scientific framework to ensure highly qualified specialist training, improving the existing
industrial and professional infrastructure for theoretical and practical activities, and organizing and
conducting scientific, essential, and applied research, as well as research and development (R&D).
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THCTUTYLIIVIHI MEXAHI3SMW 3ABESITEYEHHA E@EKTVIBHOCTI BITHOBJIFOBAHOT
EHEPTETVIKN: CYYACHWW CTAH TA IIEPCITIEKTMBV PETTOHAJIBHOI'O PO3BUTKY

BJIACEHKO TerstHa
XapkiBchKuV HallioHaJIBHMV eKOHOMiuHM yHiBepcuTeT iMeHi Cemena Kysneris

YV cmammi docaidxyempes Hedocmamuwvo Bubuena npobaema CYymHOCH, CHIPYKMYpu ma COYiaAbHO-eKOHOMIUHO020 3HAUEHHS
Buxopucmanna enepeii 3 Gionobarobanux Oxepes (BIE). Ha ocHobi anarisy wiupoxoeo cnexmpy pyHOAMEHMAbHUX | NPUKAAOHUX HAYKOBUX
npayy, a maxkox Bubuenns 0ocbioy posbunenux xpain, odrpyHmoByemoca akmyassuicms posbumxy BIIE 6 xonmexcmi obmexerocmi Guxontux
naiubnux pecypcib, Heobxionocmi dompumana MiXnapoorux 30608' azans wjodo cxkopouenns Buxudib napruxobux easif (Kiomcvkuii npomokos)
ma 3abesnevenns enepeemuunoi besnexu. Ipobedero cucmemamusayiio cneyupivnux xapaxmepucmux ma 6udi6 6ionobaiobanux enepeopecypcib
3 ypaxybanuam pibus ix inmeepayii 6 eocnodapceky OisavHicms pecionarsHux cucmeM. OyineHo enepeemuunuil nomenyias peioni6 Yipainu
1000 Bnpobadxenns iHHOBayiuHux mexHosoeinn Bukopucmanna BJIE. Iliokpecaioemvcs, ujo He3adoBisvHuii cman  006kiias  ma
eHepeodepiyumHicins pecioHaAvHUX eHepeocuceM Yxpainu obymobatoroms HeoOXIOHicHb 1meopemuuHoe0 00IpYHMYBAHHA mMa NpaKmuyHoi
pearisayii 3ax00i6, cnpAMoBanHUX HA N000AAHHA NpodaeM eHepeosabesneueHHs HACeAeHHA ma npomucioBocmi 3a paxyHok Gukopucmanna BIIE.
Apeymenmobano, wo egpexmubre 6npoBadxenns BIE 6 Vipaini nompebye gpopmybanna 6aacoi nayionassroi Modeai, sxa Bxaiouae cmbopers
oKpeMoi eHepeemuunoi earysi 3 edpexmubrumu Hopmamubro-npabobumu incmpymenmamu 044 xoxHozo 8udy BIE, pospobky cmumyaioouol
Oeprabroi nosimuku (Braiouaionu nisveobi ymobu 015 BupobHukib ma cnoxubauib enepeii), a maxox nousyx dxepes pinancybanns. IJocaenennsa
30asancobanocni KA0406UX MeXHIK0-eKOHOMIUHUX NOKASHUKIG mpaduyitinoi ma Gi0no64106anoi eHepeemuKiL po3eAA0aembcs AK Moxaube 3a
yMobu pepopmybanna cucmemu yinoymbopenua 6 mpaduyinuuin enepeemuyi, Bpaxobyiouu, w0 YiHA € 00HUM 3 BUsHAUAABHUX pakmopib
inmepnanizayii c6imobux enepeemuunux punxib. Busnaueno npiopumemni nanpamu 6npobadxenns ionobaobaroi enepeemuxu, ceped AKUX:
inmencugpixayis naykoBux (pynoamenmarsbHux i npukiaoHux) 00cAioxens, 4 MAKoX HAYkoBo-00CAIOHUX i KOHCHPYKIMOPCbKO-po36ioyBarbHux
pobim; cmbopenna ocBimmuvoi 6asu 041 nideomobxu BucoxokBarigpixobanux paxibyib y earysi BIE; modepuizayis icuyiouoi Bupobruuoi ma
npogpeciiinoi ingppacmpyxmypu 044 3abesneueHHs meopemuuHoi ma npakmuunoi disivrocmi y cgpepi BIIE; cnpouyenta docmyny 06'exmié BIIE
00 eAeKmMpUUHUX | 1Meni06ux Mepex eHepeemUuHUX KOMNAHILL HA OcHOBI 6ionobionux Hopmamubro-npabobux axmib; cmbopenna cucmem
MOHIMOpUHey, cepmudpixayii ma mempoaoeiunoeo 3abesneuenHs 044 KoMHAeKCHO020 0ocaiOxenHa BIE; posBumox iHcmumyyii, wo 3aimannscs
po3podkoro, Bupodruymbom, monmaxem, 66edenmam 6 excnayamayito, pemonmom i cepbicnum obcayeoBybannam odaadnanna oin BIE;
3abesneuenis inbecrmuyinnoi niompumxu depxabrux npoepam 3 posbumxy BIIE, Bkatouarouu nonyiapusayiio Ha peeionaibHoMy, HayioHALbHOMY
Ma MKHAPOOHOMY PIBHAX; CNPUAHHA 0iAAbHOCHT epOMAOCbKUX Opeanisayill, uwjo npaywoitoms y cgpepi BIIE.

Ka10u06i cao6a: 6ionobaiobarvti Oxepeaa enepeii, peeion, iHcmumyyii, eqpexmubHicnms BUKOpUCTIAHHA, PeciOHAAbHI eHepeemutHti
cucmemu, eHepeemuuHa besnexa, eHepeemu1HUTL 10MeHYiaL peeioHy.
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