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Abstract. The purpose of this article is to develop recommendations and proposals for increasing the introduction of
new generating capacities in the field of renewable energy sources in Ukraine. This includes analyzing the current state
of renewable energy, identifying key issues and barriers, and formulating strategic directions and specific measures to
stimulate the development of this sector.

The research used the methods of system analysis, expert evaluation, comparative analysis and forecasting. A detailed
analysis of the regulatory and legal framework of Ukraine in the field of renewable energy was conducted and the
experience of leading countries in this field was studied. The main data for the analysis are obtained from official
sources, statistical reports and the results of surveys of key stakeholders.

The study revealed a number of significant barriers to the development of renewable energy in Ukraine, such as
the imperfect regulatory framework, limited access to financial resources, insufficient infrastructure development,
and technical problems. At the same time, promising areas of development were identified, such as improvement of
legislation, development of stimulating financial mechanisms, implementation of modern technologies, development
of local electricity markets, and raising public awareness of the benefits of renewable energy.

The scientific novelty of the study consists in a comprehensive approach to the analysis of problems and prospects
for the development of renewable energy in Ukraine, in particular, in the identification of new opportunities for
increasing the efficiency of the implementation of renewable energy sources. The proposed measures take into account
international experience and the specifics of Ukrainian conditions, which makes it possible to make conclusions and
recommendations maximally adapted to the real needs and capabilities of the country.

The practical significance of the study lies in the possibility of using the developed recommendations and proposals
for the formation of state policy in the field of renewable energy, as well as for practical implementation at the level of
individual enterprises and regions. Implementation of the proposed measures will help increase the share of renewable
energy sources in the energy balance of Ukraine, reduce dependence on traditional energy sources, improve the
environmental situation and increase the energy security of the country.
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AHoTanis. MeToro 1€l cTarTi € po3podKa peKOMEHIAIIH Ta MPONO3UIIIN 1010 301IbIICHHS BBEJACHHS HOBHX I'€HE-
PYBJIBHUX MOTYKHOCTEH y cdepi BIIHOBIIOBAILHUX JpKepel eHepril B Ykpaini. Lle Bkiitoyae aHai3 moTouHOro cra-
HY BIJIHOBJIIOBAHOT €HEPIeTUKH, BUSBICHHS KIFOYOBUX MpooieM 1 6ap'epiB, a Takok (pOpMyJIFOBaHHS CTpAaTETiuHHX
HAaIpPSIMKIB 1 KOHKPETHUX 3aXO0/iB JJIsl CTUMYJIFOBAHHS PO3BUTKY [[LOTO CEKTOPA.

VY nocniJpKeHHI BUKOPUCTOBYBAJIMCh METOIM CUCTEMHOT'O aHaJli3y, eKCIIEPTHOTO OLIHIOBAHHS, TOPIBHSIBHOIO aHAJI3y
Ta MPOrHO3yBaHHs. byiio mpoBe/ieHo JieTalbHUil aHali3 HOPMATHBHO-IIPaBOBOT 0a3u YkpaiHu y cdepi BiIHOBIIOBAHOT
€HepreTHKH Ta BUBYEHO JIOCBIJI MMPOBIIHKUX KPaiH y 1iii rany3i. OCHOBHI iaHi JIs aHai3y OTpUMaHi 3 opiliiHuX JKe-
pel, CTaTUCTUYHUX 3BITIB Ta PE3yJIbTaTiB OMUTYBAHb KIIIOUOBUX CTEHKXOIIACPIB.
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JlocmimKeHHs! BUSIBUIIO Psiji 3HAUYIIMX Oap'epiB JUist PO3BUTKY BiIHOBJIIOBAHOT €HEPIeTUKH B YKPaiHi, TAKHX SIK HEJIOCKOHA-
JIICTh HOPMATUBHO-TIPABOBOI 0a3H, 0OMEKEHHH 10CTYI 10 (JIHAHCOBHX PECYPCiB, HENOCTATHIN PO3BUTOK 1HPPACTPYKTYpH
Ta TeXHIYHI rpoOnemu. BoxHowyac Oysio BU3HAYEHO MEPCHEKTHBHI HAIPSIMU PO3BHUTKY, TaKi SIK BIOCKOHAICHHS 3aKOHO-
JIABCTBA, PO3POOKA CTUMYJIFOFOUMX (DIHAHCOBUX MEXaHI3MIB, BIIPOBA/XKCHHS CYYaCHHUX TEXHOJIOTIH, PO3BUTOK JIOKATBHIX
PHHKIB €JIEKTPOEHEpIil Ta MiJIBUIIEHHS 0013HaHOCTI I'POMAJICHKOCTI L1010 TIepeBar BiIHOBJIIOBAHOT EHEPTETHKH.

HayxoBa HOBH3HA JAOCIIKEHHS TIOJISITAE Y KOMIUIEKCHOMY IMIAXO/1 0 aHajIi3y mpolJieM Ta epCreKTUB PO3BUTKY Bifl-
HOBJIIOBaHOT €HEPreTHKU B YKpaiHi, 30KpeMa y BUSIBIICHHI HOBUX MOKIIMBOCTEH /IS MiZIBUIIIEHHS €(DEKTHBHOCTI BIIPO-
BaJDKEHHS BIJIHOBJIIOBAHUX JKEPEJ eHeprii. 3anporioHOBaHi 3aX0/IM BPaXOBYIOTh MDKHAPOJHUI TOCBIA Ta cenudiky
YKpaTHCBKUX YMOB, IO JI03BOJISI€ 3pOOUTH BUCHOBKM Ta PEKOMEH[allii MaKCUMAJIbHO a/IallTOBAHUMH JI0 PEabHUX
noTped 1 MOKIMBOCTEH KpaTHH.

[IpakTuvHa 3HAYUMICTB JOCITIHKESHHSI TOJIATae Y MOKIIMBOCTI BUKOPUCTAHHS pO3POOJICHIUX PEKOMEHIAIIH Ta MPomo-
3ULIH Juist (GOPMYBaHHS Jep’KaBHOI MOJITUKH Y cepi BiIHOBIIOBAHOT €HEPTETHKH, a TAKOXK JUIs MPAKTHYHOTO BIIPO-
BaJDKEHHS Ha PIBHI OKpEeMHUX MIJANPUEMCTB Ta perioHiB. Peanizallist 3arpornoHOBaHUX 3aX0/iB CIIPUSITHME 3pPOCTAHHIO
YaCTKH BIJIHOBJIIOBAaHMX JDKEpEIl €Heprii B eHepreTHuHOMY OaslaHci YKpaiHu, 3MEHIIEHHIO 3aJI€KHOCTI BiJI TPaJnIii-
HHMX €HEProHOCIIB, TOKPAIIEHHIO KOJIOTIYHOI CUTYyaLlil Ta MiJIBUILIEHHIO SHEPreTHYHOT Oe3MeKH KpaiHu.

KoiouoBi ciioBa: BiJIHOBIIOBaHI JpKepelia eHeprii; reHepyBabHi OTY)KHOCTI; €HEpreTuiHa IOJIiTHKA; HOPMAaTHBHO-

npaBoBa 0a3a; YkpaiHa.

INTRODUCTION

In today's world, the global community is
actively working to reduce the negative impact on the
environment and combat climate change. One of the
key directions of this activity is the development of
renewable energy sources (RES), which allows to reduce
greenhouse gas emissions and reduce dependence on
fossil fuels. Ukraine, having significant potential in
the field of RES, has also taken important steps in this
direction. However, despite the achieved successes, the
level of RES development in Ukraine is still insufficient
to achieve the ambitious goals of energy independence
and environmental sustainability.

The topicality of the topic is due to the need
to develop effective strategies and mechanisms for
stimulating the introduction of new generating capacities
in the field of renewable energy. The current state
of the legal framework, infrastructure and financial
mechanisms needs improvement to ensure stable and
rapid development of this sector [1-3].

This article analyzes the current state of development
of renewable energy in Ukraine, identifies the main
problems and barriers that prevent the introduction of new
generation capacities, and develops recommendations
and suggestions for overcoming them. Special attention
is paid to the analysis of international experience and the
possibility of its adaptation to Ukrainian conditions.

The purpose of the study is the formulation of complex
measures that will allow to significantly increase the
volume of introduction of new capacities in the field of
RES, will contribute to the improvement of the ecological
situation and ensure the energy security of Ukraine.
Thanks to the proposed recommendations, it is possible
to create favorable conditions for attracting investments,
introducing modern technologies and developing local
electricity markets.

Object of study — renewable energy sources in
Ukraine.

Subject of study — processes and mechanisms of
introduction of new generating capacities in the field of RES.

FORMULATION OF THE PROBLEM

Ukraine's modern energy sector faces numerous
challenges, such as dependence on imported fossil fuels,
aging infrastructure, and environmental issues. Taking
into account the global trends in the development of
renewable energy sources (RES), it is necessary to
develop effective strategies to increase the amount of
introduction of new generation capacities using RES.

ANALYSIS OF RECENT RESEARCH
AND PUBLICATIONS

The latest research in the field of renewable energy
in Ukraine emphasizes the significant potential of the
country in the use of solar, wind and bioenergy. Studies
show that Ukraine has sufficient natural resources for the
development of RES, but faces problems of regulatory
and legal regulation, access to financing and technical
barriers. The works [4-7] reveal the main obstacles and
opportunities for the development of RES.

SEPARATION OF PREVIOUSLY
UNRESOLVED PARTS OF THE OVERALL
PROBLEM

Despite numerous studies, the issues of effective
stimulation of renewable energy investments,
improvement of the legal framework and development
of complex mechanisms for supporting the development
of renewable energy still remain unresolved. It is also
important to take into account local conditions and the
specifics of the Ukrainian energy market [8].

PRESENTATION OF THE MAIN MATERIAL

Ukraine has problems related to energy security,
ecology and dependence on imported fuels. To solve
these problems and achieve sustainable development of
the country, it is extremely important to expand the use of
renewable energy sources.
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To this end, a number of measures and strategies need
to be considered. First, it is necessary to create a favorable
regulatory environment, including simplification of
legislation and procedures for obtaining permits for the
development of renewable energy sources. It is also
important to provide financial support and stimulate
investment through special programs and benefits.

Secondly, it is necessary to develop a network of
energy storage facilities and modernize the existing energy
infrastructure for efficient storage and transmission of
energy from renewable sources to consumers. This may
include the reconstruction and improvement of transport
systems and energy networks.

From 2018 to 2021, the total installed capacity
of renewable energy sources in Ukraine more than
quadrupled, growing from 2.3 GW to 9.6 GW. Over half
of these capacities are ground-based solar power plants,
and another third are wind turbines.

As of the end of 2021, the share of renewable energy
sources in the Ukrainian energy system reached 8.1% or
12.8 TWh. This indicates the rapid development of the
industry, which is able to effectively replace traditional
sources of electricity generation, such as nuclear and
thermal power plants. The rest consists of biogas, biomass
and small hydroelectric plants [4-7].

However, the war had a significant impact on
the development of RES — currently wind and solar
generation is less than half of their usual pre-war level.
This is due to two main factors:

— firstly, as a result of the Russian invasion, 80% of
Ukrainian wind energy capacities were stopped due to
direct military actions or to prevent damage to electrical
equipment.

—secondly, the decrease in demand for electricity and
the high percentage of base generation make it difficult
to integrate renewable energy into the energy system,
especially solar energy, which amounts to more than 6
GW. Due to a sharp decrease in electricity demand in
the country, national dispatchers have been forced to
shut down RES generation, especially during generation
peaks.

Itisthe increased level of renewable energy generation
that can make Ukraine's power system more flexible and
ready for emergency situations — this is due to the fact
that solar and wind power plants are decentralized and
less vulnerable than basic generation such as nuclear
power plants or thermal power plants.

In addition, increasing the capacity of European
interconnectors could prevent the loss of a significant
amount of energy produced on the basis of RES in the
most productive months of the year.

Generating capacities based on renewable energy
generation are a reliable stabilizer of the energy system of
Ukraine during a military conflict. Their wide distribution
throughout the country allows to reduce the risks of
losses, which generally contributes to greater flexibility

of the energy system in the most difficult period in the
history of independence.

When developing specific recommendations and
proposals for increasing the use of renewable energy
sources in Ukraine, it is important to take into account the
country's needs for renewable energy, the prospects and
development potential of this sector, as well as interaction
with other energy sectors [9-10].

Widespread implementation of renewable energy
sources can significantly improve energy security, reduce
emissions of harmful substances into the atmosphere, and
reduce dependence on imported fuel. This approach will
contribute to the sustainable development of the country
and improve the quality of life of citizens.

Modern energy is mainly based on non-renewable
energy sources, which, having limited reserves,
are exhausted and cannot guarantee the sustainable
development of world energy in the long term. The use
of these sources is one of the main factors causing the
global deterioration of the environment and leading to
the energy crisis. Renewable energy is a branch of energy
that ensures the production of electrical, thermal and
mechanical energy from renewable energy sources, such
as solar, wind, geothermal energy, wave and tidal energy,
hydropower, biomass and others [2-4].

The American ecologist and founder of the Worldwatch
Institute, L. Brown, points to the need to use renewable
energy sources instead of fossil fuels to prevent the
destruction of the environment, which negatively affects
the economy of every country. Research confirms that
the solution to this problem lies in the use of renewable
energy sources. One of the key tasks is the search for new,
efficient and renewable energy sources, taking into account
energy security and the preservation of ecological balance.
Ukraine must develop renewable energy sources (RES) to
ensure energy security and environmental protection. To
achieve these goals, the government and private companies
must take into account the opportunities and prospects for
the development of RES.

‘ Integrated use of renewable energy sources ‘
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Fig. 1. Integrated use of renewable energy sources

Proposals to increase the volume of introduction of
new generating capacities in the field renewable energy
sources through their integrated use:

— infrastructure development — in Ukraine,
infrastructure needs to be developed to connect new
generating capacities to the energy system.



— connection to European power grids — Ukraine
must connect its energy systems to European power grids
to ensure stable energy supply.

— development of new technologies — Ukraine needs
to develop new technologies for the production of energy
from RES, such as solar and wind energy.

— cooperation with international organizations —
Ukraine should cooperate with international organizations
to obtain financial and technical assistance in the
development of RES [6-7].

— development of incentive and incentive programs —
it is necessary to develop incentive programs for private
companies engaged in the development of RES.

— development of long-term energy security plans — it
is necessary to develop energy security plans to ensure
stable energy supply and environmental protection.

— development of education and training programs —
it is necessary to develop education and training programs
for RES specialists.

— development of innovation programs — it is necessary
to develop innovation programs to stimulate the development
of new technologies and products in the field of RES.

— development of energy efficiency programs — it
is necessary to develop energy efficiency programs to
reduce energy consumption and energy production from
traditional sources.

— development of environmental protection
programs — it is worth developing environmental
protection programs to ensure the safety and cleanliness
of air, water and land.

The development of recommendations and proposals
for increasing the volume of introduction of new
generating capacities in the field of RES in Ukraine can
help the government and private companies to develop
infrastructure, technologies and programs to ensure a
stable and ecologically clean energy supply.

Forecasting the development of wind energy in
Ukraine using the Holt method

Based on previous studies, it was chosen to build
predictive parameters using the Holt method for the
following types of energy: wind energy

Holt's method is used to forecast time series when
there is an upward or downward trend in the values of the
time series. And also for series when the data is not for a
complete cycle (for example, for an incomplete year for a
monthly forecast). Constant smoothings in Holt's method
ideologically play the same role as constants in simple
exponential smoothing. The Holt method is used to forecast
time series when there is a tendency to increase or decrease
the values of the time series. The main dependencies and
regularities of the Holt method are as follows:

Exponentially smoothed series:

Lt = kYr +(1- k)‘(Lt—l - T;—l) >

where L, — smoothed value for the current period;
k — coeflicient of smoothing of the series;
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Y, — current values of the series;

L, ,— smoothed value for the previous period;

T, ,— trend value for the previous period.
Definition of the trend:

T,=b(L,-L)+(10-b)T_,

where 7, — trend value for the current period;
b— trend smoothing factor;
L, —exponentially smoothed value for the current period;
L _,— exponentially smoothed value for the previous
period;
T,_,— trend value for the previous period.

Building a forecast using the Holt method:

fw‘p:Lf‘F‘D*T;,

where ¥ . »— forecast by the Holt method on p period;
L,— exponentially smoothed value for the last period;

p —serial number of the period for which the forecast is made;
T, — the trend for the last period.

Constant smoothing in the Holt method ideologically
plays the same role as the constant in simple exponential
smoothing. They are selected, for example, by going
through these parameters with some step. Algorithms that
are less complex in terms of the number of calculations
can also be used. The main thing is that you can always
choose such a pair of parameters that gives a high
accuracy of the model on the test set, and then use this
pair of parameters in real forecasting.

The main thing is that you can always choose such
a pair of parameters that gives a high accuracy of the
model on the test set, and then use this pair of parameters
in real forecasting. In the Holt model, the smoothing
parameters characterize the degree of adaptation of the
model to changes in a number of observations. They
determine the speed of the model's response to changes
occurring in development. The more they are, the faster
the model reacts to changes. Of course, their value is
larger for stable series, and smaller for unstable ones.
Different forecasting methods use a different approach
to their determination. They can be taken as fixed, and
the best value can be determined by the selection method
so that the forecast error one step ahead is the smallest.
An alternative to this approach is the dynamic change of
smoothing parameters. In evolution and simplex planning
methods, the adaptation parameters are constantly
changing at each step. Multiple values are generated for
the smoothing parameter.

As can be seen from the constructed schedule
regarding the installed capacity of wind energy in
Ukraine, the following results of the construction of the
forecast model were obtained: by 2026, an increase in the
amount of installed capacity of wind energy is predicted
to the level of 2500 MW, which confirms that special
attention should be paid in Ukraine to the intensification
of the development of new generation capacities in the
field of wind energy.
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Fig. 2. Forecasting the dynamics of the development
of the installed capacity of wind energy in Ukraine according
to the Holt method:
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DISCUSSION OF THE OBTAINED RESULTS

The results of the study showed that the main barriers
to the development of RES in Ukraine are the imperfection
of the regulatory and legal framework, limited access
to financial resources and insufficient infrastructure
development. The proposed recommendations include
the improvement of legislation, the development of
stimulating financial mechanisms, the introduction
of modern technologies and the development of local
electricity markets.

CONCLUSIONS

The conclusions of the study indicate the need for
an integrated approach to the development of RES in
Ukraine. Implementation of the proposed measures will
contribute to the growth of the RES share in the country's
energy balance, reduction of dependence on traditional

energy sources, improvement of the environmental
situation and increase of energy security.

The development of renewable energy sources (RES) is
a key direction for the energy sector of Ukraine, taking into
account the need to increase energy independence, reduce
environmental impact and integrate into European energy
markets. In the course of the study, it was found that the
main obstacles to the development of RES in Ukraine are the
imperfect regulatory framework, limited access to financial
resources and insufficient infrastructure development.

The proposed recommendations cover the following
main areas:

1. Improvement of the legislative framework — it is
necessary to create a stable and transparent legal environ-
ment that will stimulate investments in RES. It is impor-
tant to ensure long-term and clear rules for investors and
develop mechanisms to protect their interests.

2. Development of financial instruments — to attract
investments in RES, new financial mechanisms should
be developed and implemented, such as "green" bonds,
special credit lines and state guarantees for investors.
This will help reduce financial risks and increase the
attractiveness of the sector for private investors.

3. Implementation of the latest technologies — support
for innovation and development of new technologies in
the field of RES are extremely important for increasing
efficiency and reducing energy production costs. This
includes the development of infrastructure for energy
storage and distributed energy systems.

4. Development of local electricity markets —
decentralization of energy production and the creation of
local electricity markets will contribute to increasing the
reliability of energy supply and reducing dependence on
centralized systems.

The implementation of these measures will contribute not
only to the increase in the share of RES in the energy balance
of Ukraine, but also to the improvement of the environmental
situation, the creation of new jobs and the increase of energy
security. A comprehensive approach to the development of
RES will ensure the sustainable development of the energy
sector and contribute to the integration of Ukraine into the
European and world energy markets.
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