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» Abstract. The aim of the study was to identify economic challenges to the introduction of renewable energy
sources in the agricultural sector of Ukraine and to substantiate ways to overcome them, taking into account modern
transformations. The methodological basis was formed by statistical analysis (in particular, trend and comparative),
economic andlegal analysis, as well as content analysis of scientific sources and regulatory documents. The study analysed
current trends in the development of solar, wind and bioenergy in the agricultural sector. It has been established that the
greatest economic effect is provided by projects based on the use of biomass, biogas and solar energy, which can reduce
energy costs by up to 20-25% on average. It is found that bioenergy has the greatest prospects due to the significant
amount of available agricultural raw materials; it is substantiated that the annual potential for replacing imported gas
with biofuels is up to 5 billion cubic metres, which is equivalent to a reduction in costs of more than USD 2 billion. The
article analyses the dynamics of solar energy implementation in the agricultural sector for the period 2018-2024, in
particular, it is found that in the context of the armed conflict, the share of operating solar power plants decreased to
50-60% due to damage to infrastructure, but in the western and central regions there is a tendency to increase installed
capacities. It has been found that the efficiency of the introduction of renewable energy sources depends on the level of
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government support, the availability of targeted instruments such as “green” tariffs, low-interest loans, and transparent
regulatory mechanisms. The practical significance of the study is to provide recommendations for strengthening support
for the introduction of renewable energy sources, which will contribute to the energy efficiency of the agricultural sector,
increase the profitability of farms and the competitiveness of their products

» Keywords: innovative technologies; sustainable development; competitiveness; environmental sustainability;

state support; investment incentives

» Introduction

The relevance of the study is stipulated by the need to de-
velop effective economic mechanisms for the introduc-
tion of renewable energy sources (RES) in the agricultural
sector, as this sector is the basis for ensuring food security,
economic stability and environmental balance. Climate
change, the energy crisis, rising costs of traditional ener-
gy sources and international environmental obligations
require countries to adapt their economic models to new
challenges, which in turn makes it necessary to analyse
the economic feasibility of integrating alternative energy
technologies. The introduction of RES into the production
processes of the agro-industrial complex will optimise
energy costs and help to increase the competitiveness of
enterprises at the international level, while ensuring their
energy autonomy and reducing negative environmental
impact. In this context, a study of the economic aspects
of renewable energy use in the agricultural sector is nec-
essary to formulate strategic decisions that will promote
the development of the industry, attract investment and
implement state support mechanisms aimed at strength-
ening the country’s energy security.

Scientific studies show that the introduction of RES in
the agricultural sector is not only economically beneficial,
but also strategically necessary to increase energy auton-
omy and reduce negative environmental impact. In the
work of A. Dankevych et al. (2023) substantiated the effec-
tiveness of bioenergy technologies for cost optimisation in
agriculture and emphasised that government support and
expansion of investment potential are the determining fac-
tors in the development of this sector. The study demon-
strates that the integration of biogas plants and the use of
biomass as an alternative energy source can improve the
energy efficiency of agricultural enterprises and reduce
their dependence on imported energy. The prospects for
the development of distributed generation in the agricul-
tural sector were considered by S. Boiko et al. (2023), who
noted that the integration of decentralised energy systems
contributes to improving the energy security of enterpris-
es and optimising their production costs. The authors
emphasised that the use of small solar and wind power
plants reduces the load on centralised power grids and en-
sures stable energy supply even in remote regions, which
is important for agricultural enterprises facing the prob-
lems of unstable energy supply and high electricity tariffs.

A separate aspect of the introduction of renewable
energy in the agricultural sector was considered in paper
V. Havrysh et al. (2022), who investigated the prospects of
using sorghum as a feedstock for bioenergy production.
The authors pointed out that this crop has a high energy
potential and is able to provide biofuel production with
minimal agricultural technology costs, which makes it
attractive for farms in the southern regions of Ukraine.
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The issue of integrating environmental, social and gov-
ernance standards into the activities of agri-food enter-
prises was addressed in the work of T. Voronko-Nevid-
nycha et al. (2023). They emphasised that compliance
with ESG principles (environmental, social and corporate
governance) in the functioning of the agricultural sector
helps to attract investment and increase the capitalisa-
tion of companies. The importance of regional peculi-
arities in the implementation of renewable energy was
considered by M. Averkyna (2023). She analysed the sus-
tainable development of the Polissya economic region
from the perspective of environmental modernisation
and energy transformation and stressed that a differenti-
ated approach to the implementation of RES allows tak-
ing into account the specifics of each region and creating
adaptive models of energy development. In the study, she
substantiated the need to expand government support
for farmers seeking to invest in RES, in particular through
a system of tax incentives and grant programmes.

The scientific work of K. Anshu et al. (2023) clearly
demonstrated that the successful integration of innova-
tive energy technologies into various industries, includ-
ing the agricultural sector, requires not only financial
support but also the formation of a balanced public pol-
icy, including regulatory frameworks and incentives to
attract investment in modern technologies. The authors
emphasise that sustainable energy development is pos-
sible only if regional specifics and the needs of individual
farms are taken into account, as well as active cooperation
between the state and private initiatives. The authors also
emphasise that only a harmonious combination of state
regulation and private entrepreneurship can ensure the
effectiveness of such initiatives. A study by EJ. Miranda et
al. (2023) analysed in detail the importance of integrating
solar energy into the functioning of the agro-industrial
complex. The researchers emphasised that the introduc-
tion of these technologies contributes to a significant re-
duction in the costs associated with the use of energy re-
sources, while ensuring a more environmentally friendly
nature of production processes. In addition, the authors
drew attention to the dependence of the effectiveness of
such investments on the existence of state subsidies, as
well as the importance of creating a transparent and clear
regulatory environment that would regulate activities in
the field of renewable energy.

The economic feasibility of using RES in the agricul-
tural sector has been thoroughly explored in the works of
researchers, but a number of aspects have remained out-
side the scope of comprehensive analysis, which highlights
the need for further comprehensive research on this topic.
The aim of this study was to assess the economic aspects
of the use of RES in the agricultural sector of Ukraine and
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to identify the main challenges and prospects in this area.
The objectives of the study were to analyse the current
state of implementation of RES in the agricultural sector
of Ukraine, assess the economic feasibility of using certain
types of RES and develop recommendations for optimising
state policy in the field of stimulating investment in envi-
ronmentally friendly technologies.

» Materials and methods

The study was based on an analysis of Ukraine’s legal and
regulatory framework, in particular the Law of Ukraine
No. 555-1V (2003), which defines the legal and organisa-
tional framework for promoting the use of RES, including
state support mechanisms, such as “green” tariffs, tax ben-
efits and compensation programmes. The key element of
the analysis was the Decree of the Cabinet of Ministers of
Ukraine No. 1163-p (2024), which provides for a gradual
increase in the share of RES in the energy balance of the
agro-industrial complex, development of infrastructure
for bioenergy generation and creation of conditions for the
integration of the latest technologies into production pro-
cesses. The study also examines the Decree of the Cabinet
of Ministers of Ukraine No. 761-p (2024), which focuses on
expanding the use of solar and wind energy in agriculture
and identifies key measures to stimulate investment in re-
newable energy projects, including the provision of grants
and low-interest loans.

The analysis of the economic benefits of implement-
ing measures aimed at developing RES in the agricultural
sector of Ukraine was carried out on the basis of statisti-
cal data published by the State Statistics Committee of
Ukraine (n.d.) for the period 2018-2024. Financial invest-
ments in renewable energy projects, the dynamics of en-
ergy efficiency indicators, and changes in the use of these
sources in the activities of agricultural enterprises were
considered. In addition, the analysis involved informa-
tion provided by the Ministry of Agrarian Policy and Food
of Ukraine (2024), whichincludes detailed data on the distri-
bution of state funding allocated to support the implemen-
tation of energy efficient technologies, as well as the results
ofanassessmentoftheeconomicbenefits of suchinitiatives.

Statistical studies have revealed significant changes in
the energy costs of agricultural enterprises, their impact
on production costs and profitability. The data analysis
also made it possible to assess the effectiveness of regula-
tory instruments aimed at stimulating the development of
renewable energy, in particular, the relationship between
the amount of public funding for such projects and energy
efficiency in agriculture. Special economic research meth-
ods were used in the study. Statistical analysis (in particu-
lar, trend and comparative methods) was used to process
data on the share of RES in the overall energy balance of
agricultural enterprises, the dynamics of investment in the
sector, and changes in energy costs. The empirical materi-
al was processed, including calculations, graphing and ag-
gregation of indicators, using the Microsoft Excel spread-
sheet processor, which ensured the results were clearly and
accurately presented. The trend analysis tracked changes
in key economic indicators (production cost, level of en-
ergy independence) in the period 2018-2024. Comparative
analysis was used to compare the economic results of us-
ing traditional and RES. The economic and legal method

was used to study the regulatory framework governing
the development of renewable energy in the agricultural
sector. The content analysis method was also applied to
study scientific sources and regulatory documents, which
allowed for a comprehensive assessment of the economic
prospects and challenges of introducing RES in the agri-
cultural sector of Ukraine.

In addition, the study used a case study of a specif-
ic agricultural enterprise (“Agro-Kartel” LLC, Chernihiv
region) to model the economic effect of switching to bi-
omass as a heat source and estimate the payback period
of investments. The choice of this enterprise was made
due to its specialisation in greenhouse vegetable produc-
tion, high energy intensity of production processes, and
the availability of facilities that have already been partially
adapted to the implementation of energy efficient tech-
nologies, while the location of the enterprise in a region
with a developed agricultural raw material base for bioen-
ergy and favourable logistical conditions for biomass sup-
ply ensured that the results obtained were representative
of similar scenarios for average agricultural producers in
Ukraine. To take into account spatial differentiation, el-
ements of spatial analysis were applied, in particular, re-
garding the regional distribution of solar power plants and
zonal climate features that affect the efficiency of RES. For
the purpose of international comparison, a comparative
analysis of macroeconomic effects and models of state
policy in the field of RES was carried out on the example
of Denmark, Germany, China and the United States. Ad-
ditionally, the resource potential of biomass was assessed
by sources of origin (straw, livestock waste, corn residues),
volumes and potential for replacing natural gas. An envi-
ronmental and economic assessment was also applied,
which included an analysis of the impact on CO, emis-
sions, the possibility of utilising agricultural waste and
reducing the environmental burden on the environment.

To evaluate the economic feasibility of using biomass
as an energy source in greenhouse farming, a comparative
method of analysing operating costs for two alternatives
was applied: the use of natural gas and the use of wood
pellets. The calculation of heat demand was carried out
using the formula (1):

Q=S-q ey

where Q - total heat demand for the heating season,
kWh; S — greenhouse area, m? g — average heat demand
per 1 m?, kWh/m?.

The volume of natural gas required to cover this need
was determined by the following formula (2):

Q
Hgas'ngas’

gas )
where Vs ™ volume of natural gas liquefied, m*% H__-low-
er calorific value of natural gas, kWh/m?3; Nyos = thermal ef-
ficiency of the gas boiler, expressed as a fraction.

The cost of heating with natural gas was calculated
using the formula (3):

Cgas = ‘/gas : Pgas ’ (3)

where Cgas — total gas heating costs, UAH; PgaS — price per
1 m® of natural gas, UAH.
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For the alternative variant with biomass, the amount
of fuel required was calculated using the formula (4):

Q

b
Hbiomass Mbiomass

4

M biomass —

— lower

iomass

— biomass boiler

where M, - mass of wood pellets, kg; H,

calorific value of pellets, kWh/kg;

efficiency, in fractions of a unit.
The cost of biomass heating was determined by the

formula (5):

”biomass

(5)

‘biomass — ' biomass biomass’

where Cbiomass
1 kg of pellets, UAH.

The fuel savings were calculated as the difference
between the total costs of gas and biomass using the

formula (6):

—total biomass costs, UAH; P

biomass

—price per

AC=C_-C (6)

gas biomass®

The payback period for the biomass boiler was esti-
mated using the following formula (7):

— lada.
T= I (7)
where T - payback period, years; I ,, — additional invest-
ment in the purchase of a biomass boiler, UAH.

» Results

The integration of RES is one of the important areas that
determine the further development of Ukraine’s agro-in-
dustrial complex, as the use of RES contributes to econom-
ic growth by increasing production efficiency, reducing
production costs and reducing dependence on traditional
energy resources. Sources such as biomass, biogas, solar,
wind and hydropower can significantly reduce energy
costs, which creates conditions for improving the compet-
itive position of Ukrainian agricultural products on both
domestic and international markets. In addition, an ad-
ditional advantage is the positive impact on the environ-
ment, as the introduction of RES in production processes

helps to reduce greenhouse gas emissions, which is critical
for global efforts to combat climate change (Mitov, 2024).
The role of renewable energy in the development of
the agricultural sector goes beyond energy efficiency. It
includes technological modernisation, rational use of re-
sources, and the formation of sustainable models for the
development of the sector. According to IRENA (2025) and
the State Agency for Energy Efficiency and Energy Supply
of Ukraine (2021), renewable energy should be considered
a fundamental element of agricultural reform, combining
economic and environmental goals into a single strategic
development concept. The use of biogas plants on farms
to process organic waste and generate energy has already
been implemented in a number of agricultural enterpris-
es in Vinnytsia and Poltava regions. Solar panels are used
to provide energy for irrigation systems in the southern
regions of Ukraine, in particular in Odesa and Kherson
regions, where climatic conditions are conducive to max-
imising the use of solar energy. In addition, in Cherkasy
region, there are farms that use combined RES models,
combining solar energy with biogas plants to optimise
energy consumption and increase the autonomy of pro-
duction processes. The practice of using RES shows that
RES are already becoming an integral part of the strategic
development of Ukraine’s agro-industrial complex, pro-
viding economic benefits, increasing competitiveness and
minimising environmental impact (Usman et al., 2024).
The use of RES is based on the principles of minimis-
ing energy dependence and rationalising resource con-
sumption, which, in the face of current challenges, en-
sures the agricultural sector’s high adaptability to global
economic and environmental changes. The development
of renewable technologies makes it possible not only to
solve energy supply problems, but also to create addition-
al economic incentives for attracting investment in agri-
culture (Ismanzhanov & Tashiev, 2016). Such processes
contribute to the formation of a more diversified and sus-
tainable agricultural production, which plays a significant
role in ensuring the economic stability of the state. Types
of RES in the agricultural sector are presented in Table 1.

Table 1. Types of RES in the agricultural sector

Type of RES Feature

Solar energy

Using solar radiation to generate electricity or heat

Examples of application in the agricultural sector

Installation of solar panels to power farms,
irrigation pumps, and greenhouse heating

Providing energy to agricultural facilities

that use the movement of water

Wind energy Generating electricity using wind turbines such as warehouses or lighting systems
- Generating energy from biomass, biogas or biofuels Use of livestock waste to produce biogas,
Bioenergy . ) S . . f
produced by processing organic waste which is used for heating or powering equipment
Geothermal Utilising the earth’s heat Geothermal pumps for heating greenhouses
energy for power generation or heating or maintaining the temperature on farms
Hydropower Generating electricity from small hydropower plants Use of mini-hydroelectric power plants

to meet the energy needs of water farms or mills

Energy from Generating energy by burning

waste

or processing agricultural and municipal waste

Use of straw, nut shells or crop residues
as fuel to generate heat or electricity

Source: compiled by the authors based on V. Omelchenko (2022)

The use of solar panels is optimal in the southern
regions, where the average sunshine hours per year are
2,000-2,200 (Ministry of Agrarian Policy and Food of
Ukraine, 2024). However, the installation of such pan-
els requires significant upfront investment, and their
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performance depends on weather conditions. Bioenergy
has a high potential due to the large volumes of agricul-
tural waste, which allows for the production of biogas and
biofuels while reducing the environmental burden, but
the main drawback of this type of energy is the high cost
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of infrastructure. Wind energy is feasible in steppe regions
(Zaporizhzhia and Donetsk regions) where wind speeds
exceed 5 m/s, but its deployment is limited by high costs
and space requirements (Humeniuk & Humeniuk, 2023).
Energy from waste is effective for heating households, but
requires logistics and special equipment. Geothermal and
hydropower have limited application due to specific geo-
graphical conditions.

A review of the practice of countries such as Denmark,
China, Germany, and the United States shows that the
achievement of higher economic results in the process of
introducing renewable energy into the agricultural sector
was made possible by the development of effective govern-
mental regulatory mechanisms aimed at attracting invest-
ment in renewable energy. A special role in this was played
by the creation of systems that ensure integration between
the private sector and scientific institutions. In Germany,
in particular, the Energiewende programme (Ethics Com-
mission for Secure Energy Supply, 2011) was a key factor in
modernising the energy infrastructure, aimed at a gradual
transition to the use of RES, which in turn significantly re-
duced the dependence of the agricultural sector on fossil fu-
els, with the federal state of Bavaria seeing a 15% reduction
in energy consumption in the agricultural sector between
2021 and 2024. In Lower Saxony, farms that switched to bi-
ogas plants reduced energy costs by 20%, which had a pos-
itive impact on their profitability (Qawaqzeh et al., 2020).

The Danish experience shows that the implementa-
tion of a strategy of investing in the development of bio-
gas plants focused on the needs of the agricultural sector
has become a significant economic factor in reducing the
costs associated with the disposal of agricultural waste
and in ensuring stable access to energy resources for farm-
ers. The effectiveness of this strategy was largely ensured
by the introduction of government support programmes,
which included a system of subsidies and tax breaks. In
particular, in 2012, Denmark introduced a new subsidy
scheme that provided fixed subsidies for biogas produc-
ers, which helped to increase biogas production for elec-
tricity and heat generation, as well as for processing into
biomethane, which replaced natural gas. The scheme was
valid for new applications until 2018, but the subsidies
were granted for a 20-year period, so the bulk of biogas
produced in Denmark today is still subsidised. Thanks to
such programmes, the share of biomethane in the Dan-
ish gas system reached almost 40% in 2024, and by 2030,
it is projected that gas consumption in the country will be
100% “green” (IRENA, 2025).

In China, the development of renewable energy in
agricultural regions was manifested through the active in-
troduction of solar panels and mini-hydroelectric power
plants, which significantly increased the level of energy au-
tonomy of agricultural enterprises. The introduction of RES
has reduced farmers’ electricity costs by an average of 30%,
while productivityhasincreased by 15% due to stable energy
supply. In addition, exports of organic products increased
by 12% due to compliance with international environmen-
tal standards (Ramasubramanian et al., 2021). Thus, the
economic impact of this initiative is undeniable, as the use
of RES in the agricultural sector has not only reduced ener-
gy costs, but also created the conditions for increased pro-
ductivity and a more sustainable economic environment.

The practice of the countries under review shows that
the integration of public investment, support for inno-
vative technologies and incentives for agricultural busi-
nesses are fundamental prerequisites for the successful
implementation of RES. In the context of Ukraine, such
an integrated approach could become the basis for im-
proving the energy efficiency of the agricultural sector,
contributing to the sustainable economic development of
the industry and reducing its dependence on fossil energy
resources. This, in turn, will help to increase the compet-
itiveness of Ukrainian farmers both in the domestic and
international markets (Wang & Zhang, 2023).

Solar energy in Ukraine showed significant progress
by 2022, reaching an installed capacity of 6.32 GW of solar
power plants (SPPs), accounting for about 6% of the coun-
try’s total generation (Humeniuk & Humeniuk, 2023). This
was made possible by favourable natural conditions, the
development of technical infrastructure, and government
support, which created attractive conditions for investing
in solar energy. However, agricultural enterprises faced
a number of challenges in adopting solar technologies,
mainly the high cost of equipment and limited access to
finance, which made it difficult to integrate RES into the
agricultural sector.

As of 24 April 2024, there were 1,369 solar power
plants in operation in Ukraine, owned by 931 licensees,
accounting for 75% of all renewable energy facilities. The
largest number of SPPs is concentrated in six regions: Iva-
no-Frankivsk (142 plants), Dnipro (134), Vinnytsia (122),
Khmelnytsky and Kyiv (107 each), and Mykolaiv (92). In-
stead, Luhansk and Donetsk regions have only 2 stations
each, while Sumy region has 5 stations and Poltava region
has 7 stations. Some of the solar power plants are located
in the temporarily occupied territories of Kherson, Zapor-
izhzhia, Donetsk, and Luhansk regions, and they are cur-
rently not part of the Integrated Power System of Ukraine
(Hubareva, 2023). The dynamics of launching new SPPs
(according to licences) in 2018-2024 is shown in Figure 1.

800
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200
100
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Number of SPPs, units

e (Growth rate, %

2018 2019 2020 2021 2022 2023 2024

Figure 1. Dynamics of launching new SPPs
(according to licences) in 2018-2024
Source: compiled by the authors based on L. Belozerova
(2024)

The most active development of solar energy in
Ukraine took place in 2019, when the largest number of
new plants were commissioned. However, in the following
years, the pace of construction slowed down, and after the
outbreak of a full-scale war in 2022, licences for new SPPs
stopped being issued in Kherson, Zaporizhzhia, Mykolaiyv,
Kharkiv, Donetsk and Luhansk regions due to hostilities
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and occupation. By 2020, solar energy was a leader among
European countries in terms of installed capacity growth,
which demonstrates the significantinterest of international
investors in this sector. In 2020, approximately USD 1.4 bil-
lion was invested in the development of Ukrainian solar
energy, and leading companies such as Jinko Solar, Trina
Solar, ABB, and SMA Solar Technology were active in the
market. The successful implementation of green auction
projects, which are being implemented to reduce the cost
of electricity and increase competition between investors,
confirms the economic efficiency of this approach. For ex-
ample, in 2019, during the first “green” auction, a quota for
the construction of solar power plants with a total capacity
of 78 MW was allocated at an average price of 5.5 euro cents
per kWh, which was a significant step towards stabilising
the industry (Hubareva, 2023). In the agricultural sector,
solar panels are used to power irrigation systems, heat
greenhouses, and power agricultural equipment, which
helps to increase the energy independence of farms and
reduce electricity costs. The dynamics of the installed ca-
pacity of solar power plants in Ukraine is shown in Figure 2.

7,000 400
6,000 350
5,000 300
4,000 250

200
3,000 150
2,000 100
1,000 50

0 0

2018 2019 2020 2021 2022 2023 2024
Installed capacity, mW e Growth rate, %

Figure 2. Dynamics of installed capacity
of solar power plants in Ukraine, MW
Source: compiled by the authors based on L. Belozerova
(2024)

During 2019-2020, the installed capacity of solar pow-
er plants in Ukraine increased, with record volumes of
SPPs commissioned (up to 6,194 MW in 2021). Starting
in 2022, the war caused a decline in installed capacity to
5,623 MW, but the industry gradually recovered (5,983 MW
in 2024), indicating that the sector is adapting to new con-
ditions. The active implementation of solar energy con-
tributes to the development of regions, especially rural
areas, which is achieved through the creation of new jobs
in the construction and operation of solar power plants,
which in turn not only reduces unemployment but also
stimulates economic activity in remote areas of the coun-
try. The use of solar energy also reduces greenhouse gas
emissions, with each megawatt of installed solar capacity
reducing CO, emissions by 1,500-2,000 tonnes annually,
which has a positive impact on the environment and con-
tributes to Ukraine’s international climate commitments
(Mathew et al., 2024). Thus, the development of solar en-
ergy is a promising area of energy policy and a significant
contribution to the sustainable development of the econ-
omy and society. The installed capacity of RES facilities
operating under the “green” tariff is shown in Figure 3.

Ekonomika APK. 2025. Vol. 32, No. 3

v & F B E N EN
()
60%

40%

20%
2018 2019 2020 2021 2022 2023 2024

m SPP (MW) Home solar power plant (MW)
® Wind power (MW) Small hydropower (MW)
= Biomass power (MW) Biogas (MW)

Figure 3. Installed capacity
of RES operating under the “green” tariff, MW
Source: compiled by the authors based on L. Belozerova
(2024)

As of the end of 2021, the installed capacity of RES
in Ukraine was 9,655.9 MW, including solar installations
that covered the needs of private households (SPH), or
8,450.8 MW excluding SPH. The largest increase was ob-
served in solar and wind energy, but since the beginning of
2022, the development of these sectors has slowed down,
especially in 2022. At the same time, the home solar power
plant segment continues to grow as households look for
energy-independent solutions. Despite the challenging
environment, biogas, bioenergy and micro-hydropow-
er generation are also seeing gradual growth, indicating
that the market is adapting to the crisis. From an eco-
nomic point of view, the use of decentralised solar pow-
er plants in the agricultural sector helps to reduce energy
costs, which allows farmers and businesses to increase
their competitiveness, ensure energy independence and
reduce the vulnerability of production to energy market
fluctuations. In addition, such innovative solutions help
to optimise energy consumption, which is of particular
importance for export-oriented agricultural enterprises.

The military aggression of the Russian Federation
against Ukraine has caused widespread damage to the
country’s energy infrastructure, which has had a negative
impact on the development of renewable energy (Seme-
nenko et al., 2024). Significant damage to the renewable
energy infrastructure caused by the hostilities, including
the destruction of substations, grid systems, loss of equip-
ment, and the inability to access power plants in the occu-
pied territories, has significantly affected the industry. For
example, as of the end of 2024, about 70% of wind farms
and 45-50% of solar power plants were decommissioned,
which led to a more than twofold drop in electricity pro-
duction from alternative sources (Ministry of Agrarian
Policy and Food of Ukraine, 2024). Most of these facilities
are located in the south of the country, where natural con-
ditions favour the use of solar energy, and the calculation
of total losses will only be possible after the de-occupation
of these territories is complete.

The introduction of RES in the agricultural sector re-
quires systemic changes at the level of modernisation of
power grids to ensure the integration of new capacities, as
well as improvement of legislation that would stimulate
domestic production of equipment for solar power plants
(Andreitsev et al., 2024). Particular attention should be
paid to the use of land unsuitable for agricultural use, such
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as the territories in the exclusion zone of the Chernobyl
nuclear power plant (NPP), where the pilot project “Solar
Chernobyl” (n.d.) has already been implemented, which
generates electricity using areas unsuitable for agricultur-
al use. In addition, initiatives are being implemented to
create wind and bioenergy capacities on degraded lands,
which will reduce the dependence of the agricultural sec-
tor on traditional energy sources.

The national solar energy development policy should
focus on attracting foreign investment, introducing in-
novative technologies and strengthening international
cooperation, as the economic benefits of integrating RES
into the agricultural sector can lead to increased produc-
tivity, improved energy efficiency and reduced produc-
tion costs, which will open up new horizons for the sus-
tainable development of this strategic sector of Ukraine’s
economy. The National Renewable Energy Action Plan
until 2030 (Decree of the Cabinet of Ministers of Ukraine
No. 761-p, 2024) outlines strategic goals and areas for the
development of RES that should significantly change the
structure of the country’s energy sector, in particular by
integrating modern environmental technologies. Accord-
ing to the plan, the share of RES in gross final energy con-
sumption should reach 27% by 2030, which implies signif-
icant growth in three key sectors: in heating and cooling
systems, the share should reach 33%, in electricity genera-
tion - 29%, and in the transport sector — 17%.

To achieve these goals, 38 large-scale measures are
planned to be implemented, including investments in key
areas of the industry’s development. USD 12.6 billion is
planned to be invested in electricity generation from RES,
including USD 1.681 billion for the development of bio-
mass and biogas generation facilities. In addition, USD 6.7
billion is earmarked for the reconstruction of heat supply
systems, and the development of biofuels for the transport
sector is estimated at USD 450 million for bioethanol pro-
duction and USD 19 million for biodiesel. A special place
in the structure of the National Plan is occupied by bioen-
ergy, which is characterised by high potential for Ukraine
due to its agricultural specialisation, favourable climatic
conditions and access to significant amounts of biowaste.
The use of biomass and biogas not only contributes to
the country’s energy independence, but also significantly
reduces greenhouse gas emissions by converting organ-
ic waste into an energy source (Decree of the Cabinet of
Ministers of Ukraine No. 1163-p, 2024; No. 761-p, 2024).

At the same time, the growth rate of electricity pro-
duction from biomass and biogas remains relatively slow
compared to other types of renewable energy. As of the
beginning of 2024, the total installed capacity of electrici-
ty generation facilities using biomass and biogas reached
319 MW (excluding facilities in the temporarily occupied
territories). During this period, 68 biogas plants with
a total electrical capacity of 135 MW were operating in
Ukraine, as well as 24 biomass power facilities with a to-
tal capacity of 178 MW, operating under the “green” tariff
mechanism (Hubareva, 2023).

The development of bioenergyis one of the most prom-
ising areas for increasing the share of RES in total electrici-
ty production, especially in the context of the energy crisis
and the need to reduce dependence on imported fossil
fuels. As of early 2025, Ukraine has already implemented

a number of projects to convert thermal power plants
(TPPs) and combined heat and power plants (CHPs) to use
biomass, including at the Kamianets-Podilskyi CHP, which
runs on wood chips, and at the Burshtyn TPP, which is test-
ing the combustion of agro-pellets. The biomethane in-
dustry is also developing, and the first biomethane plants
are already in operation, for example, at MHP Eco Ener-
gy, which produces biomethane from agricultural waste.

The integration of biomass and biomethane into
highly manoeuvrable generating units, cogeneration sys-
tems or CHP plants, which are usually fuelled by natural
gas, requires investments in equipment upgrades, new
boilers and emission treatment systems. The cost of such
a retrofit varies from EUR 5 million to EUR 20 million,
depending on the capacity of the plant. Despite the high
upfront costs, these changes can reduce natural gas con-
sumption and dependence on imported fuel. According to
the Bioenergy Association of Ukraine, bioenergy can ac-
count for up to 15% of the country’s total energy balance,
which is equivalent to replacing up to 3 billion m? of gas
per year, significantly strengthening the country’s energy
security (Belozerova, 2024).

According to the Bioenergy Policy Roadmap until 2050
and Action Plan until 2025 (2020), the main sources of bio-
energy resources are agricultural residues, which account
for 44% of the total, and energy crops, which account for
32% of this volume. Among agricultural residues, the larg-
est share is occupied by grain straw (33%) and corn pro-
cessing by-products (35%). Despite the significant poten-
tial of these resources, their energy use remains low: the
potential of straw is used by less than 1%, and corn and
sunflower residues are almost never involved in the bio-
energy cycle. As a result, a significant amount of available
fuel resources, estimated at USD 3-4 billion, remains un-
tapped, which is a significant loss for a country with a high
level of energy dependence. The structure of agricultural
residues biomass potential is shown in Figure 4.

Cereal straw

By-products of grain
maize production

® Sunflower husks
Rapeseed straw

B By-products
of sunflower production

Figure 4. Structure of agricultural

residues biomass potential, MW
Source: compiled by the authors based on L. Belozerova
(2024)

In particular, straw and husks are efficient sources of
thermal energy, and their combustion technologies in the
form of fuel, wood or briquettes are already well established
in practice. However, the weak infrastructure for collecting
and processing such residues, as well as the lack of proper
legislative incentives, are the main barriers to realising their
energy potential. The efficient use of bio-waste, including
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agricultural residues, is of strategic importance for achiev-
ing Ukraine’s energy independence and reducing the cost
of imported energy. The potential of bioenergy in Ukraine
allows to replace up to 5 billion m®of natural gas annually,
which can reduce the cost of its imports by more than USD
2 billion. Integration of such resources into the bioenergy
system will not only provide the country with additional
energy, but also create new economic incentives for the ag-
ricultural sector. In particular, farms will be able to generate
additional income from the sale of raw materials for biogas
plants, and the development oflocal biowaste processingin-
frastructure will help reduce the cost of agricultural residues
and increase the profitability of agricultural production.

The experience of other countries, such as the United
States and European countries, demonstrates the signifi-
cant potential and effectiveness of integrating bio-waste
into the overall energy balance, which allows increasing
the share of bioenergy in RES (Aliyev er al., 2024). Given
its agricultural resources, Ukraine has the opportunity to
adapt successful approaches of other countries to its own
conditions. However, the implementation of such initia-
tives requires large-scale infrastructure modernisation,
attraction of foreign and domestic investments, proper
state regulation, and close international cooperation (Is-
lam et al., 2024). The experience of integrating bio-waste
in the US and European agriculture is shown in Table 2.

Table 2. Experience in integrating bio-waste in the US and European agriculture

Share of bioenergy
Country in total agncultu{'al Mam. SOUrCes Economic effect Government support
energy consumption of biowaste
as of the end of 2024
Livestock waste Reduce energy costs Tax benefits, USDA grants
USA 12% corn residues ’ in the agricultural sector for the development
by USD 3 billion per year of biogas projects
Farm waste, 900 bl.o gas plants, Fixed tariffs
Germany 18% . 30% reduction in natural gas . - 1
silage corn Lo . for biogas, subsidies
consumption in agriculture
Manure, straw, crop Reduced CO, emissions State financing
Denmark 25% . o 2 - .
residues by 2.5 million tonnes per year of biogas cooperatives
Winemaking waste, Save up to 20% Subsidies for
France 10% seed husks, animal P ° the installation of biogas plants,
. on farm energy costs -
residues low-interest loans

Source: compiled by the authors based on B. Crotman et al. (2024)

The general experience of these countries shows that
successful integration of bio-waste into the agricultural
sector helps to reduce energy costs, increase environmen-
tal efficiency and reduce dependence on fossil fuels. The
use of bio-waste as an energy resource is characterised by
significant economic viability, especially in the context of
rising prices for traditional energy resources such as natu-
ral gas and coal. For example, 3 tonnes of corn cobs, which
can provide the same amount of energy as 1,000 m® of nat-
ural gas, cost about UAH 3,000. At the same time, in the
European Union, the price for 1,000 m? of gas is approxi-
mately EUR 1,000. In Ukraine, the equivalent energy value
can be achieved for less than EUR 100, highlighting the
significant cost difference. A similar cost-effectiveness is
also observed in comparison with coal, where 2 tonnes of
bio-waste correspond to 1 tonne of coal in terms of ener-
gy value, but cost approximately UAH 2,000, while a tonne

of coal is estimated to cost between UAH 10,000-15,000
(Yerniyazova et al., 2024). The article presents the calcu-
lation of reducing the cost of growing vegetables on the
example of using biomass as an alternative energy source
for heating greenhouses in “Agro-Kartel” LLC (Chernihiv
region). For a greenhouse farm with an area of 1 hectare
(10,000 m?), with a seasonal heat demand of 150 kWh/m?,
the total heat demand was 1,500 kWh. If natural gas was
used with an efficiency of 90% and a lower calorific value of
9.5kWh/ms3, therequired fuel volumewas about 175.4 thou-
sand m3. At a price of UAH 8 per m3, heating costs during
the season amounted to approximately UAH 1.4 million.
When switching to wood pellets (boiler efficiency — 85%,
calorific value — 4.8 kWh/kg), the annual fuel require-
ment was about 367.6 thousand kg. At a cost of UAH 3/kg,
the total cost of biomass did not exceed UAH 1.1 million.
A comparison of heating costs is presented in Table 3.

Table 3. Comparison of heating costs

Indicator Natural gas Biomass
Fuel demand 175,439 m3 367,647 kg
Cost of fuel UAH 1,403,512 UAH 1,102,941
Capital expenditure on equipment UAH 200,000 UAH 500,000

Total costs (first year)

UAH 1,603,512

UAH 1,602,941

Total costs (subsequent years)

UAH 1,403,512

UAH 1,102,941

Annual fuel savings

UAH 300,571

Payback period

1 year

Source: compiled by the authors based on L. Belozerova (2024)
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Thus, switching to biomass for heating a 1-hec-
tare greenhouse in Chernihiv region can reduce annual
fuel costs by UAH 300,571. The additional investment in
equipment pays for itself in about one year. After that,
the company receives net savings on fuel, which helps to
reduce the cost of its products and increase its competi-
tiveness in the market. Ukraine has a significant agricul-
tural potential, which creates the preconditions for energy
self-sufficiency through the large-scale use of biofuels.
One of the promising areas that can contribute to solving
the problem of energy supply at both the community and
private household levels is the processing of agricultural
residues, such as straw, into pellets. The creation and de-
velopment of straw processing facilities can significantly
reduce heating costs and solve the problem of energy sup-
ply in settlements without access to the gas supply system.

The introduction of RES in the Ukrainian agricultur-
al industry is a key and promising area for creating con-
ditions that will ensure the sustainable development of
this sector, as evidenced by the results of numerous stud-
ies. In particular, an analysis of international experience
shows that successful integration of RES into agriculture
is possible through a combination of systemic state sup-
port, introduction of advanced technologies and active
participation of the private sector. In this context, the
achievements of developed economies that have man-
aged to ensure a significant share of RES in the overall
energy balance through effective investment attraction,
research and innovation are illustrative (Nosratabadi et
al., 2019). Ukraine, with its considerable agricultural, land
and natural potential, has all the prerequisites for the
active development of renewable energy in the agricul-
tural sector. Solar energy is developing particularly rap-
idly, as it is proving effective in reducing energy depend-
ence and stimulating economic activity in rural areas.
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The introduction of such initiatives helps to increase the
level of energy autonomy of farms, reduces energy costs
and stimulates the development of related industries.
Despite the significant challenges caused by military
aggression, Ukraine retains opportunities to restore and
modernise its energy sector, including the agricultural
sector. The integration of RES into this sector will help re-
duce the environmental impact of traditional energy tech-
nologies, while opening up new prospects for job creation,
local economic development and international competi-
tiveness of agricultural products. Enhancing the country’s
energy security through the development of RES is one of
the key aspects of the sustainable development strategy,
which is particularly relevant in the context of rising global
energy prices and the need to reduce greenhouse gas emis-
sions. The prospects for the use of RES, in particular biogas,
solar and wind energy, are directly linked to the develop-
ment of international cooperation, available funding and
the introduction of modern technologies into production.
Despite the significant potential of Ukraine’s agricul-
tural sector, the current state of energy modernisation in
the industry is characterised by a number of challenges.
The main barriers include insufficient funding for renew-
able energy projects, as well as a limited level of awareness
among agricultural producers about the benefits of using
renewable energy. Low access to credit resources and lack
of adequate information support slow down the pace of
adaptation of the agricultural sector to modern energy
sustainability requirements. At the same time, the imple-
mentation of effective government policies aimed at stim-
ulating investment and educational initiatives can signifi-
cantly improve the situation, increasing the level of energy
autonomy of farms and contributing to their profitability.
Challenges and threats to the introduction of RES in the
agricultural sector of Ukraine are presented in Table 4.

Table 4. Challenges, threats and ways to overcome barriers to the introduction
of RES in the agricultural sector of Ukraine

Challenges
Military operations and
destruction of energy
infrastructure

Threats
Destruction of energy networks,
shortage of equipment,
risk of investment loss

Recommended ways to overcome
A state programme to rebuild power grids with grants and
international assistance; compensation mechanisms for
agricultural enterprises investing in renewable energy

Lack of financial
resources in the
agricultural sector

High initial investment, lack of
affordable financing for small farms

Introduction of state preferential loans and subsidies for
agricultural producers implementing RES; simplification
of the tax burden for RES projects

Dependence on
imported equipment

Logistical difficulties due to the war,
currency risks, higher import prices

Establish a state programme to stimulate domestic production of
solar panels and wind turbines; simplify customs clearance
for imports of critical components

Decrease in the number of
specialists in the field of renewable

Shortage of personnel
due to mobilisation and

Introduce educational programmes and grants for retraining
agricultural sector workers in the field of renewable energy; attract

in rural areas lines

migration energy, lack of skilled workers foreign specialists and partnership programmes
Ll.mltEd network ngh cost of connecting S.PPS to the Create a mechanism of state co-financing for the construction
infrastructure grid, overloading of existing power

of local power grids for agricultural enterprises

High risks of seasonality Instability of solar energy in winter,

and 1nstab}11ty of dependence on weather conditions
generation
i The use of fertile land for solar
Competition

power plants may reduce the area

for land resources :
for growing crops

Introduce compensation mechanisms and stimulate the
development of energy storage systems in the agricultural sector;
support combined solutions (RES + biogas)

Provide state guarantees for the use of degraded and unproductive
land for RES; introduce tax benefits for companies that place SPPs
on land unsuitable for agricultural activities

Problems with utilisation
of used equipment

Lack of a system for recycling solar
panels, environmental risks

Introduction of a national programme for the recycling
of renewable energy components; obligation
of producers to ensure waste recycling

Source: compiled by the authors based on V. Kovalenko (2024)
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Despite the potential of renewable energy in the ag-
ricultural sector, there are a number of barriers that need
to be addressed systematically. The hostilities have com-
plicated the implementation of RES projects due to the
destruction of infrastructure and the rising cost of equip-
ment, which requires the active participation of the state
and international partners in financing the restoration
and modernisation of the energy system. Financial prob-
lems, lack of staff, and difficulties in accessing grid infra-
structure have also become challenges that require the
expansion of government support programmes, including
concessional lending, subsidies for equipment purchases,
and tax incentives for agricultural enterprises. Particular
attention should be paid to legislative regulation of RES
waste disposal and the development of local equipment
production. The introduction of a national programme for
the recycling of solar panels and batteries will help mini-
mise environmental impact and create new jobs. Effective
implementation of RES in the Ukrainian agricultural sec-
tor is only possible with a comprehensive approach that
includes government support, attracting international in-
vestment and improving the legislative framework.

» Discussion

The economic potential for the introduction of RES in the
agricultural sector identified in this study was consistent
with the findings presented in A.Q. Al-Shetwi et al. (2024),
which proved that the transition to 100% RES is possible
if systemic barriers — technical, financial and regulatory —
are removed. This study emphasised not only the impor-
tance of modernising the energy infrastructure in the ag-
ricultural sector, but also the need to create conditions for
energy autonomy by reducing dependence on imported
energy, an aspect that was particularly important in the
context of energy vulnerability caused by military events.

Comparison of the results with the study by A. Dan-
kevych et al. (2023) showed similar conclusions about the
effectiveness of bioenergy technologies in reducing costs
and improving energy efficiency in agricultural produc-
tion. At the same time, the study focused on a comprehen-
sive analysis of financial models for the implementation
of biogas plants and biomass processing systems, taking
into account the dynamics of production costs and access
to state support. This made it possible to take into ac-
count the specifics of the Ukrainian context, in particular,
the financing constraints for small agricultural producers.
The importance of technological modernisation raised in
R.R.C. Bastos et al. (2020) correlated with the analytical
block of the study, which outlined the technological po-
tential of agricultural waste processing for biofuel produc-
tion. However, in contrast to the global focus of the afore-
mentioned source, the present study focused on localised
examples, taking into account the practical aspects of in-
troducing new boilers, residue processing infrastructure
and investment payback periods.

Financial instruments, in particular “green” bonds,
were considered by L. Chang et al. (2023) as a means of
mitigating the risks associated with the introduction of
RES. The study reflected this problem through the prism of
institutional support and its absence at the level of agricul-
tural microbusiness: the lack of targeted government pro-
grammes capable of providing access to such instruments
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forregional farms was noted. The results were also consist-
ent with the findings of S. Boiko et al. (2023), who consid-
ered distributed generation asameans ofincreasing energy
reliability in remote regions. The analysis of the Ukraini-
an agricultural sector confirmed that decentralisation of
energy solutions, in particular through the installation of
solar power plants in rural areas, does help reduce ener-
gy losses, especially in areas with unstable energy supply.

In the study by H. Tazvinga et al. (2020) highlighted the
importance of taking into account local socio-economic
and climatic conditions when adapting international RES
experience. The study demonstrated the practical imple-
mentation of this thesis in the case of Ukraine: the expe-
diency of placing RES infrastructure on degraded lands, in
particular in the Chernobyl NPP area, as well as restric-
tions on wind energy in densely populated or difficult cli-
matic zones, were substantiated. A summary of the study
results in view of the position of R. Przygodzka et al. (2024)
allowed confirming that state support in Ukraine is cru-
cial, but unlike the Polish example, the Ukrainian model
has notyet provided for the systematic integration of small
farms into new energy formats due to the uneven distri-
bution of resources and difficulty in accessing subsidies.

The effectiveness of investments in RES as a factor of
economic growth in the agricultural sector was confirmed
by the findings of E. Getachew et al. (2024), according to
which a decrease in dependence on traditional energy
sources is accompanied by an increase in energy efficien-
cy. This conclusion coincided with the results of calcula-
tions of energy savings when using biomass in greenhouse
heating presented in the study, which at a practical level
demonstrated cost reduction and rapid return on invest-
ment. Atthe sametime, notall studies confirm only the pos-
itiveimpact of RES, as E. Saitov (2020) drew attention to the
difficulties associated with the development of wind ener-
gy in Central Asia and noted that high infrastructure costs
and adaptation of technologies to local conditions are sig-
nificant obstacles that may be relevant for Ukraine. D. Mi-
gnogna et al. (2024) emphasised the need for a cautious
approach to the use of bioenergy, as although it has signif-
icant potential to reduce CO? emissions, overexploitation
of biomass can lead to soil degradation, which is contrary
to the principles of sustainable development.

Comparison of the results with the findings presented
in existing studies shows that the development of RES in
the agricultural sector has a number of common patterns
that are manifested in different economic and institutional
environments. According to the research of A.Q. Al-Shet-
wi et al. (2024), Poland, thanks to an effective government
strategy and sound financial incentives, was able not
only to reduce energy costs in the agricultural sector, but
also to strengthen its economic sustainability. The same
trend was observed in the results presented here, where
the introduction of solar panels or biogas plants, subject
to adequate financial and credit support, can significantly
optimise the energy component of agricultural produc-
tion costs and increase the competitiveness of farms in
domestic and foreign markets, but Ukraine has not yet
developed such a consistent and transparent system of
regulatory measures that would ensure the rapid scaling
of “green” technologies among small and medium-sized
rural enterprises.




Comparison with the example of Kazakhstan pre-
sented in A. Abdikarimova et al. (2023) showed that in
this country, the introduction of alternative energy in the
agricultural sector faces insufficiently adapted regulatory
mechanisms and a lack of clear political will. Similar prob-
lems, according to the study, remain relevant for Ukraine
as well, as unregulated legislative procedures and limited
access to investment for small farms make it difficult to in-
troduce the latest solar or biogas technologies. This situa-
tion confirms the thesis that without government support
and an optimised regulatory framework, even high-qual-
ity technical solutions cannot realise their full potential
and influence the overall level of energy autonomy of the
agricultural sector (Matviishyn & Harbarynina, 2023).

When analysing the cost-effectiveness of solar en-
ergy, it is worth noting that the results presented in this
study (in particular, the calculations showing a reduction
in the costs of heating and electricity for agricultural en-
terprises) are consistent with the findings of R.R.C. Bas-
tos et al. (2020), who highlighted the significant economic
potential of photovoltaic systems for farms. However, the
limited access to modern high-performance equipment,
especially in crisis regions where active hostilities are still
ongoing, remains a significant obstacle. The study results
confirmed that military aggression, which caused damage
to energy infrastructure and the occupation of certain ter-
ritories, made it difficult to implement solar power plants
in the most favourable locations.

Regarding innovative solutions for small farms, the
experience of combining biogas plants and solar panels
described by L. Chang et al. (2023) logically correlates
with the conclusion that it is advisable to decentralise the
location of RES facilities and develop combined models.
This approach truly ensures a higher level of energy au-
tonomy; however, the implementation of such projects
requires not only capital-intensive equipment but also
appropriate mechanisms for state and international as-
sistance to offset initial investment costs and promote the
dissemination of these solutions at the local level. In this
context, automation and intelligent power system man-
agement technologies are becoming critically important,
as emphasised by D. Mignogna et al. (2024). The results
obtained in this study fully confirm the high potential of
digital optimisation of production processes to improve
energy efficiency, but the likelihood of large-scale adop-
tion of such solutions is still low due to significant finan-
cial barriers, which are especially noticeable for the seg-
ment of small and medium-sized agricultural enterprises.

In general, a comparison of Ukrainian experience with
the work of foreign authors leads to the conclusion that
strategic planning for the development of the agro-indus-
trial complex, which integrates renewable energy, requires
a synergy of economic, environmental and social factors.
As summarised by A. Kaya & D.B. Budak (2023) conclude
that only close cooperation between the research sector,
government institutions and private investors contributes
to the full deployment of bioenergy technologies, which
is confirmed by the assessment of the prospects for RES
development in Ukraine: with proper government regula-
tion, reasonable modernisation of energy grids and avail-
able financial resources, farms are able to significantly
reduce their dependence on fossil fuels, while improving
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their economic performance and environmental respon-
sibility. Thus, the results of the discussion show that al-
though the development of RES has significant poten-
tial, a variety of aspects need to be taken into account to
maintain energy independence in the agricultural sector.
To achieve optimal results, it is necessary to ensure a com-
prehensive approach that includes government support,
investment, training and innovation.

» Conclusions
A comprehensive analysis of the economic factors that
accompany the integration of RES into the agricultural
sector has shown that there are significant opportunities
for consolidating financial, production and intellectual re-
sources that can become the basis for sustainable growth
of the domestic agricultural sector. The examples of solar,
wind, and bioenergy use discussed above confirm that di-
versification of energy sources, combined with the ration-
al use of agricultural residues and biomass potential, can
minimise the energy dependence of farms, reduce energy
costs by 20-30%, and increase profitability by at least 15%
due to lower production costs. At the same time, the sys-
tematic use of renewable energy requires multi-level inno-
vations that include not only technological modernisation
of equipment but also the development of favourable eco-
nomic and legal mechanisms. The potential of renewable
technologies in agriculture is driven by the existing raw ma-
terial base: agricultural waste alone in Ukraine amounts to
more than 100 million tonnes annually, which can replace
up to 5 billion m3 of natural gas per year (about 15% of total
annual consumption). The transformation of such waste
into highly profitable fuel in the form of biogas or pellets
not only reduces the costs associated with the purchase of
traditional energy sources, but also improves the environ-
mental performance of farms by reducing greenhouse gas
emissions. Each megawatt of installed solar capacity reduc-
es CO, emissions by 1,500-2,000 tonnes annually, which is
important in meeting the country’s climate commitments.
The use of RES in agricultural production process-
es has a number of key benefits: it increases the level of
energy independence, improves the financial stability of
agricultural enterprises, opens up opportunities for de-
veloping new markets, and creates the preconditions for
increasing Ukraine’s scientific and technological attrac-
tiveness in global value chains. At the same time, the eco-
nomic efficiency of such projects directly depends on the
relevant government policy, which should include both
financial and credit instruments (grants, soft loans) and
legislative norms that encourage the localisation of energy
equipment production, acceleration of permitting proce-
dures, and development of public-private partnerships.
The prospective development of the energy potential of
the agricultural sector in Ukraine requires expanded com-
pensation programmes, improved green auctions and sup-
port for long-term lending, which is especially important
in the context of the post-war restoration of energy and
logistics infrastructure, with coordination between differ-
ent sectoral agencies interested in developing a compre-
hensive strategy that reconciles economic priorities with
environmental safety playing a crucial role. The limitation
of this study is its focus exclusively on the main areas of
renewable energy implementation in the agricultural
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sector, without taking into account demographic, so- » Funding

cio-cultural factors and the role of digital technologies. None.
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» AHoTaLif. MeToro A0CTiKeHH Y10 BUSIBJIEHHSI eKOHOMIYHUX BUKJIMKIB BIPOBA/?KEHHSI BiTHOBJIIOBAHUX JI?KEPET
eHeprii B arpoIIpoOMICIOBOMY KOMILJIEKCI YKpalHH Ta 00T’ PYHTYBaHHs IIJIAXIB X TOJJ0/TaHHSA 3 YPaxXyBaHHSIM Cy4acHUX
TpaHcdopmariiii. MeTomoJIOTiYHy OCHOBY CTAaHOBHJIM METOQY CTAaTHUCTUYHOIO aHasidy (30Kpema, TpeHZOBOro I
MOPiBHAJIBHOTO), EKOHOMIKO-IIPaBOBUH aHaJIi3, a TAKOK KOHTEHT-aHaJsIi3 HAayKOBUX JyKepeJsl i HOpMaTUBHO-TIIPaBOBUX
JIOKYMEHTIB. VY Ipolleci AOCTiIKeHHsI OyJI0 IpOoaHa/Ii30BaHO Cy4yacHi TeHAEHIlil pO3BUTKY COHSIYHOI, BiTpOBOI Ta
OioeHepreTKU B arpapHOMY ceKTopi. BcraHoBJIeHO, 1110 HalbibIINi ekoOHOMIUYHUH e eKT 3a0e3euyioTh IPOEKTH,
3aCHOBaHI Ha BUKOPUCTAHHI 6iomacy, 6iorasy Ta COHAYHOI eHepril, sIKi J03BOJIAIOTh JOCATTH 3HIYKEHHA BUTPAT Ha
eHepro3abesmedeHHs 10 20-25 % y cepegHEOMY. BusABII€HO, 10 HAbiTBIII TEPCIEKTHBY Ma€ OioeHepreTKa 3aBIIKHI
3HAYHOMY OOCATY TOCTYITHOI arpapHOi CHPOBUHH; OOT'PYHTOBAHO, IO IMIOPIYHUMA MOTEHIIia 3aMillleHHS IMIIOPTHOTO
ra3y 6iomaJMBOM CTaHOBUTS 10 5 MJIPJ KyDOMeTpiB, 110 eKBiBaJIeHTHO 3MeHIIIEHHIO BUTPAT Ha ITOHAJ 2 MJIPA JoJapiB
CIIA. TIpoaHanisoBaHO OJUHAaMiKy BIPOBaJKEHHSA COHSYHOI eHEepreTMKW B arpapHOMYy CeKTopi 3a mepiog 2018-
2024 pokiB, 30KpeMa BCTaHOBJIEHO, 10 B YMOBax 30pOHHOro KOHQIIIKTY Bif0y10cs 3HUKEHHA YaCTKU MPAII0I0unX
COHAAYHHX €JIEKTPOCTaHIii 10 50-60 % depes MOMIKOIKEHHs iH(ppacTpyKTypH, OJHAK Yy 3aXilHUX i LIEHTPaJIbHUX
perioHax 30epira€TbCs TEHJEHIlis MO0 3POCTaHHsS BCTAHOBJIEHUX IOTYKHOCTeH. BusBieHo, mo e(eKTUBHICTH
BIIPOBA/>KEHHSI BiJHOBJIIOBAJIBbHUX [pKepes €eHeprili 3ajlesKuThb BiJl pIiBHA [epsKaBHOI MiTPUMKH, HAsABHOCTI
[ThOBUX iHCTPYMEHTIB, TAKUX SIK «3€JIeHi» Tapru(u, KPeJUTH 3 HU3BKOIO Bi[COTKOBOIO CTABKOIO, & TAKOK IIPO30PHUX
peryJIiTOpHUX MexaHi3MiB. [IpakTU4yHe 3HaUeHHA JOCTiIKeHHA MoJIATae y HalaHHI pekoMeHAalliil 1y nocuaeHHs
HOiATPUMKM BIPOBAI)KEHHs BiJHOBJIIOBAaHUX J’KepeJsl eHepril, I[0 COpUATHUME eHeproedeKTUBHOCTi arpapHOro
CEKTOPY, IiIBUIIIEHHIO TPUOYTKOBOCTI (hepMEPCHKUX FOCIOAAPCTB Ta KOHKYPEHTOCIIPOMOYKHOCTI IXHBOT TP Oy KIIil

» KnloyoBi cnoBa: inHoBaliiiHi TEXHOJIOTT; CTaIMi PO3BUTOK; KOHKYPEHTOCIIPOMOKHICTh; eK0JIOTiYHa CTabi/IbHICTH;
JlepskaBHA MiATPUMKA; iHBECTHUIIHI CTUMY/TH
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