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» Abstract. This study examined contemporary financial mechanisms and instruments that facilitate investment
in renewable energy sectors. The research methodology employed statistical analysis of electricity production and
consumption data from renewable sources across the European Union and Ukraine. The findings demonstrated that
the European Union has experienced substantial growth in renewable electricity generation, primarily attributable
to effective investment attraction strategies. In contrast, Ukraine exhibits inconsistent development patterns in its
renewable energy sector. The analysis underscored the correlation between robust financial frameworks and successful
renewable energy adoption. While the European Union has implemented cohesive mechanisms yielding demonstrable
results, Ukraine’s renewable energy landscape reflects the consequences of less stable financial infrastructure.
Total generation in the European Union increased from 750.9 thousand GWh in 2014 to 1,130.2 thousand GWh
in 2023, which indicates a stable expansion of the sector. The most promising financial instruments were green
bonds, which allow attracting significant capital investments for environmental projects, and energy cooperatives
that contribute to the decentralisation of energy and the development of local communities. The mechanisms of
financing renewable energy in the agricultural sector of European Union countries, in particular Germany, France,
Poland, and the Netherlands, were analysed. The research examined the implementation of renewable energy within
the agriculture sector, exemplified by RWE (Germany) and Astarta-Kyiv (Ukraine). It was shown that government
subsidies, concessional lending, international investment, and corporate finance mechanisms played an important
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role in overcoming barriers. Ensuring sustainable financing of renewable energy in Ukraine requires an integrated
approach, including active attraction of public, private, and international investment

» Keywords: alternative sources; environmental sustainability; investment mechanisms; government regulation;

climate policy

» Introduction

The advancement of renewable energy technologies rep-
resents a critical component in addressing energy se-
curity concerns and mitigating climate change effects,
particularly as global energy demands increase amidst
finite conventional resource supplies. Solar, wind, hy-
droelectric, and bioenergy implementations serve not
only to diminish fossil fuel dependence but also con-
tribute significantly to agricultural sector development
through bioenergy technology integration. Nevertheless,
substantial financial impediments, including high cap-
ital expenditures and extended return-on-investment
timeframes, necessitate the deployment of innovative fi-
nancial instruments such as green bonds, specialised in-
vestment funds, and fiscal incentives to facilitate broader
adoption. Research on these tools is important for raising
capital and creating favourable conditions for the transi-
tion to a sustainable energy model.

Many researchers have considered various aspects
of financing renewable energy and the possibility of us-
ing innovative financial instruments to stimulate it. X. Ye
& E. Rasoulinezhad (2023) conducted a thorough analy-
sis of the influence of green bonds on securing long-term
investments in renewable energy. Their investigation fo-
cused on how the issuance of these bonds contributed
to lowering the capital costs for renewable energy firms
and enhancing investor trust. T. Kurbatova et al. (2021)
examined the efficacy of governmental subsidies and tax
incentives in Ukraine. V. Shebanina et al. (2024) examined
approaches to the management of sustainable land use
projects, considering the requirements of the European
Union (EU), in particular, the need to attract innovative
financial mechanisms, such as “green financing” and en-
vironmentally oriented investments. This highlights the
importance of implementing comprehensive financial in-
struments to support the sustainable development of the
agricultural sector, including renewable energy.

S.A. Sarkodie et al. (2020) examined the influence
of foreign direct investment on the funding of renewa-
ble energy initiatives. Their analysis showed that in the
presence of a stable political environment and transpar-
ent regulatory norms, international investors are ready
to invest heavily in this sector. They also stressed that the
lack of a clear government strategy and the risks asso-
ciated with regulatory unpredictability may hinder the
flow of foreign capital. L. Kostyrko et al. (2024) reviewed
the public-private partnership (PPP) mechanism for fi-
nancing renewable energy.

L.R. Vasquez-Ordoiiez et al. (2023) explored the pos-
sibilities of raising funding through crowdfunding plat-
forms. They proved that such platforms are an effective
tool for financing small projects in the field of renew-
able energy sources, especially at the local level. Their
research showed that the public actively supports clean
energy projects if they have a transparent financial model
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and clearly defined environmental benefits. R. Yankovoy
(2024) pointed to the role of venture capital in financing
startups working on innovative technologies in the field
of renewable energy. The researcher found that venture
funds are willing to invest in high-risk projects if they
have significant scaling potential and can deliver high re-
turns in the future.

N. Fatima et al. (2021) examined the impact of compa-
nies’ environmental ratings on their ability to attract fund-
ing for renewable energy projects. Their analysis showed
that companies with high levels of environmental respon-
sibility gain access to more favourable credit conditions
and a wider range of investors. X. Zhang et al. (2022) de-
voted their research to the role of “green” banks specialis-
ing in financing environmental projects. They found that
such financial institutions play a key role in stabilising
investment flows in the renewable energy sector, as they
minimise risks for investors and offer special credit prod-
ucts for sustainable development.

E Egli (2020) reviewed risk insurance mechanisms for
renewable energy investors. His research has confirmed
that insurance products specifically designed for this in-
dustry significantly increase investor confidence and help
to increase funding. The researcher further highlighted
that insurance coverage accessibility for renewable energy
initiatives contributes to capital cost reduction and en-
hances lending opportunities. O. Desyatnyuk et al. (2024)
investigated digital technologies’ impact on financial
transparency within renewable energy sectors, demon-
strating that blockchain implementation and smart con-
tract integration can substantially enhance investment
efficiency while minimising fraudulent activities and fi-
nancial misconduct.

The introduction of green bonds, public-private part-
nerships, crowdfunding, venture financing, and other
mechanisms creates new opportunities for attracting in-
vestment, which is critical for the sustainable growth of
the industry (Khalegi et al., 2024). However, there is a need
for further analysis of their effectiveness and adaptation to
modern economic and technological conditions. In par-
ticular, there is a lack of a comprehensive analysis of the
effectiveness of various financial instruments in the long
term, especially in conditions of macroeconomic instabil-
ity. In addition, the issues of integrating digital technolo-
gies into financial mechanisms to increase their transpar-
ency and accessibility remain poorly researched.

This study aimed to assess the effectiveness of in-
novative financial mechanisms in catalysing renewable
energy development and to identify potential enhance-
ments in light of contemporary economic challenges.
The research evaluated the influence of diverse financial
instruments on renewable energy growth in both Ukraine
and global contexts. It further examined the potential
of digital technologies to enhance renewable energy
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financing efficiency. Additionally, the study developed risk
mitigation strategies specific to renewable energy invest-
ment. Through this comprehensive analysis, the research
sought to inform policy and practice regarding optimal
financial approaches to accelerate the renewable energy
transition amid evolving economic conditions.

» Materials and methods

The research methodology was aimed at using second-
ary data from various sources, such as statistical reports,
scientific publications, international reports and official
data from national statistical authorities, which facilitat-
ed a comprehensive analysis of existing financial mech-
anisms and their impact on the development of renew-
able energy sources in Ukraine and EU countries. The
main source for collecting information were Eurostat
publications (2025a, 2025b) and research by internation-
al organisations such as the International Energy Agen-
cy (IEA) (n.d.) and the World Bank Group (n.d.). National
programmes, including reports and documents on the
implementation of energy reforms in Ukraine and in-
ternational technical assistance programmes, were also
used to analyse the financing mechanisms for renewable
energy sources in Ukraine. Data regarding this matter was
sourced from legitimate governmental entities, including
the Ministry of Energy of Ukraine (n.d.). Prior resources
have been utilised to examine financial processes includ-
ing green bonds, energy cooperatives, crowdsourcing,
and digital financial instruments.

The research methodology also encompassed a com-
parative examination of the indices of power generation
from renewable sources in the European Union and
Ukraine, with a specific focus on agriculture. For this pur-
pose, data for the period from 2014 to 2023 from Eurostat
publications (2025a, 2025b), and statistical reports of the
national statistical agency of Ukraine, in particular, State
Statistics Service of Ukraine (n.d.) were used. The com-
parative analysis allowed assessing the dynamics of re-
newable energy development in both regions and identi-
fying key factors influencing the pace of its development.
Restrictions: in Ukraine, there are no data for 2021-2023.
This may be conditioned by economic difficulties, in-
stability in the energy market, or military operations. To
analyse the effectiveness of implementing renewable en-
ergy sources in the agricultural sector, several real-world
cases of successful use of such technologies in differ-
ent countries were selected. Particular emphasis was
placed on examining the practices of prominent firms,
such RWE (2024) in Germany and Astarta-Kyiv (n.d.) in
Ukraine, which aggressively utilise biogas facilities and
other renewable energy sources. Comparative analyt-
ic methodologies were employed to gather data on the
adoption of renewable energy in the agricultural sector,
facilitating the evaluation of project effectiveness exem-
plified by RWE and Astarta-Kyiv.

Furthermore, data about the application of digital fi-
nancial solutions, including blockchain technology and
smart contracts, utilised to enhance the transparency of
financial transactions within the renewable energy sec-
tor was organised to evaluate financial processes. This
helped to explore the potential of using digital financial
instruments to reduce investment risks and increase

confidence among agricultural market participants. The
methods included qualitative and quantitative analy-
sis, a comparative approach, and content analysis of
scientific papers and reports of international organi-
sations specialising in renewable energy sources. This
facilitated the acquisition of information regarding the
advancement of renewable energy across many regions.
The methodologies employed in the study facilitated an
exhaustive examination of renewable energy finance
across the EU and Ukraine, specifically in the agricul-
ture sector, and identified the most efficacious financing
instruments for this business.

» Results

The modern world is rapidly moving towards energy
transformation, where the main role is played by renew-
able energy sources. However, large-scale development
of this industry is impossible without proper financial
support. Conventional approaches to financing energy
projects are often not effective enough, as renewable en-
ergy requires significant capital investment at the initial
stage and has a long payback period. The most promising
financial mechanisms include green bonds, energy co-
operatives, crowdfunding, and digital financial solutions
that combine state-of-the-art technologies and financial
instruments to encourage environmental projects.

Green bonds are one of the most effective financial in-
struments for raising funds in the field of renewable ener-
gy (Rats & Alfimova, 2023). They operate on the principle
of traditional bonds, but with the difference that the funds
raised are directed exclusively to environmental projects.
Government entities, private enterprises, and financial in-
stitutions issue these bonds to fund the development of
solar, wind, and biofuel facilities. Their primary advantag-
es include a decrease in capital costs attributable to state
guarantees, enhanced investor confidence stemming
from transparency in money utilisation, and the potential
to secure foreign finance (Jain et al., 2024). As of 2025, this
tool is widespread in the EU countries, while in Ukraine it
is just beginning to gain popularity.

Energy cooperatives are a form of collective financ-
ing that allows communities and individual consumers
to invest in the creation of local renewable energy facili-
ties. Members of the cooperative pool their resources to
finance the construction of solar or wind power plants,
and in return receive the benefit of cheaper or even free
electricity. This mechanism contributes to the decen-
tralisation of energy, reduces energy costs, and encour-
ages local economic development (Gajdzik et al., 2024).
As of 2023, there were about 850 such cooperatives in
Germany (Berg, 2023).

Crowdfunding is an innovative financial method that
facilitates the acquisition of funds from numerous private
investors via internet platforms. This approach is particu-
larly effective for financing small projects that cannot re-
ceive traditional bank loans or government support. The
main advantages of crowdfunding are the availability
of financing for a wide range of investors, transparency
and trust due to open online platforms, and the ability
to quickly raise funds without bureaucratic procedures
(Mukherjee et al., 2024). In Western Europe, there are
specialised platforms such as Solar Mosaic and Trine that

Ekonomika APK. 2025. Vol. 32, No. 2




Innovative financial instruments to...

allow financing solar energy projects through contribu-
tions from individuals. In Ukraine, this mechanism, as of
2025, is not widely used, but it can become an effective
tool for the development of local energy initiatives.

Modern digital financial solutions open up new op-
portunities for investing in renewable energy. Blockchain
and smart contracts enhance the transparency of finan-
cial transactions and mitigate the risk of fraud. The use of
decentralised financial platforms allows investors to inter-
act directly with project developers without the participa-
tion of banks or other financial intermediaries (Razzaq et
al., 2023). These technologies ensure transaction trans-
parency, automation of financial obligations, and global
availability of investment opportunities.

The agricultural sector exhibits distinctive charac-
teristics in renewable energy financing, primarily stem-
ming from agricultural production’s seasonal nature, au-
tonomous energy requirements, and capital acquisition
challenges faced by small and medium-sized farms. The
implementation of renewable energy technologies in agri-
cultural contexts offers dual benefits: reducing electricity
expenditures while enhancing energy self-sufficiency for
agricultural enterprises (Luchechko & Gordiichuk, 2023).
Nevertheless, financial accessibility for such initiatives
remains constrained, attributable to substantial initial in-
vestment requirements and insufficient collateral mecha-
nisms to satisfy creditor demands.

Many countries around the world have programmes
to support farmers who invest in solar panels, biogas
plants, or wind turbines. For example, in the European
Union, there are grant programmes under the Common
Agricultural Policy (CAP), which provide for reimburse-
ment of part of the cost of building renewable energy
facilities (Gorokhova et al., 2023). In Ukraine, there are
separate state programmes to compensate for the cost of
solar power plants for farmers, but their availability and
efficiency remain limited due to insufficient funding and
bureaucratic procedures.

An additional significant source of finance compris-
es international investment funds and loans from envi-
ronmental financial institutions. The European Bank for
Reconstruction and Development (EBRD) (n.d.) active-
ly endorses initiatives concerning energy efficiency and
renewable energy within the agriculture sector, offering
loans at preferential interest rates. The World Bank Group
and the Global Environment Facility (2023) offer co-fi-
nancing programmes designed to mitigate greenhouse
gas emissions by modernising agricultural infrastructure.

A separate niche in financing is occupied by ener-
gy cooperatives and corporate financing, which allow
farmers to combine their resources for the construction
of joint renewable energy plants. This model works well
in Europe, where farmers’ cooperatives receive financial
support from local authorities and international inves-
tors. No less promising is the use of crowdfunding plat-
forms and private financing, when farmers raise funds
from citizens or private investors through specialised
online platforms. This allows small farms to implement
energy projects without having to take out expensive
bank loans (Kragt et al., 2021).
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The advancement of renewable energy within the ag-
ricultural sector presents substantial prospects for small
and medium-sized agricultural enterprises (SMAE), ena-
bling them to not only decrease energy expenses but also
to generate additional revenue from the sale of surplus
electricity. Nonetheless, notwithstanding the econom-
ic advantages, securing money for the execution of such
projects continues to be a challenging endeavour. The
high cost of equipment, long-term payback and limited
access to credit resources create serious financial barriers
for farmers. Financing of SMAEs in the field of renewable
energy is carried out through several main mechanisms.
The traditional source is bank lending, but commercial
banks are usually reluctant to lend to farmers due to the
seasonal nature of agribusiness and high risks. In Ukraine,
there is a programme of state lending, in particular, “Af-
fordable loans 5-7-9%”, which supports the agricultural
sector, but its focus on renewable energy projects is limit-
ed (Ministry of Finance..., 2023).

One of the most effective mechanisms is equipment
leasing, which allows SMAE:s to install solar panels, biogas
plants, or wind generators without the need for significant
initial investment. For example, in Germany, more than
35% of agricultural enterprises use leasing to finance re-
newable energy, which significantly increases their level of
energy independence (REN21, 2022). In addition to bank
lending, government grants and subsidies play an impor-
tant role. Other EU countries have the CAP programme,
which includes funding for bioenergy projects in the agri-
cultural sector (The common agricultural..., n.d.).

PPPs are an effective mechanism for attracting fund-
ing. This model allows agricultural enterprises to imple-
ment large-scale projects in cooperation with government
agencies and private investors. For example, Denmark has
implemented the Green Farm Energy programme, under
which the government co-finances projects for the con-
struction of biogas plants on farms, which significantly
reduces the financial burden on farmers. New opportuni-
ties are being opened up by digital financial platforms that
allow raising funds directly from the public. In the Neth-
erlands, there is a model of energy cooperatives, in which
farmers combine resources to jointly invest in wind and
solar power plants (Technopolis, 2023).

Thus, the specifics of financing renewable energy in
the agricultural sector are determined by a number of
challenges, including high initial costs, the need for state
support, difficulties in attracting loans for small business-
es, and the seasonal nature of farm incomes. Successful
development of this area is possible only if various finan-
cial mechanisms are actively involved, in particular green
bonds, energy cooperatives, crowdfunding, government
grants, and digital financial solutions (Rijanto, 2021). Con-
sidering the significant potential of renewable energy in
agriculture, it is essential to design innovative finance
solutions to promote investment and expedite the energy
transition in rural areas. The European Union occupies a
prominent role in renewable energy, executing extensive
programmes to diminish reliance on fossil fuels and lower
greenhouse gas emissions. Table 1 presents the generation
of power from renewable sources.
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Table 1. Volume of electricity production from renewable sources in the EU and Ukraine for 2014-2023, thous. GWh

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
EU 750.9 762.2 775.4 778.7 838.0 869.9 954.6 960.3 978.9 1,130.2
Austria 53.3 49.8 52.4 53.9 52.3 56.7 57.5 56.0 54.7 62.8
Belgium 10.1 11.1 11.1 12.4 13.8 16.1 20.3 19.9 22.3 26.2
Bulgaria 8.3 9.5 8.1 7.1 8.4 6.6 6.8 8.2 7.5 8.3
Greece 12.2 14.7 14.7 13.6 15.9 15.8 17.3 21.8 22.2 24.2
Denmark 13.7 14.8 13.5 15.5 14.9 17.1 17.5 17.4 21.2 22.8
Spain 112.5 97.8 105.9 87.3 102.9 99.9 114.6 125.2 125.1 150.1
Italy 105.4 92.4 92.2 88.2 98.7 100.0 101.2 101.4 86.6 103.7
Netherlands 6.6 8.8 9.9 12.8 14.3 17.0 23.9 29.5 38.3 49.2
Germany 126.0 150.3 149.9 177.4 183.6 202.1 213.7 195.2 215.6 235.1
Norway 139.1 142.1 146.1 146.7 144.3 132.3 153.1 156.7 145.5 -
Poland 11.0 14.0 15.8 18.6 15.9 19.2 21.5 24.0 32.2 40.3
Portugal 30.2 23.5 31.6 22.8 28.7 26.9 29.4 30.6 28.1 36.2
Finland 14.5 19.1 18.9 19.6 19.2 18.6 244 24.6 25.9 31.0
France 100.0 95.7 101.6 95.6 116.4 114.4 126.1 121.8 115.8 138.9
Czech Republic 6.6 7.2 7.0 7.0 6.7 7.4 7.7 7.7 7.3 8.1
Sweden 75.3 92.0 77.9 83.0 79.3 85.9 101.1 102.7 105.3 103.7
Ukraine 11.7 10.1 12.4 13.8 15.9 14.2 16.8 - - -

Source: compiled by the authors based on Eurostat (2025a) and State Statistics Service of Ukraine (n.d.)

Total generation in the EU increased from 750.9 thou-
sand GWhin 2014 to 1,130.2 thousand GWh in 2023, which
indicates a stable expansion of the sector. Germany shows
a particularly significant increase (from 126 to 235.1 thou-
sand GWh), the Netherlands (from 6.6 to 49.2 thou-
sand GWh), Poland (from 11 to 40.3 thousand GWh)
and Spain (from 112.5 to 150.1 thousand GWh). In some
countries, such as Bulgaria and the Czech Republic, in-
dicators remain almost unchanged, which may indicate
insufficient state support or technical restrictions. The
figures generally demonstrate the vigorous advancement
of renewable energy across most European nations, how-
ever, the growth rate is inconsistent. The results reveal
erratic trends in the advancement of renewable energy
in Ukraine. Since 2014, generation volumes have ranged
from 10.1-16.8 thousand GWh, which is significantly less
compared to other European countries.

The EU’s policy seeks to attain climate neutrality by
2050, necessitating substantial investment in renewable
energy sources. The agricultural sector is essential in this
setting, serving as both a major energy consumer and a
potential energy producer through biogas plants, solar
panels, wind turbines, and other technologies (Perissi &
Jones, 2022). Table 2 shows the consumption of electricity
from renewable sources by agriculture. Such projects are fi-
nanced through a multi-level support system that includes
government grants, loans, tax incentives, mechanisms for

attracting private investment, and digital financial solu-
tions. Based on these tools, farmers and agricultural en-
terprises can obtain financial resources to implement en-
vironmentally friendly technologies that not only reduce
energy costs, but also create additional sources of income.

In general, the indicators show growth until 2021, after
which there is a slight decline. Total consumption in the
EU increased from 27.5 thousand GWh in 2014 to a peak
of 38.8 thousand GWh in 2021, after which it decreased
to 36.1 thousand GWh in 2023. This may be conditioned
by changes in the production structure, increased ener-
gy efficiency, or economic factors. The highest rates are
traditionally shown in Germany, where consumption in-
creased from 7.1 to 9.4 thousand GWh, which reflects the
active development of agricultural renewable energy. A
significant increase in consumption is observed in France
(from 1.9 to 5.0 thousand GWh) and the Netherlands (from
1.8 to 4.7 thousand GWh in 2021, with a further decline).
However, in some countries, such as Poland and Finland,
after a period of growth, there was a decline in indicators,
which may suggest a change in energy policy or optimisa-
tion of consumption. The overall trend indicates a gradual
increase in the role of renewable energy in EU agriculture,
although in some countries, the dynamics are unstable. As
for Ukraine, from 2014 to 2020, a gradual increase in the
use of renewable electricity in the agricultural sector was
recorded — from 173.1 GWh in 2014 to 321.7 GWh in 2020.

Table 2. Volume of electricity consumption from renewable sources by agriculture
in the EU and Ukraine in 2014-2023, GWh

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
EU 27,535.9 | 29,4154 | 32,173.0 | 33,710.1 | 34,762.5 | 35,377.9 | 36,487.8 | 38,797.8 | 37,847.4 | 36,064.6
Austria 2,050.1 2,102.2 2,140.6 | 2,224.7 | 2,023.3 1,884.2 1,831.2 2,149.8 | 2,033.7 1,985.0
Belgium 542.4 578.6 555.8 513.5 492.8 460.6 489.8 407.5 397.4 3443
Bulgaria 80.0 130.6 205.8 90.3 57.1 56.2 65.8 119.4 115.0 128.3
Greece 346.4 363.3 360.3 349.4 370.1 379.0 328.4 314.6 348.2 366.4
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Table 2, Continued

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Denmark 621.8 632.9 641.9 632.0 634.6 628.1 610.5 660.2 638.0 638.5
Spain 873.6 833.3 801.0 810.0 830.0 831.1 829.5 828.9 856.0 833.5
Ttaly 4333 583.6 587.8 591.0 580.0 619.1 611.9 880.7 864.8 795.4
Netherlands | 1,783.6 | 2,220.8 | 2,372.2 | 2,637.8 | 3,241.3 | 4,008.0 | 4,418.4 | 4,718.8 | 4,631.0 | 3,548.9
Germany | 7,0782 | 7,644.1 | 8,092.2 | 8451.0 | 8,879.3 | 8940.0 | 9,510.4 | 9,702.4 | 9,619.1 | 9,374.4
Norway 0.9 0.5 1.0 1.4 1.0 2.8 1.9 5.8 0.9 1.7
Poland 5455.0 | 5733.6 | 6,064.2 | 6,020.0 | 5859.2 | 5549.2 | 5677.3 | 6,732.6 | 5500.7 | 5083.8
Portugal 56.4 51.7 37.2 31.0 55.0 63.5 64.9 70.7 33.3 35.0
Finland 2,009.1 | 1,805.1 | 2,011.6 | 1,942.2 | 1,8949 | 1,868.3 | 1,680.8 | 1,983.6 | 1,893.2 | 1,939.0
France 1,884.7 | 1,994.2 | 2,947.0 | 3,589.1 | 4,137.8 | 4,162.7 | 4,482.9 | 4533.3 | 4,506.0 | 4,968.3
Rg;ﬁ%lllic 1,4133 | 14364 | 1,7075 | 1,626.4 | 1,560.6 | 1,550.8 | 1,575.0 | 1,782.7 | 1,781.9 | 1,764.3
Sweden 1,727.6 | 1,778.7 | 2,048.7 | 2,404.6 | 2,393.9 | 2,605.1 | 2,542.8 | 2,319.3 | 2,951.3 | 2,545.4
Ukraine 173.1 225.0 229.2 295.3 4272 321.1 321.7 - - -

Source: compiled by the authors based on Eurostat (2025b) and State Statistics Service of Ukraine (n.d.)

One of the key sources of financing for renewable en-
ergy is European support programmes and funds, among
which the Horizon Europe programme occupies a special
place. Itis aimed at financing research and innovation pro-
jects in the field of clean energy, in particular, supporting
farms in the introduction of biogas plants, solar panels,
energy storage systems, and energy saving technologies.
Horizon Europe provides funds for projects that facilitate
the transition to sustainable energy. The European Green
Deal significantly influences finance, shaping the strate-
gic trajectory of the EU’s environmental reform efforts.
This initiative funds programmes to adapt agriculture to
climate change, introduce low-carbon technologies, and
support farmers who invest in clean energy (Onabow-
ale, 2025).

In addition to grant financing, EU countries actively
use lending mechanisms through the European Invest-
ment Bank (EIB), which provides soft loans for the con-
struction of solar and wind power plants in the agricul-
tural sector. The EIB supports projects on biomethane
production, modernisation of agricultural infrastructure
and introduction of energy-efficient technologies. In addi-
tion, the European Strategic Investment Fund (EFSI) plays
an important role, which helps to attract additional pri-
vate financing for the development of renewable energy.
An important component of financing is also the activities
of national development banks, such as the Credit Insti-
tute for Reconstruction in Germany, Deposits and Con-
signments Fund in France and Deposits and Loans Fund
in Italy, which provide special loans to farmers for the in-
troduction of green technologies (Bourgeois et al., 2022).

One of the most common types of renewable ener-
gy sources in the European agricultural sector is biogas
plants, which allow processing agricultural waste, ma-
nure, silage, and food residues into biogas used to gener-
ate electricity, heat, or biomethane. The French govern-
ment aims to elevate the proportion of renewable gases in
natural gas consumption to 10% by 2030. The long-term
energy plan (PPE) stipulates the injection of biomethane
ranging from 14 to 22 TWh by 2028. As of the end of 2022,
there were 1,705 biogas plants operating in France, of
which 514 processed it into biomethane for injection into
the grid. This indicates significant progress in the devel-
opment of biogas technologies in the country (Bioenergy
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Association of Ukraine, 2024). Poland actively supports
the introduction of biogas technologies in agriculture. In
September 2024, the European Commission approved
a EUR 1.2 billion state aid scheme for Poland to support
investments in strategic sectors, including renewable en-
ergy. This scheme aims to promote the transition to a ze-
ro-net-emission economy and support projects related to
biogas plants (Commission approves..., 2024).

The use of photovoltaic panels on farm roofs and farm-
land reduces energy costs and makes a profit from selling
excess electricity to the general grid. The Netherlands is
actively developing this area through the SDE++ (n.d.)
programme, which provides subsidies for the installation
of solar panels and guarantees farmers favourable tariffs.
Due to this programme, more than 500 solar projects have
been implemented in farmers’ cooperatives. Solar power
in Germany is experiencing a significant upswing. In 2023,
about 14 gigawatts of new photovoltaic capacity were put
into operation, which is equivalent to the capacity of 12-
14 nuclear power units. This is an 85% increase compared
to 2022. About 31% of the increase was provided by new
large solar power plants built by energy companies in the
fields and along autobahns. Approximately 18% of the new
capacity was installed on the roofs of commercial build-
ings, such as factories, warehouses, and agricultural struc-
tures (Hurkov, 2024). In Germany, through the Renewable
Energy Programme (Credit Institute for Reconstruction
Development Bank, n.d.), agricultural producers can re-
ceive soft loans at 1.5% per annum for the installation of
photovoltaic systems, and grants covering up to 40% of the
cost of installing solar power plants with a capacity of up
to 100 kW. France also actively supports farm solar initia-
tives through the The Solar Plan (n.d.) programme, within
which EUR 300 million is allocated annually for subsidies
for farmers who invest in photovoltaic installations.

The development of renewable energy in Ukraine has
gained significant momentum as the nation pursues en-
ergy independence, economic decarbonisation, and sus-
tainable investment attraction. Within the context of the
global environmental crisis and escalating conventional
energy prices, renewable energy utilisation has emerged
as an area of strategic importance. Financial mechanisms
warrant particular attention, as without effective funding
structures, green energy implementation in Ukraine risks




remaining confined to localised initiatives without achiev-
ing the transformative impact necessary for the national
energy infrastructure. E. Shahini et al. (2024) analysed the
prospects for the development of renewable energy in
Ukraine in the context of energy crises and military op-
erations, focusing on the need to introduce new financial
mechanisms to encourage investment in this area.

The Ukrainian renewable energy market is developing
unevenly. Until 2020, a significant role in stimulating the
industry was played by the “green tariff”, which provided
attractive conditions for investors. However, over time,
political and economic instability, and debts to renewable
energy producers, slowed down the growth dynamics. The
government was forced to renegotiate the terms of sup-
port for the industry, which led to a decrease in investor
interest and the search for alternative financial mecha-
nisms (Voloshyna-Sidei et al., 2023).

The attraction of investment capital into renewable
energy projects in Ukraine presents significant potential
through green bonds. This financial instrument facili-
tates capital mobilisation for environmentally sustaina-
ble initiatives, particularly the development of solar and
wind power infrastructure. However, it is noteworthy that
the green bond market in Ukraine remains in its nascent
stages, necessitating both governmental support mecha-
nisms and enhanced investor confidence to achieve ma-
turity. The agricultural sector represents a critical domain
for renewable energy financing in Ukraine. The country
possesses considerable bioenergy development potential,
given the substantial organic waste generation within its
agricultural operations-materials suitable for conversion
to biogas and bioethanol. Nevertheless, the financing of
such initiatives encounters persistent obstacles, primarily
attributable to the capital-intensive nature of necessary
equipment and insufficient availability of tailored credit
programmes. Agricultural producers typically face pro-
hibitive constraints in self-financing biogas facilities or
photovoltaic installations due to extended amortisation
periods, which presents a significant barrier to adoption.

Addressing this issue necessitates the engagement of
international financial organisations, specifically the Eu-
ropean Bank for Reconstruction and Development, the
World Bank, and other entities that actively endorse energy
reforms in Ukraine. In addition, it is promising to introduce
energy cooperatives that allow combining the financial
resources of agricultural producers for joint production
and consumption of green energy. Successful examples of
such initiatives exist in Europe as of 2025, and their adap-
tation in Ukrainian conditions can contribute to a faster
transition of the agricultural sector to renewable energy.

The integration of renewable energy into the agricul-
tural sector is a crucial aspect of contemporary advance-
ments in sustainable and eco-friendly technology in ag-
riculture. This diminishes reliance on traditional energy
sources, mitigates greenhouse gas emissions, and offers
economic advantages for farmers. The European Union
and Ukraine have executed several successful instances
of renewable energy utilisation in agriculture, employing
various financial models and methodologies.

RWE (2024) is one of the largest energy compa-
nies in Germany and is active in the field of renewable
energy sources, in particular biogas, through its RWE
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Bioenergy project. This project focuses on generating en-
ergy from biogas obtained by processing organic waste
such as manure, straw and crop residues produced on
farms. In addition to reducing the burden on convention-
al energy sources, the project helps farms reduce energy
costs and simultaneously improve their financial results.

One of the key areas of RWE’s work is the integration
of biogas plants in agricultural enterprises, which allows
optimising energy consumption in rural areas. One such
project, located in southern Germany, consists of several
biogas plants that run on organic agricultural waste. The
system uses materials produced during the agricultural
cycle, such as manure, organic residues from grain pro-
cessing, and straw. Due to this process, RWE biogas plants
are capable of generating up to 50 MW of electrical energy.
This allows meeting the energy needs of not only farm-
ers themselves, but also surrounding rural communities,
which helps to reduce dependence on external energy
suppliers. In addition, the electrical energy coming from
biogas plants is used to heat agricultural buildings and
other facilities on farms.

The RWE Bioenergy project also contributes to the
development of the local economy, as the construction
and operation of biogas plants creates new jobs, both at
the stage of project implementation and at the stage of
their operation. Farmers and other local residents have
the opportunity to get involved in such enterprises, which
contributes to the development of rural areas and reduces
the unemployment rate in the regions. Through the use of
biogas for energy production, farmers can not only reduce
energy costs, but also integrate modern technologies into
their production processes. This is an important part of
Germany'’s strategy to move towards sustainable agricul-
ture, which actively uses renewable energy sources.

Astarta-Kyiv (n.d.) is among the major agricultural
enterprises in Ukraine, specialising in the cultivation of
cereals, oilseeds, and the production of sugar and various
agricultural products. The corporation actively integrates
advances in the energy industry, particularly through the
utilisation of renewable energy sources, alongside tradi-
tional fields. These programmes seek to diminish reliance
on traditional energy sources, enhance energy efficiency,
and minimise the environmental impact. Astarta-Kyiv’s
primary focus on renewable energy is bioenergy. The cor-
poration is actively establishing biogas facilities to convert
organic waste from agricultural produce into electricity.

The company’s bioenergy project provides for the cre-
ation and operation of biogas plants at its agricultural en-
terprises. One of these stations operates at the production
facilities of Astarta in the Poltava Oblast. This station pro-
cesses organic waste generated during the production of ag-
ricultural products, in particular, after processing grain and
other products. The capacity of this plant allows generating
up to 5 MW of electric and thermal energy for the needs of
the enterprise. The installed capacity of the plant allows
generating electric and thermal energy for the company’s
needs, which significantly reduces energy supply costs.

The implementation of the company’s bioenergy pro-
jects also has a positive impact on local communities, in
particular, on the economic development of rural regions.
Since biogas plants require organic raw materials to op-
erate, this provides an opportunity for cooperation with
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local farms, which provides additional income for rural
residents. In addition, bioenergy projects allow creating
new jobs, which is important for the development of the
rural economy. V. Havrysh et al. (2023) note that the de-
velopment of bioenergy projects based on agricultural
revenues requires the introduction of financial incentives,
such as soft loans and “green tariffs”, to attract investment
and minimise risks for investors.

Successful deployment of renewable energy sources
in agriculture necessitates consideration of financial risks
stemming from substantial initial investments, techno-
logical uncertainty, and potential volatility in the energy
market. To minimise these risks, it is necessary to carefully
assess the financial stability and technical reliability of pro-
jects at the planning stage. Investors should not only count
on the economic benefits of implementing such projects,
but also consider the potential risks associated with pos-
sible changes in technology or market prices for energy.

Utilising public-private partnership arrangements
is one of the most successful strategies for mitigating fi-
nancial risks, since it facilitates the distribution of risks
between public and private investors. Attracting state
support in the form of subsidies, concessional loans or tax
incentives provides investors with additional guarantees,
which significantly reduces the impact of high initial costs
and long payback periods for projects. This approach cre-
ates conditions for balancing the interests of all partici-
pants, which ensures efficient use of resources and stable
development of the sector.

To further reduce risks, attention should be paid to
the introduction of insurance mechanisms that help to
protect investments from unexpected circumstances,
such as natural disasters or changes in legislation. Insur-
ance of investments or the use of special financial prod-
ucts for renewable energy sources will help to reduce
financial risks and attract additional funds for the imple-
mentation of such projects. In addition, it is important to
diversify sources of financing, in particular, by attracting
international funds that actively support initiatives in
the field of clean energy.

The last but not least step is to constantly monitor
and adapt projects to changing market conditions and
technologies. As the renewable energy industry is chang-
ing rapidly, it is important to have mechanisms in place
to continuously analyse and adjust financial and techno-
logical strategies in line with new trends. This approach
will ensure the stability and sustainable development of
renewable energy projects, reducing financial risks, and
maximising their efficiency.

» Discussion

The financing of renewable energy projects in Ukraine,
especially within the agricultural sector, is essential for
attaining energy independence and sustainable devel-
opment. The study’s findings indicate that several via-
ble finance mechanisms are now employed in Europe,
and their adoption in Ukraine could facilitate the robust
advancement of renewable energy. Specifically, instru-
ments like green bonds, energy cooperatives, crowd-
sourcing, and digital financial solutions can markedly
diminish financial obstacles and promote investment in
renewable energy sources.
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A highly promising mechanism is the utilisation of
green bonds. These instruments facilitate the attraction
of investment to fund ecologically sustainable initiatives,
namely for the development of solar, wind, and bioener-
gy facilities. The European experience demonstrates that
green bonds not only lower capital costs through govern-
mental guarantees but also facilitate the acquisition of
international funding (Kubiczek, 2020). In Ukraine, this
mechanism is just beginning to gain popularity, and its
development requires the creation of favourable condi-
tions both at the level of state policy and in the context of
building confidence among investors. L. Zhao et al. (2022)
also focused on the analysis of financing mechanisms for
renewable projects through green bonds, noting that in
Europe, this tool allows attracting significant investment
in solar, wind, and bioenergy, reducing the cost of capital
through state guarantees and opening up access to inter-
national financing.

0. Dovgal et al. (2024) notes that the circular econo-
my can be effectively combined with innovative financial
instruments that promote the development of renewable
energy even in crisis conditions, providing comprehensive
support for “green” investments. U.S. Bhutta et al. (2022), in
turn, suggest that for its effective development, it is neces-
sary to create favourable conditions at the level of public
policy and ensure confidence among investors. This coin-
cides with the results of the current study, which also high-
lighted the importance of green bonds for attracting invest-
ment in renewable energy sources, although it was noted
that for their widespread implementation, several barriers,
including legal and economic ones, need to be overcome.

Another important area is energy cooperatives, which
allow communities and individual consumers to pool re-
sources to finance renewable energy sources. In Ukraine,
this mechanism is just beginning to develop, but it has
great potential in rural areas, where the issue of energy in-
dependence is extremely important. The development of
cooperatives can be an important step in decentralising
energy and reducing electricity costs for the rural popu-
lation. J. Jasinski et al. (2021) investigated the role of ener-
gy cooperatives in the development of renewable energy,
in particular, on the example of rural communities. The
researchers argued that energy cooperatives are an im-
portant tool for decentralising the energy system, allow-
ing communities to create their own energy sources and
reduce energy costs. T. Bauwens et al. (2020) suggest that
such cooperatives can become particularly effective in ru-
ral areas, where access to centralised energy resources is
limited and energy independence is of great importance.
This approach can reduce electricity costs for the rural
population, although there is a need to improve the legal
framework and the existence of investment barriers.

Crowdfunding is another promising tool for attracting
financing for renewable energy projects, in particular, for
small projects that cannot receive traditional bank lend-
ing. The transparency of crowdfunding platforms, the
speed of fundraising, and involvement of a wide range of
investors make this mechanism particularly attractive for
projects in the renewable energy sector. In Western Eu-
rope, there are specialised platforms for financing solar
projects, and this experience can be adapted in Ukraine.
I. Appiah-Otoo et al. (2022) investigated the use of




crowdfunding to raise funds for small renewable energy
projects, in particular, for solar and bioenergy installations,
which allows small agricultural enterprises and citizens
to implement energy projects without having access to
conventional financing. The researchers emphasised the
speed of fundraising through crowdfunding platforms, and
the broad involvement of investors from different regions.
This coincides with current findings, which also identified
crowdfunding as an important tool for supporting small
projects in the renewable energy sector, especially in the
agricultural sector, where conventional funding is limited.

Digital financial solutions, such as blockchain tech-
nologies and smart contracts, can play a significant role
in financing renewable energy sources, which ensure
transparency of transactions, automate financial obli-
gations, and reduce the risk of fraud. This opens up new
opportunities for investors and project developers to in-
teract without intermediaries, such as banks, which sig-
nificantly reduces project implementation costs. P. Vionis
& T. Kotsilieris (2024) explored the role of digital financial
technologies, such as blockchain and smart contracts, in
financing renewable energy projects, noting that these
technologies can significantly reduce costs and increase
the transparency of financial transactions, while reduc-
ing the risk of fraud. P. Zhao et al. (2022), in turn, noted
that digital tools open up new opportunities for farms that
do not have access to conventional financing, providing
them with transparent and accessible mechanisms for at-
tracting investment.

In agriculture, renewable energy can be a powerful
driver for reducing energy costs and increasing energy in-
dependence (Havrysh et al., 2022). This is especially im-
portant for farmers who have limited access to funding for
the introduction of solar panels or biogas plants. Govern-
ment support in the form of subsidies and soft loans, and
international funding from institutions such as the EBRD
and the World Bank, can play an important role in this.
A.T. Hoang et al. (2021) emphasised that such funding is
important for reducing the initial cost of renewable ener-
gy plants, which is especially important for small farms.
These findings coincide with the conclusions of the cur-
rent study, and the importance of state support for stim-
ulating the transition to renewable energy sources was
also emphasised. However, more attention has been paid
to innovative financial mechanisms such as green bonds,
rather than just conventional subsidies.

However, as the experience of Ukraine shows, the in-
troduction of financial mechanisms to support renewable
energy faces certain difficulties. High initial costs for re-
newable energy plants, an unstable legal framework and
a lack of long-term funding are the main obstacles to the
development of this area (Andreitsev et al., 2024). In addi-
tion, it is necessary to solve the issues of bureaucratic pro-
cedures and create more attractive conditions for inves-
tors. T.S. Kabel & M. Bassim (2020) investigated barriers
to the development of renewable energy, in particular, the
economic and legal factors that slow down this process.
High initial costs for renewable energy plants, an unstable
legal framework, and difficulties in obtaining long-term
funding are the main obstacles that need to be overcome
to achieve sustainable development in this industry. The
present article identifies these obstacles, indicating that
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legal and economic instability are the primary reasons
constraining the advancement of renewable energy. Con-
sequently, the present results align with the researcher’s
conclusions, but the current study emphasised financial
methods that may assist in surmounting these obstacles.

» Conclusions

The results showed that progress in the use of renewable
energy sources in EU countries, in particular, in Germa-
ny, Poland, Spain, the Netherlands, and France, is signifi-
cant. In particular, in the EU, electricity production from
renewable sources increased from 750.9 thousand GWh in
2014 to 1,130.2 thousand GWh in 2023, which indicates the
sustainable development of this sector. However, Ukraine
is experiencing slow growth, where electricity production
from renewable sources remained in the range of 10.1-
16.8 thousand GWh from 2014 to 2020. Such a difference
in the pace of development between Ukraine and the EU
may be conditioned not only by technical and economic
barriers, but also by insufficient state support and limited
access to funding. An important segment is the financing
of renewable energy in agriculture. Given the seasonality
of agricultural production and the specific needs for au-
tonomous energy solutions, agriculture faces difficulties in
financing renewable energy projects due to high start-up
costs. Government subsidies and concessional lending are
important support mechanisms. However, for small and
medium-sized farms, these mechanisms are not available
due to limited funding and bureaucratic obstacles.

Total consumption of renewable energy by agriculture
in the EU increased from 27.5 thousand GWh in 2014 to
a peak of 38.8 thousand GWh in 2021, after which it de-
creased to 36.1 thousand GWh in 2023. In Ukraine, from
2014 to 2020, a gradual increase in the use of renewable
electricity in the agricultural sector was also recorded —
from 173.1 GWh in 2014 to 321.7 GWh in 2020. The mech-
anisms of financing renewable energy in the agricultural
sector of EU countries, in particular Germany, France,
Poland, and the Netherlands, were analysed. The expe-
rience of these countries demonstrates that an effective
combination of financial incentives, such as subsidies, tax
breaks, and auction mechanisms, contributes to the de-
velopment of sustainable energy in agriculture, reducing
greenhouse gas emissions and increasing the energy in-
dependence of farms. The research demonstrated that the
implementation of renewable energy in the agricultural
sector, exemplified by RWE in Germany and Astarta-Kyiv
in Ukraine, serves as an effective mechanism for enhanc-
ing energy efficiency, diminishing reliance on convention-
al energy sources, and lowering greenhouse gas emissions.
Further research may include expanding the analysis to
other regions and evaluating the effectiveness of various
financial mechanisms at the national level.
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» AHoTaLUif. Y 11boMy AOCIiPKeHH] Oy/IM pO3WIsHYTI Cy4acHi hiHaHCOBi MexaHi3MM Ta IHCTPYMEHTH, K CIIPUSIIOTH
iHBECTHILiSIM y CEKTOPU BiJTHOBJIIOBAHOI eHEPreTUKU. MeTOH0JI0TisI JOCiIKeHHsI BKII0Yaaa CTATUCTUYHUN aHaJTi3
JlaHUX NP0 BUPOOHUIITBO Ta CIIOKUBAHHSA eJIeKTPOeHepril 3 BiTHOBJIOBAHUX JpKepes y EBponelicbkomy Colodi Ta
VYkpaini. Peaysnbratu nocstigskeHHsI IPOJEMOHCTPYyBasy, 10 B €BpoleiickkoMy Colo3i crocTepiraeTbcsi 3HaUHe
3pOCTaHHS BUPOOHWIITBA €JIEKTPOEHEepril 3 BiJHOBJIIOBAaHUX JPKEpes, B IEpIIy Yepry 3aBASKH e(EKTHBHUM
cTpaTerisiM 3ajy4eHHs iHBecTuHild. Ha mpormBary mpomy, YKpaiHa [eMOHCTPYE HeNOC/IiTOBHI MOJeJi PO3BUTKY
CEeKTOpPY BiIHOBJIIOBAHOI €eHepTeTHKU. AHAJII3 MIiIKPEeCc/JUB B3a€MO3B’sI30K Mik HafAiliHOWO (piHaHCOBOIO 6a3010 Ta
YCHIITHUM BIPOBAIKEHHSM BiTHOBJIIOBAaHOI eHepreTUKU. Y TOH yac sik EBporeiicbkuii Col03 BIPOBAIUB y3TOIKEH]
MexaHi3MHM, 110 Jal0Th OYEeBUIHI pe3yabrary, JaHmadT BiZHOBJ/IIOBaHOI eHepreTUKU B YKpaiHi BimoOpaskae
HACJTiIKU MeHII cTabiibHOI (hiHaHCOBOI iHppacTpyKTypH. 3arajbHa reHepatlis B €spomneiickkomy Corosi 3pocia 3
750,9 Trc. 'Br-roxy 2014 pori 1o 1130,2 tuc. 'BT-roxy 2023 potii, 110 CBiT9UTh PO cTabiMbHEe pO3MINPEHHS CEKTODY.
Hafi6inpIn nmepcneKTUBHUME (DiHAHCOBMMH iHCTPYMEHTAMHM CTaJId 3eJIeHi obJiirarii, sKi N03BOJAIOTE 3aaydaTH
3HAYHi KamiTaJbHi iIHBeCTULII B €KOJIOTi4Hi IPOEKTH, Ta EHepreTUYHi KOOIepaTUBY, 110 CIPUAIOTH JelleHTpaJsisanii
eHepreTUKU Ta PO3BUTKY MiclieBuX rpoMa. [TpoananisoBaHo MexaHi3Mu (piHaHCYBaHHs BiTHOBJIIOBAHOI eHEPTETUKU
B arpapHoMy ceKTopi kpaiH €Bponeiicbkoro Coioay, 3okpema Himeuunnu, ®panii, Ilossiri ta Hinepsaannis.
JocJigskeHo BIPOBAKEHHSI BiHOBJIIOBAHOI eHEpPreTMKU B arpapHOMYy CeKTopi Ha mpukiaai kommnaHiii RWE
(Himeuunna) Ta «AcTapra-Kuis» (Ykpaina). [TokasaHo, o Tep>kaBHi CyOCH/Iii, MJIbroBe KpeIUTyBaHHSA, MisKHAPOIHi
iHBEeCTHIIii Ta MeXaHi3MH KOPIIOPATHUBHOTO (iHAHCYBaHHS Bimirpand BaK/JIWMBY pOJIb Y TOMOJIaHHI Oap’epis.
3abesmneueHHs cTajsoro (hiHAaHCYBaHHA BiJHOBJIIOBAHOI eHepreTMKU B YKpaiHi moTpebye KOMILJIEKCHOTO MiAXOmy,
BKJIIOYAIOYU aKTUBHE 3a/TyYeHHS IepKaBHUX, IPUBATHUX Ta Mi’KHAPOAHUX iHBECTHUIIN

» Knw4yoBi cnoBa: ajbrepHaTHBHI PKepeJia; €KOJIOTiYHa CTiAKICTh; IHBECTHINHHI MexaHisMu; maepyKaBHE
peryaoBaHHs; KJIiMaTU4YHa MOJIITUKA
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