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FINANCIAL AND ECONOMIC PROSPECTS FOR
CREATING GREEN ENERGY PROJECTS IN THE
UKRAINE-POLAND COLLABORATION

ABSTRACT

This paper examines the economic and financial advantages of improving international
collaboration between Ukraine and Poland in the development of alternative energy
projects. It conducts a thorough evaluation of existing and forthcoming renewable en-
ergy generation technologies, using expert, Delphi, and methods based on statistics to
identify the most promising and universally applicable solutions. The calculation of the
payback period for small-scale green energy projects pays particular attention to the
actual duration of the period in the case of small business ventures. The findings are
summarized with a vision for the future Ukrainian-Polish cooperation in the scope of
green energy cooperation and specific instruments and processes that could contribute
to the success of the collaboration.

The article outlines the potential approach that involves the isolation of the cooperation
between Ukraine and Poland in green energy relying on the creation of investment and
venture funds, public support for the manufacturing of a renewable energy component,
and the establishment of non-volatile industrial complexes. Additionally, measures such
as independent small alternative power plants and the initiatives for the development
of the Ukrainian-Polish joint network of alternative energy are mentioned.

The current war between Ukraine and Russia has drawn attention to the crucial need
for energy security and diversification, making Ukraine-Poland collaboration on green
energy projects all the more important. Ukraine may minimize its reliance on the Russian
energy supply by focusing on renewable energy programs, while Poland can invest in
sustainable energy to boost regional stability and economic progress. The article points
out that the continuation and advancement of green energy initiatives require interna-
tional cooperation. The paper offers detailed guidance on how the financial, economic,
and technological opportunities and relations between Ukraine and Poland may be en-
hanced.

Keywords: energy, alternative energy, projects, international projects, sustainable
development, international economic relations

JEL Classification: Q42, Q48, 033, G28, P28

INTRODUCTION

The war between Ukraine and Russia has highlighted the essential relevance of energy
independence and security for Ukraine. The conflict has affected energy supply and
infrastructure, emphasizing the critical need for resilient and sustainable energy sys-
tems. In this context, this research on the collaborative development of green energy
projects between Ukraine and Poland becomes even more relevant, as it aims to im-
prove energy sustainability, economic stability, and environmental benefits for both
countries in the face of geopolitical problems.

Project activities in the energy sector are developing by leaps and bounds. Nuclear en-
ergy and green energy today are driving generation capabilities to meet the growing
energy needs of humankind in the future. At the same time, today few countries have
enough of their own resources to independently design, finance, build and maintain
modern energy systems.
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From this perspective, the future of energy lies in the collaboration of countries that can make a significant contribution
to the planning and implementation of projects. First of all, in this article, we will explore the implementation of common
projects in the field of green energy. This is due to the fact that today, at least nuclear power has a certain rate of
development (a recent example is the memorandum between Ukraine and the United States on the construction of 5
power units at Ukrainian nuclear power plants (UNN, n.d.). At the same time, such projects are strategic not only in terms
of energy development in the country but also in terms of national security. Therefore, their implementation is carried out
at the initiative of the government and under its leadership.

At the same time, green energy projects do not require additional intercountry agreements, separate from those that
already exist. In addition, wind, and solar energy, as well as biofuel-based energy generation, do not require colossal (in
comparison with other types of energy - nuclear, thermal, hydropower) financial, scientific, and labour efforts for their
implementation. From this point of view, such projects can be implemented between local governments of individual
countries (both projects for international cooperation) as well as businesses independently.

In this aspect, we see special prospects for development in green energy projects between Ukraine and the Republic of
Poland. Close historical ties, common European values, common border, and powerful scientific and technological potential
are only a part of those aspects that can be used for the general development of alternative energy sources in both
countries. Moreover, collaboration in alternative energy will create additional benefits: attracting investment flows, creating
a base for further scientific and practical research, creating an innovative production base, and creating new jobs. All this,
coupled with a positive effect on the environment, should become the basis for the formation of a socially responsible
business, the electrical needs of which will be met by an independent, clean energy microsystem.

In addition, such a business development policy will stimulate not only the generation of energy to meet its own needs
but also the development of a market for independent electricity suppliers for any enterprise. Moreover, such a practice
will create opportunities for both trading surplus electricity and creating a new business that will specialize exclusively in
the generation of green energy. In this aspect, it is worth noting the intercountry trade in green electricity, which will have
a positive impact on the development of related industries such as the delivery of electricity. Today, unfortunately, the
loss of electricity during its delivery through power lines remains significant and grows depending on the growth of voltage
and cable cross-sections (LEG, n.d.).

All this requires not only sustainable generation of electrical energy but also responsible delivery to consumers.

Therefore, the solution to problems associated with the development of green energy, the search for ways to maximize
its positive impact on related industries, as a solution to a number of social challenges should be implemented in an
international scientific and practical collaboration between Ukraine and the Republic of Poland. This article is devoted to
the study of the prospects for such a collaboration.

The purpose of the article is to study the financial and economic prospects for the collaborative development of green
energy projects between Ukraine and the Republic of Poland, highlight the directions of such cooperation and substantiate
its socially responsible effect.

The primary aim of this research is to explore the financial and economic prospects of developing green energy projects
through a collaborative effort between Ukraine and Poland. The research seeks to identify the most effective technologies
for renewable energy generation that can be feasibly implemented by small and medium-sized enterprises in both coun-
tries. By doing so, the study aims to propose a strategic framework for enhancing energy sustainability, economic devel-
opment, and environmental benefits through bilateral cooperation. To achieve this aim, the research systematically reviews
existing and emerging technologies for renewable energy generation, focusing on their applicability in the Ukraine-Poland
context. It utilizes expert, Delphi, and statistical methods to identify and evaluate the most promising green energy tech-
nologies for small and medium-sized enterprises. A detailed financial analysis, including the calculation of payback periods
for selected renewable energy projects, is conducted to determine their economic viability. Based on these evaluations,
the research develops a strategic framework for the implementation of joint Ukrainian-Polish green energy initiatives,
outlining specific tools and mechanisms for effective collaboration. Furthermore, it assesses the potential environmental,
economic, and social impacts of the proposed green energy projects, ensuring they align with sustainable development
goals.

This research work is driven by the following problem statement: essential energy resources today are still discovered
from non-renewable energy sources and the environmental situation is becoming worse by the day as energy demand
rises. Ukraine and Poland are individualistic in their approach, yet they are faced with several challenges in attempting to
become sustainable and energy-independent nations primarily owing to inadequate resource endowment and emergent
challenges in harnessing technology. Green energy partnership seems to fit the bill as a mutually beneficial model, with
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each country having relatively greater capabilities in areas where the other lacks them. Nevertheless, there is no vast body
of literature discussing these issues in a steep and rigorous manner, comparing the financial and economic efficiency of
such projects without focusing on particular aspects and giving guidelines for practice. In aiming to fill this gap of technol-
ogy solutions towards realizing green energies, feasibility checks on the proposed solutions, and establishment of a coop-
erative model for green energy implementation with sustainability, this research brings a timely intervention in the two
countries.

The structure of this article is organized as follows: first, it starts with a brief synoptic of the present condition and future
prospects of the alternative energy technology especially focusing on the collaboration between Ukraine and Poland. Then,
the article establishes an analysis based on expert, Delphi, and statistical means to outline the green energy technologies
with the best small and medium enterprise prospects. This is succeeded with a financial assessment and calculation of the
payback periods on the identified renewable energy undertakings. The article then revolves around an action plan or an
agenda of how a constructively harmonious and viable joint Ukrainian—Polish green energy agenda may be forged, with
an identification of relevant tools and mechanisms for implementation. Finally, the article accomplishes an argument on
the broader implications of this collaboration for energy independence, environmental sustainability, and economic devel-
opment in both countries.

LITERATURE REVIEW

The literature review provides a thorough examination of the existing research on the development and implementation
of green energy projects, with a specific focus on the financial and economic aspects of international collaboration. It
synthesizes findings from various studies that highlight the technological advancements, investment strategies, and policy
frameworks necessary for the successful deployment of renewable energy technologies. By reviewing the best practices
and lessons learned from previous initiatives, this literature review aims to establish a comprehensive understanding of
the opportunities and challenges faced by Ukraine and Poland in their pursuit of sustainable energy solutions.

The profitability of companies in the renewable energy sector is evaluated by Prokopenko et al. (2023) in terms of invest-
ments and research and development (R&D) costs. This study provides insight with respect to the financial aspect of
technological innovation and investment as well as can become a useful tool for the stakeholders of collaborative projects
between Ukraine and Poland. Trypolska et al. (2022) examine the management perspectives of end-of-life equipment in
the wind and solar power plants in Ukraine. The knowledge of the issues and possibilities related to decommissioning and
disposal is fundamental for appropriate project planning. This study could contribute to the joint activities of Ukraine and
Poland in managing renewable energy facilities.

Li et al. (2022) investigates the issue of energy poverty and energy efficiency in emerging economies, providing useful
insights into socio-economic aspects that determine the access to and consumption of energy. Energy poverty dynamics
should be understood in order to design inclusive and fair initiatives for green energy. This study adds value to the socio-
economic aspect of collaboration initiatives between Ukraine and Poland.

Sotnyk et al. (2023a) focus on the advent of solar business prosumers in Ukraine and the impact they have on the energy
canvas. The results give information about the functions of prosumers in the decentralized energy systems and potential
participation in common projects of Ukraine and Poland. Kurbatova et al. (2023) introduce different strategies to improve
the feed-in tariff policy to stimulate the use of renewable energy in households in Ukraine. Policy interventions are key in
promoting investments and creating partnerships within the green energy industry. This research provides actionable
recommendations for cross-border initiatives' policymakers and stakeholders.

A bibliometric analysis is conducted by Filatova et al. (2022) to investigate the role of public debt in the economic devel-
opment policy of Ukraine both during the war and post-war periods. This paper addresses the economic aspects of debt
management strategies, providing knowledge on fiscal policy choices and their effects on long-run development paths.
Dynamics of public debt are the key to the development of a healthy economic policy and elasticity towards challenging
geopolitical contexts.

Petlenko and Schehlyuk (2014) analyse the specifics of military technology marketing, accentuating that customized mar-
keting approaches play an essential role in the promotion of defence-related products and services. The findings of this
study have implications for the dynamics of defence industry markets and their relationship with general economic devel-
opments. Therefore, these findings can guide strategic spending in defence procurement and technology transfer programs
with the dual goal of economic development and national security.
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Sopronenkov et al. (2023) deal with the influence of tax policies on business development and economic dynamics. This
study emphasizes the interrelationships between fiscal regulations, entrepreneurial activities, and overall macroeconomic
performance. The implications of tax policy changes are significant for both the policymakers and businesspeople who, in
turn, determine the nature of investments, market attractiveness, and socio-economic effects.

Kuczabski et al. (2023) analyze the effectiveness of regional development management, highlighting the key role of inte-
grated governance systems in promoting sustainable development. This study sheds some light on the importance of policy
interventions, institutional arrangements, and stakeholder engagement mechanisms in promoting regional economic de-
velopment. Knowledge from this study will assist in formulating approaches aimed at making use of resource allocation,
improving competitiveness, and ensuring inclusive development at the regional level.

Redko et al. (2023) offer a comparative analysis of strategic directions of innovative development of the energy sector in
Ukraine and the EU member countries. Through analysis of international cases and best practices, this study provides
important information about policy frameworks, technological trends, and market dynamics influencing the energy transi-
tion. Utilizing comparative analysis can promote knowledge transfer and policy learning, which will enable the creation of
locally applicable measures for sustainable energy transformation.

Masyk et al. (2023) study the indicators for evaluating the performance of governance institutions in relation to sustainable
development assignments. This study highlights the role of governance structures, regulatory frameworks, and accounta-
bility mechanisms in achieving sustainable development objectives. Knowledge of the determinants of institutional effec-
tiveness is important for ensuring good governance practices and developing comprehensive responses to sustainability
challenges.

Sotnyk et al. (2023b) conducted a bibliometric study of the management of energy efficiency and renewable energy in the
residential area. This study through synthesis of existing literature identifies the patterns, gaps and challenges for sustain-
able practices in energy. Findings from this study can guide collaborations towards energy efficiency and renewable inte-
gration in residential localities.

Bashynska et al. (2022) discuss the investment and innovation image of regions in Ukraine as regards sustainable devel-
opments. The study of regional development dynamics gives an understanding of the advantages and disadvantages of
development, as well as potential activities for creating sustainable development. The findings from this research will be
useful in the development of general and specific tactical and policy strategies that can enable the improvement of inno-
vation systems and the attraction of capital to sustainable initiatives throughout the nation.

A study done by Dudek et al. (2023) suggests the appropriate procedure and measurement approach to determine the
extent of participation of green energy projects in the green and inclusive energy sector of society was the feasibility study
method. Considering the environmental, social and economic perspectives towards this scenario again unfolds the perfec-
tion of community efforts towards the progression of sustainable energy application. It is also important to flag this frame-
work in general as it facilitates realizable universal com Touch and basic framework which can be applied to diverse
collaboration and on this basis to follow the financial and economic perspective of green energy with respect to social
return on investment.

The literature analysis proves the existence of a significant and credible scientific base that emphasizes the favourable
financial and economic performance of green energy projects as well as highlights the importance of international collab-
oration in their implementation.

AIMS AND OBIJECTIVES

This research aims to explore the financial and economic prospects of developing green energy projects through collabo-
rative efforts between Ukraine and Poland. The study focuses on identifying effective renewable energy technologies
suitable for implementation by small and medium-sized enterprises in both countries. By doing so, it seeks to propose a
strategic framework that enhances energy sustainability, economic development, and environmental benefits through bi-
lateral cooperation.

Objectives for this research:

1. Conduct a comprehensive review of existing and emerging renewable energy technologies applicable to SMEs in
Ukraine and Poland. Employ expert, Delphi, and statistical methods to identify the most promising green energy
technologies.
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2.  Perform detailed financial assessments of selected renewable energy projects. Calculate payback periods to determine
their economic viability and attractiveness to potential investors.

3. Develop a cohesive strategic framework for the implementation of joint Ukrainian-Polish green energy initiatives.
Outline specific tools and mechanisms that facilitate effective collaboration and mutual benefit.

4. Evaluate potential environmental, economic, and social impacts of proposed green energy projects. Ensure alignment
with sustainable development goals and strategies for enhancing energy security and diversification.

5. Propose policies and initiatives to support the development and implementation of green energy projects. Identify
roles for governments, private sectors, and international organizations in fostering collaborative efforts between
Ukraine and Poland.

6. Recommend practical steps for creating investment and venture funds, establishing public support mechanisms, and
initiating independent small alternative power plants. Advocate for the creation of a unified Ukrainian-Polish network
for alternative energy to maximize efficiency and sustainability.

Through these objectives, the research aims to provide a comprehensive roadmap for leveraging Ukraine-Poland collabo-
ration in the green energy sector. This collaboration is envisioned not only to drive technological innovation and economic
growth but also to contribute significantly to environmental preservation and sustainable development in both countries.

METHODS

This research's approach allows for the exploration of the financial and economic viability of partnering with Poland to
develop green energy projects since it employs both qualitative and quantitative methods. These components are the
computation of financial values, statistical processing, and the use of questionnaires among other professionals. To obtain
expert opinions on the promising green energy technology and potential cooperation between Poland and Ukraine, the
authors applied the Delphi approach. It was a cyclical process to obtain the expert input, which was later modified based
on the replies received from the group. The agreement on which basic standards and promising technology in the field of
renewable energy should be achieved was the goal.

Thirty professionals made up the expert panel, which was further divided into three subgroups: Ten scholars with academic
backgrounds in environment, international relations, and energetics. To embrace all facets of social, economic, and envi-
ronmental aspects, faculty members from Sumy State University specializing in SD were purposively selected as the focus
group. This technique eliminated chances of any one grouping to influence the results hence avoiding biases.

These experts were selected based on the number of works they have published on renewable energy, years of experience
in the respective fields, and academic qualifications. Experts needed at least five years of experience and five papers/pro-
jects related to renewable energy. This survey procedure included two main rounds. Expert opinions for the first round in
the case of small and medium enterprises in Poland and Ukraine, the most promising green energy solutions were to be
selected. They evaluated various technologies based on hypothetical parameters such as feasibility, cost, scalability and
sustainability. Written feedback collated from the first round was made anonymous. After that, the experts were invited
to work on the evaluations and make improvements based on the composite score.

The quantitative data on green energy technologies including wind power, solar systems and biofuels as well as the
forecast of future trends were obtained. Some of the sources of data included refereed research articles that have been
published in scholarly journals, business and industry reports, as well as government publications.

The information received from the expert questionnaires was summarized in the form of descriptive statistics, defined as
the arithmetic means, median, and standard deviations of the estimations provided by the experts about the particular
technologies. Hence, a weighted-arithmetic mean was calculated to determine the score for each of the technologies,
based on the identified weightage for each criterion as rated by the experts. With this approach, the outcome of the
scoring for every technology will in fact mirror the importance and weight of the criteria.

Besides the questionnaires completed by the energy experts and statistical analysis, the works on the identification of
different financial possibilities of various green energy systems required the usage of the financial computations. In the
run of the analysis, we focused on the payback period of renewable energy investment with equal regard to the financial
health of the firm. The initial cost of implementing the investment project, primary expenses, and expected benefits which
may include the cost of renewable energy source usage were assessed.
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Compare payback time and costs of solar cells and independent wind generators to evaluate them consequently the
electricity consumption of small businesses. The initial cost of the wind generators, solar panels, inverters, Controllers,
installation and maintenance cost, cost savings due to energy conservation, and additional revenues by utilization of excess
energy were taken into account in the cost analysis.

RESULTS

Alternative energy (green energy) in the literature is considered to be a complex of promising methods to provide energy
generation, often from renewable sources, which has an additional purpose — to be environmentally friendly (TWI Global,
n.d.). We see that this concept is very broad and not always "alternative energy" is the equivalent of "green energy".
Alternative energy implies the use of non-traditional sources, methods and technologies for generating energy, including
from renewable sources. Renewable energy, one that uses renewable or inexhaustible sources, is called "green" energy.
At the same time, we do not set ourselves in the search for solving problems of systematizing terminology but identifying
practical ways to ensure the energy independence of enterprises.

The presented types of alternative energy, as well as their offshoots, can potentially change the ideas of business structures
about energy in the future. Today, there is still a problem of misunderstanding and rejection of the need to use green
energy for production purposes. In this aspect, there are many influencing factors:

1.  Firstly, not all types of energy can be realized in the country due to natural, legislative, and intellectual restrictions.
Not all countries own technologies for the production of geothermal energy or cannot use them due to the peculiarities
of their geographic location. For example, the Republic of Belarus has no access to the sea, therefore, purely marine
types of alternative energy are not allowed there (tidal power plants, temperature gradient, etc.). If a country has
weak forest resources, access to solid wood energy will also be limited.

2. Secondly, the country's specialization in a certain type of production also plays an important role. For example, in
countries where agriculture is sufficiently developed, access to biogas and synthesis gas is sufficient in industrial
volumes. In countries with a sufficiently developed industry and national technical potential, there is a possibility of
using cryo-energy and synthesizing biodiesel.

3. Thirdly, external relations of the state can be rather narrow, which negatively affects the potential for the
development of alternative energy sources. This forces such countries to either intensify the extraction of fossil fuels
or limit consumption, which today cannot be considered either democratic or sustainable.

4. Fourthly, it is more profitable for countries to invest state budget funds in large energy infrastructure facilities,
which are guaranteed to produce a significant amount of energy per unit of cost.

5. Finally, energy projects are often viewed by countries as objects of national energy security, therefore, attracting
private investment in the construction of large power-generating enterprises is a difficult process.

Despite this, Ukraine already has experience of cooperation with foreign investors in the construction of energy facilities.
Among them is the project for the construction of a new block at the Slavyanska TPP with the involvement of financial
resources from the PRC in the amount of USD 600 million (Interfax-Ukraine, n.d.). Another project included the potential
construction of a 220 MW power complex at the Lviv thermal power plant (Naftogaz, n.d.).

As we can see, Ukraine is interested in the implementation of new projects and the re-equipment of existing facilities.
However, intergovernmental agreements mainly concern large energy facilities, which, unfortunately, concern more quan-
tity than quality. At the same time, there are precedents for the construction of large solar stations. The latest of these
projects is the creation of a 5 MW solar power plant on the territory of the Poltava mining plant (Ukrinform, n.d.). A feature
of such a power plant is that its panels are installed on the dumps of open pits. That is those areas that are not used in
any way begin to bring a useful effect.

The negative effect should also be noted. Today in Ukraine, the construction of alternative power plants is actively stimu-
lated by the so-called "green" tariff (In English literature, the term "Feed-in tariff" is often used). According to the Law of
Ukraine "On Electricity" N2575 / 97-BP of 01.07.2019, a "green" tariff is a special tariff at which electricity is purchased,
and produced at power facilities, including the commissioned queues of construction of electric stations (start-up com-
plexes), from alternative energy sources (except for blast furnace and coke oven gases, and with the use of hydropower
— produced only by micro-, mini- and small hydropower plants) (Verkhovna Rada of Ukraine, 2019). Today, this law has
expired in Ukraine, but the current version looks quite interesting — the Law of Ukraine "On the Electricity Market" N22019-
VIII of 29.08.2021, which does not provide any definition of "green" tariff (Verkhovna Rada of Ukraine, 2021).
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In practice, such an incentive mechanism leads to the fact that enterprises or individuals invest in alternative energy in
order to earn money by selling it to the state through the wholesale electricity market. Further, this electricity (along with
the energy generated by nuclear, thermal and hydroelectric power plants) is sold to local energy sellers, who, in turn, sell
it to consumers. In fact, the "green" tariff is paid by all consumers (even those who have nothing to do with energy)
(Sagaydak, 2018).

In our research, we will focus on interstate projects between Ukraine and Poland aimed at increasing energy sustainability.
In our opinion, sustainable energy should also be socially responsible. This means that companies should be stimulated in
the development of "green" energy in other ways, without resorting to a "green" tariff, which is beneficial only for those,
who generate such energy. This situation, in our opinion, does not correspond to the concept of sustainable development,
which is the basis for the development of "green" energy. In other words, the introduction of motivational mechanisms,
which essence is financial incentives for the "clean" energy generation, at the expense of the final consumer cannot be
considered socially responsible.

Against this background, the document "Energy strategy of Ukraine for the period up to 2035" security, energy efficiency,
competitiveness", which was approved by the Order of the Cabinet of Ministers of Ukraine N9605-2017-r dated 18.08.2017,
looks rather ambiguous (Verkhovna Rada of Ukraine, 2017).

Within the framework of this strategy, special emphasis is placed on: the modernization and re-equipment of existing
electric power generation capacities;

= reduction of losses during transmission of energy through power lines (smart grid technology);

= improvement of technologies for the extraction of combustible minerals, the introduction of their digital accounting;
= decrease in the energy intensity of GDP.

Separately, it is worth noting the item of the Strategy "Ensuring sustainable development”, which includes:

= improvement of tariff setting;

= the use of energy-efficient transport that consumes less fuel (apparently, this refers to public transport);
= transfer of heat energy consumers from centralized supplies; individual electric heating;

= improvement in the gas, coal and oil industries;

= bringing the share of alternative energy to the level of 25% of the total generation. Here the document assumes the
introduction of new units at the hydroelectric power station; transfer of central heating to bioresources (incineration
of household waste and bio-pallets); substitution of combustible fuels for alternative ones, but where it is economi-
cally feasible.

As we can see, the strategy does not imply the fundamental development of alternative energy in the fields of solar, wind,
bioenergy, etc. Moreover, the vision of alternative sources in the energy sector of Ukraine, even after 15 years, can hardly
be considered strategic.

Based on this, we concluded that for the speedy implementation of projects in the field of green energy, it is necessary to
implement them without involving public authorities as direct participants.

In other words, the projects being implemented should relate to the activities of small and medium-sized businesses, since
such a business is:
= very flexible - it can rebuild and adapt to changes and new challenges;

= is able to attract bank lending and international grants, since projects that can be implemented in small businesses
require incommensurably lower costs;

= for the implementation of projects, it is possible to attract contractors who already have experience and can offer
standardized solutions, which is cheaper than unique projects at the state level;

= it can be part of an international collaboration: co-production; supply chain, etc.

In order to find the most optimal opportunities for the implementation of interstate energy programs in small and medium-
sized businesses, in our opinion, it is necessary to solve a number of problems:

1.  Systematize the sources of obtaining green energy, possible nowadays.

2.  Conduct a selection of criteria according to which possible alternative energy sources will be selected as candidates
for international projects.
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3. Direct selection of alternative energy sources, which are most resealable for small and medium-sized businesses.

First problem. We systematized the most famous and potentially possible technologies of alternative (green) energy
(Table 1). Technologies used in alternative energy are usually classified according to the source of generation of electrical

energy.

Table 1. Used and promising branches of alternative electrical energy. (Source: authors development based on (Muller, 2021, Morais, 2021,
Acharya, 2014, Muratoglu, 2018, Nadarajah, 2016; Bhola, 2021, Gielen, 2019))

Kinds of energetics

The branch of energetics

Characteristics

Alternative energy generation industries in use today

Wind energetics

Autonomous wind generators

Wind turbines installed in production facilities remote from power lines

Wind turbines connected to the
grid

Wind turbines installed at industrial sites of enterprises and connected to the general
energy network

Biofuel

Liquid: bioethanol, biodiesel

Using generators that work on biofuel: fatty acid ester blend (biodiesel); ordinary etha-
nol (bioethanol)

Solid: wood waste and biomass

Burning wood waste (substandard forest; wood chips, husks, bio-pallets, etc.)

Gaseous: synthesis gas, biogas

Gas synthesis by methanol or hydrous fermentation of green biomass (biogas); mixture
of carbon monoxide and hydrogen (synthesis gas)

Solar energy

Solar collectors (including solar
water heaters)

devices that generate electrical energy by collecting thermal energy from the sun

Photovoltaic cells

use of vacuum or semiconductor photocells — solar panels

Alternative hydro-
power

Tidal power plants

in fact, they use the kinetic energy of the earth's rotation, but are based on the princi-
ple of transforming the energy of tides into electrical energy

Wave power plants

stations that use the useful work of waves to generate electricity

Mini and micro hydropower plants

hydroelectricity, installed on small rivers, streams, whose current allows the use of use-
ful work of water

Energy of the temperature gradi-
ent of seawater

energy, extraction based on temperature differences of ocean water at different depths

Geothermal energy

Thermal water power plants

heat exchange using groundwater temperature

Ground heat exchangers

heat exchange using the temperature of the subsoil to heat the air

Cryoenergy

Cryoenergy power plants

obtaining excess energy in the process of oxygen liquefaction at a temperature of -
182.96°C

Promising industries for the generation of alternative energy

Solar energy

Energy tower

a promising device combining heat exchange processes between air and water, as well
as wind energy

Nanoantennas

devices operating on the principle of rectifying antennas and converting solar energy
into electric power. Such antennas do not work in the radio range, as usual, but in the
optical one

Alternative hydro-
power

Aero hydroelectric power plants

potential for energy production by condensation of water from the atmosphere and/or
clouds

Thunderstorm energy

Thunderstorm power plants

the principle of operation is based on catching lightning and redirecting their energies
to the power grid

Gravitational energy

Gravitational power plants

obtaining excess energy by accumulating potential energy under the influence of the
Earth's gravitational field

Controlled thermonuclear fusion

the principle of obtaining energy by fusing heavier nuclei from lighter ones. Today,
such a synthesis is considered to be the production of tritium (3H) from deuterium
(2H), and in the future - the use of boron-11 (11B) or helium-3 (3He).

Hydrogen energy

promising technology using hydrogen fuel cells, engines, and biohydrogen. At the same
time, to obtain energy from hydrogen today it is required to expend more energy than
is generated from hydrogen. For these reasons, hydrogen-based fuel cells are used as
energy storage rather than as a source

Space energy

Potential placement of any sources of alternative energy on space objects and/or in
their orbit

As we can see from the systematized material, the nomenclature of possible alternative (including green) sources of energy
generation is quite extensive. It contains examples from most modern types of energy (including thermal and nuclear). At
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the same time, we did not immediately take into account some of the "potential alternative" sources of nuclear power. For
example, thermonuclear fusion using a toroidal chamber with magnetic coils (also known as Tokamak) or cold nuclear
fusion (recognized by physicists as a utopia) are not only not used in practice, but at this stage are simply impossible for
practical use. Therefore, we have collected only what actually works.

Second problem. Determination of criteria for the selection of energy projects. To identify the most relevant criteria for
our study, we analysed specialized scientific sources and conducted a survey using the Delphi method. This technique
includes three subgroups of experts: ten academic experts in energy, ten academic experts in ecology, and ten academic
experts in international economics. The focus group, which included Sumy State University workers, was organized around
sustainable development principles to provide a fair representation of economic, social, and environmental views. This
strategy helps us reduce possible biases by preventing any single grouping from unnecessarily impacting the results.

Criteria for choosing sources of altemative (renewable energy) for implementation by small and
medium-sized businesses

1. Possibility of project implementation without state participation

Y

Y

2. Possibility of implementation without complicated permitting procedures

Y

3. Possibility of implementation without investing in know-how

»| 4. The ability to attract bank loans or grants. Participation in venture funding programs

Y

5. Placement versatility

Y

6. Possibility to camry out placement on the industrial site of the enterprise

»| 7. Community of interests of Ukraine and Poland in the development of certain types of alternative energy

Figure 1. Criteria for the selection of alternative (renewable) energy sources, possible for the implementation of small and medium-
sized businesses.

It is necessary to provide an explanation of the logic based on which such the criteria for further research were selected:

1.  The basis for the selection of criteria was simplicity (involving the smallest number of stakeholders) and safety (for
citizens living in different settlements; employees of the enterprises, which are implementing such technologies).

2. We did not take the cost criterion initially. First, taking into account the specifics of individual examples from Table
1, cost may not be the most important factor. Some of these examples are generally impossible to implement for a
business because of the complexity or danger. Secondly, in our opinion, it is advisable to conduct a financial
assessment at the second stage of the study, when the primary selection has already been carried out. Thirdly, if
only 1 option remains at the 2nd stage, the financial-economic assessment is more likely to be a factor in making a
decision on expediency as such, and not as a selection criterion among a dozen options.

3. The first criterion means that common projects on alternative energy in the Ukraine-Poland collaboration should be
implemented only within the framework of existing agreements on cooperation between Ukraine and the countries
of the European Union in the energy sector (Linstone, 1975). In addition, such projects should be implemented at
the expense of funds, grants (possibly interstate funds) and/or own funds of enterprises.

4. The second factor means that projects should be implemented without the involvement of state authorities, state
energy companies (if possible) and without special permitting procedures. In other words, such projects should be
implemented according to the principle "client in Ukraine - contractors - client in Poland". That is, it is necessary to
shift licensing and licensing procedures to contractors. For example, the construction of thermal, and geothermal
power plants will lead to mandatory environmental and geological expertise.
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10.

Projects should be based on a universal, publicly available technology, which will make it possible to reduce the cost
of purchasing the necessary components and reduce the cost of its maintenance. For example, an industrial plant for
generating power from lightning is owned by Alternative Energy Holdings (Ministry of Foreign Affairs of Ukraine,
n.d.).

Projects should be based on a universal, publicly available technology, which will make it possible to reduce the cost
of purchasing the necessary components and reduce the cost of its maintenance. For example, an industrial plant for
the generation of energy from lightning is owned by Alternative Energy Holdings (Mukherjee, 2019) or a startup for
the production of cryogenic plants Dearman Engine (GW Blogs, 2020).

Projects should be relatively small; therefore, the cost of their implementation can be covered by the minimum
number of lenders or grantors.

The territory of Ukraine and Poland is climatically, geo-physically, hydrologically rather heterogeneous. This suggests
that only a limited set of options can be implemented throughout the countries. Wind, hydropower, etc. require
special conditions for placement, which small and medium-sized businesses often do not have.

Energy projects should be located on the territory of enterprises - representatives of small and medium-sized
businesses. Therefore, the construction of, for example, large wind turbines for such purposes is unacceptable.

Projects in international collaboration should correspond to the trends that exist in the energy sector of the countries
nowadays. To determine the directions to develop such projects, we took data on the generation of electricity from

various sources in Ukraine and Poland (Figure 2).
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Figure 2. Dynamics of the structure of energy generation on alternative sources in the Republic of Poland. Note: a) Energy generation in
Poland (2011-2023); b) Energy generation in Ukraine (2011-2023). (Source. authors development based on (Central Statistical Office of Poland, n.d.;
State Statistics Service of Ukraine, n.d.)).
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As we can see from the statistical data, the development of alternative sources based on the principles of wind and solar
energy generation prevails in the Republic of Poland. In Ukraine, the situation is somewhat different - technologies based
on the combustion of biogas, biofuel, and solid wood waste prevail. At the same time, we see that since 2016, Ukraine
has seen a steady increase in the generation of solar energy and wind energy. From this, we conclude that the main
directions in the field of international collaboration on projects of alternative (green energy) should be considered: a) solar
and wind energy; b) biofuels.

Due to destroyed infrastructure and shattered supply networks, Ukraine's energy output significantly decreased after the
war with Russia began in 2022, especially in the areas of thermal and nuclear power. Although at a slower pace than
anticipated, wind and photovoltaic energy saw a moderate increase in Ukraine as attention turned to more decentralized
and resilient energy sources. Although there was less of an immediate effect, Poland's adoption of renewable energy has
been growing gradually overall. However, due to geopolitical concerns, investment and project implementation have
slowed down slightly.

Third problem. Screening out sources of alternative energy. In fact, it is the second stage of the Delphi method. At this
stage, we asked the experts to assign appropriate importance to each of the selected criteria. Further, each expert was
asked to assign a rating to each of the sources in accordance with each of the criteria.

For clarification:

Significance of criteria, w. Experts had to assign weights to each criterion to two decimal places. In addition, the sum of
all weights should not have exceeded 1 (100%).

Scoring of each of the sources, s. Further, the experts had to evaluate each of the sources in accordance with the criteria
and assign an appropriate rating on a scale from 0 to 1. At the same time, 0 corresponded to a source that did not
completely meet the criterion, and 1 - a source that fully corresponded to the criterion.

It is also worth noting that at the stages of weighting criteria (w) and source scores (s), we equalized the result using the
PERT (Program (Project) Evaluation and Review Technique) method (Dovhan et al., 2017):

E=1x(P+4M+0) 1)

where: E — estimation (result obtained),; P — the most pessimistic assessment; M — the most likely estimate; O — the most
optimistic assessment.

The results of expert estimates of the weights for the selected criteria are presented in Table 2.

Table 2. Expert assessment of weights for each of the selected criteria.

Criteria
Experts Total
Criteria 1 Criteria 2 Criteria 3 Criteria 4 Criteria 5 Criteria 6 Criteria 7
Expert 1 0.15 0 0.1 0.05 0.25 0.15 0.3 1
Expert 2 0.1 0.1 0 0.35 0.2 0.05 0.2 1
Expert 3 0.1 0.05 0.1 0.2 0.1 0.15 0.3 1
Expert 4 0.1 0.1 0.05 0.2 0.3 0.1 0.15 1
Expert 5 0.1 0.1 0.2 0.1 0.15 0.15 0.2 1
Expert 6 0.15 0.1 0 0.2 0.25 0.1 0.2 1
Expert 7 0.05 0.1 0.1 0.2 0.25 0.1 0.2 1
Expert 8 0.05 0.1 0.1 0.2 0.25 0.1 0.2 1
Expert 9 0.05 0.1 0.15 0.25 0.15 0.15 0.15 1
Expert 10 0.15 0 0.1 0.15 0.25 0.15 0.2 1
Expert 11 0.1 0 0.1 0.2 0.25 0.15 0.2 1
Expert 12 0.1 0.05 0.05 0.2 0.3 0.05 0.25 1

(continued on next page)
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Table 2. Continued.

Criteria
Experts Total
Criteria 1 Criteria 2 Criteria 3 Criteria 4 Criteria 5 Criteria 6 Criteria 7

Expert 13 0.15 0.1 0 0.1 0.2 0.25 0.2 1
Expert 14 0.05 0 0.1 0.35 0.25 0.05 0.2 1
Expert 15 0.1 0.1 0.1 0.2 0.1 0.15 0.25 1
Expert 16 0.15 0.1 0.15 0.1 0.15 0.15 0.2 1
Expert 17 0.1 0.05 0.1 0.1 0.25 0.1 0.3 1
Expert 18 0.1 0.05 0.1 0.2 0.25 0.15 0.15 1
Expert 19 0.1 0.1 0.25 0.1 0.15 0.1 0.2 1
Expert 20 0.15 0.05 0.1 0.2 0.25 0.05 0.2 1
Expert 21 0.1 0 0.15 0.15 0.25 0.1 0.25 1
Expert 22 0.1 0 0.1 0.2 0.25 0.05 0.3 1
Expert 23 0.1 0.1 0.1 0.2 0.15 0.15 0.2 1
Expert 24 0.15 0 0.1 0.1 0.25 0.15 0.25 1
Expert 25 0.1 0.1 0.1 0.35 0.1 0.05 0.2 1
Expert 26 0.1 0 0.1 0.2 0.25 0.15 0.2 1
Expert 27 0.1 0.1 0.1 0.2 0.1 0.15 0.25 1
Expert 28 0.15 0 0.15 0.1 0.25 0.15 0.2 1
Expert 29 0.1 0.1 0 0.2 0.25 0.15 0.2 1
Expert 30 0.1 0 0.1 0.15 0.3 0.15 0.2 1
Pessimistic assessment 0.05 0 0 0.05 0.1 0.05 0.15 -
Most likely 0.1 0.05 0.1 0.2 0.25 0.15 0.2 -
Optimistic 0.15 0.1 0.25 0.35 0.3 0.25 0.3 -
Total 0.1 0.05 0.1 0.2 0.2 0.15 0.2 1

Calculating the values for each source based on each expert's assessment cannot be easily represented in a two-dimen-
sional table, as each expert evaluated each factor according to the selected criteria. To clarify this process, we will present
the assessments given by Expert 12 as an example (Table 3).

Table 3. Scoring assessment of the strength of compliance of the source with the selected criteria, which was given by Expert 12.

Criteria
Assessment of an expert 12
Criterial | Criteria2 | Criteria3 | Criteria4 | Criteria5 | Criteria6 | Criteria 7

Autonomous wind generators 1 1 0,5 0,75 0, 25 1 1
Wind turbines connected to the grid 0.25 0.25 1 0.5 0.25 1 0
Liquid: bioethanol, biodiesel 1 1 0.5 0.75 0.75 0.75 1
Solid: wood waste and biomass 1 1 1 1 0.25 1 1
Gaseous: synthesis gas, biogas 1 1 0.25 1 0.25 0.75 1
Solar collectors (including solar water heaters) 1 1 1 1 0.25 1 1
Photovoltaic cells 1 1 1 1 1 1 1
Energy tower 0.25 0 0 0.25 0.5 0 0.5
Nanoantennas 1 0.5 0.25 0 0.25 0 0.5
Tidal power plants 0 0 0.25 0 0

Wave power plants 0 0 0 0 0 0

Mini and micro hydropower plants 0 0.25 0 0.5 0.5 0.5 0.5
Energy of the temperature gradient of seawater 0 0 0.25 0 0.25 0 0
Aero hydroelectric power plants 0.5 0.75 0 0 0.75 1 0.75
Thunderstorm power plants 0.5 0 0.5 0.25 0 0.75 1
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In order to bring the weights and estimates obtained, we used the calculation of the weighted arithmetic mean (WAN).
This method was chosen by analogy with the volume-weighted average price (VWAP) and the weighted average cost of
capital (WACC) methods, widely used in the financial sphere. WAN was calculated using the current formula (Pyrozhkov
et al., 2020):

WAN = 2=t )

T wi

where.: WAN — weighted arithmetic means. Resulting indicator; w — factor i weight; s — source i score.

The results of the calculations obtained for each of the alternative energy sources selected for the study are presented in
Table 4.

Table 4. Calculation of the WAN indicator for each of the alternative energy sources.

Criteria for the selection of alternative (renewable) energy sources and their
significance
[} © [} © © [} [}
The branch of energetics = = i~ = = T i~
Kinds of _ g - g ~ g ™ .,g < g n g © _g N
inds of ener: = = = = = = = Total
getics o o o o o o o
Significance of criteria
Significance coefficient, w 0.1 0.05 0.1 0.2 0.2 0.15 0.2 1
Score st s? s? st s® s® s’ WAN
Autonomous wind generators 1 1 1 1 0.5 1 1 0.9
Wind energetics
Wind turbines connected to the grid 0.25 0 1 0.25 0.25 0 1 0.43
Liquid: bioethanol, biodiesel 1 1 0.5 0.75 0.75 1 1 0.85
Biofuel Solid: wood waste and biomass 1 1 1 1 0.25 1 1 0.85
Gaseous: synthesis gas, biogas 1 1 0.25 1 0.25 1 1 0.78
Solar collectors (including solar water 1 1 1 1 0.25 1 1 0.85
heaters)
Solar energy | Photovoltaic cells 1 1 1 1 1 1 1 1
Energy tower 0.25 0 0 0 0.5 0 0.5 0.23
Nanoantennas 1 0.5 0 0 0.25 0 0.5 0.28
Tidal power plants 0 0 0 0 0 0 0 0.00
Wave power plants 0 0 0 0 0 0 0 0.00
Mini and micro hydropower plants 0 0 0 0 0.5 0.5 0.5 0.28
Alternative hy-
dropower Energy of the temperature gradient of 0 0 0 0 0 0 0 0.00
seawater :
Aero hydroelectric power plants 0.5 0.75 0 0 0.75 1 0.75 0.54
Thunderstorm power plants 0.5 0 0 0 0 0 0 0.05
DISCUSSION

Based on the calculations, we concluded that the greatest potential for the implementation of alternative energy projects
in small and medium-sized businesses is possessed by:

1. Wind power: Autonomous wind generators. Autonomous wind generators can be deployed on the territory of
the enterprise. They are compact turbines of horizontal or vertical type, mounted on rooftops or on poles.

Among the general advantages of this technology are:

= the ability to work around the clock. When batteries are installed, they can be recharged automatically even at night;
= with an increase in wind speed, a sharp increase in the generation of electrical energy is possible;
. independence from the season and cloudiness.

Among the general disadvantages of this technology should be considered:
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the need to install a wind generator at a distance from houses, since houses impede the free passage of the wind;

dependence on wind speed. According to Global Wind Atlas (Global Wind Atlas, n.d.), the average wind speed in flat
areas in Poland and Ukraine is 5-8 m/s, which in ideal conditions and an installation efficiency of about 90% can
provide 800-1100 watts of energy generation with a voltage of 12-48 volts (Solar-Tech, n.d.). Using 12 Volt to 220
Volt inverters, it becomes possible only to power up of 2 computers with 500-Watt power supplies.

2. Solar energy: Photovoltaic cells. The panels can be deployed both on the territory of the enterprise (on freestand-

ing installations) and on the roofs of industrial premises.
Among the general advantages of this technology are:

= independence from energy sources, except for the Sun;
= weak dependence on weather conditions (panels work even in cloudy weather);

= versatility. It is possible to place panels on any surfaces that have no other useful use. They can be placed near

residential buildings (and even on them).
Among the general disadvantages of this technology should be considered:

= maximum efficiency only when the panels are clean;
. maximum efficiency only during the day with straight lines in sunny weather;

= low efficiency of one panel (about 20%) (Trina Solar, n.d.), which requires the installation of more panels in com-
parison with other sources. This means lower energy generation per unit of footprint. Also, it should be noted that

the most powerful solar panels can deliver about 650 watts of energy.

After accumulating all these presented data, we decided to conduct a comparative analysis of the payback period between
autonomous wind generators and solar panels, focusing on a power of about 1200 watts, which corresponds to the required

consumption of 2 computers. The results of this analysis are presented in Table 5.

Table 5. Calculation of the payback period for an alternative energy project associated with the autonomous power supply of 2 comput-

ers. Note: * — Data taken from the Internet based on the proposals of equipment suppliers.

Hourly electricity consumption of an average computer

Power consumption of the power supply, Wh 500
Power consumption of monitor, Wh 100
Total consumption for 1 computer, Wh 600
Total consumption for 2 computers, Wh/2 computers 1200*
Office working hours
Working days, days/month 24
Working hours, hours/day 8
Working hours, hours/month 192
Total consumption of electric power by 2 computers, kWh/month 230.4
Cost of running two computers on traditional power grids

- i o ) ) . : Republic
Electricity tariff for corporate clients in the country, EUR/kWh (Global Petrol Prices, n.d.; National Energy and Utilities Reg- Ukraine of Poland
ulatory Commission of Ukraine, 2021)

0.03 0.146

The cost of electricity used by 2 computers per month, EUR/month 6.91 33.63
The cost of electricity used by 2 computers per year, EUR/year 82.94 403.66

Payback period of generating plants, taking into account electricity tariffs in Ukraine and the Republic of Poland

. . Autonomous wind generator Ph°t°v°|.ta'c cells (two
The price of equipment (one unit) (Solar-Tech, n.d.) cells with 655-Watt
A power each)

Generating unit power, Watt 1200 1300
Cost of equipment, EUR 894.85 423.25
Cost of controller, EUR 239.69 239.69
Cost of the inverter, EUR 41.06 123.28
Additional expenditures (wires, commissioning works etc.), EUR 319.59 319.59
Total price for unit, EUR 1495.20 1105.81

i A A . . - Ukraine Republic of Ukraine Republic
Payback period of the installation (Total price for unit / The cost of electricity Poland of Poland
used by 2 computers per year), years

18 3.7 13.3 2.7
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The results of calculations performed give us all opportunities to believe that:

= For ultra-low electricity needs, alternative sources are unreasonably expensive, even those that do not require addi-
tional purchase or production of biofuels. This is evidenced by the estimated payback period (Table 3). The situation
in the Republic of Poland is somewhat more optimistic, but for such purposes as the power supply of office computers,
such a project cannot be considered economically feasible.

= If there are no programs in the country to support projects in the field of alternative energy for business in the form
of financing programs, concessional loans or purchases from such stations, then their independent (voluntary) im-
plementation is impractical. For example, before January 15t 2019, imported equipment for the creation of alternative
power plants in Ukraine was exempt from VAT (in the amount of 20%) (Verkhovna Rada of Ukraine, n.d.).

= If there are no financial possibilities to provide R&D as well as facilities to produce elements (parts, components) of
alternative power units in the country, the cost of equipment also increases due to logistics and margins in the supply
chain.

Based on the above information, calculations as well as on all intermediary conclusions made, we came to the general
conclusions:

Firstly, it is very difficult for a separate country that does not specialize in the production of equipment used in the
generation of alternative energy (which Ukraine and the Republic of Poland are) to create the necessary scientific, tech-
nical, and, most importantly, financial base.

Secondlly, it is very difficult to ensure honesty and social responsibility for all stakeholders in the energy sector while
manually stimulating its individual links. As a result: intermediary enterprises receive government support (for example,
exemption from VAT on imported equipment); household consumers and legal entities must pay an increased tariff for the
use of electricity (thereby offsetting the "green" tariff); enterprises-producers of alternative energy equipment, which still
exist in countries, do not receive support at all.

Finally, international cooperation can become the basis for the exchange of invaluable experience. For example, we see
that Ukraine has more experience in the use of alternative sources in the form of biofuels (basically this is based on the
activities of the agro-industrial complex), and the Republic of Poland - on solar and wind energy. Generation statistics by
country confirm this (Figure 2).

Thus, we see the prospects for the development of alternative energy in chosen countries only in financial, economic and
technological collaboration. Moreover, such a collaboration should be based on the following instruments:

1. Common and parity formation of investment and venture funds. Venture funds should be directed to finance the
development of small developments carried out by independent participants and their teams. The activities of
common investment funds should be aimed at financing green energy projects in both countries. This collaboration
will create the foundation for free indie development and help businesses get financing without the need for bank
lending or government incentives.

2.  State support in the field of alternative energy exclusively for manufacturers of components used for the production
of equipment (assemblies, parts) for alternative energy (solar panels, wind generators, inverters, controllers, wires,
fasteners). For example, enterprises providing a closed production cycle of such equipment (including common
Ukrainian-Polish enterprises) should be exempted from VAT, and the income tax may be contracted at a reduced
rate. This encourages manufacturers to create new production facilities. In turn, it will require the creation of new
jobs, increase the prestige of higher and secondary specialized education and, which is very important, reduce the
price of equipment on the market.

3. Project for the creation of non-volatile industrial complexes. Farming, manufacturing, and service industries can be
involved in this process. For example, it is possible to locate land for growing crops in Ukraine, and the production
of finished products in the Republic of Poland. All energy requirements of such complexes should be exclusively
alternative. The incentive mechanism may also include reduced VAT and corporate tax rates. Thus, the cost of their
products will decrease, but selling them at average market prices will allow such complexes to compensate for the
expenditures of alternative energy.

4.  Introduction of independent small alternative power plants, which in essence will be a new type of business.
Enterprises with a design capacity of 500-1000 kW can be deployed near large cities, enterprises, in the border zone.
Such plants will be alternative energy suppliers, which will lead to increased competition in the industry.
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5. In perspective. United Ukrainian-Polish energy network for alternative energy. In the future, this will mean the
independence of small alternative power plants from their location. Such power plants can be located in any part of
the Republic of Poland or Ukraine. Thus, over time, the need for traditional power grids will disappear.

Thus, financial and economic collaboration in the field of alternative energy is a complex, multifaceted issue. At the same
time, it opens up incredible opportunities for joint development. Moreover, its correct implementation will have a powerful
socially responsible effect and make alternative energy in Ukraine and Poland truly sustainable.

CONCLUSIONS

Alternative energy today, more than ever, is relevant for the development of mankind. Climatic changes that lead to
multiple natural disasters and changes in ecosystems. This, in turn, changes the conditions for doing business (often
making it impractical), and leads to the need to relocate citizens to more favourable places (which changes the concen-
tration of markets). All this translates into higher prices for products in some places and their shortages in others.

The war between Russia and Ukraine has had a major effect on the energy industry, underscoring the pressing need for
energy diversification and independence. Traditional energy supply channels have been disrupted by the fighting, under-
scoring the risk of depending too heavily on a small number of energy sources. This circumstance emphasizes how crucial
it is to create and fund alternative energy alternatives in order to help impacted regions' resilience and economic stability
in addition to enhancing energy security.

Alternative energy today, despite a rather long history of its development, is in its infancy (at least in matters of full-
fledged transition from traditional sources). This means that exploring the prospects and looking for opportunities to
intensify activities in this area is extremely important.

At the same time, our research showed that raising the problems associated with the development of alternative energy
to the rank of state leads to the following: projects are being implemented for a rather long time (the development strategy
itself is too long, and the results of its implementation can be considered not so significant); it is necessary to look for
manual methods of incentives for producers of alternative energy, which makes it less socially responsible for other stake-
holders.

Based on this, we came to the conclusion that such projects should be implemented at the level of small and medium-
sized businesses, which is more flexible and can be financially supported without the involvement of the state.

Systematizing the most common sources of alternative energy (existing and potential) and taking into account the statistics
of the generation of alternative energy in Ukraine and the Republic of Poland, we came to the conclusion that such projects
should be implemented primarily in wind, solar and biofuel energy.

A combination of the expert method, the Delphi method and statistical analysis, we came to the conclusion that the most
versatile technologies for obtaining alternative energy in small and medium-sized businesses are solar panels and auton-
omous wind generators.

At the same time, further calculations showed that it was completely inexpedient for small and medium-sized businesses
to invest in alternative energy exclusively for their own needs. Investing in a micro-project for alternative energy, such as
an autonomous wind generator or solar panel, worth USD 1100-1500 with an output capacity of 1200-1300 watts (sufficient
to power two computers), has a payback period of up to 18 years in Ukrainian contexts and up to 4 years in Polish contexts.
Considering the close historical, economic, and cultural ties between Ukraine and the Republic of Poland, alongside their
common strategic financial and economic interests, we propose implementing alternative energy projects through the
Ukraine-Poland collaboration.

This collaboration should be realized through the following initiatives: the common and parity formation of investment and
venture funds; state support for the production of components used in alternative energy equipment; the creation of non-
volatile industrial complexes; the introduction of independent small alternative power plants; and the establishment of a
united Ukrainian-Polish energy network for alternative energy, identified as a strategic perspective tool.

Such a collaboration is envisioned not only as a powerful driver for development in the field of alternative energy but also
as having a beneficial effect on the environmental development of both countries. By formulating this scientific and practical
task, it is possible to achieve socially responsible energy generation in the future, ensuring that alternative energy sources
are economically justified and sustainable. The implementation of each of these tools is a separate scientific and practical
task. Our future research will be devoted to solving these problems.
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®IHAHCOBI TA EKOHOMIYHI NEPCNEKTUBU CTBOPEHHS MPOEKTIB 3ENIEHOI EHEPIII B
CNIBNPALI YKPAIHM TA NONbLLUI

Y Ui CcTaTTi po3rnsiHyTO eKOHOMIYHI Ta chiHAHCOBI NepeBark NOKpaLLEHHS MibXHapoAHOi criBnpaLi Mix YkpaiHoto Ta Monb-
LLEI0 B PO3BUTKY MPOEKTIB a/lbTePHATUBHOI eHepreTuku. MNpoBeaeHo peTenbHY OLHKY iCHYIOUMX i MePCNEKTUBHMX TEXHO-
NOri reHepaLii BiAHOBIOBAHOI eHeprii, BUKOPUCTOBYIOUYM ekcrnepTHi, Jendi i cTaTUCTUYHI MeToAM ANS BUSHAUYEHHS Hall-
NnepcneKkTUBHILLMX Ta YHiBepCcaibHO 3aCTOCOBYBaHUX pilleHb. OcobnmBy yBary NpuaineHo po3paxyHKOBI TEPMiHY OKYMHOCTI
Anst ManomacwTabHMx NPOEKTIB 3e/1eHO0i eHeprii, 30KpeMa B KOHTEKCTi Manux NiagnpueMcTs. Pe3ynbTaTy y3aranbHeHi 3
6ayeHHsIM MalbyTHLOI YKpaTHCbKO-NONbCLKOI CMiBMpaLi B LiapyHi 3e1eHOi eHeprii Ta KOHKPETHUX IHCTPYMEHTIB i NPOLIECIB,
AKi MOXKYTb CMIpUSITM YCMIXOBI cRiBnpadi.

Y CcTaTTi OKpeCneHo NOTEHLUIMHWIA Niaxia, Wo BKIOYAE i30M15Uilo cniBnpaui Mix YkpaiHoto Ta MonbLielo B LapuyHi 3eneHol
€HepreTMKM, CNMpPalYnCb Ha CTBOPEHHS IHBECTULLIMHMX | BEHUYYPHUX (hOHAIB, AepXKaBHY MiATPUMKY BUPOOHULTBA KOMMO-
HEHTIB BiIHOBNIOBAHOI eHeprii 1 CTBOPEHHS CTabiNbHUX MPOMUCIOBMX KOMMEKCiB. KpiM Toro, 3rafaHi Taki 3axoam, siK
He3anexXHi Mani anbTepHaTUBHI €NeKTPOCTaHLi Ta iHiLiaTMBM LWOAO PO3BUTKY YKPAIHCbKO-MOMbCbKOI CMifIbHOI MepeXi anb-
TEPHATUBHOI eHeprii.

MoTo4Ha BilHa Mk YKpaiHOWO Ta pOCiErd NpPUBEPHYa yBary A0 HaranbHoi NoTpebu B eHepreTuyHin 6esneui 1 aneepcudi-
Kauii, wo pobuTb cnienpauto YkpaiHu Ta lMonblli B NPOEKTaX 3eNeHOI eHepreTukn we Hinbll BaXIMBO. YKpaiHa Moxe
MiHIMi3yBaTV CBOIO 3aM1€XHICTb Bifl MOCTa4aHHs POCIACbKOI eHeprii, 30cepeamBLUMCL Ha NMPOrpaMax BigHOBIOBaHOI eHeprii,
TopAi sik Morblya MoXe iHBECTYBaTM B CTasly eHEpreTUKy Ans MiABULLEHHS! perioHanbHOi CTabislbHOCTi 1 EKOHOMIYHOMO MpPo-
rpecy. Y ctaTTi 3a3HayeHo, L0 NPOAOBXEHHS Ta PO3BUTOK iHiLliaTUB 3e/1eHOI eHepreTUKN BUMarae MibkHapoAHOI cnisnpadi.
HapaHi aeTtanbHi pekoMeHaauii WOoAO NMOKPALLEHHS! (iHAHCOBUX, EKOHOMIUHMX | TEXHOJIOMYHMX MOX/MBOCTEN i BiAHOCUH
MK YKpaiHoto Ta MonbLeto.

KnwouoBi cnoBa: eHeprisi, anbTepHAaTUMBHA €Heprisi, NPOEKTW, MiKHAPOAHI MPOEKTWU, CTanuit PO3BUTOK, MiKHaApPOAHI
E€KOHOMIiYHi BigHOCUHU
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