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"DREAM BIG" - UKRAINE OF DREAMS AFTER VICTORY:
SUSTAINABILITY, MODERNIZATION AND LEADERSHIP
Liudmyla Petrashko
Kyiv National University of Economics named after V. Hetman, Kyiv, Ukraine

Corresponding author: ludmila.petrashko@gmail.com

Abstract. The article updates the macro-forecasts of Ukraine's economic development
prospects for 2023-2027. The methodological matrix of the author's research on the scenario
planning of the business space of post-war Ukraine in the context of two vectors of development:
external (with the EU) and internal (for the EU) is determined. A well-founded structure of modeling
the business space of post-war Ukraine with the selection of components: political, legal, economic,
technological, ecological and cultural. Methodological and methodical aspects of the author's
research matrix are based on the combination of three components of the future design process:
assessment of uncertainty factors of the country's business environment, outline of the landscape of
forecasted scenarios and determination of a specific toolkit of management decisions to achieve the
set goals.

According to the results of the foresight forecasting, the need is substantiated and the
landscape of a unified state strategy for the reconstruction of Ukraine is outlined in the context of
scenarios: its European integration and post-European integration adaptation. According to the
scenario modeling, the ambitious goals are determined: capable institutions, fair justice, effective
entrepreneurship, innovative technologies and an inclusive society. A substantiated and specified
toolkit of management decisions to achieve the set goals: synchronization of legislation to EU
Directives; legislative and personnel support of the state and corporate sector; independent anti-
corruption system; an open and transparent system of monitoring the use of funds for the post-war
reconstruction of the country; international transfer of capital and technologies; effective digital
state; public advocacy and monitoring of changes, eco-orientation of future generations.

Introduction. The reality of Russia's prolonged military invasion of Ukraine (February 24,
2022 - the date of the invasion) continues to shock the world community. It is extremely difficult to
assess the impact and consequences of the war for Ukraine. The victory of the military forces of
Ukraine and the events at the front give hope for the continuation of the liberation of the territories
occupied by the invaders and for victory with sufficient support from Western partners. But it is
necessary to get out from the bottom: from the ruins of mutilated cities and towns, from the
infrastructure destroyed by the enemy, with the crippled and impoverished population and its millions
of losses, with the widespread de-professionalization of personnel. And it is necessary to start this
path now, without waiting for the day of Ukraine's victory over the aggressor and in any available
format. Stability, modernization and leadership should become the key triggers for the development
and implementation of Ukraine's post-war reconstruction strategy.

The purpose of the research is to update the macro forecasts of Ukraine's economic
development prospects for 2023-2027 with an assessment of the basic scenarios of its post-war
development; development of a research matrix for modeling post-war Ukraine development
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scenarios and substantiation of the landscape of a unified state strategy for its reconstruction after the
war in the context of European integration.

Materials and Methods. The research used methods of analysis, synthesis, methods of
Foresight forecasting and theoretical generalization.

The issue of modeling forecasts of the strategic development of countries has been on the
agenda for many years. The main point of this question is whether it is possible to predict the country's
development strategy in conditions of uncertainty in both the external and internal environment. The
author's research uses the Foresight forecasting methodology. The term Foresight is a systematic
attempt to look into the long-term future of science, technology, economy and society in order to
identify areas of strategic research and manifestations of innovative technologies that promise to bring
the greatest economic and social benefits (Foresight, 2023).

To understand the main characteristics, key varieties, basic principles and methods used in
Foresight forecasting, we will give a short section of the literature review. The difference between
Foresight forecasting and other tools for the study of future development: in the orientation towards
the application of specific measures and the adoption of specific decisions to shape the future; in
taking into account various alternatives of the projected development in conditions of uncertainty, in
involving various interested groups of actors (participants of the Foresight session); in the
interdisciplinary nature of the study of a complex of factors that can determine future development
scenarios. In the scientific expert environment, two areas of application of the Foresight-forecasting
methodology are key. The first fundamental one is the modern methodology of technological
forecasting. A striking example is the study of L. I. Fedulova (Fedulova, 2008), which describes in
detail most of the previously obtained conclusions regarding the issue of forecasting scenarios of
technological development, positioning and discussion of the hypothesis of their effective
application. And the second is the methodology of socio-economic and market-oriented Foresight,
which focuses on problems that cannot be solved and that continue in time, when the technological
forecast is "attached™ to options for solving a specific problem or their combination. In addition, the
key emphasis is on assessing the social and cultural consequences of the manifestations and
implementation of innovative technologies and the implementation of management decisions. The
basic principles and most productive forecasting methods used in socio-economic Foresight scenarios
are discussed in Schwarz J.O. (Schwarz, 2008).

The methodology of the research matrix is presented in Fig. 1.

The author's research methodology is based on a combination of three components of the
future design process: assessment of factors of uncertainty in the country's business environment,
outlining the landscape of forecasted scenarios and determining a specific toolkit of management
solutions to achieve the set goals. It should be pointed out that it uses the top-down approach of
Foresight - forecasting, which emphasizes the information analysis of a large number of sources and
the formation of a discussion and presentation platform for the exchange of opinions, knowledge and
strategic approaches between experts and persons who make management decisions.

In the author's research, the following methods of Foresight-forecasting the formation of crane
strategic policy were applied: (1) - Development of scenarios (Scenarios); (2)- SWOT analysis
(SWOT-Analysis); (3) - Development of the future (Futures Workshops); (4) - Road map (Road
mapping); (5)- Analysis of mutual influence of factors (Cross-Impact Analysis). The author's choice
was based on a preliminary assessment of their role in terms of maximum immersion in the
environment of uncertainty in the context of awareness of the importance of interdisciplinary
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cooperation of external and internal agents of action for the development of the country, consolidation
of specialists from various fields with the aim of forming development priorities and distributing the
pool of funding for specific development scenarios.

Scenario planning of the business space of Ukraine:
Vectors: external (for the EU) and internal (with the EU)

Political space:
Political regime: democracy or
autocracy
Interstate agreements
The country's participation in
political and international blocs
ECONOmMIC Unions
Political parties and leaders
Public organizations
Business policy vector
Regional government

Political stability

Legal space:
Consistency of the legal system
of Ukraine and the EU
Regulation of export-import
operations
Protection of property and
personal rights
Regulation of capital
movernent
Regulation of creation and
transformation of business
Regulation of labor relations
Price regulation
Antimonopoly legislation

The taxation system

Stability of the legal svstem

Economic space:
GDP,
investments_ foreign trade

Economic  growth:

turnover, export, impart
Population: structure
Fesource
Communications: transport
and communication
Digitization

Technologies

The

problems:

ECONOMIC
inflation,

unemployment, poverty,

level

af

depressive symptoms

Technological space:
Technological policy
Branch technological support
Technological transfer - prices,
forms_ process
Strategies of scientific and
technical cooperation
Sustainable innovative

development

Ecological space:
EFesource
Environmental legislation
Ewvironmental  preservation
and restoration

Cultural space:
Values:
individual or group
attitude to the auvthorities -

social orientation —

respect or tolerance
attitude  to
acceptance or non-acceptance

uncertainty  —

behavioral patterns — active or
passive

time orientation - long-term,
short. ..

Faisks

valuable

Harmony ard

preservation

Fig. 1. Methodical aspects of the matrix of the author's research for the Foresight

forecast of the post-war reconstruction strategy of Ukraine
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The key focuses of the Foresight session of forecasting post-war reconstruction scenarios of
Ukraine were directed on the analysis process and the final products of the analysis.

Results and Discussion.

1. Macro forecasts of the economic development of Ukraine for 2023-2027

In the economic review "Weak grown, high inflation, and a cost-of-living crisis™ of the Europe
and Central Asia region from the World Bank /April 6, 2023/, attention is focused on a sharp
slowdown in economic growth in 2022 (WORLD BANK, 2023). The key reasons for this situation
are defined as: the Russian-Ukrainian war, rising inflation and a sharp tightening of monetary policy.
A significant increase in the prices of food and energy sources caused the growth of inflation rates in
the region, which were not observed in the last 20 years. According to the results of the World Bank,
the poorest countries in the region of Europe and Central Asia faced higher inflation rates than the
richer ones (WORLD BANK, Spring 2023).

The International Monetary Fund estimates that the outlook for global economic growth over
the next five years is the worst in more than three decades. The global economy is projected to grow
by about 3% over the next decade and a half due to rising interest rates (IMF, January 2023). This is
the lowest medium-term global growth forecast since 1990 and less than the five-year average of
3.8% over the past two decades (IMF, April 2023).

World gross domestic product in 2023 is likely to grow by less than 3%, which corresponds
to the IMF's January 2023 forecast of 2.9% (IMF, April 2023). About 90% of advanced economies
will see growth slow this year due to tighter monetary policy, which is weighing on demand and
slowing economic activity in the US and the Eurozone.

Regarding the prospects for the economic development of Ukraine in 2023, the Law on the
State Budget of Ukraine foresees a growth of real GDP by 3.2%, although in the Project of the State
Budget for the specified period the relevant indicator was determined at the level of - 4.6%.

In February-March 2023, international experts significantly lowered Ukraine's economic
growth prospects for 2023 (IMF, March 2023; IMF, January 2023). It should be noted that, in general,
there is a very large spread in the forecasts of Ukraine's GDP growth in forecasts from various
analysts.

Thus, EBRR in its report Regional Economic Prospects UPDATE "Not out of the woods yet"
significantly worsened the forecast of Ukraine's GDP growth in 2023 to 1%. Given the continuation
of the Russian-Ukrainian war and the limitations of the current territory of the country, which
produced less than 20% of GDP before the war, it is quite likely that the real volume of production
will stabilize at the level of about 70% by the level of 2021 (EBRR, February 2023).

The World Bank presented even worse forecasts for Ukraine's GNP growth in 2023 - up to
0.5%, although in previous calculations it was 3.3%. GDP growth in 2024 is forecast at the level of
3.5%, in 2025 — 6.5%. Inflation at the end of the current year may reach 18% (WORLD BANK,
Spring 2023).

According to forecasts, the highest growth of Ukraine's GDP is expected in 2025 - 6.5%, and
already in 2026 - 5% and in 2027 - 4%. Inflation forecasts are as follows: in 2023, it will be 20% (that
is, it will decrease compared to last year by almost 10%), in 2024 - 12.5%, in 2025 - 8%, in 2026 -
6%. According to calculations, inflation will return to the pre-war level (5% per year) only by 2027.
This means that Ukrainians can expect a significant increase in prices for at least the next few years.
At the same time, real wages will grow at a much lower rate. According to expert forecasts, salaries
will generally decrease by 2% in 2023, increase by 2.5% in 2024, 5% in 2026, and 4% in 2027. It
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should be noted that IMF experts expect consumer spending to grow: by 2027, it should be 93% of
pre-war levels [that is, it will grow more dynamically than GDP, which by that time will reach only
83% of the 2021 figures] (IMF, March 2023).

By the way, some economists saw a hidden meaning in these forecasts. They believe that the
growth of consumer spending (and revenues to the budget, in particular, from VAT) against the
background of low salaries is possible only if taxes are increased, in particular, the same tax on added
value (Ksionz L., 2023). It should be noted that the IMF forecasts do not say anything about increasing
tax rates in Ukraine.

The trend of increasing debt burden in 2023-2027 is alarming for Ukraine. If in 2021 the state
and guaranteed debts of Ukraine amounted to 50.4% of GDP, and in 2022 to 81.7%, then in 2023 the
figure will increase to 98.3%. And already from 2024 (which in general should be better for the
economy than 2023) debts will exceed the size of GDP (make up 105% of GDP). By 2027, a gradual
decrease in the debt burden is expected, but it will still be more than 100% of GDP [2025 - 104.1%,
2026 - 102%, 2027 - 100.2%] (IMF, March 2023).

The IMF's forecasts for investment inflows to Ukraine in 2023-2027 are very restrained - only
0.4% of GDP in 2023-2024, 2.4% in 2025, 4.7% in 2026, 4, 8% - in 2027 (IMF, March 2023). This
completely diverges from the expectations of Ukrainian experts according to the "Marshall plan™ for
our country, which should ensure record investments and explosive growth of the domestic economy
(Ksionz L., 2023). Macroeconomic forecasts of the IMF and the World Bank are usually a kind of
reference point for international investors, and they are not very rosy.

Scenarios for the development of the Ukrainian economy from the IMF for 2023-2024 with
detailed indicators are presented in the Table 1.

Table 1.
Development scenarios of the Ukrainian economy from the IMF, 2023-2024
Scenarios
Base Negative
2023 2024
Slow recovery
-10% -2%
Ukrainian export 40% pre-war
Inflation 20% 12.5%
Salary -2% 2.5%
Unemployment 20.9% 11.9% Gray area
rate /no specification/
Debt burden 08.3% GDP 105% GDP
Direct  foreign 0.4% GDP
investment
Source: Adapted (IMF, March, 2023).
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In the basic scenario of economic development for 2023-2027, the dynamics of Ukraine's
GDP in 2023 is a very approximate indicator - from -3% to +0.5% [see Table 1.]. And the key reasons
for this condition are the damage to the energy infrastructure, the decline in agricultural production,
the drop-in world prices for grain, and the significant reduction in metallurgical production.
According to the negative economic development scenario for 2023-2027, the Ukrainian economy
will decline for another two years. Moreover, in 2023, GDP is expected to fall by 10%, and in 2024
- by 2%.

According to experts' expectations, inflation may also accelerate, imbalances in the foreign
exchange market will persist, consumer demand will continue to decline, and the need for debt
financing will increase. It should be noted that the description of the negative scenario in the IFV
forecasts is less detailed than in the base scenario - with a gray area of specification of Ukraine's
development indicators. [see table 1.] That is, apparently, the Fund still focuses on the base scenario,
although it does not rule out the worst.

2. Foresight forecasting the economic development of post-war Ukraine

According to the European Commission's report on the assessment of Ukraine's ability to
undertake commitments to join the EU (Commission, February 2023), which is based on data as of
June 2022, Ukrainian legislation is on some points at the initial level of compliance with EU
standards. And although the Ukrainian authorities report that they have done everything to implement
the seven recommendations of the European Commission, which Ukraine received along with the
status of a candidate country for EU membership, international expert assessments differ.

Ukraine's progress towards membership in the European Union is slow with the completion
of all elements of the bureaucratic and technically complex accession methodology. It should be noted
that the Ukrainian authorities (statements by the Prime Minister of Ukraine Denys Shmygal) hope
that Ukraine will be able to go through this process very quickly and become a member of the EU in
two years. At the same time, the heads of European institutions, on the contrary, speak with restraint
on the question of the time frame of Ukraine's accession. And they emphasize that the procedure for
accession to the EU does not provide for clear chronological boundaries of various stages, and the
speed of accession depends on the merits — the pace and quality of reforms of the candidate country.

According to the monitoring data of the Ukrainian Center for European Policy (UCEP), as of
the end of 2022, the overall progress of Ukraine's implementation of the Association Agreement is
almost 55%, of which perfect implementation (commitment fulfilled in full) equals 30.6%. The
Association Agreement, however, does not cover all sections of EU law, and therefore the progress
of Ukraine's implementation of the Association Agreement with the EU is small against the
background of more than 14,000 legal acts and nine thousand EU court decisions. The average score
of the European Commission is 2.16 (excluding the score for Chapter 23 "Judicial System and
Fundamental Rights") out of a possible 5, and the total score for all chapters is 69 out of 160,
excluding Chapter 23. Ukraine did not receive a score of "5" in any sector, but this level is actually
difficult to achieve at the EU candidate stage, instead "4" may be enough to close negotiations on a
separate section, so this score is the optimal level for Ukraine. According to the analysis of the
European Commission, Ukraine has a good level of preparation, which in numerical equivalent is
equal to "4", only in the sectors of energy, customs union, international relations and foreign, security
and defense policy. (Commission, February 2023; Akulenko L., Dyachenko S., 2023).

For comparison, the countries that are in the negotiation process with the EU have a total score
from the European Commission of at least 80. The European Commission evaluates the
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implementation of EU legislation in North Macedonia and Albania, countries with which negotiations
on accession began last summer, at the level of a total score 97 and 84.5, respectively (Akulenko L.,
Dyachenko S., 2023).

On the current path of reconstruction and modernization, Ukraine faces a number of problems:
(1) - the most important, unpredictable and turbulent problem is war; (2) — high level of corruption in
all sectors; (3) — low level of protection of property and intellectual rights; (4) — low level of
development of state institutions; (5) — low level of economic freedom; (6) - raw material economy;
(7) — population reduction; (8) - where the professionalization of all sectors of the economy; (9) - low
technological level of development.

According to Reuters sources, the board of directors of the International Monetary Fund
approved the four-year EFF credit program for Ukraine for $15.6 billion (Shalal Andrea, Lawder
David, 2023). This is the first major package of financial lending to the country at war. In addition,
the IMF loan is the largest for Ukraine since the beginning of the war. Already at the beginning of
April 2023, the IMF issued the first tranche of financial assistance to Ukraine within the framework
of the above-mentioned credit program in the amount of 2.7 billion.

The IMF's four-year credit program for Ukraine is designed for two stages. At first, the money
will go to meet the urgent needs of the country and maintain stability. The second stage is financial
support for structural reforms and European integration. A group of creditors of Ukraine from the G7
countries and members of the Paris Club provided financial guarantees for the IMF program, which
include the extension of the moratorium on the payment of Ukraine's debts from August 1, 2022 for
the period of validity of the IMF program, i.e. 2023-2027.

According to World Bank estimates, the amount needed to rebuild Ukraine has grown to $411
billion, which is more than twice the size of Ukraine's GDP in 2021 (WORLD BANK, Spring 2023).

In April 2023, representatives of the Council of Europe and the Ukrainian government
presented a joint plan for Ukraine for 2023-2026 "Sustainability, recovery and reconstruction™. The
key goals of the plan are aimed at strengthening the stability of Ukrainian state institutions,
strengthening democratic governance and the rule of law, and protecting the fundamental rights of
citizens. The named joint action plan will support Ukraine's efforts to comply with its obligations as
a member state of the Council of Europe and implement European integration reforms in accordance
with the decision of the European Council in June 2022 to grant Ukraine the status of a candidate for
the EU.

It should be agreed that the formula for the recovery of Ukraine presented in May 2022 by
Vlad Rashkovan (IMF) at the Reconstruction Forum on the platform of the London School of
Economics is relevant and positively perceived by the international and Ukrainian expert environment
[see Fig. 2].

European "Partnership for Action” initiatives, namely: EUGreenDeal (2019), EU Green Deal
Investment Plan (2020), EU Circular Economy Action Plan (2020), NextGenerationEU (2021-2027),
EU Green Deal Industrial Plan for a Net-Zero Age (2023), outline the way forward. For future
generations, the EU seeks to create a more stable and fairer Europe by: large-scale financial support
to Ukraine in its struggle for national independence and civilizational values; formation of a pool of
investments and reforms for a sustainable future.

The results of scenario forecasting of the business space of post-war Ukraine (according to
the author's methodology) are presented in Fig. 3. According to the results of the Foresight forecasting
session, the landscape of the unified state strategy for the reconstruction of Ukraine after the war in
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the context of its European integration and post-European integration adaptation is outlined. The key
emphasis is placed on the justification of its urgent need and the format of goals and the tools of
management decisions for their achievement.

The formula for the post-war recovery of Ukraine

Start now Not restoration, but Leadership of Ukraine Inclusivity
modernization
without expectation | radical changes and - OWn Vision - the state
af victory breakthroughs - modernization - business
priorities - civil
- the architecture of the society
distribution of
financial aid

Fig. 2. Formula for restoration of Ukraine
Source: Adapted (Dligach A., 2023).

Strategic foresight will play a key role in helping to shape EU policy for the future to ensure
that short-term initiatives are grounded in the long-term perspective of Ukraine's post-war recovery.
Conclusions. It is impossible to predict the end of Russia's aggressive war against Ukraine. It
is even more difficult to model the scenarios of the strategic post-war reconstruction of Ukraine.
According to IMF estimates, two scenarios of economic development of Ukraine for 2023-2027 have
been determined: basic and negative. In the base scenario, Ukraine's GDP growth in 2023 is a very
approximate indicator - from -3% to +0.5%. According to the negative scenario of the economic
development of Ukraine for 2023-2027, the Ukrainian economy will decline for another two years.
Experts believe that the IMF's forecasts for the economic development of Ukraine for 2023-
2027 should focus only on 2023 and 2024. Forecasts for 2025-2027 are very approximate. They will
most likely depend significantly on the course of both external and internal conditions. However,
even the most optimistic scenario of the economic development of Ukraine for these years does not
foresee "explosive"” growth (which is exactly what some economists are counting on after the war).
All expert forecasts of the economic development of Ukraine for 2023-2027 are, in any case,
only expectations - divination on coffee grounds. The turbulence of scenarios and deadlines for the
end of the Russian-Ukrainian war, and most importantly, the identification and implementation of
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guarantees that the war will not start again at any moment - these are the key points on which the
variability of Ukraine's economic development in the future depends.

The Foresight-forecasting methodology used in the author's research should be interpreted as
a system of methods of expert evaluation of strategic directions of socio-economic and innovative
development of society. The key goal of Foresight forecasting scenarios is the identification of
technological breakthroughs that can affect the economy and society in the medium and long term.
Each of the Foresight methods used by the author - forecasting the strategic development of post-war
Ukraine had specific areas of application and conditions of the most effective use. The selection and
complex combination of the use of Foresight forecasting methods was justified by the author in the
context of their assessment as dominant sources of information that appeal to the analysis,
descriptions and arguments of highly qualified experts.

Scenario planning of the business space of Ukraine:
Vectors: external (for the EU) and internal (with the EU)

Economic space:
af

Political space: Legal space:

The
problems:

Political stability Stability af the legal system level economic
inflation,
unemployment, paverty,

depressive symptoms

Technological space: Ecological space: Cultural space:

Sustainable innovative | Environmental — preservation | Harmony and valuable

development and restoration preservation

What is needed: How to solve:

Capacity of institutions Synchronization of Ukrainian legislation with EU Directives

Fair justice Legislative and personnel support

Effective entrepreneurship
Innovative technologies
Inclusive society

Intersectoral interaction

Independence and effectiveness of the anti-corruption system
An open and transparent system of monitoring the use of funds
for the reconstruction of the country (external and civil control)
International transfer of capital and technology

An effective digital state

Public advocacy and change monitoring

Eco orientation of future generations

Fig. 3. Scenario forecasting of the business space of post-war Ukraine (according to the

author's methodology)
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The matrix coordinates of the author's research of modeling the scenario space of the
development of post-war Ukraine are: two vectors of development: external (with the EU) and
internal (for the EU); the structure of the business space with the allocation of political, legal,
economic, technological, ecological and cultural components; a detailed map of the multi-criteria
development of each of the above-mentioned spaces.

According to the results of modeling the scenario space of the development of post-war
Ukraine, two key scenarios are distinguished: the integration of Ukraine into the EU and its post-
European integration adaptation. The framework of the format of the unified state strategy for the
reconstruction of Ukraine after the war includes: goals - capable institutions, fair justice, effective
entrepreneurship, innovative technologies and an inclusive society; and the toolkit of management
decisions to achieve the set goals: synchronization of legislation with EU Directives; legislative and
personnel support of the state and corporate sector; an independent anti-corruption system; an open
and transparent monitoring system for the use of funds for the post-war reconstruction of the country;
international transfer of capital and technologies; effective digital state; public advocacy and
monitoring of changes, eco-orientation of future generations.

Strategic forecasting of the future post-war recovery of Ukraine can help build collective
intelligence in a structured way to strategically plan the EU integration Roadmap through large-scale
transitions: green and digital; for joint "partnership of action" during the Russian-Ukrainian war and
reconstruction of Ukraine after the war. In addition, the EC defines the mechanisms for integrating
strategic foresight into the EU policy-making process and delineating its relevant priorities. This is
vital for Ukraine, where action-oriented foresight will drive strategic thinking and shape post-war
recovery policy.
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Abstract. Energy security is a key component of economic growth and sustainable
development. Russian invasion of Ukraine in February 2022 and following energy crisis over Europe
revealed significant dependence of European states, including Ukraine from Russian energy
resources. Current strategy of the EU on total replacement of Russian energy supplies and
accelerated implementation of renewables, being challenging now, lead to energy security of Europe
in long term. Ukraine currently are meeting all burdens of the war, including thousands killed people
and millions of refugees, ruined infrastructure and occupied territories. National energy security is
one of many challenges for the country. Strong international support, national integrity and
determination are key elements for both Ukrainian victory and postwar rebuilding of the country.
Following the EU strategy, Ukraine needs urgent transformation of its energy sector in sustainable
way, e.g., Ukraine has a huge potential in bioresources, including biogas / biomethane production
being one of the largest producers of agricultural crops in the world.

Introduction. Energy security is one of key components of economic growth and sustainable
development. During last decades, the European Union made significant efforts for transition of its
energy sector to sustainable renewables-based and climate-neutral trend. But Russian invasion of
Ukraine in February 2022 and following energy crisis over Europe revealed dangerously significant
dependence of most European states, including Ukraine, from Russian energy resources. Current
strategy of the EU on total replacement of Russian energy supplies and accelerated implementation
of renewables being challenging now lead to energy security of Europe in long term. Ukraine
currently are meeting all burdens of the war, including thousands killed people and millions of
refugees, ruined infrastructure and occupied territories. National energy security is one of many
challenges for the country.

Energy security is the protection of national interests in the field of ensuring access to reliable,
sustainable, affordable and modern sources of energy in a technically reliable, safe, economically
efficient and ecologically acceptable way in normal conditions and in a special or emergency state
(CMU, 2021b). This is a definition of energy security from Ukrainian government’s Strategy of
Energy Security before the Russian war in Ukraine. Obviously, the sustainability and environmental
issues are important parts of long-term national enerhy security strategy. But we should agree, that in
times of energy, social, and political crises the demands for sustainable development may go beyond
the paradigm of the ideology of securitization (Zuk and Zuk, 2022). Thus, the sustainability may be
compromised, at least in short term, by urgent demands for the nations in available energy resources.
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And today’s urgent needs for most European countries to replace Russian gas and oil by more reliable
alternatives force the nations search other options, including, e.g., returning to coal, which is
obviously not the environmentally friendly choice. On the other hand, current energy crisis over the
Europe due to Russian invasion of Ukraine may accelerate the transition of the EU to renewables,
and change the situation in long term. For example, significant part of recent REPowerEU strategy
of the European Commission to cope the EU dependence on Russian gas involves renewables (EC,
2022). And the first reactions of the German government to the possible energy crisis caused by the
Russian war in Ukraine indicate that this war is accelerating the deadline for achieving full renewable
energy supplies from 2050 to 2035 (Zuk and Zuk, 2022).

Ukraine is becoming an integral part of European Union community, which means Ukraine
may and should be a part of energy sector of the EU, sharing all challenges and approaches of the EU
for its energy security. On the other hand, Ukraine has to work hard to solve its energy problems and
collaborate with other European countries to solve the energy problems of Europe in general.

In this article, we analyze the energy security for Ukraine in terms of the Russian war against
Ukraine, and effective strategies, which may be applied.

Energy security of the European Union

The European Union is a global leader in the sustainable development and in climate change
fighting. In terms of this strategy, among other priorities, the EU was determined to reach 20%
renewables in total energy mix of the Union in 2020 (EC, 2010). The goal was achieved as in 2020
renewable energy represented 22.1% of energy consumed in the EU (Eurostat, 2022). Further climate
/ energy goals of the EU were set in the European Green Deal (EC, 2019) and in Fit for 55
Communication (EC, 2021), including, e.g., 40% of renewables in the EU energy mix in 2030. While
renewables were a priority for the EU during many years in terms of global warming, restriction of
dependence of the Union on Russian energy supplies also implied.

Meanwhile for Europe Russian gas was cheaper than from other sources (it was one of Putin’s
geopolitical tricks), and European countries, particularly Germany only increased their dependence
on Russia’s energy supplies during last years. This resulted in more than half share of Russian gas in
natural gas imports in many EU member states (Korteweg, 2018).

But open Russian aggression against Ukraine became a real game changer for most European
leaders and for the European community. Just in a few days after the beginning of the war, the
European Commission issued the communication on energy security of the EU member states
REPowerEU, increasing the level of demands (EC, 2022). The communication has a clear purpose to
solve the problem of energy dependence of the EU on Russia as soon as possible.

The communication proposes a detailed list of actions, which could decrease the EU demands
in Russian gas by two third to the end of the 2022 and totally refuse Russian gas imports by 2030. It
is the most radical plan in energy security of the EU that needs many efforts and coordinated activities
of the EU member states and their partners. According to the document, by the end of 2022 the EU
is able to replace over 100 bcm of Russian gas, following the LNG diversification (50 bcm
replacement); increasing wind and solar deployment and green hydrogen production (20 bcm); energy
saving (14 bcm); and other steps (EC, 2022).

Biogas and especially biomethane production is also important step to energy security of the
EU. For example, Germany had 9,706 biogas plants operating as of 2018. That is the highest number
of biogas plants in any country in the world, excluding small scale community plants prevalent in
China.
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The Hydrogen Strategy for a Climate Neutral Europe was adopted in the EU in 2020 (EC,
2020) to ensure the realization of the ambitions of the European Green Deal (EC, 2019). And while
technologies, infrastructure and economic issues are still discussed, the important role of (green)
hydrogen in energy transition is generally accepted (Kovac et al., 2021; Parra et al., 2019; Yue et al.,
2021)

Current energy crisis over the Europe should spur European states to accelerate investment in
renewables and energy efficiency and we totally agree with the assessment (Poitiers et al., 2022) that
even if these measures do not completely replace Russian gas in nearest future, in long-term
perspective it will have strategic effect on energy security of the European Union (Yakymenko et al.,
2022).

Energy security of Ukraine

Before the Russian war against Ukraine, energy production of Ukraine was provided mostly
by fossil fuels and nuclear power. In 2020, Ukraine had the following structure of primary energy
consumption: natural gas — 27.5%, coal — 26.4%, nuclear energy — 23.1%, oil — 16.4%, renewables —
6.6% (UkrStat, 2021). There has being a significant dependence on natural gas, coal and nuclear
energy, and extremely low share of renewables in energy sector of Ukraine.

During last years Ukraine produced about 20 billion cubic meters (bcm) of natural gas
annually®. It covered about two thirds of the national demands in natural gas. The rest of gas supplies,
about 8-10 bcm, was imported in the country from some EU member states (Slovakia, Hungary, and
Poland). But it was mostly Russian gas by origin. Ukraine also has been 85% dependent on the
imports of petroleum products. And the share of oil products produced in Russia or from Russian raw
materials in the structure of Ukrainian imports exceeded 80%. Ukraine also has been significantly
dependent on nuclear fuel from Russia, which covered more than 50% of needs of Ukrainian nuclear
power plants in 2021 (CMU, 2021b).

Thus, Ukraine shares the challenges of most European countries in its dependence on Russian
energy resources. The Russian aggression aggravated energy security in Ukraine. The matter is that
the Dnieper-Donetsk region of Ukraine accounts for approximately 90% of national gas production
(IEA, 2020). Now this region is severely affected by the war. According to national experts, about
70% of gas production facilities in the country currently may be destroyed or out of operation.

Moreover, permanent terroristic attacks of Russian aggressors on Ukrainian energy
infrastructure during winter season of 2022/2023 had devastating effects of energy sector of Ukraine.
Recent assessment of the United Nations Development Programme (UNDP) and the World Bank of
the results of Russian missiles attacks on energy infrastructure of Ukraine confirmed countrywide
damages exceeding $10 billion, with Ukraine’s capacity to produce electricity reduced by 61%
(Cilliers, 2023).

Among the infrastructural advantages of Ukraine in energy sector, there is a potent gas
transportation system, which during decades served as the main transport route for Russian gas to
Europe. The other important part of energy infrastructure of Ukraine is the largest in Europe
underground natural gas storage facilities (more than 30 bcm), which comprise 21% of total European
facilities>. While the gas transportation system from Russia to Europe will apparently lose its

L https://expro.com.ua/novini/vidobutok-gazu-v-ukran-znizivsya-na-2-do-198-mird-kub-m
2
https://utg.ua/img/menu/company/docs/2021/buklet/%D0%91%D1%83%D0%BA%D0%BB%D0%B5%D1%82_%D0%A
3%D0%A2%D0%93_ua_30112021.pdf
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significance, gas storage facilities may play important role in energy security of both Ukraine and the
EU.

On the other hand, before the war, Ukrainian economy was one of the most energy inefficient
in Europe. For example, energy consumption per unit of national GDP in Ukraine was about 3 times
higher than average over the EU (BusinessViews, 2019). And the country should use postwar
economic recovery for radical technological modernization of all branches of the economy to make
it much more energy efficient. In turn, it should significantly reduce the national demands in energy
resources, including natural gas demands.

Unfortunately, energy infrastructure of Ukraine is worn and outdated in general. Almost all
power units of thermal power plants have exhausted their park resource, are technologically outdated.
The power units of nuclear power plants formally should be decommissioned due to the end of their
service life. The wear and tear of electrical networks is more than 50%, while the wear and tear of
some electrical network objects reaches more than 70% (CMU, 2021b). All these facilities need to be
rebuilt and/or modernized in nearest years in terms of national energy security.

Paying attention to the low level of renewables in energy mix in Ukraine, in 2021 Ukrainian
government proposed National Action Plan for the Development of Renewable Energy until 2030
(CMU, 2021a). According to the plan, in 2030, Ukraine should produce 27% of energy consumed
from renewables. This level is much lower than updated plans in the EU, and Ukraine does have the
potential to reach more. It is worth to indicate, that in Ukraine about three quarters of renewables are
bioresources (UkrStat, 2021). Being one of the largest producers of agricultural crops in the world,
Ukraine has a huge potential in bioresources, first of all, in form of agricultural residues. Experts of
Bioenergy Association of Ukraine (UABIO) calculated that Ukraine has a biomass potential for
energy production in a total of 21.7 million tons of oil equivalent (toe) per year. The main components
of the energy potential of biomass are by-products and waste of agriculture, agricultural residues -
9.4 million toe/year or 43% of the total potential, and energy plants - 7.5 million toe/year, 34%. The
largest shares of the potential of agricultural residues fall on the straw of cereal grain crops (36%)
and by-products/waste from the production of grain corn - 33% (Geletuha et al., 2022). According to
the reasonable assessment of UABIO, these bioresources may compensate about 10 bcm of natural
gas for Ukraine. Thus successful realization of this potential itself may compensate all national
imports of natural gas.

Advanced national strategy was proposed by experts of other industrial company, Ukrainian
Technological Company® (UTC). Being one of the major industrial companies in biogas technology
in the country, UTC assesses potential of Ukraine in biomethane production in 10-15 bcm annually
with new facilities installation in a scale of about one bcm of biomethane per year. The resources for
biogas / biomethane production may be the same agricultural residues and other organic waste,
including food waste. This approach is promising for Ukraine. First of all, Ukraine does have a
significant amount of bioresources and organic waste. Next, this way Ukraine may use natural gas
transportation system and natural gas storage facilities. Also, biogas production generate significant
amount of useful side product, digestate, which may be used as organic fertilizer.

In addition, organic waste treatment has additional benefits for the environment. Organic
waste deposited in landfills, produce significant amount of biomethane into the atmosphere. Methane
is a powerful greenhouse gas, 80 times stronger for greenhouse effect / global warming than carbon

3 https://utc.bio
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dioxide (UNEP, 2021). On the other side, being treated in the technological process of anaerobic
digestion, organic waste will be transformed into valuable energy resource. It still produces carbon
dioxide during burning, but the effects for the environment will be much less aggressive compared to
uncontrolled decomposing of organic waste in landfills.

It is important, that during methane fermentation of organic waste, e.g., manure, a significant
amount of ammonia may be extracted and used as an alternative energy resource (Zhadan et al., 2021).
The potential of ammonia as a carbon-free fuel is discussed nowadays. For example, hydrogen as a
fuel has an extremely low energy density, which means that its energy density on a volumetric basis
remains distinctly substandard to most liquid fuels. Ammonia alternatively is 50% higher in energy
density than compressed or liquefied hydrogen. One major advantage there is an existing
infrastructure for transportation and distribution of ammonia worldwide (Chehade and Dincer, 2021).

Currently, Ukraine has only about 70 biogas plants with total capacity of 105 MW*. For
comparison, Germany, the main biogas producer in Europe, had over 9,700 biogas plants with total
capacity of 4.8 GW yet in 2018 (WBA, 2022). Meanwhile Ukraine has both significant bioresources
for biogas production and sufficient amount of well-educated professionals in the fields of
biotechnology and industrial ecology. Under the financial and technological support of European
partners, Ukraine may fast reach significant progress in biogas / biomethane production at the national
scale.

Important issue for Ukrainian energy sector is the challenge of nuclear power. Ukraine is the
third European country after France and Slovakia with highest share of nuclear power in energy mix.
In 2020, Ukraine generated about 55% of its electricity in 15 nuclear reactors. Moreover, in autumn
and winter nuclear generation covers up to 70% of national electricity generation®. The challenge here
is that most Ukrainian nuclear reactors exhausted its operation life (30 years). Meanwhile, Nuclear
Energy Agency (NEA) experts concluded that if nuclear utilities implement enhanced ageing
management programmes using readily available technical evidence, while performing the necessary
repairs and replacements, long-term operation should not face any major, generic, technical barriers
(OECD, 2021).

Nevertheless, Ukraine has a challenging history, having been affected by the biggest nuclear
catastrophe in world history—the Chornobyl (Chernobyl) nuclear disaster. See, for example, (Sidorik
and Yakymenko, 2013). So, we need both strict international technological control during the
operation of nuclear reactors and science-based decisions on its further operation.

The war added new risks and challenges in the field both for Ukraine and for Europe, e.g.,
currently the largest Ukrainian nuclear power plant, the largest in Europe, with 6 nuclear reactors,
Zaporizhzhia NPP, is under the control of Russian invaders.

Ukraine has good climate conditions for wind and solar power generation and a big reserves
here. Today not only Ukraine has low level of renewables in national energy mix (about 6.6%), but
most renewables (75%) are represented by bioresources, mostly solid biofuels (UkrStat, 2021).
Meanwhile international experts assess the potential of wind power generation in Ukraine in stunning
320 GW (IRENA, 2017), which technically may cover all national energy demands. Of course, this
potential should be restored yet through the deoccupation of southern regions of the country. Because
the most promising wind power regions are the southern and southeastern parts of Ukraine, where the

4 https://ecolog-ua.com/news/za-rik-ukrayina-zapustyla-68-biogazovyh-stanciy
5 https://www.energoatom.com.ua
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average wind speed at the height of the rotor axis of modern wind power plants reaches 7 m/s and
higher®.

Solar generation also has good potential in Ukraine. Even though Ukraine is in the bottom of
the list of countries according to its photovoltaic power potential, the country is ahead of many
European states, including Germany, Austria, Czech Republic and Poland (WB, 2020).

The National Renewable Energy Action Plan of Ukraine for the period up to 2030 foresees a
significant increase in the installed capacity of solar and wind power plants - up to 9,947 MW and
5,033 MW in 2030, respectively (CMU, 2021a). Compared to the indicators of 2020 (6,872 MW of
solar generation and 1,314 MW of wind power plants, this is an increase of 1.5 times for solar and
3.8 times for wind power plants. Obviously, it is not enough ambitious plans compared to the best
indicators in the EU member states and keeping in mind current challenges for Ukraine.

Due to the plans for the construction of 10 GW of electrolyzers for the production of green
hydrogen on the territory of Ukraine, the country can become an integral part of the implementation
of the ambitious goals of the European Green Deal (Prokopchuk, 2020). In addition to Ukraine's role
as a producer of green hydrogen on the European market, the EU may be also interested in adapting
the Ukrainian gas transportation system to supply a mixture of hydrogen and natural gas. As experts
note, there is no infrastructure for hydrogen in Eastern Europe. Its creation will take ten or more years.
The possibility of using existing gas pipelines for the transfer of hydrogen or hydrogen mixtures
requires research and practical tests but are promising.

Discussion. Ukraine makes great efforts to follows strategies and policies of the European
Union in all the fields of sustainable development. And the precise plan for implementation of the
EU regulatory principles and norms in Ukrainian legislation was developed in terms of Association
Agreement between the European Union and Ukraine (AA, 2014). The Agreement had a tremendous
effect on effective transformation of Ukrainian legislation toward European Union high standards,
see, for example (CMU, 2022). And during last years Ukraine achieved a significant progress in many
directions related to the sustainable development (Shapovalov et al., 2022; I. Yakymenko et al.,
2018). Russian invasion of Ukraine interrupted the normal life of the country and put millions of
Ukrainians in front of the challenge to defend their country, their freedom and their lives. And while
the democratic world, including the EU, demonstrate undeniable support of Ukraine, the military,
economic and social aspects of this war in the center of Europe need more and more international
attention and determination.

Meanwhile, Ukrainian government presented an ambitious plan for the postwar recovery of
Ukraine at the conference in Lugano, Switzerland, yet in June 2022 (Vinokurov, 2022). The total
amount of financing in the next ten years may amount to about $750 billion. In the field of energy
security, it is expected to attract about $130 billion. Among the projects are the construction of
hydroelectric power plants and hydroelectric storage power plants, power plants based on renewable
energy sources with a capacity of 5-10 GW, completion of two power units of the Khmelnytsky NPP,
modernization of other NPPs, and construction of infrastructure for the production of green hydrogen.
It is supposed to attract another $150-250 billion to increase the energy efficiency of residential
buildings, build new ones and repair damaged buildings.

The bottleneck of the plan is the sources of financing as the primary source should be Russian
reparations and frozen assets of the aggressor country and its oligarchs. Obviously, such strategy

5 https://uwea.com.ua/ua
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needs strong international support and the development of effective legal mechanisms for its

implementation.

In conclusion, unreasonable and unprovoked Russian invasion of Ukraine threatens European
values and undermines European sustainable development in many ways, including European energy
security. Significant dependence of most European countries, including Ukraine, on Russian energy
resources is a tremendous risk, which European community should overcome as fast as possible.
Ukraine being an integral part of European community and defending European democratic values
and freedoms, meets huge challenges in all the fields of country’s life, including energy security
issues. While strong international support is critically important both for Ukrainian victory and for
the postwar recovery of the country, Ukraine has its own significant potential in energy sector, e.g.,
developed infrastructure for gas transportation and storage, a huge potential in bioresources / biogas
/ biomethane production, and significant electricity production due to nuclear power generation. All
these aspects may be used for long-term effective collaboration of Ukraine and the European Union
member states in the field of energy security.
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Abstract. On the basis of complex, interdisciplinary, systemic and selective approaches,
methods of analysis and synthesis, a methodology for solving the problems of managing innovative
factors of sustainable socially oriented economic development (SSODE) has been developed. It is
represented by a structural econometric model for assessing the state and forecasting of innovative
factors of the SSODE, is based on the formed system of socio-economic indicators for evaluating the
subsystems of the management system of innovative factors of the SSODE, meets the criteria of
stability, optimality and efficiency of management of economic systems, allows to assess the level of
satisfaction of the vital interests of the population and make predictions based on the Modernized
Human Development Index (HDI). The developed method of assessment and forecasting of
sustainable innovative socially oriented development of the national economy consists in conducting
a comprehensive analysis of the economic, social, and environmental subsystems of the system of
management of innovative factors of SSODE based on the index method, factor and correlation-
regression analysis and on two contours of the economic system corresponding to the conditions of
stability (more than 61.8% of the population whose vital interests are satisfied) and instability (less
than 61.8% of the population whose vital interests are satisfied). At the same time, in the first case,
GDP per capita was chosen as the objective function, and in the second case, the human development
index (HDI). The developed methodology will make it possible to formulate conclusions regarding
the effectiveness of management decision-making by state regulatory bodies.

Introduction. The new challenges faced by modern economic policy, including those related
to the current scientific and technological revolution, require a comprehensive approach to the
elimination of obstacles to simultaneous and balanced provision of all vectors of economic
development. Therefore, solving the problems of innovative factors managing of sustainable socially
oriented development of the national economy is now becoming urgent.

Materials and Methods. Materials and Methods. The relationship between social and
innovative components of economic development is highlighted in the studies of I. Buleev,
M. Zgurovsky, S. Kuznets, P. Nikitenko, O. Meh, V. Solovyov, L. Fedulova, and I. Yashchyshina
(Yashchyshena, 1. V., 2012); the interdependence of innovative and sustainable development of the
economy is presented in the works of V. Geits, B. Malytskyi, and L. Hannes (Hannes L., 2011, p. 7-
12), the combination of ways to ensure sustainable and socially oriented development is presented in
the works of O. Amoshi, V. Antonyuk, and O. Novikova (Novikova O.F. & others., 2012). However,
there is a lack of scientific basis for the development of the “"economy for man", there is no
development of methodic provisions for solving practical problems of innovative factors managing
of sustainable socially oriented economic development.
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The purpose of the research. Formation of a methodic for solving the problems of innovative
factors managing of sustainable socially oriented development of the national economy.

The following methods were used during the research: analysis and synthesis, comparison,
observation, economic-mathematical, logical, generalization.

Results and Discussion. The national economy of any country should be oriented towards
increasing the level of satisfaction of the vital interests of the population, which depends, first of all,
on the level of socio-economic development of the country. The most simple and widespread
indicator that allows this assessment is GDP per capita, which reflects the effectiveness of the
management of the national economy as a whole, but shows only its quantitative result. Along with
this, the World Bank currently uses more than 100 indicators that comprehensively characterize the
standard of living of the population and the satisfaction of its vital interests, shape the further
development of the state's social policy and measures for its implementation.

Since 1990, the annual reports on human development (UN Development Program (UNDP))
have been using an integral indicator in order to reflect the capabilities of a person in terms of the
realization of three key tasks (to live a long and healthy life, to acquire and expand knowledge, to
have a decent standard of living), which was named "Human Development Index" (HDI).

The appearance for the first time of a new Human Development Index adjusted for inequality
in the UN report on human development in 2016 (Inequality-adjusted Human Development Index
(IHDI), 2016) became the basis for the formation of the author's methodology for evaluating the
management of innovative factors of sustainable innovative socially oriented development of the
economy. It became obvious that the HDI can be adjusted for any indicator, the influence of which
the author considers significant. Therefore, the year 2016 opened up new opportunities for calculating
the HDI, which led to the use of this year's report.

It includes three components: longevity (years), level of education (0 and 100%), standard of
living (PPS in US dollars per capita), which have different dimensions of absolute values. To calculate
the HDI, different methods of formation are used for each of its components. Moreover, for
developing countries and industrialized countries, the methods of normalizing even one index also
differ. The HDI value ranges from 0 to 1, where 0 is min and 1 is max. HDI classification is based on
fixed cut-off points of this index, which corresponds to the criteria for the distribution of component
indicators: for a low level of human development, this HDI is less than 0.550, for an average level of
human development, it is 0.550-0.699, for a high level of human development, it is 0.700-0.799, and
for very high the level of human development is from 0.800 and above. Goes beyond a country's
average achievements in health, education and income, and shows how these achievements are
distributed among the country's inhabitants The Inequality-adjusted Human Development Index (HDI
or IHDI), which contains two interrelated indicators: HDI and "decrease of IHDI" (Inequality-
adjusted Human Development Index (IHDI), 2016), and is also sensitive to the distribution of the
average HDI level. So, two countries with different distributions of achievements can have the same
average HDI value. Under ideal equality, HDI is equal to HDI, but falls below HDI when inequality
increases. The difference between HDI and IHDI is the development cost of inequality, i.e. the loss
of human development due to inequality.

IHDI makes it possible to directly link inequality in dimensions, to form policies to reduce
inequality, to promote a better understanding of inequality among the population and their
contribution to the overall cost of human development. Moreover, a multiplicative model and index
correction method are used to calculate IHDI. In order to maximally adapt the global ideas of
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measuring human development to the specific conditions of Ukraine, scientists have developed a
methodology for building Regional Human Development Indices (HRID), which allows determining
the rating of each region both by the general level of human development and by its individual
components (Human development in Ukraine: 2003, 2004, p. 194). At the same time, the basic
methods of HRID calculation are the method of normalization and index convolution. Thus, on the
basis of the considered list of indicators that allow assessing the level and quality of life of the
population, a meaningful chain "GDP — HRID — HDI — IHDI" is built, which requires a logical
conclusion.

In addition, the lack of a comprehensive approach to the problem of innovative factors SSODE
management and the synthesis of the above created a basis for raising the issue of modifying the HDI
(MHDI) in conditions of instability (the level of satisfaction of the vital interests of the population
< 61.8% (Bondar-Pidhurska O. V., 2018, Part 2, p. 18-22) with additional indicators based on the
methodology of normalization and convolution of indices. which outlined the boundaries of the
second level (contour) of the analysis of the innovative factors SSODE management process. In
conditions where the level of satisfaction of the vital interests of the population > 61.8% is enough to
choose GDP as the objective function, the first level (contour) of management analysis is created by
innovative factors of the SSODE. In this way, the main target parameters of the innovative factors
SSODE management process are defined: "GDP - HDI - MHDI".

Solving the methodological problems of the innovative factors SSODE management process
of Ukraine involves assessing the state and forecasting of the sustainable innovative socially oriented
development (SISORE) of the national economy, which was reflected in the sequence of the
following stages: 1) planning (formation of the input parameters of the components of SISORE);
2) organization and analysis (development of an assessment system for subsystems of the innovative
factors SSODE management system); 3) selection of alternatives according to the criterion of
reliability according to the first (GDP as an objective function) and the second contour of the HDI
(MHDI) as an objective function); 4) control (determination of the initial parameters of the innovative
factors SSODE management system and their compliance with the criteria of optimality, efficiency,
stability).

Processing of the list of literary sources ((Bondar-Pidhurska & Solovyov, 2017, p. 122-132),
(Hannes, 2011, p. 7-12), (Novikova & othre, 2012)) made it possible to develop a system of socio-
economic indicators that create appropriate conditions for satisfying the vital interests of the
population, which became the basis for the formation of a structural econometric model of state
assessment (complex monitoring) and SISORE forecasting, which is based on a system , complex
and interdisciplinary approaches, meets the criteria of stability, optimality and efficiency of
management of economic systems, and allows to more accurately assess the level of satisfaction of
the vital interests of the majority of the population, as well as to make forecasts based on the MHDI.

The MHDI includes indicators of the social, economic, and environmental subsystems of the
innovative factors SSODE management system. So, if groups of parameters X1, X2, X3 represent a
combination of indicators characterizing task parameters for each of the management subsystems for
the implementation of these tasks, then MHDI) (YY) define Y= (X1 U X2 U X3).

The methodology for solving innovative factors SSODE management problems of Ukraine is
presented in the form of a structural econometric model of state assessment and SISORE forecasting,
the main stages of which are detailed as follows:
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I) Justification of input parameters for each innovative factors SSODE management
subsystem (tasks, forecasts, internal and external threats):

1) the economic subsystem (X1ij...Xn) provides for setting the task of innovative development
(X1) - compliance with the new technological system, etc. Resources: fixed assets, % of GDP for
R&D. Justification of the content of the original information database (indicators) for diagnosis and
monitoring of measures of the effectiveness of the economic subsystem of the innovative factors
SSODE management system according to the types of economy (information economy, knowledge
economy, innovation): 1.1) level of Internet use, % of the population; 1.2) unemployment rate, %;
1.3) labor productivity, million dollars USA per thousand Employed persons; 1.4) rate of depreciation
of fixed assets, %; 1.5) % of GDP on R&D; 1.6) inflation, %; 1.7) indicator of import coverage, %;
1.8) consideration of state external debt (% of GDP); 1.9) the level of the shadow economy in % of
the volume of official GDP.

2) the ecological subsystem (X2ij...X2nm) involves setting the task of sustainable
development (X2), i.e. ecologically clean production, etc. Resources: availability of fuel and energy
and other resources in the country. The substantiation of the content of the initial indicators
(information database) for the diagnosis and monitoring of measures of the effectiveness of the
ecological subsystem of the innovative factors SSODE management system was carried out in the
context of the analysis of the rationality of management of the economy and the energy efficiency of
production processes: 2.1) energy intensity of GDP according to PPP 2011. (a ton of 0il/$1,000);
2.2) indicators of the state of the surrounding environment taking into account global climate
warming (CO2, kg/person); 2. 3) generation of waste per 1 person, thousand tons; 2.4) consumption
of fresh water per person m?2, million m?;

3) the social subsystem (X3ij...X3nm) involves setting the task of socially oriented
development (X3) - the optimal structure of population stratification, etc. At the same time, the
resources are intellectual and social capital, human potential, and the presence of a national idea.

Justification of the content of the initial indicators for diagnosis and monitoring of measures
of effectiveness of the social subsystem of the innovative factors SSORE management system:
3.1. Life expectancy (at birth), years; 3.2. Average duration of education, years; 3.3. Gross national
income per capita, USD USA by PKS, current prices; 3.4. Fertility coefficient (total fertility rate), %o,
i.e. ppm; 3.5. The number of suicides per 100,000 people (mortality from intentional self-harm);
3.6. Population of the country, thousands of people; 3.7. Level of satisfaction of the population,
points; 3.8. Presence (1) or absence (0) of a national idea that unites all strata of the population;
3.9. Living conditions on average per inhabitant, m3; 3.10. Social security indicators (the ratio of the
average amount of the monthly pension assigned to pensioners who are registered with the Pension
Fund bodies (UAH) to the subsistence minimum at the end of the year (UAH)); 3.11. Indicator of
inequality in the distribution of available resources (Gini index).

II) Visualization of the evaluation system of subsystems of management of the innovative
factors SSORE:

1) Solving the methodological problems of the social management subsystem innovative
factors SSODE (Xa3ij...X3nm) involves the study of the characteristics of the stratification of the
country's population, as a result of the different level of satisfaction of the vital interests of the
population, which is connected with the definition of “inequality" and the concept of "social
stratification”, which used to describe it. Thus, in the modern scientific tradition, there are two main
approaches to the study of social stratification: class (European) and status (American). Currently,
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post-Soviet countries are characterized by European rather than American models of social
stratification, focused on the measurement of "objective” indicators, i.e. income level, property size,
amount of power, and others. Moreover, economic indicators are the main ones for social
stratification.

It is obvious that the state is socially stable if the society is managed by the owners, i.e. the
middle class, the phenomenon of which is that it is simultaneously the basis of economic growth, an
indicator of the effectiveness of reforms, a criterion of the dynamic stability of the economic system,
and material, educational and qualification, psychological criteria. Along with the existing three
population groups that have historically formed in every civilized society: the poor, the middle class
and the very rich (oligarchs), the ruling elite (the national establishment) has been identified as the
one that determines the future fate of the country in the direction of the development of the national
idea.

Therefore, the assessment of the social subsystem of the innovative factors SSODE
management system (X3ij...X3nm) involves the study of the stratification of the country's population
for a certain period and the following measurements: 1.1) assessment by the country's respondents of
their own socio-economic status in society; 1.2) dynamics of the general distribution of households
based on self-assessment of the level of sufficiency of their incomes to meet the vital interests of the
population, %; 1.3) assessments and results of the level of satisfaction of vital interests of the
population using various methods (UN indicators on the perception of well-being); 1.4) dynamics of
the index of satisfaction with vital interests of the country's population; 1.5) analysis of forecast
dynamics of the middle class by world region until 2030; 1.6) the results of the calculation of the
index of the social management subsystem of the innovative factors SSODE of the country;
1.7) conducting a factor analysis of the social subsystem of the country's innovative factors SSODE
management; 1.8) the results of the generalization of the regression and factor analysis of the
development of the social subsystem of the country's innovative factors SSODE management;
1.9) construction of an econometric model of the social management subsystem of the country's
innovative factors SSODE. Methods of evaluating the social subsystem of the innovative factors
SSODE management system: expert, statistical methods, trend analysis method, system analysis,
index method, factor and correlation-regression analysis, and others.

2) Solving the methodological problems of the country's innovative factors SSODE
environmental management subsystem (X2ij... X2nm) will be facilitated by the analysis of prospective
directions for the development of the country's PEC and the energy efficiency policy, which, aiming
at the formation of a qualitative state of the national economy, goes far beyond the limits of energy
saving (energy saving policy) and provides not only the realization of the potential of energy saving
at all levels, but also the fulfillment of a number of tasks in economic, environmental, and energy
policy, which allows to evolve in the context of the paradigm of sustainable development. Thus, the
methodological basis for its implementation in the country is an assessment of the country's potential,
taking into account the presence of primary PES in the direction of methodical provision of energy
efficiency assessment of the country's GDP on the basis of the cost approach, as well as a practical
consideration of energy efficiency as an indicator of product competitiveness, a guarantee of energy
security and a qualitative criterion for the innovative development of the economy .

Therefore, the assessment of the environmental component (subsystem) of the country's
innovative factors SSODE management system (X2ij... X2nm) involves the study and
implementation of the following actions: 2.1) calculation of the country's innovative factors SSODE
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environmental management subsystem indicator using the additive model and maximum and
threshold values, built on the basis of correlation-regression analysis of the econometric model;
2.2) comparison of the dynamics of the energy intensity of the country's GDP with individual EU
countries, kg n. e. / $ PKS of 2015; 2.3) characteristics of the environmental management subsystem
of innovative factors SSORE by analyzing two groups of indicators regarding the rationality of
management of the economy and the energy efficiency of production processes; 2.4) analysis of
exceeding the intensity of energy use in the country compared to world standards, times; 2.5) analysis
of the technological complexity of the country's economy and the structure of energy consumption,
%. Methods of assessing the environmental component of the country's innovative factors SSODE
management system: trend analysis method, cause-and-effect and system analysis, index method.

3) The assessment of the economic component (subsystem) of the country's innovative factors
SSODE management system (X1ij...X1nm) involves the study, characterization and measurement of:

3.1) the main trends in the development of the economic component of the management
system of innovative factors of a sustainable socially oriented vector of its development, in particular:
3.1.1) the dynamics are being built indicators of the country's innovative factors SSODE economic
management subsystem; 3.1.2) an assessment of the population's attitude to privatization in the
country is carried out; c) the sovereign index of the economic subsystem (IEP) of the country's
innovative factors SSODE management is calculated; 3.1.3) an econometric model is formed based
on the results of the correlation-regression analysis of the indicators of the country's innovative factors
SSODE economic management subsystem, 3.1.4) the isolation of the group dynamics of the factors
of the country's innovative factors SSORE economic management subsystem based on the results of
the factor analysis and their interrelationships.

Therefore, the assessment of the economic subsystem of the innovative factors SSODE
management system "vertically" involves the analysis of indicators of the development of the
noosphere, information, innovation and knowledge economy. Thus, the result of the functioning of
the innovative economy is the calculation and dynamics of the index of innovative development, the
knowledge economy is the characteristic of the results of patent and licensing activities, the
information economy is the trend of the percentage of the population using the Internet, and the
noosphere economy is the dynamics of HDI. The result of solving the methodological problems of
the economic subsystem of the innovative factors SSODE management system is the analysis of the
trend of changes in the economic subsystem based on the calculation of the sovereign integral index
containing the input parameters listed above.

3.2) diagnosis of the main problems of innovative development of the economy and activation
of its potential in conditions of instability and changes: 3.2.1) calculation and construction of the
dynamics of the index of innovative development of the country in additive form; 3.2.2) based on the
results of the correlation-regression analysis of the country's innovative development index (11D), the
formation of its econometric model; 3.2.3) by the method of cause and effect analysis, the root cause
and "bottlenecks" are singled out. Consideration of innovative activity as the main factor of economic
growth will contribute to solving the methodological problems of the economic subsystem of the
innovative factors SSORE management system. Conditioned by knowledge and investments, it
together with them forms a triangle of competitiveness of the national economy (innovations,
investments, knowledge), the results of the characteristics of which are a diagnosis of economic
development. At the same time, during the evaluation of innovative development, the % of GDP for
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R&D was used, and during the forecasting of the MHDI, the total investments of the base year are
included in the dynamic model.

3.3) the functioning of the anti-crisis mechanism of the state regulation of life activities of
Ukraine as a component of the management system of innovative factors of the sustainable
development of a socially oriented economy: 3.3.1) the characteristics of the effectiveness of the
functioning of the legislative and regulatory framework, the management of the production system
or the activation of industry, financial regulation, redistribution of income (social regulation ) by
constructing the dynamics of the level of the shadow economy, public external debt (% of GDP), the
share of middle class representatives, the share of implemented innovative products, as well as the
index of satisfaction of the vital interests of the population, as markers for evaluating the effectiveness
of the anti-crisis mechanism of the country's vital activities; 3.3.2) the dynamics of the main indicators
of the development of industry in the country's economy and the production of the main types of
industrial products; 3.3.3) analysis of innovative activity of industry as a tool for economic renewal
and development: anti-crisis management system; 3.3.4) characteristics of the main indicators that
determine the quality of life in the country in comparison with other countries of the world in the
period of geopolitical stability;

3.4) assessment of the effectiveness of the management system of innovative factors of
sustainable development of the national economy from the standpoint of meeting the vital interests
of the country's population: 3.4.1) calculation of the MHDI based on 23 indicators, the method of
principal components, sliding matrix and additive convolution, construction of its dynamics. The
MHDI includes indicators of the social, economic, and environmental subsystems of the innovative
factors SSODE management system on the basis of autonomy; 3.4.2) identification of the most
significant problems on the way of its development, 3.4.3) identification of groups of factors that
affect the level of satisfaction of vital interests of the population thanks to factor analysis;
3.4.4) substantiation of basic innovative factors of socio-economic development of Ukraine;
3.4.5) construction of an econometric model of the management system of innovative factors of
sustainable development of the national economy from the standpoint of satisfying the vital interests
of the population; 3.4.6) formation of conclusions regarding the effectiveness of management
decision-making by state regulatory bodies. Methods of evaluating the economic subsystem of the
country's innovative factors SSODE management system: observation, expert, system analysis,
synthesis, cause and effect, index, method of principal components, sliding matrix and others.

III) Obtaining the initial parameters of the assessment and forecasting of the innovative
factors SSODE management system:

1) substantiation of the initial parameters regarding the evaluation of the innovative factors
SSODE management system involves: 1.1. Formation of innovative factors SSODE management
system assessment markers: a) comparison of integral indices of social, environmental, ecological as
sovereign (independent) subsystems of the IFSSODE management system; b) calculation of the index
of satisfaction of vital interests of the population on the basis of UN welfare indicators; c) calculation
of the innovative development index based on the competitiveness triangle of the national economy
(investments, innovations, knowledge); e) calculation of MHDI based on input parameters.
Construction and analysis of their dynamics, formation of conclusions. 1.2. Carrying out on the basis
of autonomous integrated indices of the social, economic, environmental subsystems of the
innovative factors SSODE management system as components of the MHDI, a comparative two-level
(two-level) analysis (on the three target indicators of GDP per capita, HDI, MHDI): in conditions of
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stability, apply the first level of analysis, where the objective function will be GDP per capita in the
country, and in conditions of instability - the second level where the objective function is HDI (or
MHDI, when inequality in society increases and the middle class disappears).

Evaluation methods: correlation-regression analysis, causal analysis, system analysis and
synthesis, method of principal components and sliding matrix.

2) substantiation of the compliance of the initial parameters of the innovative factors SSODE
subsystem evaluation system as inputs for forecasting (MHDI, investments, stability reserve) to the
basic criteria: a) efficiency (K eff 1) — achievement of the planned level of MHDI (Y), where
investments min; b) optimality (K opt): {t min, deviation of MHDI from the specified (Am) min};
c) stability is K stability > 61.8% of the population, whose vital interests are satisfied, as well as
stability margin (SM max); and defining the group of developing countries (very high, high, medium,
low) to which the national economy belongs with the corresponding value of MHDI as the main
controlled parameter of the IFSSODE management system. MHDI must simultaneously meet the
criteria of stability, optimality (speed of obtaining the desired results), efficiency of management of
the economic system. At the same time, the negative value of the stability margin indicates that the
country is entering an active phase of financial and economic crisis, a prolonged stay in which will
lead to a revolutionary situation, because the basic vital interests of the population are not satisfied.

Forecasting methods: simulation modeling based on the use of the adaptive dynamic model
of the innovative factors SSODE control system.

Thus, the tasks of the system, along with the list of input indicators of the social, economic
and environmental subsystems of the innovative factors SSODE management system, should be
considered compliance with the new technological system (X1), ecologically clean production (X2),
the optimal structure of population stratification in the country (X3).

Conclusions. On the basis of complex, interdisciplinary, systemic and selective approaches,
methods of analysis and synthesis, the methodic for solving innovative factors SSODE management
problems has been developed, which is represented by a structural econometric model for assessing
the condition and forecasting of innovative factors SSODE, based on the formed system of socio-
economic indicators for evaluating the subsystems of the innovative factors SSODE management
system, which meets the criteria of sustainability, optimality, efficiency of management of economic
systems, allows to assess the level of satisfaction of the vital interests of the population and to make
forecasts based on the MHDI.

It provides a comprehensive analysis of the economic, social, environmental subsystems of
the innovative factors SSODE management system based on the index method, factor and correlation-
regression analysis on two contours of the economic system that meet the conditions of stability (%
of the population vital interests that are satisfied > 61.8% satisfied) and instability (% of the
population of vital interests that are satisfied < 61.8%). At the same time, in the first case, GDP per
capita is chosen as the objective function, and in the second it is HDI. Successive implementation of
the four stages of the developed innovative factors SSODE management problem-solving
methodology will allow to single out existing MHDI trends and draw conclusions about the
effectiveness of management decision-making by management entities.
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Abstract. Diversification as a mechanism of managing the multifunctional development of
socio-economic systems. Oleksiy Buluy, Maria Plotnikova, Oksana Prysiazhniuk. The article reveals
the evolution of development, considers the directions of diversification of the local and national
economy with an emphasis on ensuring the well-being of people and preserving the environment. At
the local level, one of the promising areas of business diversification in rural areas is rural tourism.
We believe that its development is a key factor that can cause a synergistic effect in combination with
other types of entrepreneurial activity in rural areas. The proposed perspective model of the
development of society is based on the conditions of self-development and self-realization. The
success of the proposed model is based on coordinated cooperation between the state, public
organizations and business. The conducted research made it possible to systematize factors
influencing diversification on the development of agriculture on the basis of ensuring efficient use of
resources. It has been proven that diversification maximizes the effect of synergy, which leads to
increased coordination and the creation of an integrated management system to achieve the desired
effects.

Introduction. Under the influence of the mainstream of the current decade, there has been a
fundamental change in the focus of socio-economic development from a production-industry vector
to an approach focused on nature-centrism and Humanity. This approach demonstrated the transition
from exclusive models and proactive strategies to inclusive models of sustainable development in all
aspects of life and management of society. Increasing the level and quality of life of the population
and multiplying the natural resource potential of the environment has not been achieved so far not
only by countries with developing economies, but also by developed states. At the same time, the
issue of determining the amount of costs necessary for this remained ambiguous (Arovuori et al.,
2005; Zinchuk, Skydan et al., 2021). The implementation of a nature-friendly approach through the
harmonization of the relationship between Human and Nature, inclusion and participation is the
primary image of the noospheric society of the future (Goncharenko et al., 2021; Zinchuk, Kutsmus,
etal., 2021). Under such conditions, prevention and health care turn into investments in human capital
and socio-economic development. Only those target communities that are spatially integrated,
people-oriented (Khodakovsky et al., 2020; Prysiazhniuk et al., 2018) and able to provide sufficient
funding through close and transparent partnership, involving civil society and the private sector in
the practice of sustainable development have proven to be sustainable and functional from the point
of view of producing values and providing incentives for innovation (Dema et al., 2019, Rashchenko
etal., 2020).

The rapid diversification and interdisciplinary integration of modern socio-economic systems,
their biotechnological tools, the implementation of environmental conservation practices, the
multiplication of sustainability, individual, family, public, regional, national and supranational
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integrity, stipulate the development of local systems designed to become the new leader of post-
pandemic recovery and economic growth. They are focused on anticipatory growth of human capital
and new knowledge. In turn, this involves the evolution of educational institutions into the
"University 4.0" network (Seniuk, 2018). As a response to modern challenges, it creates prerequisites
for innovative changes and new opportunities for the regional economy, science and production.
Therefore, the purpose of the research is to develop and deepen the theoretical and methodological
foundations and applied provisions of the multifunctional development of socio-economic systems
under the condition of diversification of activities, resource provision, sources of their formation and
means of activation.

Materials and methods. The research method used in the article is literature analysis and
conclusions. The necessary information was obtained by analyzing publications, scientific articles,
open data of the State Statistics Committee, the Ministry of Regional Development, Construction and
Housing and Communal Affairs of Ukraine, the Ministry of Economy of Ukraine, regional state
authorities, the system of local self-government, and associations of the entrepreneurs.

Results and discussion. The national socio-economic system is multifunctional in its
structure. It is not limited to a single function - the production of goods, works and services, but also
performs technological, distributive, unifying, political, ecological, worldview and other functions,
having a system-forming social character (Arovuori et al., 2005). The priority is stimulating the
development of depressed regions, overcoming social inequality, ensuring welfare and employment.
Its formation took place for a long time (Fig. 1) and is focused on the ability to prepare the necessary
personnel for the future, to be a catalyst, accumulator and capitalizer of social and resource potential,
as well as a developer of national and regional inclusive development.
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Fig. 1. Conceptual scheme of the evolution of development

Source: author’s research.
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The multifunctionality of development has a natural character due to the integration of social-
natural, political-technological and other factors, as well as their implementation in social-production
processes and their separate spheres. For example, such features characterize agriculture as an
integrator of the economy, natural and social environment (Fig. 2). The concept of multifunctional is
dominant in the EU, particularly in matters of rural development. It is formed on the basis of a subsidy
approach and provides for the simultaneous establishment of agricultural production with the gradual
increase of measures to improve the quality of life, provision of public goods, in particular through
the strengthening of traditional spheres (education, culture, health care, social, landscape
preservation) and new ones (tourism, recreation, ecology, restoration of biological diversity, use of
renewable energy sources, formation of a holistic worldview) (Shvets et al., 2019; Skydan, et al.,
2019). The restraining factors of development in Ukraine are the decrease in the income of the
population (the average monthly salary is 300 USD).
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Fig. 2. Integrative role and functions of agriculture

Source: author’s research.

According to experts, the length of life and quality of life are deteriorating (70% of household
income is spent on food), the level of unemployment has increased, particularly among peasants (up
to 40% of the population aged 15 to 70 is economically inactive), and the availability of public goods
is decreasing. Supporting the multifunctional of agriculture should become a strategic direction of
national policy, the main component of which is the support of the domestic producer, preservation
of biodiversity, protection of the natural environment, landscapes and high quality of products, goods,
works and services (Sandal, et al., 2019; Semenets, et al., 2018). We can talk about the diversification
of the way of life as a strategy of economic and social growth against the background of understanding
the priority of sustainable development in the conditions of the formation of a global and national
strategy. Demonstrating the multifunctional of elections, we connect the diversification of the local
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and national economy with concern for the well-being of people and the restoration of the
environment. Therefore, the model of the future society is related to the formation of sustainable
communities capable of self-sufficiency and self-development (Fig. 3).
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In other words, even in rural areas, agricultural production ceases to be the dominant form of
management in favour of people-centeredness, bioeconomy of health, orientation to unique resources,
in particular natural and human capital, their identification with the area, the ability to develop the
nature protection function and ensure the preservation of historical and cultural heritage while
simultaneously multiplying creative potential. One of the most promising areas of creative
diversification of entrepreneurship in rural areas is rural green tourism. The delayed industrialization
of the Ukrainian countryside turned out to be a positive phenomenon from this point of view, as it
contributed to the preservation of natural landscapes. According to the results of the survey, the sphere
of tourism is on average 10% of the economy of territorial communities of Ukraine and provides up
to 16% of employment in the region, which allows it to be classified as a strategic segment of the
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public sector. It is because of rural tourism and the low industrialization of the village that it has great
tourist potential. Tourism as a source of additional income due to its close connection with other
branches of the public sector allows to obtain a multiplier synergistic effect from cooperation. For
example, when hotels, cafes and other establishments will buy products from local producers or use
local craftsmen, contributing to the growth of their production capacity, sales volume of souvenir
products, etc.

It is the local economy that is currently becoming a producer of a public product, having a
higher level of capacity (due to the flexibility of the local system, the degree of its capacity is 27%
higher than the global one), social capital (due to personal ties with consumers) and the main donor
of the local budget, which is directed to restore the infrastructure, meet the needs of residents. As a
direction of multifunctional sustainable development, the diversification of agricultural producers
through the introduction of ecological rural tourism reduces the impact of seasonality and contributes
to the restoration of local ecology. The creation of regional service cooperatives with the aim of
supporting local initiatives as a format of social entrepreneurship allows expanding the range of
services provided. At the same time, the establishment of enterprises on cooperative principles for
the purpose of producing a variety of traditional products, such as homemade pasta, cakes, jams,
sealed fruit jars, cookies and cakes, can significantly increase the income of commodity producers.

In order to obtain the maximum benefit and increase multifunctional opportunities, a wider
cooperation between state structures, local self-government bodies, public organizations and business
entities is necessary. In the future, in order to obtain competitive advantages, it is not enough for
regional enterprises to have the most modern means of production - it is necessary to possess modern
management technologies and constantly increase labour efficiency. Objectively, the process of
resource provision administration of both business entities and the management system is becoming
more complicated. Diversification is considered by us as a mandatory element of a new business and
an attribute of scaling an existing one. A methodological toolkit supplemented by diversification as
a mechanism for managing the range of goods, resource areas of business, strategic partners, financial
capital management, human resources, investment areas, market geography, sales channels, etc.
allows to minimize the risks of the main activity and more intensively attract resource
potential.Undoubtedly, diversification, especially in terms of multifunctional and sustainable
development, stabilizes business and the public sphere, makes them less vulnerable to external and
internal challenges. Thanks to this, diversified structures are more stable and business more
competitive than highly specialized ones, including due to greater flexibility and ability to repurpose,
delineate processes in space, time and by participants, which contributes to the rationalization of the
use of fixed assets. However, in such a case, questions may arise about the limits of diversification,
i.e., the optimal ratio between the processes of specialization and diversification (since
diversification, along with its positive consequences, creates dispersion of forces, as well as
management problems, while in the production segment, the criterion of efficiency is often the
reduction of operating costs, for example , due to horizontal diversification - provision of new types
of services unrelated to the existing technology, and vertical - through joining the existing activities
of previous or subsequent stages and, as a result, optimizing the use of resources). Portfolio analysis
of the situation and development of projects of individual processes within the project management
program focuses attention on ensuring economic sustainability, in particular, business structures. An
important role of management in this case belongs to the logistics approach, which involves
coordination of processes related to the movement of material flows, production and marketing.
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Multidisciplinary and specialized enterprises differ significantly in the completeness and
uniformity of the use of enterprise resources during the year. Diversification, in contrast to
specialization, makes it possible to mitigate the disadvantages of seasonality of production due to the
expansion of the range of products at the expense of goods for which the main costs of labour and
material resources fall in different periods. Redistributing in this way material, technical, financial
and labor resources between different types of business during the year, the organization ensures their
effective use. In addition, the specialization of the enterprise often makes it impossible to rationally
use by-products. In addition, the results of numerous studies confirm that the bottleneck of
diversification and specialization is the limitation of human resources in relation to adaptation to new
management concepts and tools, which determines the need for the growth of human and social
capital. Economic-mathematical modelling makes it possible to obtain a socio-economic structure
that is balanced according to the available resource potential. From a mathematical point of view, the
modelling of the diversification problem is based on optimization algorithms for the distribution of
resources. The task requires taking into account information about the current structure of the socio-
economic system and the interrelationship of its individual elements, whether a by-product or waste
of one industry is a raw material for another (for example, the grain industry can be considered as the
sphere of formation of final products that are sold to various consumers outside the enterprise and as
a concentrated feed intended for use in livestock industries). We can come to similar conclusions by
considering other processes, considering the optimization of one goal and the release of resources
that could be used for the optimization of other areas). Therefore, current goals may conflict with
strategic goals, flexibility — with both at the same time.

Typical goals of diversification are economic growth, profitability of the enterprise, reduction
of strategic vulnerability from the point of view of technical and market factors, when the goal of
diversification is to maximize the efficiency of using resource potential. Then the formulation of the
task of diversifying agricultural production can be formulated as follows: achieving the maximum
possible result (economic, social, ecological, technological or other effect) under the condition of full
use of available resources in the most efficient way at the level of the enterprise, settlement,
community, region, country, etc.:

K, — max;

subject to the following restrictions:

>b,x, <B, M=Lm;

i=1

>b,x,<B, T=L1t;
i=1

x.>20 i=1n.

1

where: K, — effect, final result (UAH);

bai , bri — expenses, in accordance with material and labour resources, necessary to obtain a
unit of the result of the corresponding i type ;

x; — volume of the obtained result of the corresponding i type;

By, Br — the amount of available material and labour resources of the corresponding type
(table 1).
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Table 1.
Diversification modelling of the Bronikivska territorial community

sustainable development with Family Homestead Settlements

. 2020 p. Forecast (year) 2025 p. to

Indicator (actually) | 2023 | 2024 | 2025 | 2021, %
Population, thousands of people 7,99 10,78 | 10,81 | 10,82 135,4
Population density, persons / km2 18,00 24,22 | 24,24 | 24,27 134,8
Birth rate (per 1000 people) 5,7 6,1 7,6 8,0 140,4
Mortality rate (per 1000 people) 46,4 435 | 349 | 32,1 69,2
Natural growth rate (per 1000 people) -40,7 -37,4 | -27,3 | -24,1 | 16.6 points
Working-age population-total, thousand people 4,16 6,83 | 7,15 | 7,23 173,8
including: working age 2,90 530 | 566 | 5,76 198,7
The ne(_ad of enterprises for employees to fill 1 20 21 99 99 times
vacant jobs, vacancies
Average income per person per month, .
hosand Uagy o peeonP 1025 | 224 | 26,6 | 281 | 2.7 times
Pr_oductlo_n _of gross output in current year 68.24 737 | 921 | 989 144.9
prices, millions of UAH
Attracting investments, thousands of UAH 6,4 406 | 1575 | 1954

Source: author’s research.

Globalization, the influence of international markets, the need to increase agricultural
productivity, fundamentally affected the social life of rural residents. To solve this problem, it is
advisable to comprehensively develop entrepreneurship in agriculture to develop farms and increase
their income. In the conditions of market competition, the creation of new products (goods, services)
and processes must be organized as a continuous process. The task may provide for the involvement
of additional resources in the event of the impossibility of ensuring the growth of activity efficiency.
A new business can cause a synergistic effect, for example due to better use of equipment, raw
materials, etc. Undoubtedly, the ultimate goal of diversification remains the stabilization of financial
income in the long term, the formation of a normal profit at the enterprise and the reduction of risks,
but the diversification of activities, in addition to economic ones, also has a number of social
advantages, which are manifested in the management of labour resources: ensuring greater
employment of the population, the implementation of a wider range of social and material needs of
villagers, new qualified employees can be involved or the potential of existing managers can be better
used. The potential for synergy in diversification leads to a reduction in costs when combining
different types of business due to a single system of management, control and coordination, as well
as due to the acceleration of the turnover of assets and thus, all other conditions being equal, increases
the efficiency of production. In addition, it is possible to achieve technological successes thanks to
the exchange of technologies and the joint conduct of scientific and research works.

Conclusions. Summarizing the research, we note that the main motives for diversification are
the desire to load production capacities, find alternative options for the use of raw materials and
materials, master the latest technologies, as well as ensure employment and full use of all types of
resources. In general, the achievement of higher business results is possible thanks to the
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improvement of the organizational structure, the balancing of the production potential, the
introduction of new technologies, and the implementation of a scientifically based diversification
strategy will open up new directions for the effective use of production factors and ensure obtaining
not only an economic effect, but also a social and ecological one.
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Abstract. The article is devoted to the study of the state and dynamics of investment processes
(IP) in Ukraine, which is a prerequisite for organizations to acquire competence in the European
market. The noted low level of foreign direct investment in Ukraine, the downward trend in investment
income and their meager share in GDP (within 5%), which indicates the country's weak integration
into the international investment market, cause dubious prospects of achieving a level of competence
sufficient for successful activity. Disproportions in the sectoral distribution of investments, their
gravitation to industry (33,43% of the total), uneven regional distribution, their concentration in five
regions (50%), deprive individual organizations of the opportunity to develop and increase their level
of competence. The active participation of EU countries in the supply of investments to Ukraine (over
60%) indicates their interest in cooperation, but the instability of investment trends restrains the
renewal of production, the implementation of scientific achievements, and the acquisition of
competitive advantages by organizations.

The peculiarity of the research is the focus on studying the intensity of IP in the context of the
impact on the development of organizations by expanding the possibilities of implementing the latest
scientific and technical achievements, attracting world experience in the implementation of activities.
The results are useful for managers, who, taking into account the main patterns of IP in Ukraine, will
be able to assess the prospects of an organization to achieve a level of competence sufficient for
successful activity on the European market.

Introduction. The exclusive role of organizations in ensuring the sustainable economic
development in the context of active European integration processes actualizes the need to research
the prerequisites for ensuring their competence in the market. Scientific research on this topic is
relevant, which is confirmed by its active discussion by representatives of the international scientific
community. The results of the evaluation of the innovative activity of Ukrainian organizations, as a
component of competence, indicate the need to rebuild the national economy in the direction of
forming a favorable operating environment, which requires significant financial resources. It is
critically important to attract additional investments, which contributes to the introduction of
advanced methods of production of unified high-quality products with the possibility of their
implementation regardless of geographical, national or other features (Kukharska et al., 2020). This
increases the level of competence and competitiveness of Ukrainian producers on the European
market (Morhulets, 2015).

The limited participation of Ukrainian organizations in the international movement of capital,
causing a shortage of working capital, leads to one-sided dependence on external sources of
investment and dubious prospects for functioning and development (Zabarna et al., 2019). The results

of the study of the state and dynamics of IP, in particular, the volume of investment resources in
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Ukraine, sources of their financing, are needed in practice. This will allow us to understand possible
problems, outline the prerequisites for the effective activity of Ukrainian organizations through their
restructuring with an emphasis on increasing attractiveness for potential investors, and determine the
prospects for acquiring the necessary level of competence in the European economic space.

Literature Review. Researching Ukraine’s chances for EU membership, scientists
(Boldovska, 2018) considered revitalization of IP by attracting foreign investments, in particular, for
the renewal of organizations, to be a necessary condition. Developing this direction, I. Bezzub created
a list of benefits from the intensification of IP (Bezzub, 2016), highlighting the activation of the
transfer of the latest technologies and know-how, the development of export potential, and an increase
in the level of employment. However, the authors, determining the benefits of Ukraine’s accession to
the European space and forming priority state tasks, ignored the new requirements for organizations
and related problems. Other scientists (Huk et al., 2021) focused on solving the problem of
technological renewal of organizations, considering foreign investment as a carrier of potential for
increasing technology imports and improving practical management skills. Scientists in (Manayenko
et al., 2018) focused on the search for ways to ensure the economic development of Ukraine,
justifying the need to improve the quality of products on the needs of consumers and the requirement
of standards by replacing equipment with innovative ones.

Representatives of the scientific community of other countries did not ignore the problem of
investment. The work of Shubita M. F. (Shubita, 2023), which substantiates the feasibility of
investing in the development of organizations, deserves attention. However, determining the
advantages for investors, the scientist was limited to organizations of the banking sector. The
specificity of their activity reduces the level of universality of the recommendations and makes their
wide application impossible. The investment experience of Korean organizations is described in
(Yoon et al., 2023). Scientists associated the investment inefficiency of organizations with inequality
in wages. Shifting attention to the elimination of problems in the organization of labor remuneration
means only partial applicability of the recommendations to achieve the goal of the study. Research
by experts in (Lestari et al., 2022) dedicated to determining the impact of financial development and
corruption on foreign direct investment in developing countries is considered useful. But the limited
evidence base ignores the influence of other factors of investment growth as a source of funding for
countries.

Without diminishing the value of previous studies, it should be noted that some of them focus
on the benefits of investments as a prerequisite for Ukraine’s successful accession to the EU
(Boldovska, 2018; Bezzub, 2016). Others (Huk et al., 2021; Manayenko et al., 2018) study the role
of investment in the technical retooling of production. Foreign scientists are quite logically interested
in investment problems in their countries (Shubita, 2023) or in limited spheres of organizational
activity (Yoon et al., 2023), which is why they cannot always be used in the practice of Ukrainian
organizations. Previous studies (Gruzina, 2023) did not reveal developments aimed at substantiating
the importance of IP in the formation of a favorable climate for the development of the competence
of organizations, their acquisition of competitive advantages and successful integration into the
European economic space. Eliminating the noted gaps and stimulating discussion on this topic
requires a study of the state and dynamics of IP in Ukraine, determining the direction of their influence
on the likelihood of organizations achieving a level of competence sufficient to ensure
competitiveness on the European market.
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The aim of the study. The purpose of the article is to study the state and dynamics of IP in
Ukraine, as a factor in ensuring the required level of competence of organizations on the European
market, which will make it possible to outline the prospects and possible organizational problems on
the way to joining the European economic space.

Materials and Methods. The object of the study is the IP in Ukraine. The subject of the study
is indicators characterizing the amount of investment resources, sources of their receipt, sectoral and
regional distribution, and impact on GDP. The working hypothesis of the study is as follows: the
active attraction of investments in Ukraine and their rational distribution is a prerequisite for the
acquisition by organizations, regardless of their industry and regional affiliation, of a level of
competence sufficient to operate successfully on the European market.

The substantiation of the relationship between the state of IP and the level of competence of
organizations was carried out by using the methods of scientific induction and deduction.
Generalization of approaches to the analysis of IP, identification of their impact on the ability of
organizations to update the production of competitive products and strengthen market positions was
carried out using the dialectical method. Methods of content and logical analysis made it possible to
form a set of indicators. The methods of system analysis and synthesis have become useful for
analyzing the regional distribution of investments, identifying the causes of its imbalance, and the
consequences for the successful integration of organizations into the European space. Identification
of the dynamics of indicators, comparison of the volumes of investments from different countries in
Ukraine was carried out by the methods of grouping and comparative analysis. The explanation of
the relationship between the level of indicators and the prospects of Ukrainian organizations on the
European market was carried out by the method of descriptive statistics. The substantiation of the
conclusions took place by visual presentation of information using a graphic method. Processing and
calculation of data for the construction of diagrams and graphs was carried out using a special
software and technical tool Microsoft Excel (manufacturer: Microsoft; country of origin: USA).

Results. Statistical information (Official website of the Ministry of Finance of Ukraine, 2023;
Official website of the State Statistics Service of Ukraine, 2023) shows a tendency towards a decrease
in the indicator of direct foreign investment in Ukraine, which in 2020 reached the worst value in 10
years. 2021 was the year of an investment breakthrough — the value of the indicator was fixed at the
level of 2012, but the military invasion of russia on the territory of Ukraine prevented its positive
level in 2022. The value of income from direct investments was negative throughout the analyzed
period, with the exception of 2015 and 2020 (fig. 1). Thus, the volumes and dynamics of attracting
foreign direct investments do not meet the requirements of the Ukrainian economy, which
significantly hinders the implementation of driver technologies for its transition to a new
technological system (Mostipaka, 2018).
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Fig. 1. Dynamics of direct foreign investments in Ukraine

Source: author’s development based on (Official website of the Ministry of Finance of
Ukraine, 2023; Official website of the State Statistics Service of Ukraine, 2023)

The increase in the volume of investments in absolute terms is most often accompanied by an
increase in their share in GDP, which in Ukraine, characterized by chaotic dynamics throughout the
analyzed period, remains stably low (within 5%) (fig. 2). This reflects the low level of integration of
Ukraine into the international investment market, which is the reason for the inability of capital
investments to create a basis for technological modernization and structural changes in the national
economy.
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Fig. 2. The share of direct foreign investments in the GDP of Ukraine
Source: author’s development based on (Official website of the Ministry of Finance of
Ukraine, 2023; Official website of the State Statistics Service of Ukraine, 2023)
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The need to determine the prerequisites for the creation of competent Ukrainian organizations,
to forecast the prospects of their functioning in the conditions of the intensification of European
integration processes, requires an analysis of the sectoral and territorial structure of investments.
Investors prefer sectors of the economy with high turnover of capital, territories with natural resource
potential and developed infrastructure, unemployed population of working age (Zakarpattia, lvano-
Frankivsk and Chernivtsi regions) (Kukharska et al., 2020; Huk et al., 2021; Kazakova N. A. et al.,
2019).

This is explained by the desire for a quick return of capital and obtaining maximum profit at
a low level of risk, the availability of the possibility of producing products at low costs with small
amounts of investment.

There are serious disproportions in the sectoral distribution of foreign investments in Ukraine.
There is an attraction to industry, the share of which in the total volume of investments grew from
33,43% in 2019 to 57,43% in 2021. Agriculture, forestry and fisheries are less attractive for investors
—16,23% in 2021. This is followed by financial and insurance activities, wholesale and retail trade,
real estate transactions, the shares of which remained significant compared to other industries — 18,82;
14,21; 5,45%, respectively, in 2019, and 8,6; 6,14; 4,62% — in 2021. That is, the rest of the industries
account for 22,47% in 2019 and about 7% in 2021, which is an indicator of serious disparities.

The regional distribution of investments is characterized by unevenness. Direct foreign
investment in Ukraine is not only minimal, but concentrated in several regions (Huk et al., 2021;
Kazakova et al., 2019). From 6017,4 million c.u. investments in 2019, almost 4 million c.u. mastered
the organization of Kyiv (60,32%). The five leading regions — Kyiv, Dnipropetrovsk, Poltava,
Luhansk and Lviv regions — mastered almost 95% of the all-Ukrainian volume of investments in
2019. In 2021, there was a redistribution of investments and positions in the top five — it included the
Mykolaiv, Rivne, Dnipropetrovsk, Chernivtsi and Kirovohrad regions with shares of 17,83; 10,97;
and 3,27%. However, the concentration of investments in a limited number of regions remained at
the level of 50%, leaving out the rest.

The sources of investment in Ukraine cover 125 countries of the world. Determining the
prospects of the organizations’ activities in view of Ukraine’s chosen course towards EU membership
requires an analysis of investments from participating countries to determine the degree of interest in
cooperation. The main investor countries in terms of the share of the total volume of investments in
2019 were: Cyprus (44,22%), the Netherlands (9,79%), Poland (3,51%), Hungary (3,17%),
Luxembourg (3,08%). In 2021, their composition changed — Hungary gave way to Germany,
however, and in 2021 the EU countries remained the main investors of the Ukrainian economy,
providing about 61% of the total volume of investments (fig. 3).

The unstable trend of investment flows, both towards growth (Ireland, Malta, the Czech
Republic and others) and decline (Denmark, Estonia, France, Sweden and others) is obvious. This is
explained by the dependence of investment volumes on the state of the economy, the speed of its
recovery, and the probability of stabilization of the military and political situation (Official website
of the State Statistics Service of Ukraine, 2023). As for the dynamics of the volumes of Ukrainian
investments, they, while showing an insignificant level, maintain a steady downward trend (more
than 90%). Foreign investors focus on industries such as the Internet, software development, network
organization and extensive service industries (Kukharska et al., 2020). The Ukrainian side is
interested in investments in energy-saving technologies, fuel and energy campaigns, agro-industrial
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complex, metallurgy, i.e. directions that have the probability of saturation of the domestic market,
increase of export potential, promotion of employment of the population.

2019 year 2021 year

37,9

w Cyprus w Cyprus
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Fig. 3. Distribution of direct foreign investments in Ukraine by investor countries, %

Source: author’s development based on (Official website of the Ministry of Finance of
Ukraine, 2023; Official website of the State Statistics Service of Ukraine, 2023)

Discussion. The results of the study outlined the problem that prevents the uniform
development of Ukrainian organizations, their achievement of the necessary level of competence and
successful integration into the European space. We are talking about lagging behind the indicators of
the intensity of investment processions from the average European level, deep disproportions in the
sectoral and territorial structure of investments. The decrease in the rate of foreign direct investment,
the weak activity of Ukraine in the investment market (fig. 1), the excess of investment outflows and
inflows limit the access of organizations to modern production and management technologies, inhibit
the formation of the national investment market. To determine the depth of the investment crisis in
Ukraine, it was useful to analyze the share of investments in GDP, which remained small (fig. 2)
compared to the value of the indicator of the EU member states. This confirmed the conclusion about
the low level of integration of Ukraine into the international investment market, limited opportunities
for technological modernization of production, low chances of organizations acquiring competence
in the European market. The effort to understand the reasons for the noted situation led to the
identification of factors that significantly complicate it. The uneven regional distribution of
investments, their concentration in the five leading regions, creates unequal conditions for the use of
investments as a tool for joining the world market by organizations from the rest of the regions. The
degree of interest in investment cooperation with Ukraine of the EU member states made it possible
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to determine the analysis of the sources of investment income. Despite their significant advantage in
the total volume of investments (fig. 3), the low activity of investors and the insufficiency of the
volume of attracted direct investments (statistics) were noted. This is a sign of the low level of
investment attractiveness of Ukrainian organizations, weak international investment interaction and
inhibition of the process of economic integration into the European space (Pokataieva, 2009).
Monitoring the level of indicators is important for analyzing the state of the country’s economy,
which explains their active discussion by scientists. The issues of intensification of investment
processes (Bezzub, 2016), solving the problems of technological renewal of production and
improving the quality of products (Huk et al., 2021; Manayenko et al., 2018), determining the
feasibility of investing in the development of organizations (Shubita, 2023), ensuring the
effectiveness of their investment activities (Yoon et al., 2023) are relevant. Previous studies (Gruzina,
2023) did not reveal developments aimed at determining the state and dynamics of IP in the country
in the context of the impact on the formation of favorable conditions for the development of
organizations, increasing their level of competence with a logical increase in competitiveness and
operational efficiency. A feature of the research is the determination of the possibility of using the
obtained results to determine the probability of positive changes in the conditions of the functioning
of organizations. It is about ensuring the equality of doing business, protecting property rights,
improving the structure of investment sources and observing transparent principles for the distribution
of investments between organizations. This will contribute to the activation of their activities,
innovative development, acceleration of knowledge and experience exchange processes with
representatives of the international business environment, and the growth of the level of competence
in the European market (Boldovska, 2018).

We cannot ignore the consequences of the crisis state of the Ukrainian economy due to the
military invasion of russia, which, on the one hand, provoked the intensification of the European
integration processes, and on the other hand, crossed out the possibility of any forecasts due to the
inability to objectively assess the extent of business losses and damages. But determining the
prerequisites for ensuring the competence of Ukrainian organizations on the European market will be
the basis for further scientific research into ways of using it to increase the adaptive capabilities of
organizations not only on the European market, but also on the post-war Ukrainian market.

Conclusions.1. Foreign direct investment is recognized as an important source of financing
Ukraine’s investment needs, increasing its chances for sustainable economic development.
Contributing to solving the problems of production modernization, the introduction of innovative
production and management technologies, ensuring the quality of products in accordance with
international standards, they acquire the status of a factor of ensuring the competence of Ukrainian
organizations on the European market. This became the reason for the analysis of the dynamics of
indicators of the intensity of IP in Ukraine. The critical decrease in the rate of direct foreign
investment by more than 20 times during 2012-2014 makes it much lower than the average European
level. The lowest value of the indicator in the last 10 years in 2020 (-868 million US dollars) is
associated with the COVID-19 pandemic, which provoked an excess of the outflow of foreign
investments inflows and a negative balance at the level of -950 million US dollars. Hopes that were
based on 2021 — the growth rate of the indicator reached 870% — were crossed out by the military
invasion of russia. The investment market reacted by lowering the indicator, which again caused a
negative balance (-420 million US dollars). Similar trends led to pessimistic forecasts regarding the
possibilities of any development of Ukrainian organizations, the expediency of their modernization
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in the conditions of military operations and the temporary occupation of a significant part of the
territories. However, the intensification of the European integration processes became the impetus for
the improvement of the situation in the 2nd quarter of 2022 (+260 million US dollars of direct foreign
investment in Ukraine), and the preservation of this trend in the 3rd quarter of 2022 (growth rate of
53,85%). It was logical to change the sign of the balance indicator — +322 million US dollars in the
second quarter. Therefore, the tendency to improve the situation is obvious, the confirmation of which
required an additional analysis of the level of Ukraine’s integration into the international investment
market, the sectoral and territorial structure of investments, and the determination of the degree of
interest of EU member states in cooperation with Ukraine.

2. An increase in the volume of investments in absolute terms does not always mean an
increase in their share in GDP. In Ukraine, the trends of changing indicators are identical. A decrease
in the volume of investments by almost 21% during 2012-2021 was accompanied by a more rapid
decline in their share in GDP — by almost 30%. This confirmed the conclusions about the low level
of the indicator, therefore, the low level of integration of Ukraine into the international investment
market and doubtful prospects for technological modernization of organizations, acquiring a level of
competence sufficient for successful activity on the European market.

3. Orientation to determine the perspectives of the functioning of Ukrainian organizations in
the conditions of European integration determined the analysis of the industry and territorial structure
of investments. This made it possible to assess the probability of ensuring the competence of
organizations of various economic spheres and territorial affiliation. Directing investments to
industries with high turnover of capital, territories with natural resource potential and developed
infrastructure is explained by the desire for a quick return of capital and profit maximization. This
creates disproportions in the distribution of indicators. The concentration of investments in industry
(57,43%), agriculture, forestry and fisheries (16,23%), financial and insurance activities (8,6%), the
development of the vast majority of them (95%) by the five regions of the leaders, leave apart from
the organization of other branches and territorial affiliation. Deprived of the opportunity to develop
by improving internal properties due to a lack of financial resources, experience, advanced
technologies, such organizations demonstrate a low level of their own competence.

4. To assess the level of interaction of Ukraine with the EU member states, to determine the
degree of their interest in cooperation, the analysis of the sources of investment in Ukraine helped.
The majority of them — more than 60% of the total volume — came to Ukraine from the countries of
the European Union. However, the instability of trends, the rapid growth or decline of investment
flows, is directly related to the state of the economy, the prospects for its stabilization and recovery,
the level of competence of organizations and their investment attractiveness. The insufficient volume
of foreign investments, it’s not always effective use restrain the accumulation of entrepreneurial
potential by organizations, the introduction of progressive technologies, reducing the level of
competitiveness. This is the reason for the weak international investment interaction, inhibition of the
process of integration of the Ukrainian economy into the international investment market, which
determines the direction of further scientific research. It will be focused on solving the outlined range
of problems by improving the quality indicators of the national economy at the micro level. This
refers to the formation of a methodological basis for the creation of competent organizations and the
development of a practical basis for their successful functioning in accordance with the requirements
of European standards.
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Abstract. To effectively counter Russia's aggression against Ukraine, it is necessary to reform
the tax system. In such circumstances, it is relevant to study the current state of Tax Policy and
innovations introduced in the Tax Code of Ukraine during the martial law legal regime. Using
quantitative methods, the study analyzes tax revenues from the single tax and the single contribution
to mandatory state social insurance paid by taxpayers. According to the results of the analysis of
laws that introduced amendments to the Tax Code of Ukraine in 2022, it was revealed that almost all
of them related to tax preferences. Some problems were also identified as the results of an analysis
of the laws adopted in 2022 in the field of preferential tax policy in terms of their harmonization with
EU law. Most of the legislative acts in 2022 were adopted without obtaining the conclusion of the
Committee on Ukraine's integration into the European Union. Also draft laws were implemented in
the presence of a conclusion about their non-compliance with the norms of the "acquis EC". The
negative consequences of the Ukrainian preferential wartime tax policy are also the lack of
compensatory mechanisms to reduce budget losses from the introduced benefits. Taking into account
these circumstances, it is recommended to conduct a mandatory examination of the draft law's
compliance with the "acquis EC" standards when preparing legislative acts. The proposed
recommendations have a practical focus and can be implemented in rule-making practice in Ukraine.

Introduction. Effective counteraction to the military aggression of the Russian Federation
against Ukraine requires reforming the tax system, which ensures the receipt of tax payments to the
budget.

Russian aggression in 2022 reduced Ukraine's GDP by 30 % [27]. The negative factors of the
current state of the Ukrainian economy include the imbalance of the national financial system, non-
transparency and corruption schemes in certain sectors of the economy, illogicality and inconsistency
of government reforms [23].

Against the background of Russian armed aggression, there is an urgent need for balanced
strategic state regulation to ensure sustainable development in Ukraine in the short- and long-term
periods [10].

Consequently, there is a need for an adequate restructuring of the entire system of state
regulation of the economy, including its tax component.

Changes in taxation in Ukraine were made almost in the first days of military aggression —
starting from the beginning of March 2022. At the same time, adjustments to preferential policies
were carried out mainly intuitively, without their thorough theoretical and methodological
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justification. This has led to excessive losses in budget revenues and failure to meet the goals of
relevant regulatory measures.

At the moment, there are already appeared certain results of research on the ideology,
directions and sequence of state regulation against the background of Russian armed aggression [10,
11, 26]. However, there is a need for an in-depth analysis of the impact of legislative reforms on the
condition of tax payment receipts in Ukraine and the compliance of adopted legislative acts with EU
law. This determines the relevance of the research topic chosen.

The purpose of the article is to research tax innovations introduced into the legislation in
Ukraine during the period of the legal regime of martial law and analyze the consequences associated
with it, including in the context of harmonization with EU law. The objectives of the study include
the following: research of the state and trends of preferential policy development in Ukraine during
the martial law, as well as identification of problems and prospects for the development of taxation.

The scientific novelty lies in the formulation of recommendations for making changes to the
current legislation, which make it possible to reduce budget losses during the martial law legal regime
in Ukraine. Problematic aspects of non-compliance of legislative acts adopted in 2022 in Ukraine
with the norms of EU law are identified.

Literature review. The latest scientific works deal with various aspects of the state of the
Ukrainian economy during the legal regime of martial law and in the post-war period.

Thus, Lysyak, L. and others (2022) study the reform of tax policy in general and preferential
foreign economic policy in particular in the context of creating conditions for the current stabilization
of socio-economic processes and the revival of the Ukrainian economy in the post-war period [21].

Voloshyna-Sidei, V. and others (2023) identify strategic guidelines for the development of
the Ukrainian economy in the context of global challenges [27].

Romanovskaya, Yu. and others (2022) refer to the challenges to the economic security of
Ukraine as an imperfect legislative framework, fragmentation and imperfection of the laws of
Ukraine in the development of modern spheres of the economy [23].

Ivanova, V. and others (2022) hold the position that drivers for ensuring sustainable
development are both financial and non-financial in nature [10].

Argevitin, S. and others (2023) determine in a study of the impact of martial law on the
productivity of the banking sector of Ukraine that in order to ensure credit activities, it is advisable
to develop credit support for ESG's goals of diversification of energy production, housing and
Infrastructure Construction [1].

The overwhelming majority of experts note the need to adopt reforms in the field of tax policy
in order to ensure the functioning of the Ukrainian economy during the active phase of military
operations and in the post-war period. At the same time, it should be noted that the adopted legislation
in Ukraine should be harmonized with EU law, which is stipulated in the terms of the association
agreement between Ukraine and the European Union [2]. Researchers draw attention to certain
problems in the application of EU law. In Particular, Doeleman R. (2023) examines the problems of
applying the "arm's length" principle in EU member states and draws attention to the fact that although
all EU member states have implemented the "arm's length™ principle in their internal transfer pricing
rules, differences regarding the application of this principle persist [7].

Jeroen Bijl, Joél de Vries (2023) in their study conduct a critical analysis and categorization
of EU legislation regarding the VAT regime when purchasing goods and services by businesses, when
third parties (also) have benefit from these purchases [4].
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Thomas Bieber, Denise Schmaranzer (2023) recearch the provisions of the EU Directive
2020/262, which are aimed at linking Excise and customs legislation and further promoting the
digitalization of excise processes. The authors argue that, despite the revision of the directive,
harmonization has not yet reached its full potential due to the numerous options provided to member
states [3].

Therefore, it can be concluded that the provisions of tax legislation in Ukraine need
harmonization with EU law. At the same time, based on the results of the research, experts draw
attention to the imperfection of the norms of EU law regarding the regulation of direct and indirect
taxes (value added tax, excise duty, customs duties).

Materials and methods. The methods of analysis, synthesis, comparison, and generalization
were used to study problematic aspects of taxation of single tax payers in Ukraine. The abstract-
logical method is used to substantiate the directions of development of the Ukrainian legislation in
wartime and in the postwar period.

The method of statistical analysis are used to analyze tax revenues from the payment of a
single tax and a single contribution to mandatory state social insurance from individuals who pay a
single tax and the structure of legislative acts adopted in 2022. Calculations were performed using
Excel based on data from the Ministry of Finance of Ukraine.

Results and discussion. To overcome the negative phenomena in the economic, social and
defense spheres caused by the military aggression of the Russian Federation against Ukraine, it was
urgently necessary to make changes to the tax legislation. The first innovations were adopted on
March 3, 2022 by Law No. 2118-1X [12]. In the future, legislative changes to the Tax Code of Ukraine
[24] were introduced repeatedly. 22 of 26 legislative acts that amended the Tax Code of Ukraine in
2022 [24], concerned tax preferences, 13 laws regulated changes in the tax administration process,
and only 4 laws had a fiscal orientation (fig. 1).
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Fig. 1. Quantity of laws that amended the Tax Code of Ukraine in 2022 by directions.
Source: Developed by the authors based on the analysis of the Tax Code of Ukraine [24]

At the same time, the accelerated introduction of changes to the legislation led to shortcomings
that had to be corrected later. Thus, in the accompanying materials to most of the draft laws, there
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was no financial, economic and scientific justification for the feasibility of adopting certain changes.
The analysis of the risks and consequences that the proposed innovations may lead to, wasn’t carried
out, this negatively affects the rule-making practice.

The analysis of legislative acts shows that there is no systems approach to the introduction of
tax benefits. For example, there were no systematic preferential rules for transactions related to the
taxation of charitable assistance, which were repeatedly introduced by separate laws of Ukraine and
subsequently adjusted. Moreover, some problematic issues in the application of preferential norms
regarding the taxation of charitable assistance, despite the large number of adopted legislative acts,
have not been resolved yet.

The research revealed some preferential norms that were implemented without proper
justification and subsequently canceled. In particular, this applies to the benefits introduced by Law
No. 2142-1X [13] in VAT-exempt transactions involving the import of certain goods into the customs
territory of Ukraine under the customs regime of import by business entities and individuals. These
benefits were abolished by Law No. 2325-1X [15] in a few months.

As it’s indicated in the Explanatory Note [9] according to the results of customs clearance of
vehicles by citizens during the validity period of Law No. 2142 [13], benefits for customs clearance
of customs payments amounted to more than 13 billion UAH, in particular, benefits for customs
clearance of phones reached the amount of more than 270 million UAH; of clothing and footwear —
the amount of more than 850 million UAH. Taking into account the above, the introduced benefits
for the import of goods that are not essential goods and at the same time are budget-forming, were
abolished by Law No. 2325-1X [15].

A similar situation also occurred with zero excise tax rate on transactions of supply in the
customs territory of Ukraine and import of motor gasoline, heavy distillates and liquefied gas
(paragraph 41 of the subs.5 of Section XX of the Tax Code of Ukraine [24]), establishment by Law
No. 2120-1X [16], which was repealed by Law No. 2618-1X [17].

Given the above, the implementation of some specific tax benefits during the period of martial
law raises certain doubts. In particular, this applies to the benefits introduced by Law No. 2273-1X
[14] regarding VAT exemption for transaction involving the supply, preparation, and distribution of
audiobooks voiced in Ukrainian, except for erotic publications (Art. 197.1.251 of the Tax Code of
Ukraine [24]), as well as benefits established by Law No. 2330-1X [18] for industrial parks activities
in Ukraine. After all, the introduction of such benefits may lead to additional budget losses, and the
urgent need to support these transactions under martial law is not obvious.

The most significant adjustments to the current taxation procedure in 2022 were made by Law
No. 2120-1X [16], which defines the specifics of the administration of taxes and fees during the legal
regime of martial law.

Special attention should be paid to innovations regarding the exemption of individual
entrepreneurs - single tax payers of the first and second groups from paying a single tax and a single
contribution to mandatory state social insurance (paragraph 9'° of Section VIII “Final and transitional
provisions” of Law No. 2464 — V1 [19]).

According to the Tax Code of Ukraine, the first group of single tax payers includes registered
as an entrepreneurs individuals who do not have employees, which carry out exclusively retail of
goods from trading places on the markets and/or carry out economic activities for the provision of
household services to individuals under conditions that the amount of their income during calendar
year does not exceed 167 times the minimum wage established by law on January 1 of the tax year
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(in 2023 - 1118900 UAH — over 280 00 EUR ). The second group of single tax payers includes
individuals - entrepreneurs who carry out their economic activities for the provision of services to
single tax payers and/or individuals, production and/or sale of goods, activities in the field of
restaurant business, provided that during the calendar year they meet the set of the following criteria:
the number of employees at the same time does not exceed 10 people;
the amount of income does not exceed 834 amounts of the minimum wage established by law
on January 1 of the tax (reporting) year (in 2023 - 5587800 UAH — approximately 139700 EUR).
This approach is accompanied by the risk of losing budget revenues. After all, unconditional
exemption from taxation will inevitably lead to budget losses, and in the context of the legal regime
of martial law, funds are needed to maintain the combat capability of the Armed Forces of Ukraine.
The dynamics of single tax payment for 2020-2022 is shown in Fig. 2:
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Fig. 2. Dynamics of single tax payment by group 1 and 2 taxpayers in 2020-2022.

Source: calculated by authors according to the data of the Ministry of Finance of Ukraine

As evidenced by the data of fig. 2, 1660719.9 thousand UAH were received from single tax
payers of group 1 and 2 in the first quarter of 2022. Under the conditions of maintaining such a trend
of paying a single tax to the budget, for 2022, 6642879.6 thousand UAH should have been received
according to the forecast data. However, since these payers were given the opportunity not to pay a
single tax, according to the forecast data due to the implemented benefits, the budget in 2022
theoretically may not receive 4982160 thousand UAH of a single tax.

The dynamics of a single contribution payments by group 1 and 2 payers is shown in Fig. 3:
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Fig. 3. Dynamics of payment of a single contribution by Group 1 and 2 single tax payers
for 2020-2022.

Source: calculated by authors according to the data of the Ministry of Finance of Ukraine

According to Fig. 3 it can be seen that during 2020-2021 and the first quarter of 2022, the
amount of a single contribution for group 1 single tax payers did not change significantly and reached
UAH 426,454. 6 thousand in the first quarter of 2022, on average, this amounted to UAH 240 per
quarter.

The amount of the single contribution for group 2 single tax payers during 2020-2021 was
more significant and amounted to UAH 2776083.6 thousand in the first quarter of 2022, and on
average for one single tax payer — UAH 544 per quarter.

In total, in the first quarter of 2022, single tax payers of groups 1 and 2 received UAH
3202538.2 thousand of a single contribution. Under the conditions of this trend maintaining, the
payment of a single contribution to the budget for 2022 should have received, according to forecast
data, 12810153 thousand UAH. At the same time, since these taxpayers are given the opportunity
not to pay a single contribution, according to forecast data, , due to the introduced benefits, the budget
may not receive in 2022 theoretically 9607615 thousand UAH of a single contribution.

Taking into account these losses of tax revenues to the budget, we consider that the goals
declared in the Explanatory note for the Draft Law No. 2120-1X [16] will not be fully achieved. This
problem can be solved by establishing a condition according to which these payments (single tax and
single contribution) will not be paid by individual entrepreneurs of the first and second groups only
for those months in which they do not carry out business activities in connection with the martial law
introduction.

One of the most important requirements established by the association agreement between
Ukraine, on the one hand, and the European Union, the European Atomic Energy Community and
their member states, on the other hand [2], is the approximation of Ukrainian legislation to EU law.
The document of the European Commission "Opinion on Ukraine's application for membership of
the European Union™ [8] on Ukraine's application for EU membership, notes the huge work that

Ukraine has done in the framework of the implementation of the association agreement between
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Ukraine and the EU, in particular regarding the regulatory approach to EU law acts and the
implementation of a number of reforms.

The recommendations for Ukrainian public authorities on approaching EU law [22]
(hereinafter referred to as the Recommendations) emphasized that Ukraine is obliged to harmonize
national legislation with hundreds of EU normative legal acts (the so-called "EU acquis™) from many
branches of law. The Recommendations note that one of the most important procedural problems in
approximating legislation is compliance verification.

In Ukraine, the Committee on Ukraine's integration into the European Union provides
conclusions on the compliance of draft legislative acts.

The analysis of the laws adoption process on changes in the tax legislation of Ukraine in the
field of preferential policy during the period of martial law showed the following results of their
compliance to EU law (fig. 4).

% There are no conclusions of the
Committee

1. Does not comply with EU acquis
law

# Regulated by national legislation

- Complies with EU acquis law

Fig. 4. Structure of the conclusions of the Committee on integration of Ukraine into the
European Union on the adopted laws of Ukraine in the field of preferential policy in 2022

Source: developed by the authors based on the analysis of the Tax Code of Ukraine [24]

Figure 4 shows that 77 % (20 draft laws) did not receive the conclusions of the committee on
integration of Ukraine into the European Union at all, 8 % (2 draft laws) received a negative opinion
of the Committee, 11% (3 draft laws) received the conclusions of the Committee on the regulation of
the draft norms by national legislation. And only 4% (1 conclusion) was positive and confirmed the
compliance of the draft law with EU acquis law. This situation is unacceptable and does not meet the
obligations assumed by Ukraine in the association agreement.

Thus, in the Conclusion of the Committee on the Integration of Ukraine into the European
Union [5] to Law No. 2273-1X [14], it was noted that the state support for audio books provided by
the provisions of the draft law, distorts economic competition. Therefore, the conclusion of the
Antimonopoly Committee of Ukraine regarding the impact on competitive environment and
contradicts the EU acquis was necessary. However, despite this inference, the Law was adopted.
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In the Conclusion on the Draft Law of Ukraine on Amendments to the Tax Code of Ukraine
on Facilitating the Restoration of the Energy Infrastructure of Ukraine [6] it was noted that according
to Article 98 of Directive No. 2006/112, the basic VAT rate for EU countries is not less than 15%
and the provisions of Regulation 1186/2009 do not provide for exemption from import duty of goods
specified in the draft law. Taking into account the above, the Committee on the Integration of Ukraine
into the European Union concluded that the provisions of the draft law contradict the acquis of the
European Union, but at the same time they can be applied during the period of martial law in
accordance with Articles 472 and 143 of the Association Agreement.

However, despite this conclusion, this draft was adopted and implemented in Law No. 2836-
IX [20].

Taking into account the above, the norms of our laws, which have not received the opinion of
the Committee on Ukraine's integration into the European Union, should be carefully analyzed for
compliance with the norms of EU acquis law. After all, based on the conclusions of the main scientific
and expert Department of the Verkhovna Rada of Ukraine and the Committee on finance, tax and
customs policy of the Verkhovna Rada of Ukraine, two laws do not comply with the EU acquis law,
since they violate the principle of legal certainty. In accordance with the requirements of Article 282
of the Association agreement (ensuring legal certainty), legal norms must be sufficiently clear and
free from contradictions.

Conclusions. At the first stage of the study, all legislative acts that amended the Tax Code of
Ukraine No. 2755-VI1 of 02.12.2010 [24] since the introduction of the legal regime of martial law in
Ukraine in 2022 were analyzed. Based on the results of the analysis, the total number of legislative
innovations was determined. All legislative changes are distributed according to some essential
characteristics: tax preferences, tax administration process, and fiscal orientation.

At the second stage, a detailed analysis of the content characteristics of legislative acts that
amended the Tax Code of Ukraine during the period of the legal regime of martial law was carried
out As a result of it there were identified the shortcomings of legislative work such as: the lack of a
systems approach to the establishment of benefits and proper justification of legislative innovations,
which led to further cancellation of some adopted changes.

At the third stage, the consequences of preferences introduced by the Law of Ukraine "On
amendments to the Tax Code of Ukraine and other legislative acts of Ukraine regarding the duration
of norms for the period of martial law" of March 15, 2022 No. 2120-1X [16] in the Tax Code of
Ukraine regarding preferential taxation of single tax payers of the first and second groups for the
duration of the legal regime of martial law in Ukraine were investigated.

Possible budget losses from the introduction of these benefits were predicted and
recommendations were given for adjusting the current legislation in order to eliminate the identified
shortcomings.

At the fourth stage, the legislative acts adopted during the period of apply the legal regime of
martial law in the field of preferential tax policy in terms of their harmonization with the norms of
EU law were analyzed. It is revealed that most of the legislative acts adopted in 2022 did not receive
the estimation of the Committee on Ukraine's integration into the European Union. In this regard, it
was proposed to observe a certain balance of losses of state and local budget revenues and conduct a
mandatory examination of the draft law's compliance with the EU acquis standards when developing
legislative acts that amend the current legislation.
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According to the results of the analysis of legislative acts in the field of preferential tax policy
adopted during the period of martial law, a number of shortcomings were identified. In particular, the
establishment of preferential norms regarding the unconditional exemption of single tax payers of the
first and second groups from paying single tax and single contribution to mandatory state social
insurance will inevitably lead to budget losses. Taking into account the above, it is proposed to
establish restrictions in the application of preferential norms, in particular, to provide that single tax
payers of the first and second groups do not pay only for those months in which they do not carry out
business activities in connection with the introduction of martial law.

It is also noteworthy that the implemented laws do not establish any "compensatory" tools that
would offset the impact of preferential norms on non-receipt of budget revenues.

The analysis of legislative acts for compliance with the norms of the EU acquis law revealed
that 20 draft laws not passed through the appropriate expertise and received the conclusion of the
Committee on Ukraine's integration into the European Union.

Two laws were adopted despite the existence of a negative conclusion of the Committee,
which indicates shortcomings in legislative practice.

In the latest Analytical report to the Communication of the Commission to the European
Parliament, the European Council and the Board of Conclusions of the European Commission
regarding Ukraine's application for membership in the European Union [25], it was noted that Ukraine
demonstrates a certain level of training in the field of taxation. Although Ukraine has made progress
in coordinating VAT legislation with the EU acquis, there are certain legislative gaps.

Taking into account the above, we can conclude that now it is necessary to analyze why in
most cases in 2022 the draft laws were adopted without conducting an expert examination of the
Committee on Ukraine's integration into the European Union and in some cases were considered after
receiving a negative opinion of the Committee, while the identified shortcomings were not eliminated.

In addition, official authorities should listen to the guidelines set out in the recommendations
for Ukrainian public administration bodies on approaching EU law and analyze draft laws for
compliance with EU acquis law even at the stage of their development. It also makes sense to provide
in regulatory acts the special mechanisms that would not allow the adoption of draft laws without
obtaining a positive opinion of the Committee on Ukraine's integration into the European Union. This
is due to the fact that after the adoption of the relevant laws, it is very difficult to adjust them and
harmonize them with the norms of EU acquis law, so it is necessary to prevent the occurrence of such
situations.

These recommendations can be applied in the process of regulatory acts developing on
amendments to the current tax legislation in order to overcome the negative consequences of the
armed aggression of the Russian Federation against Ukraine, which will be the direction of further
research.
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Abstract. In the face of asymmetric effects in the global market, characterized by financial,
investment, technological, production, and trade challenges, renewable energy emerges as a potential
catalyst for transformative changes. Its primary goal is to rejuvenate economic activity and enhance
energy security for nations. Energy security plays a critical role in this discourse, as reliance on non-
renewable fossil fuels exposes countries to geopolitical vulnerabilities and environmental issues. In
contrast, utilizing renewable energy sources such as solar, wind, hydro, and geothermal power
provides a sustainable alternative, reducing dependence on finite resources and mitigating the
adverse impacts of climate change. The authors explore the potential of renewable energy and
demonstrate how transitioning to clean energy sources can enhance national energy security within
the context of post-war economic recovery, while also minimizing the economic and environmental
risks associated with a fuel-hydrocarbon model of public production. The adoption of renewable
energy sources offers additional benefits beyond diversification and resilience. Renewable energy
investments have a positive socio-economic impact by creating job opportunities and stimulating
local economies. In addition, the utilization of renewable energy sources promotes technological
innovation and fosters a culture of sustainability. By investing in R&D, countries can drive
advancements in renewable energy technologies. These innovations can then be shared globally,
accelerating the transition to a low-carbon future and fostering international cooperation. The
promotion of renewable energy aligns with the SDGs. By integrating renewable energy strategies into
national development plans, countries can contribute to multiple SDGs, including affordable and
clean energy, climate action, sustainable cities and communities, and economic growth.

Introduction. In the wake of a global crisis, nations are confronted with the task of
revitalizing their economies while also addressing urgent challenges such as intensifying global
competition, geopolitical uncertainties, energy security, and the imperative for sustainable
development. One approach gaining prominence is the adoption of a green economy framework that
aligns with the principles of the United Nations Sustainable Development Goals (SDGs). This
approach emphasizes the integration of economic growth, social inclusion, and environmental
sustainability to shape a more resilient and equitable future.

The green economy principles focus on fostering sustainable development by decoupling
economic growth from environmental degradation. By shifting towards cleaner and more efficient
production processes, countries can mitigate the negative impacts on natural resources and
ecosystems, while simultaneously promoting economic prosperity. This transition involves adopting
renewable energy sources, enhancing resource efficiency, promoting circular economy practices, and
investing in green technologies and infrastructure. Additionally, the principles of the United Nations
SDGs provide a comprehensive framewaork for countries to address a wide range of social, economic,
and environmental challenges. These goals, encompassing areas such as poverty eradication,
education, healthcare, gender equality, and climate action, offer a roadmap for nations to achieve
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sustainable development holistically. By aligning their policies and actions with the SDGs, countries
can contribute to the global agenda while addressing their unique development priorities.

The historic example of the Marshall Plan, officially known as the Program for the
Reconstruction of Europe after World War 11, serves as a remarkable precedent for international
cooperation and effective utilization of financial resources. Spearheaded by the United States, this
initiative successfully revitalized economies, promoted political stability, and fostered transatlantic
alliances among nations. Drawing inspiration from this historic endeavor, countries today can
leverage similar collaborative efforts and financial mechanisms to implement green economy
principles and advance sustainable development goals.

Materials and Methods. In this study, a systematic approach was employed to analyze and
compare various factors related to the subject matter. The research methodology incorporated
elements of comparison, analysis, synthesis, and abstract-logical reasoning to ensure a comprehensive
and rigorous investigation. To begin with, a systematic review of expert resources was conducted to
gather relevant information and insights from existing studies and scholarly works. In addition, the
use of a systematic approach, combined with comparison, analysis, synthesis, and abstract-logical
reasoning, ensured a rigorous and comprehensive methodology for this study. Overall, these methods
provided a solid foundation for collecting, analyzing, and interpreting data, ultimately leading to
reliable and valid conclusions.

Results and Discussion. On June 23, 2022, the leaders of 27 EU member states decided to
grant Ukraine the status of a candidate for EU membership. Further preparation for membership will
involve the commitment to harmonize national policy with EU standards, to carry out a
comprehensive transformation of socio-economic development. The country’s status as a candidate
for EU membership can contribute to the formation of an attractive business space for foreign
investors through increased stability and the introduction of international regulatory standards. The
specific impact of the status of a candidate EU member state on the management of changes in the
state economic policy will depend on many factors, and this situation may change over time. At the
level of international organizations, this requires the standardization of management decisions, in
particular, the implementation of EU recommendations aimed at supporting Ukraine in the key
direction of harmonization, standardization, unification, implementation in support of the
development of political and regulatory measures to increase energy sovereignty, which will also
contribute to its achievement of the Sustainable Development Goals (SDGSs), declared by the UN
General Assembly Resolution No. 70/1 of 09/25/2015, namely: universal access to affordable,
reliable and modern energy supplies, including renewable energy sources (SDG 7) (UNDP, n/d).
Additionally, the program for integration with the European Union, with a budget of up to $1 billion,
focuses on harmonizing Ukrainian legislation with European standards. This harmonization process
will foster closer cooperation and interaction between Ukraine and the EU, promoting stronger ties
and facilitating smoother integration efforts.

According to the reform course of the government of Ukraine, the development of renewable
and low-carbon energy sources is foreseen in the coming years in order to achieve energy
independence. To this end, in 2019-2021, Ukraine successfully separated the operators of the gas
transportation network and the transmission system, which was confirmed by their certification, and
makes changes to corporate governance approaches in state-owned companies in the energy sector.
NEC Ukrenergo, as a Ukrainian transmission system operator (TSO), has taken measures to prepare
our power system for synchronization with ENTSO-E since 2017, when the Agreement on the
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conditions of future unification was signed. Since then, testing of power units of Ukrainian NPPs,
TPPs, CHPs and HPPs has been carried out, a mathematical model of the energy systems of Ukraine
and Moldova has been created, on the basis of which the ENTSO-E OSP Consortium has conducted
a study of the static and dynamic stability of the energy systems of Ukraine and Moldova when
working with the network of continental Europe. As a result, Ukraine joined the ENTSO-E
continental Europe unified energy system a year earlier than planned, thereby fully synchronizing
with the ENTSO-E continental European energy network (Cabinet of Ministers of Ukraine, 2022).

Ukraine has yet to enact the necessary legislation to align with the Governance Regulation
mandated by the Energy Community, as well as its domestic energy and climate plan. As a signatory
to Annex | of the United Nations Framework Convention on Climate Change, Ukraine has established
a comprehensive legal framework for the development of a national greenhouse gas inventory system.
It diligently conducts annual greenhouse gas inventory assessments, formulates policy initiatives,
biennially reports on its progress and future projections to the UNFCCC, and maintains a rigorous
system for quality assurance and quality control (European Commission, 2023).

One of the key mechanisms introduced in the program is the Carbon Border Adjustment
Mechanism (CBAM). This mechanism will set tariffs on goods imported into the EU, the production
of which is associated with carbon emissions. The Council decided to progressively strengthen
CBAM rules over a period of 10 years between 2026 and 2035. The European Green Deal (EGD)
package of initiatives was adopted by the EU at the end of 2019. The goal of the strategy was to
transform the economy into a low-carbon, sustainable, and therefore more suitable for future
generations. According to the plans of the EEC developers, the EU member states should achieve
climate neutrality by 2050.

Ukraine became one of the first countries to support the EWC. The Ukrainian authorities
argued for the strategy of “early joining” the agreement with the possibilities of influencing the
processes of minimizing potential threats with the help of joint projects on decarbonization and
climate protection. However, with the beginning of full-scale Russian aggression, the situation in the
country changed. The founding document of the European Commission on EWC states that “climate
change and biodiversity loss are global in nature and are not limited by national borders, so the
European Union can use its influence, experience and financial resources to mobilize its neighbors
and partners”. Thus, the EU called on other countries to join the EWC on the way to sustainable
development (UA Energy, 2023).

RePowerEU envisions the annual production and import of at least 20 million tons of
hydrogen derived from renewable energy sources. However, it is anticipated that EU member states
may only fulfill half of this target through their own hydrogen production capacities. Nevertheless,
direct exportation is not the sole promising avenue for harnessing Ukraine’s hydrogen potential.
Valuable prospects include the advancement of “green” hydrogen-based metallurgy and, potentially,
the manufacture of ammonia and fertilizers using “green” hydrogen as a feedstock. The establishment
of a “hydrogen cluster” in the Zaporizhia and Dnipro regions is a viable possibility. This geographic
region boasts optimal access to essential resources such as water, iron ore deposits, and a promising
renewable energy potential, facilitating the development of hydrogen production and its application
in “green” direct reduced iron (DRI) and steel production. Additionally, hydrogen can serve as a
means of storing surplus electricity generated from renewable sources when production surpasses
demand. Nonetheless, the cost-effectiveness of this hydrogen utilization is not expected until at least
2030, owing to the inherent inefficiencies in the process.
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The founding document of the European Commission on EWC states that “climate change
and biodiversity loss are global in nature and are not limited by national borders, so the European
Union can use its influence, experience and financial resources to mobilize its neighbors and
partners”. Thus, the EU called on other countries to join the EWC on the way to sustainable
development.

In autumn 2020, the Ukrainian authorities presented “Vectors of Ukraine’s economic
development until 2030”. However, according to the assessment of environmental experts, this
strategy did not consider the economic model of Ukraine in the context of the integration of
environmental and climate aspects into all spheres of the economy, climate neutrality and circular
economy. At the same time, a sociological survey of public opinion conducted by the Resource-
Analytical Center “Society and Environment” at the beginning of 2023 showed that reconstruction
on ecological grounds is not among the top priorities of Ukrainians.

The survey showed that 95% of Ukrainians believe that the restoration of nature is important
in the post-war reconstruction of Ukraine. At the same time, only about 26% are ready to pay for the
environmental friendliness of basic services, such as access to high-quality drinking water, public
transport, and proper waste management. And about 54% of respondents said that they would not
participate in government programs to improve the energy efficiency of buildings if this would lead
to an increase in the cost of utility services (UA Energy, 2023).

The goal of the reconstruction of Ukraine should not be a return to the pre-war state, but a
full-fledged development and integration into the European community on the basis of sustainable
development and taking into account what is also a requirement of the Copenhagen criteria for joining
the EU. The need to speed up the implementation of European environmental legislation is caused by
the need to comply with international obligations, as well as changes in the status of Ukraine as a
candidate country for joining the EU. The need to speed up the implementation of European
environmental legislation is caused by the need to comply with international obligations, as well as
changes in the status of Ukraine as a candidate country for joining the EU. The too slow process of
implementation of European directives in the “green” sphere in Ukraine was noted in the February
2023 report compiled by the expert group of the European Commission. Analysis of Ukrainian
legislation shows that the country is showing significant progress in the implementation of energy
reforms, but is still at the initial level of preparation in the field of environment and climate change.
The report summarizes that Ukraine has done a lot to build its environmental regulatory framework
and relatively little to reform its regulatory framework and align with climate law. But European
experts noted that the gaps in the level of legislative coordination have grown with the expansion and
deepening of the EU acquis (EU law) in these areas. The European Commission recommends solving
problems with the ability to adopt the relevant EU acquis, taking into account the provisions of the
European Green Course in all policy areas and effective implementation and enforcement of
legislation.

The war with Russia made the problem of energy dependence of European states on the import
of traditional energy resources even more acute. The reaction to this aggravation was the renewed
“green” program RePowerEU, which raises the main goals of the Green Deal and Fit for 55 to an
even higher level. The central goal of the program is to replace gas imports from Russia. Potential
instruments for ensuring the EU’s demand for gas in the event of a refusal to import gas from Russia
until 2030.
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The Parliament of Ukraine has registered draft law No. 6004 dated 04.01.2023 “On integrated
prevention and control of industrial pollution”, which should introduce Directive 2010/75/EC on
industrial emissions into Ukrainian legislation. This draft law is important within the framework of
the European Union as a signal to international partners and investors that the same environmental
regulations apply in Ukraine as in the EU. Therefore, it will be possible to create factories here or
invest in the restoration of Ukrainian industry in accordance with EU policies. And for Ukraine, this
draft law will be a guarantee that investments will be environmentally sustainable without harming
people’s health” (Verhkovna Rada, 2023). After all, this will contribute to the creation of a new permit
system for industry in the form of an IT system, which will combine separate permits for emissions
into water, air, soil, noise pollution, which will help calculate the cumulative impact on the
environment, as well as the introduction of European emission standards for all types of industry in
accordance with the indicators of the best available technologies (BAT — best available techniques),
will contribute to the modernization of production and its growth.

Also, we cannot ignore the Draft Plan for the Recovery of Ukraine, which was prepared by
the National Council for the Recovery of Ukraine from the Consequences of the War for the materials
of the “Energy Security” working group, in particular with emphasis on such blocks as (Fig. 1)
(Cabinet of Ministers of Ukraine, 2022).

Recomm endati ons for the im plem entation of goal 3 “Decarborization, optimization of the energy mix and
devel opn ert of low-carhon generation”™ in the context of the implem ertati on of the Rec overy Plan of Ukraine
“Etet gy S ecwrity”

1\

3.1: Updating the estim ation of the optimal generation stracture, taking into account the state after the end of hostilities
3.2: Huclear geteratione Modernization and optimization of the use of instdlled nuclear capacities (increasing the
EVVE), extension of the operating period of existing units, development of new capacities at the Kl elnytskoi NPP
3.3 Hydropower: Completion of the construction of a new hydropower plant (Kakhowska-2 HPP, Kaniwska HPP,
Dirdstr ovwsk HFP — completiomn)

3.4 Bolar and wind energy restoration of capacities taking into accourt new condtions and opportunities doe to
integration with ENT3O-E

3.5 Increasing the production of biamethane (up to 2 billion oubic meters per year) and commecting the installati ons
tothe GR3MHTS

3.6 Hydrogerr Lavneh of 1-2 GW pilot proje cte with the prospect of building v to 15 GW in combination with FEES
(trostly at the expetise of private investors)

Fig. 1. Recommendations regarding the implementation of goal 3 “Decarbonization,
optimization of the energy mix and development of low-carbon generation” in the context of
the implementation of the Recovery Plan of Ukraine “Energy Security”

The estimated €750 billion Marshall Plan for Ukraine will serve as a foundation for rapid and
sustainable economic development in Ukraine and throughout Europe in the 21st century. To ensure
the success of this plan, it is crucial to promote structural changes in the economy, foster integration
with the European Union, and address challenges in key strategic sectors (United4Ukraine, 2022). By
diversifying the implementation channels, the Marshall Plan for Ukraine aims to create a
comprehensive framework for economic development and facilitate the country’s integration into the
European community. Presented in Lugano, the new Marshall Plan encompasses a comprehensive
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set of strategic areas that will drive the economic and social development of Ukraine. With the plan
consisting of 15 national programs spanning various sectors, each program includes a range of key
projects scheduled for implementation as early as 2022 (ICPS, 2023). By strategically addressing
defense and security needs and actively pursuing integration with the EU, the new Marshall Plan sets
the stage for Ukraine’s advancement in crucial areas, ensuring a more secure and prosperous future.

The program dedicated to the environment and sustainable development, with a budget of
approximately $20 billion, encompasses several notable projects. These include the restoration of salt
mines in the village of Solotvino in Zakarpattia, the reduction of the Chornobyl nuclear power plant
exclusion zone from 30 km to 15 km, the establishment of 142 waste processing complexes, the
creation of ten natural parks, the construction of 15 eco-friendly houses, and the establishment of ten
centers for wildlife rehabilitation. The energy security program, allocated a budget of around $130
billion, focuses on various initiatives. These include the construction of hydroelectric power plants
(HPP) and nuclear power plants (NGP), the development of renewable energy-based power plants
with a capacity of 5-10 GW, the completion of additional units at the Khmelnytskyi NPP, the
modernization of existing nuclear power plants, and the construction of infrastructure for the
production of ‘green’ hydrogen.

Based on the OECD research, here are some recommendations on the measures to be taken
for the development of the green economy in Ukraine (OECD, 2022):

1. Strengthen data collection and analysis: continue conducting comprehensive studies and
analyses, similar to the ones carried out by the OECD, to provide robust evidence on energy subsidies.
This will enhance transparency and provide a solid analytical basis for future policy reforms.

2. Raise awareness and build a case for reform: utilize the available reports and data to raise
awareness among policymakers, stakeholders, and the general public about the negative impacts of
fossil fuel subsidies. Highlight the economic, environmental, and social costs associated with such
subsidies, and emphasize the potential benefits of subsidy reforms.

3. Establish a clear roadmap for subsidy reform: develop a well-defined plan and timeline for
phasing out fossil-fuel subsidies. This roadmap should include specific targets, policy measures, and
implementation strategies to gradually reduce and eventually eliminate subsidies. Ensure that the
roadmap aligns with the country’s energy transition goals and commitments to international
agreements.

4. Promote alternative energy sources and energy efficiency: invest in renewable energy
technologies and energy-efficient practices to reduce dependence on fossil fuels. Encourage the
development and deployment of clean energy solutions, such as solar, wind, and hydroelectric power,
and incentivize energy-efficient practices in industries, buildings, and transportation sectors.

5. Enhance coordination and cooperation: foster collaboration among Eastern Europe and
Caucasus countries, regional organizations, and international partners to share experiences, best
practices, and lessons learned in subsidy reform. Exchange knowledge on successful subsidy phase-
out strategies and explore opportunities for joint initiatives and projects.

6. Strengthen institutional capacity: provide technical assistance and capacity-building
support to relevant governmental agencies responsible for subsidy reform. Enhance their ability to
design and implement effective policy measures, monitor progress, and evaluate the impact of subsidy
reforms.

7. Monitor and evaluate progress: establish a robust monitoring and evaluation framework to
track the progress of subsidy reform efforts. Regularly assess the effectiveness and efficiency of
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policy measures, identify challenges and barriers, and make necessary adjustments to ensure
successful implementation.

8. Promote international cooperation and peer learning: engage with international
organizations, such as the OECD, and participate in regional and global forums focused on subsidy
reform and energy transition. Learn from the experiences of countries that have successfully phased
out fossil-fuel subsidies and seek opportunities for collaboration and knowledge-sharing.

By implementing these measures, Ukraine can gradually reduce its reliance on fossil fuel
subsidies, promote sustainable energy practices, and contribute to global efforts in mitigating climate
change and achieving sustainable development goals.

Addressing the public finance implications of the net-zero transition (OECD, 2023). It is
essential to recognize the potential magnitude of these implications, especially when considering the
indirect effects that carbon pricing can have on other sources of public revenue, such as fossil fuel
taxes. In light of this, governments should undertake the following measures:

(i) Implement prudent fiscal planning to ensure a resilient net-zero transition. This requires a
comprehensive assessment of both the direct and indirect effects of policy instruments on emissions.
While policies may directly impact tax rates, they also have implications for tax bases. It is important
to note that most indirect effects tend to exert downward pressure on public revenues.

(i1) Conduct a thorough analysis of the implications of national policy mixes on public finance,
taking into account that non-price-based policies generally require increased government
expenditure. Additionally, the national economic structure plays a pivotal role in determining fiscal
outcomes. Therefore, a careful examination of the fiscal consequences of different policy
combinations is imperative.

(iii) Develop plans to gradually implement alternative tax instruments, such as distance-based
fuel charges, to mitigate the risk of tax base erosion. This risk becomes particularly significant for the
country’s fiscal balances, especially concerning excise duties on fossil fuels in the transport sector.
As the transition to a net-zero economy gains momentum, these excise duties are expected to decline.

Maintaining investment flows amidst rising costs of capital (OECD, 2023). To address the
challenges posed by the escalating costs of capital in the net-zero transition, it is crucial to ensure the
continuity of investment flows and safeguard the economic viability of low-carbon projects. The
government should take the following actions:

(i) Uphold the ambition and rigor of core climate policies to send a clear and compelling
message to investors and financial institutions regarding the future significance of low-carbon assets.
By maintaining strong climate policies, governments can instill confidence and provide long-term
certainty for investments in low-carbon initiatives.

(if) Continue providing fiscal support for low-carbon investments whenever possible, while
exercising caution when phasing out subsidies for clean technologies. It is important to strike a
balance between nurturing the growth of the low-carbon sector and managing the gradual reduction
of subsidies in a manner that does not impede progress.

(iii) Implement policies aimed at reducing investor risk, such as promoting the inclusion of
risk insurance or guarantees in financing arrangements for renewable energy projects. The
government can also bolster governance structures by ensuring high-quality and predictable
regulatory frameworks. Additionally, streamlining the permitting process for renewable energy
projects can help alleviate barriers and facilitate timely project implementation.
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(iv) Support the development of market products and measurement methodologies that enable
investors to align their portfolios more effectively with climate objectives. However, it is essential to
design these approaches carefully to avoid unintentionally diverting investment away from
developing countries. Measures should be taken to ensure a balanced distribution of investment
opportunities.

In addition to government actions, central banks can consider implementing ‘green’ monetary
policies to safeguard low-carbon investments in the face of challenging investment conditions. This
may involve offering preferential refinancing rates for low-carbon technologies or adopting green
quantitative easing strategies, such as purchasing green bonds exclusively, to maintain low-interest
rates specifically for climate-friendly sectors.

By adopting these measures, Ukraine could proactively address the public finance
implications associated with the net-zero transition. Through careful fiscal planning, analysis of
policy mixes, and the introduction of alternative tax instruments, they can ensure a resilient and
sustainable pathway to a net-zero future. It is crucial to anticipate the challenges that arise from
changes in revenue streams and fiscal balances and to take proactive steps to manage them effectively.
The government and central bank can foster an environment conducive to sustainable investment
flows, despite the rising costs of capital. Sustaining investor confidence, providing targeted fiscal
support, mitigating risks, and promoting innovative financial instruments will contribute to the
successful realization of the net-zero transition and the achievement of climate objectives.

Conclusions. In conclusion, the transition towards renewable energy sources is a vital step
towards a more sustainable and resilient future. By diversifying energy portfolios, stimulating
economic growth, fostering technological innovation, and promoting environmental stewardship,
nations can lead the way in addressing global challenges and creating a better world for future
generations. Moreover, aligning the development of renewable energy with the Sustainable
Development Goals (SDGs) established by the United Nations offers a comprehensive framework to
address global challenges, including eradicating poverty, implementing climate change measures, and
ensuring access to clean energy resources. By integrating renewable energy strategies into national
economic recovery plans, countries can simultaneously foster economic growth, promote social
justice, and uphold environmental sustainability. The convergence of the Marshall Plan, the
importance of green energy, and the potential of renewable energy is realized through a series of
measures designed to support small and medium-sized enterprises, enhance infrastructure
development, strengthen energy efficiency, modernize the healthcare system, and improve the quality
of education. These elements are reflected in the plan for national economic recovery. In summary,
the Marshall Plan for Ukraine stands as an essential strategic document and a valuable experience in
formulating effective strategies to achieve economic growth, enhance national security, improve
citizens’ quality of life, and uphold democratic and legal values.

We believe that the development and formation of proposals for the doctrinal model of the
Energy Security Strategy project in the context of European integration for the medium-term
perspective until 2030, which should be based on a holistic integrative model of the system of
principles of the rule of law and sectoral legal frameworks, one of the components of which should
be vector of further cooperation with international partners. Proposals for key stakeholders within the
framework of the doctrinal project of the Energy Security Strategy in the context of European
integration for the medium-term perspective until 2030 are presented in Fig. 2.
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Proposals for key stakieholders within the framew otk of the doctrina project of the Energy Security Strategy in the
cortext of Ewropeanintesrationfor the medivm -term perspective wntl 2030

S

(1 FOR THE GOVERNMENT OF UKRAINE, which shodd formilate the government’s priorities, taking
into account the opporturdties and threats of the EEC, to invite the European side to start a didogue on the
development of a Road MMap for Ukraine within the framework of the EWT,; to support the farther European
integration of Ukraine in the spheres of EEC, which are a priority for Ukraine; to formdate the climate policy of
Ukraine; to support the integration of Ukraindan mamafacturers irdo ET industrial production chaing, in particwlar to
enigure the sighing of the ACCA ag soon as possible; use and prom ote new opportunities for financing and attracting
green itrvestments, continie digtization, inform business dhout the role of the carbon footprint in fubare exports to
the ETJ.

(2) FOR THE SUPREME COUNCIL OF TKRAINE, which, first of dl, showdd ensure the process of full
implementation of the requirements of European legislation related to the EWC, in partieolar through the
strengthening of ¢ ontrol mechaniam s for compliance of draft laws with the requirem erts of European legislation and
consideration of clim ate change issues at all stage s of law-making

(3 FOR BUSINERS, which mug take into accourt the goals of the EWC in the process of strategic planning
of its dewvelopment snd use the finaneial insthuments of the EWC,; to look for opportunities for integyation into new
industrial production processes onthe BT m arket; take into aceount that access to the EU moatkets in the futare will
depend sigrificarntly on the compliance of goods atd service s with the clitm ate and etwrit otun ental re quitem ents of the
ET.

(4 FOR CIVIL 30CIETY, which, first of all, should cortritnate to better irforming all intere sted patties
about the opporturities and challenges of the EWC, agwell as contirme the process of m ondtoring the im gl em entati an
of European integrati on teform s in Ukraine,

(3) FOR THE EUROPEAN ZIDE, which should consider Ukraine as a necessaty partner in the
implementation of the EUC, develop together with the Goverron ent of Ukraine a road moap for Ukraine based on the
example of the Boadmap for the Balkan countries provided for by the EUC, promote Ukraine’s integration into new
“ereen” production processes inthe EUT by initiating anindostrial dialogue, stretgthen control over the sustainability
of goods and services imported into the ET from Ukraine, in paticdar wood agricultural products, ete.; support
investm erts from the ET aimed at the production of “green” goods, decatbonization of the economy; contirme to
provide assistatice to Ukraine in the approcitm ation of legislation inthe field of ervrirormm ental and climate protection,
agriculture, ener gy, and transport;

to form flagship initiatives for the integration of Ukraine into the ET ervrironmental sphere, in particulat, to
start a dialogue on the elimination of barriers in the implem ertation of the bird and habitat directives and the
integration of Ukraine into the NATURA 2000 netw otk

Fig. 2 Proposals for key stakeholders within the framework of the doctrinal project of
the Energy Security Strategy in the context of European integration for the medium-term
perspective until 2030 (Dixigroup, 2020)

For each of the outlined directions, it is necessary to define strategic goals, the implementation
of which will be directed by the efforts of the main manager of financial resources in the country, as
well as quantitative and qualitative indicators that will testify to their achievement, which will
contribute to the formation of the Strategy-2030, which will form the basis for sustainable and
inclusive development international cooperation and the national economy in general, improving the
well-being of Ukrainian citizens. During the development of new strategic documents, attention
should be paid to the main aspects of the real picture of cooperation with international financial
institutions in the field of energy security, while respecting national interests. It is advisable to
continue making efforts to increase the effectiveness of joint programs. First of all, it is about drawing
up domestic norms and rules and harmonizing them with European ones (taking into account the
chosen development vector) in order to more effectively avoid risks and manage them, monitor the
processes of preparation, implementation and evaluation of the effectiveness of such proposals.
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Abstract. The article substantiates the importance of incorporating the principles of
sustainable development into the strategic planning of Ukraine's post-war recovery. The authors
noted the importance of the full Sustainable Development Goals implementation into the national
strategic documents of Ukraine for recovery economic growth and integration into the European
community. It made possible to determine the levels of support for sustainable development in
Ukraine and the tools for their implementation. These include the introduction of a flexible strategic
planning system and associated institutional arrangements; developing funding strategies and
creating databases to track progress towards achieving the SDGs. These tools include in-depth
interaction with foreign partners in the EU. The primary task is to develop National Plans for Post-
War recovery, aligning the goals of recovery with the SDG goals and indicators. The goals and
objectives mandatory for the post-war recovery of industrial development in Ukraine are
substantiated, namely energy efficiency, ensuring efficient, safe and environmentally friendly
production according to the sustainable development principles, a future without a carbon footprint
and a circular economy in accordance with the European strategic vector. The action of these
instruments is aimed at creating favorable conditions for eco-innovative transformations and is
implemented at the level of interstate cooperation, state institution, regional public institution and
enterprises. Areas of consolidation with the European agenda have been identified, namely
strengthening cooperation in the field of green economy: decarbonization, waste management;
harmonization of industrial policy, creation of alliances and promotion of international cooperation.

Introduction. European society is a model of sustainability and democracy. It confirmed by
a system of values and a well-developed infrastructure aimed at achieving sustainable development
in all EU countries - rational models of consumption and production, ecological use of natural
resources to meet the needs of the current and future generations of people. Adherence to the
European principles of socio-economic development is a strategic goal of Ukraine, which, despite
being tested by the war for its independence, freedom and national identity, continues to carry out the
necessary reforms for joining the EU. The consequences of russia's war with Ukraine go far beyond
Europe and affect almost all aspects of sustainable development for all countries. First of all, the war
could cause a global food crisis that would last for years. The decline in the global food supply has
led to a sharp rise in food prices. In addition, the introduction of a ban on the export of Ukrainian
food by some countries increases the risk of a global food crisis. This distorts the direction vector of
a civilized society towards the achievement of the Sustainable Development Goals. The second
important aspect of threat to achievement of the Sustainable Development Goals is the ecological
catastrophe caused by military actions and threats to nuclear security of world. The situation in
Ukraine showed how unstable global energy security is, which is directly related to oil and gas.
Therefore, war in the heart of Europe has reinforced the importance of coordinated actions of
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democratic world in strategic planning of events and development of responsible policies to overcome
threats not only to the economy and climate, but also to security of every citizen.

Materials and methods. To achieve this goal, the following methods of scientific research
are applied: system analysis, content analysis, methods of scientific generalization, induction and
deduction. Scientific publications and reports of international organizations in the relevant fields,
normative legal acts, in particular regulations, work programs and documents of the European
Commission, draft plans for the recovery of Ukraine, scientific works of foreign and domestic
scientists were used. In particular, through the approaches of the Economic Analysis and Policy
Division of the United Nations Department of Economic and Social Affairs (UN DESA), published
in the Sustainable Development Outlook 2021, the relationships between selected DGs are identified,
which helps to understand and explain the results of progress and tools towards achieving these goals.

Results and Discussion. At the current stage, achieving sustainable economic growth has
become an important item on the global agenda. Harmonious coordination of the components of
sustainable development, which ensures economic growth, social stability and ecological balance in
long term, can be ensured with the help of concept of green economy, which has recently received
increased attention around the world. The transition from the traditional model of economic
development to green growth is becoming a worldwide global trend, in which the green economy acts
as a tool for achieving sustainable development. In 2015, at the Summit on "Sustainable
Development” in New York, 17 global goals were approved, the achievement of which is to reduce
poverty, protect the planet and ensure that by 2030 all people live in peace and prosperity. 17 Goals
are priorities for achieving a balance between the three elements: social, economic and environmental
sustainability. They are complementary: actions in one area also affect results in others, combating
climate change is one of the 17 goals that currently require active action [1].

Issues of sustainable development and its implementation into development of civil society
are at the center of the foreign and domestic scientific discourse. So, A. Balaskas, E. Lima, T. Sid and
others from the School of Engineering at Blackinge Institute of Technology, Sweden, developed the
Framework for Strategic Sustainable Development Assistance (FSSDA). The program is based on a
five-level strategic planning framework, which includes the following stages: system-wide
measurement; identification of strategic development goals; guidance to the strategic management
process; development initiatives, projects and programs; tools for monitoring, measurement,
evaluation, analysis, capacity building, etc. Dr. Mousumi Roy provided policy recommendations in
developing and implementing sustainable development strategies. In his book “Strategy for
Sustainable Development. Technology, culture and economics”, he combined social, economic and
environmental goals, taking into account their consequences for different socio-economic groups and
future generations [3].

Drawing on the concept of externalities, 1. Montiel, A. Cuervo-Casurra and others have
argued how multinational companies can contribute to the implementation of the UN Sustainable
Development Goals as part of their regular investments. The authors grouped 17 sustainable
development goals into six categories based on whether they increase positive externalities or reduce
negative externalities and placed these categories in an expanded value chain to facilitate their
implementation. This allowed them to prove the dependence of profitable corporate growth on the
integration of environmental or social sustainability issues [4].
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Ukrainian researchers Yu. Petrushenko, V. Aleksandrov and others conducted a bibliometric
analysis in the VOS viewer software and identified the main scientific clusters of the connection
between the theory of sustainable development and the strategic planning of local communities [5].

The Sustainable Development Outlook 2021, prepared by the Economic Analysis and Policy
Division of the United Nations Department of Economic and Social Affairs (UN DESA), selected
individual DGs, analyzed progress in the years preceding COVID-19, examined the impact of the
pandemic on them, and generated scenarios for achieving these SDGs and identifying policies that
can help realize these scenarios. The Sustainable Development Outlook (SDO 2021) aims to facilitate
the process of revitalizing efforts to achieve the 2030 Agenda [6].

In national sustainable development strategies of individual countries, ecological component
IS mentioned in connection with economic growth, and solution for tasks of greening complex and
economic growth is envisaged within the framework of implementation of the green economy
concept. The result of applying the concept of green growth should be a transition to a low-carbon
economy. It should be based on socially responsible business conduct, which involves the
implementation of complex programs and mechanisms for increasing resource efficiency, developed
taking into account the technologies available at the enterprise (waste management programs, energy
efficiency improvement programs, etc.). Its integral component is also socially responsible
consumption, which involves changing people's views, thinking and values in relation to nature. The
concepts of sustainable development, green and circular economy are similar in many respects: these
concepts are global; they emphasize the importance of better integrating environmental and social
aspects with economic progress; they emphasize intra- and intergenerational obligations due to
environmental hazards; and also signal the importance of expanding the participation of authorities
and the public. Therefore, when considering the concepts of sustainable development, green and
circular economy, it is necessary to emphasize a similar approach to their formation, caused by the
growth of environmental risks, the general focus on ensuring development based on economic
growth, as well as the importance of partnership and cooperation between interested parties to achieve
the set goals. The solution to Sustainable Development Goals 12 "Responsible consumption and
production” in the field of sustainable development is the transition to a circular economy, which
represents a system of production and consumption with maximum efficiency in the use of resources,
waste management and minimization of external negative effects on the environment. Sustainable
development goal 12 "Responsible consumption and production” provides for achievement of
reducing the resource intensity of economy and ensuring environmental safety. That is, the
prerequisites for its achievement are industrial development with a simultaneous reduction of burden
on the environment, i.e. achieving a balance between economic development and preservation of
natural resources. And this, in turn, will contribute not only to reducing resource consumption, but
also to reducing the cost of manufactured products and increasing their competitiveness. As well as
Goal 12 achievements will allow to fulfill the tasks set in the Goals 6, 7, 8, 11, 13, 14, 15 and
positively influence the decisions of others. This is also confirmed by analytical assessments of the
Institute of Social and Economic Research of Ukraine, confirming the synergistic impact of SDG 12
on other important goals. The 12th SDG objectives related to reducing the resource intensity of the
economy, reducing the volume of waste generated and deepening their recycling (SDG 12.1 and 12.4)
are quite fully reflected in the state strategic documentation concerning the development of economic
sectors. However, A significant disadvantage is the lack of the specific resource intensity indicators
that should be achieved in the process of completing the assigned tasks [7]. That is, to assess the
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implementation of the 12th SDG in Ukraine, we will consider how we managed to achieve the
appropriate level of indicators for 2015-2021 and the estimated results in 2025 and 2030. (Table 1).

Table 1
Indicators of achievement of the SDGs in Ukraine, % to the level of 2015

2025 | 2030

Indicator 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021
(mark) | (mark)

Energy intensity of

1
GDP 100 | 102,3 | 94,7 | 95,2 | 88,5 | 88,9 80 60

Material capacity of

GDP 100 | 100,0 | 98,2 | 97,2 | 100,4 | 99,9 | 108,2 80 60

Carbon capacity of

GDP 100 | 1058 | 851 | 83,8 | 779 | 728 | 72,2 80 60

Water capacity of

GDP 100 | 98,2 | 91,7 | 951 | 916 | 942 | 77,3 80 60

Waste capacity of

GDP 100 | 92,5 | 111,6 | 103,9 | 126,1 | 137,3 | 141,6 80 60

1 The calculation of the indicator for 2021 will be renewed after the deadline for submitting statistical
and financial reports established by the Law of Ukraine "On the protection of the interests of subjects
submitting reports and other documents during the period of martial law or a state of war".

Source: data of the State Statistics Service of Ukraine [8].

The given data confirm that Ukraine has long been actively supporting the implementation
of the 2030 Agenda for Sustainable Development, an international document adopted in 2015 to
overcome poverty, protect the planet, and ensure peace and prosperity for all people by the end of
this decade. In 2019, the President of Ukraine, V. Zelenskyy, adopted the Decree on the integration
of 17 Sustainable Development Goals (SDGS) into state policy [9], as a basis for achieving sustainable
economic and social development for all Ukrainians based on the principle of *no one will be left
behind without attention™.

Until the start of a full-scale war in February 2022, Ukraine made steady progress in
achieving 15 of the 17 Sustainable Development Goals, and moreover, it achieved the greatest success
precisely in reducing poverty. The Voluntary National Survey of Ukraine for 2021 showed a decrease
in poverty from 58.3% in 2015 to 43.2% in 2018 [10]. Reduction of resource intensity of GDP in
2021 compared to the level of 2015 by components: energy intensity of GDP to 88.2%; carbon
capacity of GDP up to 72.2%; water capacity of GDP up to 77.3%. The dynamics of most of its
components (except for the material intensity of GDP 100.4% and the waste intensity of GDP
141.6%) are positive and there is a high probability of achieving the defined target guidelines for
2025. Therefore, when discussions begin regarding the recovery of the country and the economy, the
SDG are used as a reference point to ensure the most effective recovery in Ukraine.

The transition to sustainable development is a complex and long-term process that requires
painstaking work at all levels, taking into account the experience of developed countries that have
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passed similar tests and achieved a high level of development. The creation of prerequisites for the
introduction of the green economy model, first of all, by focusing on resource-efficient and clean
production and consumption (including energy saving) requires the improvement of legislation. In
particular, we are talking about the introduction of a new hierarchy of waste management in Ukraine
and the expansion of producer responsibility, a system of long-term waste management planning at
the national, regional and local levels; implementation of measures to prevent or reduce the generation
of waste, promote preparation for reuse as secondary raw materials and energy resources; creation of
cost-effective technologies for the processing of solid household waste with the receipt of a final
product useful for society; improvement of existing logistical approaches to household waste
management at the national and regional levels.

An effective institutional framework for sustainable development at all levels is the basis for
the full implementation of the Principles of Sustainable Development and the principles of the Rio
Declaration on the Environment, including the provisions of the Millennium Declaration, taking into
account the Monterrey Consensus and relevant outcomes of other major United Nations conferences
and international agreements since 1992 [11]. This should lead to the strengthening of international
institutions and organizations involved in sustainable development, following their existing
mandates, as well as the strengthening of relevant regional, national and local institutions. The action
of these instruments is aimed at creating favorable conditions for eco-innovative transformations and
is implemented at the level of interstate cooperation, government agencies, regional institutions and
enterprises, as shown in Table 2.

Table 2
Characteristics of levels of support for sustainable development in Ukraine

.LEVEI of Characteristic

influence
International Fulfillment of the country's international obligations within the framework of
cooperation international agreements, in particular the European Green Course
State The formation of an effective industrial policy, the modernization of the
management institutional infrastructure, which involves the systematic implementation of
agencies reforms in all spheres of the economy, the creation of an innovative ecologically

oriented infrastructure

Regional level | Implementation of effective support measures at the level of regions and local
communities to transform ecologically "dirty" regions into "green" growth
points. Inventory of land damaged by military shelling, demining, restoration and
creation of new environmental sites

Enterprises Innovative renewal of the material and technical base of production based on
energy-efficient technologies; introduction of new methods of processing,
technologies and new materials; improvement of existing methods of production
and management, development and introduction new types of products,
introduction new production facilities, reorganization of the organizational
system.

Source: compiled by the authors on the basis of the Plan of Implementation of the World Summit on
Sustainable Development [11].
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Measures contributing to sustainable development include such elements as the formation
of an institutional structure and management system (a system of agencies and organizations);
legislation (holding public hearings before proposing new legislation); innovation policy (support for
eco-innovations); support of small and medium enterprises; awareness campaigns.

The government's role is to use a variety of financial instruments: taxation of fossil fuel use
and emissions in various sectors; the transformation of energy subsidies, which lead to wasteful and
environmentally harmful economic activity; supporting clean technologies and sustainable
production through tax incentives; consideration of potential social consequences (for families with
low incomes, pensioners); mapping environmental impacts by estimating the full cost of energy and
transportation services.

Implementation the principles of "green transition"” to the strategic planning of sustainable
development of Ukraine should be based on a model of public governance that involves constructive
interaction between government institutions, communities, academics, and private entities.
Implementation of such a model is associated with a number of complex management tasks, such as
forming a common vision of the country's development, industries and regions; defining strategic
goals and development priorities; strengthening institutions aimed at stakeholder participation in
decision-making, inter-sectoral and inter-regional cooperation and long-term planning that takes into
account the interests of future generations; making coordinated decisions with the participation of
stakeholders, etc. To realize these tasks, the following are used a strategic approach is used to realize
these tasks, which makes it possible to coordinate actions and development planning to coordinate
actions and harmonize interests of different ministries and agencies and other stakeholders.

The strategic approach to sustainable development has been successfully applied in
European countries that have not only adopted national sustainable development strategies have not
only adopted national sustainable development strategies, but also regularly review them. The EU
has solid experience in the field of industrial development strategizing, aimed at creating the
conditions for the economic development of industry in the EU, as well as fulfilling the tasks set in
the Sustainable Development Goals and responding to the threatening challenges of today. In May
2021, the European Commission updated the Industrial Strategy adopted in March 2020 - a
comprehensive document that approved the dual transition of European industry to green and digital
transformations. It is a growth strategy focused on the idea of "competitiveness”. This was followed
by the announcement of the updated European Green Deal [12], which aims to reduce greenhouse
gas emissions by 2050 according to the principles of decoupling for the transition to a climate-neutral
circular economy. A year later, in April 2021, the European Commission published the Updated
Industrial Strategy, which is a response to overcoming the losses from the COVID-19 pandemic and
ensuring the recovery of industry and the EU economy [13].

Over the past 30 years, the lack of modernization of industry and the construction of business
processes on russian gas, coal and old technologies have played against Ukraine in all aspects:
political, economic and environmental. Formation of pro-russian forces, monopolization of key
industries, loss of working places, devastating impact of pollution on the environment and health of
population - this is a strategic loss for the state that has not formed its own plan for high-tech industrial
development.

EU partners are already offering successful experience and tools for post-war recovery,
taking into account the principles of sustainable development. In the Communiqué adopted by the
European Commission on May 18, 2022 it is noted that the reconstruction must comply with the
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European green and digital agenda, and the support mechanism will have a specific management
structure that will at the same time ensure full ownership of Ukraine and ensure that investments will
be brought into line with climate and environmental policies, as well as EU standards [14]. That is,
the economy should be low-carbon and energy-saving, nature-oriented, have efficient and clean
production, balanced consumption and be based on the principles of joint responsibility, innovation,
cooperation, solidarity, flexibility and interdependence. The implementation of the European Green
Course for Ukraine, a candidate for EU membership, is becoming mandatory.

This confirms Ukraine's steadfastness to follow the course of the "green transition”, laying
a solid foundation for strategic planning of country's recovery on basis of sustainable development.
Ukraine is supported in this by the partner countries, in particular the EU. In the joint statement of
the Group of Seven (G7) on support for Ukraine (June 27, 2022), the heads of state clearly stated their
readiness to support a strategic recovery plan that would promote sustainable, sustainable, inclusive
and green economic recovery [15]. The Organization for Economic Cooperation and Development
believes that in the long term, the post-war green recovery should be considered as an economic
necessity for the deep transformation of Ukraine on the way to a green and climate-neutral economy
[16].

Approach to sustainable development for Ukraine depends on the implementation of
European legislation and its transfer to the status of national. For this, we need to make appropriate
changes to a number of regulations, introducing European principles from the standards of the
products to be produced to cultural values and rules. It is primarily about the development of key
strategic documents of post-war recovery, namely the introduction of changes to the National
Recovery Plan regarding tools for supporting domestic business (especially SMES) in the process of
their adaptation to European requirements in accordance with the principles of "green™ and "digital"
transition. Martial law forces Ukrainian society to act in extremely difficult conditions, therefore the
implementation of European standards and principles requires appropriate state attention. It is
expedient to prepare the National Strategy for the Integration of Ukraine into the EU (like the Polish
National Strategy for Integration into the EU) as a comprehensive vision of a consistent government
policy that integrates European principles; approves goals, mechanisms and means of implementing
the strategy, mechanisms of adaptation of key stakeholders to requirements and standards; providing
information to society about the opportunities and threats that arise as a result of these changes.

Conclusions. Strategic planning for post-war recovery should implement the principles of
sustainable development. This is an urgent task for Ukraine as a candidate for EU membership. In a
difficult economic situation and limited resources, achieving 12th SDG “Responsible consumption
and production” by using additional sources of reducing the resource intensity of GDP is extremely
important.

Ukraine has long been an active supporter of the implementation of the 2030 Agenda for
Sustainable Development. An assessment of indicators for achieving the SDGs by Ukraine was
carried out using such indicators as: GDP energy intensity, GDP material intensity, GDP carbon
intensity, GDP waste intensity showed a partial level of progress. Thus, the achievement of 12th SDG
“Responsible consumption and production” has a positive trend in reducing the resource intensity of
GDP in 2021 compared to the level of 2015 in terms of components: energy intensity of GDP to
88.2%; carbon intensity of GDP up to 72.2%; water intensity of GDP up to 77.3%. At the same time,
there is also a negative trend — an increase in GDP waste intensity by 41.6% over the same period.
All this reinforces the importance of introducing a flexible system of strategic planning in the field
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of implementing sustainable development in Ukraine at all levels: interstate cooperation, government
agencies, regional institutions, business and SMEs. It is important to create favorable conditions for
eco-innovative transformations, namely the formation of an institutional structure and management
system (system of organizations); legislation (holding public events before new legislation is
proposed); innovation policy (support for eco-innovations, transfer of domestic scientific R&D);
support for small and medium-sized enterprises; awareness campaigns.

The post-war recovery and further development of Ukraine should be considered as a “green
transition” based on sustainable development. This will ensure more economic efficiency and
competitiveness of Ukraine in the European and world markets. This will enable Ukraine to transition
to affordable green technologies, reduce dependence on fossil fuels and strive towards a zero-
emission economy. The primary objectives of the industrial development post-war recovery should
be energy efficiency, ensuring efficient, safe and environmentally friendly production based on the
principle of green development, a “future without a carbon footprint” and a “circular economy” in
accordance with the European vector. All this should be carried out on the basis of strategic
documents for industrial development operating in EU countries.
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Abstract. The paper presents the relevance of developing new methodological approaches for
application of duality theory for more in-depth analysis of linear production planning problems. The
theory of duality allows to find solutions to a dual problem in several ways, one of which is based on
the construction of an inverse matrix. This matrix is obtained either from a simplex table involving
the optimal plan or by algebraic methods from a matrix constructed on the basic vectors
(corresponding variables are included in the basic of the optimal solution). In practice, finding an
optimal solution to a linear programming problem by the iterative simplex method is a cumbersome
process, the application of duality theory is possible only for problems in a small number of variables
and constraints. In this paper we propose an algorithm that avoids routine calculations and finds an
inverse matrix for further study of the production planning process. The algorithm is based on the
reports of solving a linear programming problem built in MS Excel using the "Solver" add-in and the
properties of the simplex method for solving linear programming problems. Studies have shown that
this algorithm allows us to analyze the optimal production plan for linear problems in a large number
of products, given production and demand constraints. The presented algorithm has a number of
drawbacks, which in general do not significantly affect the process of finding the inverse matrix.
Scientific research has shown that it is possible to further develop such methodological approaches
to getting more complete information about the optimal solution of problems by the simplex method.

Introduction. Linear programming methods allow to obtain not only optimal values of
variables. Any business entity is primarily interested in studying dynamic changes in economic
systems, which may affect the development and functioning of companies. Changes in the conditions
under which the model was built lead to a loss of its relevance. Companies face and overcome a
constant set of challenges such as: changes in resource inventory, introduction of new technologies
or equipment replacement, changes of pricing policy, a new product launch and/or termination of
unprofitable type of products, etc. In these situations the optimal production plan will become either
suboptimal or not applicable at all in a new environment. To study the impact of such economic
situations on the optimal plan, experts use such mathematical tool as the theory of duality. It makes
possible to determine the status of resources and the stability intervals of dual variables due to changes
in scarce resources or the replacement of one scarce resource to another. The dual variables provide
the opportunity to measure product profitability. Also, during mathematical modeling and sensitivity
analysis, it will possible to identify changes in the parameters of the original model on the previously
obtained optimal feasible solution in linear programming problem.

The development of new algorithms for solving the optimization problems based on the
duality theory is considered in the paper (Auslender & Teboulle, 2003). The authors (Daskalakis,

Deckelbaum & Tzamos, 2015) apply a duality-based framework for revenue maximization in a
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multiple-good monopoly. Elements of duality theory in game theory are used by the authors (Bagan,
Calsamiglia, Bergou, & Phys, 2018).

In the paper (Gozlan, Roberto, Paul-Marie & Tetali,, 2017) the researchers prove a
Kantorovich type duality theorem to minimize the overall transport costs. Khrushch L. (2018)
provided economic and ecological production functions investigating the appropriate dual problems
explicity to the deduced one-criterion problems. The group of researchers (Chernova, Titov, Chernov,
Kolesnikova, Chernova & Gogunskii, 2019) focused attention on the generalization of the operations
of conversion of the primal problem to the dual problem. In the paper (Vybrani pytannia
kompiuternoho modeliuvannia protsesiv i yavyshch, 2022) the authors consider the application of
mathematical modeling in different fields of science, social and economic relationship and the use of
computer mathematics and digital applications to solve practice-oriented problems.

In the paper (Moroz, Zahorianskyi, Haikova & Kuziev, 2022) the researchers formulated a
defect algorithm for a special transportation problem applying optimality conditions from the theory
of duality in linear programming. In the paper (Kuzmychov, Chernetska & Shestakov, 2022) the
researchers investigate two tools of sensitivity analysis for the solution of a transportation problem,
determining the advantages of the SolverTable in comparison with the Solver add-in in MS Excel.

The scientists Blaga N. and Priyamak 1. (2019) noted the application of the dual simplex
method and elements of the duality theory to select an effective strategy for the development of an
enterprise. Yushchenko N. (2021) conducts a study of the network to solve linear problems of
minimizing the total cost of the project and applies elements of the duality theory to define dual
variables as flows in a network with limited bandwidth.

Researchers (Martynova & Shevchenko, 2022). prove that any matrix game can be
transformed to the dual linear programming problems, which allows to obtain an optimal solution to
a direct problem for one player, and the solution of the dual problem will be the optimal strategy for
the second player.

Stepanova (2019) uses elements of the duality theory to identify bottlenecks in the combined
production flows of metallurgical production. The authors (Aloshyn, Panchenko & Prykhodko, 2021)
show that the principle of duality can be used to reduce the time of analysis and calculation of an
information-measuring system. The researchers (Zhurbenko & Chumakov, 2021) use the dual
simplex method to solve a problem related to planning the modernization of the transport system.

Thus, having studied the papers of domestic and foreign scholars, we determine the relevance
of further development of new algorithms based on the duality theory in order to use them for a deeper
analysis of economic models. Simplex method is suitable for solving linear programming problem.
It is possible to obtain the optimal solution using tabular form. However, in practice, specialists must
take into account more than a dozen different types of products. Usually, the solving of a linear
programming problem is carried out according to the following scheme (Fig. 1). The implementation
of the algorithm shown in Fig. 1, even using formulas in MS Excel, is quite cumbersome, since the
algorithm is iterative in nature and requires a large amount of calculations and computations. This
paper proposes an algorithm developed by the authors that avoids the drawbacks of solving a linear
programming problem by the simplex method, but provides an opportunity to conduct an economic
and mathematical analysis of the impact of objectively determined estimates on the optimal plan using
only the built-in "Solver" in MS Excel.

88

Selected Papers of the V International Conference on
European Dimensions of Sustainable Development, Kyiv 2023



Start

A

- convert LP model into standard form by adding either slack variables,
surplus variables and/or artificial variables
- decide coefficient of these variables in the objective function

A
Setup initial simplex table to obtain initial solution

A

A 4

Compute zj and ¢j — zj values

Minimization Is LP problem Maximization
of Max or Min l

type?

Do ¢j -z
positive
values
exist?

Do cj -z
negative
values
exist?

This solution is optimal

Select key column with Select ke_y_column with
largest negative cj — zj value largest positive cj — zj value

\_, - select key row with Min {xsi/aij; aij >0} <

- if all ajj‘s are zero, then current solution is
unbounded and stop the procedure

v

Identify key element at the intersection of key
row and key column

v

Update the entries in the Simplex Table by

(a) first obtaining key row values, and
(b) apply elementary row operations

Fig. 1 Flow Chart of Simplex Algorithm
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The capabilities of the built-in functions of MS Excel spreadsheet application allow to conduct
only an initial analysis of optimization problems and their results. Application of the duality theory
with the capabilities of MS Excel allows to conduct an analysis that determines the impact of all
hidden factors on the economic process under study, and as a result, to identify its negative aspects
and develop ways to solve them.

Materials and Methods. Each linear programming problem can be compared to some other
linear programming problem, called a dual. A dual problem is composed in accordance with the
following rules:

- if the primal problem is a maximization problem, the dual to it is a minimization problem;

- the number of variables of the primal problem is equal to the number of constraint solutions
of systems of inequities;

- the constraint system of the maximization problem has all inequalities of the type « <»,
the minimization problem has inequalities of the type « > »;

- matrix of the coefficients with unknowns in an inequality of both problems are transposed
(the rows of one matrix correspond to the other columns);

- inequalities of primal problem are equal to the coefficients of the objective function of
other problem. With a pair of symmetric dual problems, we have n + m related pairs of conditions.

If the constraint system of a problem contains an equality (one or more), then the dual problem
to it also exists and is solved according to the same rules with one difference (Ladohubets &
Finohenov, 2019).

In the duality theory, there are several ways to obtain solutions to a dual problem if there is a
solution to a primal problem, one of them is: the vector of the optimal solution of the dual problem
(Y*) is calculated due to the duality relation using first theorem as follows (Vitlinskyi, Tereshchenko.
& Savina, 2016, p. 73):

Yx= C,D1, 1)

where C, — a row vector, which consists of the coefficients of the objective function of the
primal problem with the variables that are basic in the optimal solution;

D~ — matrix inversed to matrix D, consists of the basis vectors of the optimal solution, the
components of which are taken from the initial plan of the problem.

This inverse matrix D! allows us to analyze the impact of changes in resources on
production. In other words, an economist does not need to implement a rather cumbersome iterative
process of the simplex method in order to find a simplex table, containing an optimal solution of a
linear production planning problem with a large amount of initial data and given resource constraints.
In Fig. 2 shows a block scheme of the algorithm for obtaining the inverse matrix, which eliminates
the cumbersome process of solving a linear programming problem by the simplex method. According
to the flowchart above (Fig. 2), the researcher must perform the following steps:

1. Find the solution of a linear model in MS Excel using the Solver add-in and generate
Answer report and Sensitivity report.

2. ldentify the unprofitable types of products, in the optimal solution such types of products
have zero values (Answer report). Identify inequalities in the model as a separate type of constraints
on the admissibility of the solution for the unprofitable products and take them into account when
building the canonical form.

3. Represent the canonical form of the linear programming problem.
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Fig. 2 Block scheme of the algorithm for finding the inverse matrix

Source: created by the authors
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5. Determine the basic variables of the simplex table that include the optimal plan (the order
doesn't matter if the model is linear):

5.1. Identify additional variables that correspond to scarce resources, unprofitable products in
the constraints with artificial variables. Identify additional variables that correspond to the types of
products that are produced at the upper bound on demand (the most profitable products for the
enterprise). The identified variables will not be the basic in the simplex table containing the optimal
solution and will be equal to zero.

5.2. The artificial variables are replaced by the corresponding basic variables of the problem
that have non-zero values in the equations of the canonical form.

5.3. Identify additional variables that correspond to non-scarce resources and types of products
whose production does not equal the upper bound on demands. The variables will remain basic.

5.4. The basic will also include the basic variables of the problem that have non-zero values
and are not defined in the previous stages of the algorithm.

6. Write the matrix D of the column vectors from the initial simplex table in accordance with
the system of basic variables.

7. Find the inverse matrix D~1.

8. Check if an inverse matrix is correct by calculating the system of objectively determined
estimates using formula (1) and comparing it with the shadow prices in the Sensitivity report.

9. Analyze the impact of objectively determined estimates on the value of objective function
and the impact of simultaneous changes in multiple constraints.

The proposed algorithm can be applied only to non-degenerate dual linear programming
problems that have a nonempty set of feasible solutions.

Results and Discussion. Authors implement the proposed algorithm to the different types of
production planning regarding resource limitation and existing demand.

Suppose it is required to make a production plan of four types of products (P1, P2, P3, Pa)
regarding the existence of three types of raw materials (RM1, RM2, RMz3) in order to maximize the
product revenue (Table 1).

Table 1
Data for a linear production planning problem
Raw materials usage per unit Raw materials
Types of resources inventory,
P1 P2 Ps3 P4 conventional units
RM1 2 3 4 3 220
RM: 3 2 2 2 250
RMs 4 3 1 2 270
Product revenue, monetary units 17 16 15 12

Source: created by the authors

Suppose that there is 11 units per pre-order for the fourth type of product. Construct the
economic-mathematical model of this problem.
Firstly, introduce the notation:
Xi - the amount of products of the i-type, i = 1,2,3,4.
Then the objective function that expresses the maximization of revenue will be as follows:
Z =17x1 + 16x2 + 15x3 + 12x4 — max
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Subject to the constraints:
2x1 + 3x, + 4x3 + 3x4 < 220 — raw material RM,
3x1 + 2x, + 2x3 + 2x4 < 250 — raw material RM,
4x, + 3xy, + x5 + 2x4 < 270 — raw material RM;
x4 = 11 — production plan of the fourth type of product
xi20,i=1,2,3,4.
Firstly, according to the algorithm, we find the solution of the linear model in MS Excel using
the built-in "Solver" and generate Answer report (Fig. 3) and Sensitivity report (Fig. 4).

13

14 | Objective Cell (Max)

15 Cell Mame Original Value Final Value

16| 5G512 Revenue Total 0 1379,5

17

18

19 |Variable Cells

20 Cell Mame Original Value Final Value Integer

21| S5B510  Productionl 0 57,5 Contin

22| SC510 Production 2 0 0 Contin

23| 5DS10  Production 3 0 18 Contin

24| 5E510  Production4 0 11 Contin

25

26

27 [Constraints

28 Cell MName Cell value Formula Status Slack
29|  5G513 Raw material 1 220 5G513<=51513  Binding 0
30| 5G514 Raw material 2 230,5 5G514<=51514  NotBinding 19,5
31| 5G515 Raw material 3 270 5G515<=51515  Binding 0
32| $B$10 Production 1 57,5 $B$10>=$B511  Not Binding 57,5
33| S5CS10  Production 2 0 5C510-=5C511  Binding 0
34| 5D510  Production 3 18 5D510==5D511 Mot Binding 18
35| SES10  Production 4 11 SE510»=5E511  Binding 0

Fig. 3. Answer report

Source: compiled by author's calculations

Secondly, we determine from the data in Figs. 3 and 4, that according to the optimization
result, the second type of product is unprofitable and its forced inclusion in the production plan will
lead to a decrease in total revenue by 1,36 monetary units per unit. The fourth type of product is
unprofitable for the enterprise, since it is produced in amount of minimum bound of the production
plan and the growth of its production volume will also lead to a decrease in total revenue of the
enterprise by 2,64 monetary units per additional unit. Raw materials of the first and third types are
scarce under this production plan and a further increase in their volumes per unit can lead to an
increase in revenue by 3,1 and 2,7 monetary units. In this case, these volumes will vary between [157;
274,6] for raw materials of the first type and [68,75; 304,125] for raw materials of the third type.
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6 |Variable Cells

7 Final Reduced Objective Allowable Allowable

3 Cell Mame Value Cost Coefficient Increase Decrease

9 | 2B310 Production1 57,5 0 17 43 2,111111111
10| 5C%10  Production 2 0 -1,35714286 16 1,357142857 1E+30
11| $D%10 Production 3 18 0 15 19 3,166666667
12| SE%10 Production 4 11 -2,64285714 12 2,5642857143 1E+30
13

14 |Constraints

15 Final Shadow Constraints Allowable Allowable
16 Cell Mame Value Price R.H. Side Increase Decrease
17 5G513 Raw materials 1 220 3,07142857 220 24,6 63
18| 5G514 Raw materials 2 230,5 0 250 1E+30 19,5
19 5G515 Raw materials 3 270 2,71428571 270 34,125 201,25
20

Fig. 4. Sensitivity report

Source: compiled by author's calculations

Thirdly, we construct the canonical form for the written model, where we forcefully add an
inequality of an admissible solution for the second unprofitable product. Thus,

2x1 + 3x2 + 4x3 + 3xs + x5 = 220

3x1 + 2x2 + 2x3 + 2x4 + x6 = 250

4x1+ 3x2 + x3+ 2x4 + x7 =270

x4—xg+y1=11

x2—x9+)2=0

xi>0,i= 1,9;y1,)2>0.

Z—17x1—16x2 — 15x3 — 12x4 — M (y1 +y2) = 0.

Fourthly, we write down the initial simplex table (Table 2).

Table 2

The initial simplex table of the resource utilization problem
Basic variables | x1 X2 X3 x4 | x5 | x6 | x7 | x8 | xo

X5 2 3 4 3 1

X6 3 2 2 2 0|1

X7 4 3 1 2 001

Vi 0 0 0 1 0O|0|0]|-1]0

V2 0 1 0 0 0O|0|0]|O0]-1

Z 17| -16|-15|-12| 0 | 0| 0| 0 | O

-M O |-M| 0O | M|O|O|O|M| M

Source: compiled by author's calculations

The constructed basic of the initial simplex table contains five variables: xs, xs, x7, y1, y>.

Fifthly, we determine the basic variables that will be in the optimal solution. The additional
variables xs, x7, corresponding to the scarce resources RM: and RMz, will be removed from the basic
variables and will have values equal to zero. The variables xg and xo, which demonstrate how more
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than the minimum output is produced, are also equal to zero and will not be included in the basic.
The artificial variables y: and y» will be replaced by the corresponding variables that remain in the
canonical form equations and will become the basic variables, i.e. y1 <> x4 and y2 <> x2. The variable
xe Will remain basic, as it corresponds to a non-scarce resource. And the basic variables will also
include the two main variables that have non-zero values in the optimal solution. Thus, the basic
variables will be as follows: x1, x2, x3, x4, xs.

Sixthly, we build the matrix D from the vectors of the initial simplex table (Table 2)
corresponding to the basic variables of the optimal solution (Table 3).

Table 3
The matrix D
X1 X2 X3 X4 X6
2 3 4 3 0
1 3 2 2 2 1
D= 4 3 1 2 0
0 0 0 1 0
0 1 0 0 0
Source: compiled by author's calculations
Accordingly, the inverse matrix will be presented in Table 4.
Table 4
The inverse matrix D=1
-1/14 0 217 -5/14 | -9/14
0 0 0 0 1
Dl= 217 0 -1/7 —A4/7 =3/7
0 0 0 1 0
—5/14 1 —4/7 3/14 11/14

Source: compiled by author's calculations

Multiplying the row vector (17; 16; 15; 12; 0), which consists of the coefficients of the
objective function of the direct problem with the set of basic variables that we found in the optimal
plan, we obtain the solution to the dual problem: Y* = (53/14; 0; 19/7; —37/14; —19/14) or convert to
decimals (3,071; 0; 2,714; —2,643; —1,357), which completely coincides with the shadow prices given
in sensitivity report (Fig. 4). The columns of a matrix correspond to additional variables xs, xs, x7, xs,
xo. Thus, the matrix is obtained, which can be used for a more detailed analysis of the impact of
changes on the optimal solution of the linear planning problem.

It is necessary to ensure that the proposed algorithm allows us to find the correct set of basic
variables. We present a simplex table (Table 5) which contains the optimal solution to the linear
resource utilization problem for the developed canonical form. The optimality criterion for the
simplex method assumes that the last row should contain non-negative numbers. The values in the
columns correspond to the positive variables that are included in the canonical form with a minus
sign and should have opposite signs.
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A simplex table of the optimal solution of a resource utilization problem

Basic variables | x1 | x2 | x3 | x4 X5 X6 X7 X8 X9
X1 1]10| 0| 0 |-1/14 | 0 | 2/7 5/14 9/14
X2 O(1|01|0 0 0 0 0 -1
X3 O[O0 |10 217 0 | -1/7 417 3/7
X4 00|01 0 0 0 -1 0
X6 OO0 | 0| O |-5/14 ]| 1| -4/7 | -3/14 | -11/14
Z O (0| 0| O |5314 ]| 0| 19/7 | 37/14 19/14
Y ve | v | ¥v8 | yo Y1 Y2 Y3 Y4 Ys

Table 5

Source: compiled by author's calculations

This remark should be taken into account when conducting economic analysis of the solution
of linear programming problems obtained by the simplex method, and implementing the proposed
algorithm, this situation does not arise. In Table 5 is presented the solution to the dual problem. Given
the above, we can conduct a more in-depth analysis of the obtained optimal solution to the linear
programming problem of resource utilization.

According to the table 5, it can be concluded that an increase in the stocks of raw materials of
the first type by one unit will cause an increase of revenue by 53/14 monetary units due to (column xs)
a decrease in the output of the first type by 1/14 units; an increase in the output of the third type by
2/7 units will lead to a decrease in the stocks of raw materials of the second type by 5/14 units. The
production of an additional unit of unprofitable second and fourth types of products (for example, an
additional unit of the fourth type of product (column xs) will lead to a decrease in total sales revenue
by 37/14 monetary units, while production of the first type of product will decrease by 5/14 units and
the third type of product by 4/7 units and the unused raw material stocks of the second type will
increase by 3/14 units.

Conclusions. The theory of duality is a powerful tool in the study of optimization problems.
It provides a possibility to design the new algorithms for solving problems.

It should be noted that given algorithm can be applied only to non-degenerate dual pair of
coupled linear programming problems that have a nonempty set of feasible solutions. The drawback
of the algorithm is the implementation of artificial restrictions on the inalienability of unprofitable
products to the canonical form, which leads to the identification of an additional dual variable and,
accordingly, the determination of its value. However, such situation may arise if the constructed linear
programming problem is solved by the simplex method with the calculation of all simplex tables. The
proposed algorithm does not involve the use of the simplex method, and therefore this situation will
not affect the economic analysis of the obtained solution. Despite the identified drawback, the
proposed algorithm can be effectively used to conduct a more in-depth analysis of the solution of
linear programming problems in order to determine the impact of changes in the given constraints on
production in general.

The constructed inverse matrix can also be used to study the overall impact on the optimal
solution when the right-hand sides of the constraint system are changed, a new type of product is
included, or a new constraint is imposed on a new type of raw material, etc.

Thus, a specialist without any additional mathematical tools can conduct a more in-depth

analysis of the production planning problem applying all the possibilities of the duality theory.
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Abstract. In the conditions of all-encompassing transformational changes in the economic

system of Ukraine, the key to the success of the functioning of domestic trade enterprises in the long
term is ensuring their sustainable development. At the same time, in recent years, domestic trade
enterprises have been operating in the face of global challenges, such as the COVID-19 pandemic,
and now they are facing the consequences of the ongoing large-scale armed aggression of the Russian
Federation against Ukraine.
In particular today, a significant number of trade enterprises faced problems relocation,
deterioration of supply conditions and disruption of logistics chains, complication of product sales
processes, outflow of highly qualified personnel for border, the need to transfer employees to remote
work, loss property, lack of sufficient equity, which is directly negative affects their effectiveness and
efficiency and complicates (makes it impossible) further development.

For many years, the logistics industry remains to be one of the most actively growing
industries. However, there are some barriers that prevent many logistics companies from their
expansion and growth, including the lack of access to real-time data that can demonstrate the most
relevant road conditions, low control over delivery processes, low transparency of supply chain
stages, and inaccurate route planning.

Nowadays, among the factors that prevent the industry from further development, we can
name the lack of access to real-time data that can demonstrate the most relevant road conditions, low
control over delivery processes, low transparency of supply chain stages, and inaccurate route
planning.

Introduction. The object of research is the process of digitization of logistics services through
the impact of Al in logistics management on sustainable development of e-business. Analysis of the
current state of logistics services and trends of digital transformation in logistic processes.

Materials and Methods. The study used general scientific and special research methods, in
particular, methods of critical and scientific analysis for analyzing Al trends in logistics management,
abstract and logical methods for theoretical generalizations (systematization of directions for using
Al in logistics) and formulation of conclusions. The research was based on statistical data, data from
analytical publications, and expert opinions of market experts and companies in the industry. The
research aim is to analyze the Al trends of logistics management and the impact Al on e-business in
the world.

Results and Discussion. However, today it is not possible without sustainable logistics and
transportation aim to improve profitability and reduce the ecological impacts of logistics activities.
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Seeking a balance among economic growth, environmental care, and societal health, sustainable
development in logistics has drawn tremendous attentions from different aspects.

Supply chain agility is set to become one of the focuses of logistics trends in 2023 as
businesses strive to satisfy the ever-increasing demand for products and services. Agility will enable
businesses to quickly and efficiently respond to fluctuations in supply and demand while also
reducing costs and increasing efficiency and is therefore an essential part of staying competitive in
today’s ever-changing market [1].

E-business promotes sustainable development in the fields of economic prosperity, poverty
reduction, social development, international cooperation, etc. It provides people with decent work
and increases economic growth in short and long-run. It is now important to use more advanced
technologies such as data management, data engineering, data science and machine learning to work
with data that is profitable [2].

Since sustainable logistics is characterized by the use of artificial intelligence, we have
analyzed modern trends in detail in Table 1.

Table 1.
Analyze the Al trends of logistics management
(constructed by the authors based on sources [1,3-9])
Modern trends Description of trends
The Internet enables multiple resource-constrained embedded devices, objects, and humans to connect through
of Things the Internet protocol for a ubiquitous data exchange in real-time data. In addition, the valuable
(loT) information extracted and transformed from the loT data can be exploited to create intelligent

services and applications to improve the logistics activities as well as the overall performance of
logistics operations [3].

Al combined with machine learning support companies to be proactive in dealing with demand
algorithms fluctuations. For example, Al-based forecasting solutions allow managers to plan supply chain
processes and find ways to reduce operating costs. Self-driving Al and smart road technologies are
affecting a positive shift towards delivery service automation. In addition, Al-based cognitive
automation technology brings intelligence to automate administrative tasks and speeds up
information-intensive operations [1].

An can deliver high efficiency but may be limited in flexibility when it comes to dealing with order
automated disparities in size, shape, weight, volume and mechanical properties. The ASRS may not offer
storage and adequate scalability to adapt to growth and cope with increased seasonal demands, or deal with

retrieval facility breakdowns and carry out technical maintenance. Robotics promises to strike a balance
system between efficiency, scalability and flexibility [4].

(ASRS)
Last-mile is a defining service in logistics as it is directly related to customer satisfaction. However, last-mile
delivery delivery faces various problems including delays due to traffic congestion, customer nuances,

government regulation, and delivery density [5].

Warehouse increases efficiency, speed, and productivity by reducing human interventions. Warehouse
automation automation technologies can be broadly categorized into devices that assist the movement of goods
and those that improve their handling. In the first group, we’ve already seen automated guided
vehicles (AGVs) that move cases and pallets. New twists are the equipment and software needed to
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retrofit standard forklifts and make them autonomous. The new gear can be switched on whenever
needed—peak seasonal shifts, say—and the forklift can remain manual when demand is slower [6].

Blockchain is an emergent technology concept that enables the decentralized and immutable storage of verified
data. Over the last few years, it has increasingly attracted the attention of different industries.
Especially in Fintech, Blockchain is hyped as the silver bullet that might overthrow today's payment
handling. Slowly, the logistics and supply chain management community realizes how profoundly
Blockchain could affect their industry[7].

Big data provide actionable insights for improving warehouse productivity, performance management, and
analytics utilization of logistical resources. The data obtained from monitoring position and weather along with
fleet schedules help optimize routes and delivery planning. The analysis of market data supports the
further optimization of supplier pricing, inventory levels, and the generation of risk management
reports. Moreover, advanced analytics provide insights that help identify anomalies and offer
predictive maintenance solutions [5].

Autonomous improve vehicle safety and deliver goods safely by eliminating human errors while driving. They

vehicles increase the efficiency in the first and last-mile delivery as they are designed to work all day and all
night. Moreover, autonomous vehicles improve fuel efficiency by using platooning techniques for
long-haul routes, reducing traffic jams, and optimizing travel routes by taking advantage of Al-
enhanced technology [5].

Elastic refers to a company approach that is adaptable and flexible enough to scale up or down in response

logistics to market demands. This enables supply chain activities to expand or contract in near real-time in
response to foreseen (and even unpredicted) market events. Picking and packing are automated in
elastic logistics, forcing warehousing and logistics to make more supply-driven decisions. This never-
ending supply-driven expansion and contraction of warehouse activities allows for more reliable
financial control. Companies may run supply chains more efficiently in the face of volatility with
elastic logistics, which allows for scalable upscaling and downscaling based on seasonal activity and
other changes. The balance of supply and demand has swung heavily in favour of demand [8 ].

Digital voice is a software program that can perform simple tasks or services, and is generally controlled by voice
assistants command. According to a forecast, around 200 million of these smart speakers will be sold worldwide
in 2023 . The best-known language assistants are Amazon's Alexa, Google Assistant and Apple's Siri

[9].

For a deeper investigation of the role of Al in the logistics process in our view, it is necessary
to consider logistics management practices and examples of the use of Al in E-business.

At IBM, the researchers estimate that relatively moderate investments generate a much larger
ROI than before. The complexity of Al is growing: more unstructured data, complicated algorithms,
high-level tasks, etc. And the output of Al to amplify transportation services and global supply chains
increases as well. Over the past years, Al in supply chain and logistics has proved to be effective [10].

Artificial intelligence gives machines and systems the capability to analyze their environment
and make decisions with some degree of autonomy to achieve specific goals [11].

That is why the use of artificial intelligence focused on sustainable development is relevant in
conditions of uncertainty. It can provide solutions to many challenges, such as treating diseases or
minimizing the environmental impact of farming. Artificial intelligence (Al) is an area of strategic
importance and a key driver of economic development.

As a result, logistics specialists lose a lot of time fulfilling monotonous repetitive paperwork
tasks instead of devoting time to more creative and intellectual activities.
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The global TMS (Transportation Management Systems) market is expected to grow at a
CAGR of 14.5% and almost double over the next five years, from USD 2.5 billion in 2019 to USD
4.3 billion by 2025 [12]. The development arc of these systems mirrors the exponential growth in
data sources, such as loT sensors, actuators, RFID, GPS, and barcodes. As a result, modern
transportation management systems need to do more than record time and place of shipments. Today,
a digital TMS needs to facilitate smart functionalities like dynamic routing and automation across the
transportation lifecycle to enable businesses to optimize transportation performance in real-time.
Dealing with the volume and the diversity of this new data will be next to impossible without
embedded ML and Al. An ML/Al-enabled intelligent TMS can automate almost every process across
the transportation value chain, starting with load tendering. In fact, smart systems that combine
advanced analytics and embedded intelligence are able to autonomously handle 25% [13] or more of
load tendering and automate related activities, including booking, approval, routing, and alerts.

TMS applications can save money and help operators to increase service performance. They
can do this by:

- helping resource planners to optimize routes for truckload and less-than-truckload
shipments

- identifying when and where multi-stop routes prove more economical than single-
stops

- highlighting the comparative performance of carriers

- analyzing data to answer questions such as “Which specific geographic areas are
impacted most often by late deliveries?” [14]

Technologies like Al and ML are facilitating a new generation of transportation management
solutions that continuously learn by comparing inputs with outcomes. They also introduce innovative
capabilities such as real-time fleet tracking, improved vehicle utilization, and more cost-effective and
proactive approaches to fleet maintenance. Most important of all, intelligent TMS allows companies
to come up with the best transportation and logistics strategies that perfectly balance the competing
priorities of shippers, drivers and fleets without compromising service levels [15].

According to McKinsey: «The future of supply chain: digital and Al will enable end-to-end
transparency and faster decision makingy. Logistics and distribution will have the following impact:
«Dynamic optimization of routing, freight contracting, and vessel sharing, reducing costs and
environmental impact» [16].

Al, according to a Deloitte report [17], is helping to drive more value from rules-based
automation. Among survey respondents, 78% use Al to drive more value from rules-based automation
(or are planning to do so in the future). Among manufacturers, this figure jumps to 93%. For example,
Walmart and Procter & Gamble have collaborated to create an automated re-ordering system.
Walmart utilizes satellite communications, which are then sent to Procter & Gamble whenever an
item is needed. Procter & Gamble then fulfills the order and delivers the item. This helps Walmart
form more accurate forecasts and react more efficiently to customer needs.

Predicting product demand and planning logistics can improve service, decrease
transportation costs, and save money. Al predicts the market, modifies orders and reroutes products
in warehousing. These estimates help your enterprises alter orders and deliver in-demand
commodities to local warehouses. Al can connect warehouses to discover the optimal inventory
transfer solution [18].

The systematization of directions for the use of Al in logistics is shown in Figure 1.
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Al can assist a company in more efficiently planning its hiring and training processes. It will
be useful if you are a startup company looking to hire employees. Even established businesses can
use it to hire suitable employees effectively. This enables efficient day-to-day operations on the
organization’s floors. Also, it results in better-suited work assignments, which makes employees
happier. Thus, it becomes a win-win situation for both.

The presence of these Al trends in the development of logistics service use cases in the
transport and logistics industry worldwide has 2020 «Global Al use cases transport and logistics
industry 2020» [19], according to a study on the Statista website, with 40 percent of respondents
stating that artificial intelligence can help improve inventory management. By implementing Al,
businesses can create smarter production and distribution centers. Thus, Al can understand the
complex dynamics of real-time inventory management, predict scenarios, recommend actions, and
act accordingly.

+ demand forecasting

« supply planning
» warehouse robots

 damage defection
* predictive maintance

» self-driving vehicle
« delivery drones

« dynamic pricing
* route optimization

« automating document processing
automating manual office tasks
* customer service chatbot

lead scoring
automating email marketing
sales&marketing analytics

speed of service

efficiency and perfomance

Main purposes of Al in logistics . ™
managemet sustainability development

Fig. 1. Use cases of Al in logistics management
(constructed by the authors based on sources [16-18] )
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Predictive Capabilities of Al have made demand forecasting [20] easier. When inventory is
behind the demand schedule, businesses lose money. Network planning and demand planning [20]
are becoming more efficient thanks to Al, which enables merchandisers to be more proactive.
Knowing what to anticipate allows them to modify their stock levels and guide inventory to areas
where they expect the most demand, resulting in lower operational costs.

Use Case «Shell Inventory Optimiser», a product that uses advanced analytics on historical
data to optimize operational spare part inventory levels, was created in a collaboration between Shell
and Equinor. Equinor expects this tool to reduce inventory inflow by as much as 13%, saving millions.

The goal is for energy companies to have better control over available equipment and to
optimise stock levels. Since first deployment in 2017, this proprietary solution has been deployed
across Shell’s Upstream, Manufacturing and Integrated Gas assets globally, generating millions of
dollars in value through optimized stock levels. Dan Jeavons, General Manager Data Science at Shell,
says:

The collaboration to co-develop the next stage of Shell Inventory Optimiser with Equinor is
an important milestone for both our companies; it speaks to the digital cultural and technical strengths
we share, and our history of successful collaborations in the supply chain domain and the value we
can achieve working in partnership. | look forward to further collaboration with Equinor in the
supply-chain and decarbonization domain, with the continued support of our mutual partner Microsoft
[21].

Smart Warehouse Systems are able to recognize patterns, regularities and dependencies from
unstructured data by using the Internet of Things, artificial intelligence and cloud computing. They
can then adapt, independently and dynamically, to new circumstances throughout the entire logistics
system. As a result, monotonous jobs become simpler, and operations become more efficient and
cost-effective.

Use Case Cainiao [22], the logistics division of Chinese e-commerce behemoth Alibaba, has
declared the opening of business at its brand-new smart warehouse in Huiyang, Guangdong province.
The warehouse has more than 100 self-charging, Wi-Fi-equipped AGVs (automated guided vehicles)
to oversee transporting products. Alibaba claims that since the warehouse started operating in July,
employee productivity has tripled.

In the last two years alone, the demand for smart warehouse solutions has soared to an all-
time high. In fact, the smart warehousing market size [23] is expected to almost double, growing
from US$ 14.8 billion in 2021 to US$ 25.4 billion by 2026.

To strengthen its logistic services under its «asset-light» business strategy, Alibaba invested
$807 million, to increase its stake in logistics platform firm Cainiao Smart Logistics to 51 in Sep
2017 [24]. Instead of creating a courier service company, Cainiao Smart logistic is a Cloud and Big
Data powered platform that connects 3rd party logistic partners with E-commerce Merchant to
improve the overall delivery efficiency. Its goal is to fulfill orders on the mainland within 24 hours
and within 72 hours globally [24].

By connecting logistic partners and the E-commerce Merchant — Cainiao platform feed real-
time information to small merchants to choose the most efficient delivery option within a pool of
delivery firms based on its location and type of goods. Cainiao’s smart routing and sorting service
also reduce logistics firm’s delivery errors by 40%. In addition, it provides a real-time tracking system
to enhance the information synchronization and transparency among logistic partners, Merchants, and
Consumers._[25].
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Al-Powered Route Planning can help the transport and logistics industries integrate data from
various sources and make intelligent judgments regarding travel routes.

Use Case UPS developed Dynamic On-Road Integrated Optimization and Navigation
technology (ORION) that uses advanced algorithms, artificial intelligence and machine learning and
offers precise delivery time estimates, dependability and responsiveness. UPS has saved around 100
million miles and 10 million gallons of gasoline annually since ORION's first deployment in 2012.

UPS route optimization software (ORION) helps make many deliveries without any hassles.
UPS delivers around 5.5 billion packages a year with the help of the 125,000 vehicles in its delivery
fleet. The fleet consists of 10,300 «alternative fuel and advanced tech vehiclesy, representing a little
under 10% of its entire fleet size.

Conversational Aurtificial Intelligence is present in user-interactive virtual assistants or
chatbots [26]. The technology mimics human interactions by identifying speech and text inputs and
translating their contents into other languages using massive amounts of data, machine learning and
natural language processing.

Conversational Al provides regular updates and all relevant information about any delays,
allowing for comprehensive visibility of the shipment. Additionally, by providing a 24/7
conversational interface, conversational Al is always available to provide users with the information
they require.

Use Case BearingPoint, in collaboration with DHL [27], developed ‘Marie’ using Salesforce
Service Cloud and Einstein Al to automatically resolve customer requests coming through chat.
Customers got a seamless experience while agents were able to handle inquiries more effectively.
Nearly one-quarter of respondents trust virtual assistant recommendations for product purchases
rather than a human salesforce. 87.2% of consumers report having a neutral or positive customer
experience with chatbots [28].

Computer Vision: The Computer Vision trend is set to highly impact logistics in the coming
years. Its technology will underpin and drive future logistics, enabling more efficient processes as
well as sustainable and safe operations.

However, more investment is needed for this trend to be fully realized. As experienced in the
early days of sensor adoption, computer vision applications must be scalable for logistics
organizations to maximize benefits.

HCL: Emerging from Al as a trend in its own right, Computer Vision has developed in
conjunction with the advancement of deep machine learning, leveraging the rising quality and
decreasing cost of camera devices. In 2020, the computer vision market globally was worth 9.4 billion
USD and — as Al, vision systems, and computer processing continually improve — it is anticipated
this market will more than quadruple to 41.4 billion USD in 2030.

Today, advanced computer vision technology is perfecting depth perception, 3D
reconstruction, and dark and blurred image interpretation, all of which will unlock more opportunities
in supply chains [29].

Autonomous Vehicles. DHL is working on autonomous vehicles on three fronts, including the
development of intelligent robotic workers in its own warehouses and air freight centers; the use of
semi-autonomous trucks in the line-haul business; and “follow-me” robots used for last-mile route
delivery in urban settings.

One of the more interesting uses of Al is the development of truck platoons in Europe, where
anywhere from one to four autonomous semi-trucks follow a lead truck with a human driver down
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the road. By synchronizing acceleration, braking, and steering among the trucks, the platoon can boost
freight capacity while minimizing costs, all without handing total control over to the Al program.
DHL will be involved with testing a truck platooning in the UK next year with the British
Transportation Research Laboratory and truck manufacturer DAF Trucks [30].

Resilience 360. DHL plans to infuse this cloud-based risk management tool with Al
capabilities that will give its customers an early warning that something is amiss in their supply
chains. This product uses sentiment analysis to monitor 8 million sources of data on the Internet,
including social media, for anything that could signal a disruption, including unhappy customers and
even labor unrest.

«For a lot of our B2B or automotive or manufacturing customers, they have very vast supplier
networksy, Gesing says, «we proactive identify risky parts of the supply chain so our customers can
plan downstream more effectively».

Supply chain tracking. Al has been increasingly applied in supply chain management to
improve performance in an Agile and Lean perspective. Many companies are investing in digital
solutions to optimize their supply chain operations, depicting the global Al adoption rate in supply
chain and manufacturing businesses. Literature has shown that Al can provide companies with the
ability to respond quickly to changes in demand, reduce waste, and improve collaboration and
customer satisfaction. The Al in 2022 was 11% adaptation and in 2025 it expects to be 38% [31]

Drone-based deliveries. The use of drones for deliveries looks very promising, especially for
streamlining and automating goods transportation. At the moment this segment is being actively
studied. Nevertheless, today is definitely not the best time to speak about the full-scale adoption or
mass use of drones in this industry when it comes to long distances. Drones are good for in-house
deliveries but with the growth of distances, it is not always reasonable and feasible to use drones.
Moreover, many drones are simply not able to carry very heavy boxes and packages which also limits
their use to some specific cases only.

The retail industry could become the first to start using such solutions as a standard delivery
method. It is also forecasted that drones will make it possible to reduce operational costs and staff
while increasing the quality of services and customer satisfaction. But with the growing interest in
the application of drones from the side of companies working in many industries, including logistics,
we can make an assumption that in the future, the situation will change.

Commercial Drone Market Worth USD 47.38 Billion by 2029 Increasing Demand for Small
Drones in Commercial Applications to Propel Market Growth: Fortune Business Insights™, Growth
Rate is CAGR of almost 28.58% 2022-2029, Revenue forecast is expected in 2029 USD 47.38 Billion
[32].

Fleet management tools. Solutions of this type are often integrated into more complex
systems. As companies can operate a huge number of vehicles, it’s very important for them to
accumulate a great deal of real-time information about the availability and state of each vehicle. Fleet
management tools help companies better organize the entire workflow.

Fleet management solutions have a lot in common with software products that are built for
location tracking. However, they can be used not only for monitoring the exact real-time location of
trucks but also for tracking their technical state. Special sensors and devices can be installed on trucks
and can continuously estimate the chosen parameters. Based on these parameters, logistics specialists
can receive regular reports on the state of vehicles and on recommended timeframes for tech
maintenance services.
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The data from smart devices is sent to the defined servers where the company’s employees
can get access to them.

Ford is offering a new van fleet management service to large operators of its vehicles for free,
claiming it can improve uptime by up to 60%.

Ford Telematics Essentials is the latest development of the FordLive system [33], which
delivers ‘smart maintenance’ alerts based on real-time vehicle health data. The alerts help businesses
to maximize uptime by reducing the number of breakdowns and achieving quicker servicing and
repair times, it says.

Connecting vehicle data from the fleet, FordLiive also links businesses to the support available
from the Transit Centre network through ‘smart diagnostics’ so that the productivity of each
individual vehicle can be optimized.

Small business customers have already been benefiting from the FordLiive service through
FordPassPro [33], which is generating 20,000-plus proactive service messages to customers every
month.

Ford’s larger fleet customers can now benefit from that same capability for free with the
launch of Ford Telematics Essentials.

Mark Harvey, director for enterprise connectivity at Ford of Europe, said: “Ford Telematics
Essentials is a desktop software tool that enables fleet managers to understand more about the health
of their vehicles [34].

Enterprises can use fleet management to track and repair their cars in a cost-effective, timely,
and accessible manner. Vehicle tracking and diagnostics, finance, driver management, and other
activities are all part of it. It enables businesses that rely heavily on transportation to reduce or
eliminate the risks connected with staffing, operations, and other factors. Fleet management benefits
include lower fuel and overall operating costs, improved safety, and better fleet operations, as well
as real-time fleet tracking and monitoring. According to the Automotive Fleet, sales of automobiles
to business fleets in the United States climbed by 2.1 % to 69,145 in May 2019 compared to the
previous year, according to Maximize market research statistics from the Automotive Fleet [34].
Rising operational expenses, owing to increased demand for utility vehicles, rising maintenance costs,
and constant growth in compliance costs, have had a significant impact on the fleet management
business

Conclusion. The study analyzes the application of Al in e-business logistics, characterizes the
main trends in logistics management, and systematizes the directions for the effective use of Al in
logistics. The result of research demonstrates that globalization is breaking all barriers and
boundaries, enabling e-businesses to flourish. The industry that has benefitted and also been affected
the most is logistics management. For it to operate seamlessly across the nations, it is important to
keep up with the pace of technological advancements. Contributing greatly to the economy and
increasing bilateral trade, the logistics management must be efficient enough to transport products so
they are smoothly and quickly sent across.

The role of Al has become so prominent that it is almost indispensable to specific industries.
According to Gartner [35], by 2026, more than 75% of commercial supply chain management
application vendors will deliver embedded advanced analytics (AA), artificial intelligence (Al) and
data science.

The future of Al in logistics management is likely to see several trends. Al is expected to
become more widely adopted in logistics management as e-business recognizes its potential to
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improve efficiency and reduce costs. Al systems are expected to become more seamlessly integrated
with existing logistics management systems, allowing for more accurate data analysis and decision-
making.

Al will play an increasingly important role in predictive analytics, enabling e-business to
anticipate and respond to logistics disruptions and manage risk more effectively.

Today, in the conditions of war, it is important for Ukraine to apply the latest information
technologies in the logistics of goods and services, which will ensure the sustainable development of
the enterprise.
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Abstract. The article is devoted to the transformation of financial sector in terms of
digitalization and creating sustainable financial ecosystems. The global financial ecosystem includes
global, regional and national associations of financial institutions, regulators and other stakeholders,
as well as financial ecosystems of individual countries. Creating a sustainable financial ecosystem
on the national level is an important task and requires participation of the central bank as a regulator.
Digitalisation of the economy as a whole and the financial system in particular contributed to the
emergence of fintech companies and their rapid development. Nowadays remote technologies are
widespread all over the world and there is growing demand for fintech services. In terms of
digitalisation central banks need to be up-to date to improve national financial ecosystems. They are
responsible for creating an adequate regulatory framework for regulation of fintech activities and at
the same time stimulation of their development. Modern tendencies of the financial sphere regulation
are analysed in the article. There is a trend among regulators worldwide to prioritize the development
of fintech and to implement a ‘supportive’ regulation as well as introducing central bank digital
currencies. The author outlines the main tendencies of the investments in fintech in the world. The
main principles of sustainable financial ecosystems functioning in terms of digitalization are
highlighted. On the basis of conducted analysis the author provides recommendations for the
development of the sustainable financial ecosystem in Ukraine in modern economic conditions.

Introduction. One of the current global trends in the circular economy is modernization of
financial ecosystems. The global financial ecosystem includes global, regional and national
associations of financial institutions, regulators and other stakeholders, as well as financial
ecosystems of individual countries (fig.1). The issue of creating a sustainable financial ecosystem is
of very importance nowadays. Lots of researchers (Frolov, S. et al., 2021; Maslii, N. et al., 2022;
Somin, S. et al., 2020) pay attention to financial ecosystems and their transformations in modern
economic conditions. Bose, S. et al. (2019) analyse global financial market players functions in the
financial ecosystem and highlight their specific capacities to improve the sustainability of the broader
ecosystem. Aldhanhani, N. and Nobanee, H. (2021) outline the need to build a sustainable financial
ecosystem based on innovative strategies and provide the five-factor framework of such an ecosystem
that include a deep pool of ESG investors, a strong pipeline of ESG fund raisers, a highly regarded
and talented human capital pool, strong awareness of ESG by different stakeholders and robust
mechanisms for ESG verification. It should be mentioned that the described approach concentrates
on ESG factors but does not explain the essence of the ecosystem, its basic participants and key
elements.
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Fig. 1. Participants of the World Financial Ecosystem

Researchers also underline the importance of a sustainable financial ecosystem functioning
on the national level in order to have progress in achieving sustainable development goals and
creating finance ecosystems that systematically mobilize SDG-aligned investments at the required
scale. The in-depth analysis of available financing instruments, in close collaboration with the public
funding agencies as well as private funding actors is at the core of ecosystem process (Halonen, M.
et al., 2022). According to the above mentioned approach sustainable financial ecosystem is
considered as a part of other ecosystems that enables allocation of required resources and makes
SDG-investments easier due to its instruments and innovations.

It worth noting that sustainable financial ecosystem aims to satisfy consumers’ needs in terms
of vulnerable environment, digital transformation and meet customers™ demand, as well as support
country's progress towards sustainable development. At the same time sustainable financial
ecosystem should take into consideration not only modern situation and customers demand but also
needs of future generations. So the role and importance of creating a sustainable financial ecosystem
is realized by economists and researchers but it worth mentioning that authors do not focus enough
on the key actors, their interactions and processes within a sustainable financial ecosystem.

In terms of digitalization new technologies are implemented, financial services have to be
constantly improved. The key role in creating a sustainable financial ecosystem in the state is played
by the central bank as a regulator, which must ensure the necessary conditions for the functioning of
all financial market players. Digitalization of the economy as a whole and the financial system in
particular contributed to the emergence of new members of financial ecosystems - fintech companies
and their rapid development. Due to the increasing spread of remote technologies and the growing
demand for fintech services, the need to regulate fintech ecosystems has arisen.

An important role in building a sustainable fintech ecosystem at the national level is also
played by regulators, who are responsible for creating an adequate regulatory framework for
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regulation of fintech activities and at the same time stimulation of their development. There is a trend
among regulators worldwide to prioritize the development of fintech. It should be noted that the first
countries where such ‘supportive’ regulation was introduced were Great Britain and Singapore.
According to the KPMG Report ‘Pulse of Fintech’ (KPMG, 2021), the Monetary Regulatory
Authority of Singapore issued the first two digital banking licenses to the Grab-Singtel consortium
and the technology giant SEA in 2020, as well as two digital wholesale bank licenses for such market
participants as Ant Group and the consortium, which includes Greenland Financial Holdings Group
Co. Ltd, Linklogis Hong Kong Ltd and Beijing Co-operative Equity Investment Fund Management
Co. Ltd.

In terms of digitalisation central banks need to be up-to date to improve national financial
ecosystems. So they pay attention to innovative technologies and tools that can be used in monetary
sphere, such as digital currencies. In October 2020, the Bank for International Settlements and seven
central banks, including the Fed, the ECB and the Bank of England, published a report ‘Central Bank
Digital Currencies: Foundational Principles and Core Features’ outlining the main requirements for
central bank digital currencies (CBDC) (BIS, 2020). The document states that CBDC should
complement the legal means of payment in the country, and not replace cash or non-cash forms of
payment. In addition, they must maintain monetary and financial stability, as well as be safe and as
cheap or free as possible. It is assumed that the CBDC will play a significant role for the private
sector.

As it is mentioned in the KPMG report ‘Pulse of Fintech’ (KPMG, 2021) in 2020, China's
central bank launched a project to use the central bank digital currency, introducing digital yuan into
circulation in one of the country's regions. Many well-developed countries of the world, such as
Singapore, Canada, Sweden, Norway, the Netherlands, Finland, Australia, etc., are working on the
development of central bank digital currencies. As part of the partnership, the regulators of Singapore
and Canada carried out the first cross-border operation using the CBDC.

The National Bank of Ukraine is also working towards the introduction of its own digital
currency. In 2018, a pilot project was conducted (NBU, 2019). It included the introduction of the
"Electronic Hryvnia" platform, the issuing of the e-hryvnia into circulation, and the testing of
operations using it. The results of the project are highlighted in National Bank of Ukraine Analytical
Report on the E-hryvnia Pilot Project (2019). During the period of the project, e-hryvnias were issued
in the amount equivalent to UAH 5,443. The project participants carried out a number of operations
with e-hryvnia:

* creation of e-wallets;

« installation of e-hryvnia wallets mobile applications on own devices with Android or iOS

operating systems;

» cashless refilling of e-wallets using National Payment System "Prostir";

* P2P transfers of e-hryvnia between wallets;

* replenishment of mobile phone balance with e-hryvnias;

» making charitable contributions;

« exchange of e-hryvnias for cashless funds, using cards of National Payment System ‘Prostir’.

Materials. Despite the assistance of regulatory authorities, business participation is also
important in the development of the fintech ecosystem as a part of a financial ecosystem. The basis
of fintech development is investments in innovations, and especially venture capital investments,
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which is one of the incentives for the creation of new companies and technologies. In recent years,
the world has developed a tendency to grow investments in fintech (fig. 2).
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Fig. 2. Global Investments in Fintech from 2017 to 2022.

Source: KPMG (2021). Pulse of Fintech. H2 2020. 72 p. Available at
https://assets.kpmg.com/content/dam/kpmg/xx/pdf/2022/02/pulse-of-fintech-h2-21.pdf.  Retrieved
28 May 2023; KPMG (2023). Pulse of Fintech. H2 2022. Available at https://veri-media.io/wp-
content/uploads/2023/02/kpmg-pulse-of-fintech.pdf. Retrieved 28 May 2023.

According to fig. 2 the volume of total investments in fintech increases but, it dropped to
$124.9 billion in 2020 compared to $216.8 billion in 2019. This was partly caused by a decrease in
the number of mega M&A deals, such as the 2019 acquisition of WorldPay by FIS worth $42.5 billion
(KPMG, 2021). At the same time, the volume of venture capital investments in fintech increased in
2020 compared to the previous year. Fintech funding increased by $1.4 billion in Europe and by $500
million in North America. At the same time, Asia showed a drop in financing volumes by $3 billion,
despite the rapid recovery of the region from the negative impact of the pandemic. Funding of South
American fintech companies increased by 64% from 2016 to 2020. About 40% of the deals during
this period are financing deals for alternative lending and settlement companies (Janowski, 2020).
2021 was a remarkable year for investments in fintech. Total volume of investments was $238.9
billion, volume of venture investments in the fintech companies was also the highest in 2021 — $122.9
billion. Following 2021’s record high level of total global fintech investment and deal volume 2022
saw both total investment fall — to $164.1 billion. While low by comparison, it was the third best
year for fintech investment ever (KPMG, 2023).

Over the last 5 years 2020 was marked by a record number of mega funding rounds. The
leader among countries was the USA, where more than 50% of megarounds took place (54 of 97).
The second place was occupied by China, with 7 megarounds two years in a row. During 2020, there
was a 13% year-over-year increase in the number of financing deals for fintech companies that
provide services to small and medium-sized businesses, while other segments saw a decrease in the
number of deals (Janowski, 2020). Deals fell 8% year-over-year to reached 5,048 in 2022. Africa was
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the only major region to see deals increase compared to 2021. Banking funding declined 63% YoY —
the sharpest drop across fintech sectors analysed — to return to pre-Covid levels. Despite the drop,
2022 was the second-highest funding year for US fintechs on record. Africa-based fintechs saw a
record 227 deals in 2022, a 25% increase YoY. Insurtech M&A exits reached a new high, rising 40%
in 2022 to 81 deals (CBInsights, 2023).

There were no significant changes in the structure of financing agreements for fintech
companies during 5 years (Fig. 3).

According to the data of fig. 3, a slight decrease in the share of seed deals was observed - by
5 pp. compared to 2019 due to an increase in the share of series B deals (by 3 pp.), series C (by 1 pp.)
and megarounds (series E+ by 1 pp.).
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Fig. 3. The structure of deals for fintech companies during 2019-2022

Source: CBInsights (2021). The State Of Fintech Report: Investment & Sector Trends To
Watch. Available at https://www.chinsights.com/research/report/fintech-trends-g4-2020/. Retrieved
25 May 2023; CBlnsights (2023). State of Fintech 2022 Report. Available at
https://www.cbinsights.com/research/report/fintech-trends-2022/. Retrieved 28 May 2023.

Despite economic instability, influence of the pandemic, banks as major representatives of
financial ecosystem continue investing in fintech. One of the key trends in the fintech sector over the
past years is a growing focus on core banking systems as banks recognized how legacy infrastructure
is holding them back from truly moving forward (KPMG, 2021). The largest US banks continue to
make strategic investments in fintech companies operating in various niches (fig. 4).

As it is demonstrated on fig. 4, fintech companies operating on the capital market are the
leaders among investment objects. In the 2" and 3™ places are companies working in the area of asset
management and companies serving SMEs (46 and 37 deals, respectively).
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Fig. 4. Number of fintech start-up financing agreements by US banks during 2010-2020 by
investment area

Source: CBInsights (2020). Here’s Where Goldman Sachs, Morgan Stanley, And Other Top
Banks Are Investing In Fintech — And Why. Available at https://www.chinsights.com/research/top-
us-banks-fintech-investments-graphics/. Retrieved 25 May 2023.

The pandemic has made digitization a top priority for any businesses, including financial ones.
Period of pandemic is characterized by the following trends in the field of financial services:

« Growing demand for contactless banking services and e-payment solutions;

» Changing consumer behaviour towards increased use of e-commerce platforms, e-wallets

and digital service channels;

+ Strengthening the attention of regulators to the fintech by supporting and stimulating the

development of fintech ecosystems;

« Growth of total volume of investments in fintech;

« Strengthening of partnerships between fintech companies and non-financial corporations;

« Mature fintech companies prefer mergers and acquisitions in order to expand their

geographic presence in the market and increase the consumer value of their services.

The global community has entered the era of digital banking, which challenges traditional
banks to maintain their competitive positions. Digital banks are representatives of fintech that attract
investors. In 2020, digital banks have seen a significant number of mega venture capital funding
rounds. The Swedish digital bank Klarna attracted $650 million, Revolut — $580 million, and the US
digital bank Chime — $533.8 million (KPMG, 2021). In the conditions of global digital
transformation, an increasing share of the population prefers online services and raise a demand for
innovative products and services, which stimulates banks to transform their business models with an
emphasis on innovation and remote services. Most large banks have the necessary tools and
advantages to push the boundaries of their business models. The main driver of transformation is the
need to strengthen their positions and competitiveness in terms of uncertainty to ensure sustainable
functioning. There are 6 key digital growth strategies for banks that will contribute to their further
development (McKinsey, 2018):

1. Going beyond core banking activities into relevant ecosystems.

2. Creation of a financial supermarket.

3. Extend value across the customer journey.
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4. Monetize data.

5. Become a product- or infrastructure-sourcing factory.

6. Transformation into a digital attacker.

Results. In order to create sustainable financial ecosystem in the country some changes of the
financial services and key players of the ecosystem are required. First of all the banking business has
to be transformed, expand the boundaries and reorient itself from the traditional banking services,
which form the core of the banking business, to the introduction of digital banking services, the
development of cooperation with fintech companies. So, according to the conducted research and
analysis sustainable financial ecosystems should be created on the basis of such principles:

e Client orientation;

+ Digital transformation of financial market players business models;

« Development of strategic partnership of financial institutions, especially banks, with

fintech companies;

 Introduction of "supportive regulation” aimed at the development of fintech ecosystem as

a part of sustainable financial ecosystem.

Ukraine follows global trends formed in the financial sphere. The National Bank of Ukraine
positions itself as the architect of the financial ecosystem (NBU, 2021). According to the Strategy of
Ukrainian Financial Sector Development until 2025, adopted by the National Bank of Ukraine (NBU,
2021), the Ukrainian financial ecosystem includes the following groups of participants:

» Expertise — market participants and state institutions, which create the basis for the
professional development of ecosystem participants;

* Regulation and control — state institutions that create rules for the interaction of ecosystem
participants and control compliance with these rules;

* Financial service providers — companies, state institutions that directly provide financial
products and services to consumers.

* Infrastructure and technology — companies and government institutions that provide
products, services and solutions for financial service providers and other participants of the financial
sector.

Sustainable financial ecosystem aims to satisfy customers™ needs by implementing innovative
approaches and technological solutions. In order to achieve SDGs and foster progress of the particular
country towards the sustainable development financial ecosystem should be up-to-date, innovative
and produce new mechanisms of financing prioritised projects not only economic but also ecological
and social ones. Thus it is required to create a sustainable financial ecosystem based on ESG approach
that will take into account present and future needs of the all its actors. It has to be consumer-oriented
as people welfare including welfare of next generations, the quality of life is a priority for sustainable
development. During the previous decades financial system of Ukraine was banks-oriented, banking
sector performed a vital role in it. In modern conditions of digitalisation banks have to change their
business models and they are shifted from the central position. It is worth noting that in order to build
a sustainable financial ecosystem in Ukraine, it is necessary to pay attention to the development of
fintech companies as an important component that meets the dynamic consumer demand in modern
conditions of digitalisation. On the basis of the conducted analysis it is important to conclude that
fintech companies have the growing importance in the transformation of financial ecosystem into the
sustainable one. So fintech companies should be considered as a separate part of the sustainable
financial ecosystem (fig. 5).
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Fig. 5. Model of a Sustainable Financial Ecosystem in Ukraine

Source: Created by the author on the basis of Halonen M. at al. (2022) Recommendations for how
Finland Can Develop Sustainable Finance at the National Level. Developing Finland’s Sustainable Finance
Ecosystems Reform/Sc2020/054 — Sustainable Finance Roadmap for Finland. May 2022. 43 P. Available at
https://tem.fi/en/developing-finlands-sustainable-finance-ecosystems. Retrieved 05 October 2023; NBU
(2021). Strategy of Ukrainian Financial Sector Development Until 2025. National Bank of Ukraine. Available
at https://bank.gov.ua/admin_uploads/article/Strateqy FS 2025 eng.pdf?v=4. Retrieved 28 May 2023;
Frolov, S.,Orlov, V., Lozynska, O. and Shukairi, F. (2021). Strategic and tactical benchmarks for restructuring
the financial system of Ukraine. Economics of Development, 20(1), 11-22. d0i:10.21511/ed.20(1).2021.02 .

An important role in the financial ecosystem is played by the expert environment, which
includes educational institutions, researchers, experts, the international professional community,
industry associations, business associations, which form the basis for the sustainable functioning of
the ecosystem. It is necessary to pay governmental attention to the development of education, to the
growth of state expenditures on R&D, which will contribute to the growth of the number of qualified
personnel and, accordingly, to strengthen the financial ecosystem in Ukraine. It should be noted that
a key role in the development of a sustainable financial ecosystem is played by the availability of
financial products and services for users, an extensive network of banks and other financial
intermediaries. The leading place is occupied by the development of the corresponding infrastructure,
as well as access to the Internet. The creation of a stable, client-oriented financial ecosystem will
contribute to the formation of inclusive economic growth of Ukraine and its sustainable development.
In order to increase the efficiency of the national financial ecosystem functioning, it is necessary to
continue working towards further integration into the global financial ecosystem, to strengthen
harmonization of the legislative framework.

The level of financial inclusion plays an important role in building a sustainable financial
ecosystem. An inclusive financial sector contributes to the economic growth of the state and the
achievement of sustainable development. The issue of financial inclusion is on the agenda in many
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countries of the world, including Ukraine. The basis for achieving financial inclusion is financial
literacy, free access of economic entities to a wide range of financial products and services, as well
as the development of innovations, in particular in the banking sector. The index of financial literacy
for Ukrainians is 12.3 points out of a possible 21 (USAID, 2021). The study was conducted for the
second time in Ukraine according to the OECD methodology, which made it possible to compare
indicators with other countries. Ukraine's result is slightly lower than the average (12.7). This
indicates the need for further work on the formation of financial literacy of the population at the

national level. National financial literacy strategies are already being implemented in more than 50

countries around the world. There is no doubt about the effectiveness of the national approach: among

the countries that were the first to organize their measures on the basis of the strategy, there are the
most leading countries in terms of financial literacy. To achieve a large-scale effect, it is necessary to
ensure the coordinated actions of financial market participants under the guidance of the regulator.

Improvement of the level of financial literacy of the population at the macro level will contribute to

the expansion of the range of consumers of banking and financial services.

An important step on the way to strengthening financial inclusion is not only educational work
among different segments of the population, but also measures designed to ensure the growth of
public trust in banking institutions and the banking system as a whole.

Conclusions. It should be mentioned that a necessary condition for financial inclusion and the
creation of a sustainable financial ecosystem in Ukraine is the stimulation of the development of
financial and banking innovations, which involves the introduction of new products and technologies,
the development of remote customer services, which contribute to the formation of loyalty to the
provider of financial services, as well as the growth of demand in the relevant market. It is worth
noting that the implementation of innovations depends precisely on the providers of financial
services, their initiative, creativity and readiness not only to satisfy the dynamic needs of consumers,
but also to anticipate them. Ukraine has already made some progress on the way to creating a
sustainable financial ecosystem. An important role in this is played by the National Bank of Ukraine,
which adheres to global regulatory trends. At the same time, in the conditions of global digital
transformation, the domestic banking system faces new challenges that require further work from
both the regulator and financial service providers, including banks, to transform their business models
in accordance with the needs of a digital society.
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Abstract. At the current stage of development, one of the most promising foreign trade
partners for Ukraine are the countries of Asian region, especially China, Japan and India. These
countries attract interest due to their unprecedentedly high growth rates and unconventional
development path. Development of a long-term program of cooperation between Ukraine and
countries of Asian region with determination of priorities and specific measures will contribute to
balancing foreign trade cooperation of countries and significantly increasing volume of trade in
industrial goods.

The following conclusions were drawn: due to existing structure of industrial production,
military operations taking place on the territory of our country, and other economic factors, Ukraine
will continue to export to China raw materials with low added value in near future, while imports
will be dominated by goods with high added value. Development of foreign economic cooperation
between Ukraine and India in medium term will not have significant changes, which indicates the
preservation of existing foreign trade structure. Also, today it is quite difficult for Ukraine to offer
Japan products of domestic industry with high added value. At the same time, our country can be
integrated into some production chains of Japanese industry thanks to cheap labor, territorial
proximity to huge EU sales market, etc. However, in order for this process to be complete and
irreversible, a necessary and mandatory condition is primarily the victory of Ukraine in the war with
russia, the implementation of relevant reforms, to create comfortable conditions for potential
investors in the post-war period.

Introduction. Foreign trade cooperation with other countries is one of the most important
components of Ukraine's foreign economic relations, especially in the conditions of “multipolar
globalization”, which involves searching for new sources of strengthening competitiveness, as well
as partners, in cooperation with which it would be possible to accelerate the modernization and
development of countries' economies.

Materials and Methods. The theoretical and methodological basis of the research is
primarily the scientific works of foreign scientists. The research was carried out using critical and
scientific analysis, methods of scientific generalization and systematization, induction and deduction,
and the conclusions and recommendations were based on an integrated approach.

Results and Discussion. Many scientific publications are devoted to the issue of foreign
trade cooperation of Ukraine with countries of Asian region, in particular Hal'perina L. & Shapoval
A. [1], Honcharuk A. [2], Yingying Li, Zakharin S. & Volosiuk M. [3], Kiktenko V. [4], Korablin S.
[5], Kurnyshova Yu. [6], Majko V. [7], Medvedkina E. [8], Mernikov H. [9], Sidenko S., Nevhad A.

[10], Khomutenko L. & Tereshchenko A. [11], Shevchuk I. [12] etc. At the same time, questions
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regarding directions of diversification of Ukrainian industrial products in conditions of multipolarity
of world trade were left out of the study.

In 2021, the total turnover of Ukraine increased by 46.3% to 135.8 billion US dollars
compared to 2017. At the same time, domestic exports in 2021 amounted to 65.9 billion US dollars,
which is 1.5 times more than in 2017, and imports during this period increased by 41.5% to 69.9
billion US dollars. During 2017-2021, the trade balance was negative and ranged from USD 10.8
billion in 2019 to USD 4.0 billion in 2021 (fig. 1).
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Fig. 1. Dynamics of foreign economic activity of Ukraine in 2017-2021, billion US dollars
Source: [13]

The analysis of the above data shows that Ukraine is sufficiently integrated into world
economy and has fairly stable foreign economic relations, which annually ensure positive dynamics
of foreign trade turnover [14]. At the same time, such integration leads to an increase in dependence
of the national economy on external influences and actualizes issue of creating a geo-economic
strategy for development of state as a full-fledged subject of global economic processes with aim of
increasing effectiveness of multilateral cooperation and wider participation in international and
regional integration projects. At the current stage of development, one of the most promising foreign
trade partners for Ukraine are countries of Asian region, especially China, Japan and India. These
countries attract interest due to their unprecedentedly high growth rates and unconventional
development path. Following the path of economic reforms, countries of this region set themselves
the goal of finally establishing themselves as world economic leaders by 2050. Therefore,
development of a long-term cooperation program of Ukraine with countries of Asian region, with the
determination of priorities and specific measures, will contribute to balancing foreign trade
cooperation of countries and significantly increasing the volume of trade in industrial goods.

Among countries of Asian region, the largest volumes of foreign trade operations in recent
years were observed with the People's Republic of China (PRC), India and Japan (table 1).
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So, today the PRC is developing at a fast pace compared to other Asian countries and shows
better prospects for development. Moreover, the rapid growth of the Chinese economy has prompted
active discussions around the issue of China's global economic leadership in the near future.

Among the main factors affecting China's economic growth are: cheap labor force;
undervalued yuan; “technology in exchange for the market”; sustainability and stability of the
political system; gradualist approach to reforms; export-oriented industrial policy [15].

Table 1

Foreign trade operations of Ukraine with the countries of the Asian region in 2020-
2021, million dollars. USA

KpaiHa 2020 2021

Export Import Balance Export Import Balance
Bangladesh 354,9 97,6 257,3 250,5 123,3 1272
Vietnam 182,4 462,4 -280,0 278,6 565,2 -286,6
China 7107,3 8357,2 -1249,9 7992,5 10637,8 -2645,3
India 1971,9 7214 1250,5 2513,8 934,5 1579,3
Indonesia 733,7 278,6 455,1 734,9 414,6 320,3
Japan 181,7 1075,1 -893,4 3415 1213,5 -872,0
North Korea 3515 497,1 -145,6 267,3 676,4 -409,1
Malaysia 181,1 230,7 -49,6 136,4 276,4 -140,0
Mongolia 23,1 0,3 22,8 25,1 0,3 24.8
Pakistan 331,0 80,7 250,3 572,6 91,9 480,7
Philippines 169,9 49,1 120,8 107,5 65,3 42,2
Singapore 123,1 45,6 77,5 21,8 46,2 -24.4
Thailand 164,5 193,7 -29,2 262,9 252,1 10,8
Sri Lanka 35,6 36,7 -1,1 23,3 37,6 -14,3
In total 119117 12126,2 -214,5 13528,7 15335,1 -1806,4

Source: Made according to the data: [13]

For quite a long period, cheap labor ensured the low cost of Chinese goods. Undervalued
exchange rate of the yuan gave Chinese goods additional competitive advantages. In particular, until
1974, the exchange rate of the yuan against foreign currencies was set mainly through the pound
sterling, as well as the Hong Kong dollar. Since August 1974, the daily quotation of the yuan against
the US dollar and other currencies on the basis of a currency basket was introduced. Since 1994,
Beijing has fixed the yuan exchange rate at USD 1 / RMB 8.27. In this regard, leading countries of
the world accused China of undervaluing the exchange rate and accumulating foreign exchange
reserves, which serve as a tool for stimulating export-oriented growth and provide additional
competitive advantages to Chinese goods.

Also, in the early 1990s, Chinese authorities declared a policy of “technology in exchange
for the market”, which provided for opening of part of the Chinese market to MNCs in exchange for
the transfer of foreign technologies to China. Taking advantage of cheap labor, Western MNCs
massively moved their production, and later their research centers, to China. Today, China operates
53 high and new technology zones, more than 70 scientific and technical zones for specialists who
received education abroad.

The gradualist approach to reforms also had an important impact on the economic growth of
the Chinese economy. So, when starting systemic reforms, China started them not with political, but
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with market transformations, maintaining an authoritarian political system to minimize political risks.
The evolutionary path of development was taken as a basis - the implementation of programs and
plans stretched over a long time. Market forms of economic integration were gradually introduced
into the economy. The formation of private sector took place from scratch, and not as a result of large-
scale privatization.

However, the most important factor in China's prosperity is considered to be the successful
implementation of the foreign trade policy, which not only radically affected China's foreign
economic position, but also became the driver of its rapid internal economic transformations and
reforms in country. In 1978, China began implementation of a reform policy aimed at openness to
outside world, construction of a socialist market economy and creation of a “small welfare” society
[16, pages 54-55]. The Chinese government has allowed international trade and foreign direct
investment. Such initiatives raised the standard of living for majority of the Chinese population and
later made it possible to support comprehensive reforms [15].

In general, evolution of China's trade development strategy can be divided into two stages:
before joining the WTO and after. At the stage “before joining the WTO” (1980-2001), China's trade
development strategy consisted of four periods. The first period (1980—-1983) was characterized by
import substitution and marginal export stimulation. Stimulation of exports, neutralizing import
substitution (1984—-1990) was characteristic for the second period of implementation of China's trade
development strategy. In the third period (1991-1993), export promotion and foreign trade
liberalization were observed. During the fourth period (1994-2001), radical trade liberalization took
place.

In “after joining the WTO” stage, China transformed its previous trade development strategy
with an emphasis on import substitution into a more balanced one aimed at ensuring sustainable
development, domestic and external demand, coordinated import and export trade.

According to developed strategy of economic development, from 2001 until now, China is
going through three stages, in particular: “fulfilling WTO obligations and continuing trade
liberalization” (2001-2005); “adaptation of trade policy and transformation of the growth model”
(2006-2008); “recovery after global financial and economic crisis” (2008 — until now) [16, page 55].
At the same time, the adjustment of trade policy helped China to successfully exit the 2009 crisis and
improve indicators of foreign economic activity. With the gradual recovery of the world economy
and external demand, China's foreign trade began to grow rapidly. Thanks to a positive trade balance
over the past few years, China has become the largest exporter in the world and ranked second among
the world's largest importers. Despite the strict policy, the country is quite open to foreign trade, the
share of which in 2020 was 34.5% of China's GDP.

Trade and economic cooperation between Ukraine and the People's Republic of China
(PRC) in recent years has been characterized by steady growth in the volume of bilateral trade (fig.
2).
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Fig. 2. Dynamics of trade in industrial goods between Ukraine and the People’'s Republic of
China in 2017-2021, million US dollars
Source: [17]

In particular, the volume of foreign trade turnover in 2021 amounted to 18,630.3 million US
dollars, which is 2.4 times more than in 2017 (7,771.6 million US dollars) and 20.5% more than in
2020 (15,464.5 million USD). The volume of exports in 2021 increased by 3.8 times compared to
2017 and by 12.5% compared to 2020. In 2021, there was also an increase in import volumes by 1.9
times compared to 2017, and by 1.3 times compared to 2020 to 10,637.8 million USD. It is worth
noting that during 2017-2021 the balance of the trade balance was negative, despite the fact that in
2021 its volumes decreased by 24.7% compared to 2017.

The main groups of industrial goods exported to the PRC in 2021 were the following
(46.0%): 26 Ores, slag and ash (2,960.1 million USD or 37.0%); 72 Ferrous metals (321.6 million
USD or 4.0%); 84 Nuclear reactors, boilers, machines, equipment and mechanical devices; their parts
(268.5 million USD or 3.4%); 44 Wood and wood products, charcoal (126.3 million USD or 1.6%).

In import structure of industrial goods of the PRC to Ukraine in 2021, the following product
groups prevailed: (82.0%): 85 Electric machines, equipment and their parts; equipment for recording
or reproducing sound, television equipment for recording and reproducing images and sound, their
parts and accessories (2,736.8 million USD or 25.7%); 84 Nuclear reactors, boilers, machines,
equipment and mechanical devices; their parts (2057.7 million USD or 19.3%); 87 Vehicles of land
transport, except railway or tram rolling stock, their parts and equipment (508.4 million USD or
4.8%); 39 Plastics, polymeric materials and products thereof (425.7 million USD or 4.0%); 38
Various chemical products (342.3 million USD or 3.2%); 64 Shoes, gaiters and similar products; their
parts (335.3 million USD or 3.2%); 90 Optical, photographic, cinematographic, control, measuring,
precision devices and apparatus; medical or surgical; their parts and accessories (329.8 million USD
or 3.1%); 29 Organic chemical compounds (289.4 million USD or 2.7%); 72 Ferrous metals (286.0
million USD or 2.7%); 95 Toys, games and sports equipment; their parts and accessories (281.8
million USD or 2.6%); 94 Furniture, bedding, mattresses, mattress bases, sofa cushions and similar
stuffed furniture, lamps and lighting fixtures, not elsewhere specified; light pointers, scoreboards and
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similar products; prefabricated building structures (270.8 million USD or 2.5%); 40 Rubber, rubber
and products thereof (252.4 million USD or 2.4%); 73 Ferrous metal products (241.5 million USD or
2.3%); 30 Pharmaceutical products (240.5 million USD or 2.3%); 76 Aluminum and its products
(124.8 million USD or 1.2%).

If we compare the volumes of export and import of industrial goods between Ukraine and
the People's Republic of China, it can be seen that in export structure of industrial products (46.0%)
in 2021, raw materials prevailed, in particular ores, slag and ash (37.0%), in while in import structure
of Chinese industrial goods, we can see goods with a high added value, in particular from electrical
machines, boilers and machines, to toys, and even ferrous metals produced in Ukraine.

It should be noted that due to the full-scale invasion of the russia into Ukraine, the volume
of foreign trade turnover between Ukraine and the People's Republic of China decreased by 41.3% in
2022 compared to 2021 and amounted to 11.1 billion USD. At the same time, according to the results
of 2022, export volumes decreased by 68.9% compared to 2021 —to 2.5 billion USD, and the volume
of imports — by 21.2% — up to 8.7 billion USD. Ukraine's losses in foreign trade with the PRC due to
the large-scale invasion of the russia by the end of 2022 amounted to 7.8 billion USD.

Unlike our country, the PRC benefited from the russian large-scale invasion of Ukraine. In
particular, after the introduction of sanctions by Western countries, China continued to buy oil and
natural gas from the russia at preferential prices. It is confirmed by data on the growth of China's
trade with the russia from March 2022 to September 2022, provided by the New York Times [18]. In
particular, the average monthly import of goods from the russia to the PRC during March-September
2022 increased by 98% compared to the corresponding average monthly imports from the russia to
the PRC during 2017-2021. The above shows that in the future the trade policy of Ukraine in terms
of concluding free trade agreements or investment agreements should take into account the trade
policy of the PRC during the war in Ukraine.

India is one of the countries of Asian region, which is one of the most promising foreign
trade partners of Ukraine. Despite the fact that India is a developing country, it is the world's third
largest economy in terms of GDP, showing the highest growth rates’ among the world's largest
economies in recent years. The services sector accounts for the largest share in India's GDP (more
than 55%). India is a significant exporter of IT and business outsourcing services. The second place
in terms of contribution to GDP belongs to agriculture (almost 30%), in which almost half of the
country's labor resources are employed, which indicates the low productivity of the industry?®.
Industry provides 16% of country's GDP. The automotive industry is the most promising, thanks to
the significant investment in production made by global giants such as Hyundai, Ford, Nissan and
Renault. The Indian car market is currently the fifth largest in the world by sales volume and could
surpass markets of Japan and Germany [19]. The main drivers of growth in recent years have been
private consumption and exports.

The volume of foreign trade turnover between Ukraine and India in 2021 amounted to
3,448.3 million USD, which is 24.6% more than in 2017 and 28.0% more than in 2020 (Table 2).

7 India's GDP grew at 6-8% during 2013-2018.
8 According to FAO estimates, at least 40% of vegetables and fruits spoil on the way to consumers.
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Table 2
Dynamics of trade in goods between Ukraine and India in 2017-2021, million USD

Indicator Year
2017 2018 2019 2020 2021
Commodity 27673 2792,6 2761,1 2693,3 34483
circulation
Export 2206.2 2175.9 2019.9 1971,9 2513,8
Imports 561,1 616,7 7412 7214 9345
Balance 1645,1 1559,2 1278,7 1250,5 1579,3

Source: [17]

The volume of exports in 2021 increased by 13.9% compared to 2017 and by 27.5%
compared to 2020. Also, an increase in imports was observed during the studied period. In particular,
in 2021, import volumes increased by 66.5% compared to 2017, and by 29.5% compared to 2020.
During 2017-2021, the balance of the trade balance was positive, ensuring a positive impact on the
domestic economy.

The main groups of industrial goods exported to India in 2021 were the following (16.2%):
31 Fertilizers (316.0 million USD or 12.6%); 84 Nuclear reactors, boilers, machines, equipment and
mechanical devices; their parts (58.0 million USD or 2.3%); 44 Wood and wood products, charcoal
(32.2 million USD or 1.3%).

In the structure of imports of Indian industrial goods to Ukraine in 2021, the following
product groups prevailed (73.8%): 30 Pharmaceutical products (241.2 million USD or 25.8%); 27
Mineral fuels; oil and products of its distillation; bituminous substances; mineral waxes (151.3
million USD or 16.2%); 29 Organic chemical compounds (60.5 million USD or 6.5%); 85 Electric
machines, equipment and their parts; equipment for recording or reproducing sound, television
equipment for recording and reproducing images and sound, their parts and accessories (50.7 million
USD or 5.4%); 84 Nuclear reactors, boilers, machines, equipment and mechanical devices; their parts
(US$50.2 million or 5.4%); 40 Rubber, rubber and products thereof (33.4 million USD or 3.6%); 38
Various chemical products (29.4 million USD or 3.2%); 87 Means of land transport, except for
railway or tram rolling stock, their parts and equipment (25.2 million USD or 2.7%); 72 Ferrous
metals (27.7 million USD or 2.6%); 39 Plastics, polymeric materials and products from them (22.8
million USD or 2.4%).

It can be seen from the above that in the export structure of domestic industrial products to
India in 2021, raw materials prevailed, and the share of goods with high added value was insignificant.
At the same time, the import structure of Indian industrial goods was dominated by goods with high
added value.

Due to the full-scale invasion of the russia, according to the results of 2022, the volume of
foreign trade turnover between Ukraine and India is characterized by a downward trend. So, in
particular, the volume of foreign trade turnover in 2022 decreased compared to 2021 by 25.5% and
amounted to 2,574.7 million USD. At the same time, according to the results of 2022, export volumes
decreased by 64.2% compared to 2021 — to 892.7 million USD, while import volumes — on the
contrary — increased by 75% — to 1,682.0 million USD. Ukraine's losses in foreign trade with India
due to the large-scale invasion of the russia in 2022 amounted to 881.0 million USD. However, if we
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take into account the positive dynamics observed in recent years, the losses from russian aggression
may be even greater.

Compared to Ukraine, India, and PRC, also benefited from the large-scale russian invasion
of Ukraine. In particular, the average monthly import of goods from the russia to India during March-
September 2022 increased by 430% compared to the corresponding average monthly imports from
the russia to India during 2017-2021. At the same time, the average monthly export of goods from
India to the russia increased by 19% compared to the average monthly exports of India to the russia
during 2017-2021. For comparison, since the beginning of the full-scale invasion of the russia in
Ukraine, the USA has reduced the corresponding average monthly exports to the russia by 84%, and
import — by 20% [20, pp. 97-98]. Accordingly, in the future, Ukraine's trade policy in terms of
concluding free trade agreements or investment agreements should take into account India's trade
policy during the war in Ukraine.

Japan is one of the largest and most important trading partners for many WTO members.
This country ranks fourth in the world in terms of import and exports volume of goods and services,
is a leader in the field of production and innovation, and actively participates in global value chains.
The volume of foreign trade turnover between Ukraine and Japan in 2021 was 1,555.0 million USD,
which is 68.5% more than in 2017 and 23.7% more than in 2020 (fig. 3).
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Fig. 3. Dynamics of trade in industrial goods between Ukraine and Japan in 2017-2021,
million USD
Source: [17]

The volume of exports to Japan in 2021 increased by 56.7% compared to 2017 and by 87.9%
compared to 2020. The volume of imports of Japanese goods in 2021 increased by 72.1% compared
to 2017, and by 12.9% compared to 2020. During 2017-2021, the balance of the trade balance was
negative.

The main groups of industrial goods exported to Japan in 2021 were the following (61.9%):
26 Ore, slag and ash (147.8 million USD or 43.3%); 76 Aluminum and its products (25.5 million
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USD or 7.5%); 44 Wood and wood products, charcoal (19.6 million USD or 5.7%); 38 Various
chemical products (5.7 million USD or 1.7%); 72 Ferrous metals (4.2 million USD or 1.2%); 81 Other
base metals; ceramet; products from them (3.5 million USD or 1.0%); 84 Nuclear reactors, boilers,
machines, equipment and mechanical devices; their parts (2.5 million USD or 0.7%); 28 Products of
inorganic chemistry; inorganic or organic compounds of precious metals, rare earth metals,
radioactive elements and isotopes (2.4 million USD or 0.7%).

In the structure of imports of Japanese industrial goods to Ukraine in 2021. the following
product groups prevailed: (92.1%): 87 Means of land transport, except railway or tram rolling stock,
their parts and equipment (794.0 million USD or 65.4%); 90 Optical, photographic, cinematographic,
control, measuring, precision devices and apparatus; medical or surgical; their parts and accessories
(107.4 million USD or 8.8%); 84 Nuclear reactors, boilers, machines, equipment and mechanical
devices; their parts (87.0 million USD or 7.2%); 85 Electric machines, equipment and their parts;
equipment for recording or reproducing sound, television equipment for recording and reproducing
images and sound, their parts and accessories (48.7 million USD or 4.0%); 30 Pharmaceutical
products (45.2 million USD or 3.7%); 40 Natural rubber, rubber and products thereof (35.6 million
USD or 2.9%).

It can be seen from the above that in the structure of exports of domestic industrial products
to Japan in 2021, raw materials prevailed, and the share of goods with high added value was
insignificant. At the same time, goods with a high added value prevailed in the structure of imports
of Japanese industrial goods.

Due to the full-scale invasion of the russia, according to the results of 2022, the volume of
foreign trade turnover between Ukraine and Japan is also characterized by a downward trend. In
particular, the volume of foreign trade turnover in 2022 decreased by 52.2% compared to 2021 and
amounted to 752.1 million USD. At the same time, according to the results of 2022, export volumes
decreased by 69.0% compared to 2021 —to 107.8 million USD, and the volume of imports — by 47.5%
—to 644.3 million USD. Ukraine's losses in foreign trade with Japan due to the full-scale invasion of
the russia in 2022 amounted to 822.4 million USD.

Conclusions. The article analyzes the main vectors of Ukraine's foreign trade cooperation
with the countries of the Asian region and establishes that, in the conditions of the russian-Ukrainian
war, these vectors are significantly influenced by political factors and separate bilateral russian-
Chinese and russian-Indian foreign trade relations and economic cooperation. It is shown that the
main challenges for the domestic trade policy in relations with the PRC and India are a significant
increase in the volume of trade of these countries with the russia in 2022 due to the purchase of russian
oil and natural gas, which have come under the sanctions of Western countries.

In general, due to the existing structure of industrial production, military operations taking
place on the territory of our country, and other economic factors, in the near future, Ukraine will
continue to export low-value-added raw materials to China, while imports will be dominated by high-
value-added goods.

The development of foreign economic cooperation between Ukraine and India in the
medium term will not have significant changes, which indicates the preservation of the existing
foreign trade structure.

Today, it is quite difficult for Ukraine to offer Japan products of domestic industry with
high added value. At the same time, our country can be integrated into some production chains of
Japanese industry thanks to cheap labor, territorial proximity to the huge EU sales market, etc.
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However, in order for this process to be complete and irreversible, a necessary and mandatory
condition is primarily the victory of Ukraine in the war with russia, the implementation of relevant
reforms, to create comfortable conditions for potential investors in the post-war period.
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BOTTOM SEDIMENTS OF THE RESERVOIRS IN THE LOWER REACHES OF THE
SOUTHERN BUG RIVER AS A DEPOT OF ANTHROPOGENIC RADIONUCLIDES
Kostiantyn Grygoriev, Liudmyla Grygorieva*, Olena Makarova
Petro Mohyla Black Sea National University, Mykolaiv, Ukraine;
*Corresponding author: ludmila.grygorieva@chmnu.edu.ua

Abstract.The article presents the materials of radioecological studies of the authors on the
accumulation capacity of bottom sediments in relation to radioactive substances entering the
Southern Bug River during discharges from the South Ukrainian NPP. The aim of the study was to
investigate the properties of bottom sediments in the channel reservoirs of the lower reaches of the
Southern Bug River (Tashlyk and Oleksandrivske reservoirs) in terms of radionuclides retention.

The article analyses the content of radionuclides in water and bottom sediments of the Tashlyk
and Oleksandrivske reservoirs. The coefficients of accumulation of radionuclides in the bottom
sediments of these reservoirs were calculated. Differences between the Tashlyk and Oleksandrivske
reservoirs were found in a number of hydrochemical parameters: temperature, hydrogen, alkalinity,
dry residue, and dissolved oxygen. It is shown that these differences between the hydrochemical
differences of the Tashlyk and Oleksandrivske reservoirs determine significantly lower coefficients of
radionuclide accumulation in the bottom sediments of the Tashlyk reservoir. The presence of an
inverse linear relationship between water salinity and the values of *’Cs and **Cs accumulation
coefficients in the sediments of the Tashlyk and Oleksandrivske reservoirs was established, and a
regression equation was determined that allows estimating the accumulation coefficient of cesium
radioisotopes in sediments depending on water salinity.

Introduction. Monitoring of bottom sediments plays a crucial role in assessing the ecological
state of water bodies in general and adjacent areas, as the average composition of bottom sediments
can reflect the composition of the humus soil horizon of the water body basin. Therefore, most studies
on radioecological monitoring of water bodies are devoted to bottom sediments [2-4]. Water bodies
are constantly undergoing metabolic processes that make up a single exchange system, which
includes water and bottom sediments. Bottom sediments, which are a direct source of accumulation,
play an important role in the formation of a qualitative assessment of water and coastal areas, as well
as the content of toxic substances in it. Changes in the physical, chemical and other conditions of the
aquatic environment can lead to an imbalance in the sediment-water system, which can cause
secondary pollution of the water body, even in the absence of sources of pollutants from the outside
[1]. This demonstrates the relevance of conducting monitoring studies of both industrially loaded and
conditionally clean water bodies. In this context, a special role should be given to the study of bottom
sediments of surface water bodies in the lower reaches of the Pivdennyi Buh River and their ability
to accumulate and retain radioactive substances entering the Pivdennyi Buh River during discharges
from the South Ukrainian NPP. The aim of the study was to investigate the properties of bottom
sediments of the channel reservoirs in the lower Pivdennyi Buh River (Tashlyk and Oleksandrivske
reservoirs) in terms of radionuclide retention.

Materials. The study materials were the official materials of the Energoatom Company on
radionuclide discharges from SUNPP (1982-2020) [5], the results of radioecological researches by
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the authors. The Tashlyk and Oleksandrivske reservoirs belong to the South Ukrainian Energy
Complex. The Tashlyk Reservoir is intended to serve as a cooler for water coming from the NPP.
After the Tashlyk Reservoir, the water enters the Oleksandrivske Reservoir, which in turn is
connected to the Southern Bug River.

Results and Discussion. The content of radionuclides in the water of the reservoirs in the
period from 1991 to 2017 is shown in Tables 1, 2.

Table 1.
Radionuclide concentrations in water, Bqg/l
Reservoir ) )

Radionuclide 2013 year 2014 year 2017 year 2021 year
3H 1,66E+02 1,61E+02 1,66E+02 1,66E+02
Tashlyk 0gy 4,30E-02 3,54E-02 4,30E-02 4,30E-02
Reservoir 134Cs 9,05E-03 9,05E-03 9,05E-03 9,05E-03
137Cs 1,14E-02 1,16E-02 1,14E-02 1,14E-02
3H 1,40E+01 1,53E+01 1,40E+01 1,40E+01
Oleksandrivske 90gy 2,42E-02 2,59E-02 2,42E-02 2,42E-02
Reservoir 134Cs 6,90E-03 7,51E-03 6,90E-03 6,90E-03
187Cs 9,30E-03 9,80E-03 9,30E-03 9,30E-03

Table 2.

Maximum concentrations of radionuclides in water ( C' ) of water bodies for the
period 1991-2020, Bg/I

Reservoir o w05, | Sipin 108mp | 110mp | 103,106 co | 8Co 3
g g Ru
RTashlylf 0,20 | 0,20 | 0,20 | 0,05 | 1,12 0,8 0,1 0,09 | 0,15 270
eservoir
Oleksandrlyske 0,09 | 010 | 010 _ _ _ _ _ _ 60
Reservoir

The content of radionuclides in the bottom sediments of the reservoirs is shown in Table 3.
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Table 3.
Radionuclides content in sediments, Bg/kg
Reservoir 90gy 137Cs 134Cs 80Co 5Mn

2017 | 2021 | 2017 |2021| 2017 | 2021 | 2017 | 2021 | 2017 | 2021

year | year | year | year | year | year | year | year | year | year

Tashlyk 200 |362| 539 | 48 | 090 | 029 | 051 |065| 039 | 042
Reservoir

Oleksandrivske | 4 10 | 119 | 107 |o065| 075 | 062 | 052 | 044 | 037 | 074
Reservoir
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The tables show that the content of radionuclides in the sediments has changed. Based on the
data from the previous tables, the accumulation coefficients of radionuclides in sediments were
calculated and presented in Tables 4 and 5.

Table 4.
. .. . . . i Bk/kg
Accumulation coefficients of radionuclides by sediments Kyottom: BRy
1
Reservoir 2013 year 2014 year 2017 year 2021 year
137Cs 134CS 137CS 134CS 137CS 134CS 137CS 134CS
Tashlyk
) 38 33 40 32 44 30 50 28
Reservoir
Oleksandrivske
) 94 51 77 56 82 68 82 59
Reservoir

Based on the data of Tables 2 and 3, the accumulation coefficients of radionuclides by sediments were
calculated and presented in Table 5.

Table 5.
. .. . . . i Bk/kg
Accumulation coefficients of radionuclides by sediments Kytom - TR,
1
Reservoir %0g, 54\ 108nA g 110mAG | 103Ry 106Ry | 57Co 8Co
Tashlyk Reservoir 150 250 580 430 420
Oleksandrivske Reservoir 120 320 600 420 400
Average value by reservoirs | 135435 | 270+50 590+20 425410 | 410410

Figure 1 shows a graphical comparison of the chemical composition of the Tashlyk and
Oleksandrivske reservoirs. There is a difference between the Tashlyk and Oleksandrivske reservoirs in
terms of a number of hydrochemical parameters. As can be seen, the Tashlyk Reservoir, in particular
due to its higher water temperature (average value of 12.1 = 2.2 °C) compared to the temperature regime
of the Oleksandrivske Reservoir (average value of 7.8 + 1.1 °C), is characterised by higher pH and
alkalinity values throughout the year:

- for the Tashlyk Reservoir, the hydrogen pH varied from 8.4 to 9.2 units, and for the
Oleksandrivske Reservoir, the pH varied from 8.3 to 8.4 units, the difference was 10%;

- for the Tashlyk Reservoir, the alkalinity was in the range of 20-25 mg-eg/I, and for the
Oleksandrivske Reservoir, the alkalinity was in the range of 5.2-5.7 mg-eq/I, the difference was up to
5 times.
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There is also a significant difference between the values of total hardness and dry residue for
these reservoirs. Thus, for the Oleksandrivske reservoir, the dry residue of water samples averaged
572+12 mg/l, while for the Tashlyk reservoir it was 1100+57 mg/l. As you know, dry residual water
is an indicator that characterises the amount of dissolved substances, primarily mineral salts, in 1 litre
of water. This parameter determines the total amount of mineral inorganic salts of calcium,
magnesium, potassium, sodium, heavy metals dissolved in water, as well as a large percentage of
organic substances. This parameter is used primarily to determine the overall mineralisation of water.
In other words, the waters of the Tashlyk Reservoir are highly mineralised. This usually prevents the
accumulation of toxicants, including radioactive ones, by the biota of the reservoir ecosystem, and
thus will prevent the deposition of these toxicants by the reservoir sediments.

This explains the lower values of ¥’Cs and 3*Cs accumulation coefficients in the bottom
sediments of the Tashlyk Reservoir compared to the corresponding values of the Oleksandrivka
Reservoir (see Tables 4, 5).

The relationship between water salinity (dry residue) and the values of ¥’Cs and !34Cs
accumulation coefficients in the bottom sediments of the Tashlyk and Oleksandrivske reservoirs was
analyzed (Fig. 2). The results showed a linear relationship (r = 0.98), and the regression equation with
a determination coefficient R? = 0.92, is as follows:

kS iom = —10,179C + 101,43
Kioom — IS the coefficient of cesium radioisotopes accumulation by bottom sediments; C is the dry
water residue, mg/I.

100
0 Pl k=-10.179C + 101.43
S8 M e R2=0.92
7 N BN .
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t« B B OB o
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Fig. 2. Relationship between water salinity (dry residual) and '¥’Cs and **Cs accumulation

coefficients in the bottom sediments of the Tashlyk and Oleksandrivske reservoirs

The presence of dissolved oxygen in water is an important factor that significantly affects the
processes of water quality formation and the state of aquatic ecosystems. Determining the oxygen
regime of surface waters is an important component of assessing the state of aquatic ecosystems and
catchment areas. The concentration of dissolved oxygen in water is one of the main integral indicators
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that characterize the quality of surface water as one of the most valuable natural resources. The
participation of oxygen in the processes of biological, chemical, physical and mechanical self-
purification of water bodies indicates that the assessment of dissolved oxygen concentration is of
great practical and general scientific importance. Oxygen plays an important role not only in
maintaining existing life forms in various water bodies, but also in the transformation of substances
that enter surface waters with wastewater from urbanized and industrial areas, as well as with runoff
from agricultural and livestock complexes. In recent years, due to increased anthropogenic pressure,
the oxygen regime of many rivers, reservoirs, canals and lakes in Ukraine has become increasingly
stressed, with the frequency and duration of frost events increasing, and a significant amount of
dissolved oxygen being consumed by the decomposition (destruction) of easily oxidized organic
substances. The concentration of dissolved oxygen in water is one of the most important
hydrochemical parameters that determines the intensity of redox biochemical processes in water
bodies. Therefore, the oxygen regime and the oxygen content in water and its dynamics are often
taken as an integral indicator of the state of aquatic ecosystems and water quality in them.

For these reservoirs, there is also a difference between the dissolved oxygen in the water of
the reservoirs (Fig. 3). In our opinion, this also affects the processes of accumulation and retention of
radionuclides by the bottom sediments of the reservoirs, which also justifies lower values of these
coefficients for the Tashlyk Reservoir compared to the Oleksandrivske Reservoir.

12 m Tashlyk Reservoir ~ m Oleksandrivske Reservoir

2009 2010 2011 2012 2013 2014 2017 2020
year year year year Yyear year year Yyear

1

o

oo

(op]

SN

N

o

Fig. 3. Difference between the level of dissolved oxygen in the water of Tashlyk and

Oleksandrivske reservoirs

Bk k
Conclusions. The accumulation coefficients of '*Cs (38+5 Bl{}‘g) 134Cs (36+8 Bk 7 8 are 2.5

times lower than the corresponding accumulation coefficients for the Oleksandrivka Reservoir (78+5

Bk Bk
131{ /g 7247 Bl{;‘g for 3’Cs and *3Cs, respectively). This may indicate a gradual loss of the

accumulation capacity of sediments to retain radiocaesium.
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The difference between the Tashlyk and Oleksandrivske reservoirs was established by a
number of hydrochemical parameters:

—by temperature: the Tashlyk Reservoir is characterised by a higher average annual water
temperature (12.1 = 2.2 °C) compared to the temperature regime of the Oleksandrivske Reservoir (7.8
+1.1°);

— in terms of hydrogen pH: for the Tashlyk reservoir, the pH level (8.3-8.4 units) is 10% lower
than for the Oleksandrivske reservoir (8.4-9.2 units);

—in terms of alkalinity: for the Tashlyk reservoir, the alkalinity is 5 times higher (20-25 mg-
eg/l) than for the Oleksandrivske reservoir (5.2-5.7 mg-eqg/l),

—on the dry residue (total mineralisation) of water: for the Tashlyk Reservoir, the dry residue
(1100457 mg/l) 1s 2 times higher than for the Oleksandrivske Reservoir (57212 mg/l);

—for dissolved oxygen in the water of the reservoirs: in the Tashlyk reservoir, this indicator is
10-20% lower than in the Oleksandrivske reservoir.

These differences between the hydrochemical differences between the Tashlyk and
Oleksandrivske reservoirs determine significantly lower coefficients of radionuclide accumulation by
the bottom sediments of the Tashlyk reservoir. Thus, in particular, the presence of an inverse linear
relationship (r=-0.98) between water salinity (dry residual) and the values of *¥Cs and **Cs
accumulation coefficients in the sediments of the Tashlyk and Oleksandrivske reservoirs was
established, and a regression equation (R?=0.92) was determined that allows estimating the
coefficient of accumulation of cesium radioisotopes in sediments depending on water salinity.
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IMPLEMENTATION OF THE EU DIRECTIVE 2002/49 IN UKRAINIAN
LEGISLATION: EXPERIENCE IN THE CIVIL AVIATION SECTOR
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*Corresponding author: kazhank@gmail.com

Abstract. The prospective of the EU Directive 2002/49 implementation in Ukrainian
legislation has been considered. The paper demonstrates the practical aspects of implementing
specific provisions of the Directive 2002/49 using the example of civil aviation in Ukraine and
analyses the gaps and inconsistencies in current legislative and regulatory acts. The main areas of
Directive application and its advantages have been analysed. At this stage of Eurointegration in
Ukraine, there is a need to implement a national-level legislative act that aligns with EU Directive
2002/49. Such a legislative act should create the political preconditions for managing major noise
sources and harmonizing EU requirements in the field of noise management with those of Ukrainian
legislation. The use of a unified methodology and harmonized criteria for noise assessment will allow
stakeholders to gain correct information for objective analysis of different noise sources and their
impact on human health. This approach facilitates the effective comparison of various modes of
transportation and the identification of priority measures to reduce noise and its negative effects on
the population. Furthermore, the development of noise action plans enables the implementation of
specific measures for noise regulation and the promotion of policies aimed at improving the quality
of life for citizens by reducing noise pollution.

Introduction. The European Environment Agency (EEA) reports (EEA, 2020) that over 100
million European residents suffer from the negative impact of noise, which has harmful consequences
for health. It is found that 20% of the EU population resides in areas where noise levels are deemed
detrimental to health. This includes over 22 million individuals who fall into the high-annoyance
group, 6.5 million people experiencing significant sleep disturbance, more than 48,000 people
afflicted with heart disease, and over 12,000 cases of premature mortality. Additionally, it is estimated
that there could be more than 12,500 cases of cognitive impairment in children as a potential
consequence of noise exposure each year. Thus, noise has become one of Europe's major
environmental problems, and in order to improve overall health and protect the environment, EU
Directive 2002/49 relating to the assessment and management of environmental noise was introduced
to manage noise from the main sources: road traffic noise, railway noise, industrial noise, and aircraft
noise (EP&CEU, 2002). The document proposes a unified methodology and harmonized assessment
criteria are introduced for these noise sources.

Since Directive 2002/49 includes recommendations for assessing the effectiveness of noise
reduction measures every 5 years, many EU countries have already gone through several cycles of
implementing the Directive (EP&CEU, 2002). Therefore, at this stage, it is possible to evaluate its
achievements and shortcomings, as well as examine how associated EU member countries have
adapted to the requirements of this document. In 2021, the Agreement on the Common Aviation Area
was ratified in Ukraine, marking the first time among international Eurointegration commitments that
the implementation of Directive 2002/49 was included. Indeed, noise management issues should not
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be limited to the aviation industry alone. However, considering that the aviation sector is often at the
forefront of innovation, it is logical to use the implementation of noise reduction measures as a case
study for other industries.

Materials and methods. To identify gaps in Ukrainian and European legislation in the field of
aviation noise management, an analysis was conducted on key documents from the EU and Ukraine
of various levels and subordination, which describe the processes of identification, assessment
(modeling, measurement, prediction), and the development of measures to reduce aviation noise. In
particular, the main functions of noise management, as defined by EU Directive 49/2002, have been
studied. Additionally, Ukrainian legislative and regulatory acts were analyzed, taking into account
the context of the current stage of civil aviation development and the influence of current crisis
phenomena in society on the perception of aviation noise.

The functions of the EU Directive 2002/49. The EU Directive 2002/49 serves as a framework
for the assessment and management of environmental noise in European Union member states. The
directive has two main objectives [2]: development of entire approach to prevent the deterioration of
the population's health and to provide a basis for the development of measures to reduce noise from
major noise sources (EP&CEU, 2002). One of the specific tasks of EU Directive 2002/49 is to collect
high-quality data on noise levels from major anthropogenic sources by implementing a unified
methodology and harmonized noise assessment criteria. This data is further analyzed to apply best
practices for noise reduction, compare different noise sources, their operating conditions, and the
effectiveness of implemented measures. The directive covers various sources of noise, including road
traffic, railway, industrial, and aviation noise. Other types of noise such as agricultural, military,
biogenic, and domestic noise are either considered negligible due to insignificant exposure or
included in one of the four specified categories (EP&CEU, 2002). The main sources have been
defined as those that 1) affect the largest number of people and 2) generate the highest sound levels.

The implementation results of the Directive should be presented in the following stages
(EP&CEU, 2002):

1.  Determination of Noise Exposure: This involves conducting noise mapping to assess
noise exposure levels. It helps identify areas where noise levels exceed the established thresholds and
determine the population affected by noise pollution.

2. Dissemination of Information: The collected information and results of noise mapping
should be effectively communicated to the public and stakeholders. This ensures transparency and
awareness regarding noise levels and their potential impact on health and the environment.

3. Adoption and Implementation of Action Plans: Based on the findings of noise mapping,
action plans should be developed and implemented. These plans should be grounded in the results of
noise mapping and aim to reduce the harmful effects of noise on human health and the environment.
They may include measures such as noise mitigation strategies, infrastructure modifications, and
land-use planning adjustments.

Overall, the Directive aims to establish a framework for developing a comprehensive approach
among communities to reduce noise from major sources. It emphasizes the importance of data-driven
decision-making, effective communication, and the implementation of action plans to mitigate the
adverse effects of noise on human well-being and the surroundings.
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Fig. 1. The main sources of environmental noise are coverage EU Directive 2002/49

The key stages for the successful implementation of Directive 2002/42 provisions are as
follows (fig. 2) (EP&CEU, 2002):

1. Determining noise exposure boundaries (mapping): This involves identifying and
defining the areas affected by noise pollution.

2. Informing and involving the public in the consultation process: This stage aims to
engage the community and gather their input and feedback on the noise-related issues.

3. Developing and implementing noise action plans: Based on the findings from the
mapping and public consultation, noise action plans are formulated and implemented to address and
mitigate the identified noise issues.

An important feature of this algorithm is the ability to review the achieved results every five
years (Fig. 2) based on the following criteria: the area covered by noise contours, the number of
affected populations, and the cost of implemented measures. The effectiveness of the proposed
approach in the European region, combined with the balanced approach of ICAO to aviation noise
management, demonstrates the progress that has been achieved, albeit against the backdrop of the
COVID-19 pandemic, in reducing aviation noise exposure according to the EASA Report (EASA,
2020). In particular, it is forecasted that the pollution levels of 2019 will not be reached in the next
few decades (fig. 3)
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Fig. 3. Aviation noise exposure: forecast after COVID-19 outbreak (EASA, 2020)

On the other hand, the problem of annoyance caused by environmental noise will not decrease
proportionally to the reduction in noise exposure due to a number of non-acoustic factors that can
significantly influence the level of local population annoyance. Such factors include: characteristics
of the sound event, level of engagement of the local population in understanding the issue of acoustic
pollution and existing management mechanisms, daily migration processes, and the presence of other
environmental stressors, urban planning and design, socio-economic factors, and individual
sensitivities to noise. All these factors contribute to the overall annoyance and impact of noise
pollution on the local population. In particular, the results of observations on the number of
complaints during the pandemic restrictions revealed cases of increased annoyance among the
population due to urban noise, including aviation noise, despite a significant reduction in the number
of take-off and landing operations. These observations emphasize the need for a comprehensive
understanding of noise management strategies that go beyond mere reduction in exposure levels.

For example, during the COVID-19 lockdown in Spring 2020, many cities, including Greater
London in the UK, experienced significant changes in daily routines and behaviors due to restrictions
on movement and social distancing measures (Tong, H at al., 2021). These changes likely had an
impact on noise complaints and patterns (Fig. 4). The results (Tong, H at al., 2021) show that during
the COVID-19 lockdown the number of noise complaints increased by 48%, compared with the same
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period during Spring 2019. In this way, such studies only confirm non-acoustic factors and the
necessity to consider not only noise exposure but also the importance of involving the local population
in the development of noise action plans.

Implementation of Aviation Rules of Ukraine Ne 381 and the initial results. In Ukraine, the
issue of environmental pollution from airports was not regulated at the state level until 2019. This
included the absence of any approved guidelines or aviation rules that would regulate the assessment
of the noise impact from airports on the population residing in adjacent areas, as well as practical
recommendations regarding the mutual development of airports and local communities. On the other
hand, due to significant gaps in national environmental legislation, the information provided to the
public about the environmental problems of airports was also at a relatively low level. Airport
websites or official aviation authority websites did not contain the results of zoning the areas
surrounding airports based on noise impact, emissions, electromagnetic radiation, and third-party
risk, which had been carried out by experts from the Airport Environmental Problems Center/
National Aviation University since 20009.
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Fig. 4. Results of research in London on changes in noise perception during pandemic
restrictions (Tong, H et al., 2021)

Against the backdrop of Eurointegration processes, the State Aviation Service of Ukraine
introduced the Aviation Rules of Ukraine Ne 381 (ARU Ne 381) in 2019 (JJACY, 2019). The
implementation of these rules aimed to establish clear requirements for airport operators regarding
the conditions and zoning regulations of aerodrome areas based on the impact of aviation noise. It
also includes requirements for the quality of input data, the necessity of conducting field
measurements, and the publication of data on restricted residential development zones around
airports. The publication of ARU No. 381 raised several clarifying questions among airport operators.
In order to strengthen and clarify specific provisions, Guidelines for Spatial Zoning of the Area
Surrounding the Airport based on the Impact of Aviation Noise (Order of the State Aviation Service
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of Ukraine Ne 585, dated April 23, 2020) were developed (TACY, 2020). Therefore, these two
documents, despite their different levels, are desirable to be considered together as a comprehensive
approach. The new ARU Ne 381 and MR Ne 585 establish requirements for creating noise maps in
the vicinity of airports. Similar types of regulatory and legislative acts in the field of protecting the
population from the harmful effects of noise from other sources (such as road traffic noise, railway
noise, industrial noise) are currently absent in Ukraine. However, the existence of restricted
development zones (sanitary protection zones) is required by state sanitary and building norms,
including State Sanitary Rules Ne 173.

In 2021, the State Aviation Service of Ukraine (SASU), with the support of the "Consultative
Fund to Support the Ukraine-EU Association" and GIZ (Deutsche Gesellschaft fiir Internationale
Zusammenarbeit), launched the NOMOS project (Noise  Monitoring  System,
https://nomos.avia.gov.ua/) — Fig.3.

This project essentially serves as an equivalent to the European resource called The NOISE
Observation & Information Service for Europe (https://noise.eea.europa.eu). However, a detailed
analysis of ARU Ne 381 and MR Ne 585 revealed significant fundamental differences from the
European approach defined within Directive 2002/49.
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Fig. 5. Example of noise data from NOMOS portal: noise zones and major airport vicinity

Results and Discussion. Although ARU Ne 381 was developed and approved with the aim of
implementing EU Directive 2002/49/EC of the European Parliament and the Council dated June 25,
2002, ARU Ne. 381 and MR Ne 585, which complement it, are neither a translation of the Directive
nor an improved version of it.

Ukrainian Aviation Regulations Ne381, implemented by the State Aviation Service of Ukraine
in 2019, play a vital role in regulating environmental issues at airports. These regulations aim to
ensure flight safety and protect the environment, including mitigating noise pollution. The
implementation of ARU Ne 381 is an important step for Ukraine in aligning with European standards
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and requirements for environmental protection in the aviation industry. It will contribute to reducing
noise impact on the population and improving the ecological situation around airports.

However, alongside these achievements, it is important to note a different logic in the
construction of the key stages of aviation noise management compared to the recommendations of
Directive 2002/49 (Figure 3). In particular, the analysis of Ukrainian regulatory acts issued by the
State Aviation Service has allowed for the development of an algorithm for noise management in
airport vicinity, as presented in Fig. 4. As shown, important stages such as community engagement
and document development are beyond the requirements of these regulations. There are also no
clearly defined obligations to assess the impact of implemented measures once every five years,
leaving only the function of a 5-year control that does not conclude with any auditing or verification
upon the completion of the 5-year cycle.

aate Noise reduction
measures /
\ ARU Ne 381 & MR Ne 585 /

Community Noise Action
Engagement Plan

Fig. 4. The ARU Ne 381 cycle and key stages

A comparative analysis of EU Directive 2002/49/EC and ARU Ne 381 reveals several
differences, with the main one being the level of implementation of these documents (Table 1),
although there are also certain conceptual inconsistencies. In particular, ARU Ne 381 and MR Ne585
establish zoning requirements for the surrounding areas of all civil aviation airports in Ukraine,
regardless of the volume of aviation transport, unlike Directive 2002/49/EC, which focuses on large
noise sources - major airports with over 50,000 operations (take-offs and landings) per year
(excluding training flights and light aircraft operations). The absence of a minimum number of
operations requirement in ARU Ne 381 makes it challenging to determine noise levels according to
the Lden criterion as defined in EU Directive 2002/49/EC.

Additionally, compliance with these regulations will help establish Ukraine's reputation as a
responsible participant in the international aviation community and safeguard the health of the
population residing near airports. The development and implementation of action plans to reduce
aviation noise, as outlined in aviation regulations, are also crucial steps. In EU countries, Directive
2002/49 defines two key indicators, annoyance and sleep disturbance, which, when exceeded, require
the formulation of action plans to reduce exposure and protect noise-free areas. ARU contains stricter
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provisions regarding field acoustic measurements and recommendations for implementing a noise
monitoring system.

Table 1

Compliance of ARU No. 381 (including Amendment No. 585) with the requirements of

Directive 2002/49

The parameter of

ARU Ne 381 [3] MR Ne 585 [4]

EC Directive 2002/49 [2]

compliance
The level of the Industry Industry Pan-European
document. regulations. regulations and
methodological
recommendation
Any civil aviation airport of Ukraine The main airport
Scale (serving over 50,000
operations per year)
City airport
Noise criteria LAmax, LAeq, Lden Lden, Lnight

Time periods

Day: Day: 08:00-
07:00-23:00 22:00
Night: Night:
23:00-07:00 22:00-08:00

Day: 07:00-19:00
Evening: 19:00 - 23:00
Night: 23:00- 07:00

Normative values of
assessment criteria

According to the current National
Standards or Building Codes, the
values are not specified in the analyzed
documents.

The noise levels for zoning
are defined in the Appendix
to the Directive

The primary method

Modeling and field acoustic

Modeling

of obtaining data measurements
The necessity of
validating modeling + + -

with field acoustic

measurements.
Noise monitoring The decision regarding the necessity of | -
demands installing a noise monitoring system

rest with the aerodrome operator

The system for
informing the
population

Noise Monitoring System

The NOISE Observation &
Information Service for
Europe

Web-site

https://nomos.avia.gov.ua/

https://noise.eea.europa.eu

Development of noise
action plan

The development of recommendations
regarding the necessity of
implementation is required.

The development of an
action plan is required.

Conclusions. At this stage in Ukraine, it is necessary to implement a national-level legislative
act that would serve as an equivalent to the EU Directive 2002/49. Such a legislative act should create
the political groundwork for managing major noise sources and harmonize EU noise management
requirements with Ukrainian legislation. Additionally, there is a need to align the requirements of
Ukrainian Aviation Regulations Ne 381 and the corresponding methodological recommendations
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(MR Ne 585) with the current national requirements in the core part of the aviation noise impact
assessment methodology. This requires a clear definition of the role of criteria for assessing aviation
noise and the duration of research intervals.

Overall, the implementation of the main provisions of the Directive has contributed to raising
public awareness about noise pollution issues and the development of strategic action plans. It has
also enabled the comparative assessment of different modes of transport based on noise impact
criteria, as demonstrated in studies such as the EEA's "Transport and environment report 2020. Train
or plane?" (EEA, 2020).
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Abstract. The Russian full-scale invasion of Ukraine in February 2022 and the ongoing
Russian-Ukrainian war have a significant impact on the Black Sea ecosystems, especially on their
biotic component. About 87 % volume of the Black Sea are heavily anoxic. The northwestern part of
the sea has the best conditions for the development of biota. This water area is well warmed by the
sun's rays in the warm period of the year and rivers saturate seawater with dissolved oxygen and
nutrients. This part of the sea is of decisive importance for the biota of the entire Black Sea. The
impact of war on marine ecosystems is divided into two types: (i) the direct impact of the war — on
the biota of the sea; (ii) the indirect impact of the war — on the ecosystems of the Black Sea. As direct
impacts in this article are considered the effects of weapons, ammunition explosions (the shock waves,
the sound of explosions), the use of powerful sonars — primarily on marine mammals (dolphins and
porpoises — probably up to 50 000 cetaceans have already died). The consequences of oil spills due
to the flooding and damage of warships and other military equipment, water pollution by toxic
components of ammunition (heavy metals, polychlorinated biphenyls etc.), pathogens (as a
bacteriological weapon or due to damage to the city sewer or an agricultural complexes), and
possible radioactive contamination are considered as indirect impacts. The possibilities of spreading
the indirect consequences of the war to non-Black Sea — Mediterranean — ecosystems are highlighted.

Introduction. The Black Sea is a marginal mediterranean sea of the Atlantic Ocean between
Europe and Asia — the water border between Southern Europe and Asia Minor passes along it. It is
bounded by Ukraine, Bulgaria, Romania, Turkey, Georgia and Russia. About 16 million people
inhabit the coastal area (Black Sea Scene, 2023).

The Black Sea covers 422 000 km?. Its length (the greatest distance from west to east) is 1 175
km, and its width (the greatest distance from north to south) is 580 km. The Black Sea has a maximum
depth of 2 245 m, a volume of 547 000 km?, a water salinity of 17-18 %o (it is the lowest in the
northwest — about 13 %o); the composition of salts is identical to that in the oceans (Black Sea, 2001).
It drains into the Mediterranean Sea: the Bosporus Strait — a 31-kilometer belt with a minimum width
of 704 m, the depth varies from 12,8 to 110,0 m (Giingor, 1999) — connects it to the Sea of Marmara
which is connected to the Aegean Sea (north-eastern embayment of the Mediterranean Sea) via the
Strait of the Dardanelles. The Kerch Strait in the north provides the connection with the Sea of Azov
— the shallowest sea on the planet (Troianovski, 2018).

The Black Sea is a unique macroecosystem in the world. It is an almost fully enclosed basin,
with only a limited water exchange with the Mediterranean Sea through a counter-current straits
system wherein lighter, less saline water flows in a surface current from the Black Sea into the Aegean
Sea; while a counter-current of denser, saltier water flows underneath that layer, towards the Black
Sea (Ulman et al., 2015).
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The marked density difference between the two layers inhibits mixing, leaving only depths
shallower than about 150-200 m capable of supporting multicellular life. Indeed, the deeper waters —
about 87 % volume of the Black Sea — are heavily anoxic, causing the Black Sea to be the largest
anoxic body of water in the world with its unique hydrological characteristics (Black Sea Scene,
2023).

In the entire Black Sea at a depth greater than 150-200 m there is a permanent hydrogen
sulphide (H2S) zone devoid of life. Oxygen is completely absent at this deepwater level. Oxygenated
surface waters supporting life in the sea constitute only about 13 % of the sea volume. These features
influence the condition of the marine environment and the biodiversity depending on it. They are the
key to the character and the problems of the Black Sea’s environmental health (Black Sea Scene,
2023).

The northwestern part of the Black Sea is the territorial waters of Ukraine. This part has a very
important ecosystem value. The water area between the coast of Odesa region and the Crimea is a
shelf. Moreover, a significant part of this shelf has a depth of less than 50 m. The largest rivers of the
Black Sea basin flow into this water area: Danube, Dnipro, Dniester and Pivdennyi (Southern) Buh.

Thus, the northwestern part of the Black Sea is well warmed by the sun's rays in the warm
period of the year. And rivers saturate seawater with dissolved oxygen and nutrients (particularly the
phosphorus and nitrogen compounds). Therefore, this water area is of decisive importance for the
biota of the entire sea.

Russia is currently waging a naval war against Ukraine in the mentioned water areas. Such a
war Kills Ukrainians, and also causes irreparable damage to the environment, in particular to all Black
Sea ecosystems. The entire biotic pyramid is collapsing: from the base (plankton) to the top (marine
mammals). This is real ecocide.

The direct impact of the war on the biota of the Black Sea. Naval mines, surface and
underwater explosions, power sonar from Russian warships and submarines have caused an
environmental catastrophe for marine wildlife. The submarines and warships have fired at Ukraine —
an additional source of acoustic disturbance, along with helicopter motors. Any of hundreds of russian
missiles that fell in the sea would have killed fish and cetaceans.

Surface and underwater explosions cause a shock wave that can travel long distances
underwater, stunning fish and killing other organisms. This is primarily a result of the anatomical
structure of bony fishes, which have a gas-filled swim bladder that bursts readily in the event of large
pressure drops. Explosions can also pose a serious threat to Black Sea marine mammals
(Sadogurskaya, 2022).

The Black Sea mammal fauna has cetaceans from 3 different species; all of them are endemic
subspecies:

— Black Sea bottlenose dolphin (or afalina);

— B. S. short-beaked common dolphin;

— B. S. harbour porpoise (or phocene).

Until the 1960s, populations were in decline. Scientists estimated there were probably between
1 million and 2 million dolphins and porpoises in the Black Sea in 1900. By 1945 had dropped to
about 100 000. Hunting was the biggest threat. Cetaceans were caught for the sake of raw materials
used for the manufacture of oils, paints, adhesives, varnishes, food, medicines, soaps, cosmetics,
leather, and fertilizers. But in 1966 it was banned in Ukraine and Georgia (which were then occupied
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by the Soviet Union), Bulgaria, Romania and Russia. In 1983 dolphin hunting was banned in Turkey
too (Kroeger, 2023).

The most authoritative study of the number of dolphins to date was carried out by the
Agreement on the Conservation of Cetaceans of the Black Sea, Mediterranean Sea and Contiguous
Atlantic Area (ACCOBAMS) in 2019-2020 — in Ukraine, Bulgaria, Romania and Turkey — and in
2021 (data was collected only in Bulgarian waters). It estimated there were about 250 000 cetaceans
in the Black Sea (Gol’din et al., 2021). The total quantity of such marine mammals from 3 different
species is shown in Table 1.

The survey covered nearly all of the Black Sea, except for an area around Crimea, which is
temporarily occupied by Russia. All 3 species remain on the red list of threatened species maintained
by the International Union for the Conservation of Nature (IUCN), are listed in the Black Sea Red
Data Book, are protected by the Bern Convention on the Conservation of Wild Flora and Fauna and
the Natural Convention and the Bonn Convention on the Conservation of Migratory Species of Wild
Animals, the ACCOBAMS (Polyanska et al., 2020).

Table 1
The total number of cetaceans, were recorded in the Black Sea (in 2019-2021)
(Gol’din et al., 2021)
Species Number
o %
Common name Scientific name of individuals
Black Sea short-beaked Delphinus delphis ponticus
_ 118 328 46,5
common dolphin Barabash, 1935
) Tursiops truncatus ponticus
Black Sea bottlenose dolphin 42 169 16,5
Abel, 1905
_ Phocoena phocoena relicta
Black Sea harbour porpoise 94 219 37,0
Barabash, 1940
Total 254 716 100,0

When full-scale war broke out the Black Sea dolphins generally got into terrible conditions.
No one knows how many naval mines have been deployed or exploded in the sea since February 24.
Large-scale explosions have also been plentiful around ports and strategic outposts. Oil rigs and
civilian ships hit with heavy artillery and missiles. And the Ministry of Defence of Ukraine reports
18 (as of May 22, 2023) losses to the russian Navy’s Black Sea fleet. These include its flagship, the
Moskva cruiser (was discovered and sunk on April 13-14, 2022), and a landing craft sunk under heavy
bombardment near Zmiinyi (Snake) Island (Fitt, 2022). The bodies of dolphins and harbour porpoises
found on the coast were burnt and injured (Hubareva, 2022).

Due to the use of power sonars on Russian warships and submarines, which affect the
cetaceans, dolphins have lost their echolocation.
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Echolocation is their main unique ability — a biological form of sonar. Cetaceans use
echolocation to find their way around, communicate and find food. But many dolphins and porpoises
came within the zone covered by ship's navigation devices. The latter disabled their navigation and
dealt them powerful acoustic injuries, paralyzing this vital echolocation system. As a result, the
animals cannot orient themselves in space, become blind.

Animals have no acoustic control over their surroundings. These dolphins experience stress
and panic, are unable to navigate in space, encounter various obstacles, including naval mines and
rocks. And most importantly, such blinded animals have trouble finding food and quickly get
exhausted. The dolphins, blinded by the sonar impact, become susceptible to viruses and parasites
due to weakened immune systems. They become the target of self-infection by pathogens, which
constantly live inside them.

Before Russia’s full-scale invasion biologists recorded traces of fishing gear on the bodies of
dead dolphins with their fins cut off. Now they are found many animals untouched. Powerful
underwater explosions trigger dolphins to swim rapidly to the surface of the water causing air
embolism, or decompression sickness, that occurs when scuba divers surface too quickly and nitrogen
bubbles form in the bloodstream (Datskevych, 2022). As a result, blood clots appear and dolphins or
porpoises die.

Ivan Rusev, a doctor of ecology and scientific department head at Tuzlovsky Limany National
Park (Ukraine), said: before February 24 (2022) he found three to four dead dolphins along the 27
miles of shoreline in the park annually. But when the full-scale war began, the military closed a large
portion of shoreline. Between 24 February and the end of August 2022 doctor Rusev and his team
discovered 35 dead marine mammals along the 5 km of shoreline still accessible (Kroeger, 2023).

Ecologists from Bulgaria, Romania and Turkey have all reported an extraordinary increase in
the number of dead dolphins and porpoise washed ashore.

In the Bulgarian city of Burgas alone, about 60 dead dolphins have been found around since
the beginning of the year (2022), according to ecological inspection expert Maria Andreeva
(Datskevych, 2022).

Bogdan Bulete, regional head ranger at the Danube Delta Biosphere Reserve (Romania),
received on May 9 2022 what he thought was yet another routine call to check out a possible dolphin
stranding near the town of Sulina. But when he reached the beach this time, the sight that met his eyes
was “overwhelming,” — up to 30 dolphins lay dead on the sand (Fitt, 2022). But Bulete estimated that
more than 100 stranded cetaceans went unreported internationally in the Romanian Danube Delta
region alone, including the dolphins in Sulina.

Bulete said: “Some of them looked burned, and all of them had marks of nets around their tail
or their belly” (Fitt, 2022). Russian landing craft sunk May 7 (2022) under bombardment near Zmiinyi
Island — 40 km away in Sulina, blowing open Bulete’s office doors and windows. He said they felt
like earthquakes. The mass mortality occurred two days (May 9) after the offensive that sank the
landing craft. B. Bulete explained the dolphins could have swum into fishing nets in panic, while
fleeing explosions, or sustained traumas that rendered them unable to detect the nets by echolocation
(Fitt, 2022).

Rusev's team spoke to their counterparts in other Black Sea countries (except Russia and
Georgia). Some of Ukraine's national parks are now in russian occupied territory. His team couldn't
reach any of their colleagues there. When they added up the numbers they learned at least 2 500 dead
dolphins had washed up on shore between 24 February, when the war started, and May 2022 (Alund,
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2023). But currently this number is much higher, because most dead dolphins simply sink and never
to be seen or counted.

Doctor Rusev said that the sea washes up only about 5 % of all dead animals. The remaining
95% go to the bottom and we cannot register them. They are not available for detection and counting
from the shore. “Therefore, we estimate that during the war waged by Russian barbarians against
Ukraine, probably up to 50 000 cetaceans have already died, which is absolutely terrible for the
marine ecosystem”, wrote I. Rusev (Barsukova, 2022). 50 thousand dead dolphins, this is a fifth of
their total number.

Russian Navy’s Black Sea fleet is stepping up security at the Sevastopol base by deploying
trained dolphins. Many of the Russian ships anchored there are potentially vulnerable to undersea
attacks (Aratani, 2022). The dolphins are kept at the entrance to the harbour to detect and counteract
Ukrainian naval drones and military divers. Space satellite images show floating mammal pens in the
bay (stretches for 7,5 km), which likely contain Black Sea bottlenose dolphins.

Living in a polluted military harbor is very harmful for animals. Russia catches and trains
dolphins to perform various missions, including suicide ones. This treatment of animals is very cruel.
Many dolphins are injured and die at a very young age. This practice will be stopped immediately
after Ukraine's victory in the war.

If the dolphins and other cetaceans, who also act as sanitarians of the sea by eating sick fish,
continue to disappear, life in the Black Sea will degrade, the expert fears. Phocoena phocoena relicta,
Tursiops truncatus ponticus and Delphinus delphis ponticus, found only in the Black Sea, are
keystone species — they balance the ecosystem by keeping prey populations in check (Fitt, 2022).
“Many of the unique fish species we have today will disappear. We will lose a whole ecosystem,”
said doctor Rusev (Datskevych, 2022).

The initiative launched by the Odesa Regional Prosecutor’s Office in July aims to hold Russia
accountable for ecocide under Ukrainian law. Ecocide was legally defined as “unlawful or wanton
acts committed with knowledge that there is a substantial likelihood of severe and either widespread
or long-term damage to the environment” in 2021 by an international group of 12 lawyers (Fitt, 2022).
But ecocide is not yet criminalized under international law.

The monk seal is believed has disappeared from the sea as a whole, because there is no
scientific data on recent sightings for many years. Cetaceans of unique species we have today will
also disappear from the Black Sea if the full-scale war continues.

The indirect impact of the war on the ecosystems of the Black Sea. Marine ecosystems are
also indirectly affected by hostilities. Remains of sunken warships, submarines, bombs, naval mines
and missiles, anchor usage can damage underwater communities on the seabed. The greatest
biodiversity is usually concentrated in benthic algal communities, so damage to them may be a
determining factor for the entire marine ecosystem.

Warships and submarines of the Russian Baltic, Pacific and Northern Fleets can also
accidentally introduce non-native invasive species into the Black Sea where such species were not
previously present. This, in particular, can happen through the discharge of ballast water, generally
governed in peacetime by laws and regulations and overseen by relevant Ukrainian authorities.
Sinking of warships, aircraft, helicopters, naval armed drones and other military equipment can lead
to oil spills toxic to marine flora and fauna and can poison the marine environment for numerous
decades (Sadogurskaya, 2022).
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Warships are powered by vast diesel engines. Many Russian ships are powered by bunker
fuel, which is diesel of such low quality that it is almost considered waste. Damaged or sunken
Russian ships pollute the sea with such diesel fuel.

The Moskva cruiser, after it was struck by Ukrainian missiles, is thought to have sunk in the
sea 45-50 m deep and wrecks can become persistent sources of pollutants. Oil slicks were used to
pinpoint the location of the wreck.

On 25 February 2022, a Moldovan chemical tanker Millennial Spirit was carrying 600 tons of
diesel fuel through the Black Sea. The tanker was shelled while underway 22 km south of the
Ukrainian port of Yuzhne (Odesa region) by Russian warships. About 100 tons of diesel fuel probably
spilled into the sea.

For the second time, according to the report of a Ukrainian Ministry of Defence, a Millennial
Spirit was attacked by Russian aircraft on July 7, 2022. Two X-31 missiles were fired from a Russian
Su-30 aircraft. One of the missiles hit the tanker which was drifting in the territorial sea of Ukraine
without a crew and with more than 500 tons of diesel fuel on board. A fire broke out on the ship. The
tanker Millennial Spirit eventually sank off Odesa after drifting. A lot of diesel fuel got into the sea.

Oil enters the sea due to infrastructure destruction on land by Russian shelling. Oil rigs, which
were bombed, still leak a lot of oil products. Ukraine’s aerial and marine drone attacks on oil terminals
at Sevastopol and Novorossiysk entailed varying risks to the environment.

A lot of fuel oil can get into the sea due to the destruction of hydroelectric power plants.
According to Ukrainian military intelligence reports, more than 450 tons of fuel oil are stored at the
mined Kakhovka HPP alone. Russian terrorists control it and can blow it up. In this case, Dnipro
River will carry hundreds of tons of fuel oil into the sea.

The damage from diesel fuel or fuel oil entering water is no less than from crude oil spills.
1 ton of oil can cover an area of up to 12 km? with a 1 mm thick layer (Al Bayaty, 2020). This means
that the oil products of only the Kakhovka HPP and the tanker Millennial Spirit can be enough to
form a stains with an area of up to 12 600 km? with a 1 mm thick layer. For example, 12 600 km? is
more than 1/3 of the territory of Belgium or 1/2 of the territory of Slovenia and almost 5 territories of
Luxembourg.

Oil prevents sunlight and oxygen from reaching the lower water layers as it spreads through
the surface first. As a result, algae don't receive enough light to do photosynthesis to produce oxygen,
and fish and millions of fry die, which live and feed almost on the sea's surface. Oxygen-breathing
animals die en masse. And eutrophication may begin. Oil spills can also lead to the death of birds,
which suffer by falling into oil stains.

Even a small oil spill it is a huge biota loss. It harms tiny organisms — zooplankton and
phytoplankton — that float around the surface of the water. Plankton is the basis of the biotic
component of the sea. Destruction of this foundation leads to catastrophic consequences for marine
ecosystems of the Black Sea.

During the explosions of bombs, missiles, military shells, naval mines and torpedoes, a vast
amount of dangerous substances are released into the environment. Some munitions may use very
toxic chemical compounds. For example, white phosphorus releases poisonous gas and causes burns
when ignited, and poisons water if it gets into the environment. Phosphorus is practically insoluble
and can be stored for decades in salty seawater under conditions of oxygen deficiency (Black Sea is
the largest anoxic body of water in the world). Many compounds developed as chemical warfare
agents used by the Russian invaders are highly toxic to humans. Such compounds are also harmful to
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other vertebrates. They can accumulate and persist for decades in the natural environment and affect
aquatic organisms (Hubareva, 2022).

Toxic substances enter the sea due to the destruction of industry and infrastructure on land by
Russian shelling. For example, satellite imagery shows huge damage to 13 out of 14 warehouses of
the Olvia QTerminals in Olvia seaport (Mykolaiv region). The warehouses were enclosed by berms
(a raised barriers usually made of compacted soil) — this suggests storage of ammonium nitrate
fertiliser, or potentially munitions (The coastal, 2023). Contaminants from toxic compounds are
highly likely to have entered the Dnipro—Buh estuary and then to the sea.

There was a major offensive on Mykolaiv between February and May 2022, during which city
has endured prolonged artillery and missile attacks. As a result, Mykolaiv and nearby towns have
sustained significant physical damage generating large volumes of debris. Such debris contaminated
with a broad range of pollutants, including heavy metals, polychlorinated biphenyls (PCBs) and
asbestos. Some of these hazardous materials have been or will be transported into the Buh estuary
and to the sea through surface run-off or via groundwater flow.

One more visible indirect impact was the discharge of sewage between 28 June and 15 July,
2022, from the Halytsynove wastewater treatment plant (plant near the village of Halytsynove treat
83 % of Mykolaiv's wastewater). This was likely associated with an attack on the facility in March.
Such releases of untreated wastewater can harm ecosystems through the release of toxic substances
(The coastal, 2023).

Croplands turned into battlefields. Therefore, agricultural runoff — pesticides, mineral and
organic fertilizers, fuel, battery acids and other liquid components of damaged and destroyed
agricultural machinery — enters rivers and then the sea. Most of their components poison water.
Mineral and organic fertilizers cause eutrophication.

The Dnieper River is being used as a front line during the war. It is impossible for this source
not to be polluted by the toxic chemicals released from the use of ammunition. Almost all of these
toxic substances will be carried by the Dnipro River into the Black Sea.

Pathogens are also a factor in the indirect effect of war on the death of marine biota. They
can get into the sea as a bacteriological weapon or accidentally due to damage to the city sewer or,
say, an agricultural complexes. Scientists discovered this pollution mechanism even before the start
of a full-scale war — the Russians deliberately, in a brutal way, polluted their water areas and
international waters, dumping sewage from agricultural farms in the Krasnodar Territory into the sea,
which caused dolphins to become infected with toxoplasmosis (Hubareva, 2022).

Unfortunately, radioactive contamination is not excluded. According to unconfirmed data,
there could be missiles with nuclear warheads on the sunken Moskva. The warheads could have been
damaged when Ukrainian missiles hit the cruiser. This can cause radioactive contamination of biota-
rich waters (its wreckage is at a depth of up to 50 m).

Russian terrorists also control the Zaporizhzhia nuclear power plant. This is the largest nuclear
power plant in Europe. It is located near the shores of the Kakhovka Reservoir. Ukrainian intelligence
warns that Russian is probably preparing to commit a terrorist attack at the power plant. The
consequence of a terrorist attack can be a terrible radioactive contamination of both the land and the
Black Sea.

After the Chernobyl disaster, at least 6 000 Ci of cesium-137 and 5 000 Ci of strontium-90
entered the Dnipro reservoir cascade with aerosol fallout and river runoff. Ecosystems retained about
99 % of 3’Cs and 70% of *’Sr. The main part of retained radionuclides — up to 70% — is deposited in
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the bottom sediments of the Kyiv Reservoir. Russian missiles can destroy the dam of the Kyiv
Reservoir. In this case, the concentration of radioactive pollution in the cascade will increase tens and
hundreds of times. Now radionuclides are absorbed by mineral and organic components of bottom
soils and therefore do not pose a significant danger. Most of the radionuclides deposited at the bottom
will enter the water masses and pollute all other reservoirs — and the Black Sea.

Possibilities of the spread of indirect effects of war on non-Black Sea ecosystems. Russia’s
full-scale war against Ukraine caused great damage to marine ecosystems. But, unfortunately, not
only Black Sea ecosystems will suffer.

The Black Sea has positive freshwater balance — it receives more fresh water from the rivers
and rainfall than it loses from evaporation. Every year the Black Sea receives about 350 km? of river
water (more than 283 km? (81 %) — from the rivers flowing through Ukraine; Table 2), about 25,5 km?
of sea water from the Sea of Azov and about 230 km® of precipitation (totaling 605,5 km®) while
evaporation takes away approximately 354 km? of water.

Table 2

The largest rivers of the Black Sea basin (flowing through Ukraine) (Drainage Basin of The
Black Sea, 2020; Dnister River, 2001; River Basin Management Plan for Pivdenny Bug, 2014)

Name Annual drainage | Drainage basin, Passes through or touches
volume, km? km? the borders of
Ukraine, Romania, Moldova,
Danube 216,3 801 400 Bulgaria, Serbia, Croatia, Hungary,
Slovakia, Austria, Germany
Dnipro 52,7 504 000 Ukraine, Belarus, Russia
Dnister 11,0 72100 Ukraine, Moldova
Southern Buh 3,4 63 700 Ukraine
Total 283,4 1441 200

Due to its positive balance the level of the Black Sea is higher than that of the Marmara Sea
by an average of 0,43 m. The surplus of water — about 251,5 km® — therefore flows through the
Bosporus Strait into the Sea of Marmara and then through the Dardanelles into the Mediterranean
Sea. But there is another factor. Two flows through the straits are formed. The upper flow leaves the
Black Sea and carries surface water out of it. Meanwhile a bottom flow carries salt water from the
Mediterranean to the Black Sea. The volume of the bottom flow is about 300 cubic kilometers (Black
Sea Scene, 2023).

Thus, not 251,5 km? of surface water flows into the Mediterranean Sea from the Black Sea
annually, but about 551,5 km®. For example, it is almost twice the volume of the Sea of Azov. There
are two surface currents in the Black Sea. They caused by the cyclonic pattern of the winds and move
counterclockwise parallel to the coastline along closed circuits.

The surface currents form two closed circles. The width of the western circle, opposite the
Danube Delta, reaches 100 km and decreases towards the south. The velocity of the current is about
0,5 km per hour. This current carries polluted waters from the war zone south along the coasts of
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Romania and Bulgaria to the Bosporus. The lighter waters of the Black Sea flow as a surface current
into the Sea of Marmara at a velocity of 1-2 m per second (Black Sea, 2001), or 3,6-7,2 km per hour.

Conclusions. The Black Sea is a unique macroecosystem in the world. Oxygenated surface
waters supporting life in the sea constitute only about 13 % of the sea volume. Oxygen is completely
absent at a depth greater than 150-200 m. But the Black Sea biota is well adapted to such natural
conditions. 500 years ago Black Sea sturgeon were so numerous that caviar was thought of as a food
for the poor among coastal peoples.

The northwestern part of the Black Sea — the territorial waters of Ukraine — has a very
important ecosystem value. A significant part of this shelf has a depth of less than 50 m. The largest
rivers of the Black Sea basin flow into this water area. They saturate seawater with dissolved oxygen
and nutrients. Therefore, this region is of decisive importance for the biota of the entire sea. But
Russia has been waging war against Ukraine for 9 years.

Active hostilities cause great damage to the territorial waters of Ukraine, and the entire
ecosystem of the Black Sea and even the Mediterranean ecosystems. Probably up to 50 000 cetaceans
have already died. The oil products of only the Kakhovka HPP and the tanker Millennial Spirit sunk
by the russians can be enough to form a stains with an area of up to 12 600 km? with a 1 mm thick
layer. During the explosions of bombs, missiles, military shells, naval mines and torpedoes, a vast
amount of dangerous substances are released into the environment. Toxic substances (heavy metals,
polychlorinated biphenyls, asbestos etc.) enter the sea due to the destruction of industry and
infrastructure on land by Russian shelling. Agricultural runoff — pesticides, mineral and organic
fertilizers, fuel, battery acids and other liquid components of damaged and destroyed agricultural
machinery — enters rivers and then the sea, because croplands are turning into battlefields. On the
sunken Moskva could be missiles with nuclear warheads. The warheads could have been damaged
when Ukrainian missiles hit the cruiser. This can cause radioactive contamination of biota-rich
waters. Russians also control the Zaporizhzhia nuclear power plant. The consequence of a terrorist
attack can be a terrible radioactive contamination of both the land and the Black Sea.

The destructive war must stop with Ukraine's victory. After that, the Black Sea will become
Etéevoc Iovrog (“Hospitable Sea ) again. But if the war continues for a long time, the Black Sea
may become dead not by 87 — but by 100 % of its volume.
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Abstract. Accumulation, processing and disposal of organic waste, in particular, vegetable
waste, is considered an urgent problem today for Ukraine and the EU countries. Currently, one of the
promising ways to solve the problematic issue is the application of modern biotechnologies of organic
waste processing with the use of a specific consortium of microorganisms, which allow in the process
of bioconversion of beet, carrot and potato waste to obtain digestate and biohydrogen in 6 days of
fermentation at a temperature of 37 °C. The effectiveness of using additional substrates, such as
expired bread and probiotic lactulose, to activate the fermentation process of organic waste has been
proven. The experiments confirmed the absence of pathogenic cultures in the digestate, which is
explained by the high titer of viable cultures of antagonistic microorganisms (lactic acid bacteria,
Bacillus subtilis, Paenibacillus polymyxa). The obtained research results show that in all samples (1—
7) there is an intensification of the fermentation process on the 2nd, 3rd, and 4th day of fermentation,
which is evidenced by changes in the redox potential index, which ranges for samples (1-7) from -
100 to - 200 mV. The release of biohydrogen intensively began on the 2nd day of fermentation and
lasted for 6 days of the experiment. In order to intensify the process of transformation of plant waste,
the expediency of using additional sources of carbon, namely expired bread in the amount of 10%
and lactulose in the amount of 2 and 4% of the mass of waste, was substantiated for the first time.

Introduction. According to UN data, during the monitoring of the amount of accumulated
waste in 152 countries of the world, spoilage of food products during their storage and transportation
was recorded, namely, their losses were determined: 47% of root crops, 44% of fruits, 28% of
vegetables, 23% of cereals and legumes and 12% dairy products. At the same time, there is a shortage
of food products in the world, the depletion of soils due to the use of mineral fertilizers and pesticides
is recorded, the amount of energy resources is sharply reduced, which confirms the relevance of the
mentioned problem, which needs an immediate solution (Makovetska, 2015). Since Ukraine acquired
the status of a candidate member of the EU on June 27, 2022 (European Council conclusions, 2022),
the state must fulfill certain obligations regarding the adoption of technical standards and legal norms
of the legislative framework regarding waste management and methods of their processing , which
will be directed to obtaining renewable sources of energy and biofertilizers through the bioconversion
of organic biomass using modern biotechnologies (Directive 2009/28/EC, 2009); European
Commission: 2022, 2020a).

For EU member states, these documents highlight targets for a certain period of time that must
be met. For example, Latvia has waste recycling targets to be implemented by 2025 (European
Commission, 2023b).

The transformation of waste into resources is key to the transition to a cleaner, climate-neutral
and circular economy. The reuse and recycling of waste leads to the creation of local jobs, stimulation
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of innovation, mitigation of negative impact on the environment, as well as reduction of dependence
on imported raw materials (European Commission, 2023c).

The document states that the Commission has published an early warning report on the progress
of EU Member States in meeting the 2025 waste reuse and recycling targets and the 2035 municipal
waste landfill reduction targets. Achieving these goals is essential for the creation of well-functioning
markets for secondary raw materials in the EU (European Commission, 2023d).

In the report, the Commission identifies those Member States that are at risk of missing the
targets for reuse and recycling of municipal waste and all packaging waste by 2025, as well as the
targets for landfilling by 2035. Nine member states are on track to meet the 2025 targets: Austria,
Belgium, the Czech Republic, Denmark, Germany, Italy, Luxembourg, the Netherlands and Slovenia
(European Commission, 2023¢).

The Commission supports Member States in improving the efficiency of waste management
with the help of European funds, it provides technical assistance, guidance and other tools (European
Commission, 2023f).

According to the analysis, starting from 2015, 120-140 million tons of food waste is generated
in the EU every year (Caldeira, De Laurentiis, Corrado, van Holsteijn & Sala, 2019a)

This is 20-25% of the total amount of food. Vegetables, fruits and grains are the food groups
that generate the most food waste. The largest amount of food waste is generated during the
consumption stage (46%), followed by primary production (25%), and processing and manufacturing
(24%) (Caldeira, De Laurentiis & Sala, 2019b; Caldeira, Vlysidis, Fiore, De Laurentiis, Vignali &
Sala, 2020).

Incidentally, 44% of the world's largest food companies have begun to count and record food
losses and waste in their operations, and 30% of companies measure and report their losses in the
absence of their processing into biofertilizer and biogas (Champions 12.3. 2019. SDG target 12.3 on
food loss and waste, 2019; Corrado, Ardente, Sala & Saouter, 2017).

Countries that account for only 15% of the world's population are taking massive action to
reduce the loss of food that must be processed as waste. But no country has yet announced that it has
halved food waste with recycling, as the lack of quantification at the national level prevents tracking
of this milestone. Although one-third of the world's 50 largest food companies have implemented
programs to reduce food loss and waste. (De Laurentiis, Caldeira &Sala, 2020; Commission Notice
(2018/C133/02), 2018b).

To date, the goals of the bioeconomy of the EU member states have been formed, which cover
all sectors and systems that depend on biological resources (animals, plants, microorganisms and
derived biomass, including organic waste), their functions and principles. They include all primary
production sectors that use and produce biological resources (agriculture, forestry, fisheries and
aquaculture) and all economic and industrial sectors that use biological resources and processes to
produce food, feed, bioproducts, energy and services . To be successful, the European bioeconomy
must be based on sustainability and circularity. This will contribute to the renewal of leading
industries, modernization of primary production systems, environmental protection and increase in
biodiversity (Commission Communication (COM/2018/673), 2019; Commission Delegated Decision
(C(2019)3211), 2020).

The Climate Law sets the goal of achieving climate neutrality in the EU by 2050. In the EU, it
is planned to reduce greenhouse gas emissions by 55% by 2030 compared to the levels of emissions
in 1990. The Farm to Fork Strategy sets out a new approach to ensure that agriculture, fisheries and
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aquaculture development and the food value chain contribute appropriately to this process.
Considering the issue of climate change, the basics of the circular economy and the principles of the
bioeconomy, it becomes clear that the vegetable waste generated at the processing stage has a high
potential for valorization, since food waste streams are present in large, concentrated and
homogeneous quantities. Food waste can be transformed into a number of value-added products
through several valorization pathways. It is proposed to use modern biotechnology for their
processing. Actions to combat organic waste require an evaluation system that includes SMART goals
and key performance indicators for tracking (Commission Communication (COM/2020/381), 2020b;
Commission  Communication (COM/2020/28), 2020c; Commission Communication
(COM/2020/380), 2008).

Directive 2008/98/EC of the European Parliament and of the Council of 19 November 2008 on
waste and repealing certain Directives is a normative act that regulates the procedure for the
collection, processing and utilization of waste on the territory of the European Union. It aims at
establishing the basic rules of waste management, which will allow to reduce the landfill of waste
and ensure the saving of resources due to the reuse and processing of secondary raw materials. This
Directive introduces a hierarchy of waste management priorities (Directive 2008/98/EC, 2008;
Directive (EU) 2018/851, 2020; FLW Protocol, 2016).

From December 2023, separate collection of organic waste will become mandatory for all EU
member states. Separate collection and processing of organic waste contribute to the reduction of
greenhouse gas emissions, including methane. Separate waste collection systems differ among the 27
EU member states. The introduction of mandatory separate collection of organic waste followed by
bioconversion of food and vegetable waste is based on the principles of circular economy (Manfredi
etal., 2015)

Considering the urgency of the problem of processing organic waste and reducing its quantity
in accordance with the principles of the circular economy and EU Directives, it becomes clear the
need to develop and improve modern biotechnologies for the bioconversion of organic waste into
biofertilizer and biogas (Prokaieva, 2021).

The issue of organic waste processing is considered in the paper, which shows the results of
evaluating the potential of processing fruit and vegetable waste with sawdust in various combinations
and establishes the relationship between microorganisms and physicochemical parameters: C/N in
relation to the bioconversion of fruit waste (apple, banana peel , oranges and kiwi) and vegetable
waste (cabbage leaves, potato and carrot peels). The total amount of fruit and vegetable waste was
approximately 2 kg in each sample, to which different amounts of sawdust (1.23, 0.14 and 0.203 kg)
were added to obtain the suggested C/N ratio and limit odor. The results showed that in the first week,
the pH is acidic and the conductivity values are high for all three samples, and then the pH values
increase during the composting process, while the conductivity values decrease, which is also noted
in our presented research results. Taking into account such changes, we recommend adjusting the pH
value in order to obtain a biofertilizer with a pH within the neutral range (Ghinea, Leahu, 2020).

The authors proposed a food waste processing technology that is easy to maintain, fast,
economical and affordable, and most importantly - ecologically safe and socially acceptable. It is
proposed to carry out bioconversion of organic waste based on the principle of biological
decomposition with the participation of biodegrading microorganisms, thanks to which it was
possible to obtain high-quality biofertilizer, which confirms the relevance of the biotechnological
approaches presented in this article (Oktiawan, Hadiwidodo, Priyambada & Purwono, 2019).
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Taking into account the problematic issues formed above, which are relevant for the whole
world and need to be solved, it is proposed to investigate the process of biotransformation of organic
waste according to modern biotechnologies (Prokaieva, 2021). The author discussed the accepted
strategies of bioconversion, namely the processing of waste with minimization of the impact on the
surrounding natural environment (Reshmy et.al., 2021). The work proved the positive effect of sugars
contained in the skins of vegetable waste on the intensity of waste fermentation and on the
concentration of organic acids and alcohols in the culture liquid (Kandari et.al., 2012). Also, the
optimal fermentation time of vegetable waste was investigated, which is 5-6 days at a temperature of
37 °C (Kudri, 2020). During the bioconversion of vegetable waste, one of the main techniques is the
process of homogenization and mixing of waste (Wang et.al., 2012).

Experiments have proven that the hydrolysis stage has a high impact on the subsequent stages
of gas biosynthesis. Namely, the successful passage of the hydrolysis process will help increase the
yield of biohydrogen by 1.5-3.0 times (Mishra et.al., 2021). However, accelerating the stage of
hydrolysis can lead to an excessive increase in the concentration of acids in the culture liquid, which
will inhibit the development of hydrogen-synthesizing microorganisms, so it is necessary to regularly
adjust the pH of the medium using buffer solutions (Geletuha and Zhelyezna, 2014). The works
studied the role of lactic acid bacteria (LAC) and lactulose prebiotics on the process of hydrolysis
and gas biosynthesis. Lactulose is selectively metabolized by microbiota, forming SCFAs, gas
(hydrogen, carbon dioxide, and methane), which leads to an increase in bacterial biomass.
Bacteroides oralis, Bacteroides vulgatus, Bifidobacterium bifidum, Clostridium perfingens,
Lactobacillus casei strains showed high efficiency in lactulose metabolism (> 20%). Also, it was
established that during the first day of fermentation, the pH can decrease by 2.0-2.5 units (Karakan
et.al., 2021).

The author investigated the effectiveness of using the solid fraction of digestate for
agricultural purposes in order to fertilize agricultural soils (Ratushniak, Koshcheiev, 2011).

Taking into account the above aspects, the objective of the study consists in researching the
efficiency of bioconversion of vegetable waste (beetroot, carrot and potato) into digestate and
biohydrogen using modern EM technologies.

To achieve the objective, the following tasks were formed:

1) determine the optimal fermentation time of vegetable waste with the addition of EM
preparations "Baikal-EM-1" and "Organic-balance™;

2) establish the feasibility of using expired bread in the amount of 10% and lactulose prebiotic
in the amount of 2 and 4% as additional substrates in the process of biotransformation of vegetable
waste;

3) evaluate the quality of the obtained digestate according to the main physicochemical and
microbiological indicators (pH, redox potential, content of biogenic elements, titer of viable cells of
indicator microorganisms).

Materials and Methods. The method of the experiment consisted in the implementation of
bioconversion processes of vegetable waste - beet, carrot and potato, which were fermented both
separately and in the form of a mixture with the addition of EM preparations "Baikal EM 1",
"Organic-Balance" and additional substrates (expired bread - 10 %, prebiotic lactulose in the amount
of 2 and 4% relative to the total mass of waste). Vegetable waste before bioconversion was not subject
to heat treatment and disinfection, it contained the remains of the soil, which contains accompanying
microflora. Before the start of the fermentation process, the vegetable waste was crushed to a particle
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size of 0.3-0.5 cm in order to intensify the fermentation process. Unprocessed, crushed vegetable
waste was subjected to fermentation in a laboratory setup (Fig. 1), which consists of 2 flasks and a
gas outlet tube. Biotransformation of waste took place in thermostatic conditions at a temperature of
37 °C for 6 days. As a result of the acidification of the fermentation medium by lactic acid bacteria
contained in the EM preparation, the pH value of the culture liquid was adjusted daily within optimal
limits (pH 6.0-6.5) due to the introduction of a buffer solution (sodium hydroxide). Biopreparation
"Baikal - EM 1" consists of a consortium of effective microorganisms that are in symbiosis with each
other. Effective microorganisms include lactic acid, photosynthesizing, nitrogen-fixing bacteria and
yeast (Lactococcus lactis, Lactobacillus casei, Rhodopseudomonas palustris, Saccharomyces
cerevisiae). This preparation, according to the instructions, is recommended to be used as a
biofertilizer, to protect plants from various diseases, to deodorize and disinfect cesspools. The
preparation "Organic-Balance” contains organic substances - stabilizers, biologically active
substances, vitamins, enzymes for decomposition of residues, as well as a concentrate of viable
microorganisms: antagonistic cultures - Bacillus subtilis, Paenibacillus polymyxa, and nitrogen fixers
Azotobacter chroococcum. The titer of cultures in both preparations ranges from 1x10% to 1x10°
CFU/cm?. To prepare a working solution (for effective fermentation of waste) from a mixture of two
EM preparations, the following sequence was performed: EM preparations "Baikal EM 1" and
"Organic-Balance™ were added to a flask with prepared water (distilled and sterile) in concentrations
of 10 and 2 ml/l, respectively, sucrose in the amount of 20 g/l. The activation temperature was 37 °C.
The prepared working solution was kept in thermostatic conditions for 3.5 hours to activate
microorganisms, after which it was used in a ratio of 1:4 relative to the crushed mass of vegetable
waste. The following samples were obtained: No. 1 — vegetable mixture, working solution, expired
bread (10% relative to the mass of vegetable waste), No. 2 — vegetable mixture, working solution,
No. 3 — potato waste, working solution, No. 4 — carrot waste, working solution , No. 5 — beet waste,
working solution, No. 6 — vegetable mixture, working solution, 2% lactulose, No. 7 — vegetable waste
mixture, working solution, 4% lactulose, No. 8 — vegetable waste mixture, prepared water (without
the addition of a biological preparation, control). During the experiment, physico-chemical and
microbiological quality control of the digestate was carried out according to the main parameters:
redox potential, pH, concentration of biogenic elements (ammonium nitrogen, nitrite nitrogen, nitrate
nitrogen, phosphates), titer of viable cells of lactic acid bacteria (Lactococcus lactis, Lactobacillus
casei), yeast (Saccharomyces cerevisiae), nitrogen-fixing and hydrogen-synthesizing bacteria on the
example of Paenibacillus polymyxa, enethorobacteria (E.Coli). Indicators were determined daily in
order to establish the intensity and depth of the fermentation process, as well as to identify the optimal
fermentation time (according to the maximum negative value of the redox potential). The quality
indicators of the digestate were evaluated in all experimental samples during the duration of the
fermentation process (6 days) and the post-fermentation period (10th, 20th, 30th days) during the
recommended storage period of the digestate at a temperature of 4 °C.

Experimental methods of researching the quality of biofertilizer (digestate) were carried out in
accordance with the list of methods for measuring (determining) the composition and properties of
samples of environmental objects, emissions, waste and discharges, temporarily allowed for use,
approved by the Ministry of Environmental Protection of Ukraine (materials of the electronic system
"Zakon", 2007).
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a) b) 0)

Fig.1. Laboratory installation for the bioconversion of vegetable waste (a) and samples of
digestate: b) after separation of the solid fraction at the end of fermentation (after storage); c)
without separation of the solid fraction from the liquid at the end of fermentation (after

storage)

Indicators of redox potential and concentration of hydrogen ions were measured using a
standard certified pH meter (millivoltmeter pH-150 mA), the pH indicator was determined according
to ISO 4077-2001. The content of biogenic elements was determined by the photocolorimetric
method, using standard research methods. Ammonium nitrogen was measured according to Nesler.
The essence of the method is the interaction of the ammonium ion with the Nesler reagent, in which
case yellow mercurammonium iodide is formed. Nitrites were determined by the ability of nitrogen
nitrites in an acidic medium to form diazo compounds with aromatic amines. During the measurement
of ammonium and nitrite nitrogen, the photocalorimeter was set to a green light filter. Nitrate content
was determined using salicylic acid using a photoelectrocalorimeter with a blue light filter.
Phosphates were determined using a photoelectrocalorimeter with a red light filter. In a dilute solution
of phosphates, ammonium molybdate reacts in an acidic environment with the formation of molybdic
acid, which is reduced by tin to an intense blue color. During fermentation of the substrate, the volume
of gas was measured after determining the composition of the gas phase by the gas chromatographic
method. A hermetic gas holder was used to determine the gas volume. After each measurement, the
gas holder was completely filled with water in order to avoid errors when calculating the composition
of the gas phase. Sampling of gases and culture liquid was carried out with plastic sterile syringes
with a volume of 2.5 ml. Samples were taken by piercing the rubber stopper of the bottle with a
syringe needle. Before that, the stoppers and needle of the syringes were carefully sterilized by wiping
with alcohol and heating in the flame of the burner. The volume of synthesized gas was measured on
the scale of the syringe (extrusion of the syringe piston by excess gas pressure). The composition of
the gas phase was determined according to the standard method on a LHM-8-MD gas chromatograph.
To grow bacteria and fungi in laboratory conditions, a study of their various properties was carried
out, and the following generally accepted nutrient media were used: meat-peptone broth, Saburo,
Chapek, Endo, MPA, MRS, which correspond to certain standards, creating optimal conditions for
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the growth, reproduction and vital activity of microorganisms. A nutrient medium with the following
composition, mg/l, was used for isolation from the digestate of R. polymyxa: molasses -40, corn
extract - 20, vermiculite - 0.4, KoxHPO4- 0.5, MgS0O4- 0.5, NaCl - 0.5, CaCOs - 10.5. The technique
of tenfold dilutions was used for microbiological studies. Microorganisms isolated from the digestate
were cultivated in a thermostat (dry-air thermostat TS-1/80 SPU). The number of viable cells was
determined using a DEN-1 densitometer and the direct counting method. Bacterial cell samples were
stained according to the Gram staining method, fungi were stained with lactofuxin. Microscopy of
test samples was carried out using a microscope (Microscope XS-5520 biological).

The study was carried out with eight samples of prepared organic waste, in 3 repetitions with
each. The relative error of experimental studies was defined as the difference between the measured
and the true value of the measured value and was within the limits outlined in the above research
methods. The relative error did not exceed 5% for all determined indicators. Statistical processing of
the obtained research results was carried out using the Microsoft Excel software program.

Results and Discussion. Modern agricultural production in the EU countries is based on the
basis of extended reproduction of soil fertility under the conditions of compliance with the safety of
the environment and grown products. The rational use of biofertilizers and biostimulants ensures the
production of environmentally safe products, the accumulation of soil organic matter, reducing soil
fatigue, improving its structure, and as a result, increasing soil fertility. Based on the above, we
proposed to carry out bioconversion of vegetable waste with the participation of effective
microorganisms of the complex preparation "Baikal EM 1" and "Organic-Balance" in order to obtain
high-quality digestate and biohydrogen (the preparation contains cultures of P.polymyxa and Bacillus
subtilis, which belong to hydrogen synthesizing bacteria).

Fermentation of vegetable waste is the metabolism of sugars (substrates), during which energy
is obtained as a result of partial oxidation of an organic compound using organic intermediates as
electron donors and acceptors. Carbohydrates are the main source of carbon and energy that form the
necessary components in the environment. The concentration of sugars affects the growth and
functionality of microorganisms, therefore, in order to accelerate the rate of the initial phase of
bioconversion, we added additional substrates to the samples - expired bread in the amount of 10%
relative to the mass of waste and lactulose - a prebiotic that increases the number of viable LAB that
participate in the process hydrolysis of vegetable waste.

During the process of fermentation and storage of digestate, the concentration of hydrogen ions
and the redox potential were measured, which indicate changes in the environment, and the
stabilization of the redox potential indicator indicates the cessation of fermentation processes in the
system, i.e., the possibility of the end of the fermentation process of vegetable waste (Figs. 2, 3).

Analyzing the presented research results (Fig. 2), it is possible to assert the beginning of the
stage of acidogenesis at the end of the 1st day of the experiment, especially for samples 1, 6, 7, to
which additional substrates were added. Acidification of the fermentation medium was recorded for
1 day of the experiment, which is explained by an increase in the titer of viable cells of the LAB.

The dynamics of fermentation of organic waste was studied according to the following
parameters - pH (Fig. 2), Eh (Fig. 3) and intensity of gas formation (volume of isolated biogas).
Completion of the fermentation process was determined by visual assessment, i.e. cessation of gas
formation, reduction of hydrogen concentration in the gas mixture. The parameters were monitored
once a day during fermentation (1-6 days).
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Fig. 2. The dynamics of changes in the concentration of hydrogen ions in the
experimental samples during fermentation (1-6 days) and storage (30 days): No. 1 — vegetable
mixture, working solution, expired bread (10% relative to the mass of vegetable waste), No. 2 —
vegetable mixture, working solution solution, No. 3 — potato waste, working solution, No. 4 — carrot
waste, working solution, No. 5 — beet waste, working solution, No. 6 — vegetable mixture, working
solution, 2% lactulose, No. 7 — vegetable waste mixture, working solution, 4% lactulose, No. 8 -
vegetable mixture of waste, prepared water (without the addition of biological preparations, control)
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Fig. 3. Dynamics of changes in the redox potential (Eh) in experimental samples during
fermentation (1-6 days) and storage (30 days): No. 1 — vegetable mixture, working solution,
expired bread (10% relative to the mass of vegetable waste), No. 2 — vegetable mixture, working
solution, No. 3 — potato waste, working solution, No. 4 — carrot waste, working solution, No. 5 —
beet waste, working solution, No. 6 — vegetable mixture, working solution, 2% lactulose, No. 7 —
vegetable mixture waste, working solution, 4% lactulose, No. 8 - vegetable mixture of waste,
prepared water (without adding biological preparations, control)
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The obtained research results show (Fig. 3) that in all samples (1-7) there is an intensification
of the fermentation process on the 2nd, 3rd, and 4th days of fermentation, as evidenced by changes
in the redox potential index, which fluctuates within the limits for samples (1 -7) from -100 to -200
mV. The lowest indicator of redox potential was recorded for sample No. 3, which contained only
potato waste, as well as for samples No. 6, 7, to which lactulose was added. Therefore, in the
biotechnology of directed biosynthesis of hydrogen, it is better to use potato waste, but considering
that in small households a mixture of vegetable waste is formed and there is only a need to obtain
biofertilizer for own needs, it is better to use a mixture of vegetable waste, which in terms of the
content of vitamins and micro- and macroelements will be higher than the digestate obtained from
such monowaste as potatoes. Also, if expired bread (experimental sample No. 1) and lactulose
(experimental samples No. 6 and 7) are added to the vegetable mixture during fermentation instead
of sucrose at the microflora activation stage, the fermentation process can be intensified, as well as
the time of the hydrolysis stage and acid accumulation can be shortened. As for samples No. 6 and 7,
to which the prebiotic lactulose was added, which contributes only to the increase of the LAB titer,
we note the acceleration of the acid accumulation stage, which is confirmed by the results of
microbiological studies to determine the LAB titer, which have antagonistic properties in relation to
pathogenic bacteria and fungi. Considering the fact that the concentration of fatty acids increases
thanks to LAB, at the stage of acetogenesis, they are transformed into hydrogen and then into
methane. Experiments proved that in sample No. 8 (control) the waste transformation process is
slowed down, which is associated with insufficient reproduction of accompanying microflora, which
entered the fermentation medium together with untreated waste, which is confirmed by insignificant
changes in pH and redox potential. Therefore, to accelerate the fermentation process and prevent the
development of pathogenic wild plants, it is necessary to use EM preparations (Levin, 2014).

The release of biogas (Hz) began intensively on the 2nd day of fermentation, especially for
samples No. 3, 6, and 7. This is explained by the fact that potato waste is starch-containing and
susceptible to the development of hydrogen-synthesizing microorganisms, especially Bacillus
subtilis. In samples No. 6 and 7, to which the substrate lactulose was added, the release of
biohydrogen also intensifies, which is explained by the fact that lactulose is a disaccharide consisting
of fructose and galactose, it decomposes into lactic acid, acetic acid, and then transforms into
hydrogen by with the participation of hydrogen-synthesizing microorganisms.

The hydrogen content for samples No. 3, 6, and 7 at the end of the 2nd day of fermentation
was 10.1-11.4 £2.0%, and on the 4th and 5th day of the experiment it was 32-36, £2.0%. On the 2nd-
3rd day, foam and gas bubbles accumulated on the surface of the fermentation medium, on the 5th-
6th day, a gradual destruction of vegetable waste was observed with the deposition of highly dispersed
detritus at the bottom of the flask, the amount of fermented substrate (vegetable waste) decreased to
approximately 25% in 6 days of cultivation. Therefore, it can be assumed that the full process of
waste destruction takes place within 6 days.

We note that during the experiment there is an active transformation of carbohydrates of
vegetable waste by the presented microflora, which was introduced together with the working
solutions of two EM preparations. We consider pH=6.3-7.0 and Eh=-100...—200 mV to be the optimal
conditions for the biotransformation process. The duration of destruction is 6 days, which also
correlates with similar studies (Jarunglumlert, 2018).

According to the generally accepted methods of determining the content of biogenic elements,
we determined the quality of the digestate at the end of the 6th day of fermentation, which varies in

167

Selected Papers of the V International Conference on
European Dimensions of Sustainable Development, Kyiv 2023



the range for samples 1-7, mg/l: ammonium nitrogen from 86 to 120, nitrite nitrogen from 10 to 12,
nitrate nitrogen from 430 to 480 mg/1, phosphates from 430 to 480, respectively. The obtained results
of research indicate the expediency of using digestate as a biofertilizer, since the content of biogenic
elements is high enough and needs to be diluted with water in a ratio of 1:2.5.

The next stage is conducting microbiological studies to determine the safety of the digestate
from the point of view of the content of E. coli and mold fungi, since non-liquid vegetable waste was
used, which could not be cleaned, washed and sterilized, and contained soil residues. The use of
digestate containing pathogenic cultures is not an acceptable factor in agricultural technologies. In
order to identify bacteria of the Escherichia coli group, the studied samples were sown on Endo's
medium. Due to the use of a working solution with the addition of two EM preparations, which
contain a symbiosis of antagonistic bacteria: LAB (Lactococcus lactis, Lactobacillus casei), Bacillus
subtilis, Paenibacillus polymyxa, no enterobacteria were found in samples 1-7. In sample No. 8
(control, without the addition of EM preparations), the presence of E. Coli with a titer of 150 CFU/ml
was noted. Unfortunately, the presence of white and green mold was noted in sample No. 8, to which
EM preparations were not added (Figs. 4, 5).

Fig. 4. Light photo: a) colonies of white mold on carrot waste; b) gray and fusarium fungal
disease colonies on beet waste

a) b)

Fig. 5. Light photo: a) aerial mycelium of the causative agent of white fungal disease of
carrots on a nutrient medium
b) aerial mycelium of the causative agent of gray and fusarium disease on a nutrient
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In the course of the experiment, it was found that white mold got into the vegetable mixture
together with illiquid carrots, and gray and fusarium rot - together with beet waste. Potato waste was
not affected by pathogens of root crops.

In this study, it was proved that the causative agents of fungal diseases of carrots and beets
(Fusarium Link, Sclerotinia sclerotiorum, Botrytis cinerea) are inhibited by the symbiosis of LAB,
Bacillus subtilis, Paenibacillus polymyxa, which are presented in EM preparations, since these
representatives have antimicrobial and antifungal effects.

The yeast Saccharomyces cerevisiae was detected in Saburo's medium in small quantities
(from 2 x 10? to 3 x 10 cells/l), which was isolated from the culture liquid of experimental samples
(1-8).

Table 1 shows the number of viable cells of LAB and Paenibacillus polymyxa, which were
found in the test samples (1-8).

Table 1
The amount of LAB and Paenibacillus polymyxa in digestate samples

The number of Experiment duration, day

LAB and 2 4 | 6 | 10 20 30

Paenibacillus Titer of viable cells, cells/ml

polymyxa

in samples 1-8

LAB:

1 3,2 x107 1,1 x107 7,1 x10° 3,1 x10° 8,1 x10° 2,9 x10°
2 2,4 x107 8,0 x10° 4,0 x10° 1,8 x108 7,9 x10° 1,2 x10°
3 1,2x10" | 56x10° | 2,1x10% | 7,7x10° | 1,7x10° | 8,0x10*
4 2,7x107 | 7,7x10% | 52x10%® | 25x10° | 6,4x10° | 2,1x10°
5 3,0 x107 9,0 x10° 6,8 x10° 3,3x10° 7,0 x10° 3,0 x10°
6 58x10" | 55x10" | 45x10" | 15x10" | 3,5x10° | 1,5x10°
7 7,0 x107 6,8 x10’ 5,9 x10’ 2,4 x107 5,0 x10° 3,0 x10°
8 5,0 x10° 2,3 x10° 2,0 x10° 5,0 x10* 1,9 x10* 7,9 x10°

Paenibacillus

polymyxa:

1 75x10° | 55x10" | 6,0x10" | 3,5x10° | 2,0x10° | 8,9x10°
2 49x10° | 4,9x10" | 58x10" | 3,4x10° | 1,8x10° | 7,5x10°
3 7,8 x10° 6,2 x107 6,3x10’ 4,0x10° 2,8x10° 8,8 x10°
4 50x10° | 9,3x10° | 1,0x10" | 6,5x10° | 85x10° | 2,1x10°
5 6,5 x10° 1,5 x107 2,3 x107 8,5 x10° 1,5 x10°8 6,9 x10°
6 8,3 x10° 6,8 x10’ 7,2 x107 2,5 x107 2,6 x10° 9,5 x10°
7 9,5 x10° 7,7 X107 8,0 x10’ 4,3 x10’ 3,1 x10° 1,0 x10°8
8 not found | not found | not found | not found | not found | not found

The results presented in Table 1 show that in samples 1, 6, 7, to which additional substrates
were added, an increase in the number of studied microorganisms was recorded. On the 2nd day, in
samples 1-7, an increase in the titer of LAB, which participates in the hydrolysis process, is noted.
After 4 days of fermentation, there is a decrease in the presence of LAB in all samples, which

169

Selected Papers of the V International Conference on
European Dimensions of Sustainable Development, Kyiv 2023



corresponds to the generally accepted provisions on the process of bioconversion of vegetable waste,
since the stage of acetogenesis has begun. At the stage of hydrolysis, complex biopolymeric
compounds (proteins, carbohydrates, cellulose, etc.) are biotransformed into simpler oligo- and
monomers (amino acids, sugars, fatty acids, and water). At this stage, organic substances are
fermented by extracellular enzymes of microorganisms (amylase, lipase, protease), as well as the
transfer of dry substances from an insoluble state to a soluble state occurs.

In general, hydrolysis occurs very slowly, as it depends on exoenzymes (extracellular enzymes),
which, attaching to the cell wall of bacteria, turn complex organic substances into small water-soluble
molecules. Therefore, sometimes this process can limit the entire process of biohydrogen formation,
since the next stages cannot begin without the end of hydrolysis. The process when the formed
monomers are converted by fermenting microorganisms (lactic acid bacteria) into a number of simple
compounds: fats, acids, alcohols, lactic acid, methanol, CO,, H2, NH3 and H>S. At this stage,
anaerobic microorganisms utilize the remaining oxygen, creating conditions for the next two stages.
At a pH close to neutral, unstable fatty acids (acetic, propionic, butyric, etc.), low-molecular alcohol
and gases are synthesized, after which a sharp decrease in pH occurs, i.e., an oxidation process occurs.
At the end of the second to sixth day, inclusive, the acetogenic stage of waste bioconversion takes
place, namely, the process of converting previously formed products into acetate and a large amount
of hydrogen. It is this stage that is key and final in the production of biohydrogen. The formation of
a large amount of acetic acid, carbon and COx is recorded. No Paenibacillus polymyxa was detected
in the control sample No. 8, because we did not add the working solution.

The technology of biotransformation of vegetable waste proceeded according to the following
stages: preparation and grinding of waste, the main fermentation process, separation of the liquid
fraction from the solid fraction, storage of the liquid fraction of the digestate at a temperature of 4 °C
without access to light. It is recommended to distribute the solid fraction (sediment) immediately to
the fields.

Conclusions. An urgent problem today, both in Ukraine and in the EU countries, is the issue
of accumulation and processing of organic waste, in particular, vegetable waste. Compressed under
tons of garbage and soil, waste without the presence of specific microorganisms does not decompose.
That is why, unfortunately, vegetable waste that is not properly prepared does not become compost
by itself, therefore the processes of rotting lead to the deterioration of the sanitary condition of the
soil and the pollution of groundwater. The process of bioconversion of vegetable waste (beetroot,
carrot and potato) by a specific consortium of EM-preparations microorganisms - "Baikal-EM 1" and
"Organic-balance" is proposed. The photocalorimetric method confirmed the sufficient content of
biogenic elements in the liquid fraction of the digestate, which allows it to be recommended for use
for soil fertilization. The novelty of the study consists in the use as additional carbon sources of
expired bread in the amount of 10% and lactulose in the amount of 2 and 4% relative to the mass of
waste. As a result of biotransformation of vegetable waste, digestate and biohydrogen were obtained
in 6 days of fermentation. It has been proven that the quality of the digestate remains at a sufficiently
high level in terms of microbiological and physicochemical indicators at a temperature of 4 °C for 30
days, provided that the solid fraction is separated from the liquid immediately after the fermentation
process is finished. Soils usually lack many types of beneficial microorganisms for their recovery.
Experiments have proven that the obtained digestate does not contain pathogenic cultures, on the
contrary, it contains useful soil microorganisms, which are classified as nitrogen fixers and
antagonists in relation to pathogenic cultures, especially molds.
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The proposed method of decomposition of organic waste can be used not only in the
conditions of small households, but also on large agricultural farms, which are engaged in the
cultivation of vegetable crops, their storage throughout the year and conservation. At these
agricultural enterprises, great attention is paid to the liquidity of products for further sale.
Unfortunately, vegetable losses account for 30-40% of the harvest.. Therefore, the implementation of
this method of bioconversion of vegetable waste is also relevant for large volumes of waste. An
example of the European experience of using this practice of processing vegetable waste is the
agricultural farm of Janis Winter (Latvia). On the farm, up to 75 tons of crushed organic vegetable
waste 1s loaded into the bioreactor in one fermentation cycle. Non-liquid vegetables (carrots, beets,
potatoes and other agricultural waste) or vegetables with signs of rotting are used as raw materials on
this farm. Waste in the form of expired bakery products is used exclusively to intensify the
fermentation process, that is, as an additional substrate. According to Directive 2008/98/EC, this farm
implements a full technological waste-free process of growing and processing vegetable crops:
growing vegetables in the fields and in greenhouses, their harvesting, preservation and storage
throughout the year, processing of generated waste into biogas and biofertilizer and wastewater
treatment, which together with the digestate are fed to the fields (Fig. 6).

a o 6
Fig. 6. An example of digestate (biofertilizer) storage in lagoons near agricultural

fields: a — digestate storage lagoon; b — redistribution of digestate through pipelines; ¢ — collection

of the solid fraction of the digestate

The digestate formed after fermentation is separated into liquid and 