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FINANCIAL ENGINEERING OF GREEN FINANCE AS AN ELEMENT OF ENVIRONMENTAL
INNOVATION MANAGEMENT

Abstract. Currently, the Ukrainian economy is beginning to implement the concept of «green» finance at the
legislative level. But the minimum legal framework is already present to protect the environment of Ukrainians. The
management of eco-innovation is essential, as most countries that negatively contribute to the sustainable
environment are primarily countries with significant financial shortfalls. The article aims to determine the basic
theoretical and practical principles of financial engineering of green finance as an element of environmental innovation
management. European countries were selected to study the possibilities of financial engineering of green finance as
an element of environmental innovation management. The study period is 2000-2020. The article analyzes and studies
the main indicators of energy production and usage, adjusted savings, rent for using natural energy sources,
Environmental Performance Index 2020, environmental health indicator, and other indicators for the studied countries.
Regarding the possibilities of green financing in Ukraine, the existing normative legal acts are considered. For
developing areas for improving the management of environmental innovations, this study was conducted in the
following logical sequence: built a multifactor linear regression model net inflows of foreign direct investment; the
influence of factors on the performance indicator is determined; the most influential factors for determining the
directions of future improvement have been identified. The authors confirmed thAT the financial engineering of green
finance is a tool that combines the world of finance, innovation, and business with environmental behavior. It is an
activity area for many participants, including individual and business consumers, manufacturers, investors, and
financial lenders. Unlike traditional financial activities, green finance focuses on environmental friendliness and pays
more attention to the environment. Thus, investing in climate change and clean energy knowledge could better assess
risk and return. Two important strategies in global sustainable development are energy efficiency and the development
of renewable energy sources. As for the development of renewable energy industries, the main factor hindering the
development of industrialization is the lack of capital and an effective financing mechanism.

Keywords: green finance, innovation, environmental performance, sustainability, financial engineering.

Introduction. Under the growing number of environmental challenges, the key issue is determining
what measures are most needed to ensure each country's economy's efficiency, effectiveness, and
sustainability so that the financial system can contribute to specific sustainable development priorities.

In this study, financial engineering is defined as the purposeful development and implementation of
new financial instruments and/or new financial technologies and the creative search for new approaches
to solving financial problems using financial instruments and technologies. Green finance is a structural
component of the finances of individual economic entities, which is primarily implemented through the
efficient use of natural resources and environmental protection without losing the productive capacity of
such entities in the financial system. This component is important in the current stages of human
development, as it ensures the latter's future.
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The article aims to determine the basic theoretical and practical principles of financial engineering of
green finance as an element of environmental innovation management based on the results of the analysis
of environmental performance using world indexes, energy indicators, and building the multifactor linear
regression model.

Literary Review. Green finance as an element of environmental innovation management has been
considered in the works of many researchers and scholars.

Versal and Sholoiko (2022) argued that the growth of social welfare and economic development have
their price. This price is rising sharply due to environmental problems, leading to a significant shift from
the usual understanding of economic development to sustainable development. Therefore, green finance
has emerged, one of the tools of which is green bonds. Shkarupa et al. (2021) note that Ukraine is one of
the countries facing climate change, and transport is the main source of air pollution in Ukrainian cities.
The most acute problem is the lack of a strategic plan to move transport companies to the green course,
which requires additional costs and special tools to develop and implement cost-effective solutions to
address emissions in the transport sector. Prajapati et al. (2021) noted that the world's biggest challenge
is managing the transition to a low-carbon sustainable economy without affecting the speed and diversity
of growth. As the diversity of green bonds attracts a diverse investor base, this is a major factor contributing
to the rapid expansion of the green bond market. Madaleno et al. (2022) established a causal link between
green finance, clean energy, environmental responsibility, and green technology by applying a new test of
causation that changes over time. Recursive development and window collapse algorithms show
bidirectional causal links between green finance, clean energy, environmental responsibility, and green
technologies, but not throughout the period, but with a particular decline and loss of significance during
COVID-19. Zhang et al. (2022) argued that the coordination and balance of development between green
finance and environmental performance are crucial to ensure sustainable development in an economic
transition. Researchers indicated that the industry structures, the level of economic development, and
environmental standards positively affect the coordinated development of green finance and
environmental performance, while population density slows it down.

Al Mamun et al. (2022) studied the impact of green finance on decarbonization. The authors have
shown that green financing significantly reduces carbon emissions in the short and long term. This effect
is due to green bonds issued to support waste and pollution control and increase energy efficiency.
Gholipour et al. (2022) investigated the relationship between green finance and CO2 emissions from the
construction industry. The policy of supporting this development during the COVID-19 pandemic is crucial,
as this crisis has limited the availability of «green» funding, which has slowed or canceled any progress.

Lee and Pu (2012) conducted empirical tests from the point of view of financial engineering on the
impact of Chinese stock reform (unblocking non-traded stocks) using the case study method and found
positive and negative abnormal returns under different conditions. Hermundsdottir et al. (2022) studied
manufacturers' reaction to the crisis after COVID-19, particularly how it influenced their adoption of
environmental innovations. Researchers are examining whether firms are choosing «general» or «green»
strategic responses to the crisis and how this affects eco-innovation implementation.

Humphrey and Li (2021) argued that the weakening of global warming is identified as one of the most
acute problems of our time. Zhang and Kong (2022) investigated the impact of green lending policy on
investment in enterprise research. Xiang et al. (2022) argued that public companies could obtain the funds
needed for green innovation through internal and external financing. The impact of three external financing
channels, namely government subsidies, equity financing, and debt financing, on green innovation is
gradually weakening. Braga et al. (2021) proved that governments and multilateral organizations could
reduce the risk of green investment by supporting green bond issuance as opposed to private green bonds.
It shows higher yields, volatility, beta prices, and conventional energy bonds, which are more volatile due
to fluctuations in oil prices. Altaghlibi and Wagener (2019) showed that conditional green financing is rarely
effective. It is based on the effect of forced interim savings. In some cases, this is ineffective at best and
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counterproductive at worst. Hagspiela et al. (2021) indicated that in pursuit of ambitious greenhouse gas
reduction targets, many countries had introduced support schemes to accelerate investment in renewable
energy. However, this has a serious impact on investment behavior. Thus, environmental degradation
may pose risks to financial assets and institutions and the financial system. Here, the main focus in
financial policy and regulation should be on understanding the scale of these risks and the introduction of
financial engineering of green finance as an element of environmental innovation management.

Methodology and research methods. The methodological basis of the article is a system of
methods: analysis and synthesis, comparative, analytical, economic and mathematical, etc. The reliability
of the study is based on the use of regulations and fundamental works of scientists. The research
hypothesis is that green finance as an element of environmental innovation management is influenced by
the following indicators; firms using banks to finance investment; alternative and nuclear energy;
renewable energy consumption; adjusted net savings, including particulate emission damage; stocks
traded, total value. European countries were selected to study the possibilities of financial engineering of
green finance as an element of environmental innovation management. The study period is 2000 - 2020.
Countries were selected by income level according to the World Bank classification, namely high-income
countries (Austria, Croatia, Denmark, Finland, Latvia, Lithuania, Poland), upper-middle-income country
Bulgaria and lower-middle-income country Ukraine. Data for analysis were taken from open sources,
particularly World Bank, epi.yale, the Green Finance Measures Database, and United Nations
Environment Programme. To develop areas for improving the management of environmental innovations:

— amultifactor linear regression model of net inflow of foreign direct investment was built;

— the impact of factors (the number of firms that use banks to finance investments; alternative and
nuclear energy; renewable energy consumption; adjusted net savings, including damage from particulate
emissions; traded shares) on the performance indicator (foreign direct investment, net inflow) was
determined;

— the most influential factors for determining the directions of future improvement were specified
based on the analysis of data from the studied European countries (Finland, Denmark, Austria, Belgium,
Lithuania, Latvia, Croatia, Poland, Ukraine, Bulgaria).

To determine the factors to be included in the model:

— pair correlation coefficients were calculated; the correlation matrix was constructed, and its
statistical analysis was carried out;

— based on the results of statistical analysis, correlation galaxies were built, and the factors that
need to be included in the model will be determined;

— in case of the implicit connection between the signs of factors, partial correlation coefficients
should be calculated, and their statistical analysis should be carried out.

The practical significance of the article lies in the possibility of using the findings to create real projects,
proposals, and recommendations for the development of green finance engineering in Ukraine and
improve the management of environmental innovation, taking into account the experience of European
countries.

Results. The management of eco-innovation is particularly important, as most countries that make a
negative contribution to the sustainable environment are primarily countries with significant financial
shortfalls. Table 1 analyzes the main indicators of energy production and uses in the studied countries.

Adjusted savings (AS) measures the real level of savings in the economy, taking into account
investment in human capital, depletion of natural resources, and damage caused by pollution. Adjusted
savings, informally known as real savings, are an indicator aimed at assessing the economy's resilience
based on the concepts of expanded national accounts. Figure 1 analyzes adjusted savings in the studied
countries.
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Table 1. The main indicators of energy production and use on average for 2000-2020

Indicat
ndicator o e = o £ - . = - o
5 2 s B £ & > S 8 ®
3 > = o c = T 2 o) £
Alternative and 10,7 20,9 2461 74 58 2137 7,06 233 042 1795
nuclear energy, % of 3

total energy use
C02 emissions, 797 965 6,12 478 81 10,56 345 427 797 6,28

metric tons per capita

Combustible 14 214 4,33 127 944 1946 245 104 517 0,68
renewables and 3
waste, % of total
energy

Electricity production 11,4 969 4716 176 437 1556 0,01 000 896 34,57
from coal sources, % 6

of total
Electricity production 60,7 040 794 519 006 1805 555 577 142 590
from hydroelectric 0

sources, % of total
Electricity production 16,1 27,6 4,48 169 178 1305 391 318 282 1202
from natural gas 6
sources, % of total
Electricity production 0,00 529 3795 000 000 3065 000 491 000 46,32
from nuclear sources,
% of total
Electricity production 2,03 0,92 1,00 11,3 262 0,67 066 421 15 040
from oil sources, % of
total
Electricity production 29,6 382 52,64 459 642 2928 398 361 940 46,99
from ail, gas, and coal 5
sources, % of total
Electricity production 8,85 6,83 1,87 206 326 1441 449 861 446 025
from renewable
sources, excluding
hydroelectric, % of

total
Renewable electricity 695 7,23 9,81 540 327 3245 600 143 588 6,15
output, % of total 5
electricity output
Renewable energy 289 475 1209 276 200 3404 361 208 891 234
consumption, % of 6
total final energy
consumption

Sources: developed by authors based on World Bank (2021).

Positive savings allow a country's wealth to grow over time, thus providing future generations with at
least as many opportunities as current generations. In this sense, the adjusted savings seek to offer
analysts an indicator to track progress in this work. Figure 2 analyzes the studied countries' adjusted net
savings, including particulate emission damage.
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Figure 1. Adjusted savings on average for 2000-2020, % of GNI
Sources: developed by authors based on World Bank (2021).

Austria
2

Finland

Figure 2. Adjusted net savings, including particulate emission damage, % of GNI
Sources: developed by authors based on World Bank (2021).

Savings are a key aspect of development. Countries could not avoid a state of low subsistence without
creating a surplus for investment. Resource dependence makes it difficult to measure savings, as
depletion of natural resources is not reflected in standard national accounts. The same applies to
contamination or damage to existing assets. Adjusted savings overcome this problem by measuring the
change in the value of the specified set of assets. If a country's savings are positive and accounting
includes a fairly wide range of assets, economic theory assumes that the value of welfare increases.
Conversely, constantly negative adjusted savings indicate that the economy is on an unstable path. In
addition to being an indicator of sustainability, adjusted savings have several other benefits as an indicator
of policy. This indicator presents resources and environmental issues in financing and development
planning. It increases the need to increase domestic savings and, consequently, the need for effective
macroeconomic policies. Besides, it covers the fiscal aspects of the environment and natural resource
management. It collects fees for resources and taxes for environmental pollution, which are the main ways
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to ensure the efficient use of environmental resources. Figure 3 analyzes rent for using natural energy
sources in the studied countries.

N w ~ (3,1
) ) ) 1

= Coal rents (% of GDP) = Forest rents (% of GDP)
= Mineral rents (% of GDP) = Natural gas rents (% of GDP)
= Qil rents (% of GDP) = Total natural resources rents (% of GDP)

Figure 3. Rent for the use of natural energy sources on average for 2000-2020, % of GDP
Sources: developed by authors based on World Bank (2021).

Another important indicator is the Environmental Performance Index (ERI) — a comprehensive
indicator of the environmental policy of the state and its individual actors. The index is calculated by 24
performance indicators in ten categories, covering health, environment, and ecosystem viability. EP1 2020
provides a quantitative basis for comparing, analyzing, and understanding environmental performance in
180 countries. These countries were measured and ranked by environmental indicators and examined
how these indicators have changed over the last decade. Figure 4 analyzes Environmental Performance
Index 2020 in the studied countries.

90 825 796 789

] 73.3
20 | 631 629 616 60.9 57

Figure 4. Environmental Performance Index 2020
Sources: developed by authors based on epi.yale (2021).

According to the Environmental Performance Index 2020, among 180 countries, Denmark ranks the
first place, Austria — the sixth, Finland — the seventh, Belgium — the fifteenth, Croatia — the thirty-fourth,
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Lithuania - the thirty-fifth, Latvia — the thirty-sixth, Poland - the thirty-seventh, Bulgaria - the forty-first,
Ukraine - the sixties. The environmental policy aims to determine how well countries protect their
populations from environmental risks. It accounts for 40% of the EPI's overall score and consists of four
categories of issues: air quality, sanitation and drinking water, heavy metals, and waste management.
Figure 5 analyzes Environmental Health Indicators in the studied countries.

Figure 5. Environmental Health Indicator, 2020
Sources; developed by authors based on epi.yale (2021).

In terms of environmental health in 2020 among 180 countries, Finland is in the first place, Denmark
—in the eighth place, Austria - in the sixteenth place, Belgium — in the twentieth place, Lithuania - in the
thirty-sixth place, Croatia — in the thirty-seventh place, Poland - in the forty-third place, Latvia - in the forty-
fifth place, Bulgaria - in the sixty-third place, Ukraine - in the sixty-ninth place. The air quality category
measures the direct impact of air pollution on human health in each country. Noteworthy here, it consists
of three indicators: PM2.5 exposure, solid household fuels, and ozone exposure. Figure 6 visualizes the
indicator «Air Quality» in the studied countries.
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Figure 6. Indicator «Air Quality», 2020
Sources: developed by authors based on epi.yale (2021).

The environmental category of agriculture measures the efforts to maintain a healthy population by
minimizing agricultural threats to the environment. It is based on one indicator - the Sustainable Nitrogen
Management Index (SNMI). Figure 7 presents the indicator of environmental friendliness of agriculture in
the studied countries.
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Figure 7. Indicator of environmental friendliness of agriculture, 2020
Sources: developed by authors based on epi.yale (2021).

According to the indicator of environmental friendliness of agriculture in 2020, Ukraine ranks the first
place, Denmark — the fifth, Austria — the twelfth, Croatia — the fifteenth, Lithuania — the twentieth, Bulgaria —
the twenty-first, Latvia — the twenty-fourth, Poland — the twenty-fourth, Poland - the thirty-second, Finland
— the forty-third, Belgium - the fifty-ninth. Infrastructure investment should be increased and integrated
with climate risks to prevent development reversals. A shift to low-carbon and climate-friendly
infrastructure is required. It requires a mechanism beyond traditional concessional financing to reduce the
risks of the structure of financing infrastructure projects into viable and profitable projects.

Using technical assistance for project preparation provided by bilateral and multilateral aid agencies
and financial development institutions, creditworthy project sponsors are steadily creating several projects
that could be financed. Still, there is a significant gap between eligible opportunities and financial risks.
The Green Finance Guarantee Facility would help overcome financial institutions' and credit committees'
obstacles in reducing real or perceived risk. Moreover, the green finance guarantee mechanism could
attract investment capital to obtain innovative infrastructure projects that have a significant impact on the
climate that does not yet have commercial experience. However, although there are financially viable
climate-friendly infrastructure projects that have been financially closed, their number is small, and they
are assessed based on traditional risk and return profiles. Climate-smart infrastructure projects could be
assessed in terms of financial viability from the perspective of economic viability (estimation of project
costs (capital, operating, and non-financial costs) compared to project benefits (revenues, non-financial
benefits, avoiding environmental costs, increasing productivity, etc.). Climate-friendly infrastructure
projects do not have a clear payback model and do not bring investors a profit compared to the market
rate of project financing. Therefore, most investments in climate-smart infrastructure do not progress and
do not receive financial closure.

To ensure the quality of «green» finance development, it is necessary to identify the main components
included in «green» finance. Sources of funding are divided according to the level of the economic system,
namely: the national and international levels, considering the interrelationships in solving both social and
environmental problems. The local level should be singled out within the national level and beyond the
national level, such a regional level as the European region. It determines sustainable development and
funding of relevant activities. Table 2 presents the analysis of green finance in the European region: the
top investors in the environmental fund in 2021.
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Table 2. Green finances in the European region: top investors in the environmental fund in 2021,
million US dollars

Country Green finances, million of US dollars
Netherlands 9,2
Germany 8,8
France 75
Belgium 6,1
Sweden 50
Denmark 49
United Kingdom 45
Switzerland 4,0
Norway 3,0
Finland 29
Italy 2,7
Spain 1,6

Sources: developed by authors based on The Green Finance Measures Database and United Nations
Environment Programme.

Regarding the national level of green finance in Ukraine, it promotes tax reform, tax discipline, and
customs regulation. The countries introduce national or local taxes on carbon emissions. In addition, it is
necessary to ensure quality management of public finances in the framework of public policy, which
concerns the revision and redistribution of expenditures and the direction of public funds to support
projects that contribute to the sustainable development of the country's economy. The use of financial
instruments by the state becomes equally important, not only in introducing additional taxes to stimulate
the reduction of emissions and pollution but also in the state's investment in projects aimed at the active
use of technologies that improve the environment. In this context, it is important to have a systematic
approach in terms of financial and environmental components by developing tools for the accurate
assessment of the level of environmental pollution by a particular economic entity.

As for the role of private investors, it is not limited to the participation of financial intermediaries, such
as banks, insurance companies, or private pension funds. Equally important from the point of view of
creating conditions for the sustainable development of «green» finance is the role of the population as a
potential consumer of environmentally friendly goods created based on «green» means of production. It
is actually the creation of demand and hence the formation of the relevant market segment.

Moreover, all the above elements interact with each other and significantly impact the development of
«greeny finance. Thus, public policy can change the «green» financial tax burden on emissions.
Companies can start looking for new technologies to produce environmentally friendly products by
increasing the size of the environmental tax. But at the same time, the introduction of new technologies
requires funds, and in most situations, the company would attract investment.

The Tax Code of Ukraine, which is the main lever for regulating environmental tax revenues, is
important for «green» finances. The following laws are also important for green finance.

The Constitution of Ukraine is the main document that provides the foundation for protecting the
country's ecology.

The Law of Ukraine «On Environmental Protection» regulates relations in the field of protection, use,
and reproduction of natural resources, environmental safety, prevention and elimination of the negative
impact of economic and other activities on the environment, conservation of natural resources, genetic
fund of wildlife, landscapes, secondarily affects the activities of the enterprise, namely coordinates such
activities in the direction of nature protection.
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The Law of Ukraine «On Waste» is a legislative document that regulates the basic conditions,
requirements, and rules for environmentally sound management of waste and its disposal and measures
related to organizational and economic incentives for resource conservation.

It is important for the company because companies must plan the cost of their financial resources to
comply with legal requirements for emissions. The Code of Ukraine «On Subsoil» is an important source
of legal information for enterprises engaged in mining in Ukraine and establishes rights and responsibilities
for such companies.

The Forest Code of Ukraine is legislation that regulates public relations related to the possession, use,
and disposal of forests and aims to ensure the protection, reproduction, and sustainable use of forest
resources, taking into account environmental, economic, social, and other factors interests of society. It is
important for enterprises that extract wood in raw form for processing and further sale.

The Water Code of Ukraine regulates legal relations on ensuring the conservation, scientifically sound,
rational use of water for the needs of the population and industries, reproduction of water resources,
protection of water from pollution, clogging and depletion, prevention of harmful effects of water and
elimination of their consequences, improvement the state of water bodies, as well as the protection of the
rights of enterprises, institutions, organizations and citizens to water use.

The Law of Ukraine «On Basic Principles (Strategy) of State Environmental Policy of Ukraine until
2030» defines the main directions of environmental protection, including the development of economic
relations between enterprises in the direction of «green» finance, involvement of international
organizations for greening production, the introduction of new rules in production for nature protection.

The Law of Ukraine «On Protection of Atmospheric Air» is a legal basis for enterprises that have
emissions into the air (for example, carbon monoxide, carbon dioxide).

The Law of Ukraine «On the permitting system in the field of economic activity»- a law that establishes
general rules for obtaining permits by a business entity, for example, licenses for the right to use water
bodies, deforestation, mining. Important issues for the company in terms of organizational aspects are
license terms, and time lost to obtain such permits, etc.

Almost all of the above legal documents are closely related to the Tax Code of Ukraine (TCU). The
TCU establishes taxes and liability for them. Thus, to some extent, all the above laws affect the «green»
finances. These finances should be considered a separate component but a component in a set of country
factors that affect the environmental situation. That is why all the above legal documents occur in the
«green» finance (the above list of documents is not complete). The above laws affect the organizational
aspects of the enterprise, i.e., the creation of production under environmental regulations.

The Global Green Finance Index (GGFI) assesses green finance and provides insight into several
policies or regulatory market factors that contribute to the growth of green finance. GGFI conducts an
international survey of financial professionals to assess the quality and «depth» of green finance
development in 110 international financial centers worldwide, combined with an assessment of 131
factors. To develop areas for improving the management of environmental innovations, it is necessary to:
build a multifactor linear regression model of net inflows of foreign direct investment; determine the
influence of factors on the performance indicator; identify the most influential factors to determine areas
for future improvement based on the analysis of data from the studied European countries (Finland,
Denmark, Austria, Belgium, Lithuania, Latvia, Croatia, Poland, Ukraine, Bulgaria).

Legend:

X1 — Firms using banks to finance investment (% of firms);

X2 — Alternative and nuclear energy (% of total energy use);

X3 — Renewable energy consumption (% of total final energy consumption);

Xa — Adjusted net savings, including particulate emission damage (% of GNI);

Xs — Stocks traded, total value (% of GDP);

Y - Foreign direct investment, net inflows (% of GDP).
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Paired correlation coefficients were calculated using the built-in Excel service functions. Table 3
presents a matrix of paired correlation coefficients. The table's cells above the main diagonal are filled in
because the table is symmetrical about the main diagonal.

Table 3. Matrix of paired correlation coefficients

Indidicator X1 X2 X3 X4 Xs Y
Xi 1,00
X2 0,89 1,00
X3 0,56 0,69 1,00
X4 0,46 0,66 0,94 1,00
Xs 0,76 0,71 0,92 0,93 1,00
Y 0,43 0,63 0,94 0,99 0,87 1,00

Source: developed by authors based on World Bank (2021).

Calculation of the critical value of the correlation coefficient r was conducted under the formula as
follows:

t
ler= I Lk M
ta'k+n—2

where a — level of significance, a = 0,05; tax is found using the built-in Excel function. It is received tak
=2,228. Thus, rp = 0,56782.

Table 3 is updated. Those elements greater than ry, (this means that the relevant factors are closely
related) are highlighted. Table 4 shows the supplemented matrix of paired correlation coefficients.

Table 4.The supplemented matrix of paired correlation coefficients

Indidicator X1 X2 X3 X4 X5 Y
X 1,00 0,89 0,56 0,46 0,76 0,43
X2 0,89 1,00 0,69 0,66 0,71 0,63
X3 0,56 0,69 1,00 0,94 0,92 0,94
X4 0,46 0,66 0,94 1,00 0,93 0,99
Xs 0,76 0,71 0,92 0,93 1,00 0,87
Y 0,43 0,63 0,94 0,99 0,87 1,00

Sources: developed by authors based on World Bank (2021).

Thus, the following factors are closely related:

X1 1a X2 because r(X1, X2)=0,89 >0,56782;

X2 Ta X3 because r(Xz, X3)=0,69 >0,56782;

X2 Ta X4 because r(Xz, X4)=0,66 >0,56782;

X3 Ta X4 because r(Xs, X4)=0,94 >0,56782.

Factor traits are closely related to performance traits Y:

X2 because r(Xz, Y) = 0,63 >0,56782;

X3 because r(Xs, Y) = 0,94 >0,56782;

Xa because r(X4, Y) = 0,99 >0,56782.

Correlation galaxies are constructed based on the results of the correlation matrix analysis, i.e., a
reliable relationship between the factors is shown.
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The first correlation galaxy: Y, Xz, X3, X4, Xs indicates that the model should include factors Xz, X3, Xa,
Xs because they are related (i.e., effect) feature Y. That is, sign X1 should not be included in the model of
all the factor features.

The second correlation galaxy: Xz, X1, X3, X4 indicate that only one of the model's features, Xz, X1, Xs,
and X4, could be included because they are interconnected. However, a very strong (0,94) connection
between X3 and X4 indicates that a connection may exist between X2 and Xs. Besides, the connection
between Xz and X4 could only be a consequence of the X3-X4 connection. Otherwise, a connection may
exist between X2 and X4, and between Xz and Xs, it may only be the result of an Xs-X4 connection.
Therefore, it may be necessary to include Xz, X3, and X4 in the model. For finding it out, partial correlation
coefficients were used.

The statistical significance of the model was checked. Therefore, Fcr = 4,96; F> Fcr regression
equation is significant, the model is valid at a significance level of 0,05. Table 5 shows the results of
correlation and regression analysis of indicators.

Table 5. Conclusion of the results

Regression statistics
Multiple R 0,97425634
R-square 0,95162578
Normalized R-square  0,93176245
Standard error 2,02167489
Observations 200
Analysis of variance

df SS MS F
Regression 3 702,2367813 257,714869864,32204
Balance 10 31,2467316 3,2137832
Total 13 733,6879123

Coefficients Standard error  t-statistics

Y- intersection 5,60471 6,082414 0,816087
X1 0,04183 0,233646 0,329755
X2 0,67189 0,055281 0,293596
x3 0,11809 0,325285 0,027594
x4 0,06899 0,072958 1,010298
X5 0,16781 0,106774 0,09834

Sources: developed by authors based on World Bank (2021).

Thus, the regression equation of dependence of foreign direct investment, net inflows (% of GDP) on
alternative and nuclear energy (% of total energy use); renewable energy consumption (% of total final
energy consumption); adjusted net savings, including particulate emission damage (% of GNI); stocks
traded, total value (% of GDP) has the form:

Y=5,60+0,67X2+0,12X3 +0,07X4 +0,17Xs

Thus, if X2 (alternative and nuclear energy) changes by 1% foreign direct investment, net inflows
increases by 0,67%; if X3 (renewable energy consumption) increases by 1 %, foreign direct investment,
netinflows increases slightly by 0,12%; if X4 (adjusted net savings, including particulate emission damage)
is changed by 1 %, foreign direct investment, net inflows increase by 0,07%; if Xs (Stocks traded, total
value) changes by 1 %, foreign direct investment, net inflows increases by 0,17%. Thus, in modern
conditions, green finance as an element of environmental innovation management is most influenced by
the following indicators: alternative and nuclear energy and stocks traded, total value.
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The research hypothesis was partially confirmed. Thus, the green finances of the studied countries as
an element of environmental innovation management are influenced by the following indicators: alternative
and nuclear energy; renewable energy consumption; adjusted net savings, including particulate emission
damage; stocks traded, total value.

So, green finance investments contribute to and correlate with the need for clean energy. This study
demonstrates the need to develop a comprehensive policy to strengthen environmental responsibility and
green finance by financing green technologies for a successful energy transition and achieving sustainable
development goals.

Conclusions. Zhang and Kong (2022) confirmed that the impact of green credit policy on enterprise
investment in research and development is determined by market environment, geography, and type of
firm, and economic policy uncertainty affects green credit policy.

Humphrey and Li (2021) pointed out two mechanisms to reduce greenhouse gas emissions: access
to resources and environmental stakeholders. The research of these scientists echoes the conclusions of
this article.

The results of this article resonate with the findings of Xiang et al. (2022) that green innovation is a
major driver of economic growth in the new era. However, due to high risk, long cycles, and double
externalities, green innovations often require long-term financial support during their development.

This article also coincides with Braga et al. (2021) in determining that a significant increase in green
investment is needed to achieve emission targets. However, capital markets to accelerate innovative
green investment tend to be limited.

The recommendations of this article also coincide with Altaghlibi and Wagener (2019) in the sense
that environmentally motivated aid could help developing countries achieve economic growth while
mitigating the impact on emissions.

The findings of this article confirm the recommendations of Hainaut and Cochran (2018) that the
transition to a low-carbon and climate-resilient economy requires unprecedented redirection and increased
investment and finance to adapt economic and social systems. Compared to these investment needs,
tracking current domestic levels of investment has been mixed in both developed and developing
countries.

Thus, the financial engineering of green finance is a tool that combines the world of finance, innovation,
and business with environmental behavior. It is an activity area for many participants, including individual
and business consumers, manufacturers, investors, and financial lenders. Unlike traditional financial
activities, green finance focuses on environmental friendliness and pays more attention to the
environment. So, investing in climate change and clean energy knowledge could better assess risk and
return. Two important strategies in global sustainable development are energy efficiency and the
development of renewable energy sources. As for the development of renewable energy industries, the
main factor hindering the growth of industrialization is the lack of capital and an effective financing
mechanism.

Author Contributions: conceptualization, S. K.; methodology, S. K. and O. D.; formal analysis, S. K.;
data curation, S. K.; writing-original draft preparation, S. K. and O. D.; writing-review and editing S. K. and
0. D.; visualization, S. K.; supervision, S. K.
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CsaitnaHa Xanartyp, f.€.H., npodecop, [HINPOBCbKMIA AepXaBHWUIA arpapHO-eKOHOMIYHWIA YHIBepcUTeT, YkpaiHa

Onecs [ly6oBuy, K.t0.H., fOLeHT, MonTaBcbka AepxaBHa arpapHa akagemis, Ykpaiqa

®iHaHCOBMIA IHXUHIPUHT 3eneHNX (hiHaHCIB K eneMeHT MeHeMKMEHTY eKOnoriYyHnxX iHHoBaLin

B exoHoMiLji Ykpaihu npeAcTaBneHa MiHiManbHa 3akoHoAaB4a 6asa Lofo 3aXMCTy HaBKOMMLLHBOTO MPUPOAHOTO CepeoBuLLa.
IMAnemeHTaLis NOHATTA «3eNeHi» (iHaHCK Ha 3aKOHOAABYOMY PIBHi 3HAXOANTLCA HA NOYATKOBOMY eTani. ABTOpaMM HaronoLLeHo
Ha BaXMMBOCTi (hyHLOHYBaHHS MEHEMKMEHTY eKOMOM4YHMX iHHOBALI, OCKINbKM BinbLUICTbL KpaiH, siki MaloTb HeraTUBHWIA BNNMB Ha
CTIKICTb HAaBKOMMLLHBOrO MPUPOAHOrO CepeaoBULLa NepexuBaoTb 3auHni AediunT (iHaHCOBIUX MOXIMBOCTEN. MeTot cTaTTi €
BM3HAYEHHS OCHOBHIX TEOPETUYHMX Ta NPaKTUYHIX 3acaf PiHAHCOBOTO IHXMHIPUHTY 3eneHNX (iHaHCIB K eNEMEHTY MEeHeKMEHTY
€KOMOriYHUX iHHOBaLi. EmnipuyHniA ananis 6a3yeTbCst Ha [aHWX BUPOGHWLTBA Ta BUKOPWUCTAHHS EHEprii, CKOPUroBaHWX
3a0LLamKeHHb, PEHTW 3a BUKOPUCTaHHSA NPUPOSHUX [Kepen eHeprii, iHaekcy ekonorivHoi edpektnaHOCTi 2020 Ta iHLMX NOKa3HMKaxX
CTaHy HaBKOMWLLHBOTO MPUPOAHOTo cepenosula. O6’ekTOM JOCMILKEHHS € HU3Ka KpaiH E€Bponu. Mepiogom pocnimpkeHHs obpaHo
2000-2020 poku. [insi BU3Ha4EHHsI MOXNMBOCTEN 3eneHOro (hiHaHCYBaHHA B YKpaiHi po3rnisHyTO HasiBHi HOPMATUBHO-NPABOBI aKTy.
[Inq po3pobku HanpAMKIB yAOCKOHANeHHS MEHEKMEHTY €eKOMNOriyHUX iHHOBaLi, y XOAi AocnimkeHHs byno: nobyaysaHo
GaratoakTopHy TiHiliHY perpeciitHy Mogenb NpUNAMBY MPSMUX IHO3EMHUX HBECTWLiM; BM3HAYEHO BMNMB (hakTOpiB Ha
pe3ynbTaTUBHWIA MOKa3HWK; BUSIBMEHO HaBNIMBOBILI (haKTOpW ANS BU3HAYEHHS HANPSMKIB MaibyTHBOrO y[ockoHamneHHs. 3a
pesynbTaTamu AOCTiHKEHHS NiATBEPIKEHO, LLO PIHAHCOBUM iHXMHIDUHI 3eNEHUX (DiHAHCIB € IHCTPYMEHTOM, KU NOEAHYE dhiHaHCK,
iHHoBaLUjii Ta Bi3Hec 3 ekororiuHoto noBepjHKo10. Lisi cchepa AisnbHOCTI akTyanbHa Ans HU3KW y4acHWKiB, 30KpeMa, iHANBIaYyanbHUX i
6isHec-cnoxuBayis, BUpOBHHKiB, iHBECTOPIB Ta thiHaHCOBUX kpeauTopis. Ha BigMiHy Bif TpaauLiiiHoi hiHaHCOBOI AiANbHOCTI, 3eNeHi
chiHaHCy cNpsIMOBaHI Ha EKONOTiYHi MPOEKTY Ta 3aX0AM 3 OXOPOHM HaBKOMMLLHBOTO MPUPOAHOTO cepeoBuLLa. Mpu LboMy iHBeCTULi
B 3HaHHS NMpO 3MiHY KMiMaTy Ta YUCTY EHEprilo JO3BONSOTL Kpalle OUIHWTK puauku Ta npubyToK. ABTOpami 3a3HayeHo, Lo
rOMOBHMMM CTpATErisiMI CTanoro po3suTKy Ha rnobanbHOMY piBHi € NiABULLEHHS eHeproeeKTUBHOCTI Ta PO3BUTOK BiAHOBIIOBAHMX
[pkepen eHeprii. BctaHoBneHo, Wo AediunT Kanitany Ta eheKTUBHOr0 MexaHiaMy (hiHaHCyBaHHS! € TONIOBHOI MEPEeLLKOAOI0 B
PO3BUTKY BiAHOBIIOBAHOI EHEPreTUKN.

KntoyoBi cnoBa: 3eneHi diHaHcy, iHHOBALLi, €KOMOTiYHi NOKA3HMKN, CTIKICTb, (DIHAHCOBMIA IHXMHIPUHT.
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