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The article conducts research and examines the degree of development of the
national innovation system of Ukraine and its impact on the environment. In the
modern world, the development of national innovation systems (NIS) determines the
level of national economies. Economic theories are constantly supplemented by
factors that influence the development of such systems.

Given the significant negative impact of humanity on the environment, the main
factor is to ensure sustainable development by eliminating anthropogenic negative
impacts on the environment.

The purpose of the study is to determine the level of development of the
national innovation system of Ukraine and its impact on the environment. The
authors conducted a retrospective comparative analysis. For comparison, the
indicators of Poland, the United States of America and Japan are taken. The factors
of the innovative Quintuple Helix model are taken as a basis, which, according to the
authors, are the most appropriate for the purpose of the study. To study the NIS of
Ukraine, the key indicators of each of the factors of the model of five spirals are
analyzed. This approach allows considering the issue of sustainable development and
social ecology of Ukraine from an interdisciplinary and transdisciplinary point of
view.

The study reveals the interdependence of the factors of the model of fifth
spirals. The low level of development of certain factors negatively affects others,
which leads to a cumulative negative impact on the environment. For example,
insufficient training, weak technology transfer, and insufficient investment in
research and development hold back innovative development, which is the basis for
the creation of new technologies and eco-innovations.

According to the results of the study, the level of the national innovation
system of Ukraine was determined, the mutual influence of the analyzed factors and
their impact on the environment was revealed, ways of reducing the negative impact
on the environment of the post-war period, restoring the economy of Ukraine and

improving the state of its national innovation system were proposed.



The proposed measures to create an environmentally safe, competitive
economy and sustainable development of Ukraine require significant resources and
time for implementation. However, their implementation is necessary to solve the
problems that arose as a result of the deformed development of the country and the

negative, destructive impact of the war.

Y cmammi nposedeno oOocniddicenHss ma po3enaHymo CMYNiHb pPO3GUMKY
HayioHAIbHOI THHOBAYIiHOT cucmemu YKkpainu ma ii éniue na 006xinis. Y cyuacnomy
c8imi  po36UMoK HayioHanvHux iHHosayiunux cucmem (HIC) eusznauac pisenw
HaYiOHAIbHUX eKOHOMIK. Exonomiuni meopii nocmitino 00no8HIOI0mMbCsa YUHHUKAMU,
AKI NIUBAIOMb HA PO3GUMOK MAKUX CUCTHEM.

Bpaxoeytouu 3naunuii  HecamuHuul  6nauU6 JOOCMBA HA  HABKOJUUHE
cepeoosuye, 20106HUM YUHHUKOM € 3a0e3nedenHs Cmanoco pPO3GUMKY ULIAXOM
VCYHEHHs AHMPONO2EHHUX He2amUGHUX NIUBI8 HA HABKOJIUUIHE cepedosulye.

Memoto  Oocnidoicenns € 6U3HAYUEHHS DPI6HS pPO3GUMKY  HAYIOHANbHOL
iHHOBayiuHOI cucmemu Yxpainu ma ii 6naugy Ha 006KiniA. Aemopamu npoeedeHo
DpempoCnekKmueHull NOPIGHANbHUN aHani3. /[ nopieHanHa 63amo nokazuuxu Ilonvwyi,
Cnonyuenux LlImamie Amepuxu ma Anonii. 3a ocnosy 83amo ¢hakmopu iHHOBAYIUHOT
mooeni Quintuple Helix, sxi, na Oymky aemopis, € Haubinbwi 8i10NOGIOHUMU Memi
odocniodcenns. J{na oocniosxcenns HIC Vkpainu anmanizyiomvcs Kmouosi nOKa3sHUKU
KOJICHO20 3 ¢hakmopie mooeni n'amu cnipaneu. Takuti nioxio 00380J5€ pO3JAHYMU
NUMAHHS CMANI020 PO3BUMKY MA COYIATbHOI eKon02ii YKpainu 3 MistcOucyuniinapHoi
ma mpaHcOUCYUuniiHapHoi mouku 30py.

Jlocniooicennsn  usABnAE  B3AEMO3ANEHCHICMb  (hakmopie mooeni  n'amux
cnipaneu. Huzvkuili pieeHb po36umky oxpemux axkmopié He2amu@HO 6NIUBAE HA
[HWI, WO NpU3800UMb 00 CYKYNHO20 He2amueHo20 6nauey Ha 006Kinid. Hanpukiao,
HeO0oCmamHus ni020mosKka Kaopie, ClaOKuil mpaucghep mexHono2ii ma HedoCmamui
iHgecmuyii 8 00CNIOINHCEHH MA PO3POOKU CIMPUMYIOMb IHHOBAYTUHUL PO3BUMOK, SAKUUL

€ OCHOBOI0 0I5l CMBOPEHHS HOBUX MEXHONO02IU MA eKO-IHHO8AYT.



3a  pesynomamamu  O0CNiONCEHHS  BUSHAYEHO  PIiBEHb  HAYIOHANbHOIL
iHHOBaYIUHOI cucmemu YKpainu, 8Us6IeHO 83AEMOBNIUE AHALIZ308AHUX (hAKMOpIie ma
ix 6niue Ha HABKOIUWIHE cepedouuje, 3aNPONOHOBAHO WIAXU 3MEHUIeHMHS
He2amueHo20 6NIUBY HA HABKOJUWHE cepeoosulye NiCIA60EHHO20 Nepiooy,
BIOHOGNIEHHSl eKOHOMIKU YKpainu ma noxkpawenHss cmawy ii  HAYIOHANbHOL
IHHOBAUIUHOI cUCEMLU.

3anpononosani  3ax00u  WOO0O0  CMBOPEHHA  eKOJNO2IYHO  Oe3neyHoi,
KOHKYDEHMOCHPOMOIICHOI eKOHOMIKU ma Cmano2o po3eumky Ykpainu nompeoyiomuo
SHAYHUX pecypcie ma uacy onsa peanizayii. I[lpome ix 6nposaodicents € HeoOXiOHUM
0151 BUpIULeH s NPodieM, WO BUHUKIU BHACTIOOK 0e(opMOBaAHO20 PO3BUMKY KPAiHU

ma He2amusHo20, PYUHIBHO20 GNIUBY GIUHUL.

Keywords: national innovation system, environment, national economy,
innovative models, sustainability, competitiveness, the Quintuple Helix innovation
model.
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IHHOBAYIUHA MOOeNb N 'samu Cnipanell.

General statement of the problem and its link with major scientific or
practical challenges.

This study investigates the development of Ukraine's national innovation
system and its connection to environmental impact. In today's world, a nation's
economic prosperity depends heavily on the strength of its innovation system.
However, traditional economic theories are evolving to encompass the factors
influencing these systems. With humanity's growing environmental burden, achieving
sustainable development with minimal negative environmental impact has become a
paramount concern.

This directly addresses the critical need to balance economic development

with environmental protection. The obtained results can influence political decisions



and contribute to the development of a more sustainable innovation model for
Ukraine.

Analysis of recent research and publications.

One of the first scientists who drew attention to innovation as an important
component of the development of national economies was Joseph Schumpeter. Such
scientists as Robert Solow, Paul Romer, Bengt-Ake Lundvall, Richard Nelson, Henry
Etzkowitz, Loet Leydesdorff, Elias J. Karayannis and David F. J. Campbell worked
on the study of the phenomenon of national innovation systems.

Among the Ukrainian scientists who were involved in the research of national
innovation systems in Ukraine, we can single out O. Amos, Y. Bazhal, V. Geets, I.
Makarenko, Y. Pyatakov.

Despite the significant amount of research in this direction, the complexity
and importance of interaction between the development of national innovation
systems and environmental issues require further study.

The wording of the purposes of article (problem)

The purpose of this article is to assess the current state of the national
innovation system of Ukraine using the Quintuple Helix innovation model and
determine its impact on the environment. The evaluation is carried out by means of a
comparative, retrospective analysis. The result of the study is the development of a
recommendation in the direction of restoring the national innovation system of
Ukraine.

Presentation of the main research material

The innovative orientation of entrepreneurial activity provides business
entities with competitive advantages, strengthens their market positions, and
contributes to the economic growth of countries that support the development of
innovative entrepreneurship in their country. Innovation entrepreneurship is the
driving force behind achieving the desired goals. Science, technology and innovation
are crucial for the development of modern society. Countries are developing their
own models of innovative development to improve their competitiveness. And if, at

the beginning of the XX century, the innovation and evolutionary economic theory



proposed by Joseph Schumpeter [1] mainly took into account only the interests of
entrepreneurs, later theories appeared that gradually expanded the range of factors
that, according to their authors, influenced economic development. Robert Solow
points out the dominant role of technological change compared to capital and labour
productivity in economic growth [2]. Paul Romer proposes a model of economic
growth in which the main factor is the growth of investment in research and
development and investment in human capital [3]. Bengt-Ake Lundvall and Richard
Nelson propose to study innovation in the context of societies at the level of nation-
states [4,5]. Lundvall also proposes to consider the national innovation system as a
set of elements and interconnections that interact in the production, distribution and
use process and are usually located within the borders of the nation-state. At the same
time, knowledge is the "most important resource”, and learning is the "most
important process” in the modern economy [4]. Henry Etzkowitz and Loet
Leydesdorff propose the Triple Helix model, which symbolizes the interaction
between academia (universities), industry and government to promote economic and
social development [6]. Later, Elias J. Karayannis and David F. J. Campbell proposed
to supplement the Triple Helix model with another factor, the public, the level of
which indicates the degree of democracy in society and the use of innovations as a
result of the dissemination and use of knowledge. That is how the Quadruple helix
appeared [7].

The development of economic theories is impossible without considering the
global challenges facing humanity. A significant deterioration of the planet's ecology
under anthropogenic influence has become a threat to both the existence of
humankind and the planet Earth as a whole. Realizing the fatal consequences of
irresponsible human activity can lead to, the United Nations adopted the Sustainable
Development Goals (SDGs). They were formulated as a universal call to end poverty,
improve health and education, reduce inequality, stimulate economic growth, combat
climate change and preserve our oceans and forests. The SDGs emphasize the
interconnectedness of environmental, social, political and economic aspects of

sustainable development. [8].



The severity of environmental problems also attracts the attention of scientists
studying the development of national innovation systems. Elias J. Karayannis and
David F. J. Campbell propose the Quintuple Helix innovation model. It complements
the Quadruple helix with another factor - the environment. Knowledge also plays a
fundamental role in this model. It is transformed into innovations in the movement
between social subsystems, provided the society is mature. The Quintuple Helix
innovation model points to the interaction of all subsystems (spirals): education
system, business, government, civil society based on culture and knowledge, and the
environment [9]. The efficient, harmonious development of all factors through
interaction by creating, disseminating and using knowledge is the result of the
development of national innovation systems. The basis for the physical existence of
the entire system is the natural environment.

This study aims to assess the national innovation system of Ukraine and the
environment as its component. The authors conduct a comparative analysis based on
the key indicators of The Quintuple Helix innovation model. For comparison, the
indicators of Poland, which shares a border with Ukraine and has much in common in
historical and cultural contexts, are used. Poland has a successful experience of
development after leaving the Soviet Union also.The United States of America is
selected as the country that ranks first in the number of “unicorn companies™ [10],
and Japan is selected as the country with a unique experience of repeated post-war
recovery. The data for 2019-2022 are considered to allow for a retrospective analysis
of the development of the selected countries. This timeframe includes 2019 — the
period before the coronavirus, 2020-2021 — the period of the pandemic, and 2022 —
the beginning of Russia's armed aggression, which had a tremendous negative impact
on Ukraine's economy, ecology, demographics and other spheres of development.
The study shows the mutual influence of each factor, focusing on the natural
environment. The level of development of the national innovation system of Ukraine
iIs determined, the main problems are outlined, and recommendations for their

solution are formulated.



Ukraine began to build its economic development model after gaining
independence in 1991. At that time, the country found itself in difficult conditions of
losing a significant share of its economic potential due to the severance of established
economic ties and the destruction of business and production value chains. The
institutional vacuum at the beginning of independence, the lack of investment,
innovation and technological capital, and the underdevelopment of entrepreneurship
all contributed to the economy's low adaptability to new conditions, which led to
severe social and economic losses. Miscalculations in the policy of property
denationalisation and ineffective antimonopoly control contributed to the
concentration of public wealth in a narrow circle of influential large business groups,
which subsequently accumulated significant political influence, allowing them to
obtain economic preferences, thus forming an oligarchic model of the economy. It
has not contributed to the development of fair and competitive economic relations
and a holistic business environment of a market economy and has hurt the
environment.

To study the national innovation system of Ukraine, we will analyse each of
the core indicators according to The Quintuple Helix innovation model [9]. It will
make it possible to study the issues of Ukraine's sustainable development and social
ecology from a multidisciplinary and transdisciplinary perspective.

Education system

Therefore, considering education as the first factor, the rankings of higher
education institutions - organizations that act as catalysts for technology transfer and
training future specialists and experts - are used for comparison. The information for
comparison is taken from the World University Rankings [11]. This ranking consists
of the following indicators: teaching, research, citations, industry revenue, and
international perspective. Ten top-ranked universities were selected for each country,
and the average rating was calculated. The highest ranking among those under
consideration is taken as 1. The second indicator for the study is the lifelong learning

indicator, which shows how well countries provide opportunities for lifelong learning



to their citizens. The information for comparison is taken from The Global Talent
Competitiveness Index [12].
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Fig. 1 Comparison of education indicators
Source: formed based on [11,12]
The highest ranking among the countries under consideration is 1. Figure 1,

Comparison of Education Indicators, shows information on the selected countries for
2019-2022.

Graph 1 shows that while the indicators of Ukraine and Poland are
comparable, US universities are several times ahead of Ukrainian and Polish
universities. An analysis of the university ranking indicators shows that the United
States ranks first worldwide. Therefore, it makes sense to take the US higher
education system as a benchmark and, after careful study, to use its strengths as
indicators for the Ukrainian education system to follow. Japanese universities occupy
strong positions in the ranking but are significantly inferior to the US. Thus, we can
conclude that Japanese universities, like US universities, occupy a worthy place in
the Japanese national innovation system. Despite the COVID-19 pandemic, we see
positive dynamics in Ukraine until 2022. Obviously, in 2022, the indicator was

negatively affected by Russia's military aggression. Poland shows a steady



development in 2021 and 2022, while the United States and Japan have stable
indicators for all years.

In terms of lifelong learning, which shows the extent to which countries
provide lifelong learning opportunities for their citizens, Ukraine unfortunately lags
far behind the comparator countries. Figure 1 shows that Ukraine's performance is
mostly below Poland's and several times lower than that of the US and Japan, with
the US being the undisputed leader. It indicates that Ukrainians are not well adapted
to new technologies and innovations. The acceleration of technological cycles and the
creation and dissemination of innovations significantly affect the labour market. The
emergence of new industries and professions requires employees to undergo ongoing
training and, in some cases, change their occupations. Obviously, in Ukraine, the
peak of the COVID-19 pandemic in 2021 and the military aggression by Russia in
2022 hurt the trend of this indicator. But in 2019, we also had the lowest rate among
the countries under consideration.

Thus, the education system in Ukraine has comparable indicators with the
region's countries but lags far behind the world leaders and shows a low level of
adaptation to technological and sectoral changes. Low awareness of sustainability has
a negative impact on behavioural scenarios towards environmental protection.

Business

Business plays a significant role as one of the helices (spirals). It represents
the sector of the economy that produces goods or provides services. Business
includes companies and institutions that create innovations, manufacture goods and
provide services. It further encompasses research, development, production,
marketing, sales and distribution.

To assess the Business factor, which is also responsible for knowledge and
technology exploitation, the first indicator to be compared is the level of capital
investment as a percentage of GDP [13,14]. It shows what part of the country's gross
domestic product is spent on the purchase, manufacture or modernization of fixed

assets, other non-current assets and intangible assets.



Thus, we can assess the degree of renewal of production facilities, innovation
and competitiveness of the country's economy. A high level of capital investment
contributes to GDP growth, while a low level indicates an outdated and declining
economy.

Figure 2 shows that in 2019, this indicator was the highest in Ukraine over the
period under review. That is due to the absence of negative factors such as the
COVID-19 pandemic and the war. However, compared to other countries, it is still
insufficient and much lower than Poland's, which in almost every year under review

is higher than even the US.
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Fig. 2 Comparison of business performance
Source: formed based on [13,14,15]
It suggests that the neighbouring country pays a lot of attention to modernizing

production, making significant investments to increase the productivity of enterprises
and improve competitiveness.

The second indicator is the trade balance as a percentage of GDP [15]. In a
country's economy, the trade balance relative to GDP shows the extent of the
difference between exports and imports of goods and services. A country's



participation in international trade is carried out to receive funds for exported goods
and services. At the same time, when it imports goods and services, it has to pay for
them. Such payments for exports and imports of goods and services form the
country's trade balance. The trade balance is the difference between the value of
exports and imports. As we can see, Ukraine has the most significant trade deficit in
2019 and 2022 due to low competitiveness of production and low quality of products.
At the same time, Poland has a trade surplus, reflecting its internationally recognized
level of competitiveness. The US also has a trade deficit caused by high
consumption: the US generally spends more money than it earns, leading to a current
account deficit. The US also imports more goods than it exports abroad. That is due,
among other things, to the transfer of production to China. Japan also has a trade
deficit. That is due to the large volume of imports, a feature of an "island economy"
where most raw materials and fuel are imported. In 2022, Japan has a significant
negative balance due to higher prices for imported energy. At the same time, the large
volume of exports with a high level of processing and added value allows almost
completely covering imports in all years except 2022.

Consequently, we can state that Ukraine has the lowest level of capital
investment among the countries under comparison, leading to the use of outdated
technologies, low competitiveness, and a negative trade balance. At the same time,
the neighbouring country of Poland has a high level of capital investment, which is
on par with the leading countries, which also positively affects its balance of
payments.

Government

The third factor is the government, responsible for creating favourable
conditions for innovation, regulating the legal and financial environment, ensuring
national security and social justice, and cooperating with other spiral actors.

For each of the countries in the period under review, the following indicators
were taken: judicial system efficiency [16], corruption index [17], and the index of
freedom to do business [18]. All the indices are reduced to a single format, where the

highest score is taken as 1. The information is shown in Figure 3.



Ukraine has the worst values for each of the indicators. It has the lowest
efficiency of the judicial system, which has negative dynamics, unlike other
countries, and the highest level of corruption. Only the index of freedom to do
business in Ukraine is relatively similar to the indicator of Poland. However, in
2022, Poland showed a significant improvement, which allowed it to reach the level
of the United States and Japan, unlike Ukraine, which deteriorated in 2022. The
deterioration occurred under martial law when the government was supposed to focus

on creating conditions for doing business, but unfortunately, we see the opposite
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Fig. 3 Comparison of government performance
Source: formed based on [16,17,18]

Society
The next factor is Society, which shows the role of citizens, NGOs, media,
culture and values in shaping the innovation process. This factor influences the

demand for innovation, expresses its needs and expectations, and is involved in



knowledge and technology creation. It also affects the government and industry,
contributing to social inclusion and democratization of innovation.

To assess this factor, for each of the countries for the period under review, we
took the following indicators: the Human Rights Index [19] and the Press Freedom
Index [20]. All the indices are reduced to a single format, where the highest score is
taken as 1. The information is shown in Figure 4. As can be seen from the graph,
Ukraine has the lowest human rights index scores, with a sharp deterioration in 2022.
The United States and Japan have the highest benchmark scores, while Poland is
midway between Ukraine and the benchmark countries. The situation with the Press

Freedom Index is similar. In 2022, there is a significant deterioration in all countries.
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Fig. 4 Comparison of public indicators
Source: formed based on [19,20]

Thus, according to the civic sphere factor, Ukraine has the lowest human
rights index scores and low but comparable press freedom index scores. At the same

time, all countries show a deterioration in 2022. As for Ukraine, this is explained by



the need for centralized control of the information space, movement, and actions

under martial law.

Environment

This factor reflects the interaction between humans and nature, as well as the
impact of humans on the environment. Its state is determined by the level of
development of the factors discussed earlier. To assess this factor, for each of the
countries for the period under consideration, we took the following indicators: the air
pollution index [21] and the environmental performance index [22], which ranks 180
countries in terms of climate change efficiency, environmental health and ecosystem
viability. The indexes under consideration are reduced to a single format, where the
highest score is taken as 1. The information is shown in Figure 5. As can be seen
from the graph, Ukraine has the most polluted air. It significantly affects the health of
all segments of the population. At the same time, there is a significant improvement
in air quality in 2022. These changes are most likely due to the martial law in the
country, which resulted in the closure of enterprises, production cuts, Ukrainian
citizens leaving the country and, consequently, a decrease in transport use. Therefore,
the improvement in the indicator is not due to the equipment and vehicle upgrades
but to the reduction of emissions of harmful substances into the air. The high level of
air pollution in Poland is also noteworthy. It is caused by two main factors: a
significant increase in cars on city roads and an outdated heating system that uses
solid fuels.

At the same time, the United States and Japan have much better indicators,
indicating effective environmental policies of both governments and local authorities
in those countries. A similar situation is observed when analysing the environmental
performance index. Ukraine has the worst indicators, followed by Poland, the United
States and Japan.

It indicates the ineffectiveness of Ukraine's environmental policy and the lack
of efforts to achieve the UN Sustainable Development Goals and move society

towards a sustainable future.
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Conclusions and recommendations in this direction

Based on the study results, we can conclude that Ukraine has a low degree of
national innovation system development compared to the leading countries. The
biggest problems are observed in such factors as the environment, government, public
and business.

The war in Ukraine has brought additional negative changes to the
development of the national innovation system. First and foremost, this was
manifested in a significant deterioration in the performance of the government and
public factors. Given that the government was focused on solving wartime problems,
this led to less attention to innovation and environmental development. The public
sphere was restricted in its rights and freedoms, affecting the innovation process.

According to the study, there is an evident interdependence of the factors. Low
levels of development of anthropogenic factors negatively affect each other, resulting
in a cumulative negative impact on the environment. For example, insufficient
knowledge production, poor technology transfer, and insufficient research and

development have led to delays in innovative development, as they are the basis for



creating new technologies and eco-innovations. Uneducated people have fewer
employment opportunities. They are less creative, and are less interested in protecting
the environment. If a society has a low level of knowledge, does not use innovations
or does not understand their significance, it leads to a decrease in innovation activity
and conscious consumption. The example of Ukraine shows that a society with a low
quality of education tends to make decisions in elections based on populist
information without critical analysis. It leads to low-quality government leadership.
An ineffective government, in turn, cannot provide favourable conditions for business
development and innovation, nor can it effectively protect the environment. The lack
of funding for science and innovation and the absence of an effective government
policy on eco-innovation led to a decline in environmental research and
commercialization of eco-innovations. The low quality of the government's expertise
and integrity has led to Ukraine having the lowest judicial system efficiency and the
highest level of corruption. Corruption, in turn, negatively affects business, leading to
distrust on the part of entrepreneurs and, thus, low levels of capital investment,
resulting in outdated technologies that negatively impact the environment. In
addition, companies that do not invest in innovation are less competitive and have an
increased negative influence on the environment.

Insufficient development of eco-innovation, poor waste and recycling
management lead to negative environmental impacts. It has long-term negative
consequences for human health and biodiversity. As a result, Ukraine has the highest
level of air pollution and the lowest level of environmental efficiency. It indicates the
need for a greater focus on environmental issues and sustainable development.

Consequently, Ukraine's NIS needs significant improvements to achieve more
innovation and environmental protection. It includes reforming the government,
strengthening civil society, improving environmental sustainability and promoting
knowledge sharing.

Ukraine must develop and implement new environmental regulations and
standards that meet European requirements to improve the situation. It applies in

particular to the following areas:



waste: sorting, utilization and recycling of waste, reducing its amount;

air: controlling air pollution from industrial, motor vehicle and municipal
waste;

water: water pollution control from industrial, municipal and agricultural
waste;

land resources: control over the use of land resources, prevention of soil
erosion, and deforestation.

It is necessary to increase funding for environmental programmes and allocate
more funds for such measures as cleaning rivers and reservoirs, eliminating the
consequences of technological disasters, and preserving protected areas.

Businesses must implement environmental standards such as ISO 14001,
EMAS, FSC, and PEFC. It will help reduce their negative impact on the environment.
Companies should invest in the environment, for example, in the construction of
sewage facilities, waste recycling equipment, etc.

Environmental awareness of the population should be raised, specifically
through education and propaganda. Ukrainian citizens can consciously reduce their
consumption of resources, such as electricity, water, paper, etc. Thus, every citizen
can contribute to improving the environment.

The measures proposed to create an environmentally protected, competitive
economy and sustainable development of Ukraine require significant resources and
time to implement. However, their implementation is necessary to address the
problems that have arisen due to the country's deformed development and the highly
negative impact of the war.
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