ViraLn Krunrov, VoLopyMyR Moroz, DINA TERESHCHENKO
ECOLOGICAL INNOVATIONS IN SHAPING SUSTAINABLE GOVERNANCE POLICIES

ECOLOGICAL INNOVATIONS IN SHAPING SUSTAINABLE
GOVERNANCE POLICIES

VitaL KrRUHLOV,'! VOLODYMYR MOROZ,? DINA TERESHCHENKO®

National Technical University Kharkiv Polytechnic Institute (Ukraine)

ABSTRACT

Environmental innovations, proposing resource-efficient technological solutions, are gaining increasing significance as factors in
the transition to sustainable development based on efficient governance models. The study explores the concept of environmental
innovations and sustainable governance, setting important sustainable development goals and stricter environmental standards. The
correlation between environmental indicators of European countries and the quality of governance is examined through comprehen-
sive indices and sociological surveys. The results confirm a moderate positive correlation, indicating the capabilities of capable state
institutions to achieve further progress in ensuring sustainable development indicators, albeit with certain regional variations. To
overcome existing challenges, there is a need to shape a comprehensive state policy that encompasses regulatory incentives and mar-
ket mechanisms throughout the innovation cycle. The proposed measures aim to stimulate demand for ‘green’ technologies, reduce
risks for private investment, and create favourable innovative systems. Therefore, the strategic integration of innovations can guide
governance reforms towards ensuring sustainable, inclusive and environmentally friendly development.
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Introduction

In the contemporary scientific discourse, given the increasing challenges associated with climate change,
resource depletion and environmental degradation, ecological sustainability has become a paramount issue.
Most countries have identified transitioning to sustainable development models as a priority, aiming to create
a balance between social welfare, economic growth and environmental protection (United Nations, 2015),
through significant changes in production systems, infrastructure provision, public administration and lifes-
tyles.

Key factors in transitioning to sustainable development increasingly include ecological innovations,
which employ less harmful and resource-efficient technological solutions. Ecological innovations encom-
pass newly created or modified processes, business models, services, and products, that prevent or minimise
the negative impact of anthropogenic activities on the natural environment (Bierwisch et al., 2021; Pichlak,
Szromek, 2021), involving the significant utilisation of green technologies across various economic sectors.
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Based on environmental issues, state policy ensures the implementation of innovative directions through
regulatory acts, the creation of institutional opportunities, economic incentives, and priorities for government
procurement. Simultaneously, the implementation of environmental innovations contributes significantly to
shaping scientifically justified state policies for sustainable development, demonstrating economically and
technically necessary solutions for environmental protection (Ferraz et al., 2023; Grillitsch et al., 2019).

Thus, the development of effective public administration policies is one of the key ways to reduce en-
vironmental risks and promote a sustainable future. The global community must make decisions that will
significantly impact the well-being of future generations. Therefore, the shared responsibility of countries
for adopting environmentally conscious policies is emphasised by the Paris Agreement, the Sustainable
Development Goals (SDGs), and other international agreements. Research on the role of environmental in-
novations in this policy becomes a necessary element for understanding the possibilities for countries jointly
addressing environmental challenges.

The aim of this research is to analyse the impact of environmental innovations on the formation of
sustainable management policies.

The primary objectives of the study are as follows:

* to examine contemporary innovative approaches aimed at improving the state of the environment;

* to evaluate the influence of environmental innovations on the development and implementation of

management policies;

* to identify obstacles and opportunities arising in the adoption of environmental innovations in mana-

gement policies;

* to formulate recommendations for government authorities on the optimal utilisation of environmental

innovations in sustainable management policies.

1. Literature review

The intersection of ecological innovations and sustainable public administration is the subject of nume-
rous scientific studies. The urgent need to address global environmental problems activates the search for
approaches to form effective strategies for integrating innovations into state policy.

Ecological innovations in scientific literature are defined as new or modified systems, methods, tools,
processes and products that contribute to preventing or reducing negative environmental impacts (Skor-
doulis et al., 2020; Aldieri, Vinci, 2021). According to Schiederig et al. (2012), ecological innovations aim
at preserving the environment and sustainable resource use. Sustainable governance is considered as the
institutional capacity to develop comprehensive social, ecological and economic policies (Hickmann et al.,
2024). The theoretical definitions provided lay the foundations for a deep connection between state policy,
technological progress, ecological aspects and business processes.

Ecological innovations help shape the key goals of sustainable development in the system of state go-
vernance, by increasing policy coherence through the establishment of stricter environmental standards and
norms. The advantages of ecological innovations for sustainable development include opportunities to re-
duce resource dependence, create jobs and promote clean production in green sectors, mitigate the negative
consequences of climate change, and enhance competitiveness (Schiederig et al., 2012). Ecological inno-
vations, which have become the basis for implementing sustainable governance, have subsequently yielded
correspondingly positive results. A favourable innovative ecosystem should focus on stimulating and imple-
menting green technologies alongside the processes of forming comprehensive state environmental policies.

Understanding environmental policy as the mutually beneficial regulation of relations between the na-
tural environment and humans necessitates a qualitative and relevant definition of environmental efficiency.
This may depend on available data from the implementation of state policy and relevant government pro-
grammes, methodologies for assessing progress made towards significant improvement in environmental
conditions, and ensuring decision-making processes and policy formation (Nguyen et al., 2023).
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The resolution of the United Nations General Assembly adopted in July 2022 identified climate change
and environmental degradation as among the most pressing threats to the world’s future. The issues publis-
hed anticipate that intensifying efforts to ensure access to clean and sustainable environments becomes a key
direction for all nations (UN, 2022). Consequently, the task for states is to invest in energy-efficient, environ-
mentally friendly projects, to achieve sustainable development linked to environmental quality. Additionally,
a crucial factor remains the formulation of state policies aimed at creating incentives for sustainable econo-
mic growth, contributing to overall environmental efficiency (Adeel-Farooq et al., 2018).

Therefore, contemporary research and global strategies emphasise the importance of environmental in-
novations for achieving sustainable development.

2. Methodology

To obtain the research results, general scientific and specific research methods were utilised, including a
systemic approach, methods of analysis and synthesis, descriptive statistical methods, methods of multifac-
tor statistical analysis, and graphic methods. These methods allowed for the testing of formulated hypotheses
and drawing generalised conclusions, providing a deeper understanding of the relationship between environ-
mental innovations and sustainable governance policy.

The research procedure involves several stages: (1) the use of two models depicting the dependency of
environmental indicators on the level of government management in a country and the sustainable develo-
pment goals (Wolf et al., 2022; Sachs et al., 2023; Legatum Institute, 2023); (2) the analysis of indicators of
the Green Budget Index of individual European member states (OECD, 2023a); (3) the analysis of respon-
dents’ support for directions in solving environmental problems (OECD, 2023b).

To investigate the dependence of environmental indicators on the level of implementing the concept
of sustainable development and the level of government management, open available data for individual
European countries and Ukraine were used. The methodology involves using the Environmental Perfor-
mance Index (EPI), which takes into account the state of the environment and the viability of the ecosystem
(Adeel-Farooq et al., 2023). The predictor used is the ‘Governance’ component of the Legatum Prosperity
Index, measuring the degree of control and restriction of power, as well as the level of state efficiency (Khan,
Ahmad, 2019; Giinay, Siiliin, 2021). Another model uses the results of the Sustainable Development Index,
demonstrating the annual progress of all UN member states in achieving SDGs, including environmental
conservation and biodiversity (Sachs et al., 2023).

The next stage involved analysing the indicators of the Green Budget Index of individual European
OECD member countries (OECD, 2023a). The final stage of the methodological approach was the analysis
of respondents’ support for directions in solving environmental problems (OECD, 2023b).

The methodology used allowed for determining the level of influence of environmental innovations on
the formation of sustainable governance policies.

3. Results and discussion

In the current era of escalating environmental challenges, the integration of innovative approaches in
both ecology and public administration has become imperative. In the field of ecology, a paradigm shift has
occurred, accompanied by the use of innovative approaches to address pressing environmental issues based
on technological, social and political initiatives. The adoption of the Sustainable Development Goals has ac-
celerated the implementation of various management systems and policy programmes aimed at harmonising
social-economic, and environmental objectives to ensure long-term prosperity.

Understanding the impact of government policy on the ecological state of a country has demonstrated the
existence of a correlation between the Environmental Performance Index (EPI), which indicates how close
countries are to established environmental policy goals (Wolf et al., 2022), and the Governance sub-index
of the Prosperity Index (Legatum Institute, 2023), measuring the effectiveness of government bodies. The
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identified dependencies between the Environmental Performance Index (EPI) and the indicator of govern-
ment governance are illustrated in Fig. 1.

Let us define the indicators of the specified OLS model (Table 1), which will allow us to conduct testing
in the Gretl program and check the model’s quality in the software environment (Table 2).

Table 1. The OLS model in a Gretl environment (dependent variable: EPI)

Coefficient Std. Error t-ratio p-value
const 28,2541 5,14972 5,487 <0,0001 ok
Governance 0,460375 0,0733962 6,272 <0,0001 ok
Source: Compiled by the authors
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Fig. 1. The relationship between the Environmental Performance Index (EPI) and the indicator of state governance

Sources: Wolf et al. (2022); Legatum Institute (2023).

White’s test for heteroskedasticity showed an absence of heteroskedasticity. The test statistic:
LM = 2.45516 with a p-value = P (Chi-square (2) > 2.45516) = 0.293. The normality test of residuals proves
a normal error distribution. The test statistic: Chi-square (2) = 0.867613 with a p-value = 0.648038. The
Chow test indicates no structural breaks. The test statistic: F (2, 30) = 1.04163 with a p-value = P (F (2, 30)
>1.04163) = 0.365292.
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Table 2. Model quality indicators

Mean dependent var 59,81765
Sum squared resid 1303,135
R-squared 0,551468
F(1,32) 39,34378
Log-likelihood —110,2288
Schwarz criterion 227,5102
S.D. dependent var 9,382978
S.E. of regression 6,381454
Adjusted R-squared 0,537451
P-value (F) 4,94e-07
Akaike criterion 224,4575
Hannan-Quinn 225,4986

Source: Compiled by the authors.

The results of the dependence between the Sustainable Development Index and the Environmental Effici-
ency Index are determined in another model (Fig. 2). Based on the obtained data (Tables 1-4), the first model

more likely reflects the existing relationships.
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Fig. 2. The relationship between the Environmental Performance Index (EPI) and the Sustainable Development Index

Indicator

Sources: Wolf et al. (2022); Sachs et al. (2023)

Let us define the indicators of the second OLS model (Table 3), which will allow us to conduct testing in
the Gretl program and check the model’s quality in the software environment (Table 4).
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Table 3. The OLS model in a Gretl environment (Dependent Variable: EPI)

Coefficient Std. Error t-ratio p-value
const —62,0041 26,4820 —2,341 0,0250 *E
SDG 1,53597 0,333822 4,601 <0,0001 ok

Source: Compiled by the authors

White’s heteroskedasticity test showed an absence of heteroskedasticity. The test statistic: LM = 1.09141
with a p-value = P (Chi-square (2) > 1.09141) = 0.579432. Checking the normality of residuals confirms a
normal error distribution. The test statistic: Chi-square (2) = 4.18382 with a p-value = 0.123451. Chow’s test
indicates the absence of structural breaks. The test statistic: F(2, 30) = 1.23472 with a p-value = P (F(2, 30)
> 1.23472) = 0.304007.

Table 4. Model quality indicators

Mean dependent var 59,71351
Sum squared resid 1942,629
R-squared 0,376900
F (1, 35) 21,17076
Log-likelihood —125,7770
Schwarz criterion 258,7758
S.D. dependent var 9,306036
S.E. of regression 7,450079
Adjusted R-squared 0,359097
P-value (F) 0,000053
Akaike criterion 255,5540
Hannan-Quinn 256,6898

Source: Compiled by the authors

As we can see from the two models, there is a correlation between the implementation of state policy, the
efficiency of the state governance system, and the outcomes of a country’s environmental condition. State
policy can incentivise innovation, while innovations may require further policy changes in response. Many
decision-making processes employed by governments can help in addressing the climate crisis. An example
is ecological budgeting, which involves considering climate and environmental considerations in decisions
regarding taxes and government expenditure. The Green Budget Index of individual European OECD mem-
ber countries illustrates a significant difference in the results of the countries under investigation (Fig. 3)
(OECD, 2023a).
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Fig. 3. Green Budget Index of individual European OECD member states, 2022
Source: OECD (2023a)

The policy of environmental innovation is shaped based on the needs and demands of society. However,
societal perspectives on responsibility for environmental outcomes have different vectors (Fig. 4), and the pre-
sence of higher education plays a role in the responsible attitude towards the environment. In most cases, res-
pondents consider issues of environmental protection and its impact on economic development to be important.

I am willing to make compromises in my current
lifestyle for the benefit of the environment

Protecting the environment can boost the economy _

Environmental issues should be resolved mainly
through public policies

Environmental policies introduced by the government
should not cost me extra money

Environmental issues will be resolved mainly through _
individuals voluntarily changing their behaviour
Environmental issues will be resolved primarily _
through technological progress

Environmental impacts are frequently overstated _
Environmental issues should be dealt with primarily by -
future generations

10 20 30 40 50 60 70 80

(=)

m Higher Education ~ ®No higher education

Fig 4. Respondents’ views on possible solutions to environmental issues, 2022

Source: OECD (2023b)
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In this way, it should be noted that environmental innovations accelerate profound transformations in
the formation of policy and the public administration sphere. The dynamic interaction between technolo-
gical progress and political approaches signifies a shift towards more adaptive, inclusive and sustainable
models of government management. As governments grapple with complex environmental challenges, the
implementation of innovations in decision-making processes is crucial for developing effective and resilient
policies in the face of intricate environmental realities.

The analysis conducted provides grounds to assert that environmental innovations play a significant
role in shaping and implementing sustainable governance policies. Primarily, environmental innovations
contribute to the realisation of the concept of sustainable development in practice, demonstrating the eco-
nomic, social and ecological efficiency of relevant technologies and models. This involves the adoption
of more stringent environmental regulations, standards and goals in sustainable governance policies. The
implementation of policies by individual countries underscores the importance of integrating environmental
innovations into political decisions. Countries that strategically integrate necessary innovations into their
state policies demonstrate a commitment to long-term sustainable development.

Successful implementation often requires a comprehensive approach that considers economic, social
and environmental aspects. Initiatives such as circular economy practices, biodiversity conservation stra-
tegies, and other innovations, showcase the effectiveness of comprehensive, multidimensional approaches.
Many innovations require significant financial and technological resources for implementation. Small deve-
loping countries may face challenges in implementing environmental innovations without external support
(UNCTAD, 2023). In regions where such opportunities are absent or ineffective, the implementation of
environmental innovations can be complicated.

Regarding the research’s purpose, certain limitations in the methodology used should be acknowledged.
Primarily, the study was based on data from European countries with a high level of implementation of state
policies in the ecological sphere. Moreover, contemporary approaches in the public administration system,
specifically the concept of sustainable development goals and the greening of management, have contributed
to achieving a high level of ecological efficiency.

The results obtained confirm the notion that weak institutions are the main obstacle to formulating and
regulating environmental policy, implementing green technologies, and alternative energy (Slesman et al.,
2015). The successful implementation of environmental innovations depends on strong institutional capacity
and effective governance. Weak state institutions, corruption and inadequate compliance with environmental
legislation can hinder progress. Addressing these issues requires collective efforts from the state, civil society
and international organisations.

Conclusion

The findings of the study lead to the conclusion that the integration of environmental innovations into
state policies is a crucial factor in promoting sustainable governance. The pivotal role of technologies, which
have expanded the capabilities of economic entities for the effective monitoring, management and optimisa-
tion of natural resource utilisation, cannot be overstated.

It was established that there is a moderate positive correlation between indicators of a country’s environ-
mental efficiency and the level of implementation of state policies. Countries with more developed institu-
tions demonstrate better results in environmental protection, as regulatory instruments actively contribute to
the implementation and dissemination of environmental innovations in the economy.

A holistic approach, considering economic, social and ecological aspects, is of paramount importance.
Comprehensive approaches in state support (both regulatory and market instruments) at different stages
of the innovation cycle enable the realisation of the transformative potential of environmental innovations
toward a sustainable governance model. However, the implementation of many innovations requires signi-
ficant financial and technological resources, and regions lacking such capabilities may face obstacles in
adopting environmental innovations.
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The research on effective environmental innovations in state policies demonstrates compelling progress
and potential. On the path to developing sustainable solutions, prioritising the implementation of environ-
mental innovations is necessary for preserving biodiversity, ecosystem health, and the well-being of current
and future generations. By embracing this approach as a fundamental component of environmental pro-
tection, society can establish harmonious relationships with a safe environment, contributing to the creation
of favourable and sustainable social development.
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EKOLOGINES INOVACIJOS FORMUOJANT TVARAUS
VALDYMO POLITIKA

VitaLll KRUHLOV, VOLODYMYR MOROZ, DINA TERESHCHENKO
Nacionalinis technikos universitetas, Charkivo politechnikos institutas (Ukraina)

Santrauka

Straipsnyje nagriné¢jamas ekologiniy naujoviy vaidmuo formuojant tvarios valdysenos politika. Tva-
rus vystymasis yra prioritetinis gauséjant aplinkos i$stikiy, kurie susije¢ su klimato kaita, istekliy iSsekimu
ir aplinkos degradacija. Vyriausybés siekia pereiti prie darniy ekonominio augimo, socialinés geroves ir
aplinkos apsaugos modeliy, skatinant gamybos, infrastruktiiros, gyvenimo budo ir valdysenos transformaci-
jas. Ekologinés inovacijos, siiilancios Svarias ir efektyvias iStekliy technologijas, atlicka lemiamg vaidmenj
pereinant prie tvaraus vystymosi. Jos apima naujus procesus, produktus, paslaugas ir verslo modelius, ku-
rie turéty Salinti aplinkai kenkianc¢ias pasekmes. Vyriausybés politika formuoja inovacines trajektorijas per
Istatymus, pirkimo prioritetus, ekonomines skatinimo priemones ir institucines galimybes. Kartu ekologinés
inovacijos prisideda prie moksliniu pagrindu grindziamos tvarios plétros politikos formavimo, sitlant gy-
vybingus alternatyvius variantus. Taigi veiksminga inovacijy valdysenos politika yra biitina, siekiant Salinti
aplinkos rizikas ir uztikrinti tvarig ateit;.

Tyrimo tikslas — atlikti ekologiniy inovacijy poveikio analize, formuojant tvarios valdysenos politika.
Pagrindiniai uzdaviniai apima inovatyvius pozitrius j aplinkos gerinima, jvertinant inovacijy poveikj val-
dysenos politikos plétrai, nustatant jy jgyvendinimo klititis ir galimybes bei teikiant rekomendacijas. Atlie-
kama moksliniy ekoinovacijy apibréz¢iy ir klasifikacijy analize, pabréziant jy indélj j tvary vystyma, ypac
mazinant klimato kaitos pasekmes ir kuriant ,,zaligsias” darbo vietas. Aptariama tvaraus valdymo savoka,
kaip integruota galimybeé taikyti aplinkos, socialing ir ekonomikos politikas. Ekoinovacijos leidZia apibrézti
esminius tikslus, laikytis grieztesniy nuostaty, keisti rizikos suvokima, teikti duomenis, siekiant vykdyti
aplinkos stebésena.

Vykdant tyrima taikyti bendrieji moksliniai ir specifiniai tyrimo metodai — sisteminio pozitirio, analizés ir
sintezés, aprasomieji statistiniai, daugiafaktorés statistinés analizés ir grafiniai, leide patikrinti suformuluotas
hipotezes ir padaryti apibendrintas iSvadas. Tai [émé aplinkosaugos inovacijy ir tvaraus valdymo politikos
tarpusavio rysio suvokimo svarba.

Tarp Salies aplinkosauginio efektyvumo rodikliy ir valstybés politikos jgyvendinimo lygio nustatyta vi-
dutiné teigiama koreliacija. ISsivyscCiusiy Saliy institucijos demonstruoja geresnius aplinkos apsaugos rezul-
tatus, nes reguliavimo priemonés aktyviai prisideda prie aplinkosauginiy inovacijy diegimo ir sklaidos eko-
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nomikoje. Visuotinis poziliris ekonominiu, socialiniu ir ekologiniu aspektais ypa¢ svarbus. Kompleksiniai
pozitriai j valstybés paramg (tiek reguliavimo, tiek rinkos instrumentai) skirtinguose inovacijy ciklo etapuo-
se leidzia realizuoti aplinkosaugos inovacijy transformacinj potencialg siekiant jgyvendinti tvary valdymo
modelj. Taciau daugelio inovacijy diegimas susij¢s su dideliais finansiniais ir technologiniais istekliais, o
tokiy galimybiy neturintiems regionams gali kilti kliti¢iy diegti aplinkosaugos inovacijas. Tolesni tyrimai bai-
tini, atsizvelgiant j konkrety konteksta, siekiant pagreitinti per¢jima prie tvaraus vystymosi pasauliniu mastu.

PAGRINDINIAI ZODZIAI: ekologinis poziiiris, viesasis administravimas, viesoji politika, tvarusis
vystymasis.
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