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Abstract: Consolidation with European social, economic and environmental programmes in the
framework of Ukraine’s integration into the European energy space has become extremely important
given the growing threats to energy security and should become the basis for greening regional
and national innovation systems in the context of decarbonisation, the minimisation of carbon
emissions and the transition to alternative energy sources. The comparison of the regions of the
country by the level of enterprise innovation and the extrapolation of these results to the share
of such enterprises in the total number of industrial entities in the regions helped identify their
lack of correlation and emphasised the lack of stable dependence between industrial development
and innovation activity. The methodology of the article includes a number of general scientific,
special and interdisciplinary methods that allowed the screening of areas for the most favourable
economic development, taking into account the synergistic component of regional development
and achieving the research goal. The aim of this article is to analyse the innovative component of
regional and national economic development for the implementation of decarbonisation and green
energy transition in Ukraine, as well as substantiate the world’s leading imperatives and national
directions for effective integration into relevant European programmes. An analysis of Ukraine’s
rating status in several international indices of environmental efficiency and innovation activity in
the regions showed the lack of correlation between regions of Ukraine, which actualises the search
for the most effective drivers of economic development. At the same time, the consolidation of efforts
of national stakeholders of innovative development in a country with relevant European institutions,
particularly in the direction of greening regional economic systems, will ensure the development of
innovative regions and industries, which will in turn be drivers of related territories and industries
while ensuring a synergistic effect.

Keywords: ecology; innovative development; decarbonisation; energy efficiency; “green” transition;
sustainable development

1. Introduction

The growing impact of the ecological footprint on the environment from activities
in the energy sector indicates the need to modernise and increase the level of implemen-
tation of environmentally sustainable technologies, which makes the search for ways to
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transition to national decarbonisation particularly relevant. The purpose of modernisation
is to build such an energy system based on the intensification of clean production and
the smart specialisation of regional development, which promotes the development of
innovative (environmentally sustainable) technologies that significantly increase the share
of renewable energy in the overall production structure. For Ukraine, given the current
conditions of European integration, the focus should be on the threats and risks of energy
and administrative decentralisation and mechanisms for their appropriate response in the
context of the integration of the national energy system with the EU energy system. Despite
the reduction in sulphur dioxide emissions in Ukraine in 2018–2020 to 20% annually, mainly
due to the replacement of renewable energy production of electricity by heat generation
capacity, there is still a need for further national decarbonisation of Ukraine’s energy sector
through environmental modernisation.

The proclamation of the new Green Deal Strategic Plan by the European Union in
December 2019 [1] marked a new stage in its development, which is a significant transforma-
tion of public consciousness, and its implementation requires fundamental and ambitious
goals to address pressing climate and environmental issues. Decarbonisation, minimisation
of carbon emissions and transition to alternative energy sources—the central elements of
the Green Deal—will be the basis for a number of fundamental transformational transi-
tions, measures for regulatory adaptation and the introduction of protection mechanisms.
As a political framework, this European agenda is a response to the challenges of global
climate change, environmental pollution and, in light of its initiatives, the positioning of
the European Union as a world leader.

Ukraine was chosen as the focus of the study, because after the accession of the
Ukrainian energy system to the European ENTSO-E, the energy space became one, creating
conditions for mutual strengthening and collective security throughout the region. In recent
years, Europe has radically changed its policies regarding fossil fuels. The EU produces
approximately one-third of its electricity using local renewable energy resources. The
analysis of the role of energy systems in economic transformation to achieve sustainable
development is a subject of research interest for European researchers [2]. Thus, the trend
of the increasing share of renewable energy in the Ukrainian energy balance is promising.

The current composition of the national energy balance devotes more than half to
nuclear generation; however, it is planned to gradually increase the weight of “green”
energy to 25% based on the transformation of the energy balance in favour of low-carbon
energy sources and the development of new energy technologies that can be used to
achieve carbon neutrality. In the structure of the country’s own production, the largest
shares were: nuclear energy (35.1%), natural gas (27.8%), coal (22.4%) and renewable energy
sources (RES) (10.3%). In the structure of total RES production in 2020, the largest share
was occupied by biofuels and waste (75.4%). In the structure of electricity production,
hydropower was the largest share of RES, but its share decreased by 16.3 percentage
points, and, at the same time, the share of solar energy increased by 11.8 percentage points,
wind energy increased by 3.3 percentage points, and biofuels increased by 1.2 percentage
points [3].

The electricity market in Ukraine has a surplus, so the benefits to European consumers,
namely, receiving cheaper energy than in Europe, as well as reducing dependence on
Russian energy, are obvious. The stability of the Ukrainian energy system represents an
additional reserve of stability for Europe.

In accordance with the strategic course enshrined in the Constitution of Ukraine to
attain full membership in the EU and Ukraine’s international obligations, the concept of
“green” energy transition by 2050 was formed in Ukraine [4].

At the same time, the large-scale process of global support for Ukraine during the
military conflict opens up prospects for its early integration into the European energy sys-
tem, the transformation of its own energy market by carrying out balanced measures, and
general economic integration with the EU, especially since national integration intentions
coincide with European resource opportunities.
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As one of the largest energy markets in Europe, Ukraine’s energy market is primarily
in need of integration into the European energy system and decarbonisation to ensure the
country’s energy security. This study highlights the existing resource and innovation trends
in the greening of national and regional ecosystems, particularly in the energy sector of
Ukraine’s economy.

This study identifies the most relevant prerequisites and factors for greening innova-
tion systems at the national and regional levels in the postwar reconstruction of Ukraine’s
economy, taking into account the latest integration changes in relations between Ukraine
and the EU, as well as between Ukraine and the world. The second section is devoted to
the analysis of literature sources, both for the ecological component of regional systems
(Section 2.1) and for the environmental regulation of alternative energy sources (Section 2.2).
Section 3 illustrates the research methodology, consisting of conceptual principles of inte-
gration and European environmental programmes (Section 3.1), the method of screening
areas for the most favourable development of Ukraine’s postwar economy (Section 3.2)
and examples of their application (Section 3.3). The fourth section of the article is aimed at
examining innovative components of the sustainable postwar development of Ukraine’s
economy, such as decarbonisation and “green transition” (Section 4.1), with a review of a
number of global innovation indices and the analysis of regional innovation development
in the country. This section also contains a study of the impact of state regulation on the
process of decarbonisation/adaptation in the region (Section 4.2) and applied models of
decarbonisation of energy-intensive sectors (Section 4.3). Finally, the findings include the
main results of a study on achieving a carbon-neutral level in Ukraine’s economy.

2. Literature Review
2.1. Research Review on the Environmental Component of Innovative Regional Systems

The last decade has been marked by significant interest in scientific circles worldwide
in terms of combating climate change and greening national economic systems. For exam-
ple, van den Berg, Hof and van Soest studied the implications of different approaches to
effort sharing on national carbon budgets and emission trajectories [5]. Extensive cover-
age of the impact of environmental and energy aspects on economic development in the
studies of Olczak et al. [6–8] highlighted the issue of regional financial subsidies of sectoral
programmes. The main result of the assessment of the impact of bioenergy on sectoral de-
carbonisation [9,10] is the fact that almost all scenarios of development and transformation
of EU energy by 2050 contain forecasts of strategic long-term development of bioenergy,
implementation of the “green transition” and decarbonisation of energy-intensive sectors.

Driven by the scientific interest in the ecological component of innovative regional
systems, research [11,12] has revealed that in a decentralised model of government in
Ukraine, the formation of effective policies for regional eco-innovation will be one of the
important endogenous factors in achieving sustainable development.

Sectoral energy efficiency measures and the investment component for their imple-
mentation [13] and industrial “green” transformation on the way to decarbonisation [14]
have shown that they are the keys to achieving the energy independence of communities
and a competitive economy.

Legal and regulatory aspects of greening and compliance with the regulatory regula-
tions of processes [15–17] allowed the substantiation of recommendations for improving
regulations, particularly the movement of energy cooperation in Ukraine, and improving
the effectiveness of energy efficiency policies and energy security.

Studies have also analysed the impact of support mechanisms on decarbonisation [18–20].
The findings indicate that instruments such as capacity markets can slow the process of
decarbonisation in countries that are highly dependent on fossil fuels [21–23]. However,
supporting renewable sources and the hydrogen economy can accelerate this process in
these regions [24–26].

At the same time, we should note the lack of research on national and regional greening,
decarbonisation and the impact of decentralisation processes on energy efficiency, especially
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given the challenges of the postwar organisation of the country’s structural policy and sig-
nificant changes in identifying leading industry drivers of Ukraine’s effective development.
The system of decarbonisation needs to be systematised and analysed, with the conclusion
that a comprehensive, integrated model is needed in modern Ukrainian conditions.

2.2. Ecological Regulation of Energy Consumption

In addition to environmental or social problems, which are associated with a significant
increase in the world’s population and have a negative impact on the environment, another
problem that encourages countries to actively use renewable energy sources is the depletion
of natural resources.

The ecological preconditions for the problems of the depletion of natural resources
and environmental pollution are identical, and the ecological footprint of society exceeds
the planet’s ability to regenerate [27].

EU member states and other countries using economic methods to achieve envi-
ronmental security have the opportunity to implement strategic environmental goals of
sustainable development, which, according to research, helps to approximate economic
methods of environmental management [28]. At the same time, there is currently no unified
approach to selecting economic tools in environmental management in the EU; each country
independently determines the appropriate instruments and approaches to environmental
regulation in the energy sector [29].

The implementation of the European experience in Ukraine, particularly the mech-
anism of environmental taxation, is a difficult process, given the differences between
European and Ukrainian approaches to taxation. In the EU, the vast majority of the ob-
jects of taxation are energy resources, vehicles and certain groups of goods, and the main
principle is indirect taxation. In Ukraine, the object of taxation is the volume of emissions
with harmful effects on the environment, and the established rent for the use of natural
resources is a fiscal rather than an eco-incentive tool [30].

However, despite the significant amount of research in the field of environmental
regulation of energy consumption, the relationship between research on the environmental
component of the economy, the sustainability of the energy sector and the regulation of
eco-innovative energy consumption remains controversial and little studied.

Despite a number of scientific works and achievements in the theory and practice of us-
ing tools to stimulate the mechanisms of renewable energy in a decentralised environment,
some issues need further study. It is necessary to study models of decarbonisation, sys-
tematise their advantages and disadvantages and make proposals for a hybrid integrated
approach to energy decarbonisation policy in Ukraine, which would combine existing
models and have a national orientation, given the force majeure of Ukraine’s war-torn
economy. Research and proposals on renovation programmes in energy-intensive sectors,
primarily in the coal industry in the old industrial regions of Ukraine, are relevant.

3. Methodology
3.1. Sectoral Study of Greening the Economy in the Energy Industry

Sectoral energy efficiency analysis includes a number of models, such as energy systems
analysis (ENPEP, MESSAGE), energy and electricity demand (MAED, ENPEP), environmental
impact of energy facilities (SimPacts, WASP-IV, ENPEP) and financial analysis of energy
systems (FINPLAN). They are designed to analyse and forecast future energy needs and
require time intervals to study the conditions and objectives of the countries where imple-
mentation is planned. Key conditions for the development of meaningful scenarios are: the
application of systematic procedures to ensure the internal consistency of initial assumptions,
especially those on social, economic and environmental factors, and a clear understanding of
the dynamic nature of modelling, the interdependence among assumptions, the evaluation of
results, plausibility criteria and changes to initial assumptions.

To model the sectoral development of the energy industry, this study used econometric
methods of simulative modelling, in particular, the rapid diagnosis of the importance and
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share of innovative enterprises in the total number of industrial enterprises in Ukrainian
regions. This study contained elements of cluster analysis and panel modelling as a
justification for the relevance of the greening policy of national and regional ecosystems,
taking into account the international status of Ukraine as a member of many international
agreements and projects, including the European Green Deal [1], the transformation of coal
regions (fair transition), the Paris Agreement [31] and the Climate Goals of Ukraine until
2030 [32].

The idea that the relationship between the greening of the energy sector of the national
economy and the national security of the state (through energy security) is direct has been
empirically substantiated. At the same time, the desire to liberalise the national energy
sector will reduce the level of state influence as a regulator of ensuring the necessary level
of greening of the energy sector, addressing the vast majority of energy security issues.
State support for the development of “green energy” motivates companies to participate in
eco-transformation.

Simultaneously, the input conditions for the current energy state of Ukraine, given
energy integration and military action, are so unique that they require special elements
of analysis that can effectively take them into account. This study uses a conceptual
and analytical model of comprehensive support for the implementation of renewable
energy, which can become an innovative component of the sustainable postwar economic
development of Ukraine.

3.2. Screening Method

In order to select the direction for the most favourable development of the postwar
Ukrainian economy, a comparative analysis was conducted to compare the impacts of
several project initiatives on sustainable regional development. We selected region-leaders
of innovation-active enterprises, which can become a model for the proactive development
of Ukraine, taking into account the initial crisis conditions. The screening method highlights
the areas of effective postwar development: this is the direction of fair transformation of
old industrial coal regions, provoked by the closure of coal mines and related infrastructure.
In addition, the focus is on the movement of energy cooperation, which, in the context of
decentralisation and the acquisition of a number of financial powers by urban communities,
can become a driver of local development.

3.3. Mathematical Modelling

The method of applied concretisation of the research results was illustrated by consid-
ering the energy cooperative movement in Ukraine and its relationship with the large-scale
decentralisation process and the acquisition of a number of powers and rights by local
communities to manage their own budgets. It has been proven that the convenience of
cooperative organisational and legal forms is due to their flexibility and variability. Simulta-
neously, the basic resource base for the use of biofuels in agricultural regions of the country
is indisputable. The development of energy cooperation is complex, as it has an impact
on the revival of processing processes in agriculture and the organisation of the process of
organic waste disposal, which is environmentally friendly and economically rational.

The authors’ conceptual-analytical model of the complex support of mechanisms for
the introduction of renewable energy is formalised by methods of mathematical logic. Thus,
in order to achieve the goal of developing mechanisms for the implementation of renewable
energy at the regional and local levels, a system of organisational and economic, fiscal,
institutional and regulatory measures was applied.

This study also covered the issues of legal, social and infrastructural organisation
of the process of transformation of coal enterprises in a city of constituent entities in old
industrial regions.

Analysis of the legal, social and infrastructural organisation of the process of the
transformation of coal enterprises was performed using cities as subjects in industrial
regions. Thus, the fair transformation of coal regions should create a framework for public–
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private partnerships between central government, local communities and investors. As
part of the renovation programmes of mono-regions, not only should support be provided
to miners from liberated coal enterprises, but opportunities for education and retraining
and new jobs for young people and the unemployed should also be created. Thus, the
structural transformation of the economy of old industrial coal regions involves direct
investment in new infrastructure in these regions, the development of new industries and
the mitigation of unemployment.

4. Results
4.1. Decarbonisation and the “Green Transition” as an Innovative Component of Sustainable
Economic Development of Ukraine

A significant step towards Ukraine’s European integration was the full connection
of the Ukrainian energy system to the ENTSO-E continental European energy system in
March 2022, which will secure the Ukrainian energy system in the face of technological,
economic and foreign policy risks. The synchronisation of power systems has been carried
out since 2017 and demonstrated to be comprehensive and systematic in nature in testing,
static and dynamic stability and other technological measures.

The European course for the transition to a low-carbon economy is a list of actions
agreed upon by all stakeholders of the process, which should lead to the separation of the
socio-economic development of the country from emissions of harmful greenhouse gases
(GG). Moreover, anthropogenic factors of harmful emissions of greenhouse gases from
vehicles can be represented as a function:

TC = P · G · (E · CEN + CNE) (1)

where TC—anthropogenic greenhouse gas emissions, tons of CO2-eq.; P—population, peo-
ple; G—consumption of goods per capita, units/person; E—energy intensity of production
and consumption of goods, GJ/unit; CEN—specific greenhouse gas emissions per unit
of energy used in the production and consumption of goods, including emissions from
the production of energy, as well as in the production, processing and transportation of
fuel for energy production, tons of CO2-equivalent/GJ; and CNE—specific non-energy GG
emissions per unit of good consumed, tons of CO2-eq./unit.

Calculated according to this principle, the anthropogenic factor of harmful carbon emissions
of CO2 allows us to state that the problem of greenhouse gas emissions such as carbon dioxide
and methane is a priority for the central and southern regions (Figure 1, Table 1).

 Figure 1. The impact of anthropogenic factor CO2 emissions in the regions of Ukraine in 2021 [33]. 
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Figure 1. The impact of anthropogenic factor CO2 emissions in the regions of Ukraine in 2021 [33].
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The priority of solving problems to minimise such anthropogenic pressure on the
regions is illustrated in Table 1.

Table 1. Priority of solving problems of anthropogenic factor of CO2 emissions into the atmosphere
by region of Ukraine.

The Order in the Queue to
Resolve the Issue 1 2 3 4 5

Emissions of carbon dioxide
into the atmosphere Centre South East West North

For Ukraine, especially in the conditions of postwar economic recovery, measures of
the synergetic effect of solving problems in key areas are extremely important. Against
the background of the unconditional priority of military and civil protection measures, it
is necessary to note the real progress in foreign policy and economic processes between
Ukraine and the EU and between Ukraine and the world, which has developed over several
years and considered only potential scenarios.

At the end of February 2022, the Ukrainian power system was disconnected from the
power systems of Belarus and Russia in a test format and underwent technical measures to
integrate it into the ENTSO-E continental European energy network as soon as possible
and harmonise regulations [32].

It should be emphasised that the process of preparation for the integration of Ukraine’s
energy system into the EU energy system was carried out for six years and received
financial confirmation in the form of 700 million euros of investment [34]. Ukraine has been
provided opportunities for crisis assistance from Europe, which is extremely important
during wartime. The long-awaited event will attract investors, as Ukraine can count on
financial assistance from European partners to rebuild its war-torn infrastructure, and
foreign partners have already stated their readiness to provide assistance, with at least
100 billion euros from the EU [35] and 32.5 billion from the USA [36]. Such investment
funds, in addition to rebuilding destroyed infrastructure and critical social facilities, should
be directed to the most profitable and environmentally friendly production, which can be
drivers of postwar economic recovery.

It should be noted that in recent years, Ukraine has implemented several programmes
and strategies aimed at reducing the harmful effects of human economic activity on the en-
vironment. For example, these areas are reflected in relevant legislative and regulatory acts,
such as the Ukrainian law “On the Basic Principles (Strategy) of the State Environmental
Policy of Ukraine for the period up to 2030” and the Strategy for Environmental Safety and
Adaptation to Climate Change for the period up to 2030.

A separate component is the greening of Ukraine’s energy sector in the context of
the Green Deal in the EU. Ukraine’s implementation of the Green Deal principles in its
own legal and economic environment, especially given European opportunities and the
desire to integrate Ukraine in most areas as a result of Russia’s military actions, will be an
indisputable catalyst for economic modernisation. Measures will be especially urgent and
appropriate in the context of the reconstruction of enterprises and infrastructure after the
end of hostilities.

Among the policy documents of environmental orientation in Ukraine, we must
highlight the Strategy of State Environmental Policy of Ukraine until 2030, the Strategy
for Environmental Security and Adaptation to Climate Change until 2030, and regional
environmental programmes.

These documents are intended to outline the transition of the Ukrainian economy to
an ecologically oriented decarbonised (low-carbon, “green”) path of development, which
involves the rational use of natural resources. However, despite a significant number
of efforts by the state in this direction, at present, the quality and speed of economic
transformation on the way to greening cannot be called satisfactory, as demonstrated
by relevant indicators. Thus, according to the International Environmental Performance
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Index (EPI-2020) [37], on the basis of ranking by 32 criteria, Ukraine took 60th place out of
180 countries in 2020 (Table 1).

The analysis of the leaders of the EPI rating shows a steady trend in its dynamics. The
top rankings are traditionally occupied by European countries with a high standard of living
(high-income group economies) and significant investments in environmental projects
(Figure 2). For example, in 2020, the top five were Denmark, Luxembourg, Switzerland, the
United Kingdom and France, where sustainable development programmes are successful
and stable.

The Global Innovation Index (GII) 2021, generated for 131 countries, is based on
80 indicators of resource importance in the context of this study. According to the index,
Switzerland took 1st place in 2021, Britain was in 4th place, Denmark was in 6th place,
France was in 11th place, and Luxembourg was in 18th place. Ukraine was in the 49th
position in this rating. That is, the correlation between innovation and the environmental
efficiency of the state is indisputable.

Figure 2. Top ten countries according to the GII-2021 Global Innovation Index. Reproduced with
permission from [38]. Copyright 2021, World Intellectual Property Organization.

According to the GII, Ukraine improved only three indicators in 2021: creativity,
scientific knowledge, and human capital and research (Figure 3).

Figure 3. Dynamics of GII indices for Ukraine in 2017–2021. Reproduced with permission from [38].
Copyright 2021, World Intellectual Property Organization.
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At the same time, Ukraine’s ranking has worsened in the category of lower-middle-
income countries, declining in comparison with 2020. In addition, Ukraine’s place in the
annual Bloomberg Innovation Index [39] in 2018–2021 only deteriorated and is determined
by the following indicators (Figure 4).

Figure 4. Ukraine’s place in the Bloomberg Innovation Index in 2018–2021. Adapted with permission
from [39]. Copyright 2021, European Commission.

Thus, innovative transformation of the economy is a necessary strategy for Ukraine to
rebuild the infrastructure destroyed by hostilities, and clustering in this sense is an auxiliary
and powerful mechanism for development at regional and local levels.

According to studies [40–42], the innovative development of the region is determined
by a number of interrelated factors that promote each other during innovation, including
the following factors:

- Continuous and sustainable growth of the socio-economic level of the region, based
on innovative entrepreneurial activity, smart specialisation of the region, a significant
level of competitiveness, adaptation to market changes, and flexible response to
infrastructure challenges and political conditions;

- Constant self-development based on the constant growth of social needs of the region,
which must be ensured by constant commercialisation of innovations, and as a conse-
quence, the formation of new social needs of higher quality and the cyclical nature of
further innovative development;

- Causal relationships, which are reflected in the interaction and motivation of regional
development stakeholders.

Simultaneously, according to the data on industrial activity in the regions of Ukraine, it is
possible to confirm a significant differentiation among regions by the criterion of the number
of such enterprises and the existing features of regional innovation development [43,44].

For the period 2018–2020, the statistics for the regions of Ukraine regarding the num-
ber of innovatively active industrial enterprises are shown in Table 2, where regions are
highlighted in green if they showed growth over the past three years.

Thus, the stable growth of innovative enterprises over the past three years has been
demonstrated by the Ukrainian regions Vinnytsia, Poltava, Cherkasy and Ternopil, which
are mostly agricultural, which is another argument for focusing investments in the energy
cooperative sector based on biofuels.
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Table 2. Regions of Ukraine by number of innovation-active enterprises [33].

Regions 2018 2019 2020 +/−
2020 before 2019

+/−
2019 before 2018

. . . . . . . . . . . . . . .
Vinnytsia 25 28 31 3 3

Volyn 14 11 12 1 −3
Dnipropetrovsk 71 64 75 11 −7

Donetsk 23 27 24 −3 4
Zhytomyr 19 24 15 −9 5

Zakarpattia 12 9 10 1 −3
Zaporizhzhia 36 47 41 −6 11

Ivano-
Frankivsk 28 22 28 6 −6

Kyiv 54 41 56 15 −13
Kirovohrad 26 20 20 0 −6

Luhansk 5 11 10 −1 6
Lviv 44 44 60 16 0

Mykolaiv 14 22 14 −8 8
Odesa 25 33 30 −3 8

Poltava 30 32 35 3 2
Rivne 8 20 19 −1 12
Sumy 25 23 23 0 −2

Ternopil 20 29 35 6 9
Kharkiv 119 116 96 −20 −3
Kherson 14 13 14 1 −1

Khmelnytsk 11 10 15 5 −1
Cherkasy 29 30 31 1 1
Chernivtsi 9 7 13 6 −2
Chernihiv 15 11 22 11 −4

City 0 0
Kyiv 101 88 79 −9 −13

. . . . . . . . . . . . . . .

Simultaneously, the absolute number of industrial innovation-active economic entities
in the region does not illustrate the level of regional innovation development, which can be
represented by the relative share of innovation-active industrial enterprises in the region at
the end of the reporting year.

In general, in Ukraine, as shown in Figure 5, the share of innovative enterprises in
the total number of medium and large-business industrial enterprises (codes B, C and D
according to the Classifier of Economic Activities) does not exceed 2.5%. This indicates an
extremely low technological level of industry in Ukraine.

In addition, the leading regions in the number of innovation-active enterprises do not
coincide with the leading regions of the index. The leaders here are the Ternopil, Kharkiv,
Sumy, Cherkasy and Kirovohrad regions. The Dnipropetrovsk region is in ninth place, and
the Donetsk region is at the bottom of the list. Thus, in Ukrainian regions, there is no stable
dependence on the level of industrial development and the level of innovation activity,
which, moreover, undergoes significant fluctuations in statistics, even from year to year.

In the sectoral structure of total expenditure by area of innovation, the leaders are the
sectors that represent the processing industry of all technological segments, for example,
the food industry in the low-tech sector, metallurgical production in the medium-low-tech
sector and the production of pharmaceuticals in the high-tech sector (Figure 6).



Energies 2022, 15, 3306 11 of 19

Figure 5. The share of innovation-active enterprises in the total number of industrial enterprises by
region at the beginning of 2021, % [33].

Figure 6. Structure of total costs by area of innovation, % [44].
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An effective indicator of the environmental friendliness of regional economic systems
is an integrated indicator of the effectiveness of environmental management, which is
calculated using a linear function according to the formula:

I =
3

∑
i=0

(
n
k

)
Ci Ii (2)

where Ii—integrated ecological characteristic; Ci—weight coefficient of integrated indicators.
The integrated indicator of the effectiveness of environmental management provides a

comprehensive assessment from the standpoint of compliance with objectives based on
integrated environmental characteristics calculated by groups of indicators.

Therefore, solutions to problematic environmental issues, particularly climate issues,
can be achieved through the intensive implementation of technological innovations and
the effective management of the latter. An example of such implementation is “green” tech-
nologies, which, together with similar models, should be applied primarily to production
processes in the real sector of the economy in order to minimise harmful effects on the
environment. Innovation itself can form a breakthrough in consciousness and cause the
rethinking of the usual processes and technologies, which, in turn, is a necessary factor for
the greening of economic activity, even in the absence of public support.

Undoubtedly, the most significant level of innovation in regional development is
reflected in the indicators of the sales of innovative products because they form the gross
regional product and reflect the end result of innovation.

Simultaneously, the situation in Kyiv is consistently ahead in these indicators in terms
of regions. In addition, the analysis in the current study allows us to state that innovative
products by region did not determine the regional sales volume and, as a consequence,
were not a crucial component of gross regional product.

4.2. Influence of State Regulation on the Process of Decarbonisation/Adaptation in the Region

The state’s influence on the management of innovation development in the region is
currently significant. At the same time, the state plays the role of facilitator in the initial
stages of regional development and later transfers these functions to the relevant institutions
of innovative development. It should be noted that the state and executive authorities are
among the stakeholders in the processes of decarbonisation and adaptation, and assessing
the feasibility and possible consequences of their regulation requires the creation of hybrid
model complexes that combine climate modelling, energy modelling, economic modelling
and investment in the development of certain technologies and directions. Currently,
we can discuss two groups of models for different stakeholders because they all need to
consider climatic factors in their activities. The first group assesses the scale of climate
change and how humanity can adapt to it (adaptation scenarios), and the second group
examines how to resist climate change itself (decarbonisation scenarios). At the same time,
each group of stakeholders is concerned with specific questions (Table 3).

Approaches to modelling different sectors of the economy are universal, but owing to
the focus of research on energy issues, we consider modelling tools focused on the energy
sector. Such models can be divided into two major categories: top-down and bottom-up
(Figure 7, Table 4), as well as integrated related models.

The methodological gap in approaches to the implementation of decarbonisation has
stimulated the emergence of hybrid-related approaches that combine the technological
clarity of upward models with microeconomic realism and the macroeconomic feedback of
downward models. The linking of models was achieved through iterations with feedback
between models.

It should be emphasised that the list of integrated models of decarbonisation currently
used in the EU in the energy sector includes several examples, such as: PRIMES, GAINS,
GLOBIOM-G4M, PROMETHEUS, CAPRI and POLES. These integrated models have a
variety of targets in methodology, time horizons, sectoral coverage and input–output data.
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Table 3. The main stakeholders of the decarbonisation process. Adapted with permission from [31].
Copyright 2018, United Nation.

Stakeholder The Question Answered by the Related
Model Complex

National regulators and central
executive bodies

How and with what speed can the economy be
decarbonised as efficiently as possible for the country?

Regulators at the international level How and when will most countries in the world be
able to achieve the goals of the Paris Agreement?

Financial sector What are the possible consequences of the complete
cessation of funding for carbon-intensive projects?

Business community
How can a company be decarbonised as effectively as
possible? How can a company’s real assets be adapted

to climate change?

National climate organisations and
climate activists

What are the possible consequences for the world in
the event of non-acceptance of mitigation of

climate change?

Population How will decarbonisation/adaptation methods affect
incomes, health and living standards?

Figure 7. The classification of decarbonisation models focusses on the energy sector. Reprinted with
permission from [42]. Copyright 2009, Boehringer, C.; Rutherford, T.

An analysis of the possible application of models of the decarbonisation of Ukraine’s
economy in the projected postwar period of development makes it possible to state the
need for an integrated approach and the use of hybrid models.

After all, models of rigid bonding are ill-suited for modelling in crisis and force
majeure conditions, which are the conditions for the recovery of an economy destroyed by
hostilities. Soft binding often provokes interference, namely, differences between the results
of energy flow models, prices and technologies within a particular region. Noise control is
difficult because most useful sets of common measurement points are non-exclusive.

4.3. Applied Models of Decarbonisation of Energy-Intensive Sectors

In recent years, Ukraine has begun to implement a model of regional development for
fair transformation.

According to the Concept of the State Target Program for Fair Transformation of Coal
Regions of Ukraine for the period up to 2030, approved by the Resolution of the Cabinet
of Ministers of Ukraine dated 22.09.2021 № 1024, the concept of “fair transformation” is
interpreted as “a model of regional development to all residents, including workers who
will be affected by the process of abandoning fossil fuels (liquidation of production facilities,
closure of coal mining enterprises, etc.)” [32].
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Table 4. Advantages and disadvantages of decarbonisation models.

Type of
Decarbonisation Model Functional and Structural Features Disadvantages and

Shortcomings

Descending models

Economists and governments commonly
use descending models. These models
focus on aggregating macroeconomic

sectors. They are usually characterised by
a simplified presentation of components
and therefore do not fit the definition of

sectoral policy. Their scope is to assess the
impact of energy and climate policies on

socio-economic sectors, such as social
growth and social

welfare, employment, etc. A top-down
approach may also consider

interdependence between sectors
or countries.

Descending models lack
technological details and are

limited to modelling financial
policy instruments.

This study has methodological
limitations. The parameters of

elasticity and autonomous
efficiency in descending models

were estimated based on
empirical data.

Rising models

The ascending approach is to develop
engineering models with a detailed

description of the technological aspects of
the energy system and how they may

develop in the future, which allows the
determination of sectoral policies.

Energy demand is usually set exogenously,
and models analyse how this energy

demand should be met at minimal cost.
However, the bottom-up approach does
not consider the link between the energy
system and macroeconomic sectors, thus

ignoring the impact on these sectors.

Traditional ascending models
describe technologies, but they

realistically reflect the economic
decisions made by enterprises
and consumers when choosing

technologies and do not reflect the
potential feedback of

macroeconomic equilibrium.

In this context, the formation of a national Green Deal is a critical priority for Ukraine.
A national feature of this area is environmentally harmful coal. Ukraine has histori-
cally formed certain socio-economic clusters around the coal regions—Donetsk, Luhansk,
Dnipropetrovsk, Lviv-Volyn and Transcarpathian basins. However, the reduction in the
share of coal energy should be gradual based on the formation of an appropriate alterna-
tive to this type of economic activity, using the experience of China, the Czech Republic,
Germany and Poland in terms of diversification in the industry. Global examples of the
harmonious transformation of coal regions demonstrate the strategic course of events and
significant impact on the economy. Therefore, for Ukraine, which is fairly new to the
process of coal industry transformation, these processes should be reflected and adjusted
in the national Green Deal.

Difficulties with the transition to a decentralised electricity market in Ukraine are both
objective (regulatory) and locally subjective.

The Ukrainian situation requires urgent action at the highest level of government.
Thus, the Government of Ukraine announced the creation of four revival funds for the
restoration of property and infrastructure, economic transformation, debt service and
repayment, and support for affected businesses [45]. The proposed funds combine two
trends: national, to obtain funds for development through the relevant state institution,
and European, to obtain funding through the relevant fund.

In addition, Ukraine has negative or neutral trends in the development of alternative
energy and energy cooperation, provoked by the instability of the regulatory environment,
the passivity of the business environment and public awareness of the existing benefits
of the green energy market. The fragmentation and imperfections of the current legal
framework worsen the situation.

Simultaneously, developed agriculture in Ukraine can and should become the basis
for the development of bioenergy. The energy cooperative movement is currently in its
infancy in Ukraine [46].

The flexibility and variability of cooperative organisational and legal forms determine
the convenience of their use. Thus, an energy cooperative can unite energy producers or
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consumers or act in both roles simultaneously to produce and consume energy (that is, the
cooperative prosumer) or to accumulate (aggregate) energy from other producers [47].

Renewable energy, as a new technology, needs to implement appropriate support
mechanisms: political, legislative and economic [48,49]. The models represented in this
study, using the apparatus of mathematical logic, can be interpreted as follows: to achieve
the goal of developing mechanisms for the implementation of renewable energy at the
regional and local levels (development of mechanisms for the implementation of renewable
energy at regional and local levels), a set of ten organisational, economic, fiscal, institutional
and regulatory measures was applied (Table 5).

These measures belong to many methods for the effective stimulation of investment
inflow to renewable green energy (methods of effective stimulation of investment inflow to
renewable green energy).

Table 5. Correspondence of mechanisms to support renewable energy and their formalised presentations.

The Name of the Event The Essence of the Event Formalised Term in
Equation (3)

Adoption of laws regulating the conditions
for access to energy systems for installations

of renewable energy sources (RES)

Adoption of laws regulating
access to energy systems Lawen

Establishment of special guaranteed tariffs
for the purchase of electricity produced from
RES and obligations for energy networks to

purchase electricity

Transition to renewable energy
sources (RES) Estar

Establishment of a mandatory share of
electricity produced from RES in the balance

of electricity sold by power grids

Establishment of special
guaranteed tariffs for the purchase
of electricity produced from RES
as well as obligations for energy

networks to buy this energy

Esmand

Financing research activities leading to a
reduction in renewable energy cost

Establishment of a mandatory
share of electricity generated from

RES in the balance of electricity
sales of power grids

Finres

Establishment of state and other institutions
to promote renewable energy, implement

special programmes and
demonstrate projects

Funding for research activities
that reduce RES costs Esstate

Preferential loans for purchasing renewable
energy equipment and partial returns on

investment for consumers

Establishment of state institutions
for the promotion of RES and

implementation of special projects
Loanspre f

Accelerated depreciation of RES equipment

Preferential loans for purchasing
RES equipment and partial
returns on investment for

consumers

Depac

Organisation of public support and the
introduction of voluntary forms of support,

such as the purchase of green energy by
consumers as well as the transparency of

information on the share of clean electricity
in the balance of energy networks

Accelerated depreciation of
RES equipment Pubsup

Subsidising investment in renewable energy

Organisation of public support
and introduction of voluntary

forms of support, such as
consumer purchases of “Green

Energy” as well as transparency
of information on the share of

clean electricity in the balance of
energy networks

Invsub

Tax exemptions and tax rate reductions Subsidising RES investments Taxex
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In this case, the formalisation of the conceptual and analytical model of integrated
support mechanisms for the implementation of renewable energy has the following form
(Formula (3)), and definitions of terms in the formula are given in Table 5.

Devre ≈
{

Lawen ∪ Estar ∪ Esmand ∪ Finres ∪ Esstate ∪ Loanspre f ∪ Depac ∪ Pubsup ∪ Invsub ∪ Taxex
}
∈ METHODge (3)

where Devre—achieving the goals of developing mechanisms for the implementation of
renewable energy at the regional and local levels; METHODge—methods for the effective
stimulation of investment inflow to renewable green energy.

It should be noted that some of the measures to stimulate the mechanisms of renewable
energy have already begun to be implemented under current conditions in Ukraine. For
example, the announced onset of tax reform will certainly contribute to the effective imple-
mentation of the proposed conceptual and analytical model. In addition, the revolutionary
step of connecting the Ukrainian energy system to the European ENTSO-E system will
ensure the stable operation of the Ukrainian energy system in wartime and in the postwar
period, as well as the development of energy generation and investment.

5. Conclusions

Summarising the results of the study, we note that the European experience of socio-
economic development demonstrates a systematic and integrated approach, including
state-of-the-art measures to achieve a climate-neutral Europe. Recent events: Considering
Ukraine’s application for EU accession under the accelerated procedure, the development of
Ukraine after the military conflict requires non-standard solutions to improve the regulation
of energy security and nature management.

Unfortunately, in the Ukrainian region, at the beginning of 2022, innovative products
have not yet been a significant component of indicators such as gross regional product
(GDP) and gross sales. Simultaneously, the state’s involvement in the management of
innovation processes in the region and their facilitation has a significant impact on the level
of innovative regional development.

The environmental goals of achieving a carbon-neutral level of the economy and
the decarbonisation of energy-intensive industries involve the introduction of balanced
and effective approaches to coordinating financial investments in relevant segments, the
formation of a legal and regulatory framework, the use of available resource potential
and integration prospects, and the state’s environmental facilitation. For example, the
decarbonisation of green energy to alternative energy sources can have significant financial
implications for households. Simultaneously, the negative consequences of effective state
measures of regional greening, as well as decentralisation, can be a positive vector for the
development of communities and territories.

The comparative analysis of decarbonisation models conducted in this study allowed
the systematisation of its advantages and disadvantages, on the basis of which, in turn,
the methodological gap in approaches is evident. These factors are the basis for the
development of a hybrid integrated approach to energy decarbonisation policy in Ukraine,
which would combine existing models and have a national orientation, taking into account
the force majeure circumstances of the recovery of Ukraine’s economy. This course of
events is actualised by the peculiarities of Ukraine’s integration into the European energy
system and the prospects of accession to the EU both on a general basis and under the
accelerated procedure.

The results of the current study should be considered within certain limitations,
which can be addressed in future studies. Thus, the uncertainty of the economic situation
caused by hostilities produced methodological imperfections in the study, namely, the
limited ability to conduct a thorough analysis using mathematical modelling. In addition,
objectively limited access to statistics on the regions of Ukraine requires the adjustment of
the survey results, provided that these data are available.



Energies 2022, 15, 3306 17 of 19

The most effective way to develop the Ukrainian economy will be the development of
innovation-active regions and industries, which, in turn, will be drivers of the development
of related territories and industries while ensuring synergies. The transition to an environ-
mentally friendly, green economy is a multi-layered process that is not quick and painless.
Thus, given the global trends in the framework of green energy transition, it is important to
consider planning the development of innovation-active industries and regions of the state.

At the same time, it is necessary to take into account the legal and infrastructural
preconditions typical for Ukraine, namely: the social and economic weight of the coal
industry; the comparatively low cost and significant share of nuclear energy; obstacles
and shortcomings in the decentralisation of the electricity market; negative trends in the
development of renewable energy; asymmetry in the distribution of energy resources at
the regional level; and the initial position in the development of the energy cooperation
movement, but also a strong agricultural sector as a basis for the development of bioenergy,
making it possible to state the available resource potential for creating a synergetic impact
in various sectors of Ukraine’s economy.
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