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1. Introduction
Today, the energy sector is undergoing a transforma-

tion at a global level. This is due to the new challenges 
and opportunities of Industry 4.0, as well as the needs 
for sustainable development. Innovative technologies in 
the energy sector play an important role in achieving the 
global sustainable development goals, in particular Goal 7 
«Renewable Energy». Developing a mechanism to ensure a 
favorable innovation ecosystem based on neo-industrialization 
will accelerate the achievement of these goals and lead 
to the transition to the fourth industrial revolution. The 

development of innovations in the energy sector provides 
an opportunity to achieve the goals of the Paris Climate 
Agreement, within the framework of the United Nations 
Framework Convention on Climate Change (UNFCCC) to 
regulate measures to reduce emissions of carbon dioxide. 
In turn, this requires the formation of an effective and 
efficient mechanism for implementing the policy of innova-
tive development of the energy sector, taking into account 
the complexity and multifunctionality of the mechanism in 
order to increase the socio-economic effects of Industry 4.0, 
determines the relevance of this study.
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The object of research is the processes of formation and implementation of mechanisms for innovative de-
velopment of the energy sector of the national economy in the context of the fourth industrial revolution. It was 
determined that at the global level, mechanisms for innovative development of industry and energy are formed 
in the New Industrial Strategy of the European Union (EU), the Paris Climate Agreement, and the fourth energy 
package of the EU. The challenges of Industry 4.0 necessitate the formation and adaptation of these mechanisms 
in individual countries to ensure the innovative development of the energy sector in different countries.

In the course of the study, the scientific and applied foundations of ensuring the development of the energy sector at 
the state level have been analyzed. They also used a system-functional approach, methods of structural and functional 
analysis and functional synthesis, critical analysis of regulatory framework, goals and objectives in the energy sector of 
the national economy. As a result, a comprehensive mechanism for the implementation of the national innovation policy 
in the energy sector of the national economy at various levels of the social hierarchy has been proposed. In particular, 5 
functional components of the innovative development of the energy sector of the national economy have been identified:

1) productivity of innovation;
2) effectiveness of innovation policy;
3) effectiveness of energy innovation;
4) investment support for innovative development of the energy sector;
5) development of human capital in terms of decarbonization of the economy.
On the basis of these components, the main mechanisms have been formed, which make up a comprehensive 

mechanism for implementing the state policy of innovative development of the energy sector of the national economy, 
and each of these mechanisms has its own set of implementation tools: economic; motivational; organizational-
technological and political-legal. This forms the basis for the implementation of its interfunctionality and ensures 
its functioning, based on the principle of multilevel (elements relate to the supranational, interstate, national, 
regional, local and sectoral levels) and is intended to enhance the socio-economic effects of Industry 4.0.

Keywords: energy innovations, mechanisms of innovative development, national economy, Industry 4.0, energy sector.
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Scientists have investigated the formation of mechanisms 
in the field of ensuring the development of the economy, 
innovative development. So, in work [1] «mechanism» is 
defined as a set of aggregated states and processes that make 
up a socio-economic phenomenon. The work [2] defines 
two main approaches to the interpretation of the essential-
meaningful characteristics of the concept of «mechanism»:

1) structural and organizational (positions the mecha-
nism through the prism of aggregation of individual com-
ponents, processes and phenomena);

2) structural and functional (along with the organi-
zational structure, focused on the implementation of the 
strategic goal of the formation of the mechanism).

In the segment of innovative energy development, the 
term «mechanism» is understood as an organizational and 
managerial toolkit for the implementation of systemic shifts 
in the energy sector, accelerating the pace of restructur-
ing of the national economy and increasing the level of 
efficiency in the use of energy resources in the process of 
forming a value chain. The work [3] defines the mechanism 
of innovative development as an integral interconnected 
set of principles, methods and forms of design, develop-
ment, implementation and capitalization of innovations. 
The mechanism of innovative development is determined 
as a dynamic integrated system of interrelated components 
and elements that form the parameters of the effective 
development of an object based on the activation of its 
innovative activity [4, 5]. Scientists note the relationship 
between the level of informatization and innovative ac-
tivity of enterprises, determine the role of the ecological 
component in ensuring the innovative development of the 
economy [6, 7].

Modern foreign articles [8] investigate the mechanisms 
of diffusion (diffusion) of innovative technologies for the 
development of the energy sector, note the directions for 
the development of energy innovations by combining mecha-
nisms of state support for new energy technologies and 
renewable energy technologies [9], studies show that the 
combination of technological transformations and mecha-
nisms state support contributes to the development and 
dissemination of leading energy technologies [10].

At the same time, taking into account the modern condi-
tions of the formation of Industry 4.0 requires fundamentally 
new approaches and additions to the existing approaches to 
defining and building mechanisms in the chosen field of re-
search. This determined the object of research – the processes 
of formation and implementation of mechanisms for innovative 
development of the energy sector of the national economy 
in the context of the fourth industrial revolution. The aim 
of research is to substantiate a comprehensive mechanism 
for implementing the state policy of innovative development 
of the energy sector of the national economy.

2. Methods of research

The study is based on the analysis of the scientific 
and applied foundations of ensuring the development of 
the energy sector at the state level. To study the pre-
requisites and develop a comprehensive mechanism for 
the implementation of the national innovation policy in 
the energy sector of the national economy at various lev-
els of the social hierarchy, a system-functional approach, 
methods of structural-functional analysis and functional 
synthesis were used.

For the information base, scientific works of recent 
years have been selected, which largely correspond to the 
set goal of the study, the regulatory and legal framework 
in the energy sector.

3. Research results and discussion

Ensuring the innovative development of energy is the 
basis for the development of industry and the modernization 
of the industrial complex of world economic systems. The 
main mechanisms were studied on the example of Ukraine, 
because for the countries of New Europe, bringing the indus-
trial complex to world standards is a priority task to ensure 
the progress of the national economy in the context of the 
Fourth Industrial Revolution. A series of global European 
initiatives to ensure an energy transition towards sustainable 
development, envisaging innovative energy development to 
achieve climate neutrality in Europe by 2050, is The Eu-
ropean Green Deal. As part of the plan, it is expected that 
the electrification of the economy and the use of renewable 
energy will lead to increased employment in these sectors, 
improved energy efficiency in buildings and construction jobs.

In addition, the New Industrial Strategy of the Eu-
ropean Union (EU) [11] includes three key priorities, 
which are also in line with the European Green Deal:

1) supporting the global competitiveness of the Eu-
ropean industry, defining and maintaining a level playing 
field at the national and global levels;

2) achieving climate neutrality in Europe by 2050;
3) ensuring the digital future of Europe.
The strategy defines the main mechanisms for ensuring 

these priorities. Of course, reducing the energy intensity of 
products and reducing energy consumption due to advanced 
technologies is an important component of achieving certain 
three priorities. An important element of the global mecha-
nism to ensure the acceleration of the energy transition is 
the world’s first classification of environmentally sustainable 
activities – the so-called «green» EU taxonomy, adopted by 
the European Commission on June 18, 2020 This taxonomy 
is based on the scientific criteria of a system that defines 
the activities for investors that will allow to carry out de-
carbonization of the economy [12]. This is an important 
regulatory and legal mechanism to ensure the implementa-
tion of innovative projects in the energy sector. All these 
principles can be characterized as supranational mechanisms 
for the development of energy and industry for Ukraine. 
The Association Agreement between Ukraine and the EU 
also defines a number of mechanisms, in particular, in the 
energy sector. Based on the already established mechanisms 
of innovative development of the energy sector for industrial 
growth, it is advisable to adapt these mechanisms in Ukraine 
as well. After all, the Strategy for the development of the 
industrial complex until 2025 has not yet been adopted. 
And the process of its completion continues.

The main document for defining tasks for achieving 
energy goals in Ukraine today is the Energy Strategy of 
Ukraine for the period up to 2035 «Safety, Energy Ef-
ficiency, Competitiveness», which defines the mechanisms 
for improving the energy complex and bringing it to Eu-
ropean standards. However, this strategy was approved in 
2017, so it may need to be updated taking into account 
the above supranational mechanisms.

The subjects of the implementation of the national in-
novation policy in the energy sector are the main bodies 
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at the national level with powers in the field of energy 
policy, in particular, in the field of innovative energy de-
velopment, and let’s define their main functions.

The Ministry of Energy of Ukraine [13] is the central 
executive body, whose activities are directed and coordinated 
by the Cabinet of Ministers of Ukraine. The Ministry of 
Energy is the main body in the system of central execu-
tive authorities that ensures the functioning of the fuel 
and energy complex of Ukraine.

Thus, one of the priority tasks of the Ministry of En-
ergy of Ukraine is integration with the European ENTSO-E 
system. According to the main provisions of the Strategy 
and decisions of the European Union until 2020, each of 
the EU member states should be involved in the European 
internal market. In addition, 10-year network development 
plans for ENTSO-E and ENTSO-G (European Network of 
Electricity Transmission System Operators and Natural Gas 
Supply) are to be developed. These networks also provide 
for the provision of appropriate cross-border corridors and 
safe routes through a specially created Agency for Coopera-
tion of Energy Regulators (ACER - Agency on Cooperation 
of Energy Regulators). All other stakeholders should also 
be involved in this process. It is also possible to note that 
ENTSO-E is actively working to promote the implementa-
tion of important aspects of the energy policy to prevent 
significant problems of network operation safety, energy system 
adequacy, market integration and transparency. As well as 
the sustainability of development through the intensification 
of the integration of renewable energy sources [13].

By the measures of the Ministry of Energy, it is planned 
that Ukraine will present work in an isolated mode («island» 
mode) by 2022 in order to prove the stability of the power 
system. And based on the results, a decision should be made 
on the integration of power systems [13]. Also, the Ministry 
of Energy, together with the State Agency for Energy Ef-
ficiency, are responsible for the implementation of a number 
of initiatives aimed at improving the energy efficiency of the 
economy. This, in particular, concerns the energy efficiency 
of buildings in the private and public sector, approximation 
of the legislation of Ukraine and the EU, the introduction 
of energy efficiency programs for the population.

The Ministry of Economy of Ukraine (Ministry of Econ-
omy) will be restored indirectly to ensure the innovative 
development of the energy sector [14, 15]. So, providing 
support for projects of international cooperation in the 
field of energy efficiency and the development of innova-
tions in the energy sector is also indirectly included in the 
activities of the Ministry of Economy, because the effec-
tive functioning of the economy presupposes the efficient 
allocation of resources, in particular, energy resources. 
The powers in the field of energy policy are distributed 
among numerous ministries and institutions, which have 
their own functional responsibilities and tasks.

The State Agency for Energy Efficiency and Energy 
Saving of Ukraine (State Energy Efficiency of Ukraine) 
implement state policy in the field of efficient use of fuel 
and energy resources, energy conservation, renewable en-
ergy sources and alternative fuels [16].

Since the innovative development of the energy sector 
is a prerequisite for the decarbonization of the economy 
among the subjects of the implementation of such a policy, 
the Ministry of Environmental Protection and Natural 
Resources of Ukraine was also identified, which ensures 
the formation and implements of the state policy in the 

field of environmental protection. In particular, it regulates 
the negative anthropogenic impact on climate change and 
adaptation to its changes and fulfills the requirements of 
the UN Framework Convention on Climate Change and 
the Kyoto Protocol thereto, the Paris Agreement.

One of the subjects of the implementation of the policy 
of innovative development of energy is also the National 
Commission for state regulation in the fields of energy and 
utilities (NCSREU, Regulator) [17]. The State Inspectorate 
for Energy Supervision of Ukraine [18] is the central execu-
tive body, which activities are directed and coordinated by 
the Cabinet of Ministers of Ukraine through the Minister 
of Energy, which implements the state policy in the field of 
supervision (control) in the field of electricity and heat supply.

It should also be noted that the Cabinet of Ministers 
of Ukraine (CMU) is the highest executive body respon-
sible for making collective decisions and overseeing state 
policy in the energy sector and in the field of electricity.

In addition to certain national authorities, which are 
subjects of state regulation in the field of national energy 
policy, other levels of policy implementation are deter-
mined by subjects of state regulation at the appropriate 
levels – regional, local, and sectoral. Taking into account 
the complexity and multi-level nature of the policy of 
innovative development of the energy sector, there are 
detailed and proposed mechanisms at different levels of 
the social hierarchy: supranational, interstate, national, 
regional, local and sectoral/inter-sectoral.

Thus, the supranational level of energy regulation, in 
particular, renewable energy, is determined by the main 
requirements of the EU and world programs to achieve 
low-carbon production and decarbonization of the economy. 
Within the framework of the obligations undertaken under 
the Association Agreement with the EU, the Treaty on 
the Establishment of the Energy Community, the third 
and fourth EU energy packages, Ukraine must fulfill its 
legal and regulatory obligations in the energy sector.

Thus, in order to meet the EU requirements and meet 
their energy supply needs, let’s propose a comprehensive 
mechanism for the implementation of the national innovation 
policy in the energy sector. Its complexity is due to manage-
ment at different levels of the social hierarchy (interstate, 
state, regional, sectoral, inter-sectoral, local), Fig. 1. This 
will enhance the socio-economic effects of Industry 4.0.

Fig. 1 presents a comprehensive mechanism for the imple-
mentation of the state policy of innovative development of 
the energy sector of the national economy. The specificity 
of this mechanism, on the one hand, is due to the socio-
economic effects of Industry 4.0, and on the other hand, the 
effective functioning of this mechanism is an auxiliary basis 
for accelerating the socio-economic effects of Industry 4.0 
and the emergence of new ones. These socio-economic ef-
fects of Industry 4.0 include:

– growth in the rate of implementation of Smart-tech-
nologies;
– spread of advanced IT technologies in business 
processes and various spheres of society’s life, which 
change the basic features of socio-economic life and 
increase communication capabilities;
– transformational shifts in the direction of global digita-
lization, which is accompanied by cardinal changes in the 
systems of production, consumption, marketing and sales;
– formation of a hybrid environment, in which new 
economically social subsystems are created on the basis 
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of modern IT technologies, adapted to interaction 
through digitized financial and material resources and 
functionally aimed at generating additional value. 
At the same time, among the main markets of In-
dustry 4.0 are energy, manufacturing and processing 
industries. Thus, the growing demand for electricity 
and new opportunities for Industry 4.0 determine 
the need for fundamentally new approaches to the 
development of energy and the introduction of en-
ergy innovations.

Note that the innovative development of the energy 
sector of the national economy is influenced by supranational 
mechanisms and the global ecosystem of innovations. These 
include the Paris Climate Agreement, the Fourth Energy 
Package, the EU’s New Industrial Policy, the European 
Deal, which defines the main mechanisms for promoting 
innovation at the global level. Taking into account the 
existing global trends, national mechanisms need to be 
developed and clarified, taking into account the resource 
potential, opportunities and threats in Ukraine.

A comprehensive mechanism for implementing the state policy of innovative 
development of the energy sector of the national economy

Socio-economic effects of Industry 4.0
Supranational 
mechanisms: 

Association Agreement 
with the EU;  The Paris 

Agreement;
The fourth energy 

package;
New EU Industrial 

Policy;
the European Green 

Deal Levels

Interstate National Regional Local Sectoral and 
Inter-sectoral

Achieve the Sustainable 
development goals 7 

(main) and 8, 9, 12, 17 
(supporting) 

Objects and subjects of 
state policy of innovative 

energy development

Priority tasks
Increasing the share 
of renewable energy 

generation in the 
overall energy supply 

system

Decrease in 
energy 

intensity 

Decarbonization 
of the economy 

Development of 
energy 

innovations 

Planning and 
forecasting, monitoring, 

stimulation

Components of innovative development of the economy in the 
energy sector

Innovation 
performance

Effectiveness of 
innovation policy

Efficiency of 
energy 

innovation

Investment 
support for 
innovative 

development of 
the energy 

sector

Development of 
human capital 

in terms of 
decarbonizatio

n of the 
economy

The main tools for the implementation of individual mechanisms in 
the aggregate of a complex mechanism

Economic Motivational Organizational 
and technological

Regulatory and 
legal

Green auctions. 
Subsidies and 

encouragement of 
new research. 

Targeted financing 
of the 

decarbonization of 
the economy. 

Energy blockchain. 
Public investment in 
clean energy R&D

Knowledge 
management. 

Infrastructure support 
for energy innovations. 

Cross-border 
cooperation Smart 

Management, Smart 
Technologies. Public 
private partnership. 

Benchmarking Energy 
Innovation. 

Development of 
education in the field 
of energy innovation.

Stimulating startups. 
Encouraging demand 
for energy innovation 

consumption. 
Stimulating the 

supply of energy 
innovation producers. 

Demonstration of 
carbon capture and 

storage. Engaging the 
public.

Strategies, target 
programs for ensuring 

innovative 
development of the 

energy sector, 
Regulations, 
cooperation 

agreements, Legal 
support of projects in 

the energy sector

Fig 1. A comprehensive mechanism for the implementation of the state policy of innovative development of the energy sector of the national economy
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That is why, for the effective implementation of the state 
policy of innovative development of the energy sector of 
the national economy, it is advisable to apply mechanisms 
at different levels of the social hierarchy – interstate, 
national, regional, local, sectoral and inter-sectoral levels. 
At the same time, each level is characterized by specific 
objects and subjects, on which approaches to the develop-
ment of managerial decisions depend, as well as the use 
of specific analytical tools. Thus, at the interstate level, it 
is important to apply effective principles of international 
cooperation. It was found that in order to ensure the in-
novative development of the energy sector, it is advisable 
to carry out a taxonomic analysis of the possibilities of 
cooperation for the development of renewable energy, to 
provide an opportunity to determine the level of develop-
ment and feasibility of cooperation, in particular, to achieve 
the goals of sustainable development (Goal 12, Goal 7). At 
the national level, the factors influencing the innovative 
development of the energy sector of the national economy 
were identified, which will allow monitoring individual 
components of the innovative development of the energy 
sector of the national economy and promptly formulating 
tasks to increase their level of efficiency.

At the regional level, it is advisable to use cluster analysis 
to determine the level of decarbonization using indicators of 
decarbonization of the economy. This will make it possible 
to formulate policies at the level of local self-government 
bodies, as well as determine sectoral and intersectoral features.

Regardless of the levels of government policy, the fol-
lowing priorities were identified in the direction of en-
suring the innovative development of the energy sector:

– increasing the share of renewable energy genera-
tion (RES) in the overall energy supply system;

– reducing the level of energy intensity;
– decarbonization of the economy and the develop-
ment of energy innovations.
These objectives are critical to the achievement of global 

Goal 7. At the same time, ensuring the achievement of Goals 
8, 9, 12 and 17 will provide the appropriate infrastructure 
to achieve them.

These tasks should be reflected in certain components 
of the innovative development of the economy in the en-
ergy sector:

– productivity of innovation;
– effectiveness of innovation policy;
– efficiency of energy innovations;
– investment support for innovative development of 
the energy sector;
– development of human capital in terms of decar-
bonization of the economy.
At the same time, the definition of these components 

made it possible to form the main mechanisms that make 
up a comprehensive mechanism for implementing the state 
policy of innovative development of the energy sector of 
the national economy. Each of these mechanisms has its 
own set of implementation tools:

– economic;
– motivational;
– organizational and technological;
– political and legal.
Using the tools of certain mechanisms, specific measures 

of state policy should be implemented at different levels of 
government. Within the framework of this study, analytical 
tools were used to analyze the factors influencing the forma-
tion of state policy measures for the innovative development 
of the energy sector of the national economy (Table 1).

Table 1

Implementation of measures to ensure the innovative development of the energy sector of the national economy in the context of Industry 4.0

State authorities Current state Recommended activities

Cabinet of Ministers of 
Ukraine (CMU) on the 

proposal of the Ministry of 
Economy, the Ministry of 
Energy and the involve-
ment of the State Energy 
Efficiency and representa-

tives of the public

The National Renewable Energy Action Plan until 2020 is still in effect.
The development of renewable energy sources is included in the func-

tioning Energy Strategy until 2035

A comprehensive strategy for the functioning of the 
renewable energy sector until 2030. Given the active 

development of hydrogen energy in the world, the tech-
nological capabilities of Industry 4.0 and the challenges 

associated with the loss of liquidity in the energy 
market and the change in the structure of the national 

economy due to the COVID-19 pandemic.
Integration into the European Green Deal strategy

Verkhovna Rada, CMU

Inconsistency of some laws and regulations. The Law of Ukraine «On 
stimulating investment activities in priority sectors of the economy in or-
der to create new jobs» [19] indicates that it is aimed at creating condi-
tions for enhancing investment activities by concentrating state resources 

on priority areas of economic development in order to introduce the 
latest and energy-saving technologies, creation of new jobs, development 

of regions. Article 2 of this law states that the priority sectors of the 
economy are sectors aimed at meeting the needs of society in high-tech 
competitive environmentally friendly products, high-quality services that 
implement the state policy for the development of production and export 
potential, and the creation of new jobs. It is also indicated that this list is 
determined by the Cabinet of Ministers in accordance with the order of 

the Cabinet of Ministers «On approval of the list of priority sectors of the 
economy» [20]

Unify regulations on innovation in the energy sector. 
Define renewable energy not only as a priority area 
of innovation in accordance with the law «On Priority 
Areas of Innovation», but also as a promising industry 

for investment in the context of jobs.
Consider that, as evidenced by the results of the Global 

Energy System based on 100 % Renewable Energy 
report, presented by experts from the Lappeenranta 

University of Technology Finland and the Energy Watch 
Group, the global transition to a 100 % renewable 
electricity system will create more than 36 million 

direct jobs in the energy sector by 2050 – an increase 
from 19 million jobs added in 2015

Ministry of Economy

The strategy for the development of the industrial complex until 2030 
has not been determined, the draft approval of the strategy for the 

development of the industrial complex of Ukraine for the period until 
2025 has not been agreed since 2018. At the same time, an updated 
EU industrial strategy was presented by the European Commission, 

provides for organizational and regulatory measures to stimulate the 
innovative development of European industry in the context of recovery 

from the COVID-19 crisis, and also takes into account Industry 4.0

Ensure the development and adoption of a New 
strategy for the development of industry in the context 
of Industry 4.0 until 2035, which takes into account 
the main opportunities and challenges of the modern 
environment, and new technologies in energy supply
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The main measures are formed to ensure the innovative 
development of the energy sector of the national economy 
in the context of Industry 4.0 for various subjects of 
public administration are shown in Table 1.

These results will accelerate the achievement of the 
2030 Global Sustainable Development Goals. The iden-
tified recommendations should be reflected in the basic 
regulatory documents for the start of the functioning of 
a comprehensive mechanism for the implementation of 
innovation policy in the energy sector. For the effective 
implementation of organizational changes in practice, it is 
necessary to take into account the characteristics of each 
organizational level and the territorial characteristics of 
individual regions, the resource potential of communities. 
For each proposed component, it is advisable to form 
clear indicators for further monitoring. After all, they 
should testify to the effectiveness of the functioning of 
the multilevel mechanism. Perhaps the development of 
the study consists in determining the target indicators 
of the effectiveness of the implementation of individual 
instruments of the mechanism.

4. Conclusions

The prerequisites for providing mechanisms for the 
implementation of the policy of innovative development 
of the energy sector in the context of Industry 4.0 are 
determined. The main subjects of state regulation of the 
energy sector at the national level, their tasks and func-
tions for the development of innovations in the energy sector 
have been identified. The main regulatory provisions in the 
field of energy, certain advantages and disadvantage have 
been analyzed. A comprehensive mechanism for implement-
ing the state policy of innovative development of the 
energy sector of the national economy is substantiated, 
which consists of economic, motivational, organizational, 

technological and regulatory mechanisms. They form the 
basis for the implementation of the interfunctionality 
of the complex mechanism and ensure its functioning 
on the principle of multilevel. The proposed complex 
mechanism is intended to enhance the socio-economic 
effects of Industry 4.0.
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