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INNOVATION MANAGEMENT IN THE ENERGY SECTOR:
DOMESTIC AND FOREIGN EXPERIENCE

Viktoriia V. Sulym', Anastasiia Ya. Pushkar?, Ihor I. Rekunenko®

In the global economy, as well as the economy of each country, transformational processes aimed at its intensive development
are being activated. According to the model of intensive economic development, it is provided mainly by those components related to
competition, innovation and human potential. Strong internal competition encourages enterprises to ensure their own advantages in
the competitive market, create a new market outside of it or a new segment in the competitive market. The basis of such processes are
innovative changes (innovations). World studies confirm that the innovative activity of enterprises and the conditions created for this by
states contribute to the growth of countries' competitiveness. In the 2 1st century, humanity is constantly striving to discover renewable
sources of energy, as well as find new ways to effectively use existing resources. Innovation in the energy sector is increasingly shaped
by the need to meet growing demand while reducing emissions. To withstand disruption, energy companies must stay ahead of the curve
and overcome increasingly volatile business challenges. To meet the growing demands of today's industrial world, innovation in the
energy sector must overcome many significant challenges. Most importantly, it is important to effectively use renewable energy sources
such as solar and wind to reduce carbon emissions in a way that is sustainable and cost-effective. Today we are witnessing a situation
where the role of innovation and innovative development is becoming increasingly important in creating jobs, sustainable technologies,
improving living standards and maintaining the European Union's competitive advantage. Innovation is a key pillar of technological
and industrial policy, which is essential in bringing new ideas to market. Innovation is an important driver of a nation's development
and economic growth, so it's no wonder that countries sometimes struggle in their efforts to boost it.
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Introduction. At the beginning of the 21st century, the
business world is dynamic and complex, and competition
is globalized. As a result of the globalization of knowledge,
the shortening of the innovation cycle and the aggravation
of the price situation, the spread of innovations in various
industries has accelerated.

Today, governments and corporations recognize
innovation as a key factor in economic development and
business growth. Innovationisnotlimited tothe development
of new products, but also includes the development of new
services and business practices. Therefore, an essential
component of innovation management is establishing the
advantage of differentiation with the client and finding
ways of interaction with various stakeholders to make
these advantages sustainable and long-lasting [1].

The basis of innovation and technology management is
the creation of monitoring system technologies that allow
timely prediction of technological changes within the
competitive environment of an enterprise or organization,
which at the same time can expand opportunities for
new business development or eliminate risks for existing
enterprises [2]. The most difficult step in the development
and implementation of new technologies in energy will
be the launch of these technologies in extremely complex
and competitive markets of a huge scale. Therefore,
any program of state support for innovation in these

technologies should be organized around the prolem on the
way to their introduction to the market.

The analysis of the recent literature. Leading
scientists such as V. V. Ivanova [3], T. I. Shchedrina [4],
W. Bijker, T. Hughes, T. Pinch [5] and others studied the
issue of introducing innovations in the energy sector.

However, in our opinion, a comparative analysis of the
features of the introduction of innovations in the energy
sector of Ukraine and the countries of the European Union
deserves special attention.

The problem statement. Given the significant role
of the energy sector and use of energy resources for any
state, it is necessary to develop effective mechanisms
for regulating the issue of their effective use and
preservation of the natural environment. Therefore, the
role of innovative technologies in the functioning of this
sector is of particular importance. In the countries of the
European Union, a number of innovative approaches to
the use of energy resources and their frugal consumption
have been developed and implemented. Ukraine is on the
way to applying such innovations in the energy sector.
In our opinion, there is a need to analyze and implement
innovations in the energy sector, as well as to find effective
tools for their management.

Research results. Despite the existence of a generally
accepted idea that the level of innovation development in
the EU is quite high, it is uneven, because less developed
EU countries have a lower level of innovation efficiency.
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The identification and analysis of different clusters of
innovative activity within the EU can intensify efforts
aimed at mitigating these differences as barriers to
sustainable development. The creation of the Innovation
Union has become one of the seven flagship initiatives
of Europe in 2020 for a smart, sustainable and inclusive
economy. The innovation union is an aspiration to
eliminate innovation barriers, restore public and private
cooperation and scientific developments. Ultimately, the
Innovation Union is the foundation of a single European
innovation market with the aim of attracting even more
enterprises and firms. To achieve this goal, the EU uses
various measures in such areas as patent protection,
standardization, and public procurement. Emphasis is
placed on private sector investment and increased venture
capital investment [6]. However, due to different countries,
not all EU members managed to achieve the same level of
innovation efficiency. Therefore, it is necessary to research
and compare the level of innovation activity throughout the
European Union in order to have additional insight into the
innovation potential of each country and its role in small
and medium-sized businesses.

We will conduct a brief overview of countries with
the highest and lowest levels of innovative activity in
various industries. According to Eurostat, Romania is
the country with the lowest level of innovation use in
enterprises (enterprises with 10—49 employees: 11.5%;
50-249 employees: 15%; 250+: 26.9%). The highest
proportion of large (250+ employees) innovative enterprises
was found in Germany (93.9%), Austria (89.3%) and
Lithuania (87.7%). The lowest proportions were found in
large innovative enterprises in Romania (26.9%), Slovakia
(54.7%) and Hungary (55.1%). The largest share of
innovative medium-sized enterprises (50-249 employees)
was found in Germany (75.5%), Austria (74.5%) and
Belgium (74.2%). The lowest share was found in
medium-sized innovative enterprises in Romania (15%),
Poland (35%) and Hungary (35.9%). The largest share of
innovative small enterprises (10—49 employees) was found
in Luxembourg (63.1%), Germany (62.9%) and Belgium
(59.4%), and the smallest — in Romania (11.5%). Poland
(15.7%) and Bulgaria (20.6%) [7].

Tables 1 and 2 show the results of the cluster analysis
taking into account the size of the enterprise and the level
of innovative activity.

The results of the analysis indicate that the countries are
mainly differentiated according to innovative activity in
small (F = 45.7) and medium-sized enterprises (F = 85.8).
The least discriminatory was innovative activity at large
enterprises (F =21.0). Table 2 shows the final result.

Table 1 — Analysis of the dependence
of the innovation level on the enterprise size

Enterprise size F test
10-49 employees 45.7
50-249 employees 85.8

250+ employees 21.0

According to the values of the cluster centers, we
see that the first cluster of countries has the highest
innovation indicators, including 6 countries: Belgium,
Germany, Ireland, France, Luxembourg and Austria. Large
enterprises have the largest share of innovative enterprises
(86.9%), followed by medium (72.35%) and small
(58.12%) enterprises.

The second cluster includes countries with the lowest
level of innovation, including 6 countries: Bulgaria,
Estonia, Latvia, Hungary, Poland and Slovakia (large
enterprises: 62.4%, medium enterprises: 38.1%, small
enterprises: 21.5%).

The third cluster is a group with an average level of
innovativeness of enterprises, consisting of 15 countries:
the Czech Republic, Croatia, Cyprus, Denmark, Finland,
Greece, Italy, Lithuania, Malta, the Netherlands, Portugal,
Slovenia, Sweden, Great Britain and Spain (large
enterprises: 78.6%, medium enterprises: 61.6%, small
enterprises: 43.6%). The biggest lag in countries with a low
level of innovative activity occurs in the segment of small
and medium-sized businesses, in particular, in enterprises
with less than 50 employees. This can be explained by the
low level of allocation of funds for the development and
implementation of innovative activities in this segment or
the complete lack of funding for this line of activity.

The results of the cluster analysis show that not all
countries of the European Union achieve the same level of
innovation productivity. Denmark, Italy, Finland, Greece,
the Netherlands, Spain, Sweden in some cases are not an
example of the highest level of development of innovative
activity. Therefore, some countries deviated relatively
more from the average level of innovative activity in the
designated cluster. Thus, the variations cannot be attributed
exclusively to the development of a specific country, it
is necessary to additionally investigate the specifics of
the development of innovative activity in each country
separately. Taking into account the level of development
of innovative activities and the number of enterprises that
introduce and effectively use innovations in their activities,
the countries of the European Union can be divided into
3 clusters: countries with low, medium and high level of
implementation and use of innovative activities. At the
same time, neither EU membership nor the country's level

Table 2 — Final cluster centers

Enterprise size

Enterprises with a high level
of innovative activity, %

Enterprises with a low level
of innovative activity, %

Enterprises with an average
level of innovative activity, %

1049 employees 58.1 21.5 43.6
50-249 employees 72.3 38.1 61.6
250+ employees 86.9 62.4 78.6
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of development are key factors influencing the development
of innovative activity in individual countries.

The results of additional research in this area can help
to develop an effective policy for a specific country in order
to further increase the efficiency of the use of innovations.
The policy should be aimed at improving the efficiency
of the use of available resources. Market mechanisms
open up great potential in achieving the desired goals,
and their failure is a consequence of the inability to meet
market demands. The EU has already introduced a number
of measures to overcome existing obstacles. However,
some countries should continue to develop national
policies, potentially resolving certain inconsistencies
in their countries. Likewise, policies that increase EU
convergence may become the basis of the EU's long-term
competitiveness. Future research can focus on specific
countries, identifying existing systemic barriers.

In today's Europe, there is an innovation gap that
separates it from global competitors. Although the European
research base is strong and produces excellent scientific
results, the rather low level of use of these research results
hinders the development of innovative activities in many
industries. This is especially true for projects financed by
the state and, as a rule, do not commercialize their results.
With the rapid growth of the European renewable energy
industry, which increased its annual turnover tenfold from
€1.5 billion to €163 billion between 1990 and 2020, it
cannot be denied that innovation is successfully developing
on a large scale: the renewable sector energy industry
mainly includes technology-oriented small and medium-
sized enterprises, most of which did not exist 20 years ago.

We offer four main tools for stimulating the development
of innovations:

1) Stimulate utility enterprises to promote the
implementation of innovations with the help of fiscal
benefits;

2) Creation of mixed financing for startups and inclusive
public-private partnerships for financing innovations;

3) Access to the market of decentralized resources and
provision of services;

4) Promoting educational initiatives and thought
leadership to change consumer behavior.

Global innovation index
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Thethree maindrivers ofinnovation inthe energy sector
are digitalisation, decentralization and decarbonisation.
End-to-end digitization of the enterprise value chain will
facilitate the implementation of systems that provide both
decentralization and decarbonization. Priority will be
given to smart technologies that have a significant impact
in the short term and ensure the sustainability of new
technological solutions in the long term. For example,
implementing a system that increases network capacity
and systems that connect more renewable energy sources,
eliminating technical risks. In addition, the use of systems
that ensure consideration of consumer demand, which
will solve the problems of balancing demand and supply
for energy resources provided by renewable energy
sources.

Today, Ukraine is represented in numerous international
ratings, in particular those that are formed as a result of
the assessment of innovative activity and technological
competitiveness of the economies of countries.
The importance of the results obtained as a result of the
ranking according to such international ratings consists
in the study and comparison of numerous indicators,
which provides a complete "picture" of the innovative
development of the country's economy and allows
determining its place among the countries of the world.

The figure below shows the analysis of Ukraine in
the field of innovation according to various international
ratings.

As a result of the analysis of the Ukraine positions in
international ratings regarding the assessment of innova-
tive activity and technological competitiveness of the
countries' economies, we made the following conclusions:

1) In general, Ukraine is characterized by high positions
in the ratings when determining the majority of indices
for the quality of research institutions and the production
of innovations, the level of human capital development,
indicators of knowledge creation, costs for computer
support, export and implementation of information and
communication technology services, the ratio of patents
and utility models relative to GDP at purchasing power
parity. At the same time, today there is a certain decrease
in the country's position in most of the ratings, which is

Index of innovative development
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Figure 1 — Analysis of the positions of Ukraine in international rankings
regarding innovative activity for the period 2018-2021

Source: developed by the authors on the basis of [8]
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associated with a decrease in the level of financing of
education and science in relation to GDP, the number
of researchers and the specific weight of innovative
enterprises in the total number of business structures.
There has been a significant deterioration in the indicators
of attracting and retaining talent, and the ability to retain
qualified personnel. So, there is a significant weakening of
Ukraine's positions in those areas that tend to be considered
the country's strengths.

2) Ukraine is characterized by fairly high rates of
growth in the efficiency of the innovative activities
implementation. This is evidenced by the country's position
in the ranking according to the Innovation Efficiency
Index, which is calculated based on the ratio of the
Innovation Output Index and the Innovation Input Index
using indicators similar to those used when calculating the
Global Innovation Index [9].

3) The weak points of Ukraine are the state of
the political and regulatory environment, the level of
development of the business environment and the access
of enterprises to financing, which is characterized by
an extremely negative impact on the development of
innovative activity in the economy and contributes to the
"conservation" of the technological structure of the times
of the second industrial revolution.

In general, the state of innovative activity in Ukraine
can be defined as one that does not correspond to the level
of innovative processes in developed countries. Among
other things, this state is influenced by the extremely
uneven development of innovative activity in the regions,
which is connected with the specialization and different
structure of their economy.

It is believed that such a cluster approach, which was
described above, is the key to the effective implementation
of innovative activities in the energy sector of European
countries, and it will be able to ensure the same successful
innovation policy in energy and in Ukraine. Since the
cluster approach ensures the creation of special incentives,
the distribution of authorities and resources, in addition, it
will increase the availability of knowledge and information,
providing individual enterprises with certain advantages.
In 2008, the Cabinet of Ministers of Ukraine recognized
the need to implement a cluster approach in the country.
This project was called "Concepts for the creation of
clusters in Ukraine", but such a concept was not adopted
and the types of energy sector clusters were not defined.

The cluster approach in Ukraine can be implemented
using the basic management functions. If we take into
account such a management function as planning, then
this process will be carried out through the development
of industry plans, goals and indicators that directly support
the implementation of strategic goals, the application and
compliance with general standards and recommendations.
As for the function of the organization, for this it is necessary
to ensure the effective combination of physical, financial
and human resources and the development of productive
relations between them to achieve cluster goals. This can
also include the division of responsibilities between energy
companies and the creation of responsibility and delegation
of authority if necessary. The motivation function in the
implementation of the cluster approach includes sufficient
financial stimulation of employees in energy enterprises, a
favorable working environment, possible benefits and most
importantly — safety of working conditions. The control
function will ensure monitoring and reporting on activities
and needs, measuring progress against the cluster strategy
and agreed deliverables and recommending and corrective
action as necessary.

The application of the principles of the cluster system
in the energy activity of Ukraine will allow the use of
new innovative methods and methods of industrial use of
state or local energy resources to meet the energy needs
of the country or region. The main principle of the cluster
approach should be the principle of energy self-sufficiency,
according to which the structures of the cluster will be
formed depending on the potential and power of the local
energy sector (this means the presence or possibility of
introducing renewable energy sources or fossil fuels), this
will make it possible to ensure the development of the
energy sector based on structural rationalization [10].

Conclusions. Summarizing the material presented
above, it should be said that the development and formation
of Ukraine's innovation policy, in particular in its energy
sector, requires the formulation of a complete concept and
long-term plans for its development in innovations and
innovative activities. The "business-science-state" scheme
can help to increase the innovative activity of enterprises in
the energy sector of Ukraine. Our cluster approach, which
will be able to ensure the effect of synergy in the interaction
and work of the three subjects of its creation, will be the
foundation of the formation of such a future new policy
and will allow rational use of the state's energy potential.
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YHNPABJIIHHSA IHHOBAILISIMU B EHEPTETUYHOMY CEKTOPI:
BITUU3HAHUU TA 3APYBI’KHUU 1OCBIJ

Bikropis BacuaiBua Cynum', Anacracis SIkiBna Iymkape?, Irop IBanoBuy Pexynenko?

Y ceimosiil exonomiyi, sk i eKOHOMIYI KOJICHOT KpAiHU, aKmMusizyiomscst MpanchopmMayitini npoyecu, ujo cnpsamoeani Ha ii inmen-
CUBHULL PO3GUMOK. 32I0HO MOOenl IHMEHCUBHO20 PO3GUMKY EKOHOMIKU, GIH 3a0e3neuyemvCs NepesadcHO Mmumu CKIA008UMU, SKI
n08 ’a3aHi 3 KOHKYpeHyier, IHHogayiamu ma moocvkum nomenyiarom. CuibHa 6HympilHa KOHKYPEeHYis CHOHYKAE NIONpUEMCmed 00
3abe3neyenHs 61acHUX nepesaz Ha KOHKYPEHMHOMY PUHKY, CIBOPEHHS HOB020 PUHKY NO3d 1020 Medcamu abo HOB020 cezMeHmy Hd
KouKypenmuomy punxy. OCHO80I0 MaKux npoyecis € iHHogayitini sminu (innosayii). Ceinmoei d0CaiONCeHH NIOMBEPOANCYIOMb, WO THHO-
sayitina akmueHicms NIONPUEMCING MA YMOBU, CINBOPEHT 01 Yb020 OepICABAMU, CRPUAIOMb 3DOCIMAHHIO KOHKYPEHMOCHPOMOICHOCM
Kpain. ¥ 21 cmonimmi 1100cmeo nocmiino npacue 8i0Kpueamu i0HOGII08AHI Oxcepena eHepeii, a MaKodc 3HaxX00ums HO8i cnocoou
ephekmueHO20 BUKOPUCIMAHHSL 8Jice HAABHUX pecypcis. InHosayil 6 enepeemuyuHoMy ceKmopi 6ce binbute hopmyromsbcst ROmpebor 3a00-
BONLHUMU 3POCMAIOYULl NONUM NPU 3Menuenti suxudig. ILJo6 npomucmosmu 3pueam, enepeemuyni KOMRAHIT NOBUHMI 3ANUMAMUCS
nonepeoy 6cix i oonamu éce 6invus necmadinobhi npoonemu oiznecy. LL[o6 3a00680mbHUMU 3pOCMAIOY] BUMOSU CYYACHO2O0 IHOYCMPIaTb-
HO20 ¢8Iy, IHHOBAYII 8 eHepeemUUHOMY CeKmopi NOGUHHI nodoramu 6azamo 3HauHux npoobrem. Hatieasciusiue me, wo 6axcIuBo
eghexmusno suxopucmosysamu 8ion061106ami ddicepena enepeii, maxi AK conye ma gimep, O 3MEHWIEHHS BUKUOIB 8Y2NeKUCTIO20 2a3)
MAKUM YUHOM, SIKULL € CIIUKUM i ekoHomiuno eghekmuenum. Co0200HI MU CnocmepieaemMo cumyayiio, Koy poitb IHHO8AYil ma iHHO-
BAYINIHO20 PO3GUMKY CIAE 6Ce OLIbUL BAIICIUBOIO NPU POPMYBAHHT POOOUUX MICYb, CIIUKUX MEXHONO2I, NIOGUUEHHS PIGHS HCUMMS
ma 3bepedicenns konkypenmuux nepesaz €sponeticokozo Coio3y. Innosayii € k110406010 ONOPOIO MEXHONO2IUHOT MA NPOMUCTIOBOT NOi-
MUK, KA HeOOXIOHA 6 OOHeceH ] HO8UX i0ell Ha puHOK. [HHOBayiliHa OIANLHICIG — Ye 8adCIUBA PYWLINIHA CULA PO3BUMKY 0epiHCcasu ma
i1 eKOHOMIYHO20 3POCMANHS, MOMY He OUBHO, WO KPAiHu IHOOI 6edymb OOPOMbOY y CE0IX 3YCULIAX NIOGUWUMU LO2O.

Knrwwuosi cnosa: enepecemuunuil cekmop, opailéepu po36UMKY, IHHOBAYINIHUL MeHeOHCMeHm, mpancghep iHHOBayil, cucmema
YNPAa6AiHHA IHHOBAYIAMU.
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