ISSN 2074-5354 (print), ISSN 2522-9745 (online). AKABEMIYHUNA OTNISi. 2023. Ne 2 (59)

YK (330.3+008):658.26
DOI 10.32342/2074-5354-2023-2-59-19

N. CHAPLYNSKA,
PhD (Economics), Associate Professor of International Economic Relations, Business
and Management Department,
Ukrainian-American Concordia University, Kyiv (Ukraine)
https://orcid.org/0000-0002-0531-7678

P. MAKEIENKO,
Master’s degree student,
Ukrainian-American Concordia University, Kyiv (Ukraine)
https://orcid.org/0000-0002-0909-9452

INNOVATIVE SOLUTIONS FOR ENSURING ENERGY
SECURITY OF UKRAINE AND THE WORLD

The article examines the preconditions for the aggravation of the energy danger for Ukraine and the world
as awhole, in particular in the context of the strengthening of the economic crisis and war in Ukraine. The issue
of compliance by energy organizations with the International Climate Paris Agreement and the achievement of
the Global Sustainable Development Goals by 2030 were studied. The component indicators of the global in-
dex of energy innovations were analyzed. The main global energy indicators and their results in 2021 compared
to 2020 were monitored. The paper also estimates domestic electricity consumption in the world by country
in 2021, as well as trends in the growth of global energy consumption in general and by continent in 2021
compared to 2020. The result of such trends was that the consequences of sanitary measures and the economic
crisis of 2020 was felt mainly in the sphere of services, transport and carbon-intensive electricity production.

The authors considered the key changes in the field of energy in the world in 2021 compared to 2020
and the dynamics of CO2 emissions related to energy in the G20 countries in recent years and based on
this justified the forecast of European gas prices and the price of Brent oil to 2026 year. The main char-
acteristics of countries with a high index of global energy innovation were considered. It was found that,
for example, the Norwegian government had developed a strategy for carbon capture and storage (CCS),
which aimed to identify measures to promote technology development and reduce the costs of CCS. It
was found that the main goal of the EU regarding the share of renewable energy sources is 32% of the fi-
nal energy consumption by 2030. This target was not distributed among the Member States, but the share
of renewable energy sources in the Member States should be at least the same as in 2020.

In the article, the authors examined the stages of state regulation of the innovation policy of the
energy sector of Ukraine and substantiated the place of the energy sector in the national innovation
policy of Ukraine. Formation of innovation policy in the energy sector of Ukraine requires definition
of the concept and strategic plans of its innovative development. In particular, it was found that one of
these priority areas should be renewable energy (wind, solar, etc.).

The result of the authors scientific research is that the innovative system of the energy sector is a fairly
developed network intellectual structure that connects research and design organizations belonging to different
sectors of the economy. Using the potential of the positive influence of a number of important global factors
should be the basis of the transformation of innovative management of energy industry organizations in Ukraine.
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VY craTTi J0CTiKEHO IEPeyMOBH 3aTOCTPEHHS €HepreTHIHoi Hebe3nekn s YKpaiHu Ta CBITY
B I[UIOMY, 30KpeMa B KOHTEKCTi IOCHJICHHSI EKOHOMIYHOI KpH3H Ta BiiiHM B YKpaiHi. BuBueno nu-
TaHHS JOTPUMaHHs CHEPreTHYHUMH opraHizauissMu MikHapoHol kiiMaTnuHoi [lapusbkoi yroan ta
JocsirHeHHs [ obanbHuX 1ineit cranoro po3Butky a0 2030 p. [IpoananizoBaHo CKJIaJ0Bi iHIUKATOPH
rI00aThHOTO 1HICKCY CHEPTeTHYHIX IHHOBAITIH.

31iiCHEHO MOHITOPHHT OCHOBHHX TJIO0ATBFHUX SHEPTeTHYHUX MOKA3HHKIB Ta iX Pe3yiabTaTH Y
2021 p. B mopiBHsHHI 3 2020 p. OmiHeHO BHYTPIIIHE CIOKUBAHHSA EIEKTPOCHEPTIi Y CBITI 3a KpaiHaMu
y 2021 p., a TaKo’kK TEH/ICHIIii 3pOCTaHHSI CBITOBOTO €HEPrOCIOKUBAHHS 3arajoM Ta B PO3pi3i KOHTHU-
HeHTiB y 2021 p. y mopiBHsHHI 3 2020 p. Pe3ynbTaTom Takux TEHACHIIH cTaNO Te, IO HACHIIKU CaHi-
TapHUX 3aXO0JiB 1 eKOHOMIUHOI Kpu3u 2020 p. cTaay BiAYyTHUMH TOJIOBHUM YHHOM Y c(epi mociyr,
TPAHCIOPTY Ta BYTJICHIEBO MICTKOMY BHPOOHHIITBI €IIEKTPOCHEPTi.

ABTOpH CTaTTi PO3TITHYIH KITIOYOBI 3MiHU B cepi eHepreTHku y cBiti y 2021 p. y mopiBHSIHHI
32020 p. Ta nuHamixy Buxuais CO’, MOB’A3aHKMX 3 eHEPreTUKoIo B kpainax G20 3a OCTaHHI POKHU i
Ha OCHOBI LIOT'O OOIPYHTYBaB IPOTHO3 €BPONEHCHKUX LIiH Ha ra3 1 BapTicTh HadTH Mapku Brent 1o
2026 p. Po3risitHyTO OCHOBHI XapaKTEPUCTUKH KpaiH 3 BUCOKMM MOKa3HUKOM TIIIOOAIBHOTO 1HACKCY
CHCPreTUYHUX IHHOBAIIIH.

Busieneno, mo, Hanpukiaz, yps Hopserii po3poOuB crparerito Juis yJIOBIIOBaHHS Ta 30epiraH-
us Byrierio (CCS), ska cipsMOBaHa Ha BU3HAYCHHS 3aXOIiB IS CIIPUSHHS PO3BUTKY TEXHOJOTIH Ta
3meHmenHs Butpar Ha CCS. 3’scoBano, mo ocHoBHa MeTa €C 11010 YaCTKH BiTHOBIIOBAHHX JKEPEI
eHeprii ckianae 32% xiHueBoro cnoxkuBanus eHeprii 7o 2030 p. List uinb He Oysa posmojiieHa Mix
Jiep )KaBaMU-WICHAMH, aJie YacTKa BiJIHOBIIIOBAHUX JDKEPEI €HEpril B JiepkaBax-uieHax MOBUHHA OYTH
SK MIHIMYM TaKoIo X, 5K y 2020 p.

ABTOpH y CTaTTi PO3MIIAJAIOTH €TAIM JICPKABHOTO PEryJIIOBaHHS IHHOBALIHOT IOJIITHKY €Hep-
TETUYHOTO CEKTOPY YKpaiHH Ta OOTPYyHTOBYIOTh MiCIle €HEPTETUYHOTO CEKTOPY B 3araJIbHOHAIIOHAIIb-
Hill iHHOBaNiHHIH momiTuii Ykpainu. @opMyBaHHS IHHOBAIIITHOI MMOJIITHKH B EHEPTETHIHOMY CEKTOP1
VYxpainunorpeOye BU3HAUEHHS KOHLEMIIT Ta CTpaTeriyHUX IUIaHiB 11 IHHOBAIIIIHOTO PO3BUTKY. 30-
KpeMa, BHUSIBJICHO, 1110 OJIHUM 13 TAaKUX MPIOPUTETHUX HANPsIMIB Mac OyTH BiJTHOBJIIOBaHA €HEPIreTHKA
(BiTpOBa, COHSYHA TOIIIO).

Pe3ynbpTaToM HayKOBOTO HOCIIKEHHS aBTOPIB CTAJIO T€, 1[0 IHHOBAIlIfHA CHCTEMa eHepreTHY-
HOTO CEKTOpY — II€ IOCUTh PO3BHHEHA MEPEkKEBA IHTENEKTyalbHa CTPYKTYpa, SKa MOB’SI3y€ MiX CO-
0010 OCHTITHUIBKI Ta KOHCTPYKTOPCHKI OpraHizallii, o HaleXaTb 0 Pi3HUX CEKTOPiB €KOHOMIKH.
BukopucranHs k NOTEHI1aTy MO3UTHBHOTO BIIMBY HU3KH BOKJIMBUX INI00AIbHUX (GAKTOPIB Ma€e OyTH
3aKJIaJICHO B OCHOBI IIEPETBOPEHHS IHHOBALIIHOTO YITPaBIIiHHS OpraHi3alisMi eHEpreTHYHOT raty3i B
VYxpaini.

Knrouoei cnosa: innosauyii, ynpasninus, enepzemuuna 6e3nexa, 6i0H061106aHI 0icepena enepeil

JEL classification: F29, 032, 042

Problem Statement. The recovery of
Ukraine’s economy in the conditions of mar-
tial law, imposed as a consequence of the
military aggression of the Russian Federa-
tion against Ukraine, largely depends on the
level of energy security. Since ensuring its
proper level today is a guarantee of the social
and economic strength and stability of the
country, especially in the context of Europe-
an integration, the need for development and
implementation of various innovative energy
technologies is becoming more and more in
demand.

Innovations have long gone beyond
the purely technical scope of their applica-
tion. Innovations can be environmental,

economic, managerial, social, cultural, etc.
The value of such innovations for modern
Ukrainian society is much higher than the
value of material and technical innovations,
since they require a new level of knowledge,
creative thinking, ingenuity and purposeful-
ness. Along with scientific and technological
development, whose achievements penetrate
into all spheres of our life, the energy crisis is
sharpening considerably.

One of the main tasks of the function-
ing of the Ukraine’s energy system and the
main direction of its further development is
the creation of prerequisites for meeting the
needs of the country and partner countries in
fuel and energy resources, provided that the
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requirements of rational use of natural re-
sources and minimizing the negative impact
on the environment are met. Besides, Ukraine
is bound to implement its international obli-
gations in the environmental protection and
follow its socio-economic priorities and limi-
tations. That is why the study of the innova-
tive component of energy development in
Ukraine is extremely relevant.

Literature Review. Scientists pay con-
siderable attention to the study of the prob-
lems of innovative management and devel-
opment of organizations in the energy sector
of Ukraine. This issue is considered separate-
ly and in the system of researching strategies
for the growth of the state’s economy in the
context of the development of the economic
complex as a whole. Seminal contributions
to the problems of the functioning and devel-
opment of the state’s energy industry have
been made by O. Onipko, O. Polishchuk, and
V. Mykytenko.

The prospects for the use of renewable
energy sources in Ukraine have been ex-
plored in prior studies by specialists and sci-
entists such as M. McGrath [11], G. Kopnin
[6], Tulupova E. and T. Demydova [20] etc.
But, at the same time, a number of issues,
such as directions for the development of
renewable energy, the state of energy secu-
rity in the world and the use of innovative
solutions in management are gaining con-
siderable importance today. Therefore, we
consider it expedient to make an attempt to
address these issues in this scientific article.

Task Statement. The purpose of the ar-
ticle is to study the role and trends of the in-
troduction of energy innovations in Ukraine
and the world, to find out the reasons and fac-
tors for the growth of energy consumption in
different countries of the world, as well as to
study the issue of state regulation of the inno-
vation policy of the energy sector of Ukraine.

Results. Addressing issues of security
and innovative development is of great im-
portance today for organizations in the en-
ergy sector. This is connected, in particular,
with Russia’s full-scale invasion of Ukraine
and the desire of the aggressor country to de-
stroy the Ukrainian energy supply system.
In 2022, Ukraine joined the synchronous
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network of continental Europe (ENTSO-E),
which provided for the export of electricity
to European countries. However, Russia’s
desire to deepen the energy crisis on Euro-
pean continent and ruin millions of people
destroyed the hopes of Europeans and Ukrai-
nians for cooperation in the energy sector.
However, willpower and the struggle for
freedom allowed the Ukrainians to continue
work on restoring their energy system and
the rapid introduction of innovative develop-
ments into the energy system of Ukraine.

The development of market relations
in the electric power industry of Ukraine
today is connected with the implementation
of a full-scale competitive model of the
functioning of the electric energy market.
The purchase and sale of electricity in
Ukraine is carried out under conditions of
constant and continuous maintenance of the
balance of production and consumption of
electricity. The rapid rise in fuel prices and
the physical wear and tear of the majority of
power units against the background of a lack
of funds for the reconstruction of existing
and the construction of new maneuverable
generating capacities of the energy system
of Ukraine determines the urgency of finding
new effective solutions aimed at keeping the
balance. World practice proves that one of the
ways to solve this problem is the introduction
of innovative developments and the adoption
of balanced but innovative management
decisions. The International Paris Climate
Agreement, adopted on December 12, 2015,
sets out the obligation of 175 participating
countries to reduce harmful emissions into
the atmosphere, regardless of the degree of
their economic development. It is known
that the burning of fossil fuels is one of the
main sources of emissions that cause climate
warming, and so far, it satisfies about 80% of
the world’s energy needs.

Therefore, one of the twelve global
goals of sustainable development until 2030,
approved at the UN summit on sustainable
development, is Goal 7 “Affordable and
clean energy”. Achieving this goal by 2030
involves solving a number of tasks, in par-
ticular, increasing the share of energy from
renewable sources in the global energy mix,



ISSN 2074-5354 (print), ISSN 2522-9745 (online). AKABEMIYHUNA OTNISig. 2023. Ne 2 (59)

intensifying international cooperation with
the aim of facilitating access to research and
technologies in the field of environmentally
clean energy, increasing energy efficiency,
innovative and environmental technologies
for using fossil fuels fuel, encouraging in-
vestments in energy infrastructure and clean
energy technologies, etc.

All of the above actualizes the issue of
researching trends in the development of in-
novations in the energy sector — technologi-
cal and organizational, makes increasingly
pressing the analysis of world experience in
their implementation and use in order to de-
termine modern trends in the development of
innovations and energy-efficient measures,
which will allow for increasing the country’s
energy efficiency and gradual achieving oth-
er environmental and economic goals [19].

Considering the speed of development of
innovative technologies and approaches to in-
novative activities, as well as constant chang-
es in the external environment, it is important
to additionally analyze new opportunities and
innovations, to determine which countries are
the most effective in terms of energy efficien-
cy and innovations in the energy sector. And
taking this into account, to identify the main
tasks and measures implemented by various
countries in the world, which in the future will
allow to determine a set of effective measures
for Ukraine, obscurely defined at this point.

In order to determine the leading coun-
tries in the implementation of innovative
technologies in the field of energy, we ana-
lyzed the rating of countries according to the
Global Innovation Energy Index from the
ITIF organization [3].

The Global Energy Innovation Index
consists of three indices, each of which mea-
sures one of the functions of the innovation
system, namely: option generation, innova-
tion scaling and widespread use, and social
legitimation. These three indices, in turn,
are made up of 14 components with differ-
ent weights. Indicator components (Fig.1) in
terms of functional components, in general,
determine the main modern general trends
in the development of innovations in energy,
because they include, in particular, specific
directions for making investments [19].

ITIF’s Global Energy Innovation Index
is calculated for 23 countries that make vari-
ous significant contributions to clean energy
innovation. The TOP-5 positions according
to the overall rating and the greatest indi-
cators of innovation include such countries
as Norway, Finland, Japan, the USA and
France.

One of the main indicators of the ef-
ficiency of the national economy is GDP
growth rate. At the same time, the reduction
in the energy intensity of GDP is one of the
indicators of the energy efficiency of the na-
tional economy, and to ensure it, it is neces-
sary to introduce innovative technologies in
the field of energy.

Norway is the leading country in imple-
menting energy innovations with an overall
index score of 15.5 and a GDP per capita of
$75,419.63. Finland is in second place with
a total index score of 14.8 and a GDP per
capita of $48,782.8. Further, respectively,
in third place in terms of the total score of
the index is Japan with a score of 13.7 and a
lower GDP of $40,246.9 [19].

Based on the provisions of the coun-
tries, it can be said that there is no direct
proportional relationship between GDP and
the Global Energy Innovation Index. It is ob-
served only in some countries from the list,
in particular, Norway, the USA, Denmark,
the Netherlands, Austria, China.

However, the conclusion that techno-
logically highly developed countries, in par-
ticular, Finland, France, Japan, Germany,
Canada, and the United Kingdom, have a
high energy innovation index, i.e., invest in
the development and spread of energy-effi-
cient technologies, is obvious, with ranging
from 40,000 to 50,000. For example, Fin-
land’s GDP per capita is 33% lower than that
of the US, but Finland is 10% ahead of the
US in energy innovation. This suggests that
these technologically developed countries,
regardless of their GDP, invest in energy ef-
ficiency and “clean” energy projects, which
will reduce energy costs and polluting emis-
sions [19].

At the same time, countries at the lower
left in Fig. 2 such as Saudi Arabia, Chile,
Mexico, Indonesia, India, Brazil, have rela-
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Fig.1. Component indicators of the global energy innovation index
(compiled by the authors based on [3])

tively low levels of GDP and commodity
economies, and yet they are implementing
much less energy innovation. For example,
seven countries — China, Saudi Arabia, the
United Arab Emirates, Indonesia, India,
Mexico and South Korea — subsidized fos-
sil fuel consumption by $171 billion in 2018,
and spent much more than the 23 selected
countries and the EU together on invest-
ments in R&D in the field of “clean” energy
($22.7 billion in 2018), which, of course, is a
negative factor for the development of ecol-
ogy and the provision of innovative energy
development.

It is also worth considering the fact that
in 2021, the 20 largest countries accounted
for 80% of global energy consumption. The
reason for this was, first of all, economic
growth in many of these countries by a total
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of 5.9% in 2021 compared to 2020. How-
ever, we must also be aware of the result of
global trends, in particular, an increase in the
global level of energy consumption by 5%
in 2020-2021 (in 2009-2019 by 1.7% and in
2019-2021 by another 0.4%) and an increase
in CO2 emissions in 2021 by 5.9% compared
to 2019.

Global electricity consumption, which
decreased by 0.7% in 2020 due to the Co-
vid-19 pandemic, increased by 5.5% in 2021,
which is 4.8% higher than in 2019 [20]. In
China, the world’s largest consumer of elec-
tricity, that accounts for 31% of global en-
ergy consumption, energy costs will rise by
almost 10% in 2021 thanks to the economic
recovery. This exceeds the trend of 2010-
2019 (+7.3% / hour) and a similar indicator
in 2019 [4].
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The revival of the economy contributed
to the recovery of demand for energy re-
sources in other countries as well. This is es-
pecially noticeable in Europe (+4% — growth
to the level of 2019, a noticeable increase in
Turkey, France, Germany, Italy and Poland),
in the USA (+1.7% — slightly below the level
0f'2019) and in Russia (+ 6%) [16].

Electricity consumption increased in
most of the Asia-Pacific region (+5% in
India, Indonesia and South Korea), but re-
mained flat in Australia and decreased in
Japan due to strict measures to combat Co-
vid-19. In Canada, energy consumption re-
mained at the same level in 2021 compared
to 2020.

Electricity consumption increased in
Latin America (+6.1%, growth of 8.6% in
Brazil and dynamic trends in Mexico, Ar-
gentina, Chile and Colombia), in Africa (by
almost 5%, including +2.3% in South Africa)
and the Middle East (by almost 5.5%, includ-
ing +4% in Saudi Arabia). In Ukraine, the
level of energy consumption for the period
2000-2021 also shows an upward trend.

As a result of these trends, the effects of
the 2020 sanitary measures and the econom-
ic crisis were felt mainly in services, trans-
port and carbon-intensive power generation.
New capacities of alternative energy sources

(wind, solar, etc.) are growing in 2021-2022,
despite the crisis [16].

However, by the end of 2021, the in-
dicators of energy efficiency and decarbon-
ization returned to previous trends, which is
not enough to achieve the goals of the Paris
Agreement (Figure 2).

The level of CO2 emissions in 2021
was 1% below 2019 levels, but is still far
from reaching the goals of the Paris Agree-
ment (a temperature increases of 20C). Post-
Covid-19 economic growth has led to high
demand for raw materials and energy (Fig.3).
In 2022 the Russian Federation’s war against
Ukraine increased the pressure on the energy
markets even more. The European Union has
fallen into the trap of dependence on natural
gas imports, especially from Russia. Tackling
the problem of energy consumption through
increasing energy efficiency and energy suf-
ficiency appears to be a major solution for
the EU, yet having been insufficiently ad-
dressed so far.

Let’s consider the main measures of
countries with a high index of global energy
innovation. The Norwegian government has
developed a strategy for carbon capture and
storage (CCS), which aims to identify mea-
sures to promote technology development
and reduce CCS costs [12]. A feasibility re-
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Fig.2. Dynamics of energy-related CO2 emissions (% / hour) in G20 countries in 2009-2021 [4]
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port presented in 2016 showed that the im-
plementation of a full-scale CCS network in
Norway by 2022 was possible and with rela-
tively low costs. Part of the CCS strategy is
to support CLIMIT, the Norwegian Research
Centers for Climate Energy (FME) and inter-
national research activities. The Norwegian
government’s investment in energy research
and development is a priority.

In Finland, renewable energy sources
meet about 40% of final energy consump-
tion. The goal set by the National Energy and
Climate Strategy until 2030 is to increase the
use of renewable energy so that during the
2020s its share in final energy consumption
could increase by more than 50% [13].

As for Japan, since its dependence on
fossil fuels remains high, the country’s energy
policy takes into account future changes to
provide resources in line with the increasingly
volatile energy supply and demand patterns
in the world [2]. The Japanese government
is developing an action plan to implement an
optimal resource portfolio and ensure stability
and resource savings by diversifying core re-
sources and reducing the risk of acquiring each
resource by diversifying sources of supply, se-
curing interests in joint projects, and improving
relations with supplier countries [18].

The new EU Renewable Energy Directive
(REDII) was approved on December 3, 2018.
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The main EU target for the share of renewable
energy sources is 32% of final energy consump-
tion by 2030. This target was not distributed
among the Member States, however, the share of
renewable energy sources in the Member States
should be at least the same as in 2020. That is
why today it is important to analyze the success-
ful experience of other countries regarding the
application of innovations in the energy sector
and introduce innovations in the energy sector
of Ukraine, based on the effective use of the ex-
isting potential of alternative energy sources and
external opportunities [9].

The implementation of innovation pol-
icy in the energy sector of Ukraine is based
on the general principles of its state regula-
tion. Therefore, it is important to display it
according to the main stages (Fig. 4).

As for the first stage, it can be recog-
nized that the importance of the energy sector
for the innovative development of Ukraine is
determined both by the priorities of the de-
velopment of science and technology, and by
the priorities of innovative activity (Table 1).

Innovative technological restructuring
of the energy sector of Ukraine is a response
to today’s external challenges. At the same
time, in recent years there has been a signifi-
cant decrease in the number of innovatively
active enterprises in the energy sector - by
105 units over 5 years (by 8.50%).
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Fig.4. Stages of state regulation of innovation policy of the energy sector of Ukraine [15]

Table 1

The place of the energy sector in the national innovation policy of Ukraine [15]

State agency Regulatory legal acts

Referred to the energy sector

Law of Ukraine “On Priority Areas
of Development of Science and
Technology” dated July 11, 2001

Verkhovna |No 2623-11I (Article 1)

Among the areas of development of science
and technology until 2020, energy and energy
efficiency (priority 3) and rational use of nature
(priority 4) have been separately identified

dated May 17. 2012 No 397

Rada of Law of Ukraine “On Priority Areas | Among the strategic priority areas for 2011-2021
Ukraine of Innovative Activity in Ukraine” |are (Article 4) the development of new energy
dated September 8, 2011 No 3715- |transportation technologies, the introduction of
V (Article 2) energy-efficient, resource-saving technologies,
the development of alternative energy sources
(priority 1)
Resolution of the CMU “Some Implementation of strategic priority 1 is divided
Cabinet of |issues of determining medium-term | into: 39 medium-term priorities, including 8 by
Ministers of | priority areas of innovative activity |part of the development of new technologies
Ukraine at the branch level for 2012-2016” | of energy transportation includes; 22 —

implementation of energy-efficient, resource-
saving technologies; 9 — development of
alternative energy sources

In the absence of own funds for the
implementation of innovation policy in the
energy sector and deficit of the state budget,
the search for foreign investors is promoted
at the state level. In particular, the search for
investors for the implementation of projects
in the field of alternative electricity is con-
ducted by the State Agency for Energy Ef-
ficiency and Energy Saving of Ukraine by
presenting domestic projects to potential in-
vestors during relevant international events.

In order to attract financial resources,
the institution cooperates with the following
international financial institutions: the In-
ternational Finance Corporation, the World
Bank, the European Bank for Reconstruction
and Development, the Development Bank
of the Council of Europe, the European In-
vestment Bank, the Nordic Environmental
Finance Corporation, the Eastern European
Partnership for Energy Efficiency and the

Environment, the KfW Financial Group, the
Ukrainian energy efficiency improvement
program is a credit line developed by the
EBRD [5].

Considering the above, it can be con-
cluded that the state’s innovation policy
in the energy sector is inconsistent and un-
systematized. In this case, in Ukraine, it is
appropriate to use the so-called cluster ap-
proach, which is considered the key to the
successful implementation of innovative
policy in the energy sector. This approach al-
lows to create special incentives, distribute
power and resources, as well as increase the
availability of information, and thereby en-
sure the effects and benefits that cannot be
achieved by individual enterprises. The need
for creation cluster models in Ukraine has
been recognized by the Cabinet of Ministers
of Ukraine, in the project “Concept of creat-
ing clusters in Ukraine”.
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The adaptation of cluster models in
the energy sector of Ukraine will allow the
implementation of innovative methods of in-
dustrial use of national/local energy resourc-
es to meet energy needs both within a sepa-
rate territory and throughout the country. The
formation of cluster models should be based
on the principle of energy self-sufficiency,
according to which cluster structures are
formed depending on the energy potential of
the area (both fossil fuels and renewable en-
ergy sources), which allows for the develop-
ment of the energy sector based on the struc-
tural rationality of its use [14].

Considering the above, it should be
noted that the formation of innovation policy
in the energy sector of Ukraine requires the
definition of the concept and strategic plans
of'its innovative development. It is possible to
increase the innovative activity of energy sec-
tor enterprises in the “business-science-state”
plane.

The formation of future innovation poli-
cy should be based on a cluster approach that
will provide a synergistic effect of the inter-
action of the three subjects of its formation
and ensure the structural rationality of using
the existing energy potential of the state. The
energy sector is quite promising in Ukraine.
The number of energy organizations is grow-
ing every year. However, issues related to
increasing the effectiveness of strategic inno-
vation management, in particular, innovation
processes of energy organizations, are still
relevant in Ukraine.

Energy innovation is a set of processes
that lead to the emergence of new or im-
proved existing technologies that further re-
duce the diversity of energy resources used,
increase the reliability of energy systems,
and reduce the economic, environmental,
and political costs associated with the pro-
duction and distribution of electricity.

Among the currently important achieve-
ments of innovative developments in the field
of energy, innovative solutions in renewable
energy occupy a prominent place [7]. Thus,
by the end of 2021, 3,064 gigawatts (GW) of
renewable generation capacities were opera-
tional worldwide, including 40% of hydro-
electric power plants (1,230 GW), 28% of
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solar power plants, and 27% of wind power
plants. Statistically, solar power and wind
have grown many times faster than hydro-
power.

Solar and wind power have almost equal
market shares with 849 GW of capacity (843
GW of PV and just over 6 GW of solar thermal
generation) and 825 GW respectively. Other re-
newable energy sources with a combined share
of about 5% include 143 GW of bioenergy,
16 GW of geothermal and 524 MW of marine
energy [17]. Renewable generation capacity
increased by 257 GW (+9.1%) in 2021. Solar
energy continued to lead capacity expansion
with an increase of 133 GW (+19%), followed
by wind energy with 93 GW (+13%). Hydro-
power capacity increased by 19 GW (+2%),
bioenergy — by 10 GW (+8%). Geothermal en-
ergy increased by 1.6 GW.

Solar and wind power continued to domi-
nate renewable capacity expansion, together
accounting for 88% of all net renewable ad-
ditions in 2021. Along with higher growth in
geothermal energy, this growth in wind and
solar power has led to high annual increases in
renewable generation capacity (Fig.5).

In 2021, Asia accounted for 60% of new
capacity, increasing its renewable capacity
by 154.7 GW to 1.46 TW (48% of the world
total). A huge part of this increase came from
China (+121 GW). Capacity in Europe and
North America increased by 39 GW (+6.4%)
and 38 GW (+9.0%) respectively, with a
large expansion seen in the US (+32 GW).

Thanks to the addition of new capacity
in all major regions of the world in previous
years, total global solar capacity has now sur-
passed that of wind power. In 2021, the in-
crease in renewable energy capacity slowed
slightly compared to 2020, while remaining
well above the long-term trend. Most of this
expansion has occurred in China and, to a
lesser extent, in the United States. Most other
countries continued to add renewable capac-
ity at similar rates to previous years.

The share of renewable sources in to-
tal capacity expansion reached 81% in 2021,
compared to 79% in 2020. The share of re-
newable sources in total generating capacity
increased by almost two percentage points
from 36.6% in 2020 to 38.3% in 2021 (Fig.6).
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The upward trend in these shares re-
flects not only the rapid and increasing
growth in the use of renewable energy sourc-
es, but also the reduction in the expansion of
non-renewable capacities. Globally, the lat-
ter is also affected by the large amount of net
decommissioning that has occurred over the
years in some regions.

In 2021, non-renewable capacity con-
tinued to expand in Asia, the Middle East
and Africa (but with much smaller expansion
in the Middle East and Africa), while net
decommissioning continued in Europe and
Eurasia.

The energy transition suggests that the
use of renewable sources should expand
more than the growth in energy demand, so
that less non-renewable energy be needed.
Many countries have not reached this point
yet, despite the dramatic increase in the use
of renewable energy sources for electricity
generation.

Innovation in energy technologies is a
process reflected in the energy market and
other factors related to the growth of new en-
ergy technologies. The process begins with
the invention of technology and ends with its
expansion [2]. Scaling up energy innovation
is one of the demonstration projects that play
a vital role in the commercialization of en-
ergy innovation. The level of novelty of tech-
nologies in the energy sector changes the key
role in their expansion.

Innovation in the power industry is as-
sociated with technological change, but it
cannot be argued that this is the only type
of innovation possible in the industry. The
electric power industry and electric power
companies are changing with the introduc-
tion of organizational innovations caused by
a change in the market environment [10]. On
the one hand, energy is a factor of production
that has a certain value as a factor of produc-
tion, and on the other hand, energy transfor-
mation is part of innovation process.

The innovative system of the energy
sector is a developed network intellectual
structure that connects research and design
organizations related to different sectors of
the economy. They actively interact with
large corporations, state and university
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laboratories, small scientific firms, and
independent non-profit institutes. The
characteristics of the network structure
are the geographical, institutional and
thematic distribution of its links, the variety
of connections within the system and its
ability to quickly and flexibly change the
configuration of these connections.

The main factors in the formation of
such a structure were the presence in the in-
dustry of powerful large global corporations
competing with each other in the field of
innovation, as well as the variety of organi-
zational forms of financing R&D that have
emerged in our time [1].

The global presence of energy industry
players provides access to the world’s best
intellectual resources. The financial label al-
lows corporations to actively use institution-
ally diverse forms of R&D (own research,
academic sector, small scientific business,
private scientific institutes, state laboratories)
for the profit of innovative development, to
support a wide thematic spectrum of R&D
(from research in the field of alternative ener-
gy sources to computer tools computer) [8].

The lack of experience of venture in-
vestment, technological complexity, imper-
fection of legislation determines a low level
of development of innovative outsourcing
and transfer of innovative ideas in the energy
sector. Conversely, a high level of involve-
ment of innovative ideas creates conditions
for the development and implementation of
innovative technologies.

The use of the potential of the positive
impact of these factors should be the basis
for changes in the management of enterprises
in the energy sector of Ukraine. The need for
transformations is caused by the problems,
whose elimination will provide the state and
society with a stable basis for the develop-
ment of industries of a new technological
order.

Conclusion. The analysis of global
trends in economic development and the fac-
tors that determine it convincingly proves
that innovative processes have taken an im-
portant place and their role has been steadily
growing. Commitment to an innovative type
of development in modern business condi-
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tions is becoming a key success factor, and
strategic innovative management of the en-
ergy potential of organizations is one of the
important tasks for ensuring competitiveness
and sustainable development.

The study of trends in the development
of innovative processes in Ukraine shows
that Ukrainian energy companies underesti-
mate the importance of innovative potential
and its innovative management, which leads
to a weakening of their positions on the mar-
ket, losing consumers, reducing competitive-
ness, and cutting production volumes.

The results of innovative management
of'the activities of organizations in the energy
sector have a great impact on all spheres of
development of human society, change the
environment of human life and the ways
of its development. The modern economy
is characterized by increased competition.
In this regard, innovations in management
become mandatory components of the

economic activity of energy companies and
are the main driving force and prerequisite
for their development.

That is why innovative activity is one
of the main areas of activity of any company
that uses knowledge and interacts in the
field of technology, economy and ecology,
social psychology, fundamental and applied
sciences, theory and practice of production
and management, strategy and tactics.

Innovative management is gaining
special importance today, because it is con-
sidered as a practical guide to managing in-
novative processes inherent in any modern
organization. Competition is intensifying
and consumer demands are increasing, thus
constant innovations can become one of the
factors of obtaining competitive advantages
of organizations. Therefore, the study of the
experience of energy companies in the field
of innovative management and its implemen-
tation in Ukraine is relevant and timely.
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The article examines the preconditions for the aggravation of the energy danger for Ukraine
and the world as a whole, in particular in the context of the strengthening of the economic crisis and
war in Ukraine. The issue of compliance by energy organizations with the International Climate Paris
Agreement and the achievement of the Global Sustainable Development Goals by 2030 were studied.
The component indicators of the global index of energy innovations were analyzed. The main global
energy indicators and their results in 2021 compared to 2020 were monitored. The paper also estimates
domestic electricity consumption in the world by country in 2021, as well as trends in the growth of
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global energy consumption in general and by continent in 2021 compared to 2020. The result of such
trends was that the consequences of sanitary measures and the economic crisis of 2020 was felt mainly
in the sphere of services, transport and carbon-intensive electricity production.

The authors considered the key changes in the field of energy in the world in 2021 compared to
2020 and the dynamics of CO2 emissions related to energy in the G20 countries in recent years and
based on this justified the forecast of European gas prices and the price of Brent oil to 2026 year. The
main characteristics of countries with a high index of global energy innovation were considered. It
was found that, for example, the Norwegian government had developed a strategy for carbon capture
and storage (CCS), which aimed to identify measures to promote technology development and reduce
the costs of CCS. It was found that the main goal of the EU regarding the share of renewable energy
sources is 32% of the final energy consumption by 2030. This target was not distributed among the
Member States, but the share of renewable energy sources in the Member States should be at least the
same as in 2020.

In the article, the authors examined the stages of state regulation of the innovation policy of the
energy sector of Ukraine and substantiated the place of the energy sector in the national innovation
policy of Ukraine. Formation of innovation policy in the energy sector of Ukraine requires definition
of the concept and strategic plans of its innovative development. In particular, it was found that one of
these priority areas should be renewable energy (wind, solar, etc.).

The result of the authors’ scientific research is that the innovative system of the energy sector
is a fairly developed network intellectual structure that connects research and design organizations
belonging to different sectors of the economy. Using the potential of the positive influence of a number
of important global factors should be the basis of the transformation of innovative management of
energy industry organizations in Ukraine.
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