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Introduction. In today's challenges, energy security of the country is a global problem. The implementa-
tion of new engineering and design solutions in energy supply systems, which provide for the integrated use
of renewable energy sources, will help to solve an important economic, scientific and technical problem of
reducing the consumption of traditional fuel and energy resources for Ukraine.

Energy security is closely related to energy independence — it is the degree of independence of the country's
leadership in the formation and implementation of policy, independent of external and internal interference
and pressure [1].

There is a growing interest in the use of non-conventional renewable energy sources in various sectors of the
economy all over the world. The driving force of this process are changes in the energy policy of countries with
structural reorganization of the fuel and energy complex in connection with the environmental situation and the
transition to energy and resource saving technologies in energy, industry, housing and communal services, etc.

The main directions of improvement of energy efficiency and realization of energy saving potential are not
only the mentioned technological modernization of energy supply systems [2]. The use of renewable energy
sources under the condition of technological modernization of energy supply implies the elimination of energy
inefficient products and the implementation of the latest technologies, equipment, measuring devices and sys-
tems. This contributes to the growth of energy efficiency and energy saving.

Review of recent research and publications. General scientific opinions on energy security management
among scientists should be divided into three functional parts. These are: approaches to defining the concept of
energy security, approaches to defining its components, and approaches to energy security management at the
theoretical level and in real practice.
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As for the scientific approaches of the first group, it should be noted that there is quite a wide range of views
among them. However, in most cases this group of scientific approaches defines the concept of energy security
management in one way or another, defining and describing the components of this system [3].

At the same time, there are three such groups of components:

— Energy security management — as a combination of interrelated measures [4];

— energy security management — as a combination of functional components [5];

— energy security management — as a combination of security subjects and instruments of their activity [6].

In general, it should be noted that these scientists and researchers unjustifiably use the semanteme "system"
in their definitions. The use of "system" gives the impression that the definitions have comprehensiveness,
complexity and a certain integrity [7].

This allows to some extent to make the definitions shorter and more meaningful, but on the other hand this ap-
proach generates ambiguity of concepts and their conceptual generic relations. In most cases, such definitions cannot
be fully and consistently understood without additional interpretation of the context in which these definitions are
given [8]. Thus, from the semantic point of view, the definitions included in the definitions of the first approach can-
not serve as a basis for understanding the principles of the structure and functioning of the energy security system.

In contrast to the first group of approaches to the definition of "energy security”, the second group consists of
definitions based on the semantics of "system" in the interpretation of the essence of energy security management.

In order to define the concept of "energy security”, representatives of the second group use, in particular,
general system principles and characteristics [9]. However, it should be noted that most of the definitions of
this group are based on stereotypical systemic formulations.

This means that the definition is based on one of the classical definitions of the system and the predicate of the
system is changed to energy security [10]. In general, this should not be considered incorrect, but in this case, the
peculiarities of the energy security system as a kind of social system may not be fully taken into account.

The third group of approaches to interpreting the nature of the energy security system is the most difficult to
study. The third group includes studies in which the energy security system is not a direct object of research, but is
analyzed as a certain component of the general concept of security [11]. In this case, the system building in the field
of energy security is considered through the prism of the results of the system building of other levels of security
[12]. These areas of scientific research include the theory of security of social systems [13], the theory of security of
people, society, civilization [14], and a synergistic approach to the creation and functioning of security systems [15].

Problem statement. The purpose of the article is to determine the indicators of effective assessment of
energy security in the implementation of renewable energy technologies based on SWOT analysis.

Main material and results. High technical and economic performance and stable operating parameters of
power equipment can be achieved by integrated use of solar and wind energy for combined generation of heat
and electricity with their accumulation. One of the factors that impede the widespread use of renewable energy
sources is the lack of technical solutions and technological schemes for their implementation, economically ac-
ceptable for the middle band. Considering the significant financial costs for the construction of a power supply
system with the combined use of renewable energy sources, it is very important to develop correct methods for
their calculation, taking into account the initial data of a particular user, which will help to minimize the total
cost. Otherwise, there is a high probability of unsatisfactory operation of the energy supply system, which will
result in additional costs for its re-equipment.

A common point that unites different approaches to the construction of indicators is a set of certain threats
to the energy supply of the enterprise. At the same time, it is necessary, according to the authors, to examine the
influence of the external and internal business environment on the determination of energy security by means
of SWOT analysis.

The architecture of the created model includes the following levels: data loading and processing; data anal-
ysis; SWOT modeling; forecasting.

The first level provides the ability to load data by manual input, then edit it to eliminate data redundancy or
add new data. The next step is to prepare the data for analysis. Various software products can be used at this
stage. According to the authors, the most convenient and inexpensive is MS Excel.

The second level provides the possibility of mutual analysis of pairs of such indicators: Strengths — Oppor-
tunities (S-O); Strengths — Threats (S-T); Weaknesses — Opportunities (W-O); Weaknesses — Threats (W-T).

The third level provides tools for building a SWOT analysis model.

The fourth level implements predictions based on the created SWOT model.
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This model fulfills the main characteristics of the model, which is designed to help the decision maker to
identify critical technologies of the studied industry. The main goal of the created model is the efficiency of
identification of justified critical technologies.

The most important characteristics, according to the research, were identified (Table 1).

Table 1
Identification of strong characteristics in the innovative development
of Ukraine in the energy security system
STRENGHTS
S1 |Level of provision of the enterprise with own energy resources
S2 |Building a solid foundation for a competitive economy
S3 | Achieving the level of energy self-sufficiency
S4 |Developed NPP network
S5 |Promoting internal reforms in the context of grid integration with the EU
S6 |Change of energy type (alternative) and supplier
S7 |Creating an energy efficient society
S8 | Creating opportunities for re-equipment of both the energy industry and the country's industry in general
S9 |Improving the security dimension of the economy, energy and environment
S10 | Development of scientific potential
S11 |Creation of workplaces
S12 |Convenient geographical location for the development of the electric power industry
S13 |Large stock of natural resources for various industries
S14 |Favorable trade geographical location
Source: developed by the authors

However, the weaknesses of the modern economy as a whole and of its individual sectors have been iden-
tified even more clearly (Table 2).

Table 2
Identification of weaknesses in the innovative development
of Ukraine in the energy security system
WEAKNESS
W1 |Monopoly dependence on one supplier or energy supply route
W2 | Underfunding of works on the search for alternative sources of electricity, reduction of their volumes
W3 | High dependence on natural gas and oil imports
W4 | Obsolete production facilities and a significant share of unusable fixed assets of enterprises
WS5 | Setting appropriate tariffs, coefficients for enterprises
W6 |Low level of investment and innovation activity in the fuel and energy complex of enterprises

w7 The need for modernization, re-equipment and industrial restructuring with the extension of the technological
resource of production facilities at enterprises

W8 |Low qualification of most of the workforce
W9 |High level of corruption
W10 | Political and social instability
W11 |Raising tariffs for the development of gas fields up to 5 km deep
W12 | Migration of labor resources for permanent residence abroad
W13 | Difficult implementation of EU standards in the energy sector
W14 | Difficulty of achieving strategic goals in the energy sector in Ukraine
W15 | Non-closed production cycles of most industries
W16 |Irrational use of natural resources
W17 |Irrational privatization
W18 | The de-professionalization of the energy sector
W19 | Low orientation of education to industry
W20 |Falsity of a number of normative legal acts
W21 | The complexity of economic transformation
W22 | Increase in the cost of energy resources
Source: developed by the authors
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It is known that Ukraine is one of the world's leading countries in mineral resources, is one of the richest
in terms of quality composition and productivity of agricultural land, occupies a leading position in nuclear
energy, is among the top five countries — software developers under outsourcing schemes, etc.

It is possible to get rid of these characteristics. If the strong features are used wisely and all opportunities
for the country are realized (Table 3), then it is possible not only to compensate for the weaknesses, but also to
turn them from disadvantages into advantages. Ukraine is one of the few countries that has many opportunities
for its development under favorable conditions.

Table 3
Identification of opportunities for innovative development
of Ukraine in the energy security system
OPPORTUNITIES

Significant potential of unconventional natural gas reserves (coalbed methane, shale gas, biogas from solid
waste landfills, etc.)

02 |Extensive and developed oil and gas transportation pipeline systems

03 | System of oil, condensate and liquefied gas auctions

04 |Integration into the European energy system

05 | Significant potential to reduce greenhouse gas emissions

06 | An extensive district heating system

07 | Auctions of permits and licenses for the development of hydrocarbon deposits
08 | Development of renewable energy sources

09 High quality and compliance with international standards of Ukrainian developments in the progressive field of
alternative energy

010 |Implementation of incentive taxes
O11 |Significant energy saving potential in industry, transport, public and domestic sectors
012 |Strengthening global connectivity
O13 | Strengthening energy saving and energy efficiency
O14 |Diversification of energy imports
O15 |Creation of strategic reserves of fuel and energy resources
016 | Reformation of the energy system
017 |Innovative renovation in accordance with world standards
018 | Attracting investments and business development with foreign capital
019 |Reducing administrative barriers to market entry and free investment
020 |Reorientation of old enterprises, modernization of technological processes
021 | Expansion of international relations
022 | Development of mechanisms to combat corruption
023 | Possibility of diversification of nuclear fuel supplies
Source: developed by the authors

Ol

The formation of a group of experts on the basis of a competency-based approach, taking into account the
rank of positions, allows to form a group that, according to its official duties, has the opportunity to build a per-
sonnel evaluation system in accordance with the goals of the company. Specific requirements to the members
of the expert group leave their mark on the principles of their selection. The staff of the expert group consists
of the total number of applicants and is formed from the most competent specialists who can demonstrate the
ability to predict and identify patterns.

As experts were selected 10 officials from different management levels of 7 Ukrainian industrial enterpris-
es. The consistency of experts' opinions was calculated by Kendall's rank correlation coefficient, which is 0.67.

With the help of fractal analysis a graphical interpretation of the comparative matrix of SWOT anal-
ysis components in the innovative development of Ukraine in the system of energy security was built
(Figure 1).

The following five strong characteristics are of the highest importance: S5 "Facilitation of internal reforms
related to network integration with the EU"; S6 "Change of energy type (alternative) and supplier"; S12 "Fa-
vorable geographical location for the development of the electricity industry"; S13 "Large stock of natural
resources for various industries"; S14 "Favorable geographical location for trade".

EkoHomika i pezioH Ne 4 (87) — 2022 — HayioHanbHuli yHieepcumem im. FOpisi KoHOpamioka #1 11




ExoHoMika ma ynpaeniHHs HayioHaslbHUM 20crnodapcmeom

Undoubtedly, there are a number of factors that hinder the country's economic development, and some even
cause its decline. Consider the threats (Table 4) that seem to be the most pressing today.

Table 4
Identification of threats in the innovative development of Ukraine in the energy security system
THREATS
T1 |Outflow of investment capital from Ukraine
T Threat of terrorist attacks on energy facilities, on the territories of countries engaged in transit transportation of
energy resources
T3 |Environmental (large-scale accidents, greenhouse gas emissions that threaten the entire planet)
Speculation in the media, which is a negative manifestation of the modern globalized world (artificial creation
T4 . . ol
of panic, which leads to destabilization of energy markets)
T5 |[Social threat (high production accidents, strikes and other possible protests, etc.)
T6 | Threats of nuclear terrorism, problem of non-proliferation of nuclear materials
T7 |Energy poverty (lack of access to sufficient quantities)
T8 | External aggression of the energy supplier
T9 |[Neglect of the "decarbonization" rule
T10 | It is difficult to ensure the stability of energy transportation
T11 |Dependence on foreign energy resources
T12 |Possible loss of transit status
T13 | Self-isolation after non-compliance with EU rules or their inadequate implementation
T14 | Presence of seismically active geological zones in the Carpathian region
Source: developed by the authors
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Figure 1. Graphical interpretation of the matrix of comparison of SWOT analysis components

in the innovative development of Ukraine in the system of energy security
Source: developed by the authors
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The weakest features. Thus, the weakest characteristics are the following: W5 "Establishment of appropriate
tariffs, coefficients for enterprises"; W9 "High level of corruption"; W10 "Political and social instability"; W12 "Mi-
gration of labor resources for permanent residence abroad"; W22 "Increase in the cost of energy resources".

The most likely opportunities for implementation. Therefore, the most likely opportunities are the follow-
ing: O1 "Significant potential of unconventional natural gas reserves (coal bed methane, shale gas, biogas from
landfills, etc.)"; O8 "Development of renewable energy sources"; O10 "Implementation of incentive taxes";
017 "Innovative renovation according to world standards".

The most dangerous threats. Thus, the most dangerous threats are as follows: T1 "Outflow of investment
capital from Ukraine"; TS "Social threat (high rate of production accidents, strikes and other possible protests,
etc.)"; T8 "External aggression of the energy supplier".

Priorities in the development and implementation of new technologies in Ukraine are within the traditional
technological areas: metallurgy, energy, chemistry, agriculture and new high-tech industries: national pro-
grams and projects for space exploration, aviation, biotechnology, telecommunications.

Industrial development relies heavily on the introduction of high-priority energy-saving technologies,
which are the key to creating world-class and above products. The application of key technologies should help
meet the country's priority needs in social, military, economic and other fields. The economic analysis of the
factors influencing the determination of priorities of technological development shows that the indicators of
the implementation of key technologies in the Ukrainian industry can be the following: the volume of budget
financing of scientific and technical works on the development of advanced technologies and determination of
priority directions of scientific and technological development; the volume of innovation costs; introduction of
new technological processes; mastering the production of new types of products; specific volumes of innova-
tion costs for the introduction of new technological processes.

Conclusions. Ukraine has the potential to accelerate economic growth and improve energy security. Energy
security is a key element of national security. Therefore, the Government of Ukraine is implementing strategic
reforms in the field of energy supply and strengthening energy security through the implementation of energy
strategies. Ukraine is expanding cooperation with the European Union, which will ensure the protection of our
country and create a competitive energy market and sustainable socio-economic development.

A key element of the modern economy is a powerful energy sector, the development of which is closely
linked to the progress of science and technology. Energy resources in combination with mechanical systems
provide technological innovation in all spheres of production, communication and society, which leads to
dominant economic growth and national security.
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l'inbopme Tersina BikTopiBHA, TOKTOp €KOHOMIYHMX HayK, NOIEHT, MPOBIJHWI HAyKOBWIl CIIBPOOITHHK,
JuinpoBcbkuil HarioHanpHuid yHiBepeuteT iMeHi Onecs [onwapa. Hakammpase Jlinis BajgentuniBHua, moxtop
TeXHIYHUHA HayK, CTapIIMii HAayKOBWH CIHIBPOOITHHK, MPOBIAHWNA HAyKOBHH CHIBPOOITHUK, J{HIMPOBCHKMIA
HanioHanbHUH yHiBepcuteT iMeni Onecs lonuapa. JIamenko Ipuna CepriiBHa, kanauaar (inoJoridHUX HayK,
TIOTIEHT, YKpaiHChKHI AepKaBHUHN YHIBEPCUTET HAyKH 1 TeXHOJOTii. OuinKa eHepreTHYHOI 0e3neKu YKpaiHu npu
BIPOBA:KEHHI TEXHOJIOTiii BiTHOBJIIOBAHUX JKepes eHeprii.

VY crarTi 10CHiIKEHO BU3HAYEHHS MOKA3HUKIB €()eKTHBHOTO OIIHIOBAaHHS CHEPTeTHYHOI Oe3nekn YKpaiHu mpu
BIPOBA/KEHH] TEXHOJIOTIH BIHOBIIOBAaHUX Jikepen eHeprii Ha ocHoBl SWOT ananizy. BuzHaueno npiopuTeTHicTh
BIPOBA/KEHHS TEXHOJIOT1H BUKOPHCTAHHS €HEepTil BiIHOBIIOBAHMUX JDKEPEN Ha HIBEIIOBAHHS 3arpo3 eHepro3ades-
nedeHHIo kpainu. OOTpyHTOBAHO HAYKOBO-METOMUYHUM IMiJX1 IO OI[IHIOBAHHS 1HHOBAITIMHOTO PO3BUTKY YKpaiHU
B CHCTEeMI €HEePreTHYHOi Oe3neKn 3 BUKopuctaHuaM MoaudikoBanoi moaerni SWOT anamizy. [lepeBaroro moneni €
KOMITaKTHICTh PO3pOOKH 3aBASKH BUKOPUCTAHHIO OJHI€T MIaTGopMul i ONepaTHBHICTh BUKOPHCTAHHS 3aBSKH Bifl-
CYTHOCTI HEOOX1THOCTI epe3aBaHTaKyBaTH J]aHl B CTICITIaTi30BaHy CHCTEMY. 3a JOTIOMOTOI0 (DpaKkTaIbHOTO aHATi3y
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moOyI0BaHO rpa(pquy iHTepIpeTalito 3icTaBieHHs koMnoHeHTiB SWOT ananisy npu 1HHOBaHII/IHOMy PO3BUTKY
Ykpainn B cucTeMi CHEPreTHYHOI oesmexu. OcoOIMBICTIO 3aHp0H0H0BaH01 MOJIEIi € Te, IO aHAIl3y MiJJIAI0ThC
JIaHi, 10 MAIOTh SIK SIKICHI, TaK 1 KUTbKICHI XapaKTepUCTHKU. BUIIIEHO 1T’ ATh CHJIbHUX XapaKTepUCTHK i3 HalO1b-
UM 3HAYCHHSM: BEJIMKHI 3amac MPUPOTHUX PECypCiB JUIsl Pi3HUX Tally3eil; BUTiJJHE TOProBelibHE reorpadiune
pO3TalllyBaHHS; 3MiHa BUJTy €HEprii (aJbTepHATHBHI) Ta ITOCTavYalIbHUKA; CIPUSIHHS BHYTPILIHIM pedopMam 32 yMOB
iHTerpaiii Mepex i3 €C; 3py4ne reorpadiuHe po3TairyBaHHs ISl PO3BUTKY €IEKTPOCHEPTeTUYHOT IIPOMHCIIOBOCTI.
Haiicna0ui xapakTepuCTUKK TaKi: MONITHYHA Ta COIliaibHA HECTAOLIbHICTh; BUCOKUH PiBEHb KOPYIIIIii; Mirparis
TPYJOBUX PECYpCiB Ha MOCTiIHHE MiCIle POKMBAHHS 32 KOPJIOH; BCTAHOBJICHHS BiMOBIIHUX TapuQiB, KoedirieH-
TIB JUIS TTATIPHEMCTB; 301UIBIICHHS BapTOCTi Ha eHepropecypcu. OTike, HAHIMOBIPHIIIMME MOKIIMBOCTSMH € TaKi:
IHHOBAIII{HE OHOBJICHHS BIJIIOBIHO JI0 CBITOBUX CTaH/ApPTIB; 3HAYHMH MMOTEHI[AJ 3alaciB HETPaULIHHOTO MPH-
poIHOTO razy (MeTaHy BYrUIbHHX POJOBHII, CIaHIIEBOTO, 0i0rasy MOINITOHIB TBEPAUX MOOYTOBHUX BiJIXO/IB TOIIO);
YIPOBAJPKEHHS CTUMYITIOBAIBHUX MOJIATKIB; PO3BUTOK BiIHOBIIOBAHUX JuKepen eHeprii. HaltneOe3meuHimi 3arpo3n
TaKi: 30BHIIIHS arpecis MocTavyaIbHIKa CHEPropecypeiB; BIAIUIMB iHBECTHIIIHHUX KaIliTaniB 3 YKpaiHu; coliaibHa
3arpo3a (BHCOKA aBapiiHiCTh BUPOOHHIITBA, CTPAWKH Ta 1HII MOXIIHBI aKilii MpoTecTy TomlIo). Ik BUCHOBOK, 3a-
MPOTIOHOBAHO 3IHCHIOBATH EKOHOMIYHHH aHai3 GpakTopis, M0 BIUIMBAIOTH HA BU3HAYCHHS TIPIOPUTETIB KITFOUOBUX
TEXHOIIOTIH B YKPAiHCBKIH MPOMUCIOBOCTI.
KurouoBi ciioBa: Oesneka, eneprozoepexenns, SWOT aHani3, iHHOBAILiSI, PO3BUTOK.
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