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Urgency of the research. Forming the energy policy of
the national economy on the basis of the energy security
concept will ensure making balanced management decisions
concerning the future energy development of the country.

Target setting. Both in the world and Ukrainian practic-
es, the most common approach to forming a model of ener-
gy security is based mainly on sources of energy supply.
However, such approach does not reflect the aggregation of
the complexity of the relationship in energy systems.

Actual scientific researches and issues analysis.
Problems of studying national energy security are highlight-
ed in works of such scientists as J. Jewell and A. Cherp,
A. Kachynskyi, B. Kruyt, A. Mikhalevych, B. Sovakul,
A. Shevtsov, A. Smenkovskyi, as well as of different interna-
tional organizations.

Uninvestigated parts of general matters defining.
The concept of energy security requires further consideration
in the context of a systems approach and its operationaliza-
tion at the methodological level.

The research objective is the conceptualization of en-
ergy security on the basis of a systems approach and its
operationalization using the 4E model.

The statement of basic materials. The article studies
the features of functioning of energy systems and proposes
a system concept of energy security. The authors suggest
considering the subsystems of energy supply, energy con-
version and energy consumption as its components, the
assessment of energy security of which at the methodologi-
cal level is performed using the corresponding system indi-
cators: energy dependency, energy efficiency and energy
conservation. The stable existence of an energy system is
ensured by such a component of energy security as energy
self-sufficiency. In the work, the approbation of the proposed
methodological approach to the assessment of energy secu-
rity in Ukraine has been carried out.

Conclusions. Energy security should be considered as
a system category, and its concept based on a systems
approach. The operationalization of energy security is based
on its assessment by means of the methodological approach
using the 4E model: energy conservation, energy efficiency,
and energy dependency, as well as energy self-sufficiency.
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EHEPFETUYHA BE3MNEKA
HAUIOHAJIbHOIO roCnoOAAPCTBA
HA OCHOBI CUCTEMHOI'O nigxoay

AkmyanbHicmb memu docnidxeHHsi. DopmysaHHs
HaujioHarnbHOI eHepaemuYHOI NosiimuKu Ha OCHO8I KOHUenu,i
eHepzemuyHoi 6e3neku 3abe3neyums MPUUHAMMS 38axe-
HUX yrpasiHCbKUX piueHb w000 malbymHb020 eHepaemu-
YHO20 PO3BUMKY KpaiHUu.

lNocmaHoeka npo6nemu. Y ceimosili ma ykpaiHcbKill
npakmukax rnowupeHum € nioxid 0o ¢hopmyeaHHs moderni
eHepz2emuYyHoi 6e3neku nepegaxHo 3a 0xeperiamu eHepao-
3abesrneyeHHs. OO0Hak, makul nidxi0 He ei0d3epkaroe ae-
peaysaHHs1 yciei ckrradHocmi 8i0HOCUH 8 eHepaocucmemax.

AHani3 ocmaHHix docnioxeHb i nybnikayid. Mpobre-
mMam O0CriOXeHHSI HauioHarnbHOI eHep2emuy4Hoi 6e3neku
npucesiyeHi pobomu makux Haykosuige fK k. [Dkyen ma
A. Yepn, A. KayuHcbkoeo, b. Kpytim, A. Mixanesuya,
b. Coesakyn, A. lllesyosa, A. CMEHbKOBCbLKO20, @ MaKox
PIi3HUX MiDKHaPOOHUX opaaHisauil.

BudineHHs HedocnidxeHuUx YacmuH 3a2asibHoi npo-
6nemu. [lompebye nodanbWo20 OCMUCIIEHHSI KOHUenuisi
eHepa2emuyHoi be3rneku 3 nosuyii cucmemHo2o nidxody ma i
onepauioHanizayisi Ha MemMoOUYHOMY PigHi.

MocmaHoeka 3aedaHHsi. Memoto uiei cmammi € KOH-
uenmyarnisauisi eHepeemu4Hoi 6e3rneku Ha OCHO8i cucmem-
Ho20 nidxody ma ii onepayjioHanisauis Ha OcHosi modeni
«4E».

Buknad ocHoeHoz2o mamepiany. [JocnidxeHo ocobru-
8oCcmi hyHKUiIOHY8aHHSI eHepeocucmeM ma 3arnporoHO8aHO
cucmeMHy KoHuenujto eHep2emuyHoi besneku. B skocmi
cknadosux asmopamu MporoHyemscsi po3dansidamu nidcuc-
memu eHep203abe3reyeHHsl, EeHep20repemeopeHHs ma
€Hep20CroXUBaHHS, OUiHKa sIKOCMi QDYHKUOHY8aHHS SIKUX
Ha MemoOuUYHOMY pigHi MPO8oOUMbCS 3a CUCMEeMHUMU iHOU-
Kamopamu eHep203arexHocmi, eHepeoeghekmusHocmi ma
eHepeao3bepexeHHs1. Cmarne icHysaHHs eHepaocucmemu
3abesrieyye maka cknadosa eHepeemuyHoi besrneku sK
eHepzodocmamHicmb. B pobomi nposedeHo anpobayiio
3arnpornoHo8aHo20 Memoou4YHo20 nidxody 00 OUIHKU eHep-
2emuyHoi be3sneku 8 YkpaiHi.

BucHoeku. EHepeemuyHa 6e3reka rnosuHHa po3eris-
damucs sk cucmeMHa Kamea2opisi, a ii KoHyenuiss basysamu-
ca Ha cucmemHomy nidxodi. OnepauyioHanisauis eHepze-
muyHoi 6e3neku crnupaemscsi Ha MemoOouy4Hul nidxid do if
OUIHKU Ha ocHoBi Moderi «4Ex»: eHepao3bepexeHHs, eHep-
20eheKmuBHicCmb ma eHep203asieXxHicmb, a MaKoX eHep-
2o000cmamHicme.

Knro4oei cnoea: eHepeemuyHa be3rneka; eHepeemuyHa
cucmema;  eHepeo3anexHicmb;  eHepaoehekmusHicmb;
eHep2036epexxeHHs.
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Urgency of the research. The energy component plays an extremely important role in ensuring
national security and sustainable development of a national economy. The uneven distribution of pri-
mary fuel and energy resources (PFERS), the difference in their economic value and technological
imperfection of equipment determine using various approaches to the formation of national energy
policies. An approach to shaping the energy policy based on modeling energy security is generally
accepted. However, the latter is considered a complex economic category, which reflects various as-
pects of the use of PFERSs in a national economy.

Target setting. The boundaries of energy security are rather blurred, which leads to difficulties in
measuring and shaping the main objectives of the state energy policy, as well as finding ways to en-
sure it. Traditionally, when discussing issues of energy security, attention is focused rather on sources
of energy supply than on the needs, interests that it is called upon to meet and the valuable effects it
should provide. The priority of goals of energy supply over those of efficient energy consumption de-
termines the current nature of national energy solutions in the policies of most countries: the search for
new importing suppliers, diversification of supply routes, getting discounts from the market price for
energy resources, etc. However, this approach does not bring down the urgency of the problem of en-
ergy security but only substitutes it with issues of ensuring reliable energy supply. The conceptualiza-
tion and operationalization of energy security should be aimed at defining the boundaries of this con-
cept in order to eliminate “overlaps” between the goals of the energy security policy, sustainable de-
velopment, and economic efficiency as well as at the development of an effective methodological ap-
proach to its assessment.

Actual scientific researches and issues analysis. Presently, the research of problems of energy
security are highlighted in works of leading foreign and Ukrainian scientists, namely, J. Jewell and
A. Cherp [1], A. Kachyns’kyy [2], B. Kruyt [3], A. Mikhalevych [4], B. Sovacool [5], A. Smenkovskyi [6],
and others. At the same time the problem is of concern to different international organizations: the In-
ternational Energy Agency, the World Energy Council, the World Bank, the United Nations, European
Commission, and others [7-18]. However, it can be objectively stated that there are no effective mod-
els of energy security that are capable of ensuring counteraction to negative factors.

In the scientific literature there are two theoretical and content approaches to the definition of the
concept “energy security”, namely its interpretation as the uninterrupted supply of energy and energy
carriers [1]; uninterrupted satisfaction of energy demand in the context of sustainable development [12].

Central place among the presented theoretical approaches is occupied by the concept of uninter-
rupted energy supply, which has contributed to the development of all other theoretical directions, with
the focus remaining on sources of energy supply and uninterrupted energy supply. The initial defini-
tion, which gave impetus to the development of the whole spectrum of scientific research on this sub-
ject, is its interpretation by the International Energy Agency (IEA) as “the uninterrupted availability of
energy sources at an affordable price”. However, today the IEA’s main focus in studying the issue of
energy security is on risks related to “energy sources and infrastructure for their provision”, which em-
anate from various natural, economic and political factors [7]. The most complete in this group is the
definition proposed by the World Energy Council (WEC) which, by energy security, means “effective
management of primary energy supplies from internal and external sources, the reliability of the ener-
gy infrastructure and the ability of energy suppliers to meet current and future demand” [14]. A com-
mon characteristic of the first group of definitions is the understanding that an increase in the relative
level of energy deficit is the main problem of (threat to) energy security, and for the implementation of
energy security policies a balance between the interrupted supply of certain types of energy and the
level of prices for them is necessary.

The second approach defines energy security in the context of the dominant scientific paradigm of
sustainable development. In a number of definitions, references to economic, social or environmental
constraints can be found. Most completely the concept of energy security in the context of sustainable
development is disclosed in documents of the European Commission (Green Paper of Commission of
the European Communities 2000 [18]), in which the concept acquires the following meaning: “ensur-
ing the well-being of its citizens and the proper functioning of the economy, the uninterrupted physical
availability of energy products on the market, at a price which is affordable for all consumers (private
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and industrial), while respecting environmental concerns and looking towards sustainable development”.

In the official documents of Ukraine there reflected a transition from the first to the second ap-
proach, and from 2013 the concept of energy security already implies ensuring sustainable develop-
ment: “the economic situation that contributes to the efficient use of the country’s energy resources,
availability of a sufficient number of energy producers and suppliers in the energy market, as well as
accessibility, differentiation, and environmental compatibility of energy resources” [19; 20]. Although
the new understanding of this term points to the importance of the environmental component of energy
security, it still focuses on energy sources (suppliers and energy producers), placing energy consump-
tion beyond the scope of energy security: energy security only facilitates the efficient use of PERs.

Summarizing the carried out analysis, it can be noted that all the interpretations of this concept explic-
itly or implicitly include the idea of counteracting dangers that affect the uninterrupted energy supply. The
variety of the available interpretations is determined by a number of limitations, filters of complexity,
which are proposed to measure the security or risk of changes exclusively in the field of energy supply.

Uninvestigated parts of general matters defining. The problems of studying energy security be-
come even more complicated at the methodological level. Thus, in the process of operationalization of
energy security most scientists and scientific institutes do not consider the interrelation between the
conceptual scheme and its methodological tools, offering an intuitive list of indicators presented by the
local criteria for measuring energy security [1-6]. This work proposes to develop a systems approach
to studying energy security at the conceptual level and provide its operationalization at the level of
methodological support.

The research objective is the conceptualization of energy security on the basis of a systems ap-
proach and its operationalization using the 4E model: energy conservation — energy efficiency — ener-
gy dependency — energy self-sufficiency.

The statement of basic materials. Studying the problems of energy security should be built on
understanding the philosophical aspects of the phenomenon “security”’, which can be defined by the
following:

— there are several empirical approaches to understanding security: as a state of protection from
threats, as a specific activity, as certain states [21], but they cannot be considered as theoretical (gen-
eral and universal) ones;

— not all needs are an object of security, but only those that are an attribute of the existence of
subjects of the system and security itself, and are realized through their activities, i.e., interests;

— security is represented as a set of interrelations between subjects that are in a certain hierar-
chical (vertical) structure of the system (individual — society — nature), and at the same time these
relations are horizontally ordered (agreed);

— security of the system is determined by the actions of its individual elements but is undivided be-
tween them (“security for oneself through security for all”): “security of the system is equivalent to the
safety of its weakest element” [23; 24];

— the concept of security is built on the laws of dialectics.

This allows to give our own empirical understanding of the concept “security” at the philosophical
level as a state of an open system that ensures its existence and guarantees satisfaction of interests
of its elements, as well as actions aimed at its (state) achievements. The presented definition proves
the idea of the authors that security should be considered as a system concept. The methodology of
its investigation can and should be built on the general system theory (L. von Bertalanffy [25]), the via-
ble system theory (S. Beer [26]).

Traditionally, when investigating energy security problems, its certain components (blocks) are sin-
gled out: energy dependency, energy efficiency, price volatility, energy availability, environmental sus-
tainability, energy equality, etc. [1-6]. However, this approach seems to be not well grounded and thus
ineffective and does not lead to weighty results and conclusions. Therefore, in this paper, it is pro-
posed to replace the block approach with the systems one based on the structure of the energy sys-
tem itself, whose elements serve a basis for further assessment of the energy security indicators.

The basis of the system concept of energy security is energy systems and the relationship between
their individual elements concerning the satisfaction of energy interests. This brings us to understand-
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ing by objects of energy security the attributes of the energy system and energy interests of its ele-
ments (Fig. 1).
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Fig. 1. Problem field of objects of energy security (developed by the authors based on [21; 22; 24])

The problem field shown in Fig. 1 allows to put forward the author’s empirical definition of the con-
cept “energy security”, which refers to the state of the energy system that ensures its existence and
development, which guarantee satisfaction of energy interests of its elements as well as actions aimed
at achieving it.

A simple open system model, proposed by L. von Bertalanffy [25] is considered acceptable for
studying problems of energy security systems. The energy system represents an open system that is
part of, first, a higher-order energy system (external energy system); second, a more complex socio-
economic system, and, third, an ecosystem (nature). The resources applied in the energy system are
components of the socio-economic system (technology and human resources, information, etc.),
PFERs, which the energy system itself removes from the ecosystem. PFERS, which give components
of a higher complexity that represent the result of vital activity and are estimated as economic benefits
introduced into the socio-economic system, are subject to conversion. At the same time, waste and
emissions are dumped to the ecosystem from the energy system.

Based on S. Beer’s Viable System Mode (VSM), all energy systems are considered recursive [26]:
i.e., each energy system is part of itself and at the same time contains other viable / recursive systems
(subsystems for energy supply, energy conversion and energy consumption), and it is part of a viable
high-level system (socio-economic one, which is itself part of the ecosystem).

System decomposition implies the determination of subsystems and individual elements. The mod-
el of the structure of the energy system depends on the level at which the breaking down is stopped.
As a result of the decomposition of the energy system considered in this work, there singled out sub-
systems of energy supply, energy conversion and energy consumption (Fig. 2).

It is the combination of the systems of energy supply, energy conversion and energy consumption
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that allows to consider the uninterrupted energy cycle that includes such stages of conversion of
PFERSs: extraction of PFERs — conversion of PFERSs to energy and energy carriers — consumption of
energy and energy carriers. Application of this approach within the framework of the system concept of
energy security allows achieving significant results in reducing consumption volumes. Thus, the con-
servation of energy and energy carriers in the subsystem of energy consumption provides additional
savings for the entire energy system: expenses of the energy conversion subsystem and costs of ex-
tracting PFERSs in the energy supply subsystem decrease.

v I

Subsystem of energy Subsystem of energy Subsystem of energy
supply conversion consumption

A

Elements:
energy
consumers

Elements:
producers of
PFERs

Elements:
energy sector

Fig. 2. Simplified model of the energy system structure

It can be noted that a specific feature of the energy system is that each element of the energy sup-
ply subsystem can potentially be transformed in the energy conversion subsystem to any type of ener-
gy and energy carriers, and at the same time used as raw materials and materials in the non-energy
sphere of the energy consumption subsystem. For example, coal can be transformed into electricity,
used to generate heat energy, consumed as boiler-stove fuel from which synthetic motor fuels can be
obtained, or used as raw materials for non-energy consumption in the chemical industry. The direction
of energy flows in a particular energy system is determined by its existing production and technological
base, and, therefore, the strengthening of energy security is associated with its development.

Measurement of energy security should be carried out in the order reverse to the movement of en-
ergy flows in the energy system: from the subsystem of energy consumption to the subsystem of en-
ergy conversion, and then to the subsystem of energy supply. Thus, changing the block approach to
the systems one leads to a new understanding of components of energy security, which should be
presented by energy subsystems (Fig. 3). Thus, the presented systems approach to studying energy
security problems gives rise to a new methodological approach to its assessment, based on analysis
of indicators of subsystems of an integral energy system.

The problem of energy security is considered in the context of market relations in open energy sys-
tems, although issues of energy security are not limited to the market issue. The central place in ener-
gy security is occupied by the issue of ensuring satisfaction of energy interests, since all dangers have
a negative impact on satisfaction of interests of its elements and their existence (Fig. 4).

In this case, satisfaction of energy interests is possible through balancing energy supply and de-
mand. This paper emphasizes the fundamental importance of harmonization of the subsystems of en-
ergy supply, energy conversion and energy consumption in contrast to traditional approaches based
on consideration of sources for satisfying energy demand in the required quantity and at affordable
prices. Ensuring energy security means achieving such a state of the energy system when its subjects
are aware of the effective level of their own energy consumption, which ensures their functioning in the
chosen mode of operation and promotes their development, while energy producers are able to satisfy
energy interests in the required quantity and of a proper quality.
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Fig. 3. System components of energy security

At the same time, prices act as regulatory links that determine the behavior of entities: limit their
unreasonable needs, and transform the reasonable needs into energy interests.
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Fig. 4. Economic model of the energy system functioning

T 84

Khaustova V. Ye., Salashenko T. I, Lelyuk O. V. Energy security of the
national economy based on a systems approach (D) ev-re |



HaykoBuii BicHuk MNoniccst Ne 2 (14), 4. 1, 2018 Scientific bulletin of Polissia Ne 2 (14), P. 1, 2018

EKOHOMIKA TA YTIPABJIIHHA HALIOHAJIBHUM rOCIIO4APCTBOM

The operationalization of the systems approach to the study of energy security issues involves the
development of a methodological approach to its assessment at the national level. The identified sub-
systems of energy security make it possible to propose three system indicators that will reflect the
state of their functioning and development:

— for the subsystem of energy consumption, it is expedient to use the integral index of energy con-
servation, which determines the technological progressiveness of the final energy consumption;

— for the energy conversion subsystem, there used the integral index of energy efficiency, which re-
flects the property of an economic system for efficient conversion of PFERs (both domestic and im-
ported ones) to other types of final energy;

— for the subsystem of energy supply, the integral index of energy dependency is used, which is
measured as the level of dependency from the monopoly import of PFERs and their derivatives in the
total amount of their primary supply of the country.

The presence of abrupt externalities, inherent in the current stage of development of ecological
and socio-economic systems, necessitates the artificial introduction of a separate integral index of en-
ergy self-sufficiency, which characterizes the minimum attributes of the energy system necessary for
its existence.

Thus, the 4E model, which consists of such components as energy conservation (EC), energy effi-
ciency (EE), energy dependency (ED) and energy self-sufficiency (ES), is based on the author’'s meth-
odological approach to the assessment of energy security of a national economy. All components of en-
ergy security are equivalent, i.e., they have the same importance for security of an energy system.

Further we present the main results of studying the assessment of these four system indicators.

The integral index of energy conservation is intended to characterize the gap in the trends in the
volumes of economic activity and energy consumption. While for the dynamics of economic activity a
growing trend is desirable, the dynamics of energy consumption should reflect a decline or a stable
trend. The comparison of these two trends (the gap between the two indicators) allows to determine
the progressiveness of the final energy consumption.

Thus, the energy conservation index for a particular type of economic activity is calculated as the
difference between the volume index of production and the energy consumption index. Negative val-
ues of this indicator and its regressive dynamics are considered a positive characteristic, i.e., the in-
crease in the volumes of economic activity should outstrip the dynamics of energy consumption. The
integral index of energy conservation (EC) is proposed to be calculated by the formula (1):

EC =Y¥N.,y, x (IFEC;— VIP), (1)

where y; — specific weight of the i sector of the economy in the inter-sectoral balance;
IFEC; — index of final energy consumption of energy resources by the relevant sector of the
economy;
VIP; — volume index of production the relevant sector of the national economy.
The calculation of the integral index of energy conservation (reference value is equal to 1) implies
the standardization of local contributions to the achievement of the national target and is presented in
Tab. 1.

Table 1
Estimation of energy conservation indices in the national economy of Ukraine

Indicator 2010 2011 2012 2013 2014 2015
Volume index of production 105.2 111.8 112.4 111.6 103.8 93.9
Index of final energy consumption 109.5 102.5 96.4 95.1 92.7 78.9
Weighted index of energy conservation -0.1 -3.7 -3.7 1.2 -4.3 -5.9
Standardized index of energy conservation 0.003 | 0.186 | 0.184 | 0.000 | 0.216 | 0.295
Integral index of energy conservation 0.295
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The traditional way of the assessment of energy efficiency is calculating the ener-
gy conversion efficiency (ECE), which is the ratio of amount of final energy produced to amount of
PFERs in energy terms. In this research, energy efficiency is understood as the economic energy con-
version efficiency (EECE), which takes into account not only the amount of energy consumed and
produced but also the cost of final energy and PFERs used for its production, and can be calculated
by the formula (2):

Output;;  Pricej
X —

EE = EECE;; = )

Input;;j Price;

where Output;; — output of the | type of final energy of the i" type of PFERS;

Input;; — consumption of the i type of PFERSs for producing the jth type of final energy;
Price; — market price for the i" type of final energy;
Price; — market price for the i"" type of PFERSs.

The expediency of applying this index is justified by the different economic value of both PFERs
and final energy in energy terms.

The calculation of the integral energy efficiency index requires consideration of the structure of
consumption of PFERSs for their conversion into final types of energy and standardization of the values
of economic energy conversion efficiency (EECE) in terms of priority of their use for the production of
certain types of final energy (Tab. 2).

Table 2
Economic energy conversion efficiency of PFERs in 2015
Economic energy conver- Structure of PFERs Standardized values
Indicator sion efficiency (EECE) for conversion of EECE
CrO | NG Cc Bio | CrO | NG Cc Bio | CrO | NG Cc Bio
$ $ g EE 0.37 | 064|116 | 0.77 | 0.08 | 0.42 | 0.96 | 0.94 | 0.13 | 0.22 | 0.40 0.26
=0T E
z SS TE 0.63 | 1.16 | 1.74 | 1.40 | 0.04 | 0.58 | 0.04 | 0.06 | 0.13 | 0.24 | 0.35 0.28
233
2 g ) MF 1.03 [ 058|057 |0.14|088| - - - 1045|025 0.25 0.06
EE of the i" type of
PEERS 0.41 | 0.23 0.39
Structure of PFERs 0.12 | 0.29 0.57
Integral index of EE 0.34

CrO — crude oil; NG — natural gas; C — coal; Bio — biofuel; EE — electrical energy; TE — thermal energy; MF —motor fuel

The economic interpretation of local values is as follows:

1) if its value is greater than 1, then the technology is considered efficient, and it is expedient to use
the i type of PFERs and produce the jth type of final energy;

2) if the value of this index is less than 1, this corresponds to the situation when less than 1 mone-
tary unit of final energy is produced per monetary unit spent on consumption of PFERs and such use
of PFERs is considered inefficient;

3) among the several technologies for production of the jth type of final energy, the most efficient is
the one for which the value of the economic energy conversion efficiency (EECE) is higher.

Energy dependency is measured as the level of dependency from the monopoly import of PFERs
and their derivatives in the total volume of their primary supply of the country and can be calculated by
the formula (3):

Import;
TPES;

ED =100 — ¥¥,y; X X Bi X 100%, ©)

where y; — specific weight of the i txpe of PFERs in the energy balance;
Import; — total import of the i"" PFERS;
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TPES; — total primary energy supply by the it type of PFERS;
Bi — share of the monopoly importer in the total volume of imports of the i type of PFERs.

The standardization of this index implies its comparison with the national boundary values, on the
basis of which a monopoly position in the market is determined. The calculation of the level of
Ukraine’s energy dependency is presented in Tab. 3.

Table 3
Energy dependency of the national economy in 2015
Indicators C CrO OoP NG Bio
Production, ths toe. 17423 2618 - 14814 | 2606
Import, ths toe. 9940 238 7887 13288 30
Export, ths toe. -487 -22 -90 0 -539
Net import, ths toe. 9453 216 7797 13288 | -509
Total supply of primary energy, ths toe. 27344 2851 7700 26055 | 2102
Energy0 dependency by types of fuel and energy re- 0.36 758 10126 | 51.00 |-24.22
sources, %
Specific weight of the i type of PFERSs in the total energy]
balance, % 30.4 3.2 8.5 28.9 | 23
Share of the dominant import, % 54.3 99.9 46 37.3 81.9
_ The country of origin of the imported FER by the dominant Russia | Kazakhstan | Belarus | Russia |Turkey
importer
Energy dependency on monopoly imports, % 19.74 8.34 47.12 19.02 | 1.17
Energy independency on monopoly imports, % 80.26 91.66 52.88 | 80.98 |98.83
Standardized values of energy independency from
monopoly imports, % 0.436 0.762 0.000 0.457 | 0.967
Integral index of energy dependency 0.3111

C — coal; CrO —crude oil; OP — oil products; NG — natural gas; Bio — biofuel

Assessment of the energy self-sufficiency of the national economy involves calculating the coun-
try’s minimum energy demand (MED) for corresponding types of PFERSs in the event of an emergency,
that is, necessary to maintain the existence of the energy system. The MED is calculated on the basis
of the necessity to cover 100 % of the vital needs (food, agriculture, living conditions of the population,
public services) and 25 % of the needs of other types of economic activity (mining, processing industry
and construction) in the final types of energy (electricity, heat energy, motor fuels, as well as final con-
sumption of natural gas and solid fuels).

The assessment of the MED level is based on a retrospective analysis of the annual energy bal-
ance in the corresponding areas of final energy consumption (Tab. 4):

Output;+Stocks;

ES = X vi X =0

X 100% (4)
where y; — specific weight of the i supply of PFERSs in the energy balance of the country;

Output; — total output of the i"" type of PFERS;

Stocks; — available stocks by the i type of PFERSs at the beginning of the year;

MEDi — minimum energy demand by the i type of PFERs.

The recalculation of the level of final energy consumption to the level of the demand for primary
fuel and energy resources is carried out taking into account the highest level of the actual ECE by the
spheres of energy conversion: crude oil-> motor fuel (0.54), coal — electrical energy (0.32); natural
gas — a) natural gas (is not converted); b) thermal energy (0.75); others — others (are not converted).
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Table 4
Estimation of the minimum energy demand (MED) in 2015
Type of final energy
Indicator Sphere of use EE TE NG ME Otr}ers Total
Annual energy Food industry 350 740 165 114 28 1397
demand, ths toe. Agriculture 287 212 129 1300 28 1956
Household sector 2874 3184 9083 14 1400 16555
Transport 585 0 1572 6554 38 8749
Public services 1878 1560 195 92 113 3838
Extractive industry 844 75 293 276 2 1490
Process industries 3039 2049 2279 269 5622 13258
Construction 64 16 25 155 3 263
Total 6961 6231 11793 8249 3014 36248
CrO 0.54
ECE NG 0.75 1
C 0.32
Bio
Minimum demand cro 15276 15276
for PFERSs, ths NG 8308 | 11793 20101
toe. c 21753 1392 | 23145
Bio 1622 1622

EE — electrical energy; TE — thermal energy; NG — natural gas; MF —motor fuel
! - biofuel, wastes and coal

The level of energy self-sufficiency of the country is calculated as the ratio of the minimum demand
for PFERs to annual production level and stocks available at the beginning of the year using formula
(4) and is presented in Tab. 5.

Table 5
Energy self-sufficiency of the national economy in terms of PFERs
Annual Ene_rg_y General _Specific Standardized
PEERS MED, output se_lf-suffluency Stocks, energy W(_alght of the values of
put, th
ths toe. ths toe in terms of ths toe. _ s_elf- i energy energy self-
’ output, % sufficiency, % resource, % sufficiency
CrO 15276 2037 13.3 821 18.7 0.16 0.1306
NG 20101 14814 73.7 10755 127.2 0.394 0.8882
C 23145 11688 50.5 2050 59.4 0.414 0.4144
Bio 1622 2323 143.2 — 143.2 0.032 1.0000
Total 60144 30862 280.7 13626 82.28 1 0.574

The general level of energy security of the country is calculated as the average of its four compo-
nents, since all the components are equivalent, and is equal to 0.381 (Fig. 5).

Thus, the integral index of energy security is boundary with its value being between the crisis and
the pre-crisis state (on the Harrington’s desirability scale). The subsystem of energy consumption is
characterized by the lowest value (the energy conservation index is 0.295), which indicates the fuel
and raw materials orientation and technological backwardness of the national industry. The energy
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component has reached its highest level (energy self-sufficiency index is 0.574) due to the surplus
production of solid PFERs and the presence of significant stocks of natural gas in storage facilities.

Energy efficiency
1

Energy self-sufficiency Energy conservation

0.295

Energy dependency
Fig. 5. Profile of energy security of Ukraine in 2015

Conclusions. The conceptualization of energy security shows that it should be considered on the
basis of a systems approach. The principal assertions justifying its system concept are as follows:

1) objects of energy security are the attributes of an energy system and energy interests of its ele-
ments;

2) energy security is considered as the internal state of the energy system;

3) import and export are a priori regarded as entropy processes presenting dangers for its integrity
and existence;

4) assessment of energy security should be based on qualitative and quantitative characteristics of
its subsystems: energy supply, energy conversion and energy consumption;

5) measurement of energy security is carrying out in a reverse order in relation to the direction of
movement of energy flows in the energy system: security of energy consumption — security of energy
conversion — security of energy supply.

The operationalization of energy security is based on the development of a methodological ap-
proach to its assessment by subsystems of energy consumption, energy conversion and energy sup-
ply, for evaluation of which three system indicators have been proposed: indicator of energy conserva-
tion, energy efficiency and energy dependency. To determine the attributes of the energy system that
support its existence, energy self-sufficiency is additionally introduced to the composition of these indi-
cators.

The approbation of the proposed methodological approach to the Ukrainian energy system has al-
lowed to conclude that its current level is low.
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