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Abstract:

In this paper, an attempt is made to determine the state of energy independence of the Republic of Uzbekistan

based on the methodology for calculating the integral indicator of energy security using a multi-criteria
analysis of decisions for the period 2018-2020 and energy security indicators selected by the Energy Security
Concept of the Republic of Belarus, and the results were compared with the values of energy security
indicators of the Republic of Belarus for the same period.

1 INTRODUCTION

In the light of recent events taking place in the world,
the next energy crisis has descended, which also
affected the process of global energy transition, the
base of which is renewable energy sources (RES) and
«Carbon Zero» (Word Energy Outlook, 2022). In this
context, the issues of energy security of both the
whole world and individual states come out on top
and require joint efforts to develop a whole range of
solutions to the problems that have arisen with its
provision, which in turn contribute to ensuring
sustainable energy development.

According to the authors (Zoryna, Prusov, 2022),
«...sustainable energy development is the process of
developing a system capable of self-regulation in
order to achieve regional energy security with the
rational use of energy resources, ensuring social
equality in access to energy services and preserving
the environment in conditions of uncertainty, and
characterizes not only the functioning of the energy
sector of any territorial unit, but in in general, it
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determines the directions of development of the
economy of this territory and its social sphere».

Within the framework of long-term forecasts for
the development of energy sector, energy
conservation and energy efficiency measures play an
important role, which contribute to reducing the
demand for energy development and improving
environmental problems. These measures, in turn, are
included in the list of key factors affecting the level
of energy security (ES) of the state.

One of the main foundations of the fourth energy
transition is the process of decarbonization in the
energy sector, for which the world has already
achieved positive results, countries are adopting goals
and objectives to reduce greenhouse gas emissions
and achieve carbon neutrality. For example, the share
of renewable energy in electricity production in Spain
is increasing every year, so if in 2019 this figure was
equal to 37.5%, in 2020 it was 44%, and in 2021 it
reached 46.6%, which in turn contributes to achieving
climate neutrality by 2050 according to the Law
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adopted in the country on climate change and the
transition to clean energy (Sorman, et al., 2020).

However, the energy transition should not be
considered only by one fundamental factor, there is a
place to explore the course of development of other
elements — strengthening the energy efficiency of
energy systems, as well as their decentralization and
digitalization. A comprehensive study of all the
elements that make up the energy system and the
mechanisms of its development contributes to
determining the state of energy independence or self-
sufficiency of the state, identifying existing problems
and ways to solve them for its further development,
which is relevant in the light of current political
events.

In this paper, an attempt is made to determine the
state of energy independence of the Republic of
Uzbekistan based on methodology for calculating the
integral indicator of ES using a multi-criteria analysis
of decisions for the period 2018-2020 (Stirling, 2010)
and the ES indicators selected by the Republic of
Belarus, as well as the results obtained were
compared with the values of indicators of the energy
security of the Republic of Belarus for the same
period.

It is worth noting that there are numerous
methodologies for calculating ES, since ES itself is
also dynamic, and the prospect may depend on the
analyzed time period. In this connection, analysts
studying longer periods of time tend to prefer stability
rather than profitability (Hippel et. al., 2011)

Another tool used to support decision-making is
multi-criteria analysis, which can be used to analyze
both qualitative and quantitative aspects, in order to
account for uncertainties in the knowledge of the
development of exogenous parameters (Sterling,
2010), as well as to prioritize technological options
and formulate a reliable development strategy (Li
et.al., 2009).

As noted in (Manssona et.al., 2014), since the
methods complement each other, having different
strengths and weaknesses, there is no one that would
always be the best option and the suitability of a
particular method depends on the research question.
An option to bridge the gap between different
assumptions and scientific fields and simultaneously
improve current estimates may consist in combining
various methodologies, for example, by checking the
system’s response to both price volatility and physical
failures (Manssona et.al., 2014).

Based on the above, in (Zoryna, Popov, 2020)
have developed a methodology for multi-criteria
analysis of solutions, including the use of multifactor
value theory, for application to the task of ES

assessing, which takes into account the indicators of
assessing the energy independence of the state,
sustainability, reliability, adaptability  and
transformability of the energy system, as well as the
diversification of suppliers and types of energy
resources, energy efficiency of final consumption of
fuel-energy resources, and economic sustainability of
the fuel-energy complex.

Energy system of the Republic of Belarus is a
stable technological complex that provides reliable
and uninterrupted supply of energy to consumers of
the country (Mikhalevich, Grebenkov, 2022). The
energy system is currently continuing work on
updating and improving the efficiency of production
assets, as well as improving the reliability of energy
supply to consumers. Along with the modernization
of fixed production assets and the introduction of new
highly efficient generating capacities, systematic
work is being carried out to reduce the costs of
production, transmission and distribution of energy.
The most important project for the energy complex of
the Republic of Belarus remains the operation of the
Belarusian Nuclear Power Plant (Belarusian NPP),
which is essential for the development of not only the
energy sector, but also the entire economy of the
country (Report of SPA “BelEnergo”, 2022). The
country has adopted the Energy Security Concept
(2015), which defines the strategy of energy
development of the Republic of Belarus for the long
term (Resolution of CM of Belarus, 2015). According
to the Concept, ES refers to the state of protection of
citizens, society, the state, and the economy from
threats of shortages in providing their energy needs
with economically affordable energy resources of
acceptable quality, from threats of disruption of
uninterrupted power supply. This Concept uses a
methodology for assessing the level of ES by
comparing the actual values of 11 indicators grouped
into 4 blocks by year with their threshold limit values.

In Table 1, it can be seen the planned and factual
values of ES indicators of the Republic of Belarus,
calculated according to this methodology. As can be
seen from the data presented in the table, in 2018-
2019, some indicators have already reached the
planned value, envisaged in 2020. These are the
indicators of blocks of Energy sufficiency, Reliability
of supplies, reservation, processing and distribution
of fuel-energy, energy efficiency of final
consumption of fuel-energy resources and economic
sustainability of the fuel-energy complex of Belarus.

Republic of Uzbekistan is one of the few countries
that fully meets its needs at the expense of its own
energy resources, with proven reserves of energy
carriers — 3 billion tons of coal, — 1.1 trillion cubic



meters of natural gas and — 590 million barrels of oil
(IEA Reports, 2020). Power system of Uzbekistan
includes 11 heating and power plants, the total

capacity of which is 2,825 MW and 28 hydro-power
plants with a capacity of 1,850 MW (Allaev, 2021).

Table 1: Planned and factual values of ES indicators of the Republic of Belarus.

Threshold Indicator values by year
Blocks Indicators levels 2015 | 2015| 2018 | 2019 | 2020 | 2020 | 2025 | 2030 | 2035
N C p f p f p f p f p
I1. Ratio of primary energy 14 | 14 | 155 | 165 | 16 |171 | 17 18 | 20
production (extraction)
volume to gross 30 16
consumption of fuel-energy c c c c P P P P P
resources, %
BL. . 12. Ratio of production
Enenrgy sufficiency (extraction) volume of 5 5 6.2 1 6 74 ! 8 9
primary energy from 14 5
renewable sources to gross
consumption of fuel-energy c c P P P P P P P
resources, %
I3. Share of the dominant 90 | 90 | 99,3 | 996 | 85 | 931 | 80 | 75 | 70
supplier of energy resources 65 85
B2. Diversification of | ™ the total imports of ftlel C C c C C c ) ) p
suppliers and types of and energy fesources, %
energy resources 14. Share of dominant type 60 | 60 | 621 |622 | 57 |591 | 55 52 | 50
of fuel in the gross 50 70
consumption of fuel-energy p p p p p p p p N
resources, %
15. Ratio of total installed 160 | 160 | 169 | 169 | 160 [1688 | 155 | 150 | 145
capacity of power plants
to maximum factual load | 140 | 95
in the power system P P N N N N N N N
(redundancy), %
16. Share of accumulated 46 |46 | 46 |587 | 43 | 608 | <45 | <45 |<d5
depreciation in the initial
cost of fixed assets of fuel- | 45 75
energy sector organizations, P P N P N P N N N
%
17. Ratio of investments
B3. volume in fixed assets 7 7 7 7 7 7 | 65 | 65 |65
Reliability of invested in the
supplies, reservation, development of the fuel- 6 4
processing and energy sector to initial
distribution of fuel- cost of fixed assets of N N N N N N N N N
energy resources fuel-energy sector
organizations, %
I8. Share of the dominant 90 |90 | 91,1 |907 | 70 |857 | 60 | 50 |<50
energy resource in the 50 80
production of heat and C C c C C c p N N
electricity, %
?Ai@aﬁllt[jn?;;?i?;g@gre <05 |05 | 05 02 [ 04 |03 |04 04 |04
supply failures of 05 2
settlements per year to '
total number of N N N N N N N N N
settlements, %
B4. Energy 110. Energy intensity of 238 |238 | 18,7 | 178 | 152 | 15 | 136 | 12,2 |10,3
efficiency of final GDP, kg. of coal 6,2 | 30,6
consumption of fuel- /thousand US dollars P P P P P P P P P
energy complex and
economic 111. Ratio of cost of 5 - 20 20 16,3 | 15,4 19 11 18 17 15
sustainnability of energy imports to GDP, % P P N N P N p P N
fuel-energy complex




* “p” —planned; “f’—factual; “N” —normal;

The main goal of the energy policy and the highest
priority of the development of the electric power
industry for the period up to 2030 and beyond,
determined by the state, is sustainable energy supply
of economic growth and improving the quality of life
of the population based on the most efficient use of
the existing production and scientific and technical
potential of the industry.

In recent years, by the Government, in order to
achieve a high level of ES, attention is paid to
development of energy through diversification,
decentralization, decarbonization and digitalization —
introduction of modern energy-efficient and energy-
saving technologies into the countryss energy sector
(Minutes, 2022), further development of renewable
energy, development of nuclear energy, development
of coal industry production efficiency and regulation
of water resources consumption, improvement of the
environmental situation in the energy sector,
development of Earth sciences and improvement of
the organization of geological exploration to increase
oil and natural gas production, etc.

A Comprehensive program for further improving
the energy efficiency of economic and social sectors
was approved, within the framework of which a
«Roadmap» for further improving the energy
efficiency of economic and social sectors was
approved; measures for uninterrupted supply of
energy resources to social facilities, as well as
reducing energy consumption through the phased
installation of energy systems based on renewable
energy sources, improving the thermal protection
system of buildings, installation of two-chamber and
energy-efficient window units. According to the
instruction of the President of the country, as part of
a video conference call on expanding the use of
renewable energy, held on June 10 this year, in order
to increase the share of renewable energy to 25% in
the total electricity production in the country by 2030,
the need to expand the use of renewable energy in
residential buildings, enterprises, Kkindergartens,
schools and hospitals was indicated (Minutes, 2022).

The country is also taking active steps to reduce
GHG emissions — the Paris Climate Agreement was
ratified in 2018. As part of the Strategy for the
Transition to a «Green economy» (Strategy of green
economy, 2019), adopted in 2019, as well as during
the Conference of the Parties-26, held in Glasgow
(UK) in November 2021, the Government increased
its previous commitments to reduce GHG emissions
from 10 to 35% by 2030 per unit GDP from the level
of the base 2010.

“C” — critical; “P” - pre — critica

According to experts, in recent years, more and
more investments have been invested in the fuel-
energy sector of the Republic of Uzbekistan, in
particular, within the framework of 57 investment
projects in the fuel and energy sector, investments
worth 1,510.6 million dollars (111.1 percent of the
forecast) have been mastered, of which foreign
investments — 330.8 million (131.8) (Babajanov,
2020).

All of the above measures affect the final result of
achieving energy independence of the country, and in
this document the authors assess the energy
independence level of the Republic of Uzbekistan.

2 METHODS AND MATERIALS

One of the latest trends in the evaluation of complex
systems is the use of integral indices that allow us to
characterize the state and/or stability of the
development of the system [Densham, Goodchild,
1989, Malczewski, 2006). The unsatisfactory value of
any indicator or evaluation area of the system can be
compensated by an acceptable value of other areas or
indicators, which will be reflected in the value of the
integral index. A similar approach can be used to
evaluate the energy security of the system with one
complex indicator. Based on the existing indicators,
it is possible to develop an integral indicator, the
value of which will describe the power system
comprehensively, from different sides.

Authors, as a result of the research of multi-
criteria analysis methodologies, made the following
conclusions:

- Most of the scientific and practical tasks of a
managerial and economic nature are solved by
modern methods based on multi-criteria analysis of
solutions such as MCDA, multiple attribute decision-
making and others (Project Report, 2018, Chakhar,
Martel, 2003).

- MCDA methods can be applied to a time series
of states of a developing system.

- The assessment of a country’s ES can be
considered as a solution to the problem of analyzing
a system characterized by many criteria or, in other
words, factors or indicators. Changing these
indicators will lead to the development of the state of
the system — ES — in time.

The implementation of the MCDA methods,
including the use of multifactorial value theory, in
application to the task of evaluating ES will be a
certain procedure, the basis of which is a hierarchical
tree of goals or, in terms of the task of evaluating ES,



which shown in Figure 1. The tree of goals/indicators
allows to structure the multi-criteria task set
according to the hierarchical principle. The highest
level of the hierarchy is the overall score of ES
(Fig.1). The next level of the hierarchy is the number
of specific areas, equal to 3, for which a general
assessment is made. The lowest level of the hierarchy
is a set of indicators expressed in natural units, the
number of which in the first area is 2, in the second
area — 4 and in the third — 3.

System indicators are the indicators of the system
expressed in various natural units for the considered
moments of time. Therefore, the next step of the
process, in accordance with the multifactor value
theory, is the translation of these units into a
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dimensionless scale in a single interval, for example,
[0 — 1], using the so-called one-factor value functions
for each indicator Vj(x;). It is these functions that are
used to represent a particular indicator. In addition to
converting indicators into a dimensionless scale, one—
factor value functions should have a form that allows
to answer the question — what is «good» and what is
«bady for the system under study when this indicator
changes. In other words, what has a positive effect on
the system under study: an increase or decrease in the
indicator value. Depending on this, one-factor value
functions are used: increasing in the first case (an
increase in the indicator is favorable for the system)
or decreasing in the second case. There have shown
examples of one-factor value functions in Table 2.
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Figure 1: The tree of goals/indicators of ES.

Table 2: The examples of one-factor value functions.

Type Increasing function Decreasing function
) x — xmin xmax _

Linear Vix) = Tmax —gmin V(x) = Jmar = g
. _ xmin max _

— _(— \a
Polynomial V(x) = (xmax _ xmin)a V(x) = (xmax _ xmin)
x — xmin xmax _
Exponential V) = 1 —exp(a Sy —mim) Voo = 1= exp(a- ra —mm)

1 —exp(a) B 1 —exp(a)




X —X
logarithmic

min

xmax — xmln

xMax _ 5

+ 1) ln(a ’ xmax _ ymin + 1)

In(a+1)

Ve = In(a + 1)

In Table 2, Xmin and Xmax are the minimum and
maximum values of the indicator. In Figures 2 and 3,
examples of one-factor value functions are presented
graphically at xmin= 1, Xmax = 5 and parameter a = 3.
Linear one-factor functions are most often used. The
use of parameter a in single-factor functions of a more
complex type allows us to take into account the
different sensitivity of the system to changes in the
indicator under study in different areas of its values.

The choice of one-factor functions is an informal
stage of the procedure and requires an analysis of the
sensitivity of the evaluation results to the type of these
functions.

Univariate functions are further collapsed into a
multifactorial value function, as shown in Fig. 4,
where, k; are the weighting coefficients with which
univariate functions are weighed to obtain a
multifactorial function. The multifactor function will
be the integral index that represents the state of the
system.
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Figure 2: Linear one - factor function.

= V/(x) Exponential
increasing

Figure 3: Exponential one - factor function.

Although the general form of the multifactor
value function is more difficult, in practice, a simple
additive form of the function is most often used:

V{xj} =i ijj(xj); Yi=1k;=1. (1)

In (1), kj is the weights of indicators normalized
by 1 (although another normalization is possible, for
example, 100). k;j according to the procedure scheme
will determine as:

ki = kj k' 2

where k} is the weight of the indicator j in area i,
normalized by 1 for the corresponding j, and k? is the
weight of the region i in the integral indicator, also
normalized by 1.

The additivity of the integral index allows it to be
represented as the sum of indices for individual
evaluation areas. Next, for simplicity, we will denote
as V(x). For the above example with three areas:

V(x) = Vi(X) + Va(x) + Va(x)
() = Xi V() Va(o) =
Yo kVi(x); Va() =X, kVi(xg), @)

where Vi(X), V2(x), V3(x) are the contributions of the
indices of the corresponding regions to the integral
index.

Determining the weighting coefficients for the
convolution of one-factor value functions is the most
important step in calculating the integral indicator.
Currently, there are various algorithms for
determining the weights of indicators:

- direct method: weights for all indicators are
specified directly;

- ranking method: in ranked weighting, the ranks
for indicators are indicated; the most important
indicator has a rank of 1;

- rating method: rating points are determined for
each indicator; the most important indicator is
assigned a rating of 100 points, and then all other
indicators are correlated with the most important;

- paired comparisons method: as a weighting
method, a paired comparison of indicators by
importance is used (this method is used, for example,
when calculating the integral indicator of sustainable
development);

- swing method: the method allows you to take
into account fluctuations in the indicator scales and
the corresponding relative importance.



Comparative analysis of the integral indicator
of Energy Security of the Republic of Belarus and
the Republic of Uzbekistan.

For demonstrate the proposed approach to ES
assessment, in this section presents the results of
calculating an integral indicator and indicators by
assessment areas for a system of detailed indicators
from the Energy Security Concept of the Republic of
Belarus (2015). The main characteristics necessary
for calculation were determined, such as the weight
of the block, the description of the indicator, weight
of each indicator in the block, maximum and
minimum of each indicator, the value function (Table
3). For the basic calculation, the same weights are
used for the evaluation areas and indicators within
each area, although as a result of determining the
weights by one of the methods described above or the
preferences of the decision-maker, these values of
weights may differ. The range of changes in the
values of the indicators was adopted on the basis of

actual data for 2018 — 2020 for the Republic of
Belarus and the Republic of Uzbekistan. Linear
functions of increasing or decreasing nature are
accepted as one-factor value functions, depending on
the meaning of the corresponding indicator. It should
be noted, however, that for the indicator «I5: The ratio
of the total installed capacity of power plants to the
maximum actual load in the power system
(redundancy)», the definition of the area for the
ascending function needs to be clarified, since an
increase in the reserve value after a certain value will
negatively affect the efficiency of the system as one
of the aspects of ES. Table 4 shows the values of
indicators of ES for 2018 — 2020 for the Republic of
Belarus and the Republic of Uzbekistan. The data of
official  statistical committees (Database of
belstat.gov.by, stat.uz and stat,gov.kz), as well as
international databases, served as the base of the
necessary data for calculating the values of ES
indicators.

Table 3: Characteristics of the integral index calculation.

Block . |nt§|catc.Jr Indicator Minimum - |Maximum Value
Block weiaht Indicator weight in weiaht value of | value of function
9 the block g indicator | indicator
11. Ratio of primary energy
production (extraction) volume 05 0.125 15 130 Linear
to gross consumption of fuel- ' ' increasing
B1. Enenrgy energy resources, %
sufficiency 0,25 12. Ratio of production
(extraction) volume of primary Linear
energy from renewable sources| 0,5 0,125 1 10 | .
- increasing
to gross consumption of fuel-
energy resources, %
13. Share of the dominant
L supplier of energy resources in Linear
BZ]; D|velr_5|f|cat|(§>n the total imports of fuel and 0.5 0,125 40 100 decreasing
(tJ nggf'g:efn 0,25 energy resources, %
ypresources 9 14. Share of dominant type of Linear
fuel in the gross consumption off 0,5 0,125 50 90 q .
ecreasing
fuel-energy resources, % §
15. Ratio of total installed
capacity of power plants to 02 005 120 180 Linear
maximum factual load in the ' ' increasing
power system (redundancy), %
B3. 16. Share of accumulated
Reliability of de réciation in the initial cost Linear
supplies, Pr 02 0,05 20 70 | :
: of fixed assets of fuel-energy increasing
reservation, 0,25 o
) sector organizations, %
processing and P I
distribution of fuel- |7_' I?_atlo of investments vo uhme
energy resources in fixed assets invested in the _
development of the fuel-energy Linear
S . 0,2 0,05 3 45 | .
sector to initial cost of fixed increasing
assets of fuel-energy sector
organizations, %




18. Share of the dominant
energy resource in the Linear
production of heat and 0.2 0,05 8 100 decreasing
electricity, %
19. Ratio of the average daily
number of power supply Linear
failures of settlements per year 0,2 0,05 0,01 1,0 4 -
ecreasing
to total number of settlements,
%
B4. Energy 110. Energy intensity of GDP, Linear
efficiency of final kg. of coal /thousand US dollars 0.5 0,125 10 30 decreasing
consumption of
fuel-energy
C%Tg:g);q?gd 0.25 111. _Ratio of cost of eonergy 05 0,125 01 20 Linea_r
sustainability of imports to GDP, % decreasing
fuel-energy
complex
z 1,000

Table 4: Energy security indicators values of the Republic of Belarus and the Republic of Uzbekistan for 2018-2020.

Block Indicator 2018 2019 2020
Belarus|Uzbekistan |Belarus |Uzbekistan|Belarus| Uzbekistan
11. Ratio of primary energy
production (extraction) volume to
gross consumption of fuel-energy 155 1178 16,5 1139 171 1293
B1. Enenrgy resources, %
sufficiency  |12. Ratio of production (extraction)
volume of primary energy from
renewable sources to gross 6,2 1,04 7.1 1,14 7.4 2,49
consumption of fuel-energy
resources, %
82 13. Share of the dominant supplier
Lo of energy resources in the total
Dl\;ersm?_atlon imports of fuel and energy 99,3 0,67 96 0,41 931 0,46
;Jn;L:ppelseLsf resources, %
en)elfgy 14. Share of dominant type of fuel
. in the gross consumption of fuel - 62,1 85,7 62,2 85,9 59,1 82,9
esources
nergy resources, %
I5. Ratio of total installed capacity
of power plants to maximum 169 138 169 153 168.8 150
factual load in the power system !
(redundancy), %
B3 16. Share of accumulated
Lo depreciation in the initial cost of
Re||ab|ll_|ty of fixed assets of fuel-energy sector 46 28,9 58,7 372 6038 341
Supplies, organizations, %
reservation, - - -
. 17. Ratio of investments volume in
processing and . ) .
P fixed assets invested in the
distribution of development of the fuel-ener
fuel-energy pmer uel-energy 7 371 7 41,0 7 394
sector to initial cost of fixed assets
resources e
of fuel-energy sector organizations,
%
18. Share of the dominant energy
resource in the production of heat 91,1 90,3 90,7 89,0 85,7 89,2
and electricity, %




19. Ratio of the average daily
number of power supply failures of "
settlements per year to total number 0.5 0.10 0.2 0,07 0.2 0,05
of settlements, %
B4. Energy 110. Energy intensity of GDP, kg.
efficiency of of coal /thousand US dollars 18,7 282 17.8 248 5 232
final
consumption of
fuel-energy
complex and |111. Ratio of cost of energy imports
ecohomic to GDP, % 16,3 0,8 15,4 0,5 11 0,57
sustainability
of fuel-energy
complex

* Note: based on the materials of the periodical press
As can be seen from Table 4, the values of 6
indicators (11-13, 17, 19, And 111) are very different,
s0, the I1 values for Uzbekistan (113.9, 117.8, 129.3
for 2018, 2019 and 2020 respectively) show that the
country has a surplus in energy production. The
importance of the 17 indicator for the Republic of
Uzbekistan testifies to the high rates of
modernization of the country’s energy sector. The
values of 14 and 18 are almost the same for both
countries, the values of the share of the dominant
type of fuel in gross consumption and the share of the
dominant energy resource in the production of
thermal and electric energy (natural gas) are quite
close and range from 62.0 to 83.0 and 85.0 to 92.0,
respectively. The energy intensity of GDP for the
two countries tends to decrease despite the fact that
for the Republic of Uzbekistan this value is still
slightly higher than in the Republic of Belarus.

Figure 5 shows graphs of integral indicators of
the ES and its components for both countries. As can
be seen from Fig.5, the values of the integral
indicators of ES have a general tendency to increase
over the period under study — for the Republic of
Belarus by 1.38, and for the Republic of Uzbekistan
by 1.3 times. At the same time, Block 4 has a
significant place for the Republic of Belarus — the
energy efficiency of the final consumption of fuel-
energy and the economic sustainability of the fuel-
energy complex, as in the country, after the adoption
of the Energy Security Concept in 2015, more and
more attention is paid to strengthening the level of
energy independence by increasing energy efficiency
in all sectors of the country’s economy.

In the structure of ES indicators for the Republic
of Uzbekistan, all four blocks are important, in
particular, due to the achievement of good values of
the indicators of Block 3 «Reliability of supplies,
reservation, processing and distribution of fuel-
energy resources» and Block 4 «Energy efficiency of
final consumption of fuel and energy and the

economic stability of the fuel-energy sector», the
level of ES in the country can be called stable and in
this a big role plays data in the area of Block 1
«Energy sufficiency» — the value of the integral
indicator of ES and its components for the Republic
of Belarus is 0.527, while for the Republic of
Uzbekistan this figure is 0.610. The results confirm
what was said above: individual assessment areas
may lead to a decrease in ES, but can be compensated
for by a more significant improvement in the
indicators of other areas (Figures 6-9).

According to the authors of [Zoryna, 2020], the
threshold values of the integral assessment of the
sustainable energy development of the state are
determined on a scale from 0.0 to 1.0, while the
categories of states are given below:

from 0.8 to 1.0 — the state of energy self-
sufficiency;

from 0.6 to 0.8 — a high level of ES;

from 0.4 to 0.6 — an average level of ES;

from 0.2 to 0.4 — a low level of ES;

from 0.0 to 0.2 — a Level of energy insecurity.

Based on the above, it can be concluded that the
level of ES for the Republic of Uzbekistan is at a high
level.
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Figure 5: Integrated energy security indicator and its
components: a — for the Republic of Belarus, b — for the
Republic of Uzbekistan.
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Figure 6: Energy security indicators of Block 1 — Energy
sufficiency: a — the Republic of Belarus, b — the Republic
of Uzbekistan.

As can be seen from Fig.6, for the Republic of
Belarus, the value of indicator 12, the ratio of primary
energy production (extraction) from RES to gross
consumption of fuel and energy resources, dominates
in relation to indicator indicators 11 — the ratio of
primary energy production (extraction) to gross
consumption of fuel and energy resources, and also
tends to increase these indicators (by 1.27 times).
This is due to the fact that there is a deficit in energy
production in the Republic of Belarus, and the
country depends on the import of primary energy
resources. However, in the country, as in the
Republic of Uzbekistan, in recent years, the
production of energy from renewable energy sources
in the total energy balance of the country has been
increasing, and this indicator is 7 times more than in
the Republic of Uzbekistan during the observed
period.

The results of comparing the values of the
indicators of Block 2 - Diversification of suppliers
and types of energy resources for the two states show
(Fig.7) that in Belarus the share of the dominant
supplier of energy resources in the total imports of



fuel and energy resources (13) is significantly small,
although while Uzbekistan, being a member of the
unified energy system of Central Asia, imports
significant fuel resources from neighboring countries
(Kazakhstan, Kyrgyzstan, Tajikistan). However, in
2020, imports of primary energy resources from
Kazakhstan decreased by 1.1 times, which in turn
affects the level of self-sufficiency of the country’s
energy system.
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Figure 7: Energy security indicators of Block 2 —
Diversification of suppliers and types of energy resources:
a — the Republic of Belarus, b — the Republic of
Uzbekistan.
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Figure 8: Energy security indicators of Block 3 -
Reliability of supplies, redundancy, processing and
distribution of fuel-energy resources: a — Republic of
Belarus, b — Republic of Uzbekistan.

In case of evaluating the indicators of Block 3 —
Reliability of supplies, redundancy, processing and
distribution of fuel-energy resources (Fig.8) it was



revealed that the weights of all components of this
block for both countries are close — for the Republic
of Belarus 0.174, for the Republic of Uzbekistan
0.166, however, there are differences in indicators 15
— The ratio of the total installed capacity of power
plants to the maximum actual load in the power
system (redundancy) and 16 — The specific weight of
accumulated depreciation in the initial cost of fixed
assets of organizations fuel-energy complex.

In the Republic of Belarus, the main investments
in the energy sector were invested until 2018 — for
the construction of the Belarusian NPP, while in
Uzbekistan, the increase in the volume of
investments in fixed assets invested in the
development of the fuel-energy sector continues
every year. Thus, since the beginning of 2022, six
new power plants with a total capacity of 1,254 MW
have been commissioned in Uzbekistan.

At the same time, relatively small values of these
indicators for Uzbekistan are covered by relatively
significant indicators 17 — The ratio of the volume of
investments in fixed assets invested in the
development of the fuel and energy sector to the
initial cost of fixed assets of fuel and energy
companies, since in the Republic of Uzbekistan
accumulated depreciation is higher than normal, it is
due to the fact that the investment component in the
country is high, however, it is not enough yet.

Despite the fact that in 2020, ES indicators of
Block 3 in Uzbekistan decreased slightly, due to the
fact that the number of outages in the power supply
decreases year by year, the indicator 19 continues to
grow in the area of this indicator. For Belarus, the
indicators 15 and 16 cover the significantly low
indicators of the indicator 17, and as a result, over the
three years of the study, the growth trend of the
indicators of this block as part of the integrated
indicators of the country's ES remains (1.37 times).
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Figure 9: Energy security indicators of Block 4 — Energy
efficiency of final consumption of fuel and energy
complex and economic stability of fuel and energy
complex: a — Republic of Belarus, b — Republic of
Uzbekistan.

In the field of assessing the indicators of the
indicators of Block 4 — The energy efficiency of the



final consumption of fuel-energy resources and the
economic sustainability of fuel-energy complex for
both countries (Fig.9) there is a growth trend (1.59),
in Belarus in 2020 the indicators of energy efficiency
of final consumption of fuel-energy resources and
economic stability of fuel-energy complex increased
sharply relative to 2019. The energy saving program
implemented in the Republic of Belarus in the period
2011-2018 led to a significant reduction in the
energy intensity of GDP. At the same time, the
volume of imports of energy resources in relation to
GDP still remains important in the Republic of
Belarus.

In Uzbekistan, these indicators are steadily
increasing, but the weight of indicators in this block
differs from the indicators of Belarus, although the
ratio of the cost of energy imports to GDP has not
changed over the past 2 years (2019, 2020). The
energy intensity of Uzbekistan's GDP has also been
decreasing in recent years, which proves the
importance of the work carried out in the country in
the field of decarbonization of the economy and
ratification the Paris Agreement on Climate in the
country, for 3 years (2018-2020), this indicator has
decreased from 28.2 to 23.2 thousand TOC/USD.
Also, the large-scale work carried out in the country
to modernize the energy sector may not even lead to
a decrease in energy intensity, since the energy
intensity of GDP, in addition to the volume of
imported primary energy resources, also depends on
GDP per capita (the population of the Republic of
Uzbekistan as of January 1, 2022 is 35271300
people, the Republic of Belarus 9255524 people).

As a result of the conducted researches:

- an assessment of energy security level of the
Republic of Uzbekistan for the period 2018-2020
was carried out by calculating the integral indicator
and its components — group indicators representing
individual blocks of the system;

- a comparative analysis of the integral indicator
of energy security of the Republic of Belarus and the
Republic of Uzbekistan was carried out;

- it has been revealed that, subject to the
acceptance of the threshold values of the integral
assessment of the sustainable energy development of
the state for the Republic of Belarus, the state of
energy security of the Republic of Uzbekistan is at a
high level (0.610);

The main directions of improving the Concept of
Energy Security of the Republic of Belarus are
identified, including:

- Energy Security Concept of the Republic of
Belarus from 2015 should be supplemented with a
number of indicators that take into account

integration into the power system of the Belarusian
NPP;

- it is necessary to revise the planned indicators
for existing energy security indicators, since
according to some indicators, according to the results
of 2019, there is actually an over-fulfillment of the
planned indicators for 2020.;

- in case of developing a new edition of the
Energy Security Concept, it is advisable to use an
indicative approach by assessing energy security
with a single integral indicator and its components —
group indicators representing individual blocks of
the system.
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