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Abstract

economic space. Countries with low energy potential risk losing autonomy. The development of meth-

ods for conducting EnS analysis will become an effective tool for reducing such negative threats. The
goal of this research is to build a toolkit for the analysis of EaS for territories. To do this, it is proposed to con-
sider the Energy Trilemma Index (E71), to work out a methodology for assessing the level of EnS and to build
a regression model of dependence of the obtained values on the selected economic parameters. The scientific
novelty of the proposed toolkit lies in development of a methodology that allows the comparison of the EnS
level of different territories and the identification of “influence-factors”. The developed tools were tested on
the case of Georgia, for which EnS issues are a national priority. As a result of the test, the trend of reduction
in Georgia’s level of EnS (from 0.772 in 2008 to 0.705 in 2018) was revealed, and Georgia’s dependence on
the state of import-exports was substantiated. The findings show the viability of the model and the possibility
of adapting it to other territories. The importance of the problem of maintaining £nS is growing today due to
the need to ensure the sustainable development of territories at different levels. In this context, the expansion
of scientific and applied knowledge in this area is aligning with the interests of regional economies and the
world community.

The topicality of energy security (£nS) issues is confirmed by the unstable energy situation in the macro-
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AHHOTauusA

KTYaJIbHOCTh BOIIPOCOB 3HEPreTHYECKol Oe30MacHOCTH MOATBEPKAAETCS] HECTaOMIIBHOM 3HEpreTnye-

CKOI 00CTaHOBKOH B MaKpO3KOHOMHUYECKOM MpocTpaHcTBe. CTpaHbl cO CIaObIM SHEPreTHUECKUM IO-

TEHLHAIOM PUCKYIOT ITOTEPATh CBOIO CaMOCTOSITETIbHOCTh. Pa3BuTne crocoOoB MpoBeaeHUs aHAIN3a
JHEPTeTHUYECKOM Oe30MacHOCTH CTAHET JEHCTBEHHBIM MHCTPYMEHTOM ISl COKPALCHHS TAaKUX HEraTHBHBIX
yrpo3. Llenb uccnenoBanus 3akioyaeTcs B MOCTPOSHUHM WHCTPYMEHTApHUs IJIsl IPOBEIACHUS aHAIM3a dHep-
reTudeckor Oe3omacHocTh Tepputopuid. st 3Toro mpeanaraercss paccMoTpeTh MHIEKC sHepreTHueckoi
TPUIIEMMBI, TPOPAOOTaTh METOAMKY OLIEHKH YPOBHS SHEPreTHYECKONH Oe30MaCHOCTH U MTOCTPOUTH perpeccu-
OHHYIO MOJEJb 3aBUCHUMOCTH MOJIYYEHHBIX 3HAUCHUH OT OTOOPAaHHBIX SKOHOMHUYECKHX Napamerpos. Hayu-
Hasi HOBU3HA MPEATIOKEHHOTO MHCTPYMEHTAPHSI 3aK/II04YaeTCsl B pa3paboTKe METOIUKH, TO3BOJISIONICH como-
CTaBUTh YPOBEHb SHEPreTHUECKON OE30MacCHOCTH Pa3IMYHbIX TEPPUTOPUI U BBISIBUTH «(aKTOPBI-BINSHUS.
BripaboTanHblii HHCTpyMEHTapuil Obl1 anpoOMpoBaH Ha mpuMepe [pys3uu, 1uis KOTOPOH BOIPOCHI SHEpre-
THUYECKOH 0€30IaCHOCTHU SIBJISIIOTCS MPUOPUTETHBIMM Ha HALlMOHAJIBLHOM YpOBHeE. B pesynbrare anpodaunu
BBISIBJICH TPEH/I HA CHIDKCHHE YPOBHS DHEpreTHIeckoit OezomacHocTu crpansl (¢ 0.772 B 2008 romy mo 0.705
B 2018 romy) u 060CHOBaHA €r0 3aBUCUMOCTb OT COCTOSIHHUSI MIMITOpTa-3KcropTa. [lomydeHHble JaHHbBIE CBU-
JETEIbCTBYIOT O JKU3HECIIOCOOHOCTH JTaHHOM MOJENH M BO3MOXKHOCTH €€ afanTaluu K APYTMM CTpaHaM U
TEPPUTOPHAITIBHBIM CTPYKTypaM. C aBTOPCKOM MO3ULNHU OTMEUEHO, YTO BBICOKAsl 3HAYMMOCTD POOJIEMBbI IO
JeprKaHus PHEPreTHIECKOH 0€30MacHOCTH NPHUOOPETAEeTCsl HA CETOAHSIIHNN ICHb B CBS3U C HEOOXOIUMOCTBIO
o0ecrieueHus yCTOMUMBOTO pa3BUTHS PETUOHOB U TEPPUTOPHUI Ha pa3HBIX YPOBHsIX. B TakoM KoHTeKcTe pac-
LIMPEHNE HayYHbBIX Y MIPUKJIAJHBIX 3HAHWH JaHHOTO HAIlPaBJICHUSI COOTBETCTBYET MHTEPECAM PErHOHAIBLHON
9KOHOMHKH U MHPOBOTO COOOIECTBA.

KiioueBble cioBa: sHepreTrueckas 0€30MacHOCTh, SKOHOMHKA SHEPIeTUKH, WHHOBALIMOHHASI DHEPreTHKa,
YCTOWYUBOE Pa3BUTHE, YCTOMUNBOCTb YHEPIETUKU, PETHOHAJIbHASI SKOHOMUKA.
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Analysis of the territory energy security in the context of sustainable development (case of Georgia)

1. Introduction

The complex apparatus of EnS does not allow the formation of a unified system of energy process
management. The macroeconomic space is constantly becoming more complex, having a direct or indi-
rect impact on the energy situation of countries, regions, territories. For example, there is serious energy
instability in many areas of the planet because of ever-increasing energy consumption. Many countries
lack sufficient energy capacity, which leads to the risk of loss of independence in the event of excessive
dependence on energy resources and their irrational use. The energy crisis of 2008 proved the emergence
of global problems due to the insolvency of energy systems (Li and Liu, 2013), (Oztiirk et al., 2013).

The current scientific thought on EnS is incomplete and highly fragmented, and its further forma-
tion expands the apparatus of search for energy efficiency strategies with certain alternatives and com-
promises. In particular, a number of studies (Bohringer and Bortolamedi, 2015; Cherp and Jewell, 2014),
note the need to develop a multi-purpose energy policy. The strategy for EnS support facilitates detailed
exploration of vulnerabilities for a combination of potential risks and sustainability parameters. Energy
systems should be considered a vital element of the regional economy, hence the need to expand the ex-
isting apparatus to identify synergies between EnS and sustainability. As Axon and Darton (2021) have
demonstrated, the methodological analysis of risks in energy systems remains barely studied; however,
the further development of knowledge would be practically impossible without deepening the theoretical
and methodological basis.

Thus, it becomes much more urgent to explore the possibilities of rational implementation of EnS
measures, which will result in the resolution of methodological difficulties. Despite the existence of
approaches to energy resource research in international practice, there exist limitations in the theoretical
and practical consideration of the EnS category (Jakstas, 2020). This article proposes to develop a toolkit
for EnS analysis based on the need to decrease current negative threats influencing the energy sector.

The scientific novelty of the study lies in the development of a toolkit that facilitates not only
the determination of the level of EnS of various territories (country, region, etc.) but also the identifica-
tion of “influence-factors” by which it is proposed to understand the determining factors contributing
to the change at this level. The study importance is confirmed by the fact that based on the proposed
methodology, it becomes possible to form EnS management mechanisms by changing the influence
of certain factors.

The purpose of the study is to build a toolkit for analysing the EnS of territories. Achieving this
goal requires addressing the following objectives: consideration of methods for estimating £nS based on
the ETT analysis; working out a methodology for assessing EnS at the territorial level; building a re-gres-
sion model of the dependence of the obtained values on the selected economic parameters. In the context
of the study, the national level is considered, and the indicators are adapted to analyse the country. The
practical testing of the analytical toolkit was carried out using Georgia as an example.

2. Literature review
2.1. Common energy security issues
Energy security issues have been under consideration for a long time, so there is a sufficient body

of research exploring the conditions for building energy potential and reducing the negative impact of
systemic constraints. It is necessary to mention the research on the economic aspects of energy func-
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tioning and opportunities for diversification of the energy balance, in particular the studies of Bahgat
(2008), Biggar and Hesamzadeh (2014) and Pillay et al. (2015). Oztiirk et al. (2013) provide a com-
parative analysis of the energy independence of countries based on statistical analysis. All researchers
note that the problem of energy independence and EnS will only gain importance in the scientific and
practical sense every year in association with the inevitable increase in energy consumption.

The innovative component of sustainable development plays a massive role in the construction
of rational energy policies. Continuous work in the area of innovation development allows us to build
the innovative potential of enterprises and industries, as discussed by Mamrayeva et al. (2018). This
practice is also common in the energy sector, without innovative renewal of production assets, it is im-
possible to ensure the EnS of fuel and energy enterprises and industries. The importance of integrated
innovation development reflects the possibility of creating additional value for the energy complex be-
cause of their innovative transformation. Innovative value, discussed by Zaytsev et al. (2020a, 2020c¢),
should become an incentive to transform energy enterprises, and the focus of innovation in EnS can be
an effective tool of public energy policy.

It should be noted that EnS gains key importance for regional development as the creation of fa-
vourable interactions between corporate structures in the energy sector and local governments ensures
the improvement not only of energy but also of economic security of territory (Kichigin et al., 2018).
The energy policy of the territories should be aimed at the rational import of primary energy sources
and maintaining the stability of the energy balance (Vosta and Musiyenko, 2015). The imperfection of
regional economic policy does not ensure the maximum level of EnS of a territory. These imperfections
should include the ratio of economic, environmental, energy, social and other interests. Maintaining sus-
tainable development causes a reduction in the negative impact on the environment, which can lead to a
decrease in the EnS level and industrial production, which is analysed by Tvaronavicien¢ et al. (2015).
This practice negatively influences the territories functioning and necessitates the search for new energy
policy instruments.

The transformation of the ecological and economic space of territorial formations determines
the development and transformation of various segments of the national economy, including the energy
sector, which should take into account the mechanisms for regulating innovation on the basis of green
economy principles (Shabunina et al., 2017). Now, energy resources are a key source of economic
development, and their lack can lead to a decline in economic growth, up to the complete stagnation
or degradation of economic relations. At the same time, energy must be environmentally friendly and
aimed at maintaining the sustainability of the territories. This practice necessitates implementation of
eco-innovations in the energy sector and ways to provide environmentally sustainable energy resources,
the essence of which is reflected in the work of Blum and Legey (2012). To support this approach, it is
necessary to attract investments in complex projects and implement new methods of strategic manage-
ment of economic complexes; for example, it is possible to introduce lean manufacturing tools into the
energy sector (Zaytsev et al., 2020b).

After analysing the scientific literature, it becomes clear that EnS faces a number of economic
problems that prevent the development of policies aimed at purposefully reducing costs, as noted by
Labandeira and Manzano (2012). However, the importance of EnS remains undeniable as this indicator
characterises the degree of significant vulnerability of the economy in the global energy market. The
crisis state of energy systems in various regions prevents long-term forecasts and high-quality results
for maintaining the energy balance of territories. The development and adaptation of methodological
approaches to the analysed problem will facilitate solutions to some pressing issues and improvements
to the existing EnsS policy.
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2.2. Energy security methodological issues

EnS is one of the key elements of national security, which increases the importance of forming a
methodological apparatus for its practical analysis. Thus, many approaches and techniques for practi-
cal calculations have been implemented in the scientific community. At the same time, many methods
require the use of a significant amount of information, which makes them difficult to implement. Thus,
the researcher is primarily interested in finding ways to assess energy security with a minimum number
of indicators. For example, the research analyses and expands the requested assessment of EnS based
on widely available information as proposed by Vasikov et al. (2010).

An overview of methods for assessing EnS for the comparison of different territories, for exam-
ple, was presented by Berezhnaya and Yegorchenko (2012) and Mazur (2014). Modern approaches to
assessing the EnS of a territory allow researchers to calculate general and specific indicators of energy
resource use efficiency. The obtained results can be used to determine the reserves for boosting energy
potential and forming economically sound ways for making management decisions aimed at prevent-
ing and neutralising energy threats. Meanwhile, for specific countries and regions, different methods
and approaches can be applied, considering specific conditions of functioning for these territories.
Specific practical methods for evaluating and analysing EnS have been studied. Augutis et al. (2012)
proposed a dynamic model for assessing the level of EnS for Lithuanian conditions; Kisel et al. (2016)
described approaches and reflected the £nS matrix based on Estonian data; Sovacool (2013) examined
EnS indices in Japan, Laos and Myanmar; Smagulova et al. (2018) and Amirov et al. (2018) considered
Kazakhstan’s EnS; and Myzin et al. (2012) described a developed software complex for calculating the
state of EnS in the Russia.

If sufficient information is available, it is possible to use expert methods, such as those discussed
by the Karapetyan (2009). The extended method of expert assessments allows the determination of the
EnS level for certain types of energy resources. In the scientific literature, in most cases, an indicative
method is used, which implies the use of many indicators that can be combined into blocks, such as
electricity supply, heat supply, fuel supply, structural-mode blocks and reproduction of energy reserves.
The data obtained after structuring allow us not only to determine the value of indicators but also to
highlight their threshold values to prevent the onset of crisis situations (Biggar and Hesamzadeh, 2014;
Dyer and Trombetta, 2013; Reddy and Ulgiati, 2015).

Despite the effectiveness of statistical methods, such calculations are extensive and time con-
suming and require greater accessibility of the information base. However, less precise methods are
permissible for highlighting key factors and obtaining comparative results for different territories. In
this study, of interest was the economic and mathematical modelling used to highlight key parameters.
Specifically, Dmitriev et al. (2021) and Lebedev et al. (2014) considered the possibility of constructing
optimisation models in the electricity industry based on correlation-regression analysis. So, it is fair to
say that the use of mathematical modelling makes it possible to identify the key factors that influence
the change in each parameter of the regression model.

3. Materials and Methods

At the first stage, it is proposed to analyse the concept of the ETI. According to this concept, a
balance must be maintained between the three pillars of the trilemma. There is no single indicator of
EnS in international practice, and the use of a global index based on statistics allows the construction of
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a model of EnS based on balanced indicators. ETI, ensuring balance through the integration of energy
systems, allows the assessment of a country’s ability to facilitate sustainable energy. The first assess-
ment of the E77 was carried out in 2010. This index allows to track the country’s progress in the energy
sector and look for weaknesses in its energy policy to eliminate them as soon as possible.!

In the 2020 ranking, 108 countries were selected to construct a balance assessment (AAA —
highest score and DDD — lowest). The first letter represents EnS, the second letter represents energy eq-
uity and the last letter represents the environmental sustainability of energy systems. Trilemma scores
are weighted indicators (0 to 100 points, with lower scores indicating more effective energy policy) for
each measure (so-called national results) (Fu et al., 2021; Tovar-Facio et al., 2021). The key indicators
(lower indicators indicate a higher Trilemma Index):

1. Energy security: the country’s ability to reliably meet current and future energy demand and
to withstand and recover swiftly from systemic shocks with minimal supply disruptions.

2. Energy equity: the country’s ability to provide universal access to reliable, affordable and
abundant energy for domestic and commercial use.

3. Environmental sustainability: the transition of the country’s energy system to mitigating and
preventing potential environmental damage and the effects of climate change.

It can be concluded that this interactive index is an effective way to assess the sustainability of
national energy policy. It should be used as a tool to construct energy policy analysis and forecast its
transformation in order to improve quality returns (Song et al., 2017). In the research, this index is used
to reveal economic indicators, controlling which can ensure the growth of EnS.

It should be noted that the status of £77 is determined based on factors that include the following
indicators: the concentration of primary energy reserves in the territory, dependence on energy imports,
the price of energy for industry actors, the intensity of carbon dioxide emissions, the state of the envi-
ronment and the impact on it and the concentration of electricity generation. At the same time, the use
of this method in the context of EnS assessment is not universal as the lack of relevant data and the
confidentiality of information make it impossible to make calculations for many countries, as well as
for the period up to 2010.

In order to achieve high-quality EnS at the national level, monitoring and timely assessment of
EnS should be ensured on the basis of the definition of a given set of parametric indices (Reddy and
Ulgiati, 2015). Indices should reflect the development of mechanisms for ensuring the EnsS of a territo-
ry, making it possible to identify problem areas in the functioning of an energy system. In this manner,
at the research stage, it is proposed to assess the level of EnS of a territory, which can be further used
to identify the main factors and threats that impede its provision. The toolkit was based on a simplified
assessment of the level of EnS based on widely available information (Vasikov et al., 2010), in which
the following indicators were selected to calculate the £nS index: the human development index, the
solvency index and the efficiency index. The final formula for assessing EnS is calculated according to
Formula 1.

Ics - 1/2 x (Ihr+ Is) % Icf’ (1)

I, —energy security index;

I —human development index;
I — solvency index;

I . — efficiency index.

! WES, World Energy Trilemma Index, 2020. https://trilemma.worldenergy.org/.
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At the same time, methods and step-by-step toolkits were proposed to calculate each index.
However, the proposed methodologies are subject to revision to improve the quality of the calcu-
lation values. It is possible to use weight coefficients of the integral index (Karapetyan, 2009) to
increase the effective part of the resulting score. The weight coefficients are in the range between
0 and 1. The classic version of the integral index calculation is shown in Formula 2.

LI =2 (k; x N, (2)

LI, — energy security index;
k. — weight at the stage i (3i=1);
N, — value of an indicator at the stage i.

The presence of secondary and irrelevant data based on expert assessments in this formula
distorts the results, making it impossible to base practical recommendations solely on this approach.
In the toolkit, it is proposed to set weights only to index values, which will help form an apparatus of
identification of factors and risks that determine the functioning of the energy sector. In this manner,
the assessment of £nS in the toolkit for the analysis of the EnS of a territorial association is calculated
in three stages:

1. Self-sufficiency index calculation (Formulas 3 and 4). This index differs by calculations
from the previously mentioned solvency index. Data on the consumption and production of primary
energy are used to calculate it. Formula 3 is extended and is used in the case of combinatory models
for a certain period exceeding 20 years. Formula 4 is standardised and suitable for a quick assessment
that is part of the integrated EnS index.

IAss - ((Ppej / Cpej) o (Ppe min / Cpe max)) / ((Ppe max/ Cpe min) o (Ppe min / Cpe max))’ (3)

I, . — combinatory index of a territory’s energy self-sufficiency.;
P.i- value of primary energy production at stage j;
L minimum value of primary energy production;
e max maximum value of primary energy production;
Cei™ value of primary energy consumption at stage j;
Coemin ™ minimum value of primary energy consumption;
— maximum value of primary energy consumption.
Lyooss = Pej/ Coep )
I, s — Standardised index of a territory’s energy self-sufficiency;
P~ value of primary energy production at stage j;

Cei™ value of primary energy consumption at stage j.

2. Efficiency index calculation (Formulas 5 and 6). It uses data on net consumption and electricity
generation. Formula 5 is extended and is used in the case of combinatory models for a certain period
exceeding 20 years. Formula 6 is standardised and suitable for a quick assessment that is part of the
integral EnS index.

IAef - ((Gnej / Dnej) o (Gne min / Dne max)) / ((Gne max/ Dne min) o (Gne min / Dne max))’ (5)

I, . — combinatory index .of energy eﬂiciency of the territory;
G, — net power generation at stage j;
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G, ., — minimum value of net electricity generation,
G, .. — maximum value of net electricity generation;
Dnej —net §1§ctr1c1ty consumption at §tgge 15 '

— minimum value of net electricity consumption;

— maximum value of net electricity consumption.

ne min

ne max

Lo = Guoy/ Dy 6)

A(st)ef - n
| Aot standardised index of a territory’s energy efficiency;
G,,; — net power generation at stage j;

n

Dnej — net electricity consumption at stage j.

3. Energy security index calculation (Formula 7). This index differs in calculations from the
previously mentioned EnS formula. It is based on an integral assessment and the introduction of weight
coefficients. These coefficients are based on expert assessments and fair distribution of indices.

[, =02xI +04xI  +04xI (7

A(st)es A(st)ss A(st)ef?

The third step proposes to use the EnS assessment to identify the threats that have a direct impact
on the energy supply of a territory due to external and internal factors. To do this, it is proposed to use
the apparatus of economic and mathematical analysis and, more specifically, a regression model based
on the least squares method (Dmitriev et al., 2021; Lebedev et al., 2014). Over 20 parameters were
selected for the analysis, of which it is recommended to keep only the most significant, considering the
presence of multicollinearity and the conformity of parameters to the specified values of the model.
Formula 8 presents the model of the least square’s method of the optimisation problem, allowing the
selection of indicators that have the strongest or most insignificant impact on the dynamics of the model
indicators. For the resulting indicator, it is possible to choose the £77 or Energy Security Index. Formula
8 demonstrates the classic approach to calculating the regression model.

Y, =a x X +const, (8)

Based on the data, it is possible to obtain the mathematical values of dependent and independent
variables, reflecting the quantitative indicators of the factors analysed. After selecting statistically
significant results with minimal standard deviations, it is possible to identify parameters that can be
used to manage the EnS of the territory. If the energy base is divided into separate components, it is
possible to identify ways to diversify the sources of energy imports and create a system of optimal
energy supplies to maintain energy independence. However, the proposed toolkit is one of many in
economic science, and now there is no generally accepted method of assessing EnS due to the inability
to accurately evaluate the various territries based on an identical apparatus.

4. Results
4.1. Georgia’s energy situation: Trilemma Index and key economic parameters
Adaptation of the EnS analysis toolkit to Georgia facilitates discourse about the situation of

the country in the energy space. To begin with, the ET7 (Table 1) was analysed. Georgia is ranked
53rd, and its EnS leaves much to be desired. It should be noted that the energy sector is dominated
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Table 1. Place of Georgia and other post-Soviet countries in the ETI

Country Balance Trilemma |Energy Energy Enviromental

Index rank . . . ot
name grade score security rank | equity rank |sustainability rank

16 Lithuania BAA 77.6 43 18 16

22 Latvia ABB 76.4 5 54 31

26 Estonia BAB 75.3 38 23 52

29 Russia AAC 73.8 16 12 73

36 Azerbaijan |ABB 72.1 17 44 54

42 Kazakhstan |ABD 70.3 15 38 83

43 Albania DBA 69.9 83 53 4

50 Ukraine ACB 68.9 12 74 49

53 Georgia CBB 67.6 66 70 34

54 Armenia CBB 67.4 66 65 34

83 Tajikistan DCC 57.1 86 82 69

84 Moldova CCD 56.9 81 81 88

by hydropower, which can fluctuate depending on weather and climatic conditions. Additionally, a
dependence on fossil fuels remains. However, the country’s small population (3.7 million people)
has high access to electricity, and prices remain at an affordable level. In many ways, the ranking is
improved by reducing CO2 emissions and maintaining sustainable energy. Now, there is an increase
in the consumption of energy resources, primarily in the industrial sector, which leads to an increase
in the country’s energy dependence and may negatively affect EnS.

Forecasts for 2020 showed that among the countries in the post-Soviet space there are no states
with secure energy sectors, and Georgia is at risk. In the following 10 years, the onset of an energy
shortage is possible due to the expansion of energy consumption. Such forecasts necessitate the search
for ways to improve EnS, the development of which should begin with the construction of high-quality
analytical models.

It is possible to use EnS assessment methods based on rating comparisons, indicative parame-
ters, expert modelling; however, their use will not provide objective information, as there are insuf-
ficient data for comprehensive analysisii. Table 2 and Figure 1 show data on the ETI, which displays
gaps and insufficient information. The lack of statistics for the area does not allow the formation of
models of EnS analysis through this indicator.

It is worth noting that the rapid growth of energy consumption with insufficient power generation
is not conducive to talking about ensuring EnS. Alternative energy, which the state relies on, does
not provide for all the needs of the country, and hydropower capacity hardly covers domestic needs.’
It is necessary to establish measures to revise the energy policy, considering the methodological
approaches to the transformation of regional relations in the way of sustainable development since the
formation of economic parameters within EnS is impossible to imagine without taking into account
socio-environmental factorss.’

Table 2. Change in the ETI (Georgia)

2014 2015 2016 2018 2019 2020
Trilemma score 55 51 51 69 63.1 67.6
Change - —7.27% — 35.29% —8.55% 7.13%

2 WES, World Energy Trilemma Index, 2020. https://trilemma.worldenergy.org/
3 ESCO, Energy Balance, 2021. https://esco.ge/en/energobalansi
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Figure 1. ETI components (Georgia)

4.2. Assessment of Georgia’s energy security

To assess the EnS of the territory, a system and practice of mathematical calculations should be
formed, allowing further identification of threats and assessments of the state of the country’s energy
potential. In the context of Georgia, there is a problem with statistical data on many indicators, but
the available list of indicators is presented in Table 3:

X1 — Electricity imports (billion kilowatt-hours — blh).

X2 — Electricity exports (blh).

X3 — Net production of traditional thermal electricity (blh).

X4 — Net power generation (blh).

X5 — Net hydropower generation (blh).

X6 — GDP (billions of USD).

X7 — Human Development Index (points).

X8 — Primary energy consumption (quadrillion BTU).

X9 — Primary energy production (quadrillion BTU).

Table 3. Key indicators for £nS assessment (Georgia)

Year X1 X2 X3 X4 X5 X6 X7 X8 X9
2008 0.56 0.68 1.21 8.3 7.09 12.795 |0.74 0.18 0.07
2009 0.26 0.74 1.08 8.42 7.34 10.767 |0.75 0.18 0.08
2010 0.23 1.49 0.71 9.98 9.27 12.244  |0.75 0.19 0.09
2011 0.48 0.93 2.17 9.98 7.81 15.107 |0.76 0.18 0.08
2012 0.62 0.53 2.32 9.47 7.15 16.488 [0.77 0.19 0.07
2013 0.48 0.45 1.68 9.87 8.19 17.190 [0.78 0.21 0.09
2014 0.85 0.6 1.91 10.17 8.25 17.627 (0.78 0.22 0.09
2015 0.7 0.66 2.24 10.61 8.37 14.954  [0.79 0.23 0.09
2016 1.33 1.41 2.1 11.35 9.24 15.142  [0.79 0.25 0.09
2017 1.75 0.94 2.1 11.31 9.12 16.243 |08 0.24 0.09
2018 1.52 0.6 1.99 11.92 9.85 17.600 [0.81 0.25 0.09
2019 1.76 0.38 2.68 11.61 8.84 17477 (0.81 - -
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The dynamics of the indicators are available since 2008, and some of the data are limited to
2018, which allows an assessment for 10 years. EnS assessment calculations based on Formulas 4, 6
and 7 are presented in Table 4. Graphic dynamics are shown in Figure 2. The figure shows that there
is a clear downward trend in EnS (linear trend: y=—0.0117x+24.308). The range of the study is from
2008-2018, which makes it possible to build a regression model to identify the threats and opportuni-
ties for the growth of energy potential.

Table 4. EnS assessment (Georgia)

Year IA(st)ss IA(st)ef Ihr IA(st)es
2008 0.389 1.171 0.7400 0.77182
2009 0.444 1.229 0.7500 0.81946
2010 0.474 1.310 0.7500 0.86336
2011 0.444 1.191 0.7600 0.80615
2012 0.368 1.118 0.7700 0.74859
2013 0.429 1.085 0.7800 0.76127
2014 0.409 1.037 0.7800 0.73432
2015 0.391 1.068 0.7900 0.74191
2016 0.360 1.083 0.7900 0.73521
2017 0.375 1.009 0.8000 0.71357
2018 0.389 1.171 0.8100 0.70466
Energy Security Index
L 0.863
0.850 2
' 0‘319 0.806
0-800 0.772 ] 0.761
0.750 T 0'249 u: 0.734 0-242 0.735
* o= 0714 0705

0.700 y=-0.0117x + 24308 1

0.650

0.600

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Figure 2. EnS assessment (Georgia)

4.3. Regression model of dependency of selected indicators

Since data on the E717 are not available for the model due to the lack of statistical data on the
country being analysed, the dependence of the assessment of Georgia’s EnS (Y, ) on a few indicators
was built. After the selection, X1, X2, X3, X4 and X5 remained the most significant indicators.
The rest of the indicators are not statistically significant within this model.

cators are not statistically significant within this model.

As a result of the regression model, the following data were obtained:

1. R-square: 0.993201; Adjusted R-square: 0.986402.

2. Coefficient: const = 0.83202; X1=-0.125637; X2 =0.0810529; X3 =-0.912016;

X4 =0.912256; X5=0.918351.
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3. P-value: const < 0.00001***; X1 = 0.00006***; X2 = 0.00011***; X3 = 0.00099***;
X4 =0.00109***; X5 =0.00109%**,

Y, =0.83202-0.125637 x X1 +0.0810529 x X2 —0.912016 x X3 +0.912256 x X4 —0.91835 x X5

Thus, it is possible to draw the following conclusions:

— Increasing electricity imports (X1) leads to a reduction in EnS.

— Increasing electricity exports (X2) results in a slight increase in EnS.

— Increasing the net generation of traditional thermal electricity (X3) leads to a significant

reduction in EnS.

— Increasing net power generation (X4) leads to a significant increase in EnsS.

— Increasing net hydropower generation (X5) leads to a significant reduction in EnS.

It can be concluded that now it is in Georgia’s interest to maintain a low import of energy
resources, as well as to facilitate net power generation. At the same time, hydroelectric and thermal
power capacity are insufficient to maintain £nS growth. However, these indicators are not enough to
build a comprehensive study, and access to statistics is needed.

It is proposed to consider a regression model with indicators of energy imports and exports. For
example, the following data were obtained:

1. R-square: 0.903946; Adjusted R-square: 0.879932.

2. Coefficient: const = 0.772889; X1 =-0.0801297; X2 = 0.066675.

3. P-value: const < 0.00001***; X1 = 0.00005***; X2 = 0.00245%**,

4. Variance inflation factor method: X1 = 1.003; X2 = 1.003 (no multicollinearity).

Y, =0.772889 — 0.0801297 x X1 + 0.066675 x X2
There is also an increase in EnS with increased electricity exports and a reduction in £nS while
importing electricity. It should be noted that in this case, a complete lack of multicollinearity between
the factors is observed.
In general, it should be noted that the obtained data show the viability of the author’s toolkit

and the possibility of adapting it to other territory.

5. Discussion

The use of the toolkit allows the assessment of the EnS level based on the methodical monitor-
ing. It is possible to expand the proposed tools based on the development of indicative analysis, but
this direction requires a more in-depth discussion of the scientific community on energy issues (Dyer
and Trombetta, 2013). The position of the state on EnS should be more integrated, since without the
implementation of a functional apparatus of regulation it is impossible to ensure the execution of the
targeted plans to achieve security of energy supply. Identifying trends in EnS changes allows for the
development of mechanisms of influence, primarily financial, on the energy sector (Blum and Legey,
2012; Labandeira and Manzano, 2012).

The quantitative measurement of the EnS territory is not calculated in international practice;
however, from the author’s point of view, this issue will be revised in the near future as ratings, indices
and EnS indicators are closely related to sustainable development (Jakstas, 2020; Tvaronaviciené et al.,
2015). In theoretical and methodological terms, previous studies are based on obtaining results without
specific quantitative estimates, which prevents the acquisition of objective information for predicting
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EnS based on economic and mathematical methods. The indices of organisations and research compa-
nies are of particular interest in the research environment; however, their calculation requires the use of
specific information, which is not always available to researchers. Additionally, available studies do not
allow the determination of the universal assessment of EnS, instead only giving an idea of the analysed
phenomenon (Cherp and Jewell, 2014).

Since empirical research requires more data and access to private information, the use of the
proposed toolkit based on publicly available information leads to a fair conclusion about its advantages.
The analysis also showed the possibility of forming a methodological toolkit in the context of main-
taining £nS in connection with the need to ensure the sustainable development of territories at different
levels (Reddy and Ulgiati, 2015). The development of sets of indicators, indices and structures to assess
the EnS of countries becomes a key parameter in determining the sustainability of the territory under the
influence of geopolitical uncertainty (Axon and Darton, 2021). Therefore, the expansion of scientific
and applied knowledge in this area is in the interests of the global community. The result of the develop-
ment of the instrumental apparatus will be the formation of algorithms for determining problem areas,
and the regression analysis will provide a few opportunities to identify the impact of factors on the EnS.

As aresult of the testing of the toolkit using Georgia as an example, the data on the dynamics of
the assessment of the country’s EnS were obtained, which allowed the building of a regression model
of dependencies. Despite the lack of statistical data on the analysed region, the trend between electric-
ity imports and exports was revealed. To strengthen Georgia’s position in the global energy market,
measures should be taken, such as balancing energy imports and exports, primarily by focussing ef-
forts on reducing imports and meeting domestic needs through net electricity generation. At the same
time, the impact of traditional thermal electricity, the growth of which has a negative impact on EnS,
should be reduced. Of course, these indicators may not reflect a complete functional picture, but the
results show the effectiveness of the instrumental approach and the possibilities for its further devel-
opment. Unfortunately, the results obtained during testing of the proposed methodology are difficult
to compare with the results of other studies as there are no objective scientific studies on the region in
the context of EnS. However, when compared with the ETI, there is a clear correlation with the energy
equity indicator;* a complete comparison of the proposed methodology and the ET7 is not required.
They are complementary and allow for the assessment of different aspects of energy development
in the territory.

6. Conclusions

The article considered: the theoretical aspects of the £nS concept, which allowed us to expand
the contribution to the study of the problem of sustainable development; methodological approaches
and methods of evaluating EnS are analysed; the issues of the ETI, which is poorly developed in the
scientific literature and is practically unused in the context of the formation of instrumental approach-
es of optimisation and rationalisation, have been considered.

The author’s method of assessing the level of EnS at the territorial level has been also con-
structed, allowing the determination of the £nS index and a regression model of the dependence of
EnS on various factors has been built.

The proposed approach was tested using Georgia as an example. An assessment of the coun-
try’s EnS was calculated, and the downward trend in the level of EnS was revealed (from 0.772

4 WES, World Energy Trilemma Index, 2020. trilemma.worldenergy.org
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in 2008 to 0.705 in 2018). An example of a regression model was provided, in which a strong correla-
tion between Georgia’s EnS and import-export indicators was revealed.

Limitations of the study include the following:

— statistical imbalance: the difficulty of finding statistics by region and the lack of long-term
observations of a few indicators.

— structural incompleteness: selected indices are not final, and they are planned to be expanded
and complicated.

— innovative insufficiency: the innovative context and state of the territory’s energy funds are
not sufficiently accounted for in assessing EnS.

However, these restrictions are not serious, and they open the way to resolve the problems in
further research. The overall result was the construction of a toolkit for the analysis of the EnS of a
territory. In the future, it is planned to build expanded models of dependency by country and region,
highlighting the key parameters for creating energy efficiency for different territories.
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