Proceedings of the 2022 IX International Scientific Conference Determinants
of Regional Development, No 3, Pila 27 - 28 October 2022

Energy security of the country: case for Ukraine and EU

Oleksii Lyulyov
Sumy State University, Ukraine
ORCID: 0000-0002-4865-7306, e-mail: alex_lyulev@econ.sumdu.edu.ua

Tetyana Pimonenko
Sumy State University, Ukraine
ORCID: 0000-0001-6442-3684, e-mail: tetyana_pimonenko@econ.sumdu.edu.ua

DOI: 10.14595/CP/03/016

Abstract: The core goal Green Deal Policy is providing energy security for countries’ green growth. Moreover,
the ongoing political crisis and countries’ energy dependence necessitate the development of effective
instruments for providing energy security. The paper aimed to estimate the countries’ energy security
to identify energy security’s core drivers and bottlenecks in the EU and Ukraine. The study contained two main
stages: 1) bibliometric analysis — to identify the scientific background on the abovementioned issues and
develop the theoretical framework of the investigation; 2) to estimate the energy security of the country. The
findings of bibliometric analysis (co-occurrence criteria) confirmed the growth of the papers’ number, which
focused on the investigation of energy security. Thus, the papers’ number has increased 2.5 times over the past
five years. The results allowed to identify the three core triggers that affect energy security: environmental
(greenhouse gas emissions, environmental quality, etc.), institutional (efficiency of public administration,
infrastructure development, etc.) and behavioural (society willingness to adopt energy and resource-saving
lifestyles, considering environmental factors in decision-making, etc.). The objects of the investigation are the
EU countries and Ukraine (as the potential EU member). The data for the years 2000-2020 were obtained from
Eurostat, World Data Bank, Ukrstat, OECD. The study applied the method based on the MARKAL model
to estimate the energy security of the countries, as well as Godric-Prescott and Butterworth filters to consider
the indicators’ fluctuation of energy security. The findings concluded that Ukraine (as the potential EU
member) should converge with EU policies in the energy sector to increase energy security. Moreover, Ukraine
should adopt EU practices to extend green energy technologies, promote a green mind and lifestyle among
society, and create supporting instruments for developing alternative energy.
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Introduction

Energy security is one of the milestones of a country’s sustainable development.
Considering the International Energy Agency (IEA), energy security is access to the energy
sources with affordable prices on the regular base without disruptions [IEA, 2022]. In this
case, all European Union countries try to change the energy balance structure on the way
to increase the share of renewable energy in total energy consumption. Thus, the electricity

power stations which used the coal, nuclear and hydro are in the decline from year to year.
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At the same time, the effective policy and institutional regulations could provide reliable
energy access during the transformation of country's energy balance. The energy issues are
being intensified by the political conflicts. There is a need for relevant instruments
to identify the bottlenecks in energy system and policy, and mechanisms to overcome them.
In this direction, the EU countries have accepted the European Green Policy, which declared
the step-by-step decarbonisation of EU economy. Thus, they are going to decline
greenhouse gas emissions by 55% by 2030 [A European Green Deal, 2022]. At the same time,
there is a need for empirical justification of rational balance between traditional and
renewable energies in the country’s energy balance structure. In this case, it is actual
to develop appropriate approaches to forecasting the country’s energy balance structure

with the purpose to define an effective way of changing it and guaranteeing energy security.

Theoretical premises

Energy security is well investigated and widely used, however, the there are
no unified approaches to defining it [Kruyt et al., 2009; Ellabban et al., 2014; Goldthau
& Sovacool, 2012]. It could be explained that energy security depends on the country’s
location, available resources, and vast range of dimensions (ecological, technical rediness
of the energy system, economy development, social progress, institutional efficiency, etc.).
A study by Angetal. [2015] based on 83 definitions concluded that meaning of energy
security depends on the context. Thus, the study by Ang et al. [2015] defined energy security
through seven core dimensions: energy availability; energy infrastructure; energy price;
social consequences; environment; energy management and energy efficiency.
Winzer C. (2012) defined energy security considering the group of risk sources: technical,
human, and natural. The paper by Kruyt et al. [2009] highlighted that it is security from the
access to supply of energy.

To identify the core factors that influence energy security, the study applied
the bibliometric analysis using the benchmarks Scopus and Web of Science Tools Analysis.
The methodology of analyses was based on the studies by Lyulyov et al. [2020]; Ziabina et al.
[2020]; Soliman et al. [2021]; Us et al. [2020]. The following thresholds were chosen:

keywords — energy, environment, energy security, institutions, infrastructure, greenhouse
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gas emissions, green mind, green lifestyle; boolean operators — or, and in different
combinations; time — 1990-2021; language — English.

At the first stage, all publications were published to exclude the duplicates from
Scopus and Web of Science. Afterwards, 11 401 publications were included in the analysis.
The findings confirmed that the number of publications on energy security have been
increasing for the past five years (figure 1a). In 2021, 1024 papers were published, which
is higher by 40% compared to the year 2015. It has been noted that the scientists from
the United States of America published the highest number of the papers — 2063, from China
— 1324 papers, and from the United Kingdom — 1085 papers (Figure 1b). Sovacool B. K. has
the most powerful scientific background in the investigations on energy security — 83 papers
for the years 1990-2021. Thus, the most cited studies by Kohler et al. [2019]; Sovacool [2016,
2008, 2014]; Sovacool et al. [2018, 2019] focused on the analysis of the ways to overcome
energy issues in countries. It should be noted that Chinese Academy of Science is prolific

among institutions which focused research on energy security (Fig. 1d).

Figure 1. The visualisation of publication activity on energy security for 1991-2021
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Using VOSviewer version 1.6.18 allowed conducting the co-occurrence analysis of the
selected papers. Figure 2 visualises the findings of co-occurrence analysis by country for the

years 1991-2021.

Figure 2. The visualisation of co-occurrence analysis by country for 1991-2021
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The findings of the co-occurrence analysis allocated five core clusters in the

investigation of energy security. The biggest was red cluster, which merged the following
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keywords: energy governance, institutional framework, infrastructure development, etc.
Thus, Sovacool & Mukherjee [2011] confirmes that providing energy security could be
realised without relevant infrastructure and effective government management. At the same
time, Correljé & van der Linde [2006] highlighted that the EU should reorient and update its
energy policy, rebuild its structure, and reinforce the energy governance. Furthermore, the
study by Goldthau & Sovacool [2012] identified that limitation in the provision of energy
security was due to the complexity of energy governance (vertical and horizontal
complexity) and the lowest level of the energy system's resilience. They confirmed the
necessity to update and reorient the energy policy, considering new issues related to the
decarbonization of the economic development. The studies by Szulecki et al. [2016],
Alagpuria [2021], Dzwigol et al. [2021], Kharazishvili et al. [2021] highlighted that energy
security of the EU countries depended on efficiency of national and common EU governance.
Thus, they allocated the key issues in providing energy security and mechanism to overcame
them.

The purple cluster focused on the analysis of electricity generation and technical
issues of the energy system. Thus, most EU countries try to change the energy structure,
eliminating traditional sources and enlarging the scope of renewable energy in the country’s
energy balance. The study by Wang et al. [2011] confirmed that energy security in Pakistan
is related to the affordability of renewable energy in the country. Thus, they justified that
the countries with developed infrastructure for renewable energy had the higher level of the
energy security. However, based on the interview in Finland, France and the United
Kingdom, the study by Teradvdinen et al. [2011] justified the necessity to develop nuclear
energy and new nuclear power stations. Daniel Yergin [2006] concluded that energy security
required the diversification of energy sources. Furthermore, he confirmed the necessity
of changes in the energy balance structure through developing the “clean coal”, and a new
generation of nuclear power and renewable energy, as they become more competitive.
Yergin [2006] highlighted that it required the relevant energy infrastructure and investment.
The paper by Ellabban et al. [2014] confirmed that high price of traditional energy recourse
had the negative impact on the country’s energy security. In this case, the scientists proved
the necessity of alternative energy development. The paper by Ellabban et al. [2014]

highlighted the advantages and disadvantages of renewable energy under the types
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(solar, wind, hydro and etc.). Moreover, they concluded that enlarging the scope
of renewable energy could not be effective without the development of smart grid
technologies. The scientists Asif & Muneer [2007] analysed five countries that have
an impact the world energy market (the USA, India, China, Russia, the United Kingdom) and
confirmed that alternative energy (solar, wind, biomass, etc.) could satisfy the ongoing and
future energy demand without declining of energy security.

The green cluster penetrated all clusters and contained the following keywords:
greenhouse gas emissions, environmental quality, protection, etc. Thus, the study
by Owusu & Asumadu-Sarkodie [2016] defined energy security as uninterrupted energy
supply for stable economy development. Besides, they confirmed that providing energy
security requires extending the scope of renewable energy. Furthermore, other studies
by Owusu & Asumadu-Sarkodie [2016]; Formankova et al. [2018]; Sotnyk et al. [2018];
Miskiewicz [2020]; Chygryn et al. [2015]; Fila et al. [2020] identified that renewable energy
allowed to reduce greenhouse gas emissions and mitigate the climate changes. Jacobson M.
[2009] highlighted that most environmental issues and global warming were caused by the
exhaust from the combustion of solid, liquid, and gaseous substances during energy
production and use. These issues could be overcome by introducing cardinal changes in the
energy sector. Besides, as the demand and the price of fossil-fuels has been increasing from
year to year, the government should develop new approaches to providing undisrupted
energy supply, which is the basis of energy security. Jacobson M. [2009] found that
developing green energy allowed to reduce the negative impact on the environment and
people health. The study allocated the positive impact of green energy on health and
environment by the types (solar, wind, hydro and etc.) and stages of the life circle
(generation and use).

The blue cluster merged the following keywords: marketing, behaviour, green
mind, etc. The study by Anable et al. [2012] emphasised the social and cultural gaps that
restrict the spreading of renewable energy and reduce energy security. Taking the transport
sector of the United Kingdom as an example, they explained that without relevant demand
for renewable energy, the supply could not be increased. Using the logit model, the study
by Zainudin et al. [2016] confirmed that behavioral (perceived of product advantages and

control negative behaviour), social (household’s size), and economic (household’s income)

241



Proceedings of the 2022 IX International Scientific Conference Determinants
of Regional Development, No 3, Pila 27 - 28 October 2022

dimensions have a significant impact on the consumers’ willingness to pay for energy saving
products. In this case, the authors Zainudin et al. [2016] highlighted the role of green
marketing in promotion of green technologies, including green energy. Qian, L. and Yin, J.
[2017] analysed the role of ethical value in spreading of renewable energy and energy-
efficient technologies. With their findings, they confirmed that the green policy and social
marketing should pay attention to cultural values to promote the energy efficiency
technology and resource-saving lifestyles. Using the ptobit and tobit models, the Slovenian
scientists analysed the willingness to pay for green electricity. Considering the findings, the
age and household’s size had a negative statistically significant impact on the willingness
to pay for green electricity. However, income, education, and green awareness had
a positive statistically significant impact on the willingness to pay for green electricity
Zori¢ & Hrovatin [2012].

To sum up, the results allowed to identify the three core triggers that affect energy
security and should involve due to the energy security assessment: institutional (efficiency
of public administration, infrastructure development, etc.), environmental (greenhouse gas
emissions, environmental quality, etc.), and behavioural (society’s willingness to adopt
energy and resource-saving lifestyles, considering environmental factors in decision-making,

etc.).

Methodology

Ukraine identified the European vector of development. It necessitates the
implementation of energy policy aimed at improving the energy efficiency of the national
economy, as this not only corresponds to rapid integration with the EU in this area, but also,
above all, reduces the destructive impact on the environment. It is the main condition for
achieving the Sustainable Development Goals of the country. It should be noted that
providing energy security allowed achieving sustainable energy supply, reducing greenhouse
gas emissions, increasing security of supply, and reducing the cost of energy imports, but
also has increased the competitiveness of the national economy. Table 1 contains the

dimensions of the country’s energy efficiency as a core indicator of energy security.
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Table 1. The variables for the assessment of the country’s energy efficiency

Variables Symbols
The share of renewable energy sources in the power industry xle
The share of renewable energy in heating and cooling x2e
The share of renewable energy sources in transport x3e
Primary and final energy consumption (reduction) xde
Energy intensity per unit of GDP (decrease) x5e

Fuel consumption for electricity and heat production (gradual reduction of coal use (both hard and brown)) x6e

Primary energy consumption x7e
The share of renewable energy in final energy consumption x8e
Coefficient of dependence of energy imports on solid fossil fuels x9e

Source: own work.

The country's import-export energy balance, which largely depends on the
effectiveness of its international policy/relations, plays an important role in meeting demand
and determining the structure of electricity production, as well as the electricity at the
wholesale market. The following indicators were used to estimate "efficiency
of international relations" of the integrated indicator of energy security: net balance of
import-export of electricity ((x1f); the dependence of the country on energy imports (x2f)
(calculated as the total amount of energy imported from other countries to gross domestic
energy consumption).

Stable and secure electricity supply depends on the development of the national
energy system. In addition, its level determines the possibility of cross-border connections
and entry into the unified European energy market. It allows attracting additional sources
of energy supply. Furthermore, it catalyzes the internal market development, reduces
energy prices, as well as limits the negative effects of threats and restrictions. Increasing the
capacity of cross-border connections between member states of the single energy market
should be done primarily through the optimal use of existing connections and the removal
of barriers to market access. It should consider national systems, changing the rule
of providing capacity between states, optimizing methods of providing with the capacity
of market participants, etc. The key indicators of measuring the "internal energy market" of
the integrated energy indicator are: System Average Interruption Duration Index, SAIDI

(x1in), share of the energy losses (x2in).
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Assumptions about the interdependence of macroeconomic and energy indicators,
in particular the MARKAL-MACRO model, play an important role in the systemic approach
to the study of a country's energy security. This model was developed to estimate
the decarbonization impact on GDP growth in the United Kingdom [Manne & Wene, 1992].

The parameters in the model were capital, labour, and energy resources:

(1) Yt=Ct+It+ECt

where Yt, Ct, It, and ECt are the production, consumption, investment, and energy
costs in period t.

The model contains the indicators of the energy system covering from the energy
production, energy import / export, conversion, transmission, and distribution for final
consumption. Thus, the energy forecasting depends on positive and negative fluctuations
of labour forces, capital, and volume of output. At the same time, in contrast to the existing
model, which allows, along with traditional indicators of energy system development,
considering indicators of change in international and national social and economic
development (efficiency of international relations and implementation of energy policy,
human security). Thus, the assessment of energy security along with indicators of fuel and
energy sector should consider economic, environmental, and resource constraints (labor,
capital). Therefore, the integrated indicator of energy security considers the indicators
of measurement "macroeconomics, health care, environment, employment and education,

skills and social impact" (Table 2).

Table 2. The variables for the assessment of a country’s energy security

Variables Symbols
CO, emissions per capita x1lm
Ozone concentration x2m
The waste generated x3m
The average minimum wage x4m
The current costs of environmental protection x5m
The cost of electricity x6m
The cost of natural gas X7m
The share of household expenditures on housing and utilities x8m

Source: own work.
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The study applied the entropy method to determine the influence of the indicators of
each of the vectors on the integrated energy security index. This approach allows to consider
the maximum / minimum values of indicators of energy security vectors and to eliminate the
subjective nature of its assessment.

Step 1: the normalization of initial parameters is carried out:

Positive indicator:

(2) xij*=xij-mjMj-mj

Negative indicator:

(3) Xij*=Mj-xijMj-mj
where Mj=maxxij, mj=minxij.

Step 2: Calculate the indicator weight:

(4) pij=xij/i=1nxij

Step 3: Calculate the information entropy of each component based on the specific gravity:

(5) ej=-1In n i=1mpijln pij

Step 4: Calculate the information entropy redundancy:

(6) dj=1-¢j

Step 5: Calculate the weights of each indicator:

(7) wj=dji=1ndj
Step 6: The assessment of integrated energy security index using the taxonomic

method:

(8) IEC=le+If+lin+Im=j=1njxej*+i=1nixfj*+i=1nixinj*+i=1nixmj

where |EC — integrated energy security index; le, If, lin, Im — sub-indexes’ vectors of
“energy efficiency”, “efficiency of international relations", "internal energy market",
"macroeconomics, health care, environment, employment and education, skills and social
impact".

The IEC should be in neasure between 0-1 (Table 3). The lagest value of IEC indicates
the higher level of energy security, and the lower value IEC - smaller level of energy

security.
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Table 3. The threshold of a country’s energy security

Interval Country’s energy security
0,75<IEC<1 High
0,5 <1EC< 0,75 Average
0<IEC<O0,5 Low

Source: own work.

Results

Table 4 contains the findings of the indicators’ weights of the integrated energy

security index.

Table 4. The indicators’ weights of a country’s energy security

indicators| xle | x2e | x3e | x4e | x5e | x6e | x7e | x8e | x9e | x1f | x2f

wj  |0.058/0.056/0.045|0.065(0.062|0.066/0.062|0.097|0.058(0.056|0.045
x1in | x2in | xIm | x2m | x3m | x4m | x5m [x16m| x7m | x8m
wj  |0.038|0.038|0.033|0.012|0.006/0.070(0.042(0.039/0.024/0.021

Source: own work.

Empirical calculations of indicators’ normalized values of energy security vectors
considering their weighting factors allowed calculating their integral level, using the
taxonomic method. Figure 3 contains the findings of integrated energy security index

for Ukraine for the 2000-2020 years.

Figure 3. The findings of the country’s energy security index for Ukraine for the 2000-2020

years.
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The findings (Figure 4) confirmed the uneven fluctuations of the country’s energy
security index, which occured, in particular, in 2004-2008 and 2014-2018. Relevant negative
changes occurred during the two political crises (2004 — Orange Revolution, 2014 —
Revolution of Dignity), which led to economic downturns and the loss of part of Ukraine.

In the context of energy security, it is important to assess the level of asynchrony
of state energy policy with European practices to implement the energy efficient component
of the European Green Deal Policy and the speed of its response to exogenous and
endogenous changes in the national economy. This approach is based on the theoretical
principles of the o- and B-convergence, considering the economic development of the
country, its openness and involvement in globalization. Estimation of o-convergence

of vectors:

n
__\2
(©) o = (1 /nZ(lan — Inw;;) )2
i=1
where xij — the i-th indicator of the vector of the country’s energy security in the t-th
year; n — number of countries to calculate group convergence.

Estimation of B- convergence of vectors:

(10) In (x;j¢/%ije-1) = C + BIn(x;j 1) + 6F; + €;¢
where Fit — explanation variable of parameters’ fluctuations of the country’s energy
security index (economy openness, involvement in globalization processes, the efficiency

of public administration, etc.)

Summary, recommendations

The summarising of theoretical background on analysis of energy security allowed
allocated five core scientific directions. Thus, it allowed to define the significant indicators
that should be considered under energy security assessment. The study applied the MARKAL
model for energy security assessment. It allows considering changes in the international and
national conditions of a country’s socio-economic development (efficiency of international
relations and implementation of energy policy, human security).

According to the findings, the integrated energy security index had the highest value
in 2008 — 0.628 points, and the lowest value in 2016 — 0.594 points. It was provoked by the

military and political instability in Ukraine, which significantly slowed down the
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transformation of the country's transition from export-raw materials to resource-innovation
models, as well as reforms to ensure a green structure of energy consumption. In addition,
during the study period 2000-2020, the level of the integrated energy security index of the
national economy was characterized by fluctuations that occured in 2004-2008 and 2014-
2018.

The findings confirmed that Ukraine (as the potential EU member) should converge
with the EU policies in the energy sector to increase energy security. Moreover, Ukraine
should adopt EU practices to extend green energy technologies, promote green thinking and
lifestyle among society, and develop supporting instruments for developing alternative

energy.
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