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O N I

Abstract: Energy is vital for the proper functioning of the various sectors of the economy and social
life. During the pandemic, there have been some changes in these aspects that need to be investigated.
The main objective of this article is to identify the direction of change caused by the COVID-19
pandemic in energy consumption and energy intensity in sectors and economic areas in EU countries.
The specific objectives are to identify the importance of energy consumption in sectors and areas of
the economy in individual EU countries; to determine the dynamics of change and variability during
the pandemic in energy consumption in individual sectors and areas of the economy in EU countries,
especially during the COVID-19 pandemic; to determine the changes in energy intensity of individual
economic sectors and the differences in energy intensity between individual EU countries, including
during the COVID-19 pandemic. Using a purposive selection method, all 27 EU Member States
were selected for the study on 31 December 2020. The analysed period covered the years 2005-2020.
The sources of material were literature and data from Eurostat. Descriptive, tabular and graphical
methods, dynamic indicators with a fixed base and variable base, Gini coefficient, coefficient of
variation, Pearson’s linear correlation coefficient, and multi-criteria analysis were used for analysis
and presentation. It was found that the structure of energy consumption had remained unchanged
for several years, with transport, industry and households dominating. There were no significant
differences between countries. The COVID-19 pandemic reduced energy consumption in all sectors
of the economy, the largest in transport and services and the smaller in industry. At the same time,
household energy consumption increased. As a result of the pandemic, there was an increase in
energy intensity in all sectors of the economy, the largest in industry. Western European countries
had a lower energy intensity of the economy than Central and Eastern European countries. There
was little change over several years. Countries generally maintained their ranking. The pandemic did
not change anything in this respect, meaning that it had a similar impact on individual EU countries.

Keywords: energy efficiency; reducing energy intensity; ranking of countries” energy intensity; multi-criteria
analysis; sectors of the economy; households; economic effects of the pandemic; social effects of the
pandemic; countries of Western Europe; countries of Central and Eastern Europe

1. Introduction
1.1. Energy Consumption in the Economic Sectors and the Household Area

One of the most critical factors determining countries” and regions” economic and
social development is access to energy. Ideally, energy sources should be readily available
and cheap [1,2]. Unfortunately, this is not always the case. Therefore, countries need to
reduce their energy demand, i.e., be less energy-intensive [3]. A second reason is also
environmental issues [4]. Economic activity and energy consumption are closely linked;
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hence the economy is called energy-dependent [5]. In the long term, economic growth and
urbanisation are key factors leading to increased energy demand [6]. It is also important to
remember that there is a national energy transition, meaning that both energy sources are
changing (renewable energy is being developed), and production technologies are changing
to more energy-efficient ones [7]. Technology transfer is promoted by globalisation [8], as
is renewable energy development [9]. Such activities affect many areas of business and
society. Examples include the promotion of electromobility [10], investment in renewable
energy [11,12], and education toward a more environmentally responsible society [13,14].

There are differences in energy demand between the various sectors of the economy.
The highest demand is reported by industry [15]. In contrast, the transport sector has the
highest growth rate [16]. It all depends on the phase of economic development of a country.
On the other hand, energy demand for transport grows steadily and takes up most of
the total energy use in the later stages of development [17]. Innovations are needed in
this sector to lower energy absorption and reduce air pollution. For example, advances
in vehicle technology can reduce the energy intensity of the transport sector and improve
the energy efficiency of transport operations [18]. The service sector is one of the fastest
growing. Barriers can be found in this sector due to the high fragmentation of companies.
The most important of these are insufficient knowledge, the low priority given to energy
and financial difficulties [19,20]. In agriculture, the increase in energy demand is due to the
increase in mechanisation, which leads to another issue—for example, replacing human
labour with machine labour requires energy [21]. There are differences between countries.
These are due to human capital characteristics, environmental conditions and the technical
efficiency of crop and livestock production [22]. Interestingly, agriculture is a sector that
produces more renewable energy than it consumes. By all means, progress is being made,
but change is relatively slow [23]. Energy intensity may decrease with economic growth
because of the technical changes that accompany this growth [24].

Household energy consumption is steadily increasing. The reason for this is the
increasing share of various types of electricity-powered devices, such as computers and
smartphones [25]. There are a great many factors that can influence household energy
consumption. Among the most important are climate and urbanisation [26], housing char-
acteristics, appliance use, household demographics [27,28], and population income [29].
One of the limiting factors for household energy consumption is energy prices [30]. House-
holds seem to have the most variables determining the level of energy consumption. One
of the most important is the economic factor.

1.2. Energy Policy Developments and Trends in Energy Consumption

EU energy policy is built on three pillars: competition, security of supply and sustain-
ability. Targets such as reducing greenhouse gas emissions, increasing energy generated
from renewable sources and increasing energy efficiency are also important [31-33]. Energy
policy focuses on the liberalisation of the whole sector and, on the other hand, on devel-
oping a more sustainable energy sector [34-36]. All objectives have been progressively
pursued and evolved. Important energy policy documents of recent years include Strat-
egy 2010. It focuses on achieving energy efficiency targets and implementing low-carbon
technologies [37]. The 2016 document on renewable energy should also be mentioned [38].
The energy policy, announced in 2015 in the ‘Energy Union Strategy’, is based on five
closely related areas, namely: security, solidarity and trust among EU countries; full in-
tegration of the internal energy market; energy efficiency with reduced dependence on
energy imports; decarbonisation of the economy; research, innovation and competitiveness
towards low-carbon energy technologies [39]. In fact, energy integration within the EU has
been an important objective since 2015.

In 2019, the Clean Energy for All Europeans package introduced a new comprehensive
EU strategy. The aim was to achieve carbon neutrality by 2050 by facilitating a shift
away from fossil fuels and replacing them with cleaner energy. One of the five targets
is improving energy efficiency by saving and reducing greenhouse gas emissions. This
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aim assumes a 32.5% increase in energy efficiency by 2030 compared to the base year. The
national targets are based on the country’s relative wealth (in GDP per capita). Less wealthy
countries have less ambitious targets [40].

An action plan known as the European Green Deal has been created to address the
challenges of climate change and environmental degradation. It aims to help transform
the EU into a modern, resource-efficient and competitive economy that achieves zero
net greenhouse gas emissions by 2050 and decouples economic growth from resource
consumption. The aim is to reduce net greenhouse gas emissions by at least 55% by 2030
compared to the 1990 emission levels measured. Actions must be taken in this regard
to address several areas. In terms of energy policy, one objective is to prioritise energy
efficiency, improve the energy performance of buildings and develop an energy sector
based mainly on renewable sources. In addition, changes are envisaged in the industrial,
agricultural and transport sectors [41].

1.3. The Impact of COVID-19 on Business and Social Life

The COVID-19 pandemic generally had a negative impact on the economy. However,
some activities benefited from it. Gourinchas [42] pointed to the very high degree of
interconnectedness and specialisation of manufacturing activities. In such a situation, the
collapse of supply chains will have cascading effects on many activities. Baldwin [43]
identified circular flows that arose during the pandemic. COVID-19 decreased demand
for face-to-face interaction services, such as hotels, restaurants and retail. On the other
hand, there has been an increase in demand for services that can be provided remotely
without the need for face-to-face contact. Information and communication technology (ICT)
services can be cited as an example. Differences between countries were also due to the
scale of the pandemic and the restrictions put in place by governments [44]. Using Canada
as an example, Slade [45] singled out activities that were restricted during COVID-19, such
as short-run production of furniture, automobiles, printing, petroleum, chemicals and
plastics, non-metallic minerals, and computers, electronics and electricals. However, the
increase in demand in the short term was in food and beverage and paper production. In
the long term, production stabilised. In wholesale trade, sales of agricultural products,
motor vehicles and construction parts and materials declined. Reductions in physical goods
affected virtually all industries. Retail sales fell, except for food and beverages. Lebedeva
and Moskalenko [46], using Ukraine as an example and 2020 data, found that industries
such as car manufacturing, leather production, light industry, furniture manufacturing, coal
mining, and oil and gas extraction were most affected. De Vet et al. [47] examined industrial
production in the EU27. They found a sharp decline in this production in March and April
2020 (—11.1 and —20%, respectively, compared to the previous period), coinciding with
the first wave of coronavirus spread. A rebound followed this in May and June 2020 (up
13% and 10.4% change from the previous period, respectively). Changes in production
value were correlated with the disease situation and the restrictions put in place. Using
Korea as an example, He and Wang [48] found that there were declines in all sectors,
including food sales. In this country, restrictions and limitations were not extensive, but
the country’s orientation towards importing and exporting goods and services was vital.
Therefore, the impact of the pandemic was significant. The impact of COVID-19 on the
economy may therefore be mixed. Arellana et al. [49], using Colombia as an example,
found that in the first months of the pandemic, only the transport of goods increased,
while the reduction was in the transport of people. Nonetheless, in the early stages of the
pandemic, revenue declines were recorded in all transport sectors. Passenger transport
was particularly negatively affected. Li et al. [50] found a correlation between the situation
of passenger air transport worldwide and the rate of disease growth. The more morbidity
there was, the more restrictions and a considerable reduction in the number of journeys.
Similar results were obtained by Sun et al. [51,52] for the world and by Linka et al. [53,54]
for European countries. Rahman and Thill [55] confirmed the patterns occurring based on
studies in 86 countries.
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The impact of COVID-19 on society is extensive and has far-reaching consequences.
The economic aspects have already been presented. Social and health aspects can be men-
tioned next [56]. The first group can include the inability to use many services, cancellation
or postponement of large-scale sporting events, avoidance of national and international
travel and cancellation of services, disruption of the celebration of cultural, religious and
festive events [57], stress and depression among the population, the need to maintain social
distance with peers and family members [58], inability to use hotels, restaurants and places
of worship [59], closure of entertainment venues such as cinemas and theatres, sports
clubs, gymnasiums, swimming pools [60], postponement of examinations and remote
learning [61]. In the EU countries, the pandemic had a very big impact on the tourism
sector. Three countries are in the top five global travel destinations, ie Spain, France and
Italy [59]. As for the health consequences for the public, the main ones mentioned are
high health risks from contracting coronavirus, lack of access to medical services, and
postponement of surgeries and procedures. All these restrictions meant that people had
to spend a lot of time at home, only with their immediate family members. As a result,
household expenses increased, including those for energy consumed.

1.4. Justification, Aims and Structure of the Article

The topics of this article are important and topical. The issues of energy consumption
and energy intensity of individual sectors are essential for sustainable development and
improving energy use efficiency. Ambitious targets have been set in the EU for significant
energy consumption reductions and efficiency improvements. In addition, no country
wants to sacrifice energy consumption for production and growth. These objectives appear
to be somewhat contradictory. One possibility is to improve energy use by introducing
new technologies, which should be appropriately performed in every sector. Reducing
the energy consumption of households is also not insignificant. In this case, in addition to
introducing energy-efficient appliances and solutions, education and a change in public
habits are necessary. The background outlined in this way shows the direction of energy
policy changes in the EU. The subject is important for future generations and the possibility
of living in an unspoilt environment and benefiting from as yet inexhaustible energy
resources. Therefore, this makes it all the more important to find out whether there have
been changes in energy consumption patterns across sectors and areas of the economy
during the COVID-19 epidemic. Did the pandemic significantly reduce energy consumption
in particular sectors and areas? Or did it cause an increase in some? What were the
differences in this respect? For aspects related to energy intensity, differences between
sectors can also be identified. In addition, it would be important to identify differences
between countries, whether these were exacerbated by the pandemic or reduced. In the first
weeks, the pandemic certainly caused a surprise and a reduction in energy consumption,
and this was an effect not anticipated in any of the forecasts. The occurrence of the pandemic
worldwide was a particular problem. Of course, the impact varied from country to country
and geographic region to geographic region. However, no one was immune from the effects
of a pandemic. The scale and unpredictability of the phenomenon certainly had a major
impact on the functioning of individual sectors and areas. The EU is reasonably coherent
regarding policy objectives, including climate and energy. However, this grouping is made
up of very diverse countries. It is also possible to distinguish groups of countries that are
quite similar on energy issues. The conjuncture before the pandemic was very good. The
changing playing field may also have caused energy consumption and intensity changes.
What is new in this paper is the presentation of a comprehensive analysis of the impact
of COVID-19 on energy consumption in different sectors of the economy and households.
We believe that these two segments are interconnected. Remote working, for example,
has somehow shifted some energy consumption from offices to employees” homes. In the
case of energy intensity, it is novel to present the changes that have taken place in this
respect in EU countries and to identify whether there were countries that lost during the
pandemic and those that gained. A problem and limitation is the lack of comprehensive
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data available. Individual sectors are assessed as a whole, which somewhat limits the
inference about the development of individual industries. Based on the literature review,
it is known that there were differences between individual industries within the industry
sector, or services within the service sector, as well as transport modes within the entire
transport sector. The authors of this article have not yet encountered such a comprehensive
study of the energy consumption of individual sectors and areas of the economy, as well as
their energy intensity, during the COVID-19 pandemic. It will be interesting to determine
whether energy consumption and intensity changes were halted during the COVID-19
pandemic and how they proceeded in individual sectors and areas. The above aspects
make the research necessary and unique. The article presented here can fill a research gap.

The article’s main objective is to identify the direction of change caused by the
COVID-19 pandemic in energy consumption and energy intensity in sectors and areas
of the economy in EU countries.

The specific objectives are:

1.  Identifying the importance of energy consumption in sectors and areas of the economy
in each EU country;

2. To determine the dynamics of change and variability during the pandemic in energy
consumption by sector and economic area in EU countries, particularly during the
COVID-19 pandemic;

3. To determine changes in the energy intensity of individual economic sectors and how
this varies between EU countries, including during the COVID-19 pandemic.

The article seeks the answers to three research hypotheses:

Hypothesis 1. The COVID-19 pandemic affected the decrease in energy consumption in EU
countries in the material (industry) and customer contact (services) sectors, while it caused an
increase in households.

Hypothesis 2. The occurrence of the COVID-19 pandemic has hampered the favourable develop-
ment of energy intensity reductions in individual economic sectors in EU countries.

Hypothesis 3. Western European countries were characterised by lower energy intensity than
Central and Eastern European countries, but these differences have decreased steadily.

The organisation of the work is as follows: Chapter 1 provides an introduction to
the topic. The importance of energy consumption in sectors and areas of the economy is
presented, as well as EU energy policy trends and objectives. The impact of COVID-19 on
various economic and social activities is also shown. This section also includes the rationale
and objectives of the article. Section 2 proposes methods to identify energy consumption
and energy intensity changes in EU countries. In Section 3, the research findings were
presented. In Section 4, the reference is made to other research results that dealt with the
relationships tested. Furthermore, the main conclusions of this paper can be found in
Section 5.

2. Materials and Methods
2.1. Data Collection, Processing, and Limitations

Using a purposive sampling method, all 27 EU Member States were selected for the
study as of 31 December 2020. The UK was a member of the EU until 31 January 2020.
In addition, in 2020, detailed statistical data on this country were no longer collected by
Eurostat. It was, therefore, decided not to include this country in the analyses.

The study period covered 2005-2020, particularly 2019 and 2020. The adoption of
such a period is justified on the merits. In May 2004, there was an extensive enlargement
of the EU with ten new countries. The year 2005 was the first full year in the enlarged
membership. Bulgaria and Romania joined in 2007, and Croatia in 2013. By 2019, changes
in energy consumption and energy intensity due to the normal functioning of the economy
can be observed. In 2020, there was an economic crisis caused by the COVID-19 pandemic.
The European continent was quite severely affected by the pandemic.
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The literature on the subject and statistical data available in the Eurostat database
were used for research purposes. Some limitations were the datasets available and their
detail. We could not analyse individual industries in detail, so we focused on sectors and
areas of activity. Additionally, the 2021 data had not yet been published; the most recent
data were for 2020, which was the first year of the pandemic, and, according to various
analyses, this was when the most significant changes in energy consumption occurred. By
2021, businesses and society had already adapted to some extent to the new reality and
were able to react accordingly. Therefore, the lack of data from 2021 will not distort the
analysis results.

2.2. Applied Methods

The research was divided into stages. Figure 1 shows a diagram of the conducted research.

Stage 1

(identify changes in energy consumption in sectors and areas of the economy during COVID-19
in EU countries)

* structure and concentration of energy consumption
» variability of energy consumption
s dynamics of energy consumption

* interdependence of energy consumption between sectors and areas

L 2

Stage 2

(determining the energy intensity in sectors and areas of the economy in the EU countries)
« energyintensity indicators

« ranking of countries in terms of energy intensity

Figure 1. Diagram of the conducted research.

The research conducted was divided into two stages. In the first stage, the collected
data were statistically analysed using selected indicators of structure, measures of location
and variability, as well as selected measures of dynamics and correlation. Descriptive
methods (tabular and graphical) were also used in this stage.

The complete picture of the structure of the surveyed community is provided by the
absolute number of a given part of the community. The easiest way to present the structure
of a community is the structure indicators (frequency, relative numbers) expressing the
share of a part of the community (#;) in the whole community (}_#;). This measure assumes
values from 0 to 1, and the sum of all indicators for the whole population is 1. Sometimes it
is useful to know how many statistical units have a value that does not exceed the assumed
level of the indicator, e.g., 50%. Then we determine the cumulative structure indicators by
summing up the indicators for the following parts of the community. For some variables,
information on the degree of concentration and the evenness of the variable distribution
among the individuals making up the collective may be equally valuable. One widely
accepted measure of this kind is the Gini coefficient, which can be calculated using the
following formula [62]:
i1 (2 —n—1)x

G= —
n2x

)

where: n—the size of the population; x;—the value of the variable for the i-th statistical
unit; x—arithmetic mean of the variable in the whole population.
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Statistical data analysis aims to obtain a synthetic representation of the results of a
study using appropriate numerical characteristics (statistical parameters). The following
groups of parameters are most commonly used in the analysis of community structure:

e  Measures of position;
e  Measures of dispersion (variability, dispersion);
e  Measures of asymmetry.

The classic measures of the position include the arithmetic mean. For a detailed series,
it is defined as the sum of the elements of the series divided by its size. The arithmetic
mean is a good measure of the average characteristic level in the studied population only
concerning a population with a low degree of variation. It is also sensitive to extreme
observations. The lower the variation of a series, the higher the cognitive value of the
average. Therefore, when interpreting it, it is necessary to know the level of variation in
the data. Of the several measures available, the best is the variance and the root of the
variance, i.e., the standard deviation. The variance for a detailed series is calculated from
the formula [63]:

n
P =3 Y- @
ni3
It is convenient to assess the degree of variation, especially when comparing two or
more communities, using the coefficient of variation, which is the quotient of the arithmetic
mean and the standard deviation. Coefficients of variation are useful when comparing
several communities from the point of view of one characteristic or one community from the
point of view of several characteristics. Large values of the coefficient of variation indicate
a high degree of variation in the population concerning the characteristic under study.
Another type of analysis is the search for relationships between characteristics. Most
often, we are interested in examining a community for two characteristics. If both are
measurable, then the recommended way to assess the relationship is Pearson’s linear
correlation coefficient. For two detailed series, x and y, this coefficient is given by the
formula [64]:
ie1(Xi —%)(¥i — ) 3)

Txy =
VI (6~ 0 S (s~ )

Values of Pearson’s linear correlation coefficient range from (—1,1). The greater the
absolute value of rxy, the stronger the relationship between the characteristics.

In the study presented in this article, we consider changes in the phenomena of interest
over time. Statistics offers a group of measures used to analyse time series dynamics. The
individual dynamics indices are the most popular in terms of occurrence. Like all other
measures of this kind, they fall into two groups:

o  Fixed base (single base) indices;
e Indexes with a movable base (chain).

Univariate dynamics measures are used to determine changes in the level of a phe-
nomenon that has occurred in successive periods compared to the level of that phenomenon
in the period adopted as the base (baseline) period. The single-basis dynamic index is
calculated from the formula [65]:

. Yt
Iy = —. 4
t/k i ( )

where: y;—the magnitude of the phenomenon in the study period; y,—the magnitude of
the phenomenon in the baseline period.

Chain measures of dynamics are used to assess the changes that have occurred in the
level of a phenomenon in a given period compared to the previous period. The dynamic
chain index is calculated from the formula [65]:

ijro1 = yty—jl ®)
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Dynamics indices determine the ratio of the magnitude of the phenomenon under
study in two different periods. They are unmeasured quantities. For interpretation, they
are multiplied by 100 and expressed as a percentage. An index value less than 1 (100%)
indicates a decrease in the level of the phenomenon, while a value greater than 1 (100%)
indicates an increase.

Stage two focuses on the construction of rankings of EU Member States in terms of
energy intensity in individual economic sectors based on purpose-built evaluation criteria,
which have been given estimated weighting values.

In the second phase of the research conducted, a multi-criteria analysis of the EU
countries was carried out based on four constructed evaluation criteria: K1-K4. These
criteria expressed the ratio of final energy consumption to gross value added in a given
sector: industry (K1); agriculture, forestry and fisheries (K2); services (K3); and transport
(K4). The selection of the above criteria was inspired by the work of Graczyk [66], in
which the author presents a set of indicators for sustainable energy development in three
dimensions: social, economic and environmental, and one of the economic indicators for
energy consumption is the energy intensity index.

In multi-criteria analyses, criteria are given weights to express their importance. These
can be adopted arbitrarily using, for example, expert judgements or determined in a
more objective way using specific numerical procedures. One method of determining
objective weights is based on entropy, the so-called Shannon entropy method. Entropy
determines the degree of disorder in a set. It allows the significance of individual criteria to
be determined from the divergence of the values of each criterion. The Shannon method
consists of several steps described in detail by Kobryn [67].

The result of the study is the construction of a ranking of EU countries based on
the adopted evaluation criteria. Using the Shannon entropy method, the weights of the
individual criteria were determined at the following levels: K1-40%, K2-32%, K3-18%,
K4-10%. Rankings were made and then compared among themselves for the years: 2005,
2010, 2015, 2019 and 2020.

Decision support methods can be divided into single-criteria and multi-criteria. Often
the very nature of the decision problem results in its multi-criteria nature. This is the case
when decision-making requires the consideration of at least several decision options, each
of which is influenced by a number of factors that determine its acceptability. Among the
multi-criteria decision-making methods, there are mainly two basic groups of them [67]:

1. Methods based on the utility function;
2. Methods based on superiority relationships.

Utility function-based methods involve a “general to specific” approach. It consists of
considering individual decision options (offers, operators etc.) separately from the point
of view of each criterion and then aggregating the information thus obtained into a single
whole, which may be a specific synthetic indicator (or function). The latter is based on
superiority relationships. In contrast to the first, it implements a ‘bottom-up” approach. We
construct an overall superiority relationship between objects based on partial relationships
(constructed for each criterion separately). The representative of this group of methods
is the POMETHEE 1I algorithm (Preferenice Ranking Organisation Method for Enrichment
Evaluations) [68]. The M objects analysed using K evaluation criteria can be presented in
the following few steps.

Step 1

The objects must be compared in pairs for each criterion separately, which amounts to
counting the following differences:

d*(0},0y) = 0fy — Ofy, ©)

1

where O’[‘i], OI[‘].] denote the ratings of options i and j for criterion k (i, =1, ... ,M; k=1, ..., K).
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Step 2

Based on the calculated differences in step 1, so-called pairwise object comparison
preferences are created according to a given criterion. This boils down to applying one of
the preference functions, the values of which are in the interval [0,1]. The preferences for
stimulants and destimulants are given the forms respectively:

P*(0y,0y1) = F{a* (053, 0p5) }. )
P*(0yy,0p5) = F*{~a*(051, 051) |, ®

Each preference function has the important property that if P* (O, Op)) > 0 then pk
(Oj1, Oy) = 0.

Step 3

When all criteria are considered, calculate aggregated preference indices for each pair
of objects Of;) and Oyj). This procedure is performed using the formulas:

10y, 051) = Ly weP* (033,05, ©)
H( ) Zk 1 WP ( ]],om), (10)

This index indicates the extent to which, overall, in terms of all criteria, object O; is
preferred over object Oy;; or object Of;) over object Oy;).

Step 4

Calculation of preference flows for each object. First, calculations of positive flows®*
(Op;7) and negative flows® ™ (Of;) are made:

@t (o) = _120 co11(03,0p;) (1)

* (o) = 112 co™1(05,051), (12)

Positive preference flow should be interpreted as the degree to which object Oy; is
superior to all other objects, while negative flow tells to what extent object Oy, is superior
to all other objects.

Step 5

Calculation of net preference flows ® (Oy;}) according to the formula:

®(0g) = @ (o) - (0g), (13)

The values of the net preference flows of the offers are in the range [—1,1], and their
sum is 0. Based on the net preference values, the final ranking of the sites can be constructed
by arranging them in descending order of the indicator’s value.

In the PROMETHEE II algorithm presented here, step 2 is particularly noteworthy,
in which a preference calculation has to be performed using appropriate top-down func-
tions. Of the proposed functions, the Gaussian function was used, which is expressed by

the formula: )
d* (O, O
[il- 1]
Pk (O[i],Om) =1—exp —(202> , (14)

where ¢ denotes the variance of the scores for the k-th criterion.

The Gaussian function has quite a few advantages over the other functions in the
PROMETHEE Il method. The preference index reacts approximately linearly for medium
values of the preference function, rendering almost proportional relationships for different
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1]

pairs of objects. In contrast, the preference indexes are close to each other within very
large values of the preference function. The same is true for minimal differences—here, the
preference indices are close to each other.

Having at our disposal a series of rankings created, for example, for successive periods,
we can check whether the distributions of positions obtained by the objects can be consid-
ered similar from a statistical point of view. Two rankings are compared simultaneously.
For this purpose, we used the Wilcoxon rank-sum test (also called the Wilcoxon paired
rank test) [69]. This test is a non-parametric alternative to the paired observation t-test,
but unlike it, it does not require the assumption of the normality of the distribution of
observation differences to be met. It takes into account not only the sign of the paired
observations but also the magnitude of the difference between them and, more precisely,
the ranks of these differences. In our case, acceptance of the hypothesis being verified will
mean that the rank distributions for the relevant years do not differ and that the differences
in positions occupied by countries are not statistically significant. Thus, the hypothesis on
the effect of changes in preferences for particular criteria on the position of countries in the
ranking is also verified.

3. Results
3.1. Structure and Concentration of Energy Consumption in EU Countries by Sector and Area

A general decline can be observed when total final energy consumption between
2005 and 2020. In 2019, it was 5.2%, to reach a value of 12.9% in 2020, an increase in the
rate of decline in energy consumption in one year of 7.7 percentage points. Looking at
energy consumption by sector, it can be seen that only the agriculture, forestry and fisheries
sectors recorded a slight increase of 3.1%, while the other sectors were characterised by
a decrease in this figure (Figure 2). The industrial sector (16.0%) experienced the most
significant decrease over the period under review, followed by the transport sector (10.5%),
households (6.8%) and the services sector (5.1%). In addition, it should be noted that there
was a clear reduction in final energy consumption in the transport sector in the last year of
the period under review, which directly translated into a decrease over the entire period
analysed, despite small but systematic increases between 2011 and 2019.

14,000,000 -
12,000,000 - g
10,000,000 - = e ——
8,000,000 4
6,000,000 4
4,000,000 4
2,000,000 A
0
N (e} N~ 0 [e)] o — (@] o < N (e} ™~ o0 (@)} o
o o o o o — — — — — — — — — — o
& &6 &6 &6 & 0o 0O O O O O O O o o o
(o] (V] (o] (V] (o] (V] (o] (@] (o] (@] (o] (@] (o] (@] (V] (o]
e |ndustry = Agriculture, Forestry and Fishing
Services e Transport

e Households

Figure 2. Final energy consumption by sector and area in EU countries from 2005 to 2020.

Figure 3 shows the structure of each EU country’s final energy consumption by
economic sector in 2020. The transport, industry and household sectors had the highest
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levels of final energy consumption in the EU countries. In contrast, the agriculture, forestry
and fisheries sectors had the lowest and most stable levels.
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Figure 3. Structure of final energy consumption by sector and area in EU countries in 2020.

On average, the industrial, transport and household sectors accounted for around 80%
of total energy consumption in the respective economies in 2020. In the industrial sector,
the largest share occurred for Finland (44.2%), while the smallest share occurred for Malta
(11.7%). In the transport sector, on the other hand, the highest share of energy consumption
was found in Luxembourg (51.1%) and the lowest in Finland (16.7%). When analysing the
household sector, the highest share of energy consumption is found in Croatia and Estonia
(35.4% and 34.6%, respectively), while the lowest is in Luxembourg (15.2%).

In the next step of analysing the structure of final energy consumption in individual
sectors, calculations were made relating to the degree of concentration and the evenness
of its distribution among the Community countries. The results of the calculations, in the
form of estimated Gini coefficients, are summarised in Table 1. The blue colour indicates
the highest index results in a given sector, while the red colour indicates the lowest.

Table 1. Estimated Gini coefficient values for final energy consumption by sector and area in EU
countries from 2005 to 2020. Blue indicates the best performer in a given period, and red the
worst performer.

Gini Coefficient

Sector 2005 2010 2015 2019 2020
Industry 0.607 0.633 0.643 0.622 0.623
Agriculture,
forestry 0.614 0.617 0.646 0.611 0.625
and fisheries
Services 0.612 0.621 0.646 0.615 0.622
Transport 0.608 0.620 0.629 0.604 0.622
Holdings 0.606 0.622 0.630 0.598 0.618
home

It should be noted that the values of the Gini coefficients for the selected years did not
differ significantly across the different economic sectors. Their values exceed 0.6, which
indicates a moderately high concentration of energy consumption in five of the 27 EU
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countries, which include: Germany, France, Italy, Spain and Poland. Moreover, the stability
of this coefficient in individual sectors over the period under study is also apparent, which
means that the level of concentration of final energy consumption in the EU countries has
been maintained.

3.2. Variability of Energy Consumption in EU Countries by Sector and Area

Between 2005 and 2020, the final energy consumption variation coefficients were
calculated for each country by selected economic sectors (Table 2). The three highest
coefficient scores in each sector are marked in blue font and the three lowest in red font.

Table 2. Coefficient variation values for final energy consumption by sector and area in EU countries
from 2005 to 2020. Blue indicates the three best performers in a given sector, and red the three
worst performers.

Coefficient of Variation

Country Industry Agriculture, Forestry and Fishing Services Transport Households
Austria 2.07% 2.30% 7.50% 4.10% 3.50%
Belgium 3.19% 8.80% 4.00% 3.70% 6.70%
Bulgaria 15.51% 19.20% 10.40% 8.80% 4.40%
Croatia 16.36% 3.40% 5.50% 5.40% 7.20%
Cyprus 16.57% 6.50% 12.30% 7.30% 5.70%
Bohemia 11.22% 7.80% 3.00% 5.20% 4.20%
Denmark 10.88% 8.70% 3.60% 4.80% 3.70%
Estonia 18.08% 12.80% 7.80% 4.60% 4.30%
Finland 6.22% 4.00% 5.20% 2.60% 5.20%
France 6.81% 1.80% 4.70% 3.90% 5.70%
Germany 3.05% 76.50% 8.00% 2.90% 5.90%
Greece 19.06% 61.20% 7.20% 15.10% 13.20%
Hungary 18.39% 15.00% 18.30% 9.40% 6.10%
Ireland 11.62% 18.70% 7.20% 9.00% 8.70%
Italy 16.21% 5.50% 7.50% 8.90% 4.50%
Latvia 8.52% 13.80% 5.20% 7.90% 10.70%
Lithuania 6.11% 4.40% 3.90% 14.50% 4.30%
Luxembourg 10.37% 8.00% 12.20% 7.90% 4.00%
Malta 10.51% 22.8% 22.10% 11.10% 15.60%
Netherlands 6.27% 4.70% 4.80% 6.40% 8.60%
Poland 6.98% 6.70% 6.40% 17.50% 4.80%
Portugal 11.01% 8.70% 9.50% 7.90% 6.70%
Romania 13.30% 25.3% 9.20% 13.00% 3.10%
Slovakia 5.78% 7.10% 19.40% 8.40% 10.40%
Slovenia 12.17% 4.00% 8.60% 8.70% 9.50%
Spain 14.11% 8.20% 6.00% 11.30% 4.40%
Sweden 3.54% 7.30% 2.80% 3.40% 4.60%
EU-27 average 10.52% 13.82% 8.23% 7.91% 6.51%

The average observed variability in the industrial sector over the period under study
was 10.5%, with the highest variability recorded in Greece (19.06%), Hungary (18.39%) and
Estonia (18.08%). Only Hungary experienced an increase in energy consumption over the
period under review, while the other two countries had high variability due to significant
decreases in energy consumption. In contrast, the lowest coefficient of variation occurred
in Austria (2.07%). Significantly greater differences in the maximum values of the measure
under study can be seen in the agriculture, forestry and fisheries sector. Here, the highest
variability can be observed in Germany (76.5%) and Greece (61.2%), while the lowest
variability is in France (1.8%). In Germany, energy consumption in agriculture increased
through greater mechanisation of work and a reduction in human labour. In Greece, on the
other hand, there was a decrease in energy consumption for agriculture. The other sectors:
services, transport and households, are characterised by similar average variations in final
energy consumption over the sixteen years studied of less than 10% and are respectively:
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8.2%, 7.9%, and 6.5%. In the tertiary and household sectors, the highest variability was
observed in Malta (22.1% and 15.6%, respectively), while in the transport sector, it was in
Poland (17.5%). Poland is an example of a country that dominated the EU road freight
transport market after accession. This country achieved a market share of around 25%,
associated with increased fuel consumption. Most services were provided domestically, but
there was also a significant share of international transport services. In this case, services are
also provided to transport in other countries, often on their territories. In this way, Poland’s
transport sector carries out work previously carried out by domestic carriers, which also
involves the transfer of energy consumption to other countries. This situation also occurs
in other sectors, especially in industry. Production of components and even assembly
are outsourced to other countries, even continents, e.g., China or India. Consequences
resulted in the transfer of energy consumption to these countries. The final products are
already offered in European markets. As a result, energy consumption is reduced, and
energy efficiency is increased. At the same time, countries can demonstrate a reduction in
environmental emissions. Assessing the energy consumption of EU countries in general
by sector from 2005 to 2020, one is tempted to conclude that—except for Germany and
Greece—consumption was characterised by relative stability in the sectors of agriculture,
forestry and fisheries.

3.3. Energy Consumption Dynamics in EU Countries by Sector and Area before and during the
COVID-19 Pandemic

The next step of the analysis was to examine the dynamics of final energy consumption
by sector and area in the EU countries in 2019 and 2020. The calculated chain indices
for 2019 and 2020 are shown in Table 3. The three countries with the highest energy
consumption growth dynamics in a given sector and area are shown in blue, while the
three countries with the lowest dynamics are shown in red. When observing the change
in final energy consumption in 2020 compared to the previous year in the industrial
sector, it can be seen that in 21 countries, this consumption decreased, with the most
significant decreases observed for Slovakia (9.40%), Spain (8.73%) and Lithuania (8.03%).
The remaining countries showed an increase, with the largest increases for Cyprus (7%)
and Sweden (6.16%). In the agriculture, forestry and fisheries sectors, on the other hand,
in the first year of the COVID-19 pandemic, more than half of the EU countries recorded
an increase in final energy consumption, including Malta (6.07%), Portugal (5.68%) and
Croatia (5.27%). Furthermore, the largest decrease compared to 2019 of 10.62% was seen in
Belgium; in this case, a significant change could be experienced compared to the period
from 2019 to 2018 (12.84%). In 2020, almost in all EU countries, in the case of the tertiary
sector’s final energy consumption, there was a decrease (except for Estonia and Ireland,
where consumption was at a similar level to 2019). Bulgaria (14.83%) and Cyprus (14.77%)
are the countries with the largest decreases in consumption in service activities. The
transport services sector proved to be the most vulnerable to the COVID-19 pandemic. All
EU countries recorded decreases in final energy consumption, with the largest decreases
in Luxembourg (22.5%), Spain (21.60%), and Italy (19.20%). It is worth noting that in
16 European countries, the decrease was 10% or more. Finally, the last sector analysed,
households, was also not unaffected by the COVID-19 pandemic in terms of final energy
consumption. As many as 18 countries out of 27 recorded an increase in consumption, with
eight countries in 2019. The most significant increases in household energy consumption
were recorded in Bulgaria (10.17%), Ireland (8.49%) and Luxembourg (7.41%). However, on
the other hand, similar decreases in energy consumption should also be noted in Latvia
and Finland at 6.11% and 6.07%, respectively. In summary, it can be concluded that the
pandemic significantly impacted changes in energy consumption, but these varied across
sectors and areas. The most considerable reductions in energy consumption occurred in the
transport and services sectors and smaller reductions in the industry. The pandemic caused
periodic closures of particular industries, especially those requiring personal contacts, such
as catering, hospitality services and many others. On the other hand, transport depended
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on demand for materials and products, which was reduced overall in the pandemic. There
was an even greater reduction in passenger transport. Air transport was closed. It is also
important to note that restrictions on social contact resulted in the introduction of remote
working and remote learning, which partially caused household energy consumption to
increase. In addition, it must be stated that there were differences between countries in
the scale of changes in energy consumption. One of the most important reasons for this
may have been the different types of restrictions introduced by individual countries. The
pandemic also had its waves distributed differently from country to country. Undoubtedly,
the pandemic was a factor in the changes in energy consumption in particular sectors
and areas.

Table 3. Dynamics of change in final energy consumption by sector and area in EU countries from
2005 to 2020. Blue indicates the three best performers in a given sector and period, and red the three
worst performers.

Chained Dynamic Indexes
Agriculture, Forestry

Country Industry and Fishing Services Transport Households

2019 2020 2019 2020 2019 2020 2019 2020 2019 2020
Austria 99.78 97.08 98.36 98.09 102.66 97.06 99.99 87.46 102.24 100.08
Belgium 96.52 96.98 112.84 89.38 98.85 97.02 99.31 87.88 97.42 100.99
Bulgaria 97.9 98.79 101.27 100.34 102.98 85.17 101.11 94.3 96.98 110.17
Croatia 100.91 99.9 101.00 105.27 100.35 90.66 104.11 88.07 97.38 101.72
Cyprus 100.42 107.00 101.78 103.98 104.19 85.23 101.1 89.17 107.54 100.52
Bohemia 98.79 99.11 102.4 100.4 102.05 93.58 101.79 94.1 98.87 102.65
Denmark 97.35 102.08 98.28 97.49 96.69 95.06 98.32 92.94 98.68 98.45
Estonia 94.15 88.83 91.00 96.74 9526 10095  99.98 9529  101.09 99.3
Finland 99.07 93.48 99.98 97.09 97.95 93.19 98.5 92.92 98.94 93.93
France 97.53 93.81 99.01 103.27 98.09 92.84 99.99 84.74 99.65 97.71
Germany 97.48 97.38 107.89 101.47 95.3 97.23 101.35 90.65 103.44 100.43
Greece 94.48 97.52 104.83 99.17 102.01 89.14 102.51 85.06 105.1 104.29
Hungary 100.15 99.35 103.97 104.49 97.7 97.54 105.85 87.95 97.57 105.1
Ireland 99.52 96.37 98.04 97.86 103.04 100.58  100.66  84.36 97.18 108.49
Italy 101.07 95.72 96.57 101.1 95.74 91.01 100.79 80.8 97.6 98.45
Latvia 94.97 102.13 110.58 101.29 96.08 96.75 99.11 95.14 96.5 93.89
Lithuania  100.65 91.97 102.82 102.38 96.24 91.94 103.32 98.87 95.74 99.05
Luxembourg 97.36 92.55 91.35 96.92 112.74 94.93 102.48 77.48 92.45 107.41
Malta 103.43 102.92 115.29 106.07 105.36 96.19 106.38 82.28 107.19 101.61
Netherlands 96.87 100.57 99.9 97.64 97.91 95.5 99.31 85.5 98.07 98.43
Poland 101.01 96.54 97.32 101.44 98.48 97.08 101.94 95.59 93.07 100.51
Portugal 101.4 97.49 102.4 105.68 99.1 91.53 102.31 83.72 100.47 104.21
Romania 100.74 96.64 98.46 95.26 99.29 93.48 104.25 98.31 99.72 103.28
Slovakia 94.57 90.6 97.5 101.89 92.96 90.69 101.66 89.18 128.48 103.83
Slovenia 100.23 95.29 98.29 98.21 95.27 91.89 97.57 82.18 97.5 101.42
Spain 99.89 91.27 105.46 103.33 100.46 91.67 101.29 79.4 95.18 100.76
Sweden 98.9 106.16 103.02 93.4 97.67 99.57 98.61 94.19 98.31 97.78
EU-27 98.71 97.32 101.47 99.99 99.42 93.98 101.24 88.80 100.09 101.28
average

3.4. Interdependence of Energy Consumption in EU Countries between Sectors and Areas

The final step in the statistical analysis of final energy consumption by sector and area
in the EU countries was to examine the correlation of energy consumption between the
sectors and areas. What was examined was not the levels of energy consumption in a given
year but the differences in energy consumption between 2019 and 2020. For this purpose,
the Pearson linear correlation coefficient discussed earlier was used, and its results for
individual pairs of sectors and areas are summarised in Table 4.
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Table 4. Pearson’s linear correlation coefficient values for individual sectors and areas in EU countries
in 2019-2020.

Sect Pearson’s Linear Correlation Coefficients for Sectors and Areas
ector

Agriculture, Forestry .

Industry and Fishing Services  Transport Households
Industry 1.000
Agriculture, forestry —_, 7, 1.000
and fisheries
Services 0.815 —0.609 1.000
Transport 0.882 —0.636 0.942 1.000
Holdings 0.364 ~0.282 0.634 0.478 1.000
home

The values in Table 4 show how an increase in the difference in energy consumption
in one sector is responded to by the difference in energy consumption in another. The
weakest correlation is observed for the household sector. Only for the tertiary sector a
clear correlation can be observed. In this case, an increase in the difference in energy
consumption in households causes an increase in the difference in energy consumption
in services. For the other sectors, the correlation is very weak. It is worth noting that
the correlation coefficients between industry, agriculture, services and transport assumed
high values, which means that changes in the energy consumption gap in one of these
sectors are strongly associated with changes in the gap in the other sectors and vice
versa. Therefore, this means that energy consumption in households changed differently
than in the economic sectors. Mostly, it increased due to spending a lot of time at home
(remote working, remote learning, isolation and quarantines). Noteworthy is the very high
correlation coefficient, close to 1, between the transport and services sectors and slightly
lower between the transport and industry sectors. These sectors are closely linked in
terms of demand. Increases in demand in the goods and services sectors drive demand for
transport. In turn, falls in demand in these sectors also reduce demand for transport.

Most of the coefficients were positive, i.e., the directions of the differences in energy
consumption in the European countries are the same. Excluding the area of households—due
to the low value of the coefficient, there is a negative correlation on three occasions. The
highest occurred in agriculture, forestry, fishing and industry sectors. In this case, the nega-
tive sign of the coefficient means that an increase in the difference in energy consumption
in one sector causes a decrease in the difference in consumption in the other. The inverse
relationship is also true. As we have already shown in the case of the dynamics indices, we
have generally seen decreases in energy consumption in all sectors except agriculture in
2020 compared to 2019. Hence the resulting negative linear correlation of this sector with
the others.

3.5. Energy Intensity in EU Countries by Sector before and during the COVID-19 Pandemic

The second phase of the study was devoted to analysing energy intensity in the
economic sector. To this end, energy intensity indices were first calculated for the industrial
(K1), agricultural, forestry and fishing (K2), services (K3) and transport (K4) sectors as
a ratio of final energy consumption to gross value added in the respective sector. These
indicators were the criteria for a multi-criteria assessment of EU Member States. Their
calculated magnitudes, which were then used to build the rankings, are presented in Table 5.
The three best performers in each year and sector are shown in blue, while the three worst
performers are similarly shown in red. Looking at the average energy intensity in the
EU-27, it can be seen that it was systematically lower. Only in 2020 did this positive trend
stop, and energy intensity slightly deteriorated in all sectors.
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Table 5. Energy intensity factor values by sector in EU countries from 2005 to 2020. Blue indicates the
three best performers in a given sector and period, and red the three worst performers.

Energy Intensity Factor [T]/million EUR].

Country 2005 2010 2015 2019 2020
K1 K2 K3 K4 KiI K2 K3 K4 K1 K2 K3 K4 K1 K2 K3 K4 K1 K2 K3 K4
Austria 5.7 6,9 1.1 275 54 60 08 234 46 57 06 203 41 51 06 189 42 51 06 185
Belgium 79 162 13 217 79 125 11 193 71 107 09 175 63 119 07 155 62 116 08 144
Bulgaria 334 73 40 757 159 50 26 536 123 42 24 563 102 40 20 481 102 37 1.7 499
Croatia 9.8 7.3 20 460 72 63 16 423 58 74 16 450 57 64 14 392 61 67 14 426
Cyprus 101 39 09 316 71 41 10 249 74 52 08 210 57 46 09 206 66 47 08 216
Bohemia 119 9.1 31 353 68 94 21 284 56 68 19 297 46 63 14 252 50 63 13 253
Denmark 32 148 09 149 27 125 07 148 21 121 06 126 19 74 05 123 20 67 05 111
Estonia 140 117 37 345 85 85 29 264 59 94 23 204 41 68 16 205 38 79 16 217
Finland 120 84 16 216 117 74 15 216 114 66 11 193 110 53 11 180 104 50 1.0 206
France 52 6.5 09 259 47 58 09 220 42 54 08 210 38 49 07 190 40 51 06 188
Germany 4.4 0.5 1.2 249 40 26 12 212 34 29 09 187 30 56 07 169 32 62 07 162
Greece 7.2 5.7 08 223 60 50 07 220 59 17 08 245 50 18 09 217 48 17 09 202
Hungary 6.4 6.9 38 412 50 68 30 337 63 57 21 284 64 58 14 285 68 64 14 286
Ireland 29 9.1 08 338 21 77 07 288 09 39 06 251 08 32 04 246 07 29 04 309
Italy 5.8 4.6 09 247 45 43 09 204 37 35 08 187 33 36 09 169 34 37 08 157
Latvia 150 124 46 281 112 90 34 274 97 79 23 213 88 71 18 208 92 75 18 234
Lithuania 9.3 49 35 321 68 55 26 206 55 33 19 186 51 31 15 166 47 30 14 173
Luxembourg 114 87 08 648 119 108 06 520 74 87 05 385 69 74 05 352 66 75 05 228
Malta 2.8 3.6 1.1 253 20 39 10 227 25 19 08 166 19 55 06 148 20 68 06 217
Netherlands 73 171 11 200 63 156 10 190 55 134 08 142 51 128 0.7 131 53 132 06 125
Poland 113 259 33 410 73 151 3.0 416 60 136 22 280 6.0 129 1.7 291 60 124 17 293
Portugal 100 6.7 12 483 86 56 09 365 65 49 11 304 60 45 09 266 62 50 09 312
Romania 188 1.3 29 301 72 26 17 262 69 29 12 214 59 25 09 207 61 26 08 205
Slovakia 145 109 51 463 87 52 31 429 74 36 17 192 65 35 13 225 66 34 11 215
Slovenia 9.8 4.5 1.7 459 70 42 14 425 57 38 12 352 48 32 10 300 47 30 09 272
Spain 8.2 5.1 08 433 54 36 08 329 49 38 07 262 48 38 07 268 48 36 07 271
Sweden 7.6 8.1 1.1 191 69 47 10 174 61 42 07 143 59 41 07 135 67 39 07 137
EU-27 average 9.8 8.4 20 343 70 70 16 291 60 60 12 245 53 57 10 228 54 58 10 231

With the assumptions above, for the selected years: 2005, 2010, 2015, 2019 and 2020,
rankings were constructed using the PROMETHEE II method. The weights of the indi-
vidual criteria, calculated according to Shannon’s entropy method, were taken at levels of
respectively: K1-40%, K2-32%, K3-18% and K4-10%. Each criterion is a destimulant.

Table 6 summarises the results obtained, presenting the ranking position of a given
country and the obtained value of the index of net preference flows ®. The value of the
index @ allows not only to rank the countries (thus constructing the ranking) but also to
indicate the group of dominant (positive ®) and dominated (negative ®, marked with grey
background) countries in the constructed ranking.

From the rankings obtained for the selected years 2005-2020, it can be deduced that
Ireland had the lowest energy intensity, achieving position one in 2015, 2019 and 2020.
Germany and Malta also achieved position one in 2005 and 2010, respectively. The former
country had low energy intensity compared to the other EU countries in 2005, 2010 and
2015. On the other hand, Malta was at the top of the surveyed countries in all years. What
was also noteworthy during the period under study was Italy, which ranked highly in third
or fourth place in all rankings. Furthermore, Denmark had relatively low energy intensity
in 2019 and 2020.

In addition, analysing the values of the indicators ® in the rankings presented, there
are apparent differences in energy intensity between the former Eastern Bloc countries
and the Western countries. Negative net preference flow indices indicate a group of
11 dominated countries. These are Belgium, Bulgaria, the Czech Republic, Estonia, Croatia,
Latvia, Luxembourg, Hungary, the Netherlands, Poland and Slovakia. Among them were
eight countries from the former Eastern Bloc. Only Slovenia is in the group of dominant
countries, while Lithuania and Romania were initially in the group of dominant countries
but later qualified. The variation in the ranking positions of individual countries from year
to year is illustrated in the figures (Figure 4).
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Table 6. Country rankings in energy intensity by economic sector for the years selected for the study
from 2005-2020.

R’s Ranking and Net Preference Flow Rate ®

Country 2005 2010 2015 2019 2020
R (o4 R Lo R P R Lod R Lo
Austria 7 0.209 8 0.205 8 0.181 8 0.191 8 0.197
Belgium 20 —0.072 20 —-0.173 22 —0.181 23 —0.241 21 —0.225
Bulgaria 27 —0.579 27 —0.486 27 —0.518 27 —0.511 25 —0.464
Croatia 16 —0.004 17 —0.030 21 —0.174 22 —0.211 23 —0.263
Cyprus 8 0.159 10 0.162 14 0.020 13 0.056 14 0.011
Bohemia 22 —0.149 18 —0.134 17 —0.125 18 —0.079 18 —0.086
Denmark 11 0.112 12 0.133 10 0.136 3 0.296 2 0.338
Estonia 23 —0.308 23 —0.237 23 —0.251 17 —0.066 19 —0.101
Finland 14 0.013 22 —0.221 24 —0.311 24 —0.329 24 —0.294
France 4 0.238 5 0.249 5 0.214 6 0.21 7 0.207
Germany 1 0.393 2 0.368 3 0.342 5 0.259 6 0.229
Greece 6 0.216 7 0.215 6 0.207 7 0.206 5 0.232
Hungary 17 —0.016 16 —0.029 18 —0.126 21 —0.176 22 —0.244
Ireland 5 0.229 4 0.304 1 0.469 1 0.494 1 0.493
Italy 3 0.268 3 0.307 4 0.313 4 0.285 3 0.291
Latvia 24 —0.373 25 —0.442 26 —0.445 25 —0.441 27 —0.493
Lithuania 15 —0.002 15 —0.004 13 0.042 14 0.041 12 0.101
Luxembourg 19 —0.068 24 —0.424 20 —0.171 20 —0.165 17 —0.072
Malta 2 0.362 1 0.437 2 0.452 2 0.361 4 0.272
Netherlands 18 —0.064 19 —0.152 19 —0.141 19 —0.164 20 —0.168
Poland 26 —0.456 26 —0.454 25 —0.404 26 —0.483 26 —0.468
Portugal 13 0.041 14 0.002 15 0.013 15 0.006 16 —0.044
Romania 21 —-0.138 11 0.137 11 0.080 10 0.131 11 0.132
Slovakia 25 —0.386 21 —0.207 16 —0.039 16 —0.043 15 —0.006
Slovenia 12 0.076 13 0.060 12 0.057 12 0.100 10 0.162
Spain 10 0.144 6 0.238 7 0.197 9 0.145 9 0.171
Sweden 9 0.158 9 0.176 9 0.162 11 0.127 13 0.091
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Figure 4. Positions achieved in the individual rankings for energy intensity. (a) dominated countries;
(b) dominant countries; (c) other countries.

In addition, the stability of the obtained rankings in the individual years of the study
period was also examined. For this purpose, the Wilcoxon rank-sum test was used (Table 7).

Table 7. Values of Wilcoxon rank-sum test statistics.

Value of Test Statistic and p-Value

2010 2015 2019 2020
2005 174 199 208 199
(0.732) (0.822) (0.662) (0.822)
222 216 208
2010 (0.441) (0.530) (0.662)
215 196
2015 (0.546) (0.878)
186
2019 (0.953)

Table 7 shows the results of applying the test comparing the similarity of the dis-
tributions of the variables expressing the ranking position of the countries. Recall that
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rankings were compared for selected years. The upper number denotes the value of the test
statistic, while the lower number determines the empirical significance level, also known
as the p-value. The hypothesis to be verified (called the null hypothesis) assumes that the
two rank distributions are not significantly different from each other. In our case, in the
compared periods, there have been no significant changes in the position of the 27 ranking
countries. Those changes that have occurred in it compared to the earlier period are not
statistically significant.

At a standard significance level of 0.05, not once was the null hypothesis rejected.
Moreover, all the p-values in the table are very high. Thus, in order to accept the alter-
native hypothesis, the significance level (the probability of making an error of the first
kind—considering the true null hypothesis to be false) would have to be even higher. This
way, the distributions of rankings by country for all pairs of years were not significantly
different. Even if some countries did move up or down in subsequent years, it has become
clear that the changes were small enough that the rankings could be considered similar.

4. Discussion

Olkuski et al. [70] note that energy consumption has been steadily increasing for many
decades due to global population growth and the aspirations of developing countries to
raise the standard of living of their citizens. In the EU, the opposite trend, i.e., a decrease in
energy consumption, has been observed since 2007. The downward trend can be explained
by relocating heavy industries outside Europe and introducing policies for efficient energy
management and savings. Bertoldi et al. [71] additionally noted that these are the results of
the European Union’s efforts to reduce energy consumption and improve energy efficiency.
In their study for the period 2000-2014, energy indicators such as energy intensity and
energy consumption decreased. According to Economidou and Roman-Collado [72], this
makes the EU more competitive. Nevertheless, within the EU, there was a very high
concentration of energy consumption in a few of the largest countries, such as Germany,
France and Italy. The total energy consumption of 14 EU countries was as high as 90%
in 2014 [71]. Reuter et al. [73], using a decomposition analysis for the period 2000-2015,
concluded that energy consumption in the EU 28 is primarily influenced by increased
energy efficiency in industry, followed by households. Bertoldi and Mosconi [74] show the
effectiveness of energy efficiency policies in saving energy between 1990 and 2013 in the
EU. The results show that energy reduction processes have already been initiated in the
EU. According to Thomas and Rosenow [75], this process is supported by improvements
in energy efficiency. In our study, we also found similar trends regarding changes in
energy consumption.

Roman-Collado and Economidou [76] surveyed changes in individual economic sec-
tors in the EU between 2000 and 2018. They found that the services sector increased its
share of final energy consumption by four percentage points, while the industrial and agri-
cultural sectors decreased by four and one percentage points, respectively. The transport
sector was not studied, nor was the household area. Bertoldi et al. [71] indicated that, in
2014, the largest share of final energy consumption was in the transport sector (33.22%),
followed by the industrial sector (25.89%), the residential sector (24.80%), and the smallest
in the services sector (13.31%). However, the analysis did not include the agricultural sector.
When comparing final energy consumption by sector for five different years (i.e., 2000,
2004, 2007, 2010 and 2014), it was found that the shares changed slightly. In our study, we
obtained similar results. The changes in the structure of sectors and areas of the economy
were small. Borozan [77] found that the structure of sectors by final energy consumption
across the EU was fairly homogeneous between 1998 and 2015. In our study, we observed
similar relationships for the period 2005-2020. The study by Bertoldi et al. [78] found
that the energy consumption of the transport and services sector in the EU changed more
gradually between 2000 and 2015. Energy consumption increased only in the transport
sector, with a downward trend in the industry and services sector and residential buildings.
The rate of change in energy consumption varied considerably between EU countries. In
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our study, we achieved similar results. Transport had to keep up with the increase in the
number of goods transported and the greater mobility of the population. Improvements
in energy efficiency did not keep up with these increases. Other sectors and areas of the
economy performed better in this respect. Overall, it must be said that changing energy
consumption as a result of improving energy efficiency is a process that will take many
years, even decades.

Grossi and Mussini [79] found in their study of EU countries between 2007 and 2012
that there were inequalities in energy intensity distribution. In addition, low-energy-
intensity EU countries are more efficient in energy transition and less energy-intensive in
specific economic sectors than high-energy-intensity EU countries. Similar results were
obtained by Mussini [80] in a study covering the period 2003-2014. Convergence of en-
ergy intensity occurred mainly in the first years of the period studied. At that time, CEE
countries with high energy intensity joined the European Union. In subsequent years, the
convergence process slowed down. In our study, we found similar patterns. The differences
between countries did not diminish. The most developed Western European countries
continued to have the highest efficiency. On the other hand, according to Mulder [81],
increasing trade and market integration should reduce differences in energy efficiency
across countries. It should also be noted that less developed countries often specialise
in sectors where they do not have a comparative advantage in terms of energy efficiency.
Guevara et al. [82], in a study of 14 EU countries between 2000 and 2010, found that dif-
ferences in industrial direct energy intensity and final energy demand mix were drivers
of energy intensity differences between countries. Of course, it must be remembered
that these were more developed countries than those from central and eastern Europe.
Roman-Collado and Colinet [83], using Spain as an example, highlighted the importance
of households in reducing the energy intensity of the economy, while Trotta [84], using
Finland as an example, highlighted the importance of industry and housing. In addition,
Cansino et al. [85] point to the decisive role of industry, transport and service sectors in
increasing energy consumption despite energy efficiency improvements. Similar conclu-
sions were had by Miskinis et al. [86] on the example of an analysis of energy intensity in
Lithuania, Latvia and Estonia from 2000 to 2018. They particularly highlighted the high
share of energy-intensive industries and the rapid growth of energy consumption in the
Lithuanian transport sector, which limited the reduction of consumption and energy inten-
sity in these economies. Our research also highlights the high importance of the transport
and industrial sectors for energy consumption and energy intensity of the economy.

According to Aktar et al. [87], the change in the share of production in GDP caused
by the pandemic resulted in a decrease in energy demand and consumption. In the first
months of the pandemic, global energy demand fell sharply. According to Broom [88],
the commercial sector was also affected. Zhang et al. [89] point to a reduction in energy
consumption in road transport during COVID-19. There are few studies of this type.
Much more common is the theme of carbon emission reductions due to reduced urban
transport, such as in the studies by Henriques [90] and Caine [91]. We did not encounter
any literature on changes in agricultural energy consumption during a pandemic. Studies
have generally addressed food safety during a pandemic due to the breaking of supply
chains, such as in the studies by Rozaki [92] and Cardoso et al. [93]. Abulibdeh [94], on the
other hand, examined the impact of the pandemic on energy consumption in the residential,
industrial, commercial, public and manufacturing sectors in Qatar. The pandemic disrupted
the temporal and spatial patterns of energy consumption. During the pandemic, energy
consumption fell sharply in both the industrial and commercial sectors. This study was
the only one that looked at a multi-sectoral analysis of energy consumption during the
pandemic because the other studies primarily focused on single sectors. These studies were
also limited and focused on aspects other than energy consumption and energy efficiencies,
such as the effects on the environment or only the consumption of electricity by people
or utilities.
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Using data from Korea, Kang et al. [95] found that residential energy consumption
tended to increase during COVID-19. The rate of change in building energy consumption
showed a significantly positive correlation with COVID-19-related factors. Similar results
were obtained by Qarnain et al. [96] for India, Abdeen et al. [97] for Canada, Farrow [98] for
Australia, Krarti and Aldubyan [99] for the UK and USA, and Tleuken et al. [100] for Kaza-
khstan. The results confirm the relationship we observed. Of course, there was variation
between countries depending on the severity of the pandemic and the constraints present.
Some authors point to differences depending on the size of cities—energy consumption
was higher in large and medium-sized cities.

Jiang et al. [101] pointed out spatial and temporal differences during the pandemic.
In addition, energy intensity changes differently from country to country. In the USA it
increased by 29%, in Japan by 8% and in China by only 3%. In the EU, the increase in energy
intensity was expected to be the smallest, at around 1%. Our survey results confirmed
these predictions. Only in services was the increase in energy intensity higher.

The literature review presented here shows a great deal of research on the energy con-
sumption of entire economies or individual sectors. However, there is a lack of up-to-date
research concerning recent years and relating comprehensively to all sectors and areas of
the economy. In addition, there are very few studies on changes in energy consumption in
individual sectors. Only one comprehensive study on energy consumption in all sectors
was found. The researchers focused primarily on the increase in household energy con-
sumption during COVID-19 and the environmental consequences resulting from reduced
vehicle traffic, mainly in cities. We also found one study on energy intensity during the
pandemic, but the data were estimated based on projections. In conclusion, the studies
we presented are essential and can fill a research gap, as there are no studies of this kind
so comprehensively showing the situation in energy consumption and energy intensity
during the COVID-19 pandemic.

5. Conclusions and Recommendations
5.1. Conclusions

The conducted research allows for a few generalisations.

1.  Transport, industry and households accounted for the largest share of energy con-
sumption in the EU (about 80%), with agriculture accounting for the smallest share.
The energy consumption structure in the individual EU countries was quite sim-
ilar, and the deviations were insignificant. In addition, the concentration level of
energy consumption in individual sectors and areas did not change over several years,
indicative of an occurring stabilisation.

2. The COVID-19 pandemic reduced energy consumption in all sectors of the economy,
the largest in transport and services and the smaller in industry. At the same time,
energy consumption in households increased. Hypothesis 1 was verified positively.

3. The greatest variability in energy consumption was in agriculture and industry, and
the least in households. In agriculture, energy consumption generally increased due
to the introduction of mechanisation, which replaced human labour. In industry, there
was a reduction in energy consumption, which may have been due to the introduction
of less energy-intensive production technologies.

4. In general, the pandemic caused a slight increase in energy intensity in all sectors of
the EU economy. This increase occurred in the case of most EU countries. The increase
in energy intensity occurred particularly in industry and, to a lesser extent, in other
sectors of the economy. Hypothesis 2 was verified positively for the whole EU and
most EU countries.

5. Western European countries have generally been characterised by lower economic
energy intensity than countries in Central and Eastern Europe. Little has changed
in this respect over the past decade or so. Of course, there were some deviations, as
Belgium and the Netherlands had similar energy intensity to the CEE countries, while
Slovenia had similar energy intensity to the Western European countries. Hypothesis 3
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was verified positively concerning the differences between the country blocks and
negatively regarding the narrowing of the energy intensity gap. One of the reasons
for this may still be the technological advantage of Western European economies over
CEE countries.

6.  Unquestionably, a general conclusion can be drawn from the study that the pandemic
has inhibited the beneficial changes in the energy intensity of most EU economies.
With adaptation measures in place in the next few years, EU countries can get back on
track to reduce the energy intensity of their economies.

5.2. Recommendations

The study shows the changes that have taken place in the economy’s energy con-
sumption of individual sectors and areas and their energy intensity before and during
the pandemic. Such a comprehensive approach is new. Research on such relationships
during the COVID-19 pandemic in other European and global countries is lacking. It would
be worthwhile to confront the results with each other, as the determinants and scale of
constraints in a pandemic have differed from country to country. It can be clearly stated
that the epidemic has created a new situation for the whole world; therefore, it requires
further clarification.

A limitation of conducting such studies is the lack of available up-to-date and detailed
data on individual industries within sectors. As is well known, for example, within an
industry, there are more than a dozen differing industries in which conditions may vary.
Another limitation may be the use of aggregated data for entire sectors. It would be
interesting to research the level of companies operating in the sectors concerned. A possible
direction for further research is to link the transformation of energy consumption resulting
from COVID-19 in individual sectors to sustainable development, especially pollution
reduction and economic development. Research could also address these linkages using
examples from individual industries within sectors. The topics given may represent a
research gap to be filled. The research may contribute to the construction of public policies
in a post-COVID-19 scenario.
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