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Abstract: Recently, the Member States of the European Union (EU) have found themselves in a
controversial situation. On the one hand, national economic development is barely possible without
increasing electricity consumption, whereas on the other we are facing increased use of natural
resources (coal, oil, gas, wood), thermal effects, pollution and risks to human health. The European
Green Deal is a response to the currently observed negative trends. The strategy aims to accelerate the
economic development of the EU Member States, thus reducing electricity consumption. Objectives
may include both the national economy and the electricity generation sector by applying advanced
technologies and introducing innovations that increase output efficiency while reducing electricity
costs. Assessing the current situation is vital for the successful implementation of the European
Green Deal, i.e., by comparing the impact of electricity consumption on the economic development
of the Member States. Thus, combining indicators for national economic development and the extent
of electricity consumption into a single aggregate is necessary because electricity greatly affects
economic development. The proposed methodology allows dividing the analysed EU Member
States into three groups, in line with the degree of national economic development and the scope of
electricity consumption in their economy sectors.

Keywords: national economic development; electricity consumption; economic sectors

1. Introduction

In recent decades, the world has faced constant challenges caused by the increased use
of non-renewable natural resources such as coal, oil, gas, wood, etc. The situation faced has
resulted in the increase of both land, water, and air pollution and hence thermal effects, and
poses a growing threat to human health [1]. In response to the above introduced negative
trends, the concept of the European Green Deal has emerged, focused on creating just
and prosperous societies in the E.U. countries based on a modern, resource-efficient, and
competitive economy. As a result, the European Green Deal predicts that emissions to the
atmosphere will have been eliminated by 2050, and the economic development of the EU
Member States will be decoupled from the use of energy resources [2].

The European Green Deal [2] emphasises the importance of electric power and predicts
trends in the effective use of the strategy, including a reduction in dependence on fossil fuels,
transition to cleaner, more technologically modern energy, the development of advanced
infrastructure, etc. The introduced trends primarily presuppose the design of innovations
and technological breakthroughs. In 2006, the European Commission discussed these
issues and identified an increase in the effectiveness of electricity consumption as one of
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the key challenges for the EU energy efficiency policy [3]. On the other hand, this must
not be done at the expense of a declining pace of national economic development, i.e.,
striving for a decrease in electricity consumption while maintaining or even increasing the
pace of the economic development of the EU Member States is necessary. In this context,
research on the analysis of the interaction between electricity consumption and national
economic development has both theoretical and practical implications [4]. The goals of the
European Green Deal are specified in developmental strategies for individual economic
sectors, and the European Industrial Strategy appears as one of the options [5] and plays the
key role in the implementation of the Green Deal. The European economy is characterised
by energy-intensive industries like steel, chemicals, cement production, etc., which are
important factors in creating the value chain of other industries.

Other branches of the economy, including construction, transport and agriculture,
are also important for economic development. Construction and transport are among the
economic sectors having the greatest potential for more efficient electricity consumption.
The EU Sustainable Mobility Strategy envisages a significant reduction in emissions, the
expansion of the range of alternative fuels used, and the development of other technologies
for boosting the efficiency of electricity consumption [6].

It is not economic but rather social development that is important to the EU Member
States. The development covers a large variety of services raising people’s social well-being.
The volumes of the services provided are constantly growing, and therefore there is no
coincidence that they account for a greater share of electricity consumption.

In order to successfully implement the formulated strategies, determining the current
situation, i.e., examining and comparing the impact of electricity consumption on national
economic development, is relevant. The encountered situation must be assessed in the
light of the condition stemming from the philosophy of the Green Deal: economic develop-
ment must take place at the expense of a decline in electricity consumption. The article
concentrates on creating the categories of the EU Member States in line with the introduced
principle. To achieve the goal, the issues such as forming the categories of the States in
consonance to the achieved level of economic development and electricity consumption
in economic sectors and grouping the states conforming to the calculated estimates of the
ratio of economic development to electricity consumption are solved.

2. Literature Review

Research on the interaction between electricity (E) and national economic development
(ED) has been performed since the 1960s [7]. In recent years, the number of these studies has
increased significantly, which testifies to the importance of the above-introduced problem.
The nature of and interaction between E and ED is one of the essential objects of the
conducted research [8–10]. Thus, a constant scientific controversy over priority exists, i.e.,
whether electricity consumption affects national economic development expressed as gross
domestic product per capita (GDP) or vice versa. A part of researchers support the first
position [11–15], whereas the opinion of the others is the opposite [7,16,17]. The answer to
this dilemma is provided by a fundamental law of Nature—all processes are developed
concerning the principle of feedback, the application of which to the investigated problem
demonstrates there is no contradiction in this case. Growth in electricity consumption
increases a country’s GDP, which leads to greater opportunities for the consumption of
produced electricity. The whole process is shown in Figure 1.

Research emphasises that the role of E and ED in the interaction is also subject to
the achieved level of economic development, a further growth of which is more exposed
to electricity consumption in the EU Member States having a lower level of economic
development than in the developed countries. This situation is caused by the availability
of electricity. Barely any Member States can fully meet their needs of E at the expense of
domestic electric power sources only. In this case, they have to buy the missing position of
E part on international markets where prices are not always affordable [16]. Thus, reducing
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the deficit in E in developing countries may give a greater impetus to ED compared to
developed countries [18].
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Figure 1. The nature of the interaction between electricity consumption (EC) and GDP.

Two aspects, including the analysis of electric power and national economic develop-
ment, can be distinguished. On the one hand, the interaction between the ED sector and
GDP is examined exclusively, avoiding other indicators in this model [8–10]. On the other
hand, the study is extended to include (E) consumption along with other development
aspects [19,20], which is more characteristic of the breadth rather than the depth of the
conducted analysis. For example, the interaction model embraces additional factors such
as urbanisation [21], CO2 emissions [22], inflation, labor force, and trade openness [23–25]—
the abundance and diversity of the factors ‘hides’ the interaction between E and ED.

In recent years, the importance of renewable electric energy for economic development
has become a newly arising field of research [26–28], which is, undoubtedly, a fundamental
aspect of national development. Alternatively, the electric power systems of major EU
Member States are characterised by the diversity of sources and methods of E production.
However, presently, this sector has been more focused on traditional sources and techniques.

The research provided in the interaction matrix of electricity consumption and eco-
nomic development reflects the horizontal spectrum of the investigated problem, i.e., the
content of models for the interaction, the structure of E production, etc. The vertical analysis
identifies two aspects or levels, including the analysed situation of an individual Member
State and a comparison of the Member State at the international level (Table 1).

Table 1. The levels of analysis and the structure of the levels of the interaction between electricity
and national economic development.

Levels of Analysis Coverage Structure of the Analysis Level

Level 1 Individual Member
State

Analysis of the impact of the E generation sector in total
on national economic development
Analysis of the impact of national economic sectors on
economic development

Level 2 Group of the Member
States

Analysis of the impact of the E generation sector in total
on national economic development in the context of
other Member States
Analysis of the impact of national E sectors on economic
development in the context of other Member States

Source: Created by the authors.

Research is dominated by Level 1 study at the macro level, i.e., it examines the impact
of the electricity generation sector in total on national economic development [8–10,29–31].
Fewer studies have been conducted at the level of national economic sectors [11,14,16,25].
In addition, part j is exclusively focused on the analysis of the sector (industry, construction)
rather than on analysis as a whole [12,14]. Actually, no Level 2 and 3, i.e., integrated, study
incorporating the Member States at different levels of economic development has been
conducted. However, it is exactly this type of analysis that vividly demonstrates the
regularities of the interaction between E consumption and ED.



Energies 2021, 14, 8335 4 of 14

The research results related to the studied area in different countries, where the authors
have stressed higher, lower or no importance of energy consumption for national economic
development, is worth mentioning. Gurgul and Lach [32], in their study, found that total
electricity consumption has a significant impact on the variations in economic growth
and employment in Poland. Interestingly, the results revealed that industrial electricity
consumption has a continuous causal influence on employment but not on GDP. Moreover,
growing electricity consumption in the service sector is strongly linked to the economic
growth of Poland. Later Kasperowicz [33] described the causal bi-directional relationship
between electricity consumption and economic growth in Poland for 2000 and 2012. Another
EU-based study has confirmed that electricity consumption positively impacts economic
growth in Portugal [34], leading to the conclusion that an energy conservation policy should
not be enforced since energy is a vital driver of expansion for the Portuguese economy.

A slightly different situation regarding energy consumption and economic develop-
ment is noticed in developing and less developed countries, although it largely depends on
the research methodology applied. Studies on the relationship between electricity consump-
tion and economic growth in the southern African countries differ in their results. One
of the methodological drawbacks is that when including and studying southern African
countries the results differ. One of the methodological drawbacks responsible for this is
the inclusion and study of South Africa together with other countries [35]. The mentioned
authors argued that grouping countries jointly in a study would not appropriately focus on
the country explicit effects of electricity utilisation on economic growth and the other way
around. An interesting observation of the largest and rapidly developing Chinese econ-
omy has been made by Zhang et al. [36], pointing at the tremendous demand for energy
resources to maintain the developing economy and the fast growth of China’s electricity
consumption. Their research results lead to the conclusion that economic activities are the
key drivers of electricity consumption, especially by the following three sectors: power
generation, chemicals, and non-ferrous minerals.

On the other hand, Bah and Azam [37] applied a multivariate framework in their
study and discovered that there was no causality between electricity consumption and
economic growth for South Africa. Some possible reasons for such a result may be seen
in the problems facing the energy sector, especially the electricity sector, dealing with
growing environmental issues. Inconsistency in the obtained results may be the effect of
utilising different research methods. As Odhiambo [38] has noted, in current research,
four views are present linking the relation between energy consumption and economic
growth: (1) energy consumption Granger-causes economic growth [39,40]; (2) growth-led
energy consumption [41,42]; (3) bidirectional causality between energy consumption and
economic growth [43,44], and (4) the neutrality view, advocating no imposing relationship
between energy and economic growth [45]. The last approach assumes that any observed
relationship between these two phenomena could be barely mechanical.

Correlation regression analysis [29], statistical Granger causality analysis and vector
autoregression (VAR) [46] are most frequently used for examining the interaction between
electricity consumption and national economic development. In addition, in some cases,
autoregressive distributed lag (ARDL) bounds tests [37] were used.

To sum up, the predominant research examines the interaction of the electricity gen-
eration sector in total with national economic development. In the meantime, a more
adequate picture would be available if similar analyses were carried out at the level of
economic sectors. In addition, there is a lack of comparative studies on the above-discussed
interaction involving the EU Member States at different levels of development. This would
provide greater opportunities to reveal the regularities of interoperability subject to the
specificity of any individual Member State.

3. Materials and Methods

In order to assess the impact of electricity consumption in different economic sectors on
national economic development, it is first necessary to establish criteria for both economic
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development and electricity consumption. The analysis of literature sources points out
two approaches to assessing national economic development. First, it is proposed to reflect
assessment applying a single integrated indicator incorporating the value of goods and
services created within the Member State. Second, it is aimed at combining a possibly
larger number of economic development indicators into a single aggregate.

Gross domestic product per capita (GDP) is proposed to be taken as an indicator
representing economic development [47–53]. The second path is more precise because it
covers more aspects of economic development than GDP. On the other hand, it requires
significantly more calculations and important expert assessments of indicators. In addition,
it is difficult to form a system of common sources for all Member States. For this reason,
the States differ from each other both in the number and composition of indicators [43,54].
Meanwhile, GDP is calculated in line with a similar methodology, and annual information
on a country’s GDP is published in international databases [55]. Hence, this research takes
the gross domestic product per capita as the indicator for national economic development.

The indicator for electricity consumption in economic sectors may be the electricity
percentage of the total consumption [56]. Data on electricity consumption are presented in
Table 2.

Table 2. GDP and electricity consumption in the economic sectors of the analysed EU Member States for 2018 *.

No. Member State

Economic
Development Electricity Consumption by Economic Sector

GDP Industry Agriculture Transport Services Other Services Provided

1. Ireland 66.7 22.77 2.15 36.65 12.60 25.84
2. Austria 43.6 27.32 1.98 31.68 8.87 30.14
3. Belgium 40.2 26.78 1.93 21.69 11.24 38.36
4. Bulgaria 8.0 26.85 1.84 33.32 11.21 26.79
5. Czech Republic 19.5 24.73 2.35 24.20 11.66 37.05
6. Denmark 52.0 16.30 5.13 31.06 14.29 33.22
7. Greece 17.2 16.95 1.86 35.87 12.04 33.47
8. Estonia 19.7 15.72 4.57 27.56 16.00 36.22
9. Italy 29.2 21.01 2.45 29.03 13.19 34.32

10. Spain 25.7 23.28 3.14 37.38 12.86 23.34
11. Croatia 12.6 16.17 3.14 29.72 10.93 40.03
12. Latvia 13.0 20.04 4.90 27.35 15.29 32.42
13. Poland 16.2 21.08 5.14 28.48 10.75 34.54
14. Lithuania 15.1 16.64 1.71 30.32 9.85 41.48
15. Luxembourg 98.2 17.07 0.68 54.19 12.49 12.53
16. Island 44.9 24.37 6.47 18.20 11.59 39.37
17. Portugal 19.8 27.53 2.78 34.39 11.55 23.16
18. France 35.0 18.17 2.84 29.77 15.06 34.16
19. Slovakia 16.5 31.56 1.29 25.29 12.92 28.95
20. Slovenia 22.1 25.56 1.44 38.24 9.48 25.28
21. Finland 42.5 42.17 2.88 16.39 11.42 27.15
22. Sweden 46.3 33.37 2.09 21.96 12.04 30.54
23. Hungary 13.7 21.32 3.03 22.41 10.69 42.55
24. Germany 40.3 25.22 0.62 25.43 14.09 34.53

Note: * 2018 is the last year for which electricity consumption was reported.; Source: OECD 2017 [56].

This study aimed to rank the analysed Member States according to the impact of
electricity consumed in economic sectors on their economic development. Consequently,
the States need to be grouped both in terms of GDP and with regard to electricity consump-
tion. In order to compare the findings with each other, grouping into an equal number
of intervals is necessary. In the case of economic development, the first group includes
the countries with the highest GDP, and in the case of energy consumption, the lowest.
Accordingly, appropriate estimates (ranks) were provided for the groups of countries
(Table 3). Based on that countries could be divided into thre groups (Table 3).
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Table 3. The groups of the analysed Member States are in line with the value of indicators (source:
created by the authors).

Groups of the Member States I II III

Estimate ranking (GDP) 1 2 3
Estimate ranking (electricity consumption) 1 2 3

The estimates in the Table 3 were provided in consonance with the following con-
siderations: The development of the different economic sectors depends largely on their
electricity consumption, which in turn increases GDP. This connection can be treated in two
ways. First, the situation is viewed positively in the case of electricity consumption boosting
GDP growth, thus reflecting a more quantitative side of this interaction. Second, another
approach provides that GDP growth is hardly viewed unequivocally positively on account
of a rise in electricity consumption. The encountered situation has a negative impact on the
surrounding environment, promotes the greenhouse effect, increases pollution, etc. Thus,
the qualitative side of this coherence also needs to be assessed. Consequently, GDP growth
should occur at the expense of a decline in electricity consumption through the increased
application of resource-efficient and high value-added technologies [57]. In this particular
case, Denmark and Slovenia are the best examples. In 2018, Denmark GDP amounted to
52,000 euros per capita in the electricity consumption sector, which contributed most to
GDP growth, thus taking 16.3% of all electricity consumed.

Meanwhile, in 2018, Slovenia’s GDP reached only 16,300 euros per capita, and the
percentage of electricity consumption was 31.56% (Table 2). Thus, the Danish GDP was
3.15 times higher than that of Slovenia, and electricity consumption was almost two times
lower. Therefore, the study adopts the following assessment logic: the higher the country’s
GDP and the lower the electricity consumption, the higher the overall estimate (see Table 2).
Based on the introduced table, a matrix for assessing the impact of electricity consumption
in national economic sectors on the economic development of the State was formed (see
Figure 2).
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The matrix for assessing the EU Member States (Figure 2) allows calculating aggregate
estimates for each economic sector. The final result, i.e., national ranking, consists of the
aggregated assessment of all rates.

4. Results and Discussion

Based on the presented research methodology, we divide our analysis into three steps.
The first step involves setting up the ranges to define the groups of countries. Today there
is lack of scientifically proved methodology for the division of statistical aggregated data
into groups. Based on this assumption in the context of this research for the evaluation of
difference between highest and lowest GDP and energy consumptions values, division
into three groups is applied within specific ranges (Table 4).

Table 4. Country group ranges in terms of GDP and energy consumption in economic sectors.

Groups of Countries
First Second Third

Intervals for the Groups of Countries

GDP 48 and higher 21–48 Lower then 28
Industry Lower than 21 21–27 27 and higher

Agriculture Lower than 2.10 2.10–3.6 3.6 and higher
Transport Lower than 25.6 25.6–33.2 33.2 and higher
Services Lower than 10.4 10.4–12.8 12.8 and higher

Other services provided Lower than 24.0 24.0–33.0 33.0 and higher
Source: Created by the authors.

The second step is to produce a breakdown of countries by GDP and energy con-
sumption. Based on the data in Tables 3 and 4, all countries are divided into three groups
according to their GDP and energy consumption in their economic sectors (Table 5).

Table 5. The ranks of the analysed Member States in the national economic sectors of electricity consumption considering
the achieved level of GDP and electricity consumption.

GDP Industry

Groups of Countries Groups of Countries

First Second Third First Second Third

Intervals of the Countries Groups Intervals of the Countries Groups

Lower than 28.0 28.0–48.0 48.0 and higher Lower than 21.0 21.0–27.0 27.0 and higher

Bulgaria
Czech Republic

Greece
Estonia
Spain

Croatia
Latvia
Poland

Lithuania
Portugal
Slovakia
Slovenia
Hungary

Austria
Belgium

Italy
Netherlands

France
Finland
Sweden

Germany

Ireland
Denmark

Luxembourg

Denmark
Estonia
Greece
Croatia
Latvia

Lithuania
Luxembourg

France

Ireland
Belgium
Bulgaria

Czech Republic
Spain
Italy

Poland
Netherlands

Slovenia
Hungary
Germany

Austria
Portugal
Slovakia
Finland
Sweden
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Table 5. Cont.

Agriculture Transport

Groups of Countries Groups of Countries

First Second Third First Second Third

Intervals of the Countries Groups Intervals of the Countries Groups

Lower than 2.1 2.1–3.1 3.6 and Higher Lower than 25.6 25.6–33.2 33.2 and Higher

Austria
Belgium
Bulgaria
Greece

Lithuania
Luxembourg

Slovakia
Slovenia
Sweden

Germany

Ireland
Czech Republic

Spain
Italy

Croatia
Portugal
France
Finland

Hungary

Denmark
Estonia
Latvia
Poland

Netherlands

Belgium
Czech Republic

Netherlands
Slovakia
Finland
Sweden

Germany
Hungary

Austria
Denmark
Estonia

Italy
Croatia
Latvia

Lithuania
Poland
France

Ireland
Bulgaria
Greece
Spain

Luxembourg
Portugal
Slovenia

Services Other Services Provided

Groups of Countries Groups of Countries

First Second Third First Second Third

Intervals of the Countries Groups Intervals of the Countries Groups

Lower than 10.4 10.4–12. 8 12.8 and higher Lower than 24.0 24.0–33.0 33.0 and higher

Austria
Lithuania
Slovenia

Ireland
Belgium
Bulgaria

Czech Republic
Greece
Croatia
Poland

Luxembourg
Netherlands

Portugal
Finland
Sweden

Hungary

Denmark
Estonia
Spain
Latvia
France

Slovakia
Germany

Spain
Luxembourg

Portugal

Ireland
Austria
Bulgaria
Latvia

Slovakia
Slovenia
Finland
Sweden

Belgium
Czech Republic

Denmark
Estonia
Greece

Italy
Croatia
Poland

Lithuania
Netherlands

France
Hungary Germany

Source: Created by the authors.

The third step is determination of the cumulative value of the GDP and energy
consumption. Based on Tables 3–5 and Figure 2, the ranks of GDP and energy consumption
by economic sector are found (Table 6). From Table 3 and Figure 2 one can see that the best
evaluation result is 10 points (five economic sectors, two points each). Third, in relation to
Figure 2, aggregate estimates pursuant to economic sectors are. In this case, the degree to
which individual Member States may differ from this figure is calculated:

Ri =
Rmax

ri
∗ 100 (1)

where Ri—the utilisation degree of the maximum potential for the impact of electricity con-
sumed in the economic sectors of the i-th Member State on national economic development,
%; rj—j-th Member State cumulative value of GDP and energy consumption. Rmax—the
number of points corresponding to the maximum potential (Rmax = 10 points).



Energies 2021, 14, 8335 9 of 14

Table 6. The ranks of the analysed Member States considering the impact of electricity consumption on national economic
development.

No.
Member

State

Economic Sectors

Total Rank Ri R′
iIndustry Agriculture Transport Services Other Services

Provided

1 Austria 5 3 4 3 4 19 4–6 52.6 68.4
2 Belgium 4 3 3 4 5 19 4–6 52.6 68.4
3 Czech Republic 5 5 4 5 6 25 14–19 40.0 52.0
4 Denmark 2 4 4 4 4 18 3 55.6 72.2
5 Estonia 4 6 5 6 6 27 23–24 37.0 48.1
6 Finland 5 4 3 4 4 20 7–8 50.0 65.0
7 France 3 4 4 5 5 21 9–10 47.6 61.9
8 Germany 4 3 3 5 5 20 7–8 50.0 65.0
9 Greece 4 4 6 5 6 25 14–19 40.0 52.0

10 Bulgaria 5 4 6 5 7 25 14–19 40.0 52.0
11 Hungary 5 5 4 5 6 25 14–19 40.0 52.0
12 Ireland 3 3 4 3 3 16 2 62.5 81.2
13 Italy 4 4 4 5 5 22 11 45.5 59.1
14 Latvia 4 6 5 6 5 26 20–22 38.5 50.0
15 Lithuania 4 4 5 4 6 23 12 43.5 56.5
16 Luxembourg 2 2 4 3 2 13 1 76.9 100.0
17 Netherlands 4 5 3 4 5 21 9–10 47.6 61.9
18 Poland 5 6 5 5 6 27 23–24 37.0 48.1
19 Portugal 6 5 6 5 4 26 20–22 38.5 50.0
20 Slovakia 6 4 4 6 5 25 14–19 40.0 52.0
21 Slovenia 5 4 6 4 5 24 13 41.7 54.2
22 Spain 5 5 6 6 4 26 20–22 38.5 50.0
23 Sweden 5 3 3 4 4 19 4–6 52.6 68.4
24 Croatia 4 5 5 5 6 25 14–19 40.0 52.0

Source: Created by the authors.

Table 6 shows that the best situation Rmax is in Luxembourg (Rj = 76.4%), and the
worst in Estonia and Poland (37.0%). It is also possible to determine how the EU Member
States utilised the potential compared to Luxembourg:

R′i =
Ri

R′max
∗ 100 (2)

where R′i—the degree of the impact of electricity consumed in the economic sectors of the
i-th Member State on national economic development in terms of the member State most
efficiently utilising the potential (Luxembourg); R′max—the Member State that utilised the
impact of the potential in the most effective way.

The calculation results of values Ri and R′i are given in Table 6.
In Figure 2, according to the current situation of the energy consumption impact

on economic development, the countries can be divided into three zones: zone A (best
situation), zone B (medium situation), zone C (worst situation). Zones A and C are
symmetrical with respect to zone B. Thus, the Member States with aggregate estimates
lower than zone B fall in zone A, whereas the States with larger estimates are attributed
to zone C. The estimates of all options in zone B are the same and equal to 4. Hence,
their aggregate estimates in five economic sectors are equal to 20. Table 7 shows how the
Member States fall into the zones.

Table 7. The estimates reflecting the zones of the Member States.

Estimates of the Member States
(Table 6)

Min Max Min Max Min Max
10 19 20 20 21 30

Zones A B C
Source: Created by the authors.



Energies 2021, 14, 8335 10 of 14

Based on Tables 6 and 7, the analysed Member States are ranked considering the zones
(Table 8).

Table 8. The zones of the analysed Member States considering the impact of electricity consumed in economic sectors on
economic development.

Zones

A B C

Member State Points Rank Member State Points Rank Member State Points Rank

Ireland 16 2 Finland 20 7–8 Bulgaria 25 14–19
Austria 19 4–6 Germany 20 7–8 Czech Republic 25 14–19
Belgium 19 4–6 Estonia 27 23–24
Denmark 18 3 Greece 25 14–19

Luxembourg 13 1 Spain 26 20–22
Sweden 19 4–6 Italy 22 11

Croatia 25 14–19
Latvia 26 20–22
Poland 27 23–24

Lithuania 23 12
Portugal 26 20–22

Netherlands 21 9–10
France 21 9–10

Slovakia 25 14–19
Slovenia 24 13
Hungary 25 14–19

Source: Created by the authors.

The Member States attributed to Zone A are characterised by a very high level of
economic development and efficient electricity consumption in their national economic
sectors. The economic development level of the Member States falling into Zone B is also
high enough. In contrast, the economic sectors use a sufficient amount of electricity, which
may be affected by increasing growth in energy-intensive areas, e.g., industry. The Member
States assigned to Zone C have a comparatively low level of economic development and
relatively high electricity consumption in their economic sectors.

The literature analysis has shown that the current state of research on the interaction
between electricity and economic development is characterised by the following points:

(1) The most commonly analysed topic is on the impact of economic development on
electricity consumption;

(2) The mentioned interactions are most often analysed at the country level;
(3) The interaction between national energy sectors and economic development is only

episodically addressed in research;
(4) There is a lack of analysis of the interaction between electricity and economic devel-

opment in an international context;
(5) There is scarce research on the interaction between electricity and economic develop-

ment in the context of sustainable development.

The fifth and final mentioned point are particularly important today. It means that it is
crucial to assess what energy costs the result of economic development has been achieved
at the expense of what energy costs. This is vital because, as electric energy consumption
rises, so does the consumption of scarce natural resources, pollution and the greenhouse
effect. The results of the present study fully support this idea, as there are countries whose
economic development is solely due to their growing electricity consumption. A deep and
comprehensive analysis of such linkages opens new avenues for further research.

The research outcomes of this study to some extent support the existing research
on the explored phenomenon, as well as enrich an ongoing theoretical debate in several
essential aspects. In terms of similarities, the obtained results quantitatively substantiate



Energies 2021, 14, 8335 11 of 14

that country’s economic development depends also on the achieved energy consumption
level, what is in line with findings of [31–33,37]. Moreover, countries with lower level of
economic development tend to consume more electric energy to ensure further economic
growth in comparison with countries of higher level of economic development.

The obtained results bring some new insights into the studied phenomenon, since
available research on the relationship between economic growth and energy consumption
often utilises correlation-regression analysis [29]. This method has several shortcomings,
among which we can highlight a lack of possibility to aggregate and evaluate the relation-
ships between energy consumption and economic development at the economic sector level.
The research methodology proposed in our study provides this opportunity. The applied
research method is robust and allows both assessing in an aggregative way the relationship
between economic development and energy consumption within the economic sectors, as
well as to identify in an aggregative way the state of individual countries by economic
sectors. For example, Estonia scored lowest in three out of five sectors—agriculture, services
and other services. On the other hand, Luxemburg scored highest in three economic sectors
(see Table 6). The obtained data provides valuable information for countries, since it allows
comparing their economic sectors’ scores with the sectors’ score in other countries.

5. Conclusions

Recently, countries have been facing a contradictory situation. On the one hand,
their economic development is not possible without increasing electricity consumption;
on the other hand, this means using up limited natural resources, increasing the scale of
the greenhouse effect, pollution, and risks to human health. Therefore, the interaction
between the economic and electric energy consumption of a country requires an in-depth
and comprehensive analysis. This is all the more so given the lack of a systematic approach
in the research on this issue. This is manifested in the lack of consensus on the mutual
impact of economic development and energy consumption, the uneven attention paid to
important aspects of this interaction and the lack of a unified analytical framework.

The interaction between these two phenomena—economic development and electric-
ity consumption—should be examined from the following perspectives: The first level is
an analysis of the interaction between economic development and electricity consumption
in the country as a whole and within its economic sectors. The second level is the analysis
of the impact of electricity consumption in the energy sector of the country as a whole and
its economic sectors on their economic development in the context of other countries.

Despite the fact that the economic development of a country as a whole depends
primarily on the development of its economic sectors, little attention has been paid to this
aspect in pervious scientific research.

The results of the study are important in several respects: firstly, the study is carried
out at the level of economic sectors; secondly, it covers all sectors of the economy (the prior
literature only analyses individual sectors, such as industry, construction, etc.); thirdly, it
examines the impact of the electricity consumption in the economic sectors on a country’s
economic development; and fourthly, it is carried out in the context of sustainable devel-
opment, which is to say, that countries’ economic development is measured by looking at
how the energy inputs made it possible to do so.

Continuing and deepening research in this direction needs to analyse the impact of
sectoral electric energy consumption not at the level of the country as a whole but the level
of its individual economic sectors. A limitation of such research may be the availability of
information on the economic growth of individual economic sectors.
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