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Abstract: The European Union’s Green Deal emphasises the importance of improving the efficiency
of the energy sector in its countries, which is why the issues involved are relevant in both scientific
and practical terms. The article sets out the hypothesis that conveying the state of the economic
efficiency of energy development by grades does not reflect the real situation. Instead of ranks, it is
proposed to form homogeneous groups of some countries based on non-linear data normalisation
instead of today’s universally used linearisation. Grouping the euro area countries in the European
Union on the basis of the value of the cost-effectiveness indicator for the energy development of their
industrial sector confirmed the appropriateness of the proposed method-ology. In this way, three
groups of countries were formed according to the level of cost-effectiveness achieved. The proposed
methodology for grouping countries is universal and can be used for international comparisons of
any kind.

Keywords: economic efficiency; energy development; industrial sector; clustering

1. Introduction

The world is facing an ever-increasing environmental problem. The economic devel-
opment of the countries is accompanied by the ever-increasing use of natural resources,
leading to undesirable climate change. They increase the risk of the environment, human
health, and well-being [1]. The European Green Deal responds to these negative trends [2].
Its objective is economic growth in a sustainable way, i.e., combining economic, social, and
environmental development with each other. It is a new growth strategy that anticipates
people’s well-being on the basis of modern, resource-efficient economic development. The
aim is to fully prevent greenhouse gas emissions into the atmosphere by 2050 and to decou-
ple economic growth from the use of unregenerated natural resources [3]. This strategy
highlights the importance of the country’s energy sector and sets out appropriate directions
for its transformation: decarbonisation, clean and technologically modern energy, address-
ing energy shortages, building energy service infrastructure, etc. All this presupposes the
need for innovation and technological breakthrough in the energy sector.

Improving the efficiency of this sector has been discussed for a long time. As early as
2006, the European Commission identified it as one of the main objectives of the EU’s energy
policy [4]. The constant increase in energy consumption has become a major challenge
and it is therefore the efficiency of energy development that becomes the most important
challenge. This means that economic growth must take place in a context of decreasing
energy consumption [5].
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The Green Deal strategy distinguishes among countries’ economies with the greatest
impact on climate change-industry, agriculture, transport, and other services, i.e., services
related to human activities [6]. An industry characterised by the use of energy-intensive
technologies (steel, chemicals, cement, etc.) plays a special role here, affecting even a few
key value chains (European Commission). This means that improving the cost-effectiveness
of the energy development of this sector is becoming a particularly important challenge.

The interaction between energy consumption and economic development in the coun-
tries has been widely explored since the 1950s [7–10]. The EU Commission publishes an
annual communication on energy efficiency. It contains an action plan to control and re-
duce energy demand, and to regulate the demand–supply ratio in order to reduce primary
energy consumption. Again, emphasis is placed on improving the competitiveness of the
sector at the expense of more energy efficiency. An ambitious target has been set to reduce
its consumption by 32.5% at the EU level by 2030 [3].

In general, efficiency is understood to mean achieving the highest possible result with
available resources [11]. The information provided by international statistical bases shows
significant differences in both GDP and energy development in the industrial sector. This
statement is valid not only for the industrial sector (e.g., GDP and medical sector) [12].
In accordance with standard practice, they are reflected in grades or ratings that make it
possible to compare the position of one party vis-à-vis another. Even a superficial analysis
shows that such a presentation of the situation does not adequately reflect the reality. For
example, in Ireland, which is ranked first, GDP in the industrial sector is 2.5 times higher
than that of the second-placed Germany; Italy’s analogous GDP is only 1.002 times more
than Slovenia and 1.002 times than France (for Slovenia). In the meantime, their ranks are
8, 9, and 10 respectively. Germany and Cyprus have a GDP ratio of 5.29 for the industrial
sector and 9.5 for grades, etc., which is similar to energy development. Finland’s leading
industry GDP is 1.3 times higher than Slovakia’s second position. There are only 1.03
(24 and 5 grades) differences in GDP between Australia and Slovenia and 1.01 (15 and
16) times in Lithuania and Luxembourg. Finland and Malta have a GDP ratio of 4, and
rank 19, etc. The question is whether and how the adequacy of international ratings can be
improved. One possible way is to convey the situation not by grade, but by grouping, i.e.,
by dividing countries into homogeneous groups on the basis of the values of the indicator in
question. At first sight, this can be done quite simply on the basis of the current procedure
for the division of the statistical population into intervals. A deeper analysis shows that
such an approach is too simplistic, since it is a linear division in its essence. Several values
differing significantly by this path can form a separate group and thus distort the division of
the whole into intervals. On the contrary, there may be almost overlapping values between
different groups of indicators. All this can be avoided if we rely on a non-linear grouping
of data.

The purpose of the article is therefore to determine the cost-effectiveness of the energy
development of the industrial sector of the countries concerned and to group them on the
basis of the proposed original methodology. Its essence is that in place of ranks, homoge-
nous groups of countries are formed using non-linear, non-linear data normalization, not
today. This is, in principle, a new approach that has not been analysed in literature sources,
which makes it possible to convey a more adequate picture of the reality.

The subject of the research is the euro area countries of the European Union. The
reason for their choice is that this group includes both developed and developing countries
with the same currency.

In addition to the introduction, the article consists of literature review, research method-
ology, empirical research, and discussion of the results obtained. The literature review
discusses the phenomenon of efficiency, as well as existing ways of grouping data, and
identifies their shortcomings. The research methodology provides the procedure for deter-
mining the cost-effectiveness of the development of the industrial sector in the countries
as well as the methodology for the non-linear grouping of the statistical population. The
empirical part of the article shows in particular the inadequacy of the comparison between
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the parties in terms of grades, as well as the results of grouping the countries according to
the economic adequacy of the energy development of their industrial sector in a linear and
non-linear manner. The discussion discusses the new possibilities offered by the results
obtained in the article.

2. Literature Review

Before examining the feasibility of measuring the cost-effectiveness of the energy
development of the industrial sector in the countries, the concept of economic energy
development and its cost-effectiveness should be discussed first.

The modern concept of economic development is examined on the basis of three
interrelated criteria: changes, growth, and improvement. It is a broad concept that includes
positive changes in economic indicators and the structural changes it has brought about,
which determine people’s well-being and quality of life.

Similarly to economic development, energy development is a positive development
in its consumption. On the other hand, this is the quantitative side of development. The
qualitative side can only be judged by comparing it with the economic results obtained.
They are reflected in an indicator of the cost-effectiveness of energy development.

In general, efficiency is understood to mean achieving the highest possible result with
available resources. This concept is described in very different ways (Table 1).

Table 1. Description of the concept of efficiency [13].

Source Description of the Concept of Efficiency An Essential Feature of the
Concept of Efficiency

Bagdanavičius, J., Stankevičius,
P., Lukoševičius, V., [14]

Efficiency—the level of utilisation of production resources,
which guarantees the maximum result.

Ratio of production resources
to maximum result.

Jackson [15]
Efficiency shows how much costs have been incurred in
relation to the minimum cost level that is theoretically
necessary to carry out the desired activity in a given system.

The ratio between actual and
minimum costs.

Black, J., Hashimzade, N.,
Myles, G. D., [16]

‘Efficiency’ means achieving the desired results at the lowest
possible cost or achieving maximum results using the
expected costs.

The ratio of maximum
outputs to expected costs.

Dhiren, [17]
Efficiency is the relationship between the desired performance
and the use of complex resources, deposits, costs, and other
resources to achieve those results.

The ratio of results to
actual costs.

Roghanian, P., Rasli, A.,
Gheysari, H., [18]

Efficiency shows the organisation’s ability to achieve the
result, taking into account the minimum cost level.

The ratio between the result
and the minimum cost.

Grossman, [19]

The measurement of efficiency means the question of whether
the monetary assessment of the contributions used to achieve
a particular purpose constitutes the minimum possible cost
associated with the achievement of that objective.

Minimum cost/output ratio.

AGPC. On efficiency and
effectiveness: some definitions.
Productivity Commission Staff
Research Note, [20]

An effective result is obtained using the lowest possible cost
set required for the production of a particular good or service. Minimum cost/output ratio.

Zinkevičiūtė, V., Vasilis
Vasiliauskas, A., [21] Efficiencies are the ratio between production results and costs. The ratio of results to costs.

Sharma, 2016 [22] The effectiveness of an organisation is a concept that describes
how effectively an organisation achieves its objectives.

The level of achievement of
the objectives.

Other definitions of effectiveness can be accepted in the literature, but they do not
differ in substance from those in Table 1 [8,13,23]. In all cases, efficiency is understood
as the result of using available, limited resources. It can be measured by gross or net
result indicators and multifactor or partial results [24,25], which is important to understand
with regards to the links with the connected results, such as economic growth [26–28] and
country competitiveness increase due to the efficient energy use [29].
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Literature sources distinguish different types of efficiency [30–33]. This depends to a
large extent on who uses the concept of efficiency (economists, engineers, politicians, busi-
ness consultants, managers, etc.). In this way, its different concepts—economic, technical,
financial, etc., are formulated [13].

In the context of the Green Deal, energy efficiency is important. It can be determined
by analogy as the ratio of industrial GDP to its energy consumption.

Literature sources offer several ways of grouping data. In one case, the number of
ranges is known and in the other, not. When known, the range h shall be determined as
follows [34,35]:

h =
xmax − xmin

k
(1)

where xmax: the highest value of the indicator under consideration; xmin—the smallest; and
k = number of buckets.

In the second case, first of all, the number of intervals must be determined. This can
be done in two ways:

k =
√

N (2)

k = 1 + 3, 322 log N (3)

where N is the number of statistical units.
The range h will be determined as follows:

h =
xmax − xmin√

N
, (4)

h =
xmax − xmin

1 + 3, 322 log N
(5)

The size of the ranges may also be uneven if they are designed to investigate a
particular phenomenon, such as the division of undertakings according to the number of
employees, breakdown of the population into groups by work resources, etc.

In all these cases, we have a linear division into groups, i.e., the size of all ranges is
the same. As stated above, such a breakdown gives only an approximate picture of the
current situation.

3. Test Methodology

The purpose of the analysis of the interaction between economic development and
energy consumption is to determine its cost-effectiveness. It can be calculated by means
of an indicator reflecting the ratio between the economic result and the amount of energy
consumed for that purpose:

KPEj =
QPEj

EPEj
(6)

where KPEj-j means the cost-effectiveness factor for the energy development of the indus-
trial sector of the country during the reference period; QPEj-j—indicator of the economic
development of the industrial sector of the country; and EPEj—indicator of the energy
development of the industrial sector of the country.

Determination of the indicator of the economic development of the domestic industrial sector.
In the literature, countries’ economic development is viewed in different ways, but it is
mostly based on gross domestic product per capita (GDP) [36–38]. This is due to a number
of reasons. It is complex, i.e., reflects the value at market prices of all finished goods and
services over a given period; the calculation is based on a sufficiently uniform methodol-
ogy and allows comparisons among countries; it is publicly and widely disseminated in
various statistical publications and is therefore easily accessible; and most importantly, it is
integrated into all socio-economic systems of indicators of economic development.

Countries’ GDP depends to a large extent on the economic development of their
industrial sectors. This is evidenced by the results of a correlation analysis between the



Energies 2022, 15, 3322 5 of 12

energy development of the industrial sector in the EU and their GDP. The value of the
coefficient r representing this relationship is 0.53.

For further calculations, the country’s industrial sector’s economic development
indicator QPEj Equation (6) will be based on gross domestic product generated by industry
per capita.

Determination of the country’s industrial sector energy development indicator. The green
growth indicator system measures it in terms of energy consumption as a percent of total
energy consumption [39,40]. By its very essence, like other indicators of this framework, it
is designed to monitor progress in green growth, in order to support its policy-making and
inform the general public about the state of play.

Non-linear subdivision of the statistical population into subgroups. On the basis of the
proposed methodology, the statistical population under consideration may be divided into
the desired number of subgroups. In a specific case, it will be divided into three sub-groups
and, according to Equation (5), it will be divided into five groups.

The dividing of data sets into subgroups is carried out on the basis of nonlinear
normalisation of their values, i.e., their transformation into a dimensionless scale. For this
purpose, it is offered to apply functional dependences between actual values and their
estimation on a dimensionless scale.

As such a functional dependence, it is proposed to use the dependence of the form [41–43]:

Y = F
(
X′

)
=

(exp(− exp(−X′)) + (1− exp(− exp(X′)))
2

(7)

where Y is the numerical value of the criterion on the dimensionless scale; F(X′) is a
functional dependence; and X′ is a numerical value on the intermediate scale.

Dependence Equation (7) refers to the asymptotic distribution of random values of the
average values in the sample that has a piecewise monotonic form with refractive points
with values: Y = 0.37 and Y = 0.63.

The values on the scale X are related to the scale Y by the dependence: X′ =−ln (−lnY).
For example, Y′ = −ln (−ln 0.63) = 1.772398 ≈ 0.77 and Y′ = −ln (−ln 0.37) = 0.005 ≈ 0.

The graph-analytical model of grouping of objects of estimation on 3 grades is pre-
sented in Figure 1.

The application of the graph-analytical model for the subset of the dataset consists of
the following stages:

1. Determination of the minimum (Ximin) and maximum (Ximax) values of the data set.
2. Determination of the intermediate value of the data set (XiIntermed). It is GROUPED

into three subgroups, there will be two intermediate values. Intermediate values
correspond to equal parts of dividing the segment (Ximin—Ximax) into 3 equal parts.

Alignment of the partial scale of the dataset Xi with the intermediate scale X′. It is
proposed to apply the method of dividing segments into equal proportions. The formula is
as follows:

X′ =
X′le f t + γX′right

1 + γ
(8)

where:

γ =
Xile f t − Xiright

Xiactual − Xiright
(9)

where: Xileft—value on the Xi scale in the interval to the left; Xiright—value on the scale
in the interval to the right; Xiactual—the actual value on the Xi scale; X′iright—value on the
intermediate scale in the corresponding interval on the right; and X′ileft—value on the
intermediate scale in the corresponding interval on the left. Similarly, calculations are
carried out with a different number of ranges, e.g., five.
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Figure 1. Graph-analytical model of grouping evaluation objects into 3 subgroups (Source: compiled
by the author).

The technique is universal, as it allows you to change the number of subgroups. To do
this, it is necessary to transform the intermediate scale.

On the basis of the methodology set out above, a grouping of the countries of the
European Union according to the cost-effectiveness of the energy development of their
industrial sector was carried out.

4. Empirical Study

The results of the calculation of the cost-effectiveness of the industrial sector in the
euro area countries in the European Union are based on Equation (6) (Table 2).

Table 2 shows that in this case, too, the grades convey a rather distorted picture. For
example, Estonia and Belgium rank 9 out of 10, while the indicator’s values differ by
just 0.02%. The following indicator for Slovenia (grade 11) is already 12% different from
Belgium. This reaffirms the need to convey the current situation to complex groups of
countries rather than grades.

Once the cost-effectiveness of the energy development of the industrial sector has been
established (Table 2), they can be divided according to the principle of linear and non-linear
grouping. The calculations were made on the basis of Equations (4) and (5). The results of
the calculations are given in Table 3.

According to Table 3, all the countries concerned can be divided into both three and
five groups (Table 4).

Table 3 allows all the countries concerned to be divided into three groups on the basis
of both linear and non-linear grouping (Table 4).
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Table 2. Cost-effectiveness of the energy development of the industrial sector in the euro area countries in the European Union in 2018 (source: compiled by authors
based on OECD).

Order
No:

Economic Development of the Industrial Sector (GDP) Energy Development of the Domestic Industrial
Sector (EP)

Cost-Effectiveness of the Energy Development of the
Industrial Sector (GDP)

Country

GDP in
Thousands
of Dollars
per Capita

RAN-Gas

The
Difference
between
Adjacent
Grades, %

Country

Energy
Consumption
as % of Total
Energy
Consumption

RAN-Gas

The
Difference
between
Adjacent
Grades, %

Country GDP/EP RAN-Gas

The
Difference
between
Adjacent
Grades, %

1 Ireland 27.5 1 - Finland 43.1 1 - Ireland 1198.7 1 -
2 Germany 11.0 2 250.0 Slovakia 33.2 2 29.9 Luxembourg 450.5 2 266.7
3 Austria 10.1 3 9.0 Portugal 28.2 3 17.8 Germany 422.2 3 7.2
4 Netherlands 9.8 4 3.1 Austria 27.9 4 1.1 Netherlands 399.8 4 5.0
5 Finland 8.8 5 11.4 Slovenia 27.2 5 2.6 Austria 363.1 5 11.2
6 Luxembourg 7.5 6 17.4 Belgium 26.9 6 1.2 Italy 298.4 6 20.0
7 Belgium 6.8 7 10.3 Germany 26.0 7 3.5 France 273.8 7 11.2
8 Italy 6.1 8 11.5 Netherlands 24.4 8 6.6 Malta 256.8 8 3.9
9 Slovenia 6.1 9 0.2 Spain 23.3 9 4.8 Estonia 251.9 9 4.0
10 France 5.0 10 22.0 Ireland 22.9 10 1.8 Belgium 251.6 10 0.4
11 Spain 4.4 11 13.7 Latvia 21.8 11 5.1 Slovenia 224.7 11 8.7
12 Slovakia 4.3 12 2.4 Italy 20.5 12 6.4 Lithuania 218.3 12 4.6
13 Estonia 4.1 13 4.9 France 18.4 13 11.5 Finland 204.4 13 4.8
14 Lithuania 3.7 14 10.9 Greece 17.4 14 5.8 Spain 190.5 14 10.6
15 Portugal 3.7 15 0.2 Lithuania 16.9 15 3.0 Cyprus 141.1 15 35.8
16 Malta 2.8 16 32.2 Luxembourg 16.7 16 1.2 Greece 135.8 16 4.4
17 Greece 2.4 17 16.7 Estonia 16.3 17 2.5 Portugal 130.8 17 7.7
18 Latvia 2.3 18 4.4 Cyprus 14.6 18 11.7 Slovakia 129.8 18 1.6
19 Cyprus 2.1 19 9.6 Malta 10.9 19 34.0 Latvia 107.5 19 18.2
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Table 3. Grouping of euro area countries in the European Union according to the cost-effectiveness of the energy development of the industrial sector (source:
drawn up by the author).

Ranges

Method of Grouping Countries

Linear Non-Linear

Three Five Three Five

the Size
of the
Ranges

Range Ranges Number of
Countries

the Size
of the
Ranges

Range Ranges Number of
Countries

the Size
of the
Ranges

Range Ranges Number of
Countries

the Size
of the
Ranges

Range Ranges Number of
Countriesfrom by from by from by from by

1 114.33 107.5 221.83 8 68.6 107.5 176.1 5 96.9 107.5 204.4 7 136.7 107.5 244.2 9
2 114.33 221.83 336.16 6 68.6 176.1 244.7 4 52.4 204.4 256.8 5 32,6 244.2 276.8 4
3 114.33 336.16 450.50 5 68.6 244.7 313.3 5 193.7 256.8 450.5 7 36.0 276.8 312.8 1
4 Total 19 68.6 313.3 381.9 1 Total 19 68.6 312.8 381.4 1
5 68.6 381.9 450.5 4 69.1 381.4 450.5 4

Total 19 Total 19
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Table 4. Grouping of countries in the euro area of the European Union according to the energy
development efficiency of the industrial sector (source: drawn up by the author).

Groups of Countries by Type of Grouping

Linear

Three Five

First Second Third First Second Third Fourth Fifth

Ireland Italy Lithuania Ireland Austria Italy Slovenia Cyprus
Luxembourg France Finland Luxembourg France Lithuania Greece
Germany Malta Spain Germany Malta Finland Portugal
Netherlands Estonia Cyprus Netherlands Estonia Spain Slovenia
Austria Belgium Greece Belgium Latvia

Slovenia Portugal
Slovakia
Latvia

Non-Linear

Ireland Malta Finland Ireland Austria Italy France Slovenia
Luxembourg Estonia Spain Luxembourg Malta Lithuania
Germany Belgium Cyprus Germany Estonia Finland
Netherlands Slovenia Greece Netherlands Belgium Spain
Austria Lithuania Portugal Cyprus
Italy Slovakia Greece
France Latvia Portugal

Slovakia
Latvia

Table 4 shows that the results of the linear grouping of countries differ. This can be
quantified in the following way:

∆Nj =
nj

Nj
·100 (10)

∆Sj =
sj

Sj
·100 (11)

where ∆Nj—the extent of the discrepancies in terms of the number of countries in group
j; ∆Sj—the extent of the discrepancy according to the composition of the parties within
the group; nj—number of mismatches in the group of countries j; Nj—total number of
countries in group j; sj—number of mismatches in the group of countries j; and Sj—total
number of countries in group j.

The results of the calculations based on Equations (10) and (11) are given in Table 5.

Table 5. Differences between countries in linear and non-linear grouping as a percentage.

Number of Groups

Nature of the Differences in Grouping Countries

by Number of Countries by Group Formation

from by Averages from by Averages

Three 12.5 28.5 19.0 12.5 42.9 28.0
Five 44.5 80.0 25.0 0 100 45.0

Table 5 shows that the division of the statistical population into a larger number of
groups, i.e., the division by adjustment, increases the differences compared to the linear
division. This reaffirms the flexibility of non-linear distribution.
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5. Discussion

The results obtained in the article open a new direction for research. One of them
is linked to the fact that a country’s GDP should not grow at the expense of increasing
energy consumption. This will also be driven by the ever-increasing prices of energy
resources. In the context of green growth, this growth must, on the contrary, take place
as consumption decreases thanks to the wider application of clean, modern technologies.
Thus, the cost-effectiveness of energy development needs to be judged by assessing changes
in its consumption. It is no coincidence that the interaction among countries’ economic and
energy development is analysed by many literary sources in the context of the Kuznetz
curve [5,43–45].

Another direction for possible studies is a different approach to the assessment of
cost-effectiveness, which is based not on the 1-year, last-year situation, but on the change
over time. In this case, it will become clear whether they were positive or negative. It
will be possible to compare, for example, the percentage of GDP growth over the period
considered and the extent to which electricity consumption has changed, increased or
decreased. Such an analysis would contribute to a much more accurate analysis of the
interaction between the economic and energy development of the countries.

The methodology proposed in the article is universal. This means that its application
can be developed both horizontally and vertically. Horizontally, to compare and analyse
both the countries of the European Union and the countries and regions of other regions of
the world. The vertical direction means that the proposed methodology allows the analysis
of both other sectors of the economy and other, e.g., alternative, energy sources.

6. Conclusions

The Green Growth Strategy was developed in response to the ecological challenges
of global development in Europe. It has an important role to play in energy development,
as it has a significant impact on the climate generation. In this context, there is a problem
of cost-effectiveness of energy development. Its status is provided by the international
statistical bases. The situation of the parties vis-à-vis each other is usually expressed in
grades. A deeper analysis of the ranking shows that such a presentation of the situation is
approximate, since countries with practically identical values for the indicator reflecting
energy development are given different ranks. It follows that the current situation needs
to be translated into homogeneous groups of countries rather than grades. On the other
hand, there is a problem of adequate division of countries into groups. Today, this is done
linearly, i.e., the formation of equal-size ranges. This mechanical breakdown of countries
complicates the formation of homogeneous groups. The solution is the non-linear division
of countries into groups, where different size ranges are formed. Grouping the euro area
countries in the European Union according to the cost-effectiveness of their industrial sector
confirmed the relevance of the practical application of this methodology.

Energy today plays a growing role both in the economy and in the social and ecological
development of countries. It is the basis for economic development. This can be seen from
the sensitivity of countries to changes in energy prices. On the other hand, its quantitative
development alone has a negative impact on other important areas of life in countries,
in particular ecology. Energy is the biggest source of pollution. This means that the
energy development of countries must not take place by increasing their production but by
developing energy-saving technologies, innovative innovations, etc.

The determination of the state of energy development at a certain point in time (last
year) reflects the current situation incompletely, since it does not assess the context, i.e.,
it does not assess the duration of the positive/negative changes. So, in addition to the
determination of the condition at the particular time, changes and trends in them must be
assessed. This will provide a much more accurate picture of the current situation.

The EU’s Green Growth Strategy foresees that economic growth cannot take place at
the expense of increasing energy consumption. This changes the approach to the essence of
cost-effectiveness, which must be judged depending on how it takes into account social and
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environmental development. Research and assessment of the interaction between economic
and energy development should be based not on the situation at a given time, but on a
certain period of time. Only then the trends in both economic and energy development
will be highlighted, thus making the analysis of their interaction more valid.
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