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Abstract: The main purpose of the article was to identify and present the current situation and changes

in higher education in the field of electricity and energy studies in the European Union countries.

The specific objectives include determining the degree of concentration of education in the fields of

electricity and energy in the EU countries, showing the directions of their changes, types of dominant

education in this field, establishing the correlation between education in the fields of electricity and

energy and the parameters assessing the achievement of circular economy assumptions in the energy

sector. All Member States of the European Union were deliberately selected for research. The research

period covered the years 2013–2018. The source of the materials is a literature review on the subject

and Eurostat data. For the analysis and presentation of materials, methods such as descriptive, tabular,

graphical, dynamics indicators with a constant basis, Gini concentration coefficient, concentration

analysis using the Lorenz curve, coefficient of variation, Pearson’s linear correlation coefficient were

used. A high concentration of education in the fields of electricity and energy was found in several

EU countries, the largest in countries with the highest energy consumption, i.e., in France and Poland.

Changes in the level of concentration practically did not take place, only in the case of master’s

studies, there was an increase in concentration. However, the EU countries did not differ significantly

in terms of the structure of the number of students studying electricity and energy.

Keywords: higher education; energy; circular economy

1. Introduction

Circular economy (CE) is a concept aiming to rationalize the use of resources and reducing the

negative environmental impact of manufactured products. Materials, raw materials, and products

should remain in the economy as long as possible, and the generation of waste should be minimized as

much as possible [1–9]. The concept of a circular economy was first used in 1981 by Wathler Stahel and

Genevieve Redayw. In their work entitled “Jobs for Tomorrow, the Potential for Substituting Manpower

for Energy” they presented a model of what they called looped or circular economy. They also described

the influence of such model on a rational approach to production, employment, price competitiveness,

and above all, to saving resources and preventing the formation of post-production waste. The waste

input–output model has been extended to wide areas of industrial ecology including material flow
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analysis, life-cycle costing, regional analysis, and linear programming based technology selection.

Their concept has gained extraordinary popularity in Anglo-Saxon and Scandinavian countries [10–14].

In the European Union, the first package of economic solutions in a closed system was presented in

July 2014 by the President of the European Commission José Manuel Barroso. However, it was not well

received by some member states and business representatives. The resistance to the circular economy

proposal was caused by a large interference in the legislation of the Member States when introducing

the necessary legal provisions. The plan of the European Commission included a requirement to

implement in national legislation the laws on recycling or recovery of secondary raw materials

from waste. On 18 December 2017, Member States reached a political agreement on new recycling

targets [15–18].

Model solutions in the field of CE concern many areas of economic activity and social aspects,

i.e., the economy of sharing, assessing, and promoting the durability and energy efficiency of products,

increasing the role of services, repair, reuse, introducing extended producer responsibility, product life

cycle assessment, economic symbiosis and, above all, increase in recycling. In the implementation of

the CE concept, apart from recycling, it is important to circulate materials, raw materials, and products

throughout the supply chain. This means, inter alia, restoring and repairing items, selling services

instead of products, a new approach to energy and the use of fuels for energy production that improve

the condition of the natural environment, e.g., by reducing the volume of waste produced [19–26].

In terms of energy policy, the circular economy is closely related to increasing energy efficiency,

developing renewable energy sources and reducing greenhouse gas emissions. It is important to

minimize the use of energy resources with low or decreasing availability (so-called non-renewable

resources) and maximize the use of renewable energy sources [27–32].

Promoting and implementing solutions in the CE area requires investment activities, as well

as organizational, legislative, and educational activities. Governments and regulators should adapt,

for example, taxation to promote a circular economy in companies. Communication and information

strategies are also needed to raise producers’ and the public’s awareness of CE [33–41]. CE requires the

adoption of new business models and the classical “reduce, reuse and recycle” approach. Moreover,

a friendlier context (fiscal, legal, organizational, etc.) and the more substantial support from supply

chain agents and consumers are required [42].

Knowledge of the circular economy is concentrated in large industries and dispersed in small and

medium-sized enterprises. It is important to introduce this knowledge into academic and vocational

training. Then, actions for CE will be taken from the bottom up in small and medium-sized enterprises

employing graduates with economic and technical knowledge enabling them to change business

models, towards CE. In addition, scientists should look for innovations that will better achieve the

goals of CE. Therefore, advanced scientific research is necessary [43–47].

2. Aim and Methods

The main purpose of the paper was to identify and present the current situation and changes

in higher education in the field of electricity and energy education in the European Union countries.

The specific objectives include determining the degree of concentration of education in the fields of

electricity and energy in the EU countries, showing the directions of their changes, types of dominant

education in this field, establishing the correlation between education in the fields of electricity and

energy and the parameters assessing the achievement of circular economy assumptions in the energy

sector. Two hypotheses were put forward in the study. According to the first, there was a diversification

of education in the fields of electricity and energy in the EU, with a systematic increase in the importance

of education in this field in developing countries. The second hypothesis assumed that the increase in

the number of students studying electricity and energy corresponded to better results of the parameters

assessing the achievement of the objectives of the circular economy in the energy sector, and that

the quality of education is also of great importance. All Member States of the European Union were

deliberately selected for research as of 31 December 2018 (28 countries). The research period covered
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the years 2013–2018. The research period was chosen on purpose. The year 2013 precedes the interest

in the idea of CE in the EU. The first package of economic solutions in a closed system was presented

in July 2014. It was possible to notice the state of education immediately before and in the later years

after the beginning of the interest in the idea of CE. The year 2018 was the last year for which data

was available at the time of writing this article. The sources of materials were the literature on the

subject, data from Eurostat. Descriptive, tabular, and graphical methods were used for the analysis

and presentation of materials, as well as dynamics indicators with a constant basis, Gini concentration

coefficient, concentration analysis using the Lorenz curve, coefficient of variation, Pearson’s linear

correlation coefficient.

In the first stage of the research, the number of students studying electricity and energy was

presented. This direction was chosen on purpose. The Eurostat database is divided into groups of

education courses. Of course, in various fields of study, knowledge may be passed on individual subjects

related to energy (e.g., renewable energy), but it is not a complete education in this field. For example,

a research mapping higher education for sustainable development in Portugal concluded that Education

for Sustainable Development (ESD) is covered in most Social Sciences, Engineering, and Management,

BSc and MSc courses offered by the top eight Portuguese Higher Education Institutions. However,

ESD is fragmented by different approaches, issues, methodologies, and implications, lacking a consistent

body of knowledge [48]. In the group of electricity and energy faculties, students pursue many subjects

related to renewable energy and learn about the idea of CE. Therefore, these types of students can

have a greater impact on achieving the CE assumptions in the energy sector. Research data refer to the

number of students at the end of the year on December 31 of the given year.

In the second stage, the Gini concentration coefficient was calculated. It concerned the number of

students studying electricity and energy in the European Union countries. The Gini coefficient was

used to determine the degree of concentration of education. It was measured based on the number

of students studying electricity and energy in EU countries. If such education were provided in one

country, the coefficient would be 1. If it was spread over more countries, the coefficient had lower

values, the closer it was to 0, the more it proves that the number of students is evenly distributed

among the EU countries. The Lorenz curve is a graphical representation of the degree of student

concentration in the EU countries.

The Gini coefficient is a measure of unevenness (concentration) of distribution of a random

variable. When the observations yi are sorted in ascending order, the coefficient can be represented by

the formula [49]:

G(y) =

∑n
i=1 (2i− n− 1) × yi

n2 × y
(1)

where: n—number of observations, yi—value of the “ith” observation, y—the average value of all

observations, i.e., y = 1
n

n
∑

i=1
yi.

The Lorenz curve determines the degree of concentration of a one-dimensional random variable

distribution [50]. With sorted observations yi, which are non-negative values 0 ≤ y1 ≤ y2 ≤ . . . ≤ yn,
n
∑

i=1
yi > 0, the Lorenz curve is a polyline which apexes (xh, zh), for h = 0,1, . . . ,n, have the following

coordinates:

x0 = z0 = 0, xh =
h

n
, zh =

∑h
i=1 yi
∑n

i=1 yi
(2)

The Gini coefficient determines the area between the Lorenz curve and the diagonal of a unit

square multiplied by 2.

The third stage of the research presents the structure of the number of students in the fields

of electricity and energy. The participation of students was shown on the three levels of education:

Bachelor, Master, and PhD. Such division functions in all EU countries. Only four countries were

selected for analysis. Two belonged to economically developed countries (Spain and the Netherlands),
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and two to developing countries (Poland and the Czech Republic). Among the countries, some countries

recorded an increase in the number of students studying electricity and energy (NL) as well as a

decrease (PL, CZ, ES). These were countries with different numbers of students studying in the fields

of electricity and energy. In the EU they were ranked 2nd, 4th, 10th, and 20th, respectively, according

to this criterion. The four countries were diverse in many aspects.

In the fourth stage, indicators of the dynamics of the number of students for the levels of studies

in the field of electricity and energy studies were calculated. As a result, information was obtained on

the directions and strength of changes in education in the fields of electricity and energy.

The dynamics indicators with a fixed base are determined as follows [51]:

i =
yn

y0
or i =

yn

y0
·100% (3)

where: yn—the level of the phenomenon in a certain period, y0—the level of the phenomenon during

the reference period.

In the fifth stage, the coefficients of variation for the number of students studying electricity and

energy for the years 2013–2018 were calculated. Thanks to this, it was possible to determine whether

the situation was stable or whether the number of students was very variable.

The coefficient of variation denoted Cv eliminates the unit of measurement from the standard

deviation of a series of numbers by dividing it by the mean of this series of numbers. Formally, for a

series of N numbers, the coefficient of variation is computed as [52]:

Cv =
S

M
(4)

where: S—standard deviation from the sample, M—arithmetic mean from the sample.

In the sixth stage, the relationship between the number of students studying electricity and energy

in the EU countries and the parameters assessing the achievement of circular economy assumptions in

the energy sector was examined. The parameters were selected on purpose based on the literature

review. In the energy sector in CE, energy efficiency is important. It can also be increased by introducing

machines and devices that consume less energy. In the article, the authors used the available indicators

in this area, such as electricity consumption per person, or its total consumption. Another aspect

of CE in the energy sector is the reduction of greenhouse gas emissions. Therefore, these emissions

have been taken into account in energy consumption. The last aspect concerns the consumption of

energy derived from renewable resources. Preferably such sources are in line with CE assumptions.

The research involved parameters related to the share of renewable energy in energy consumption in

relation to individual sectors and as a whole. The presented parameters draw attention to all the most

important aspects related to CE in the energy sector.

Pearson’s linear correlation coefficient is a measure of the strength of a straight-line relationship

between two measurable features. It is expressed through the following formula [53]:

rXY =
C(X, Y)
√

SX
2
·SY

2

=

n
∑

i=1
(xi − x)(yi − y)

√

n
∑

i=1
(xi − x)2

·

n
∑

i=1
(yi − y)2

=
C(X, Y)

SX·SY
(5)

where: C(X,Y)—covariance between the X and Y features, SX
2—X feature variance, SY

2—Y feature

variance, SX—X feature’s standard deviation, SY—Y feature’s standard deviation.

The linear correlation coefficient can be considered as normalized covariance. Correlation always

takes values in the range (−1, 1).
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3. Results and Discussion

In the years 2013–2018, the number of students studying electricity and energy decreased by 15%.

Students enrolled in these fields accounted for around 1% of enrolled students in the EU. In Finland,

it was even 3.5% in 2018, in Romania 2.6%, in Latvia 2.2%, and in Bulgaria 2%. There were also

countries that did not offer studies in these fields. There were three levels of education: bachelor,

master, and doctorate (Figure 1). The largest decrease was recorded in the case of doctoral students (by

30%), then undergraduate (by 25%), and the lowest for graduate students (by 3%).
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Figure 1. Number of students studying electricity and energy in 2013–2018.

The Gini coefficient was used to determine the degree of concentration of education in the fields

of electricity and energy in the EU countries [54]. This coefficient is a correct and commonly used

measure of inequality because it meets all the axioms postulated in this respect. Its values range from

0 to 1. A result close to 1 means that there is a very high concentration of education in the fields

of electricity and energy in one country, and close to 0 indicates the dispersion of education among

many countries. The number of observations was 28 (all EU countries). The results are presented for

general education in the fields of electricity and energy and for its three levels, i.e., bachelor, master,

doctor. The Gini coefficient for total education in the fields of electricity and energy in 2013, calculated

from the sample, was 0.66, and the estimated coefficient for the population was 0.69. This meant a

fairly high concentration of education in the fields of electricity and energy in several EU countries.

In the case of repeating the research for 2018, the results were virtually identical. Therefore, there have

been no significant changes in the distribution of education in the fields of electricity and energy in

the EU countries. The Gini coefficients for education in the fields of electricity and energy were also

calculated for each level of education. Additionally, the differentiation was presented using the Lorenz

concentration curve (Figure 2) [55]. In 2018, the level of concentration of education in the fields of

electricity and energy was the highest in the case of doctoral studies (the coefficient from the sample

was 0.70, and the estimated 0.73), and the lowest for master’s studies (from the sample 0.63, estimated

0.66). In 2018, 19% of all students studying electricity and energy in the EU countries studied in France,

16% in Poland, and 13% in Germany. In the case of undergraduate studies, Poland had 16% of students,

Germany and France 13% each. For master’s degrees, it was, respectively, 20% in France, 13% in Italy,

and 12% in Germany. The largest number of students enrolled in doctoral studies in the EU was in

Finland (20%), Spain (14%), and Romania (13%). Overall, there were very few differences between

study levels in the concentration of education. Concentration ratios were also calculated for the earlier

period, i.e., 2013. Such a combination allows to determine the direction and pace of changes in the

concentration of education in the fields of electricity and energy. In general, it can be noticed that

the level of concentration of education is maintained in several countries (Table 1). There has been

an increase in the concentration of education in the case of graduate studies, and little for doctoral

studies, and there has been no change for the undergraduate studies. Maintaining the concentration
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level of education can be confusing, however, as changes and shifts may have occurred between

individual countries.

 

  

  

Figure 2. Lorenz concentration curves for electricity and energy education in the EU countries in 2018.

Table 1. Gini coefficients for education levels in the fields of electricity and energy in the EU countries

in 2013–2018.

Educational
Levels

Gini Coefficients in Years

2013 2018

From Sample Estimated From Sample Estimated

Total 0.66 0.69 0.68 0.70
Bachelor’s 0.65 0.67 0.64 0.67
Master’s 0.58 0.60 0.63 0.66
Doctoral 0.69 0.71 0.70 0.73

Changes between countries in the field of education in electricity and energy majors varied,

with the highest increases in the number of students in France (63%) and Denmark (40%), and the

greatest decrease in the Czech Republic (by 80%), Slovakia (by 66%), and in Romania (by 48%).

For undergraduate programs, the largest increases in student numbers were recorded in Ireland

(105%) and Denmark (74%), and the largest decreases in the Czech Republic (83%) and Slovakia (70%).

For master’s degrees, the largest increases in the number of students were in Denmark (148%) and

France (103%), and the decrease in the Czech Republic (72%) and Slovenia (68%). In the case of

doctoral studies, the largest number of students increased in Spain (by 399%) and Belgium (by 24%),

and the decrease in the Czech Republic (by 82%) and Slovakia (71%). There were also countries where

electricity and energy education was not offered, or where only a few levels of study were allowed,

for example without doctoral studies. Each country has a separate history and conditions, also in the

field of electricity and energy education. Four different countries, i.e., Poland, Spain, the Netherlands,
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and the Czech Republic, were selected for a more detailed analysis. Poland has the second largest

number of students studying electricity and energy consumption among all EU countries. It was

a developing country that joined the EU in 2004, which based its energy on fossil fuels. The total

number of students studying electricity and energy decreased by 10% in the analyzed period. In turn,

Spain was economically developed and had a large population. In 2013–2018, the number of students

studying electricity and energy fell in this country by 29%. Despite this, Spain was fourth in terms

of the number of students in the EU. The Netherlands was also an economically developed country.

In this country, the number of students increased by 19%, placing it in 10th place. The Czech Republic

was one of the countries admitted to the EU in 2004 (like Poland), making up for their backwardness in

relation to European countries. The country ranks 20th in the EU in terms of the number of students

studying electricity and energy.

In Poland, more than 3
4 of students studying electricity and energy studied at bachelor’s degree,

only 18–20% at master’s studies, and only 2% at doctoral studies (Figure 3). The share of undergraduate

students declined in favor of graduate studies, and the share of doctoral students remained unchanged.

In the case of Spain, undergraduate students also dominated, but its share increased from 78% in 2013

to 81% in 2018 (Figure 4). On the other hand, the share of master’s students decreased from 21% to

13%, and the share of doctoral studies increased from 1% to 6%.

 

 

0

20

40

60

80

100

2013 2014 2015 2016 2017 2018

%

yearsBachelor's Master's Doctoral

0

20

40

60

80

100

2013 2014 2015 2016 2017 2018

%

yearsBachelor's Master's Doctoral

Figure 3. Structure of education in the fields of electricity and energy in Poland in 2013–2018.
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Figure 4. Structure of education in the fields of electricity and energy in Spain in 2013–2018.

In the Netherlands, the share of undergraduate students in electricity and energy studies was

at a similar level to that in Spain (Figure 5). In this country, however, the importance of this level

of studies decreased, as the share fell from 82% in 2013 to 78% in 2018. The remaining share fell on

master’s studies. In the Netherlands, no students enrolled in doctoral studies in the studied field

were recorded. In the Czech Republic, there have been very large changes in the structure of students

studying electricity and energy (Figure 6). The reason was the large reduction in the number of students.

Bachelor’s studies lost their importance (decrease from 63% to 54% in 2013–2018), while master’s



Energies 2020, 13, 4407 8 of 17

studies gained in importance (increase from 23% to 33%). A positive aspect was the high share of

students in doctoral studies, which amounted to over a dozen percent throughout the entire period

under study.
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Figure 5. Structure of education in the fields of electricity and energy in the Netherlands in 2013–2018.
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Figure 6. Structure of education in the fields of electricity and energy in Czechia in 2013–2018.

In the EU countries, undergraduate studies were of the greatest importance. In 2013, 72% of

students studying electricity and energy studied at this level, and 69% in 2018. The next places were

taken by master’s studies (an increase from 24% to 29% in 2013–2018) and doctoral studies (a decrease

from 4% to 3%). Such a structure of students shows that in many countries people obtain the first level

of higher education, a smaller proportion decide to continue their studies in a given field of study at

master’s studies. A very small percentage pursue doctoral studies. It is also connected with the level

of difficulty of studying at a given level and with the ambitions and needs of people, often with taking

up a job and focusing on it or starting a family, devoting time to it. There are many similarities between

countries, but also differences, especially at higher levels of education. The number of students also

changed quite dynamically.

In the next stage, the indicators of the dynamics of the number of students for the levels of studies

in the field of electricity and energy were calculated. The level from 2013 was used as the basis (Table 2).

Within 5 years, the increase in the number of students was recorded in six EU countries, by far the

largest in France, but also significant in Denmark, Italy, and the Netherlands. On the other hand,

very large drops occurred in the Czech Republic, but also significant in Slovakia, Romania, Estonia,

Lithuania, and Greece. The reason for the declines may be market saturation with specialists in the field

of electricity and energy. Changes in the number of students may also result from policies pursued

at the country level or at the Higher Education Institutes (HEIs). Each country should be analyzed

separately due to the existing economic and social conditions. The number of students at bachelor’s

level has increased in eight EU countries, at master’s level in seven countries, and at doctorate level in
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four countries. There were also countries that did not show education in electricity and energy in 2013.

Therefore, it was not possible to calculate the dynamics index for such countries.

Table 2. Dynamics indicators for the number of students studying electricity and energy in EU countries

in 2013–2018 (year 2013 = 100).

Countries
Dynamics Indicators for Education Levels in 2013–2018

Total Bachelor’s Master’s Doctoral

France 162.61 135.77 202.85 98.47
Denmark 139.73 173.84 248.24 -

Italy 135.36 - 135.43 -
Netherlands 119.15 113.50 144.86 -

Cyprus 110.52 98.74 91.12 85.19
Finland 108.20 102.08 160.93 92.94
Croatia 98.85 108.73 87.20 0.00
Sweden 98.84 104.29 115.94 102.11

Germany 98.77 87.87 154.01 -
Latvia 98.21 99.10 85.53 95.77

Austria 93.23 95.67 98.11 88.45
Malta 90.99 127.94 58.33 -

Poland 89.53 84.90 98.32 107.27
EU 84.53 75.08 96.63 69.59

Belgium 79.57 83.63 70.28 123.74
Bulgaria 73.29 73.69 71.83 74.83

Spain 71.04 74.12 44.49 499.34
Hungary 68.28 69.52 98.73 100.00
Ireland 68.11 204.55 70.65 -

Portugal 67.86 52.47 75.43 84.16
Luxembourg 67.35 40.82 - -

Slovenia 62.39 76.03 31.71 42.22
Greece 60.31 62.08 77.21 -

Lithuania 58.58 56.30 68.48 82.86
Estonia 53.08 47.27 67.52 74.32

Romania 51.60 59.42 35.72 44.66
Slovakia 34.04 29.72 45.08 29.35
Czechia 19.86 17.14 28.31 18.09

United Kingdom - - - -

Then, the coefficients of variation for the number of students studying electricity and energy

for the years 2013–2018 were calculated (Table 3). In the case of the total number of students in

most EU countries, there were no large fluctuations in the number of students in individual years.

Large fluctuations occurred in the Netherlands, Italy (large increases), and Slovenia (large decreases).

The number of students in master’s studies was also more stable than in undergraduate studies,

and the least stable in doctoral studies. Latvia, Austria, and Finland were among the most stable

countries in terms of educating students in the fields of electricity and energy. These were countries

quite developed in the use of renewable energy sources. Overall, there was no single common trend for

all or most EU countries. It resulted from different levels of energy development, the use of renewable

energy sources, innovative technologies, the development of education and traditions in the field of

electricity and energy education.
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Table 3. Coefficients of variation for the number of students studying electricity and energy in EU

countries in 2013–2018.

Countries
Coefficients of Variation for the Number of Students by Education Level

Total Bachelor’s Master’s Doctoral

Latvia 0.02 0.04 0.09 0.07
Austria 0.03 0.06 0.10 0.04
Finland 0.04 0.04 0.17 0.03

EU 0.04 0.11 0.06 0.20
Cyprus 0.09 0.10 0.12 0.16

Denmark 0.11 0.18 0.32 -
Bulgaria 0.12 0.11 0.15 0.13

Luxembourg 0.12 0.32 0.73 -
Spain 0.12 0.10 0.40 0.57

Ireland 0.13 0.32 0.18 -
Portugal 0.14 0.24 0.09 0.10
Hungary 0.14 0.13 0.03 0.08
Belgium 0.15 0.21 0.15 0.46

Lithuania 0.16 0.18 0.13 0.10
Malta 0.17 0.17 0.26 2.24
France 0.20 0.16 0.23 0.04
Estonia 0.24 0.28 0.17 0.14
Greece 0.29 0.27 0.36 1.42

Romania 0.32 0.23 0.52 0.53
Slovakia 0.47 0.63 0.28 0.48
Croatia 0.71 0.04 0.06 0.77
Poland 0.71 0.07 0.07 0.05
Czechia 0.76 0.78 0.67 0.82
Slovenia 1.01 0.11 0.42 0.33

Italy 2.24 1.12 0.10 -
Netherlands 2.24 0.04 0.13 -

Germany - 0.06 0.14 -
Sweden - 0.03 - 0.02

United Kingdom - - - -

In order to establish the relationship between the number of students studying electricity and

energy in the EU countries and the parameters assessing the achievement of the circular economy

in the energy sector, Pearson’s linear correlation coefficients were calculated (Table 4). p = 0.05 was

adopted as the border value of the significance level [56]. Significant results are marked in bold in

the table. Correlation coefficients were calculated for all EU countries for the entire period 2013–2018.

The study tried to check the correlation, which does not indicate that a given factor affects another,

but that there is a strong or weak relationship between them. In the case of education in the fields of

electricity and energy, the calculations used the total number of students in these fields of study and at

individual levels, i.e., undergraduate, graduate, and doctoral studies.
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Table 4. Pearson’s linear correlation coefficients between the number of electricity and energy students and the parameters assessing the achievement of circular

economy in the energy sector.

Tested Parameters

Pearson’s Linear Correlation Coefficients

Total Bachelor’s Master’s Doctoral

r p-Value r p-Value r p-Value r p-Value

Energy productivity (Euro per kilogram of oil equivalent) −0.052 0.503 −0.133 0.086 0.009 0.908 −0.205 0.008

Share of renewable energy in gross final energy consumption (total) −0.001 0.990 −0.057 0.463 0.055 0.479 0.280 0.001

Share of renewable energy in gross final energy consumption
in transport

0.091 0.241 −0.049 0.528 0.223 0.004 0.343 0.001

Share of renewable energy in gross final energy consumption
in electricity

0.078 0.315 0.007 0.928 0.123 0.112 0.165 0.033

Share of renewable energy in gross final energy consumption in heating
and cooling

−0.102 0.188 −0.117 0.131 −0.076 0.327 0.195 0.011

Greenhouse gas emissions intensity of energy consumption 0.020 0.797 0.130 0.093 −0.030 0.699 −0.189 0.014

Final energy consumption in households per capita −0.082 0.291 −0.152 0.049 −0.010 0.898 0.161 0.037
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For most parameters, no significant relationships were found with the number of students

studying electricity and energy. Such a relationship occurred only in the case of education at doctoral

studies and individual parameters at the bachelor’s and master’s level. Relationship strength was

generally weak. In the case of the share of renewable energy in the economy and its individual sectors,

a significant positive correlation between these parameters and the number of doctoral students

in electricity and energy was found. Many doctoral dissertations concerned just renewable energy

sources. This influenced the interest in a given problem by a wider group of specialists and society.

Additionally, the research was carried out in enterprises dealing with energy production or operating

in their environment. This could also have contributed to the spread of the idea of using renewable

energy sources. In the future, specialists with a doctorate can work and occupy managerial positions

in enterprises responsible for energy production. Thus, it can be concluded that along with the higher

quality of science, the greater importance of renewable energy sources in the EU countries was noted.

In countries educating at doctorate level, the per capita energy consumption was also generally higher.

Negative relationships were achieved in the case of energy productivity and greenhouse gas emissions.

This was due to the higher energy consumption per person. In countries focusing on education in the

fields of electricity and energy, there was greater awareness precisely because of the relatively high

energy consumption by society and the resulting problems. Therefore, higher-quality research was put

on, such as the work on doctoral dissertations, which was also correlated with smaller negative effects

generated on the environment. In other countries, where the problem of energy consumption was

smaller, there was simply less interest in very advanced research.

Higher education institutions are strategic actors supporting sustainable development through

teaching, research, and social activities [57–59]. Education in universities focused on the CE assumptions

allows for the introduction of social and economic changes at the macro and administrative level,

supporting enterprises in the implementation of closed-loop processes at the micro level by providing

educated employees, implementing experience and innovative projects [46,60–64]. Students are treated

as future employees. Particularly in technical faculties, a lot of emphasis is placed on practical classes

or design work to prepare students for work in enterprises [65–68].

Some authors point to the association of demographic factors with an increase or a decrease in the

number of students [69]. The article adopts the view of other researchers that the number of students

is determined by the popularity of a given field of study, i.e., market demand and the possibility

of finding a good job [70,71]. In the case of technical studies, cooperation between universities and

industry is practiced, dual studies are conducted that allow to work in an industrial enterprise and

gain knowledge during studies. Implementation doctorates are also often carried out [72–74].

The studies of other authors confirmed that education in the field of energy studies contributes to

the promotion of renewable energy and its greater use by graduates during their work in enterprises

and institutions related to energy production and management. On the other hand, the level of

knowledge about renewable energy in other fields of study was low, including also in technical fields.

Therefore, there is a need to conduct studies that educate precisely in fields related to energy [75–80].

In general, it is also emphasized that there is a great variation between study programs and education

in the field of energy and renewable energy in individual countries. Teaching in the field of energy also

requires constant adaptation of the curriculum content to the current trends and directions of energy

policy [81–84]. In both Europe and the US, programs were not fully adapted to the renewable energy

needs of the energy sector. The expert level is gained after years of study and work. Energy students

are required to know analytical methods and tools for the implementation of concepts and best design

practices in the field of sustainable energy. Many studies emphasize the relationship between education

in the fields of energy and the achievement of goals related to balancing energy supplies and achieving

the parameters of the circular economy [85–93]. The authors did not find any research relating to the

relationship between the number of students in the fields of electricity and energy and the level of

achievement of the goals of the circular economy. Therefore, research fills the existing gap.
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4. Conclusions

A circular economy in the energy sector is expected to contribute, inter alia, to improvement

of energy use and reduction of greenhouse gas emissions. The application and implementation of

the related assumptions is largely dependent on general education, but also on specialist education.

There were differences in the field of education in the electricity and energy majors in the EU countries.

The importance of these majors can be measured, inter alia, with the number of students. It varied

from country to country. Additionally, there were differences in the participation of students studying

at particular levels. In general, there was the highest number of undergraduate students, because,

on average, they constituted 69–72% of all students in the EU studying electricity and energy. There were

24–29% of students at the master’s level, respectively, and only 3–4% of PhD students. The higher

the level and quality of education, the smaller the number of students. There were slight differences

in the structure of the student population in individual countries. There were countries that did

not provide special courses in the field of electricity and energy and, for example, did not provide

doctoral education. In general, the number of students decreased, the largest decreases were recorded

in the case of doctoral and bachelor studies, and the lowest in master studies. However, the level of

concentration of student education in the fields of electricity and energy has not changed significantly.

Despite this, there were changes inside the EU, because there were countries that increased the number

of students, but also drastically reduced it. In general, increases in the number of students were

recorded in the more developed countries of Western Europe, while decreases in developing countries

in Central and Eastern Europe. Perhaps students go to other countries to study electricity and energy.

The number of students in undergraduate and graduate studies was more stable than in doctoral

studies, and also in developed countries in the use of renewable energy sources, such as Austria and

Finland. The reason for the declines may be market saturation with specialists in the field of electricity

and energy. Changes in the number of students may also result from policies pursued at the country

level or at the HEIs. Each country should be analyzed separately due to the existing economic and

social conditions. The first hypothesis was not verified. The level of concentration of education in the

fields of electricity and energy has not changed significantly. The economically developing countries

reduced the number of students, while the most economically developed countries increased it.

The research found weak relationships with the parameters assessing the achievement of circular

economy assumptions in the energy sector only in the case of doctoral studies. A positive correlation

was found in relation to the share of renewable energy in the economy and its sectors. The reason may

be that doctoral students conduct research in the field of renewable energy. The research results could be

used in practice, but also contributed to the dissemination of the idea of using renewable energy sources.

Along with the higher quality of education, the importance of renewable energy in EU countries was

noted. Negative relationships were achieved in the case of the relation of the number of students

studying electricity and energy to energy productivity and greenhouse gas emissions. Higher-quality

research was focused on, such as doctoral dissertations in countries focusing on education in the

fields of electricity and energy, which was also correlated with lower negative effects generated on

the environment. The interest in very advanced research was lower in countries where the problem

of energy consumption was lower. The second hypothesis was positively verified only in relation to

education at doctoral studies in electricity and energy. The greater number of students at the level of

doctoral studies usually indicated the parameters assessing the achievement of the objectives of the

circular economy in the energy sector. It was found that conducting research of the highest quality

significantly influences the achievement of the parameters of the circular economy in the energy sector.
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76. Karabulut, A.; Gedik, E.; Keçebaş, A.; Alkan, M.A. An investigation on renewable energy education at the

university level in Turkey. Renew. Energy 2011, 36, 1293–1297. [CrossRef]

77. Qu, M.; Ahponen, P.; Tahvanainen, L.; Gritten, D.; Mola-Yudego, B.; Pelkonen, P. Chinese university students’

knowledge and attitudes regarding forest bio-energy. Renew. Sustain. Energy Rev. 2011, 15, 3649–3657.

[CrossRef]

78. Zyadin, A.; Puhakka, A.; Ahponen, P.; Cronberg, T.; Pelkonen, P. School students’ knowledge, perceptions,

and attitudes toward renewable energy in Jordan. Renew. Energy 2012, 45, 78–85. [CrossRef]

79. Mälkki, H.; Alanne, K.; Hirsto, L. A method to quantify the integration of renewable energy and sustainability

in energy degree programmes: A Finnish case study. J. Clean. Prod. 2015, 106, 239–246. [CrossRef]

80. Sucic, B.; Lah, P.; Visocnik, B.P. An education and training program for energy managers in Slovenia–Current

status, lessons learned and future challenges. J. Clean. Prod. 2017, 142, 3360–3369. [CrossRef]

81. Perkins, J.H.; Middlecamp, C.; Blockstein, D.; Cole, J.R.; Knapp, R.H.; Saul, K.M.; Vincent, S. Energy education

and the dilemma of mitigating climate change. J. Environ. Stud. Sci. 2014, 4, 354–359. [CrossRef]

82. Figueiró, P.S.; Raufflet, E. Sustainability in higher education: A systematic review with focus on management

education. J. Clean. Prod. 2015, 106, 22–33. [CrossRef]
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