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ABSTRACT: The objective of this study is to explore the relationship between selected indicators of
SDG7, supplemented by the variables of GDP and carbon dioxide emission contract prices, and the
consumption of energy from renewable sources in the European Union. The research problem of the
study is whether it is possible to explain the consumption of energy from renewable sources in the
European Union from 2010 to 2020 within the group of selected indicators for SDG 7 supplemented by
GDP variable and variable CO, emission futures contracts. Based on conducted econometric research,
it was proved that there was a certain interdependence and causality of selected factors on the devel-
opment of renewable energy sources, which varied depending on the EU Member State. By making a
critical evaluation of the obtained models, it was found that only in 10 cases (countries) can they be
considered correct.
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Introduction

Nowadays, there is a growing emphasis by the European Union member
states on the use of renewable energy sources, which had its beginning in the
1990s (Molo, 2016).In 1997, the ‘White Paper for a Community Strategy and
Action Plan’ was presented. Energy for the future: Renewable sources of
Energy laid the foundation for the European Union’s energy policy in the area
of renewable energy sources (European Commission, 1997). The document
proposes a target of doubling the share of renewable energy in gross energy
consumption in the European Union from 6% to 12% by 2010 (Scarlat et al.,
2015). In 2009, the Renewable Energy Directive (Directive, 2009) indicated
that by 2020, 20% of total energy consumption in the European Union must
mandatorily come from renewable sources (Directive, 2009). In 2018, The
European Union adopted a revised Renewable Energy Directive (Directive,
2018). It set a new target that at least 32% of the final energy consumed in
the European Union should come from renewable sources by 2030. In 2022,
the European Union’s high climate ambitions were reflected in the European
Parliament’s vote in favour of increasing the share of RES in global energy
consumption to 45%. The final decision, however, requires a negotiated
agreement with the member countries (European Commission, 2022). In
2020, the share of RES in the EU countries’ energy consumption varied
widely, with the EU-27 average at 22%. The leader of the list is Sweden, which
met about 60% of its energy needs from renewable sources (Eurostat, 2022)
(Figure 1). The varying performance in the area of RES consumption in total
energy consumption may be due to a number of reasons, such as, for exam-
ple, the attitude of countries towards the development of a ‘green economy’,
which can be reflected in the reduction of negative climate and environmen-
tal changes, as well as stimulate economic growth (Chlebisz et al.,, 2021).

Ensuring affordable access to sources of stable, sustainable and modern
energy for all is also the focus of the seventh Sustainable Development Goal
(Tomala et al., 2021), which was proposed in the Agenda 2030 document by
the United Nations in 2015. It singles out the main tasks for achieving this
goal by 2030, which include ensuring universal access to affordable, reliable
and modern energy services, significantly increasing the share of renewable
sources in the global energy mix, and doubling the rate of global energy effi-
ciency (United Nations, 2015). The European Union is implementing the
Agenda 2030, and the projects it is implementing correspond to the UN
guidelines. Within the EU, a number of indicators have also been adopted to
monitor progress towards the Sustainable Development Goals (Plesniarska,
2019), including in the area of clean and accessible energy.
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Figure 1. Share of renewables in gross final energy consumption in the European Union
countries in 2020 [%]

Source: Eurostat (2022).

Selected determinants of renewable energy development have been
identified. However, to the best of our knowledge, there is a lack of studies
that focus on selecting variables for the model primarily based on the selected
indicators of the 7th Sustainable Development Goal (SDG7) related to clean
and accessible energy. The research problem of the study is whether it is pos-
sible to explain the consumption of energy from renewable sources in the
European Union within the group of selected indicators for SDG 7 supple-
mented by GDP variable and variable CO, emission futures contracts. By
identifying this research gap, the objective of this study is to analyse and
understand the connections that can explain the development of renewable
energy sources in EU countries. The existing research findings on the impact
of selected determinants on the consumption of energy from renewable
sources indicate the need for further research to advance the field. In our
study, we identify specific determinants of renewable energy consumption in
each member country based on a pre-determined selection of variables for
new time frames. Empirical research is based on multiple regression analy-
sis, and Eurostat data for the EU member states from 2010 to 2020.

The contribution of this study to the literature on the subject arises from
the following facts. Firstly, the level of dependence (or lack thereof) between
selected explanatory variables (gross domestic product, energy efficiency,
final energy consumption in households, primary energy consumption, and

Austria

Latvia
Finland
Sweden
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futures contracts on CO, emissions) and the explained variable of renewable
energy consumption in European Union member states has been identified,
indicating diverse and ambiguous results. Secondly, the research broadens
the existing knowledge in the area of the significance of selected determi-
nants of renewable energy consumption.

The development of renewable energy sources is determined by a num-
ber of factors, the occurrence of which can determine the shift away from
conventional energy sources and towards a low-carbon economy. For exam-
ple, economic growth determines an increase in energy demand, including
clean energy from RES (Saad & Taleb, 2017; Ucan et al., 2014). On the other
hand, Cador and Padovano (2016) points out that increased economic activ-
ity entails higher energy demand, which leads to more energy being gener-
ated by conventional energy sources, which are more flexible in relation to
RES due to the ease of importing or storing them. However, the increase in
energy demand is reflected in increased investment in RES, which makes the
long-term impact of increased income on RES consumption growth signifi-
cant and positive. Economic growth that supports the transition to a low-
carbon economy requires increased energy efficiency, understood as produc-
ing the same level of output with less energy (Ozcan & Ozkan, 2018). Reduc-
ing the energy intensity of the economy is a priority and key element of
energy policy, as it measurably supports the achievement of its other goals
(Firlej, 2012). This leads to the conclusion that policies aimed at increasing
energy efficiency promote investment in RES and increased consumption of
clean energy. Economies based on renewable energy sources are character-
ised by high energy efficiency, which is one of the factors of their interna-
tional competitiveness. The need to meet competition and maintain or
increase competitiveness requires further actions to increase energy effi-
ciency. Examples of such actions can include investments in increasingly effi-
cient, economically profitable, and advanced technologies of renewable
energy sources while simultaneously reducing the consumption of conven-
tional energy. A stimulant for investment in clean energy technologies can
also be the carbon emission allowances that the EU grants to member states
and the energy-intensive businesses operating within them. There is a close
relationship between the EU’s set carbon emissions limit and the limited sup-
ply of allowances, which gives a boost to RES development. The impact of
futures contract prices on renewable energy consumption can be considered
in two ways. Firstly, if these prices are at a high level, it constitute a destruc-
tive factor for the finances of companies whose activities contribute to envi-
ronmental pollution. The need to spend significant amounts on carbon diox-
ide emission fees may encourage the search for alternative solutions. In such
a situation, investments in renewable energy sources seem to be a pragmatic
solution that will help reduce or avoid fees for harmful emissions, but will
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also be reflected in other aspects, such as shaping a positive image of a socially
responsible enterprise.

As a result of the increase in investment outlays on clean energy tech-
nologies, the consumption of renewable energy increases, which has a posi-
tive effect on reducing environmental pollution. For example, the research by
Bekun (2021) proved the positive impact of the consumption of energy from
renewable sources on the reduction of carbon dioxide emissions.

An overview of the literature

A literature search reveals a plethora of studies on attempts to construct
explanatory models of renewable energy consumption in the European
Union. These models are diverse due to many aspects, which include the
number and type of exogenous variables, the econometric methods used and
the period of study. The results obtained in these studies are diverse and
sometimes mutually exclusive. This prompts further research aimed at
searching for the most optimal model of RES consumption in total energy
consumption.

Table 1. The previous studies explain renewable energy consumption in the European Union

Author ;:::lcatlon Study period  Variables under study

Marques et al. 2010 1990-2006 C0, emissions, energy dependency, income.

Marinas et al. 2018 1990-2014 Economic growth

Papic et al. 2018 19952014 Energy security, gnwronmental well-being,
economics, politics.

Akadiri et al. 2019 2007-2017 GDP per capita

Anton and Afloarei Nucu | 2020 1990-2015 Income, energy prices, foreign investment.

Khribich et al. 2021 1995-2015 Social well-being indicators.

Marra and Colantonio 2021 1990-2015 Socio-technical factors analysis.

GDP per capita, foreign direct investment, trade
Camacho Ballestaetal. | 2022 2001-2015 openness, education index, life expectancy index,
governance index.

In contrast, in a study (Marques et al., 2010) of 24 European Union coun-
tries between 1990 and 2006, lobbying activities of representatives of con-
ventional energy sources (oil, coal and natural gas) and carbon dioxide emis-
sions were identified among factors limiting RES development. However,
income and the desire to reduce energy dependence were stimulants for RES
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use. Marinas et al. (2018), in their study, considered the impact of economic
growth on the share of renewable energy in the total energy consumption in
the countries of Central and Eastern Europe from 1990 to 2014. Among other
things, the study proved that in the long term, there is a bidirectional rela-
tionship between renewable energy consumption and economic growth for
the entire group of countries included, as well as for the seven countries that
were studied separately.

In turn, the contribution of renewable energy sources to the total pri-
mary energy supply (TPES) has been elucidated through a series of exoge-
nous variables in the study (Papiez et al., 2018). The research, covering the
period 1995-2014, took into account a number of potential determinants of
RES development relating to energy security, environmental well-being, eco-
nomics and politics. It was proven that the most important factor influencing
the development of RES is the local conditions of EU member countries and
the distribution of major energy sources. It was emphasised that the coun-
tries with their own coal (Poland, the Czech Republic, Bulgaria, Estonia) and
natural gas resources (the Netherlands, the UK, Romania, Hungary) had lim-
ited incentive to implement RES. With limited dependence on energy imports
and the potential need for significant changes in the labour market, the
authorities must take into account the political and economic risks arising
from efforts to transform the energy mix. The study also identified other
determinants that positively influence RES development, which included
GDP per capita, the Shannon-Weiner Index (SWI), the concentration of energy
supply, and the cost of fossil energy consumption relative to GDP. It was
proven that per capita energy consumption has a disruptive effect on RES
development. Akadiri et al. (2019), in a study of EU-28 countries covering the
period 2007-2017, indicated a small effect of GDP per capita on the share of
renewable energy in final consumption. Anton and Afloarei Nucu (2020)
examined the impact of financial development on the share of renewables in
total energy consumption in the EU-28 countries from 1990 to 2015. The
study considered exogenous variables such as income, energy prices, finan-
cial development and foreign direct investment. As a result, it was found that
all the isolated dimensions of financial development (banking sector, bond
market and capital market) play a positive role in the aspect of increasing the
share of RES in total energy consumption. At the same time, it was observed
that for the new EU member states, the development of the capital market is
not related to the level of RES consumption in total energy consumption. It
was shown that renewable energy consumption is determined positively by
energy prices and negatively by the level of economic development and for-
eign direct investment.

The study (Khribich et al., 2021) made an effort to determine the impact
of social development on the share of renewable energy sources in total
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energy consumption in the short and long term in the European Union from
1995 to 2015. Based on the Social Development Index (SDI), constructed
from several indicators of social well-being, a causal analysis was carried out
according to the two-step Engle-Granger approach. The research proved a
significant impact of social development on the share of RES in total energy
consumption, but only in the long term. Marra and Colantonio (2020) pro-
posed a study on the impact of socio-technical factors on renewable energy
consumption in the total energy consumption between 1990 and 2015 in 12
the EU member states that are net energy importers: Austria, Belgium, Fin-
land, France, Germany, Greece, Ireland, Italy, the Netherlands, Portugal, Spain
and Sweden. As a result, the positive impact of strict policies on renewable
energy consumption, among other things, was proven, and it was also noted
that public awareness is an insufficient factor in increasing RES.

The study (Camacho Ballesta et al., 2022) considered the impact of both
economic and social determinants on the share of renewable energy sources
in total energy consumption in the European Union from 2001 to 2015. The
constructed model considered a number of exogenous variables, including
GDP per capita, foreign direct investment, trade openness, education index,
life expectancy index, and governance index. The study proved, on the one
hand, the negative impact of economic factors and, on the other hand, the
positive impact of social determinants on renewable energy consumption in
the European Union.

Research methods

This article undertakes analyses of progress in the area of renewable
energy. The focus is on assessing the impact of economic growth, energy effi-
ciency, household final energy consumption and CO, futures on RES develop-
ment. One element of the 7th Sustainable Development Goal, the share of
renewable energy in gross final energy consumption, was chosen as a bench-
mark for RES development. The study was based on statistical data resources
(Eurostat, 2022) and on the development of CO, emission futures (Investing,
2022), which were aggregated to annual average values. The period of study
was taken as 2010-2020. In connection with the realisation of the research
objective, a research methodology was formulated, the graphical visualis-
ation of which is shown in Figure 2.

The evaluation of model inputs (explanatory variables) requires the
determination of several evaluation criteria in the context of obtaining a sat-
isfactory final result. One of them is the selection of variables for the model
that is highly correlated with the explanatory variable and weakly correlated
with each other (Gatecka & Smolny, 2018). The correlation analysis allows us
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to determine how strongly variables are correlated with each other, which
helps to establish whether regression is an appropriate method for data anal-
ysis. The strong correlation between explanatory variables and the depend-
ent variable indicates that the regression model can predict values with high
accuracy.

RESEARCH METHODOLOGY

Downloading data from the Eurostat statistical database

Y Y

Pearson's .
. Granger causality
correlation X
. analysis
analvsis

" "

Attempt to define a model to analyze the progress
of RES development

2

[ Discussion and conclusions J

Figure 2. Research methodology

However, if such a relationship does not exist and there is a strong corre-
lation between explanatory variables, the model may not be able to deter-
mine the correct contribution of each explanatory variable in the final equa-
tion. The linear correlation coefficient was calculated according to the for-
mula (1) (a reference to the annexe) (Czaja & Preweda, 2000). The obtained
correlation results are in the range [-1,1], where an absolute value close to
1 indicates a stronger linear relationship, while values close to 0 indicate its
absence. Negative values specify that an increase in the variable X causes
a decrease in the variable Y, while for positive values, an increase in X causes
an increase in Y. We interpret the correlation thus obtained as follows (Kafle,
2019):
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0 < Correl < 0.4 - low correlation,

0.4 < Correl < 0.7 - average correlation,

0.7 < Correl < 1 - high correlation,

Correl = 1 - a completely positive correlation.

In order to increase the accuracy of prediction, a causality test is also
carried out to estimate whether the explanatory variable (X) is the cause of
the explanatory variable (Y). Causality testing allows determining whether
the history of changes in the explanatory variable helps to predict the
dependent variable. Granger causality is particularly used for time series var-
iables, where it is assumed that one variable affects another with a certain
delay. Unlike correlation analysis, it allows determining which variable is the
cause and which is the effect. For this purpose, we used causality in the sense
of Granger (formulas: 2, 3) (Granger, 1969).

After obtaining the preliminary results of the analyses for selecting opti-
mal explanatory variables, the final step was to acquire a preliminary model
for analysing the progress of RES development, where an econometric multi-
variate regression model estimated by the least squares method was used for
this purpose (formula 4) (Ku$ & Pawlik, 2016). Two evaluation elements
were used to estimate the accuracy of the model results. The first is the coef-
ficient of determination, which reports what proportion of the variation in
the value of the explanatory variable was explained by the estimated regres-
sion function (formula 5) (Sobczyk, 2007). For the second method of assess-
ment, the coefficient of residual variation was used (formula 6) (Zimny,
2010).

To assess the correct specification of the model, the Ramsey RESET
(Regression Equation Specification Error Test) test was applied, which allows
for the evaluation of the correct form of the econometric model. This test is
based on an expanded regression that includes the powers of the original
regressors. 3 predicted values from the original regression, as well as the
powers of the original regressors (formulas: 7, 8) (Baum, 2006). If the test
result is statistically significant, the originally obtained linear regression
model is considered incorrect (the model omits significant variables).

Multivariate regression analysis allows us to show the relationship
between multiple explanatory variables and the explanatory variable. For
this purpose, 5 variables that can determine the increase in the share of RES
were used for the initial determination of the model:

X; - gross domestic product (GDP),

X, - energy efficiency,

X3 - final energy consumption in households,

X, - primary energy consumption,

X5 - CO, emission futures contracts.

DOI: 10.34659/eis.2023.86.3.583



ECONOMICS AND ENVIRONMENT 3 (86) + 2023 Environmental policy and management

98

The study assumed that the presented explanatory variables could have
significantly influenced the development of RES in terms of all States of the
European Union Community. Therefore, the following research hypothesis
was adopted:

H1: It is possible to shape the share of energy from renewable sources
(RES) in the total gross energy consumption using selected indicators.

Results of the research

Table 2 shows the values of the first step of the analysis, that is, the study
of the interdependence between multiple variables and the share of RES in
the gross final energy consumption for all the EU member states.

Table 2. Correlation results between the share of RES in gross final energy consumption
and the series of variables X1-X5

Correlationof Xnto Y (where n = 1,2,...,5)

COUNTRY

X1 X2 X3 X4 X5
European Union (27) -0.50 0.97 -0.61 -0.86 0.54
Belgium -0.75 0.80 -0.61 -0.65 0.58
Bulgaria -0.29 0.95 0.38 -0.13 0.50
Czechia -0.17 0.88 -0.44 -0.84 0.33
Denmark 0.16 0.86 -0.68 -0.69 0.34
Germany -0.78 0.97 -0.51 -0.90 0.61
Estonia -0.12 0.84 -0.28 -0.43 0.52
Ireland 0.26 0.97 -0.49 0.03 0.65
Greece 0.35 0.63 -0.51 -0.95 0.50
Spain -0.37 0.93 0.72 -0.62 0.54
France -0.58 0.93 -0.54 -0.86 0.54
Croatia 0.24 0.77 -0.69 -0.79 0.33
Italy -0.45 0.89 -0.62 -0.94 0.28
Cyprus 0.12 0.93 0.09 -0.35 0.68
Latvia 0.15 0.95 -0.51 0.03 0.38
Lithuania -0.34 0.92 -0.06 0.25 0.21
Luxembourg -0.54 0.87 0.76 -0.49 0.67
Hungary -0.31 0.24 0.08 -0.83 -0.68
Malta -0.28 0.56 0.89 -0.67 0.53
Netherlands -0.56 0.83 -0.61 -0.81 0.74
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Austria -0.78 0.83 -0.66 -0.79 0.47
Poland -0.26 0.86 0.34 0.45 0.75
Portugal -0.01 0.47 0.62 -0.27 0.36
Romania 0.35 0.75 -0.35 -0.80 -0.08
Slovenia -0.56 0.56 -0.50 -0.84 0.23
Slovakia -0.55 0.82 0.71 -0.35 0.72
Finland -0.26 0.90 -0.10 -0.82 0.44
Sweden -0.62 0.95 091 -0.80 0.56

Source: authors' work based on statistical data.

The correlation results suggest that the main determinant of RES partic-
ipation is energy efficiency, the results of which for most EU countries oscil-
late above 0.80, indicating a high correlation. Society’s pursuit of sustainable
development must be based on the use of energy that does not affect the
environment, with a relatively strong correlation with energy efficiency
(Fatona, 2011). Renovation of existing ones is one of the main aspects of
energy efficiency in the EU, offering high potential for energy savings based
on renewable energy production (Remeikiene et al., 2021). Buildings are
responsible for 40% of total energy consumption in the European Union, so
lower energy consumption with increased use of RES energy results in
increased security of energy supply in EU member states (Directive, 2010).
The impact of futures contracts on CO2 emissions is another element affect-
ing the development of RES in the EU countries, but not necessarily a signifi-
cant one. In most cases, it oscillates above 0.4, which may indicate a positive
one-way correlation, where an increase in futures contracts determines an
increase in RES participation. As for the Netherlands, Poland and Slovakia,
a high correlation (above 0.7) was recorded. In the case of Hungary, a nega-
tive correlation value of as much as -0.68 was obtained, where the results
differ significantly from the rest of the EU countries, where this correlation
was positive. The impact of RES on household final energy consumption
obtained a negative correlation in most countries. Such a result is in line with
expectations, where the drive to reduce energy consumption follows the
development of RES. A significant (negative) dependence was seen in par-
ticular for Spain, Luxembourg, and Sweden. Different results were obtained
for, among others, Malta, Slovakia, and Portugal, where a study of the interde-
pendence between the two factors showed a (significant) positive relation-
ship. The study of the impact of GDP allowed us to conclude that the results
of interdependence for most EU countries can be described as low and some-
times insignificant. Only Belgium, Germany and Austria showed a significant
negative correlation of more than -0.7.
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Table 3. Results of causality analysis in the Granger sense for Tst order lags in the aspect
of studying potential dependent variables towards causality of RES share in gross
final energy consumption

Causation of Xnto Y (where n=1,2,...,5)
COUNTRY X1 X2 X3 X4

F p-value F p-value F p-value F p-value

European Union (27) 0.17 0.69 3.39 0.1 0.00 1.00 0.16 0.70
Belgium 0.59 0.47 0.07 0.80 0.00 0.97 0.83 0.39
Bulgaria 1.07 0.33 0.00 0.95 5.33 0.05 6.17 0.04
Czechia 1.51 0.26 0.72 0.43 0.02 0.90 0.17 0.69
Denmark 1.63 0.24 0.06 0.81 0.02 0.88 0.15 0.71
Germany 2.34 0.17 1.40 0.27 0.55 0.48 0.10 0.76
Estonia 0.17 0.69 1.00 0.35 0.95 0.36 5.75 0.05
Ireland 3.31 0.1 0.18 0.68 1.74 0.23 0.42 0.54
Greece 3.55 0.09 0.15 0.7 3.39 0.11 1.60 0.25
Spain 1.68 0.24 2.54 0.15 0.54 0.49 0.00 0.96
France 0.12 074 1738  0.00 423 0.08 6.06 0.04
Croatia 0.00 0.96 4.85 0.06 443 0.07 0.10 0.76
Italy 0.42 0.54 5.02 0.06 1.36 0.28 1.30 0.29
Cyprus 0.03 0.87 2.01 0.20 1.06 0.34 0.07 0.80
Latvia 0.6 0.70 1.14 0.32 0.72 0.42 1.49 0.26
Lithuania 0.62 0.46 12.60 0.01 0.17 0.69 0.36 0.57
Luxembourg 0.11 0.75 1.81 0.22 2.60 0.15 0.01 0.92
Hungary 461 0.07 2.44 0.16 0.33 0.58 0.13 0.73
Malta 0.63 0.45 0.1 0.75 0.88 0.38 0.82 0.40
Netherlands 1.13 0.32 15.67 | 0.01 8.46 0.02 410 0.08
Austria 0.06 0.81 2.46 0.16 0.09 0.77 1.31 0.29
Poland 1.38 0.28 0.27 0.62 0.23 0.65 3.70 0.09
Portugal 0.13 0.73 3.63 0.09 0.38 0.56 1.39 0.28
Romania 2.90 0.13 0.24 0.64 0.31 0.60 1.04 0.34
Slovenia 0.06 0.81 2.10 0.19 2.1 0.14 0.94 0.36
Slovakia 0.09 0.77 1.31 0.09 0.02 0.90 0.17 0.69
Finland 0.95 0.36 2.70 0.14 0.00 0.98 0.21 0.66
Sweden 0.07 0.80 0.06 0.82 0.02 0.88 1.88 0.21

Source: authors' work based on statistical data.

E
5.26
9.04
0.98
217
6.48
4.56
0.68
5.77
3.70
476
0.46
4.25
2.01
0.04
1.77
0.36
0.42
2.74
294
5.51
5.73
0.14
0.56
0.12
5.177
2.39
0.00

31.87

X5

p-value
0.06
0.02
0.35
0.18
0.04
0.07
0.44
0.05
0.09
0.07
0.52
0.08
0.20
0.86
0.23
0.57
0.54
0.14
0.13
0.05
0.05
0.72
0.48
0.74
0.05
0.17
0.99
0.00
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The results of the causality analysis in Table 3 identified the selected fac-
tors influencing the development of RES. Depending on the country, the num-
ber of factors meeting the p-value < 0.1 condition varied and most often
involved between 1 and 2 values. In the case of Poland, variable X4 (primary
energy consumption) was found to determine the growth of RES participa-
tion. Unfortunately, in the case of 7 member countries, no specific adjacency
in the Granger sense was found for any of the analysed potential explanatory
variables. This applies to the following countries: the Czech Republic, Cyprus,
Latvia, Luxembourg, Malta, Romania and Finland. A conjunction of assump-
tions was used to determine the final model, i.e. those explanatory variables
that had a high correlation with the explanatory variable (values above 0.7)
and those with a p-value significance level below 0.1 (in terms of causality
analysis) were included. The conjunction of these assumptions makes it pos-
sible to confirm the validity of hypothesis H1, where it was shown that dur-
ing the studied period, there was at least one variable that determined the
increase in the share of RES in the EU member states.

Table 4. Results of multivariate regression analysis for estimating a model of the share
of RES in gross final energy consumption associated with the 7th Sustainable
Development Goal for the European Union member states

RESULTS

COUNTRY

Model R? V, p-value (coefficients)
European Union (27) Y =4.16%X2 - 14.361 095 | 0.03 X2 = 0.00; ¥4;X5>0-05
Belgium Y =-0.38*X1+2.83*X2-866  0.79 | 0.10 X1=0.05; X2 = 0.02; ¥5>6-85
Bulgaria Y =20.41%X2 - 27.60 091 | 0.6 X2 =0.00; %3 %4665
Czechia Y =2.99%X2 -0.76*X4 + 32.51 089  0.06 X2=0.01;X4=0.02
Denmark Y =1.60%X1+3.10*X2-16.656 | 093 = 007 X1=0.07; X2=0.00;%5>6:65
Germany Y =-0.27*X1 + 2.43*X2 -5.88 098 = 0.03 X1=0.00; X2=0.00;%4,X5>-0-65
Estonia Y =5.75%X2 + 2.94*X4 -6.16 085  0.04 X2=0.00; X4=0.02
Ireland Y =0.77*X2-2.67 095 = 0.07 X2=0.00,¥5>6-65
Greece Y =-1.46*X4 + 50.40 0.90 | 0.08 X4=0.00,%HX5>6:85
Spain Y =4.51%X2-20.81 087  0.06 X2=0.00;%3,%5>6:85
France Y =453%2+0.02"X3-31.85 | 092 @ 0.06 X2=0.00; X3 = 0.05; X4->-6-65
Croatia Y =5.14%X2 :%.%%*Xi% -5.47*X4 093 002 ><2:0.00;>)€(§;09.$é><4:0.01;
Italy Y = 0.22%X4 +50.34 0.88 | 0.06 X4=0.03; ¥2>-6-65
Cyprus Y =6.51*%X2-36.39 086 013 X2=0.00

VIF

X1.X2=1.39

X2,X4=1.83
X1,X2=1.09
X1.X2=1.69
X1.X2=2.73

X2X3=2.19

X2=425
X3=3.66
X4=463

DOI: 10.34659/eis.2023.86.3.583



102

ECONOMICS AND ENVIRONMENT 3 (86) * 2023 Environmental policy and management
Latvia Y=T7.77"X2+2.78 091 | 0.03 X2=0.00
Lithuania Y =6.29*X2 -4.57 085 | 0.04 X2=0.00
Luxembourg Y =1.62%X2 - 4.01 078  0.25 X2=0.02; X3->-6-65
Hungary y =-1.05*X4 + 39.04 069 @ 0.06 X4=0.00; X+>6:65
Malta Y =0.17*X3-25.26 0.78 | 0.26 X3=0.00
Netherlands Y =-0.55"X4+0.19*X5+39.96 = 090 | 0.12 X4=0.00; X5=0.00; X3¥2>6:65 = X2X3=1.13
Austria Y =-0.30*X1+221*X2+1293 | 097 = 0.02 X1=0.00; X2=0.00; ¥4X5>6:65 | X1X2=1.14
Poland Y =3.93*X2 +0.12*X5-5.73 089 | 0.07 X2=0.00; X5=0.01; X4->-6-65 X2,X5=1.02
Portugal Y =5.83*X2-14.33 022 0M X2=0.05
Romania Y=0.82*X2 -0.48*X4 +35.48 0.84 = 0.02 X2=0.01; X4=0.01 X2X4=1.22
Slovenia Y =-3.34%X4 + 44.31 0.74 | 0.03 X4=0.01, ¥X5>6-65
Slovakia Y =444*X2+0.03*X3-2021 094 | 007 X2=0.00; X3=0.02; X5>6:65 X2,X3=1.07
Finland Y =12.37%X2-31.46 081 | 0.04 X2=0.00; %4>-6-65
Sweden Y = 5.53*X2 +7.40 091 | 0.04 X2=0.00; X3, X4X5->-6-65

Source: authors’ work based on statistical data.

Table 4 shows the results obtained from the analysis of the share of RES
in gross final energy consumption in terms of the 27 countries of the Euro-
pean Union. The values of the coefficient of determination (R;), which indi-
cates the accuracy of the model’s fit to the data, were above 0.80 for most
countries. This means that 80% of the variability of the dependent variable is
explained by the applied regression model. Lower results of this coefficient
were obtained for Portugal, Hungary, Slovenia, Luxembourg, and Malta. As
for the coefficient of residual variation (V,), which determines the average
value of the residual error, its value was less than 10% for 23 countries, which
represents 82% of all countries examined and has high coverage with the
results of the coefficient of determination. Estimation of the VIF point made
it possible to determine whether there is evidence of collinearity of the
explanatory variables. For most countries, variable Y was explained by only
one parameter, X; therefore, no VIF was calculated for these countries. In the
remaining cases, values below 2 predominate, suggesting that data collinear-
ity was not obtained. Croatia had higher values (X2 = 4.25, X3 = 3.66, X4 =
4.63), but according to the “rule of thumb” (the upper endpoint of VIF is val-
ues above 5), the results do not seem to suggest that there is evidence of
collinearity (Marcoulides & Raykov, 2018). The authors note that only those
variables with a p-value less than 0.05 were included in the final model. If
this value was exceeded, the variables were not included in the model, which
is presented in Table 4 as crossed-out values. In order to determine the qual-
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ity of the model, Table 4 also includes the results of the coefficient of determi-
nation (R,) and the coefficient of residual variation (V,). Two assumptions
were made for the final analysis determining the high performance of the
model:

¢ The value of the coefficient of determination must not be less than 0.9 to

consider the model as very good (Aczel & Sounderpandian, 2018).
¢ A cutoff level of 10% or 15% is assumed for the residual coefficient of

variation (Reklewski, 2020). In the case of the present study, a value of no

less than 10% was assumed.

The conjunction of these assumptions allows us to assume that the
obtained model may be correct. Relating the assumptions made to the results
presented in Table 4, it was found that for 11 countries, satisfactory model
results were obtained for analysing the progress of RES development. This
includes the following countries: Bulgaria, Denmark, Germany, Ireland,
Greece, France, Croatia, Latvia, Austria, Slovakia and Sweden.

In the final step, a diagnostic test was conducted to check whether the
obtained regression models were properly defined and contained the appro-
priate number of explanatory variables. Table 5 presents the results of the
RESET test for the models that were determined to be correct.

Table 5. RESET test results for the obtained models

COUNTRY RESET TEST Model linearity
Bulgaria RESET = 0.05, p-value = 0.95 YES
Denmark RESET = 2.54, p-value = 0.16 YES
Germany RESET = 4.77, p-value = 0.08 YES
Ireland RESET = 20.57, p-value = 0.01 NO
Greece RESET = 0.06, p-value = 0.95 YES
France RESET = 0.70, p-value = 0.63 YES
Croatia RESET =1.29, p-value = 0.59 YES
Latvia RESET = 1.71, p-value = 0.25 YES
Austria RESET = 1.58, p-value = 0.34 YES
Slovakia RESET =1.88, p-value = 0.28 YES
Sweden RESET = 1.45, p-value = 0.26 YES

Source: authors’ work based on statistical data.

The RESET test confirmed the validity of regression analysis results in 10
cases where explanatory variables were properly selected. However, in the
case of Ireland, the test indicated an incorrect model, where the squares of
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explanatory variables improved the explanation of the dependent variable,
suggesting that the originally obtained model was underestimated and did
not include a sufficient number of variables.

Discussion and Conclusions

The research conducted in the study proved the differential impact of
selected factors on the development of RES. In all the EU member states, at
least one of the proposed explanatory variables determined the increase in
the share of RES in gross final energy consumption, which allowed positive
verification of the proposed research hypothesis. The results of the correla-
tion tests made it possible to determine which of the proposed variables are
significantly statistical from the point of view of the share of RES in gross
final energy consumption. The key determinant of the final model turned out
to be the parameter X2 - energy efficiency, which, in combination with the
results of the New York State Energy Development study, testifies to the high
potential of energy efficiency and renewable energy (NYSERDA, 2014). Only
in the case of Greece, the X2 parameter did not prove to be a key factor, which
may be dictated by the country’s low attention to energy conservation in
terms of relevant sectors: transportation and buildings (Zervas et al., 2021).
For Greece, the main factor determining the development of RES participa-
tion is the declining consumption of primary energy. It should be borne in
mind that the greenest energy is that which does not need to be produced, i.e.
saved by increasing energy efficiency. In the case of Poland, unfortunately,
the coefficient of determination was lower than the required assumption by
0.01, which resulted in the lack of validity of the model to analyse the pro-
gress of RES development. In the case of Poland, two variables are notewor-
thy: energy efficiency and CO, futures. In the case of the former, the correla-
tion score was 0.86, which may be an aftermath of the drive towards decar-
bonisation and the consistent development of RES (Amcham, 2022). Simi-
larly, Sowa (2018) stated in his considerations determining the essence of
the impact of renewable energy sources on improving energy efficiency. On
the other hand, in the case of CO, futures contracts, a result of 0.75 was
obtained, where such a result may be due to the implementation of, among
other things, the ‘My Current’ program, which encouraged investment in
renewable energy, where in 2019-2020, thanks to it, about 400 thousand
prosumer installations mainly based on photovoltaics were built (Olczak et
al,, 2021). Another Polish researcher made a similar finding, determining
that trading in CO, emission rights allows better use of funds for green invest-
ments (Olkuski, 2015). Noteworthy is the case of Hungary, where the corre-
lation results are negative for both variables in question, which is not found
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for any of the other EU member states. Meeting energy needs is an ever-pres-
ent problem in Hungary, regardless of climate change, due to the country’s
heavy reliance on oil and gas imports (Szlavik & Csete, 2012).

The analysis of the research showed that the share of Gross Domestic
Product for most EU member states does not show a direct correlation in
terms of RES development, which is also confirmed by the study of another
team of researchers (Szustak et al., 2022). The authors found that changes in
electricity production, regardless of the source, do not directly affect the
value of GDP and that stronger correlations in some countries compared to
other EU countries suggest a random dependence. Similarly, this was also
found in the study by Marques et al. (2010), showing that economic growth
in selected countries hinders the process of renewable energy production. In
the case of the study by Akadiri et al. (2019), a small impact of per capita GDP
on the share of renewable energy in final consumption was also demon-
strated. Camacho Balesta et al. (2022) argued that a similar situation is
caused by high economic growth, which results in an increased demand for
energy that cannot be immediately satisfied from renewable sources. How-
ever, it should be borne in mind that different results may appear in the liter-
ature, where correlations between GDP and energy consumption. In a study
by Marinas et al. (2018) it was noted that a 1% increase in GDP leads to an
increase in interest in alternative energy sources by 0.32%. However, as
stated (Karanfil, 2009), this may be due to the research period chosen. The
quoted statements of the researchers are confirmed by the results of the cau-
sality study, where no significant correlations were obtained between the
impact of GDP on the increase in the share of RES in gross final energy con-
sumption. Only in the case of Greece and Hungary were results obtained that
may show some connection between the two. Menegaki (2011) presented a
similar position, where empirical results did not confirm a causal relation-
ship between renewable energy consumption and GDP, although panel cau-
sality tests reveal short-term relationships between renewable energy and
greenhouse gas emissions and employment.

The applied causality analysis in the sense of Granger showed a signifi-
cant impact of futures contracts on CO, emissions in terms of RES develop-
ment, where such a result is also confirmed by the study of Rahman et al.
(2022). The authors found a bidirectional causal relationship occurring
between renewable energy and CO2Z emissions. Similar insights were
obtained by another team of researchers (Dong et al., 2021), focusing their
analysis on 30 Chinese provinces, where the impact of renewable energy
development on CO, efficiency was determined. The study’s findings corre-
spond with the EU’s ‘Fit for 55’ package aimed at reducing greenhouse gas
emissions by at least 55% by 2030 and achieving climate neutrality by 2050
in the EU. The package points to the need for a comprehensive overhaul of
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the EU Emissions Trading Scheme (ETS) currently in operation (Rada
Europejska & Rada Unii Europejskiej, 2022), which should result in, among
other things, the development of RES.

The deep transformation of the energy system involves replacing fossil
fuels by using renewable energy and dramatically increasing energy effi-
ciency (Kaygusuz et al., 2007). The study presented here made it possible to
confirm how high an interdependence exists between these aspects for most
EU member states. The research results obtained are also justified by the
EU’s stringent renewable energy and energy efficiency targets (Kettner &
Kletzan-Slamanig, 2020). In 2022, under the conditions of Russia’s military
aggression against Ukraine and the resulting disruption of the global energy
system, the aforementioned areas again became the subject of discussion by
the EU leaders. The European Commission proposed the REPowerEU plan to
make the EU independent of Russian energy supplies by 2030. It was pro-
posed to increase the target for the share of renewable energy in total con-
sumption to 45% by 2030 (European Commission, 2022). In September
2022, MEPs voted in favour of this target. In a separate vote, they also backed
a law setting new energy efficiency improvement targets of reducing final
energy consumption by at least 40% by 2030 and 42.5% in primary energy
consumption compared to 2007 projections. Achieving these targets requires
binding national contributions to be set at the level of individual member
states (Parlament Europejski, 2022). In this context, it should be borne in
mind that the capabilities of the individual EU economies in the aspect of RES
development vary due to their specificities (Firlej & Stanuch, 2022), which
may result, for example, from their geographical location. The implementa-
tion of ambitious goals in the area of energy efficiency improvement and RES
development requires the solidarity commitment of all EU member states. In
the context of the aforementioned goals, the declarations on the effects of
energy and climate policy made by the EU member states in their National
Energy and Climate Plans seem insufficient and need to be verified. In the
new geopolitical conditions, ensuring energy security and moving away from
imports of conventional energy resources from Russia is a strategic task that
determines further socio-economic development. Increasing energy effi-
ciency and investing in clean energy technologies will support environmen-
tal well-being.

The results obtained in this study provide support for decision-making in
the area of energy policy in selected European Union member states, for
which the constructed models have proven to be correct. These models
determine the degree of influence of selected factors on renewable energy
consumption, which, combined with the knowledge of political decision-mak-
ers about local energy security aspects, possible energy supply dependen-
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cies, and labour market conditions, can be helpful in the decision-making
process in individual countries.

In particular, an energy policy aimed at increasing energy efficiency can
influence the growing interest in consuming energy from renewable sources.
The growth in energy efficiency of the economy leads to a decrease in the
overall energy demand, which creates greater opportunities for utilising
renewable energy sources to meet energy needs, as well as reducing the costs
associated with their use. A policy that supports energy efficiency, therefore,
determines an increase in the competitiveness of renewable energy sources
compared to conventional energy sources. A holistic approach to energy effi-
ciency and unconventional energy sources within the implemented energy
policy should significantly contribute to the reduction of greenhouse gas
emissions and the improvement of the natural environment’s well-being. It is
worth noting the possibility of combining supportive instruments for both
aspects, as exemplified by subsidies and tax incentives for the thermal mod-
ernisation of residential buildings and the installation of photovoltaic panels.

The policy regarding CO, emissions trading should be characterised by
stability and predictability over a long time horizon. This will provide eco-
nomic entities with confidence in the viability of conducting research and
development activities and making investments in the renewable energy sec-
tor in the long term. High prices of CO, emission contracts reduce the eco-
nomic profitability of using conventional energy sources, thereby enhancing
the attractiveness of production and consumption of energy from renewable
sources. This situation supports an increase in investment expenditure on
infrastructure used for renewable energy production. Consequently, the sup-
ply and consumption of energy from renewable sources increase. The popu-
larity and attractiveness of conducting research and development activities
also grow, implying the creation of modern and more efficient technological
solutions used in the process of renewable energy production.

The article proposes a model for RES development based on a set of
determinants not simultaneously considered together in previous studies. In
particular, the conclusions of studies on the role of energy efficiency (to a
greater extent) and carbon contracts (to a lesser extent) in the process of RES
development may inspire an attempt to construct further models of this type
enriched with additional determinants in individual member states of the
European Union. It seems that this type of research will require considering
factors closely related to local conditions of renewable energy development,
which may be associated with, among others, dependence on energy resource
imports or geographical location. Prospects for future research should not be
limited to modelling RES development with selected variables but should
also take into account their sectoral structure, including electricity, heating
and cooling, and transportation.
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Like all research, this study also has certain limitations. First of all, the
study uses only selected variables affecting RES development, which was
partly determined bythe data availability. Secondly, the study covers only
member countries of the European Union, which, due to the characteristics of
its economy, has limited applicability to the rest of the world.

Acknowledgements

The publication was financed from the subsidy granted to the University of Econom-
ics in Cracow. The POTENCJAL programme No. 077 /EER/2022 /POT.

The contribution of the authors

Conceptualization, K.A.F.; methodology, K.A.F. and M.S.; obtaining data, M.S.; litera-
ture review, K.A.F,; estimation of models, M.S.; analysis and interpretation of data,
M.S.; writing - original draft preparation, KA.F. and M.S.; project administration,
K.AF; funding acquisition, K.A.F. and M.S.

All authors have read and agreed to the published version of the manuscript.

References

Aczel, A. D, & Sounderpandian, J. (2018). Statystyka w zarzqdzaniu. Warszawa:
Wydawnictwo Naukowe PWN. (in Polish).

Akadiri, S. S., Alola, A. A., Akadiri, A. C,, & Alola, U. V. (2019). Renewable energy con-
sumption in EU-28 countries: Policy toward pollution mitigation and economic
sustainability. Energy Policy, 132, 803-810. https://doi.org/10.1016/j.enpol.
2019.06.040

Amcham. (2022, November 15). Energy Transformation in Poland. https://amcham.
pl/news/energy-transformation-poland

Anton, S. G., & Afloarei Nucu, A. E. (2020). The effect of financial development on
renewable energy consumption. A panel data approach. Renewable Energy, 147,
330-338. https://doi.org/10.1016/j.renene.2019.09.005

Baum, C. F. (2006). An Introduction to Modern Econometrics Using Stata. Texas: Stata
Press.

Bekun, F. V. (2021). Mitigating Emissions in India: Accounting for the Role of Real
Income, Renewable Energy Consumption and Investment in Energy. Journal of
Energy Economics and Policy, 12(1), 188-192. https://doi.org/10.32479/ijeep.
12652

Cadoret, [., & Padovano, F. (2016). The political drivers of renewable energies poli-
cies. Energy Economics, 56, 261-269. https://doi.org/10.1016/j.eneco.2016.
03.003

Camacho Ballesta, J. A., da Silva Almeida, L., & Rodriguez, M. (2022). An analysis of the
main driving factors of renewable energy consumption in the European Union.
Environmental Science and Pollution Research, 29, 35110-35123. https://doi.
org/10.1007/s11356-022-18715-z

Chlebisz, A., Garncarz, ]., Mierzejewski, M., & Zak, M. (2021). Kapitalizm dekad reori-
entacji. Rozwazania na temat natury gospodarek wysoko rozwinietych. Warszawa:

DOI: 10.34659/eis.2023.86.3.583


https://doi.org/10.1016/j.enpol.2019.06.040
https://doi.org/10.1016/j.enpol.2019.06.040
https://amcham.pl/news/energy-transformation-poland
https://amcham.pl/news/energy-transformation-poland
https://doi.org/10.1016/j.renene.2019.09.005
https://doi.org/10.32479/ijeep.12652
https://doi.org/10.32479/ijeep.12652
https://doi.org/10.1016/j.eneco.2016.03.003
https://doi.org/10.1016/j.eneco.2016.03.003
https://doi.org/10.1007/s11356-022-18715-z
https://doi.org/10.1007/s11356-022-18715-z

ECONOMICS AND ENVIRONMENT 3 (86) * 2023 Environmental policy and management

109

Wydawnictwo Naukowe Scholar. https://scholar.com.pl/pl/index.php?control-
ler=attachment&id_attachment=829 (in Polish).

Czaja, ]., & Preweda, E. (2000). Analiza iloSciowa réznych wspétczynnikow korelacji
na przyktadzie szeSciowymiarowej zmiennej losowej. Geodezja/Akademia Gor-
niczo-Hutnicza, 6(2), 147-154. (in Polish).

Directive (EU) of the European Parliament and of the Council of 19 May 2010 on the
energy performance of buildings, Pub. L. No. 32010L0031, 153 OJ L (2010).
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=0]:L:2010:153:0013:
0035:en:PDF

Directive (EU) of the European Parliament and of the Council of 11 December 2018
on the promotion of the use of energy from renewable sources, Pub. L. No.
32018L2001, 328 O] L (2018). https://eur-lex.europa.eu/legal-content/EN/
TXT/PDF/?uri=CELEX:32018L2001&from=PL

Directive (EU) of the European Parliament and of the Council of 23 April 2009 on the
promotion of the use of energy from renewable sources and amending and sub-
sequently repealing Directives 2001/77/EC and 2003/30/EC, Pub. L. No.
32009L0028, 140 O] L (2009). https://eur-lex.europa.eu/LexUriServ/Lex-
UriServ.do?uri=0]J:L:2009:140:0016:0062:en:PDF

Dong, F, Qin, C,, Zhang, X., Zhao, X., Pan, Y., Gao, Y., Zhu, ]., & Li, Y. (2021). Towards
Carbon Neutrality: The Impact of Renewable Energy Development on Carbon
Emission Efficiency. International Journal of Environmental Research and Public
Health, 18(24), 13284. https://doi.org/10.3390/ijerph182413284

European Commission. (1997). Energy For The Future: Renewable Sources Of Energy.
White Paper for a Community Strategy and Action. https://europa.eu/docu-
ments/comm/white_papers/pdf/com97_599_en.pdf

European Commission. (2022). Communication From The Commission To The Euro-
pean Parliament, The European Council, The Council, The European Economic
And Social Committee And The Committee Of The Regions, REPowerEU Plan,
Pub. L. No. 52022DC0230. https://eur-lex.europa.eu/legal-content/EN/TXT/?u
ri=COM%3A2022%3A230%3AFIN

Eurostat. (2022). Sustainable development indicators (information note) - Goal 7 -
Affordable and clean energy. https://ec.europa.eu/eurostat/data/database

Fatona, P. (2011). Renewable Energy Use and Energy Efficiency - A Critical Tool for
Sustainable Development. In M. Nayeripour & M. Kheshti (Eds.), Sustainable
Growth and Applications in Renewable Energy Sources (pp. 49-60). Intech. https://
doi.org/10.5772/27000

Firlej, K. A. (2012). Energy intensity of GDP in the light of energy policy objectives in
Poland until 2030. Proceedings of the International Conference Hradec Economic
Days 2012, Hradec Kralove, 11, 54-60. https://depot.ceon.pl/handle/123456789/
7539

Firlej, K. A., & Stanuch, M. (2022). Forecasting the development of renewable energy
sources in the Visegrad Group countries against the background of the European
Union. International Entrepreneurship Review, 8(3), 37-52. https://doi.org/10.
15678/1ER.2022.0803.03

Gatecka, M., & Smolny, K. (2018). Evaluation of theater activity using Hellwig’s
method. Optimum: Economic Studies, 92(2), 38-50.

Granger, C. W. ]. (1969). Investigating Causal Relations by Econometric Models and
Cross-spectral Methods. Econometrica, 37(3), 424-438. https://doi.org/10.
2307/1912791

DOI: 10.34659/eis.2023.86.3.583


https://scholar.com.pl/pl/index.php?controller=attachment&id_attachment=829
https://scholar.com.pl/pl/index.php?controller=attachment&id_attachment=829
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2010:153:0013:0035:en:PDF
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2010:153:0013:0035:en:PDF
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32018L2001&from=PL
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32018L2001&from=PL
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:140:0016:0062:en:PDF
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:140:0016:0062:en:PDF
https://doi.org/10.3390/ijerph182413284
https://europa.eu/documents/comm/white_papers/pdf/com97_599_en.pdf
https://europa.eu/documents/comm/white_papers/pdf/com97_599_en.pdf
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=COM%3A2022%3A230%3AFIN
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=COM%3A2022%3A230%3AFIN
https://ec.europa.eu/eurostat/data/database
https://doi.org/10.5772/27000
https://doi.org/10.5772/27000
https://depot.ceon.pl/handle/123456789/7539
https://depot.ceon.pl/handle/123456789/7539
https://doi.org/10.15678/IER.2022.0803.03
https://doi.org/10.15678/IER.2022.0803.03
https://doi.org/10.2307/1912791
https://doi.org/10.2307/1912791

ECONOMICS AND ENVIRONMENT 3 (86) * 2023 Environmental policy and management

110

Investing. (2022). Carbon Emissions Futures. https://pl.investing.com/commodities/
carbon-emissions (in Polish).

Kafle, S. D. (2019). Correlation and Regression Analysis Using SPSS. Management,
Technology & Social Sciences, 126-132.

Karanfil, F. (2009). How many times again will we examine the energy-income nexus
using a limited range of traditional econometric tools? Energy Policy, 37(4),
1191-1194. https://doi.org/10.1016/j.enpol.2008.11.029

Kaygusuz, K., Yiksek, 0., & Sari, A. (2007). Renewable Energy Sources in the Euro-
pean Union: Markets and Capacity. Energy Sources, Part B: Economics, Planning,
and Policy, 2(1), 19-29. https://doi.org/10.1080/15567240500400887

Kettner, C., & Kletzan-Slamanig, D. (2020). Is there climate policy integration in Euro-
pean Union energy efficiency and renewable energy policies? Yes, no, maybe.
Environmental Policy and Governance, 30(3),141-150. https://doi.org/10.1002/
eet.1880

Khribich, A., Kacem, R. H., & Dakhlaoui, A. (2021). Causality nexus of renewable
energy consumption and social development: Evidence from high-income coun-
tries. Renewable Energy, 169, 14-22. https://doi.org/10.1016/j.renene.2021.01.
005

Kus, A., & Pawlik, M. (2016). Wykorzystanie modelu regresji wielorakiej do okreslenia
czynnikéw z obszaru ptynnosci finansowej ksztattujacych efektywnos¢ w przed-
siebiorstwach przemystowych. Finanse, Rynki Finansowe, Ubezpieczenia, 4,
99-111. https://doi.org/10.18276/frfu.2016.4.82/1-08 (in Polish).

Marcoulides, K. M., & Raykov, T. (2018). Evaluation of Variance Inflation Factors in
Regression Models Using Latent Variable Modeling Methods. Educational and
Psychological Measurement, 79(5), 874-882. https://doi.org/10.1177/00131
64418817803

Marinas, M.-C., Dinu, M., Socol, A.-G., & Socol, C. (2018). Renewable energy consump-
tion and economic growth. Causality relationship in Central and Eastern Euro-
pean countries. PLOS ONE, 13(10). https://doi.org/10.1371/journal.pone.020
2951

Marques, A. C,, Fuinhas, J. A,, & Pires Manso, J. R. (2010). Motivations driving renew-
able energy in European countries: A panel data approach. Energy Policy, 38(11),
6877-6885. https://doi.org/10.1016/j.enpol.2010.07.003

Marra, A., & Colantonio, E. (2020). The path to renewable energy consumption in the
European Union through drivers and barriers: A panel vector autoregressive
approach. Socio-Economic Planning Sciences, 76, 100958. https://doi.org/10.
1016/j.seps.2020.100958

Menegaki, A. N. (2011). Growth and renewable energy in Europe: a random effect
model with evidence for neutrality hypothesis. Energy Economics, 33(2), 257-
263. https://doi.org/10.1016/j.eneco.2010.10.004

Molo, B. (2016). Polityka Unii Europejskiej a rozwdj odnawialnych Zrdédet energii w
Niemczech. Rocznik Integracji Europejskiej, 10, 121-142. https://doi.org/10.
14746/rie.2016.10.8 (in Polish).

NYSERDA. (2014). Energy Efficiency and Renewable Energy Potential Studies. https://
www.nyserda.ny.gov/about/publications/ea-reports-and-studies/eere-poten-
tial-studies

Olczak, P, Zelazna, A.,, Matuszewska, D., & Olek, M. (2021). The “My Electricity” Pro-
gram as One of the Ways to Reduce CO, Emissions in Poland. Energies, 14(22),
7679. https://doi.org/10.3390/en14227679

DOI: 10.34659/eis.2023.86.3.583


https://pl.investing.com/commodities/carbon-emissions
https://pl.investing.com/commodities/carbon-emissions
https://doi.org/10.1016/j.enpol.2008.11.029
https://doi.org/10.1080/15567240500400887
https://doi.org/10.1002/eet.1880
https://doi.org/10.1002/eet.1880
https://doi.org/10.1016/j.renene.2021.01.005
https://doi.org/10.1016/j.renene.2021.01.005
https://doi.org/10.18276/frfu.2016.4.82/1-08
https://doi.org/10.1177/0013164418817803
https://doi.org/10.1177/0013164418817803
https://doi.org/10.1371/journal.pone.0202951
https://doi.org/10.1371/journal.pone.0202951
https://doi.org/10.1016/j.enpol.2010.07.003
https://doi.org/10.1016/j.seps.2020.100958
https://doi.org/10.1016/j.seps.2020.100958
https://doi.org/10.1016/j.eneco.2010.10.004
https://doi.org/10.14746/rie.2016.10.8
https://doi.org/10.14746/rie.2016.10.8
https://www.nyserda.ny.gov/about/publications/ea-reports-and-studies/eere-potential-studies
https://www.nyserda.ny.gov/about/publications/ea-reports-and-studies/eere-potential-studies
https://www.nyserda.ny.gov/about/publications/ea-reports-and-studies/eere-potential-studies
https://doi.org/10.3390/en14227679

ECONOMICS AND ENVIRONMENT 3 (86) * 2023 Environmental policy and management

111

Olkuski, T. (2015). Wptyw handle uprawnieniami do emisji CO, w Unii Europejskiej
na przeciwdziatanie zmianom klimatu. Polityka Energetyczna, 18(3), 87-98. (in
Polish).

Ozkan, M., & Ozcan, A. (2018). Veri Zarflama Analizi (Vza) ile Secilmis Cevresel
Gostergeler Uzerinden Bir Degerlendirme: Oecd Performans In. Yénetim Bilim-
leri Dergisi, 16(32), 485-508. https://dergipark.org.tr/en/pub/comuybd/issue/
40668/442329

Papiez, M., Smiech, S., & Frodyma, K. (2018). Determinants of renewable energy
development in the EU countries. A 20-year perspective. Renewable and Sustain-
able Energy Reviews, 91, 918-934. https://doi.org/10.1016/j.rser.2018.04.075

Parlament Europejski. (2022). Parlament za wiekszym wykorzystaniem energii
odnawialnej i oszczednosciq energii. https://www.europarl.europa.eu/news/pl/
press-room/202209091PR40134 /parlament-za-wiekszym-wykorzystaniem-
energii-odnawialnej-i-oszczednoscia-energii (in Polish).

Plesniarska, A. (2019). Monitoring progress in “quality education” in the European
Union - strategic framework and goals. International Journal of Sustainability in
Higher Education, 20(7), 1125-1142. https://doi.org/10.1108/ijshe-10-2018-
0171

Rada Europejska & Rada Unii Europejskiej. (2022). Gotowi na 55. https://www.consil-
ium.europa.eu/pl/policies/green-deal/fit-for-55-the-eu-plan-for-a-green-transi-
tion/ (in Polish).

Rahman, M. M., Alam, K., & Velayutham, E. (2022). Reduction of CO, emissions: The
role of renewable energy, technological innovation and export quality. Energy
Reports, 8, 2793-2805. https://doi.org/10.1016/j.egyr.2022.01.200

Reklewski, M. (2020). Statystyka opisowa. Teoria i przyktady. Wtoctawek: Panstwowa
Uczelnia Zawodowa we Wroctawku. (in Polish).

Remeikiene, R., Gaspareniene, L., Fedajev, A., & Vebraite, V. (2021). The role of ICT
development in boosting economic growth in transition economies. Journal of
International Studies, 14(4), 9-22.

Saad, W,, & Taleb, A. (2017). The causal relationship between renewable energy con-
sumption and economic growth: evidence from Europe. Clean Technologies and
Environmental Policy, 20(1), 127-136. https://doi.org/10.1007/s10098-017-
1463-5

Scarlat, N., Dallemand, J.-F,, Monforti-Ferrario, F, & Nita, V. (2015). The role of bio-
mass and bioenergy in a future bioeconomy: Policies and facts. Environmental
Development, 15, 3-34. https://doi.org/10.1016/j.envdev.2015.03.006

Sobczyk, M. (2007). Statystyka - wydanie pigte uzupetnione. Warszawa: Wydawnictwo
Naukowe PWN. (in Polish).

Sowa, S. (2018). Odnawialne zr6dta energii jako czynnik wptywajacy na poprawe efe-
ktywnos$ci energetycznej. Zeszyty Naukowe Instytutu Gospodarki Surowcami
Mineralnymi i Energia PAN, 105, 187-195. (in Polish).

Szlavik, ]., & Csete, M. (2012). Climate and Energy Policy in Hungary. Energies, 5(2),
494-517. https://doi.org/10.3390/en5020494

Szustak, G., Dagrowski, P, Gradon, W, & Szewczyk, L. (2022). The Relationship
between Energy Production and GPD: Evidence from Selected European Econo-
mies. Energies, 15(1), 50. https://doi.org/10.3390/en15010050

Tomala, ., Mierzejewski, M., Urbaniec, M., & Martinez, S. (2021). Towards Sustainable

Energy Development in Sub-Saharan Africa: Challenges and Opportunities. Ener-
gies, 14(19), 6037. https://doi.org/10.3390/en14196037

DOI: 10.34659/eis.2023.86.3.583


https://dergipark.org.tr/en/pub/comuybd/issue/40668/442329
https://dergipark.org.tr/en/pub/comuybd/issue/40668/442329
https://doi.org/10.1016/j.rser.2018.04.075
https://www.europarl.europa.eu/news/pl/press-room/20220909IPR40134/parlament-za-wiekszym-wykorzystaniem-energii-odnawialnej-i-oszczednoscia-energii
https://www.europarl.europa.eu/news/pl/press-room/20220909IPR40134/parlament-za-wiekszym-wykorzystaniem-energii-odnawialnej-i-oszczednoscia-energii
https://www.europarl.europa.eu/news/pl/press-room/20220909IPR40134/parlament-za-wiekszym-wykorzystaniem-energii-odnawialnej-i-oszczednoscia-energii
https://doi.org/10.1108/ijshe-10-2018-0171
https://doi.org/10.1108/ijshe-10-2018-0171
https://www.consilium.europa.eu/pl/policies/green-deal/fit-for-55-the-eu-plan-for-a-green-transition/
https://www.consilium.europa.eu/pl/policies/green-deal/fit-for-55-the-eu-plan-for-a-green-transition/
https://www.consilium.europa.eu/pl/policies/green-deal/fit-for-55-the-eu-plan-for-a-green-transition/
https://doi.org/10.1016/j.egyr.2022.01.200
https://doi.org/10.1007/s10098-017-1463-5
https://doi.org/10.1007/s10098-017-1463-5
https://doi.org/10.1016/j.envdev.2015.03.006
https://doi.org/10.3390/en5020494
https://doi.org/10.3390/en15010050
https://doi.org/10.3390/en14196037

ECONOMICS AND ENVIRONMENT 3 (86) + 2023 Environmental policy and management

112

Ugan, 0., Arycyodluy, E., & Yiicel, F. (2014). Energy consumption and economic growth
nexus: Evidence from developed countries in Europe. International Journal of
Energy Economics and Policy, 4(3), 411-419. https://www.econjournals.com/
index.php/ijeep/article/view/848

United Nations. (2015). Transforming our world. The 2030 agenda for sustainable
development. https://sustainabledevelopment.un.org/content/documents/212
52030%20Agenda%20for%?20Sustainable%20Development%20web.pdf

Zervas, E., Vatikiotis, L., Gareiou, Z., Manika, S., & Herrero-Martin, R. (2021). Assess-
ment of the Greek National Plan of Energy and Climate Change - Critical Remarks.
Sustainability, 13(23), 13143. https://doi.org/10.3390/su132313143

Zimny, A. (2010). Statystyka opisowa. Materialy pomocnicze do ¢wiczen. Konin:
Wydawnictwo PWSZ w Koninie. (in Polish).

Annex 1. List of math formulas

1. The linear correlation coefficient:

Correl(X,Y) = DI GO ) ’ -
JZ le(xi—f)ZJz 1o Vi=9)?

2. Granger causality:

Yt=ap+ X jay; Yt —i+ Y ax; Xt —i+ eVt 2)

Xt = By + X0, Bx; Xt — i + X0, By Yt — i + eXt, ()

where:

Y, X, - study variables,
oy, By - free world,

p - row of delays.

3. Aregression model:
Y=aq+ a;X; + a, X, +--+ ap X + & (4)

where:

X1, X5, X), - explanatory variables,

ay, a1, ay - the values of the coefficients of the model parameters,
€ - random error.
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4. The coefficient of determination:

R2 = Ea0e ) (5)
S 09

where:

yt — the actual value of the dependent variable,

¥t - the predicted value of the dependent variable,
¥ - the mean value of the actual dependent variable.

5. The coefficient of residual variation:

V, = 34 100%, (6)
B
where:
V, - the actual value of the dependent variable,

S - the standard deviation of the residual component,
¥; — the arithmetic mean of the values of the y variable.

6. The Ramsey Regression Equation Specification Error Test (RESET):

Step [: calculation of the standard linear regression model - formula (4).
Step II: calculation of theoretical values:

P—a +a a —ta (7)
Y =00+ a X, + a,X, +---+ Xy,

Step III: consideration of the model extended by squares and products
of theoretical values ¥:

Y=y0+Y1X1+"‘+ kak +yk+1?2+yk+2?3+ €. (8)
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