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Abstract

The combination of the need to adjust the energy mix in favor of the environment and
the demands on energy consumption and at the same time on the economic growth
of states leads to an increase in energy dependence. The high level of energy
dependence is often cited as a potential threat to the economic growth of the state.
The aim of the paper is to find out whether there is a correlation between
macroeconomic indicators and the degree of energy dependence. Using the Pearson
correlation coefficient, we examine the strength of the relationship between GDP,
trade balance, inflation, unemployment and the degree of energy dependence on the
example of the states of the European Union in the period 2005-2018. The results of
the research show that the relationship between the degree of energy dependence
and macroeconomic indicators for the European Union is completely individual and
the strength and direction of correlation varies from country to country. Combining
the degree of energy dependence in general with the direct threat to economic growth
therefore proves to be misleading and it is necessary to always deal with a specific
state in this matter and take into account other factors that could affect the
relationship under study. These conclusions represent the beginning of a paradigm
shift that energy dependence threatens the state economy, and therefore more
emphasis can be placed on other aspects, such as the environmental ones, when
adopting new energy strategies.
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Introduction

In connection with the economic growth and industrial development of a country, there
is often an increase in energy consumption. At the same time, all economic activity is
directly dependent on the availability of energy, and its importance in the global economy
is still growing. If a state is to sustain economic growth, it is essential to ensure a sufficient
supply of energy (Binhack and Tichy, 2011). Due to the fact that a state covers energy
consumption not only by its own resources but also by imports, it becomes energy
dependent. The degree of energy dependence of each state changes over time depending
on many factors, but in general its increase, which we can observe, is the cause of
discussions at the national and supranational level.

In the case of the Member States of the European Union, not only is there a debate, but
also an adjustment of strategies and the adoption of measures at the EU level, which is
also responsible for handling energy (EUROPEAN COUNCIL, 2020). Currently, most EU
countries deal with more than half of energy consumption through imports, and the ratio
is still growing. Along with the increase in energy non self-sufficiency, there is also an
issue of energy security, which the International Energy Agency (2020) defines as the
continuous availability of affordable energy resources. From this it follows that if a state
is energy dependent, it has no control over the external influences that determine energy
imports, and thus its economy may be jeopardised.

In addition to endangering energy imports, diversification of energy sources is also an
important aspect of energy security. It is well known that there are many ways to obtain
energy. The most important fossil energy raw materials include oil, natural gas and coal.
Other commonly used energy sources include nuclear, hydro, wind and solar (Hykl, 2015).
Along with scientific and technological progress, preferences for the use of individual
energy sources have changed in recent decades. Whether it is caused by technology that
allows the use of a new energy source or new environmental knowledge that motivates
the transition to other energy sources, or even the depletion of one energy source, so the
transition to another energy source becomes a necessity for every country, the ratio of the
structure of energy sources changes over time. However, this change may directly result
in a decline in domestic energy production and there is a need to cover energy
consumption with imports.

At present, the members of the European Union are required to meet the strategic energy
targets in the form of a 20% transition to renewable energy sources, a 20% improvement
in energy efficiency and a 20% reduction in greenhouse gas emissions (EUROPEAN
COUNCIL, 2015). However, the requirements for a responsible approach to the
environment are currently also coming from society as a whole towards businesses
(Kasych, et al., 2020). This places demands on states to change the structure of energy
sources at the national and supranational level, which, according to the above, has an
impact on the degree of energy dependence. It is clear that if the members of the European
Union are to be motivated to pursue these strategic goals, they should not be afraid of the
impact on economic growth. As the main indicative value of economic growth is
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macroeconomic indicators, it is currently extremely beneficial to identify the relationship
between these indicators and energy dependence. The aim of the paper is to find out
whether there is a correlation between macroeconomic indicators, which are GDP, trade
balance, inflation and unemployment, and the degree of energy dependence, in the
Member States of the European Union in the period between 2005 and 2018. The
examined sample consists of EU countries, regardless of whether they were members
throughout the period under review or became members during the study period.

Literature Research

Karanfil and Li (2015) deal with the issue of the short-term and long-term relationship
between economic growth and energy demand. By applying the panel data model, they
confirmed the existence of a relationship between economic growth and energy
consumption, the nature of which, however, is strongly influenced by regional differences.
Factors determining energy consumption are the degree of electrification, urbanisation
or the economic level of development of the state. This, using time series analysis, the
Augmented Dickey-Fuller test (ADF test), the Kwiatkowski-Phillips-Schmidt-Shin test
(KPSS test) and the Granger causality, is confirmed by Azam et al. (2016), Based on the
example of Greece, who state that income, foreign direct investment and population
growth directly determine Greece's energy consumption. Using the example of OECD
countries, Damette and Seghir (2013) analyse the relationship between energy
consumption and economic growth and come to the conclusion that this relationship is
two-way. Not only does energy consumption in these countries increase economic growth
in the short term, but in the long run, economic growth also increases energy
consumption. Using the same method, Osman, Gachino and Hoque (2016) also had
comparable results for the GCC countries, with a change in energy consumption policy
that could have a negative impact on the economic growth of the GCC countries.

The two-way dependence of energy consumption and economic growth was confirmed
by Dagher and Yacoubian (2012) using the Hsiao, Toda-Yamamoto and Granger causality
tests in the case of Lebanon. They point to the negative aspect of this dependence in the
sense that energy is the limit to the growth of the country's economy. As a reduction in
energy consumption would negatively affect Lebanon's economic growth, they see energy
dependency as a risk and emphasize the importance of domestic sources. Metcalf (2014)
completely disagrees with this, stating that not reducing energy dependence, but reducing
energy consumption is the way to ensure the energy security of a country, specifically the
USA. He states that, for example, oil shocks will affect energy prices even if the country
becomes energy self-sufficient. However, we can take such an attitude in the case of the
USA, not Lebanon and the like, as these are completely different regions, where different
levels of economic indicators and other regional differences may be the reason why each
country limits other factors in terms of energy security.

Whether the level of vulnerability of the economy to energy shocks decreases with
economic development has also been examined by Van de Ven and Fouquet (2017). They
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came to the conclusion that the vulnerability of the economy is not systematically
dependent on economic growth, but depends on the circumstances associated with the
demand and supply of energy resources. They stated that as the dependence on coal
increases, the impact of energy shocks increases and that the distribution of dependence
between coal and oil decreases the impact (Van de Ven and Fouquet, 2017). Czech (2017)
examines the efforts to ensure energy security in the case of Poland. He sees the
vulnerability of Poland's economy in terms of energy in its dependence on imports. It is
considered that domestic coal resources are crucial for Polish energy security. However,
due to environmental commitments to the EU, Poland is forced to move away from coal
dependence, leading to an increase in energy dependence. The EU itself is tackling energy
dependence. According to Fedoseeva and Zeidan (2018), the EU's economic growth is
linked to the consumption of fossil fuels. As Russia is the primary importer of fossil fuels
for the EU, EU's economic growth may be jeopardised.

However, in addition to economic growth, the issue of renewable resources resonates
with the European Union's energy policy. Based on an econometric analysis, Acaravci and
Erdogan (2018) came to the conclusion that economic growth affects emissions, while the
use of renewable resources has no effect on emissions. They therefore recommend using
renewables to resolve the conflict between reducing emissions and maintaining economic
growth. Belaid and Zrelli (2019) share this view, confirming, using econometric models,
that the growth of fossil fuels increases with economic growth and the volume of CO2 in
the atmosphere increases with the consumption of fossil fuels. Renewables, on the other
hand, have not shown a link to CO2 level growth. Svobodova et al. (2020) contribute to
this issue through research that demonstrates a direct link between the size of countries'
economies and CO2 production. It states that, although there are opportunities for the use
of new energy technologies and capital investment, states still prefer to protect national
economies and approach long-term environmental goals through marginal investment.
The protectionist behaviour of countries is supported by Northrop, which states that in
the light of the Paris Agreement goals, GDP growth requires growth in fossil fuel
consumption, renewables are unable to meet energy consumption requirements and
economic growth is therefore incompatible with reducing emissions (Northrop, 2017).
However, using the method of modelling structural equations, Chien and Hu (2008)
demonstrate that the use of renewable energy sources has a positive effect on GDP
growth, although they admit that it has no effect on trade balance. The positive effect of
renewables on GDP and on dependence on imports was demonstrated by Andini et al.
(2019) on the example of Portugal by applying a vector autoregression model and using
macroeconomic and energy data. For countries that use coal as their majority energy
source, the transition to clean sources is complicated, even though they are aware of
environmental issues and the need to change the energy mix (Dvorak et al., 2017).

In the question of the impact of renewables and GDP growth, Ohler and Fetters (2014)
applied a panel data model extended by cross-sectional data and, using econometric
analysis on the example of OECD countries, came to the conclusion that it depends on
specific types of renewables and their combinations. They stated that, for example, the
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use of biomass, hydropower and wind in the long term has a positive effect on the GDP of
OECD countries. The claim that it depends on the type of energy sources and their
combination is confirmed by other authors. Within the European Union, Csereklyei et al.
(2017) found that higher-income countries tend to achieve a better mix of energy sources
and thus achieve better results in eliminating the dependence on fossil fuels. The best
results are achieved by countries with a combination of nuclear energy and hydroelectric
sources. Although they admit a low percentage of renewable resources, they conclude that
the quality of the energy mix will increase as GDP grows.

The impact of a good choice of energy sources on macroeconomic indicators is reported
by Bulavskaya and Reynes (2018) on the example of the Netherlands. Based on the
analysis of the energy transition model, they predict GDP growth, the creation of a large
number of jobs and an increase in investments. At the same time, the transition to the
energy mix should lead to lower energy production, higher imports and higher energy
prices. Punzi (2019) warns against the dependence of smaller states in particular on
imports. Based on a dynamic stochastic general equilibrium model (DSGE), he explains
that when a small economy is dependent on energy imports, it is exposed to energy price
volatility. This causes long-term market uncertainty, business cycle volatility and
economic slowdowns.

At the same time, the increase in energy imports, together with economic growth, is not
uncommon in European countries. Using Granger's causality, Vecchione (2011) proves
that even in Italy there is a causal link between GDP growth and decline and energy import
growth and decline, and considers that such a high degree of energy dependence poses a
risk to the Italian economy. The same relationship is described by Balaguer et al. (2015)
in the case of Spain, adding that this dependence has been particularly evident since
Spain's accession to the EU. Not only imports but also exports of energy sources can cause
economic dependence. According to Tang et al. (2016) China's energy exports make such
a significant contribution to economic growth that a change in energy policy is completely
impossible in the near future. Whether a country is an energy importer or exporter, Jalil
(2014) states, based on the use of the panel method, that energy consumption itself is
essential for economic growth, not energy dependence.

The use of the Pearson correlation analysis is the best method to determine the existence
of a relationship and its strength between macroeconomic indicators and the degree of
energy dependence. The result will be a useful contribution to the ongoing debate on the
ambiguous relationship between economic growth and energy dependence.

Methodology

As mentioned above, the main macroeconomic indicators include GDP, inflation,
unemployment and the trade balance. In order to meet the aim of the paper, itis necessary
to ask the following partial research questions:

o Isthere a relationship between energy dependency and GDP growth?
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e Isthere arelationship between energy dependency and inflation?

e Is there a relationship between the energy dependency rate and the
unemployment rate?

e Isthere a relationship between the unemployment rate and the trade balance?

We will analyse these relationships on the examples of 28 states that are or were
members of the European Union. These are Austria, Belgium, Bulgaria, Croatia, Cyprus,
the Czech Republic, Denmark, Estonia, Finland, France, Italy, Ireland, Lithuania, Latvia,
Luxembourg, Hungary, Germany, the Netherlands, Malta, Poland, Portugal, Romania,
Greece, Sweden, Spain, the Slovak Republic, Slovenia and the United Kingdom. We will
work with annual data in the period from 2005 to 2018 incl.

Data for the degree of energy dependence will be obtained from the European Union
database Eurostat under the term Energy dependence. The degree of energy dependence
is defined here as net imports divided by gross available energy, with net imports
calculated as total imports minus total exports and gross available energy calculated as
primary production plus recovered and recycled products plus imports minus exports
plus changes in inventories (Cepel et al., 2020). Data for macroeconomic indicators of
countries is obtained from the World Bank (2020) database World Development
Indicators. For GDP, defined as the sum of the gross value added of all resident producers
in a state's economy plus taxes on products minus subsidies not included in the value of
products, we choose the parameter GDP (current USD). The inflation rate, which is in the
database as the parameter Inflation, consumer prices (annual %), is measured by the
consumer price index and indicates the annual percentage change in the average
consumer's cost of purchasing a basket of goods and services. The unemployment rate
expresses the number of people of working age who are unemployed as a percentage of
the labour force. The data is listed in the database as Unemployment, total (% of labour
force) (modelled ILO estimate). Data for the trade balance, in the World Bank (2020)
database kept under the name Net trade in goods and services (BoP, current USD), is
calculated as the difference between the net imports and exports of a given country and
foreign countries (EUROSTAT, 2020).

To calculate the relationship between macroeconomicindicators and the degree of energy
dependence, we use Pearson's correlation coefficient. By calculating Pearson's correlation
coefficient r, we find out whether there is a correlation between the rate of energy
dependence and GDP, the rate of inflation, the rate of unemployment and the trade
balance, and how strong it is. If r = 0, there is no linear correlation between the indicators.
If r < 0, there is a negative relationship, if r > 0, the correlation is positive. The coefficient
rmust be <1 and > -1. The formula for calculating the coefficient r is as follows:

r
_ i —x0)(yi — ¥) (1)
VIl — 02Xy — )2
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All data will be processed in Excel and we will use the Correl function to calculate the
correlation coefficient r. To interpret the strength of correlation, we divide the coefficient
r into three groups according to its value into weak, medium and strong correlation. In
this case, we will consider it a weak correlation if the value of r is from 0.001 to 0.3 and
from -0.001 to -0.3. We determine the medium correlation for the value of r from 0.3 to
0.5 and from -0.3 to -0.5. We will consider the value of r from 0.5 to 1 and from -0.5 to -1
as a strong correlation.

Results

As illustrated by Graph 1, the correlation between energy dependence and GDP is weakly
positive in the case of Croatia, Hungary, Spain and the United Kingdom. Weak negative
correlations occur in Belgium, Finland, Greece, Malta, the Netherlands, Portugal, Slovakia
and Slovenia. A medium positive correlation is recorded in the Czech Republic, Germany
and Lithuania. Medium negative correlations apply to Austria, Cyprus, France, Latvia and
Romania. There is a strong positive correlation in Denmark and Poland. For Bulgaria,
Estonia, Ireland, Luxembourg and Sweden, the correlation coefficient r acquires a strong
negative value.

Graph 1: Energy dependence and GDP (current USD)

£ S
EO,S
.80,6
%0,4
80,2
c 0 -+
S -0,2 -
S 04 -
-
[]
= -0,6
- Y
o
o -0,8
s -1
o
14 T g @0 ©® L2 QY ¥ ©T U >U >T >0 0 WOC N T g 0O o c c ¢
e —_ —_— = 3 = e = O c O K = = = £ + T M = = = .=
e b.EEﬁh-ﬂ“’C%cmmm%EECDmc%%ﬂCnCm%o
W mwo 35 EQ = © QO W —= =7 © O ©c — © 5 @ 2 g T
o S5 b0 o > o c & g 0 &0 S S 8 3% £ > n o0
g o c - o rod C E a
c un . o hut ] 2
< o 3560 w O S = < a o c
o M Q g W o (J} > £ [} o v —= A =
x A G) T S g9 < & xx v &
< X ~
[S] S g @© 8
1) 4 > ot
N 3 h=]
O 173 5

Source: Authors.

The correlation between energy dependence and inflation, as shown in Graph 2, is weakly
positive for Cyprus, Greece, Hungary, Ireland, Malta, Poland and Sweden. A weak negative
correlation occurs in Belgium, the Czech Republic and the United Kingdom. Medium
positive correlations apply to Austria, Estonia, Finland and France. A medium negative
correlation is demonstrated in Germany and the Netherlands. There is a strong positive
correlation in Bulgaria, Croatia, Italy, Latvia, Portugal, Romania, Slovakia, Slovenia and
Spain. A strong negative correlation occurs in Denmark and Lithuania. Here is Graph 2.
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Graph 2: Energy dependence and inflation (annual %)
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There is only a weak positive correlation between energy dependency and unemployment
rates in Belgium, Estonia, Ireland, Malta and Sweden. A weak negative correlation occurs
in Latvia, the Netherlands, Romania and Slovakia. A medium positive correlation exists in
Denmark, Lithuania and the United Kingdom. Medium negative correlations apply to
Austria, Bulgaria, Cyprus, Finland and Greece. A strong negative correlation occurs in
Croatia, the Czech Republic, France, Germany, Hungary, Italy, Luxembourg, Poland,
Portugal, Slovenia and Spain. Shown in Graph 3, there is no strong positive correlation
between the level of energy dependence and unemployment in any of the monitored
countries.

Graph 3: Energy dependence and unemployment (total % of labour force)
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The correlation between the degree of energy dependence and the trade balance is weakly
positive for Austria, Belgium, France and the Netherlands. The correlation is weakly
negative for Cyprus, Greece and Luxembourg. A medium positive correlation exists only
for Germany. A medium negative correlation exists for Croatia and Poland. A strong
positive correlation occurs in the Czech Republic, Denmark, Finland, Lithuania, Sweden
and the United Kingdom. Bulgaria, Estonia, Hungary, Ireland, Italy, Latvia, Luxembourg,
Portugal, Romania, Slovakia, Slovenia and Spain show a strong negative correlation. The
processed data is listed in the appendix. The correlation between the degree of energy
dependence and the trade balance is shown in Figure 4. All processed data are given in
Appendix 1.

Graph 4: Energy dependence and net trade in goods and services (BoP, current USD)
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Discussion

Based on the obtained results, we are able to answer research questions that were
determined previously:

[s there a relationship between the degree of energy dependence and GDP? The strength
of the correlation is different in the case of the degree of energy dependence and GDP for
each of the examined countries. In general, however, we can observe a trend that shows
that there are fewer countries with a strong correlation than countries with a weak
correlation. Specifically, 13 of the 28 states are weakly correlated in this case. Using the
Pearson correlation coefficient, we found that only in case of 5 examined countries
(Bulgaria, Estonia, Ireland, Luxembourg, Sweden) there is a strong negative correlation, i.
e. the GDP growth decreases with the growth of the energy dependence rate.
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[s there a relationship between energy dependency and inflation? Interestingly, in this
point of view, most, specifically 21 of the 28 countries surveyed, show a positive
correlation of different strength level. At the same time, only 11 of the 28 countries
surveyed show a strong correlation.

[s there a relationship between energy dependency and unemployment? There is a strong
correlation between these indicators in only 11 cases. In addition, all these cases show a
negative correlation. The relationship between energy dependency and unemployment
rates did not prove strongly positive in any of the countries. Positive, medium or low
degree correlations apply only to 8 out of 28 countries.

Finally, is there a relationship between the degree of energy dependence and the trade
balance? Regarding the relationship between these indicators, we can say that of all four
examined macroeconomic indicators, there is the highest number of countries with a
strong correlation. Specifically, in 18 of the 28 countries surveyed we see a strong
relationship between the degree of energy dependence and the trade balance, with 12 of
these countries showing a strong negative correlation. In the case of 7 states, the
correlation is weak.

It is therefore evident that in order to be able to answer research questions, it is first
necessary to look at the states of the European Union individually. Using Pearson's
correlation coefficient, we were able to answer these questions for each individual state
studied. The results of the research clearly show that the relationship between the degree
of energy dependence and macroeconomic indicators for the European Union is
completely individual and its strength and direction vary from country to country.

Karanfil and Li (2015) come to a similar conclusion in the case of the relationship between
GDP growth and decline and energy consumption growth and decline, who state that this
is strongly influenced regionally. With regard to energy issues, Northrop (2017) supports
the protectionist behavior of states concerned about economic growth. However, if we
look at the relationship between the level of energy dependence and the GDP of the EU
countries, we find that there are fewer countries in which have shown a strong correlation
than countries in which we have proven a weak correlation. Similarly, Punzi (2019) warns
smaller states against energy dependence due to possible negative economic impacts.
However, some of the smaller countries surveyed, such as Malta and Cyprus, show a weak
correlation for all or most macroeconomic indicators. In contrast, Luxembourg has a
strong correlation with three out of four macroeconomic indicators. While Vecchione
(2011) uses Granger causality to prove that there is a relationship between GDP growth
and an increase in energy imports in the case of Italy, our research shows that the
correlation between energy dependence and Italy's GDP is among the weakest in the EU.
However, a strong correlation was demonstrated in Italy for other macroeconomic
indicators.

A number of authors, Dagher and Yacoubian (2012), Czech (2017) and Fedoseeva and
Zeidan (2018) discuss the energy dependence of the state as a potential threat to the state
and its economies. However, based on the Pearson coefficient, the relationship between
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the degree of energy dependence and macroeconomic indicators is significant only in
some countries, and the results show negative and positive correlations, so, after a closer
examination, this relation could be a potential threat as well as an opportunity. Anyone
who will continue to deal with the relationship between the degree of energy dependence
and the economy of the state should take into account the results of this research and then
identify the factors causing a strong relationship between these indicators. These
conclusions represent the beginning of a paradigm shift that energy dependence
threatens the state's economy, and therefore more emphasis can be placed on other
aspects, such as the environmental ones, when adopting new energy strategies.

Conclusion

The aim of the paper was to determine whether there is a correlation between
macroeconomic indicators, such as GDP, trade balance, inflation and unemployment, and
the degree of energy dependence in the Member States of the European Union in the
period between 2005 and 2018. Using Pearson's correlation coefficient, the strength of
the relationship between the degree of energy dependence and the individual
macroeconomic indicators for each country was studied, and the aim of the paper was
thus achieved.

However, the strength and direction of the correlation is not the same for all countries
surveyed or for all macroeconomic indicators for individual countries. In general, we can
state that in the case of the relationship between the degree of energy dependence and
GDP, weak correlation slightly prevails, in the case of the relationship between the degree
of energy dependence and the trade balance, on the contrary, a strong correlation slightly
prevails. The correlation between the rate of energy dependence and inflation reaches
mostly positive values, while the correlation between the rate of energy dependence and
unemployment is dominated by negative values. It is the fact that the results are not the
same or show no trend in all the countries studied, which is the limit of the research result.
It is not possible at this stage of research to reach a general statement, which could lead
to a general recommendation.

The results shown above inevitably lead to the question, what is the cause of the
individual nature of the relationship between the given parameters? How is it possible
that the relationship under review does not show the same values in all countries? And
what conditions precede the parameters of the investigated relationships? Based on the
data we have collected for this research, it is not possible to answer these questions.
Therefore, it is important to carry out further, follow-up research that answers the
questions and identifies unknown variables that will help to understand the relationships
between macroeconomic indicators and energy dependency, and thus be a useful support
for energy decision-making with economic development.
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