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Abstract. The relationship between energy consumption and
economic growth has been a hot issue in academic research.
The results of the investigations have been varied due to quite
different national economic development and diversity of
research methods as well. This paper investigates the causal
relationship between energy consumption and economic
growth in the Baltic countries, such as Lithuania, Latvia and
Estonia in the period of year between 1995 and 2012. To that
end, Granger causality test is applied in order to suggest
which variable in the model has significant impact on the
future value of other variable in the system. Based on the
causal relationship, regression model has been employed for
the estimation of interrelationship between energy
consumption and economic growth. The empirical results
could be summarized as following: 1) in terms of correlation
analysis between energy consumption and economic growth,
there is a weak and insignificant relationship for Lithuania,
strong and significant for Latvia and moderate one for
Estonia; 2) in terms of causality running from GDP to energy
consumption, the causal relationship exists for Estonia. The
main implication of this finding is that the energy
conservation policies will not have impact on economic
growth; moreover, the results of the research highlight the
absence of Granger causality between variables observed in
the case of Lithuania and Latvia. In this light, national energy
policies will not have impact on economic growth as well as
economic growth will not has influence on energy
consumption.
Index Terms: energy consumption, economic growth,
Granger causality, regression analysis.
JEL: C10, C12, O47, Q43

In academic research, the relationship between energy
consumption and economic growth is analyzed from
different theoretical aspects. Scientists discuss the causality
between these two variables – the question whether this
relationship exists and what is its nature has been raised.
Some of them (Ho et al. 2007; Akinlo 2009; Ozturk 2010;
Munim et al. 2010; Tsani 2010; Lee et al. 2011; Apergis
2012; Yildirim et al. 2014) assume unidirectional causality
from energy consumption to economic growth and
emphasize very significant role of energy consumption on
economic growth. This relationship denotes an energy
dependent economy and in the case of limited access to
energy supply can result in poor economic development.
Under this scenario, economic development programmes
should aim at improving access to energy for all
populations and sectors (Squalli 2007). While others
signify that economic growth is the central factor which
causes energy consumption and indicates an economy
which is less energy dependent. In this case energy
management policies, such as investments in energy
efficiency will have no adverse impact on GDP growth
(Ouedraogo 2013).
Also in recent academic research findings are presented
that imply a mutual and complementary relationship
between energy consumption and economic growth
(Bartleet and Gounder 2010; Esso 2010; Eggoh et al. 2011;
Belke et al. 2011; Fuinhas and Marques 2012) or indicate
that the energy consumption has no impact on economic
growth (Huang et al. 2008; Payne 2009; Acaravci and
Ozturk 2010; Yalta and Cakar 2012). In the case of the
absence of causality between energy consumption and
economic growth, policies to promote higher levels of
energy consumption will not have an impact on economic
growth (Ouedraogo 2013).
This research attempts to provide more reliable
estimates of the causal relationship between energy
consumption and economic growth in the Baltic countries
and uses annual data of 2000-2013.
The paper is organized as follows. Section 2 gives a
short summary of the relevant empirical literature review
on the relationship of energy consumption and economic
growth and research methodology. The investigations are
summarized and the main insights are provided. Section 3
analyses the main trends and causal relationship between
energy consumption and economic growth in three
countries, such as Lithuania, Latvia and Estonia. Granger
causality test and regression model are applied for the

I. INTRODUCTION
The growth of energy consumption in the European
Union countries poses serious development constraints in
recent years. According to prognosis the global energy
consumption will continue to increase in the next twenty
years. It is estimated that global oil consumption will
increase one percent and global natural gas consumption
will increase 1.5 percent on average per year, so that total
increase in energy demand will amount to 45 percent by
2030 (Ozkan 2011; Dudzevičiūtė 2012).
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estimations. Section 4 concludes summarizing the main
trends observed.

Given the wide range of empirical evidences in the
scientific literature on the causal relationship between
energy consumption and economic growth, no general
conclusion can be made regarding the differences in
research results between developed and developing
countries. A similar picture appears in the scientific
researches of the separate resources of energy (electricity,
renewable and non-renewable resources and others) and
growth nexus. More specifically, electricity consumption
has become the dominant form and it is considered to be
very important for economic growth. Many studies have
been conducted on this topic (Chen et al. 2007; Squalli
2007; Ho et al. 2007; Gurgul and Lach 2011;
Georgantopoulas 2012). The findings of these studies
imply different forms of relationship between energy
resources and economic growth such as unidirectional
causality, the absence of causality, a mutual and
complementary relationship.
The direction of causality between energy consumption
and economic growth has significant policy implication.
On the one hand, in the case of unidirectional causality
running from energy consumption to economic growth,
conserving or reducing energy could reduce economic
growth. On the other hand, in the case of unidirectional
causality from economic growth to energy consumption,
conservation policies may be implemented with little or no
effects on economic growth. When causality does not exist,
it means that neither conservative nor expansive policies
regarding energy consumption have any impact on
economic growth.
All researchers have concluded that there are
interdependency of energy consumption and economic
growth, but the practices of different countries lead to
different results regarding the presence of causality.

II. EMPIRICAL RESEARCH REVIEW AND
METHODOLOGY

A. Empirical research overview
As discussed above, in the context of economic growth,
energy resources play a crucial role. Over the past decade,
the causal relationship between energy consumption and
economic growth has been analyzed extensively by energy
specialists. Recently published researches on the energy –
growth nexus were done in two ways (Dudzevičiūtė 2013)
– some researchers analyze the causal relationship between
separate energy resources (electricity, gas, coal, renewable
resources and others) and economic growth (Bobinaitė et
al. 2011; Li 2011; Georgantopoulas 2012; Tang and Tan
2012), others (Chontanawat et al. 2008; Odularu and
Okonkwo 2009; Bojnec and Papler 2011; Zhixin and Xin
2011; Chen et al. 2012; Campo and Sarmiento 2013;
Yildirim et al. 2014) examine energy – growth nexus
focusing on total energy consumption. In general, the
findings of the investigations show a strong relationship
between energy and economic growth. However, the two
focus variables have been a point of disagreement in the
academic research.
An important research of the impact of energy
consumption on economic growth was done by
Chontanawat el al. (2008). The study examined the
relationship for over 100 countries, divided into two
categories such as developed OECD countries and
developing non-OECD countries. The empirical estimates
showed that there is the causality from energy to economic
growth and it is stronger in the developed countries than in
developing ones.
Another study of energy – growth nexus was conducted
by Yildirim et al. (2014) in the next 11 countries. The
findings implied that energy conservation-oriented policies
should be implemented in Bangladesh, Egypt, Iran, Korea,
Mexico, Indonesia, Pakistan and Philippines. In the case of
Turkey, a unidirectional causal relationship was found
between energy consumption and economic growth. It
indicates that energy conservation policy poses an obstacle
for economic growth in Turkey.
Campo and Sarmiento (2013) examined the long run
relationship between energy consumption and economic
growth for 10 Latin American countries. The results
showed interconnection between two variables. According
to the research results, a 1% increase in total energy
consumption increases economic growth by 0.59%. At the
same time, a 1% growth in GDP causes an increase in
energy consumption by 0.59%. This finding supports the
policies that promote energy conservation and efficiency
(Campo and Sarmiento 2013).
The study of Lin and Wesseh (2014) revealed
unidirectional causality running from energy consumption
to economic growth in South Africa. The findings of
research imply that energy conservation policies will
negatively impact on economic growth in South Africa.

B. Research methodology
This research was guided by the estimation of energy
consumption – growth nexus in the Baltic countries. The
author refer to methodology on energy – growth
relationship considered in studies of different countries
(Chontanawat et al. 2008; Odularu and Okonkwo 2009;
Bojnec and Papler 2011; Zhixin and Xin 2011; EddriefCherfi and Kourbali 2012; Chen et al. 2012; Yildirim et al.
2014). The ratios of energy consumption per capita and
GDP per capita (Eddrief-Cherfi and Kourbali 2012;
Yildirim et al. 2014) are used in order to compare three
Baltic countries – Lithuania, Latvia and Estonia as well.
Granger (1969) causality test is applied for the estimation
of causality and the direction of relationship between
energy consumption and economic growth. Granger
causality test requires estimating the following two
regression equations (Kozhan 2010; Stern 2011):
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where: p is the number of lags, β- parameter, ε- error. If
the p parameters β1,p+j are jointly significant then the null
hypothesis that x does not Granger cause y can be rejected.
Similarly, if the p parameters β2,i are jointly significant then
the null hypothesis that y does not Granger cause x can be
rejected. Granger causality test is based on the concept of
causal ordering and assumption as follows: a variable x is
said to Granger cause another variable y if past values of x
help predict the current level of y given all other
appropriate information (Stern 2011).
Finally, a regression model would be more appropriate
for more detailed analysis of energy consumption –
economic growth nexus. When the relationship of the
variables has been established as linear, a regression
equation can be applied as follows (Kozhan 2010):
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respectively. The Estonian energy consumption per capita
increased from 3.9 TOE in 1995 to 4.6 TOE in 2012. In
Latvia, the growth of the same ratio was from 1.9 TOE in
1995 to 2.2 TOE in 2012. In 1995 – 2012, the Lithuanian
energy consumption per capita remained at the same level
and made 2.4 TOE in 2012.
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(3)
y i = a + bx i
where: yi- dependent variable (energy consumption or
economic growth taking into consideration the results of
Granger causality), xi – independent variable (energy
consumption or economic growth taking into consideration
the results of Granger causality), a, b- parameters. The
parameter b indicates how much y may change on average,
if x is changed by unit.
All calculations are made using Windows-based
econometric software Eviews v. 6.0.
Section 3 analyses the relationship between energy
consumption and economic growth.
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Source: Eurostat data

Figure 1. Energy consumption per capita, TOE
Over a period of 1995 – 2012, three Baltic countries
have recorded the growth of GDP per capita. The greatest
increase has been recorded in Estonia. It has increased from
EUR 2 thou in 1995 to EUR 13 thou in 2012. In Lithuania,
the growth was from EUR 1.4 thou to EUR 11 thou, and in
Latvia from EUR 1.5 thou to EUR 10.9 thou. Estonia has
declared relatively higher ratio of GDP per capita than
other Baltic countries in 1995 – 2012. Average value of
this indicator has made EUR 7.4 thou in Estonia and EUR
5.8 thou in Lithuania and Latvia.

III. INVESTIGATION OF THE INTERRELATIONSHIP
BETWEEN ENERGY CONSUMPTION AND ECONOMIC
GROWTH
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A. Energy consumption and economic growth trends in the
Baltic countries
Two approaches are employed in this research. First,
annual data analysis of the three Baltic countries –
Lithuania, Latvia and Estonia – is carried out in the period
of 1995 - 2012. The aim of this exercise is to compare three
Baltic countries according to energy consumption and
economic growth ratios and analyze the relationship
between these two variables. Second, the causal
relationship and its direction is examined using Granger
causality test; and regression model is made to describe
reliance of one factor from another in quantitative way.
Figure 1 and figure 2 represent the tendencies of energy
consumption per capita and GDP per capita in the Baltic
countries. The analysis of these indicators has provided
empirical insights into the long-run. Indeed, the general
findings for all three countries have been as follows: 1)
slight variation of energy consumption per capita, which
has made over 9 percent; and 2) very big variation of GDP
per capita, which has made over 50 percent. Over a period
of 1995-2012, every Estonian has used energy twice as
much than Lithuanian and Latvian. In 2012, the ratio of
energy consumption per capita was amounted to 4.6 TOE
in Estonia and 2.4 and 2.2 TOE in Lithuania and Latvia
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Figure 2. GDP per capita, Euro
In order to evaluate the relationship and its direction
between energy consumption and economic growth
correlation analysis has been performed. The results have
been summarized in Table 1.
The study of correlation analysis has shown different
results of Baltic countries regarding energy consumption –
economic growth nexus. It is noticeable that Lithuania has
revealed weak and positive relationship between these
factors. The t-test applied for this relationship has
suggested statistical insignificance. The case of Latvia and
Estonia has revealed strong and moderate relationships of
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the same direction between energy consumption per capita
and GDP per capita. The t-test for these countries has
shown that these relationships are reliable; and energy
consumption and economic growth have been directly
related i.e. when one ratio increases the other grows as well
and vice versa.

economic growth has driven increasing energy
consumption; or the absence of causality.
The answers to these questions are important for
analyzing and implementing energy policies. Next section
is devoted for this issue.

TABLE 1.
RESULTS OF CORRELATION ANALYSIS BETWEEN ENERGY
CONSUMPTION AND GDP RATIOS
Country
Lithuania
Latvia
Estonia

Relationship
strength
0.27
Weak
0.87
Strong
0.69 Moderate

tcritical
2.12
2.12
2.12

tobserved
1.12
6.92
3.79

IV. GRANGER CAUSALITY TESTING

Statistical
significance
Insignificant
Significant
Significant

Granger causality test is to study the forerunner-lag
relationship between the two variables such as energy
consumption per capita and GDP per capita have been
investigated in this section of the paper. A variable –
energy consumption is said to Granger cause another
variable – economic growth – if past values of energy
consumption help predict the current level of economic
growth given all other appropriate information. This is
based on the concept of causal ordering. Similarly, if
economic growth in fact causes energy consumption, then
given the past history of economic growth it is likely that
information will help predict energy consumption. Table 2
presents the results of Granger causality test.

Correlations between the trending variables say nothing
about causation and simply reflect that both factors have
weak, strong or moderate trends relative to the fluctuations
around the trend. Correlation does not show causation. In
this light, Granger causality testing to modeling the
relationship between energy consumption and economic
growth has been applied to this research. It has revealed if
energy consumption has caused economic growth or

TABLE II.
GRANGER CAUSALITY TEST RESULTS

Country/hypothesis
Lithuania
Null hypothesis:
GDP does not Granger cause of EC
EC does not Granger cause of GDP
GDP does not Granger cause of EC
EC does not Granger cause of GDP
GDP does not Granger cause of EC
EC does not Granger cause of GDP
GDP does not Granger cause of EC
EC does not Granger cause of GDP
Latvia
Null hypothesis:
GDP does not Granger cause of EC
EC does not Granger cause of GDP
GDP does not Granger cause of EC
EC does not Granger cause of GDP
GDP does not Granger cause of EC
EC does not Granger cause of GDP
GDP does not Granger cause of EC
EC does not Granger cause of GDP
Estonia
Null hypothesis:
GDP does not Granger cause of EC
EC does not Granger cause of GDP
GDP does not Granger cause of EC
EC does not Granger cause of GDP
GDP does not Granger cause of EC
EC does not Granger cause of GDP
GDP does not Granger cause of EC
EC does not Granger cause of GDP

Lags

Observations

1

17

2

16

3

15

4

14

1

17

2

16

3

15

4

14

1

17

2

16

3

15

4

14

15

F-statistic

Probability

Test results

0.00690
0.74326
3.53249
0.29764
2.00282
0.47894
2.13009
0.29456

0.93495
0.40315
0.06532
0.74836
0.19224
0.70580
0.21420
0.87012

Accepted
Accepted
Rejected
Accepted
Accepted
Accepted
Accepted
Accepted

2.03865
2.72381
1.08794
1.69870
1.07542
0.51644
1.03463
0.52719

0.17527
0.12111
0.37057
0.22756
0.41261
0.68247
0.47213
0.72259

Accepted
Accepted
Accepted
Accepted
Accepted
Accepted
Accepted
Accepted

1.97441
0.03202
2.80232
0.33273
3.72760
0.84221
5.47515
2.79341

0.08178
0.86054
0.10385
0.72393
0.06069
0.50810
0.04521
0.14492

Rejected
Accepted
Rejected
Accepted
Rejected
Accepted
Rejected
Accepted
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The results of Granger causality test provide new
empirical insights into the long – run relationship between
energy consumption per capita and GDP per capita. The
rejection rule is applied, when the probability value is no
more than the level of significance at 5% and 10%. The
research suggests different results of the Baltic countries.
In general, the case of Lithuania reveals that no causality
exists between variables, except two lags situation, when
GDP per capita leads the energy consumption per capita at
7% level of significance. In the case of Latvia, it is shown
that the null hypothesis that GDP does not Granger-cause
of energy consumption and energy consumption does not
Granger-cause of GDP cannot be rejected. In this light, we
can conclude that there is absence of Granger causality
between these two variables, no matter that they strongly
correlate. According to Ouedraogo (2013), under this
scenario, policies to promote energy access and higher
levels of consumption will not have impact on economic
growth. The case of Estonia shows the running causality
from GDP per capita growth to energy consumption per
capita. This unidirectional causality signifies that economy
is less energy dependent and economic growth causes the
development of energy sector. Under this scenario, energy
conservation policies, such as investments in energy
efficiency and demand management policies will have no
adverse impact on GDP growth (Ouedraogo 2013).
Applying regression model, this causal relationship could
be described as follows:

y i = 3 . 63 + 0 . 07 x i
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impacts on energy consumption. According to the
regression model based on Granger causality test’s results
and applied for the case of Estonia, an increase by EUR
1thou in GDP per capita increases total energy
consumption per capita by 0.07 TOE. This regression
model describes approx. 48% of the variation in energy
consumption per capita.
What is more, the research highlights the absence of
Granger causality between variables observed in the case
of Lithuania and Latvia. In this light, national energy
policies will not have impact on economic growth as well
as economic growth will not has influence on energy
consumption.
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According to the regression model, an increase by EUR
1thou in GDP per capita increases total energy
consumption per capita by 0.07 TOE. The regression
model describes approx. 48% of the variation in energy
consumption per capita.

IV. CONCLUSION
The paper investigates the causal relationship between
energy consumption and economic growth in the Baltic
countries in a period of 1995 – 2012. Granger causality
test is applied in order to suggest which variable in the
model has significant impact on the future value of other
variable in the system. Based on the causal relationship,
regression model has been employed for the estimation of
interrelationship between variables observed.
The empirical results highlight a weak and insignificant
correlation between energy consumption per capita and
GDP per capita for Lithuania, strong and significant
relationship for Latvia and moderate one for Estonia.
In terms of causality, there is causal relationship
running from GDP to energy consumption in Estonia. This
unidirectional causality signifies that economy is less
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development of energy sector. The assumption could be
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