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Abstract. Our paper tackles the issue of the European energy security and economic growth. Specifically, it 
evaluates the relationship between natural gas consumption and economic growth in the European Union (EU). 
Channels along which natural gas is supplied to the EU energy markets yield dependence from the Russian Fed-
eration which presents a threat to the European energy security. Our sample includes panel time series data over 
the period from 1997 to 2011 for a 26 EU countries.  Based on neoclassical growth model, we create a multivari-
ate model including gross fixed capital formation and total labor forces of a country as additional explanatory 
variables. Using panel cointegration tests, we found that there exists a long-run relationship between economic 
growth, natural gas consumption, labor and capital. In the short-run there is bidirectional causality between 
natural gas consumption and economic growth. The causality running from economic growth to natural gas 
consumption is positive. On the other hand, the causality, which runs from natural gas consumption to economic 
growth, is negative.
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1. Introduction

The aim of this study is an assessment of energy se-
curity and economic growth in the EU. This objec-
tive is achieved through the evaluation of the rela-
tionship between natural gas consumption and basic 
macroeconomic indicators. The relationship between 
economic output and energy consumption has been 
analyzed in numerous empirical studies. Unfortu-

nately, literature about relationship between eco-
nomic output and natural gas consumption is quite 
limited. Nevertheless, many authors are dealing with 
energy consumption and economic growth, taking 
individual sources of energy as proxy variables for 
empirical testing the model. The nexus between en-
ergy consumption and economic growth can be test-
ed in two different ways. One of them takes energy 
consumption at aggregate level. The other one, so 
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called disaggregate level, compares economic growth 
and energy consumption given by individual sources 
of energy (e.g. natural gas, oil, coal and etc.). Also, 
we can find two kinds of correlation between energy 
consumption and economic growth. First of them 
is a correlation in time, when energy consumption 
changes in the same way like economic growth.  The 
second one is correlation in space, which means that 
more developed countries also have higher level of 
energy consumption (Amar 2013). Especially, our 
investigation will be concentrate on the sample of 28 
European Union countries. The sample of EU coun-
tries is interested for us, because natural gas is an im-
portant source of energy in Europe. While natural 
gas production in Europe has declining tendency, 
European dependence on natural gas as well as share 
of natural gas in electricity production is expected to 
grow. With growing world energy consumption and 
scarcity of non-renewable reserves, efficient alloca-
tion of energy recourses, in our case natural gas, and 
energy security of fuels markets, in particular natural 
gas markets, are taking a significant place in policy of 
many states of Europe and worldwide.  

Given the numerous researches, e.g. Eggoh et al. (2011), 
To et al. (2012) and Śmiech and Papież (2013), Gazda 
(2010), Asafu-Adjaye (2000) showing the relationship 
between the basic macroeconomic indicator of eco-
nomic development of a country such as GDP on the 
one hand and gross fixed capital formation, and labor 
forces in a country on the other hand, in the empiri-
cal part the effects of these variables are also taken into 
account. Time series period includes 15 years, which 
helps us to include in our analysis as largest size of a 
sample of countries as possible.

2. Natural gas consumption in Europe: a 
literature review

Natural gas consumption is a crucial aspect for the 
energetic sectors in most of the European countries. 
According to Eurostat (2014), in terms of supply of 
natural gas in 2012-2013, Norway was the country 
of origin for 23.8 % of natural gas imports (with the 
Intra-EU trade excluded), Russian Federation sup-
plies 17.5 %, Qatar 7.1 % and Algeria 6.0 %. When 
it comes to natural gas dependency for EU-28, it 
makes about 65.2 % in 2013 (marking a small de-
crease from 66.0 % in 2012) with the Netherlands 
and Denmark being the only net exporters amongst 
the EU countries. It has to be noted, however, that 

for 16 EU Member States, natural gas dependency is 
higher than 90 %. After the hit of financial crisis in 
2008 natural gas consumption feel down during the 
period from 2008 to 2009 in the European Union. 
But next period from 2009 to 2010 it is observed a 
sharp growth to previous level of year 2008. After 
that, during the period from 2010 to 2012 it again 
extremely fell down, even more than in previous fall. 

It can be seen that individual countries differ in 
their natural gas consumption. For example, coun-
tries of Western Europe (Germany, Spain, France, 
Italy, Netherlands and United Kingdom) have higher 
natural gas consumption in comparison with other 
countries of European Union. Belgium, Poland and 
Romania consume natural gas more or less on the 
level of 500 thousand terajoules. Other countries 
consume natural gas on the level below 500 thousand 
terajoules. Luxembourg, Estonia, Latvia, Lithuania, 
Sweden and Slovenia consume natural gas in quite 
low rate. A little bit more natural gas is consumed 
by Czech Republic, Denmark, Ireland, Greece, Hun-
gary, Austria, Portugal, Slovakia and Finland.  Malta 
and Cyprus do not consume natural gas at all. For 
Bulgaria there is no data for this time period. 

There are some benefits of using natural gas. For ex-
ample, from environmental point of view, natural gas 
does not contain solid particles and inorganic mate-
rials. The other thing is that natural gas does not in-
crease SO2 emissions in the atmosphere. In compari-
son with other fuels natural gas produces less CO2 
emissions, so it is becoming more advantageous to 
use for safeguard the environment. Comparing natu-
ral gas with renewable and nuclear sources of energy, 
it is should be pointed that natural gas has wider ap-
plication than renewable and nuclear forms of energy 
because of its less necessary investment costs. Also, 
political decision making initiatives play important 
role for choosing the source of energy (Homer 1993; 
Tvaronavičienė 2012; Vosylius et al. 2013; Mačiulis, 
Tvaronavičienė 2013; Baublys et al. 2014). To et al. 
(2012) tested the casual relationship between en-
ergy consumption and economic growth over the 
period from 1970 to 2011 in Australia using labor, 
capital, human capital, and energy consumption as 
explained variables for Australian gross domestic 
product (GDP). This multivariate model is based on 
the production function in order to reduce poten-
tial omitted-variable biases. For analyzing short-run 
and long-run elasticities the bound testing cointegra-
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tion approach was used. This cointegration testing is 
based on the autoregressive distributed lag (ARDL) 
model. Results suggest that in the long-run as well as 
in the short-run there is no any causal relationship 
between energy consumption and economic growth 
(To et al. 2012).

The same testing of the long-run and short-run elas-
ticities was provided by Bhusal (2010). There had 
been found bidirectional causality between energy 
consumption and economic growth in the short-run 
and long-run using specific statistical techniques, 
like Augmented Dickey–Fuller (ADF) unit root test, 
Johansen maximum likelihood test of cointegration 
and Error Correction Modelling (ECM) (Bhusal 
2010).

Studies (e.g. Adhikari and Chen (2013); Belke et 
al. (2011); Chontanawat et al. (2006); Dilaver et 
al. (2014); Farhani and Rejeb (2012); Stern (2004, 
2010); Stern and Kander (2010); Sickles (2008) de-
scribing relationship between energy consumption 
and economic growth mostly show an existence of 
causality whether running from energy consump-
tion to economic growth or, opposite, running from 
economic growth to energy consumption, or bidi-
rectional causality. It supports the assumption about 
causal relationship between energy consumption and 
economic growth. Taking into account these results, 
in empirical part of this work we will use some statis-
tical techniques, which are going to help investigate 
the relationship between energy consumption and 
economic growth in European Union countries with 
a time series data trend.

3. The data and the model

The aim of the empirical model executed in our paper 
is a statistical verification of the relationship between 
natural gas consumption expressed by gross inland 
natural gas consumption and economic growth of a 
country measured by GDP per capita. Also relation-
ship between natural gas consumption and economic 
growth will be verified by including gross inland nat-
ural gas consumption, as component of production, 
into multivariate model, based on production func-
tion, on the one side with capital measured by gross 
fixed capital formation and labor expressed by total 
labor forces in the country. 

Assuming that the dependent variable is influenced 
by the compilation of independent variables, we have 

composed the collection of independent variables 
which captures the local labour market structure. 
The analysis of causal relationship between natural 
gas consumption and economic growth will be based 
on the secondary annual panel data, which was taken 
for 28 member states of European Union, except Cy-
prus and Malta, which are not using natural gas. So, 
the final sample will contain 26 countries. This sam-
ple will employ annual time series data from 1997 
to 2011 sourced from the Eurostat and World Bank 
database to estimate the model.

In our study we are using gross domestic product 
(GDP), which is taken as dependent variable in our 
model, as a measure of an economic output. GDP 
is represented per capita in current US dollars. As 
explanatory variables we take stock of capital, stock 
of labor and energy consumption. Stock of capital is 
represented by Gross fixed capital formation in cur-
rent US dollars, also given as gross domestic fixed 
investment. Stock of labor is given by total labor 
force in a country represented by people older than 
15 years, who is economically active according to the 
definition of International Labor Organization. Nat-
ural gas consumption has been chosen as a proxy for 
energy consumption and it is expressed as the final 
natural gas consumption in thousands of tons of oil 
equivalent (TOE).

Although, many studies used bivariate and multivar-
iate models to investigate the relationship between 
energy consumption and economic growth, there is a 
big advantage of multivariate model, because it helps 
us to solve the problem of omitted variables (To et al. 
2012). Our empirical model is based on neoclassical 
growth model proposed by Solow (1956) with neo-
classical aggregate production function:

Y = F(K, L, A) (1)

where Y is an aggregate real output, K – stock of capital,  
L – stock of labor, and A – technology.

According to Olusegun Odularu and Okonkwo 
(2009) energy is one of the key components of tech-
nology. The usage of energy determines technological 
change, but it should be noticed that it’s not only one 
determinant factor.

After studying empirical works and theoretical con-
cepts related to our paper’s main topic and taking 
into account that energy can be taken as a part of 
technology, we reconstruct our model in the follow-
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ing way:
Y = F(K, L, E) (2)

where Y – Economic output (GDP), K – Gross fixed capital 
formation (K), L – Labor forces (L), and E – Energy con-
sumption, represented by natural consumption (GC).

4. Empirical model estimations and results

The results of Pedroni (1999, 2000) residual cointe-
gration test using four within-dimension based tests 
and three within-dimension tests between four varia-
bles (LGDP, LGC, LK and LL) without deterministic 
trend, without deterministic intercept or trend, and 
with deterministic intercept and trend are presented 
in Table 1. LGDP is taken as dependent variable.

Table 1. The results of Pedroni residual cointegration test between LGDP, LGC, LK and LL. LGDP is taken 
as dependent variable

No deterministic trend
Alternative hypothesis: common AR coefficients (within-dimension)

Statistic Prob. Weighted Statistic Prob.
Panel v-Statistic 0.024 0.49 0.75 0.22
Panel rho-Statistic 2.88 0.99 2.32 0.98
Panel PP-Statistic 1.84 0.96 0.65 0.74
Panel ADF-Statistic -0.96 0.16 -4.15 0.0000

Alternative hypothesis: individual AR coefficients (between-dimension)
Statistic Prob.

Group rho-Statistic 4.43 1.00
Group PP-Statistic 0.58 0.72
Group ADF-Statistic -6.63 0.0000

Deterministic intercept and trend
Alternative hypothesis: common AR coefficients (within-dimension)

Statistic Prob. Weighted Statistic Prob.
Panel v-Statistic 9.64 0.0000 2.39 0.0083
Panel rho-Statistic 3.95 1.00 3.58 0.99
Panel PP-Statistic -1.64 0.049 -1.98 0.023
Panel ADF-Statistic -4.96 0.0000 -4.93 0.0000

Alternative hypothesis: individual AR coefficients (between-dimension)
Statistic Prob.

Group rho-Statistic 5.66 1.00
Group PP-Statistic -2.73 0.0031
Group ADF-Statistic -5.36 0.0000

No deterministic intercept or trend
Alternative hypothesis: common AR coefficients (within-dimension)

Statistic Prob. Weighted Statistic Prob.
Panel v-Statistic -0.60 0.72 -1.93 0.97
Panel rho-Statistic 2.017 0.97 1.88 0.97
Panel PP-Statistic 1.60 0.94 0.78 0.78
Panel ADF-Statistic -0.24 0.40 -1.93 0.026

Alternative hypothesis: individual AR coefficients (between-dimension)
Statistic Prob.

Group rho-Statistic 4.27 1.00
Group PP-Statistic 2.33 0.99
Group ADF-Statistic -3.85 0.0001

Source: Own results
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Statistics based on common and individual coeffi-
cients without deterministic trend suggests that two 
of eleven tests reject the null hypothesis about non-
cointegrated relationship between variables. Taking 
into account deterministic intercept and trend, eight 
of eleven tests reject the null hypothesis about non-
cointegrated relationship between variables. Two of 

eleven tests can reject the null hypothesis about non-
cointegrated relationship between variables without 
deterministic intercept or trend. The results of Kao 
(1999) residual cointegration test between four vari-
ables (LGC, LGDP, LK and LL) are presented in 
Table 2. In this case, LGDP is taken as dependent 
variable.

Table 2. The results of Kao residual cointegration test between LGDP, LGC, LK and LL. LGDP is taken as 
dependent variable

Kao Residual Cointegration Test

t-Statistic Prob.

ADF -6.55  0.0000

Residual variance  0.0032

HAC variance  0.0049

Augmented Dickey-Fuller Test Equation

Variable Coefficient Std. Error t-Statistic Prob.  

RESID(-1) -0.29 0.034 -8.57 0.0000

D(RESID(-1)) 0.52 0.050 10.43 0.0000

R-squared 0.24     Mean dependent var 0.014

Adjusted R-squared 0.24     S.D. dependent var 0.067

S.E. of regression 0.058     Akaike info criterion -2.81

Sum squared resid 1.16     Schwarz criterion -2.79

Log likelihood 478.16     Hannan-Quinn criter. -2.80

Durbin-Watson stat 1.83

Source: Own results

The results of Kao residual cointegration test based 
on Augmented Dickey-Fuller statistics suggest that 
there is cointegrated relationship between LGDP, 
LGC, LK and LL on significance level of 5 %. The 
results of our empirical estimation are represented in 
Table 3 that shows the results of Error Correction 
Model (ECM) based on the two steps Engle and 
Granger (1987) procedure between four variables 
(GDP, capital, labor and natural gas consumption). 
Each of the relationship is based on the equations 
represented above.

The results for the model where GDP is dependent vari-

able indicate that in the short-run only labor has positive 
and statistically significant impact on economic growth, 
1% increase of labor increases GDP by 0.43%. Both, 
natural gas consumption and capital have negative and 
statistically significant impact on economic growth, 1% 
increase of natural gas consumption increases GDP 
decreases GDP by 0.02%, and 1% increase of capital 
decreases GDP by 0.46%. In the long-run we can see 
unidirectional causal relationship running from capital, 
labor and natural gas consumption to GDP. Natural 
gas consumption responds to deviations from long-run 
equilibrium at 1% level of significance.



S e r g e y  B a l i t s k i y ,  Yu r i y  B i l a n ,  Wa d i m  S t r i e l k o w s k i 
Tenergy security and economic growth in the european union

128

Table 3.  The results of causal relationship between GDP, capital, labor and natural gas consumption

Dependent  
variable

Sources of causality

Short-run Long-run

∆LNGDP ∆LNK ∆LNL ∆LNGC ECT

(13) ∆LNGDP -
-0.467732 0.432817 -0.020960 -0.553551

(0.0000) (0.0000) (0.0093) (0.0000)

(14) ∆LNK
1.385251

-
1.520729 0.020982 1.640241

(0.0000) (0.0000) (0.0008) (0.0000)

(15) ∆LNL
0.000731 0.006865

-
-0.009445 -0.027114

(0.9206) (0.3772) (0.0013) (0.0020)

(16) ∆LNGC
0.135580 0.075212 0.340463

-
0.988354

(0.0000) (0.0000) (0.0000) (0.0000)

Source: Own results

The results of the next model where capital is rep-
resented as dependent variable suggest that in the 
short-run all independent variables, GDP, labor and 
natural gas consumption have positive and statisti-
cally significant impact on gross fixed capital for-
mation, 1% increase of GDP increases gross fixed 
capital formation by 1.38%, 1% increase of total 
labor forces increases and natural gas consumption 
increases gross fixed capital formation by 1.52%, and 
0.02% respectively. In the long-run we can see uni-
directional causal relationship running from capital, 
labor and natural gas consumption to GDP. 

The model where labor is taken as dependent vari-
able shows that both, GDP and capital, doesn’t have 
statistically significant impact on total labor forces, 
even if coefficients of the relationship are positive. 
On the other hand, natural gas consumption has 
negative and statistically significant impact on total 
labor forces, 1% increase of natural gas consumption 
decrease total labor forces by 0.009%.Also, there is 
unidirectional causality, which runs from GDP, capi-
tal and natural gas consumption to total labor forces 
at 1% of significance.

If we look at the model with natural gas consumption 
as dependent variable, we will see that GDP, labor 
and capital have positive and statistically significant 
impact on natural gas consumption in the short-run. 
1% increase of GDP increases natural gas consump-
tion by 0.13%, 1% increase of capital leads to in-
crease of natural gas consumption by 0.075%, and 
1% increase of labor increases natural gas consump-

tion by 0.34% respectively. In the long-run there is 
unidirectional causal relationship, which runs from 
GDP, capital and labor to natural gas consumption. 
GDP responds to deviations from long-run equilib-
rium at significance level of 1% of the error correc-
tion term.

Conclusions and discussions

Based on the estimation of our econometric model, 
we were able to find that there exists long-run rela-
tionship between economic growth, natural gas con-
sumption, labor and capital. In the short-run there 
is bidirectional causality between natural gas con-
sumption and economic growth. The causality run-
ning from economic growth to natural gas consump-
tion is positive, in other words, increase of GDP by 
1% leads to increase of natural gas consumption by 
0.13%. Surprisingly, the causality, which runs from 
natural gas consumption to economic growth, is 
negative. Increase of natural gas consumption by 1% 
leads to decrease of GDP by 0.02%.

As one can see, growing economic output in Euro-
pean Union countries requires more natural gas for 
maintaining the sustainable economic growth. Addi-
tional natural gas consumption with growing produc-
tion need more investments for building infrastruc-
ture of processing natural gas terminals and delivery 
pipelines for transmission natural gas to consumers. 
On the other hand, one clearly sees that the increase 
of natural gas consumption leads to the decrease of 
economic growth. The same results were provided 
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by Ucan et al. (2014) for 15 European developed 
countries. He found that non-renewable energy con-
sumption leads to decrease of economic growth. The 
other thing is that consumption of renewable energy 
increases economic growth. The results of estimated 
model are dependent on the kind of energy, which is 
included into the model, and resources of its energy.

As was pointed above, we can find an effort of Eu-
ropean countries with developed economic systems 
to reduce greenhouse gas emissions. In that case, 
Governments and policy makers should focus on 
renewable sources of energy, like, e.g. solar energy, 
wind power and hydropower. Also, as points Nwosa 
(2013), environmental costs should be taken into 
account when Government provides some energy 
consumption policies. It is particularly important if 
energy consumption has impact on economic growth 
(Kasperowicz 2011). But if this influence is absent, 
then implementation of these energy conservation 
policies will not have negative effect on economic 
development of a state. All these facts suggest that 
natural gas will remain an important source of energy 
for European countries in next years.

The role of natural gas on European market also can 
be viewed in terms of dependence of the majority of 
the European Union countries on supplies of natural 
gas from Russian Federation. Market power of Rus-
sian Federation on European natural gas market can 
harm European energy security. Possible solution of 
this problem lays in diversification of natural gas sup-
pliers. Besides supply from the Russian Federation, 
European Union countries should increase presence 
of other potential players on its market, e.g. possible 
supply from Caspian region countries. It should not 
be forgotten about political aspect of Russian Federa-
tion’s influence. The gas dispute between Russian Fed-
eration and Ukraine in years 2006 and 2009 clearly 
shows possible risks. Also in future we can expect a 
creation of new cartels between suppliers of natural 
gas. As a result, possible changes in European energy 
security will need more time. Effectiveness of their 
application will be seen in the long-term perspective.

As policy implications for further investigations 
about this topic, we would recommend analyzing 
how the results can change taking into account com-
parison between different sectors economy. For ex-
ample, it would be interesting to compare relation-
ship between economic growth and natural gas con-
sumption in industrial and household sectors with its 

possible further dividing in some subsectors. Also, it 
is possible to try to find time series sample for more 
years and use not annual, but quarterly data to get 
stronger causal relationship. With growing usage of 
renewable resources in European countries, it will be 
good to include into the model impact of renewable 
resources of energy.

Knowing of natural gas consumption can help us in 
determination of natural gas prices volatility or if we 
are dealing with long-term natural gas contracts. Also 
it reduces uncertainty about future demand of natu-
ral gas. For governments, energy companies and fi-
nancial institutions it represents opportunity for best 
realization of investment projects. The better manag-
ing of demand and supply and more efficient usage 
of natural gas in total economy as well as in different 
sectors of economy will be profitable for sustainable 
economic development of European countries.
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