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The link between Energy Consumption and Economic Growth: empirical 

evidence for Black Sea countries 

 
 
Abstract: The aim of this paper is to investigate the energy consumption-economic growth 
nexus for 7 Black Sea countries for the period 1991-2013. By using panel data techniques, 
findings show that increases in real per capita GDP have a positive and statistically significant 
effect on per capita energy consumption (and vice-versa). In the long term, a 1% increase in 
real per capita GDP increases the energy consumption per capita by about 1.1% while a 1% 
increase in per capita energy use increases the real per capita GDP by about 0,63%. Thus, the 
impact of real GDP on energy consumption is less important than vice versa. All these 
outcomes should be taken as evidence that energy appears as a key input in the production 
function. Furthermore, energy saving policy and efficiency improvement appear to have both 
a favorable influence on the GDP growth.  
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1. Introduction 

 
 
The relationship between energy consumption and economic growth was greatly debated in 

the resources economic literature since the seminal article by Kraft and Kraft (1978) both for 

developing and developed countries: Yu and Wang (1984), Lee (2005), Al-Iriani (2006), Lee 

and Chang (2007), Mehrara (2007), Apergis and Payne (2009, 2010c, 2011b, 2010d, 2011), 

Coers and Sanders (2013), Salim et al (2014) among others.  The main reason is that there is 

still no consensus regarding the direction of causality between these two factors. While the 

supply-side studies argue that energy consumption has a positive effect on economic growth, 

the demand-side studies view energy as a function of economic growth and identify a direct 

effect from economic activity to energy consumption. From an empirical point of view, the 

diverging results can be explained by the type of selected models (time series or panel data), 

the length of the period or by the country samples. Furthermore, time series models (such as 

Augmented Dickey-Fuller unit root test - Dickey and Fuller (1979) and the Johansen (1991, 

1995) cointegration test) were widely used at the beginning to asses energy-growth nexus 

(because of the availability of data). Recent research developed more inventive models  that 

have high power because they add to the time series dimension, the cross-sectional dimension 

of data and, hence, exploit additional information (e.g., Apergis and Payne, 2010c, 2011b; 

Sadorsky, 2009). But, even these models produce conflicting results.  

 
The works by Ozturk et al. (2010) and Apergis and Payne (2011) have restructured this 

theoretical framework, and identified four major hypotheses: “the growth hypothesis” 

(implying a unidirectional causality from energy use to economic growth), “the conservation 

hypothesis” (imposing a unidirectional causality from economic growth to energy 

consumption), “the neutrality hypothesis” (meaning no causality between these two factors) 

and “the feedback hypothesis” (allowing for a bi-directional causality between them). These 

four hypotheses have key policy implications. For example, the growth hypothesis implies 

that a decline in energy consumption negatively influences economic growth or that policies 

aiming to restrict energy consumption will not promote economic growth. Conversely, under 

the conservation hypothesis and neutrality hypothesis, adjustments in energy policies do not 

affect economic growth. 

 
The aim of this paper is to investigate this controversial relationship for Black Sea countries 

over the period 1990-2012. It contributes in a number of ways to the existing empirical 
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literature. Firstly, very little studies have been done on modeling this relationship for this 

region and the most part of them uses time series models (e.g., Caraiani et al. 2015). 

Furthermore, at our best knowledge, no panel study has analyzed this relationship for the 

Black Sea region. These countries are of particular interest because are not only consumers of 

non-renewable energy but also key transit countries for several energy-consuming nations of 

European Union. Secondly, the paper uses up-to date panel data models such as: Kao and 

Chiang (2000) - the group-means fully modified ordinary least squares (FMOLS) estimator 

that incorporates a semi-parametric correction to the ordinary least squares (OLS) estimator, a 

parametric dynamic OLS (DOLS). Finally, the outcomes give additional support for the 

economic approaches analyzing the link between energy and income. Results show that 

increases in real per capita GDP have a positive and statistically significant effect on per 

capita energy consumption (and vice-versa). 

 

The rest of the paper is constructed as follows. Section 2 presents the empirical approach used 

in this paper to examine the link between energy consumption and growth. It also displays 

and discusses the obtained results. The section 3 concludes. 

 

2. Data, methodology and results 

 

 2.1 Data 
 
 
This paper uses annual data from 1990 to 2012 for 7 Black Sea countries (BSC). These 

countries are Bulgaria, Romania, Moldavia, Turkey, Georgia, Russia and Ukraine. Data on 

real GDP per capita in constant 2000 U.S. dollars is used as a proxy for measuring the 

economic growth (G) and energy consumption is represented by energy use in kilograms of 

oil equivalent per capita (E). Since all variables are in natural logarithms, each estimated 

coefficient has to be interpreted as a constant elasticity of the dependent variable with respect 

to the independent variable. All data are given by World Bank database. 

The descriptive statistics on the selected variables for each country are displayed below in 

Table 2. The highest level of GDP per capita is reaching by Turkey (8471,6) while the lowest 

level is for Moldova (570,1). The lowest value of energy consumption is given by Georgia 

(583,9) while the highest level is reaching by Russia (5928,8) followed by Ukraine (4855,9). 

 

 

UNDER PEER REVIEW
UNDER PEER REVIEW



 4 

Moldavia Statistics GDP per capita  Energy use  

 Moyenne 848,5 1170,7 

 Médiane 831,2 956,0 

 Écart-type 259,2 485,1 

 Minimum 570,1 792,1 

 Maximum 1613,1 2676,5 

Bulgaria Statistics GDP per capita Energy use 

 Moyenne 3402,4 2538,2 

 Médiane 2921,0 2511,0 

 Écart-type 914,5 204,5 

 Minimum 2456,9 2225,9 

 Maximum 4837,0 3237,4 

Georgia Statistics GDP per capita Energy use 

 Moyenne 1373,7 933,6 

 Médiane 1276,5 701,8 

 Écart-type 513,9 532,8 

 Minimum 679,8 583,9 

 Maximum 2499,0 2585,6 

Romania Statistics GDP per capita Energy use 

 Moyenne 4194,3 1896,1 

 Médiane 3662,9 1832,0 

 Écart-type 1088,8 234,2 

 Minimum 2962,1 1613,8 

 Maximum 6079,6 2683,2 

Russia Statistics GDP per capita Energy use 

 Moyenne 4893,4 4686,2 

 Médiane 4632,8 4530,7 

 Écart-type 1205,1 540,2 

 Minimum 3282,9 3981,5 

 Maximum 6845,8 5928,8 

Turkey Statistics GDP per capita Energy use 

 Moyenne 6409,2 1204,5 

 Médiane 6107,5 1169,6 

 Écart-type 1119,1 188,6 

 Minimum 4964,9 946,6 

 Maximum 8471,6 1577,6 

Ukraine Statistics GDP per capita Energy use 

 Moyenne 1732,7 3140,3 

 Médiane 1828,7 2935,2 

 Écart-type 455,6 650,3 

 Minimum 1123,4 2487,0 

 Maximum 2640,7 4855,9 

Note: the selected variables are in levels 

 

 

Table 2a Main descriptive statistics by country  
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2.2 Methodology and results 

    
Exploring cross-sectional dependence 

 
Firstly, we apply cross-section dependence tests to verify if data are cross-sectionally 

correlated. Interdependencies between BSC may occur after certain common shocks with 

different impacts across countries (e.g., the sovereign debt crisis, oil shocks, political shocks) 

and other unobserved components due to the economic integration process experienced in the 

last decade by the selected EU countries. To this end, we apply the Pesaran (2004) test based 

on pair-wise correlation coefficients and report the results in the table 2. The results strongly 

reject the null hypothesis of no cross-sectional dependence at the 1% level of significance for 

all variables on the entire period meaning that these variables potentially exhibit a quite-

similar dynamics to the countries.   

 

 PANEL: VARIABLES IN LOG 
 CD      p-value CD  model p-value 

BSC – 6 

Energy Consumption 
GDP  

 
8.81a 

15.11a 

 
0.00 
0.93 

 
16.74a 

 
0.00 
0.00 

Notes: a means significant at the 1% level. 

 
  Panel unit root results 

 
We check now for the stationarity of the selected variables (i.e., the order of integration of 

series) by applying second-generation panel unit root tests (PURT). Since Pesaran (2004) 

test shows evidence in favor of cross-section correlation, we use the second generation test 

of Pesaran (2007). Under the null hypothesis, the test considers nonstationarity and allows 

for cross-section dependence that states that variables follow a common factor. Results of 

table 3 show that the selected variables (in levels) are nonstationary (i.e., I(1)). 
 
 

    Table 3: The second generation PURT results 
 

Tests for BSC 6 Pesaran (2007) CIPS  (level) 

Energy consumption              -0.123 (0.451) 
  GDP -0.615 (0.269) 

Nb of years 23 

Notes: the values in brackets are the associated probabilities; the selected models 
are with trend and constant, lags is 3 for GDP and 1 for energy; variables in levels. 
 

Table 2b Cross section dependence results of Pesaran (CD)
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Panel cointegration analysis 

 
 
The previous results show that there are strong interdependencies between countries. Second-

generation cointegration tests assuming the cross-section dependence in cointegrating vectors 

can be applied such as the Westerlund (2007) test and the Pedroni (1999, 2004) test. The first 

test assumes under the null hypothesis the absence of cointegration and the existence of an 

error correction term for individual panel members (with the group-mean statistics - Gt and 

Ga) and/or for the panel as a whole (with the panel statistics - Pt and Pa) without any 

common-factor restriction. As explained by Westerlund (2007), the test is general enough to 

account for a large degree of heterogeneity, both in the long-run cointegrating relationship 

and in the short-run dynamic, and for dependence within, as well as across, the cross-sectional 

units. The second test allows for cross-section interdependence with diverse individual effects 

and establishes whether a long-run equilibrium relationship exists: 
 

 =  +  +  +          (1)  

 =  +  +  +              (2) 
 
where i = 1,…,N for each country of the panel and t=1,…,T refers to the time period. The 

parameters  and of equation (1) capture the possibility of country-specific fixed effects 

and deterministic trends, and deviations from the long-run equilibrium relationship are 

measured here by the estimated residuals . The equation (1) assumes that energy 

consumption  is the driving force of the economic activity ( ). Still, the equation 

(2) illustrates that GDP (in natural logarithms) can potentially affect energy consumption.   

 
By applying the unit root test on the residuals  ( ), Pedroni (1999, 2004) 

tests the null hypothesis of no cointegration. The panel tests provide four statistics in the 

within dimension: the panel - statistic, panel – statistic, panel PP – statistic and panel 

ADF – statistic. In the between dimension (i.e., group mean panel cointegration statistics), the 

test has only three statistics: group – statistic, group – statistic, group ADF – statistic 

based on the averages of the individual autoregressive coefficients related with the unit root 

test of the residuals for each country in the panel. All these tests are distributed asymptotically 

as standard normal, as highlighted by Pedroni (1999). Table 4 displays the results reported by 

all these seven statistics for the eq. (1). The results indicate that is some evidence of 

cointegration between output and energy. More precisely, in the case of equation (1), at 5% 
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and 1% significance levels, the test statistics reject the null hypothesis of no cointegration (for 

the panel-ADF and the group-PP).  

 

Table 4: The Pedroni (1999) panel cointegration tests for BSC6 
 
 

 

 

 

 

 

 

Note: (i) the null hypothesis is no cointegration; all reported values are distributed 
N(0,1) under the null of unit root or no cointegration; iii) ***p<0.01,**p<0.05; 
*p<0.10; iv) the estimations based on AIC criterion with of max lag of 4. 
 

Tables from 5 reports the results of the Westerlund (2007) test in the case of models with 
constant and trend (alternative specifications – models including the constant only are 
available upon request). Two statistics show evidence of cointegration for the panel as a 
whole (Pa), and at least for one of the countries (as shown by Gt statistic). 

 

Table 5: The Westerlund (2007) cointegration test results for EEC: EC – GDP 
Statistics with constant and trend Value Z-value P-value 

Gt -5.032*** -8.187 0.000 
Ga -13.164 -0.504 0.307 
Pt -6.347 -0.881 0.189 
Pa -22.566** -6.029 0.000 

Note: i) ***p<0.01, **p<0.05, *p<0.10; ii) the p-values are based on the normal 
distribution; ii) The average AIC selected lag length is 2.86 and the average AIC 
selected lead length is 2.43 

 
Overall, the results indicate that most of variables are integrated of order one and are 
cointegrated. Hence, the findings enable exploring the long-run impact of energy consumption 
on economic activity (and vice-versa). For this purpose, two techniques to estimate these 
long-run relationships are used – the Fully Modified Least Squares (FMOLS) and the 
Dynamic Ordinary Least Squares (DOLS). We present the results in tables 6 and 7.  
 
Table 6: Long-run panel estimators (dependent variable – real GDP per capita)  

Independent Variables FMOLS DOLS 

Energy consumption per cap 1.020*** (0.089) 1.033*** (0.071) 
Nb of panel observations 154 146 

Note: ***p<0.01, **p<0.05; *p<0.10; constant and trend are integrated in models with panel group 
FMOLS and DOLS (Pedroni cointegration models are employed); the standard errors are in the parenthesis.  

Panel test statistics Value  

panel – statistic -1.661 (0.95) 

panel – statistic 0.892 (0.81)

panel  – statistic  -2.098** (0.02) 

panel  – statistic      0.359** (0.64) 

Group mean panel test statisticscs Value 

group – statistic 0.572 (0.72)

group – statistic -2.319*** (0.01) 
group ADF – statistic -0.372 (0.36) 
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Results of table 6 show that a 1% increase in GDP per capita increases per capita energy by a 
value between 1.02% (in the FMOLS) and 1.033% (in the DOLS). 
 
Table 7: Long-run panel estimators (dependent variable – energy use per capita)  

Independent Variables FMOLS DOLS 

GDP per cap 0.644 *** (0.059) 0.630*** (0.066) 
R-squared 0.979 0.994 

Nb of panel observations 154 140 
Note: ***p<0.01, **p<0.05; *p<0.10; only constant are integrated in models with panel group FMOLS 
and DOLS (Pedroni cointegration techniques are employed); the standard errors are in the parenthesis.  
 
In summary, the results of this set of estimations (see table 7) show that energy variable 
included in the models has a long-run impact on the GDP growth per capita. Both models 
(FMOLS and DOLS) indicate a positive and significant effect the energy consumption per 
capita on the GDP growth. In the long run, the capital stock and the CO2 emissions per capita 
appear to have a negative effect on the economic growth. Overall, the results are quasi-similar 
in magnitude and sign across these two techniques. Regarding the energy use per capita, the 
results suggest that a 1% increase in energy use per capita increases per capita GDP by a 
value between 0.64% (in the FMOLS) and 0.63% (in the DOLS). 
  
 

3. Conclusions 

 

This paper presents new findings about the long-run links between energy consumption and 
economic growth 6 Black Sea Countries over the 1990-2012 period (because of the 
availability of data). Our data suggest the use of panel cointegration methods. Findings show 
evidence in favor of a long-run positive impact of energy consumption on the per capita GDP. 
1% increase in GDP per capita increases per capita energy by a value between 1.02% (in the 
FMOLS) and 1.033% (in the DOLS). Furthermore, the impact of economic activity on energy 
consumption is also positive and significant because a 1% increase in energy use increases 
GDP by a value between 0.64% (in the FMOLS) and 0.63% (in the DOLS). All these 
outcomes should be taken as evidence that energy appears as a key input in the production 
function. Energy saving policy and efficiency improvement appear to have both a favorable 
influence on the GDP growth.  
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