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Abstract 

 

The relationship between energy consumption and growth has been studied in the recent 

years. The aim of this paper is to analyze relationship between renewable energy 

consumption and growth for the selected developed countries. To accomplish that, GDP 

per capita and renewable energy consumption per capita have been used to proxy growth 

and the renewable energy consumption, respectively. This study will present us the 

opportunity of determining the crucial effects of GDP on the renewable energy using 

panel method between the time periods of 1994-2014. After finding the variables to be 

stationary at the same level, panel co-integration test has been conducted to reveal if 

there is a relationship between the series or not. For the purpose of analyzing the short 

term and long term linkage between the variables, Panel VECM (Vector Error Correction 

Model) has been established. The results have come up to pointing that there are both 

short term and long term relationship between the series.  
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I. Introduction 

The purpose of this study is to analyze the relationship between renewable energy and growth in 

developed countries. In this context, the renewable energy consumption (REC from now on) and 

growth data of developed countries from Belgium, Denmark, Germany, Ireland, Spain, France, 

Italy, Netherlands, Austria, Portugal, Finland, Sweden, United Kingdom and Norway between 

1990 and 2014 were analyzed by panel VECM method. In the study, the gross inland REC data, 

in particular the effect of gross domestic per capita on REC, was divided into country populations 

to calculate REC energy consumption per capita. Surveys have indicated that energy accessibility 

and growth are inevitably linked (Neto, Perobelli & Bastos, 2014; Vandaele & Porter, 2015).  

Countries have begun to focus on renewable energies for reasons such as limited non-renewable 

energy sources, industrialization and the negative effects of fuels on the environment. The reason 

for the selection of developed country economies in this study is that the renewable energies are 

more in these countries (Goldemberg & Coelho, 2004). The table below shows the top 5 

countries with the highest renewable energy capacity by 2015 in the world. 
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TABLE 1 

Top 5 Countries Total Capacity or Generation as of End-2015 

Capacity 1 2 3 4 5 

Renewable power (incl. hydro) China  United 

States 

Brazil Germany Canada 

Renewable power (not incl. 

hydro) 

China  United 

States 

Germany Japan India 

Renewable power capacity per 

capita (among top 20, not 

including hydro3) 

Denmark  Germany Sweden Spain Portugal 

Source: Renewables 2016, Global Status Report 

It is observed that the developed countries are in the top 5 in the world in terms of renewable 

energy capacity. Moreover, the weight of the developed countries in Europe is also seen in terms 

of energy capacity per capita. Additionally, when examined in 2014, it is seen that the first 5 

countries based on renewable energy capacities are almost the same (Adlib & et all, 2016). 

II.  Literature Review 

 

In the literature that aims to find probable linkages between renewable energy consumption and 

economic growth, there are some sort of studies which examines the relevant testable hypothesis: 

growth, conservation, feedback and neutrality. In this study, it is presented that different works 

has different empirical results according to detect the relationship between these two variables. 

Firstly, Apergis and Payne’s study (2010) in which panel data analysis is applied for 13 Eurasia 

countries in 1992-2007 period, tries to explain or to find the relationship between REC and the 

growth. In their study they hire two panel data sets in which one of them includes Russia while 

the other data set excludes it. At the results of their study they deduce a long-run relation among 

the real GDP and REC in their both analyses and the study supports the feedback hypothesis. 

In the study that put accounts the 1980-2010 yearly series of Brazil, Hsiao-Tien Pao and Hsin-

Chia Fu (2013), tries to investigate the nexus between real GDP and four different versions of 

energy consumption that also contains renewable energy. After applying co-integration test, they 

explore a long-run linkage between Brazil’s real GDP and REC.  

In another study, Fong (2010) finds that the share of renewable energy sources in China increases 

in electricity generation when energy supply security and environmental factors are taken into 

account. In the study, the Cobb-Douglas-style production function is used to assess the share of 

renewable energy in total electricity use and the level of economic prosperity. It is concluded that 

there is a high level of correlation between economic welfare and the use of renewable energy. 

The share of renewable energy in total energy production is determined as insignificant. 

However, a small but positive relationship between GDP and the use of renewable energy is 

identified. 
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The long-term causal relationship between renewable and non-REC and economic growth among 

the G7 countries was addressed in a study conducted by Tugcu Ozturk and Aslan (2012). The 

ARDL cointegration test is used for the analysis of the time period between 1980- 2009 with 

annual data sets. Probable causality relation is tried to be put forward by using the causality test 

developed by Hatemi-j. This study claims that the adapted production function will provide a 

clearer and healthier picture of the long-term relationship between renewable energy use and 

economic growth. Bi-directional causality is determined after the use of classical production 

function as the result of the analysis, no causal relationship can be determined for most countries 

in the tests made with the adapted production function and bi-directional relationship is 

determined for only one country. 

Antonakakis et.al. (2017), in their analysis, aim to reveal the relationship between various types 

of energy, economic growth and the environment, by using the panel vector autoregressive. 

Annual data are used in the study for 106 countries covering the years 1971-2011. The results of 

the study show that there is not a significant link between renewable energy use and economic 

growth. So the proposal that the use of renewable energy is an effective and environmental way 

to growth is invalid according to the results of this work. 

Al-mulali et al. (2013) analyzes the long-term bi-directional relationship between renewable 

energy consumption and growth in his work on behalf of countries with various income levels. 

The possible relationship is demonstrated by using fully-modified OLS in the study. The study 

found that 79% of the analyzed countries has a bi-directional positive relationship between 

renewable energy consumption and economic growth, while 19% of the countries has no long-

term relationship. There is a one-way long-term relationship between REC and growth for 2% of 

the mentioned countries. 

The relationship between REC and economic progress in Germany is being studied by Rafindedi 

and Ozturk because of its economic size trough the European Union countries and the fact that it 

is one of the leading countries in the use of renewable energy. In the study conducted, the 

coverage is taken between 1971 and 2013 and quarterly data are used. In the analysis, 

cointegration and causality associations were tested using various empirical methods, and as a 

result, a certain cointegration was found among the variables. A feedback effect is mentioned in 

the causality relation between REC and economic growth. 

Alper and Oguz (2015) use the asymmetric causality and the ARDL method to study the 

relationship between REC and economic growth in countries that have recently entered the 

European Union in the period covering 1990-2009. There is a significant relationship between 

growth and REC only for Bulgaria, Estonia, Poland and Slovenia, while a positive relationship is 

found between REC and growth for all countries as a result of the study. 

Naseri, Motamedi and Ahmedian (2016) examine the relationship between REC and economic 

growth using data from OECD countries. The study, which covers the years 1990-2012, uses the 

Johansen Cointegration Test and the ARDL model to conclude that the increase in the use of 

renewable energy triggers the economic growth. However, in another study, Menegaki (2010) 

uses the data from European countries to question the relationship between growth and renewable 

energy use through the panel framework. Empirical results do not support the existence of a 

causal relationship between REC and GDP. 
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III. Data & Methodology 

 

In this study, 14 developed countries which are Belgium, Denmark, Germany, Ireland, Spain, 

France, Italy, Netherlands, Austria, Portugal, Finland, Sweden, UK and Norway have been taken 

into account based on their REC per capita and growth per capita between the time period of 

1994 and 2014, annually. REC date has been gathered from Eurostat Database. Although the raw 

data is presented in terajoule in the source, it has been converted to kWh in this paper. After that, 

it has also been divided by the population of each county to provide the data per capita. GDP per 

capita representing the growth data has been taken from World Bank Database. Since this study 

has been done with respect to panel effort, the number of the observation is 294. Both variables 

have been calculated in terms of logarithmic function. 

∆lengpcit =  μ1j +  α1iECTit−1 + ∑ β11,ik∆lengpcit−k +  ∑ β12,ik∆lgdppcit−s +  ε1it

q

s=1

p

k=1

 

            (1) 

∆lgdppcit =  μ2j + α2iECTit−1 + ∑ β21,ik∆lengpcit−k +  ∑ β22,ik∆lgdppit−s +  ε2it

q

s=1

p

k=1

 

            (2) 

A Panel VECM in which lengpc and lgdppc represent REC per capita and GDP per capita, 

respectively has been established to analyze the structure of the relationship between the 

variables. To this end, the model has been specified as: 

Basic statistics of renewable energy per capita and GDP per capita indicated in growth rate in 

percent have been presented at Table 2 and Table 3, respectively. With respect to growth rates of 

REC per capita showed in Table 2, UK is at the first rank with the highest growth rate (10.73%) 

among the countries. Nevertheless, there is no wide gap between its closest followers Belgium 

and Germany (10.36% and 9.47%). France and Norway on the other hand are the countries at the 

bottom of the list with respect to their REC growth rates. GDP per capita growth rate of the 

countries are almost similar to each other which can be seen in Table 3. As it is understood, the 

highest growth rate belongs to Norway with 6.52%. 
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TABLE 2 

Per capita renewable energy growth rates in percent. 

 BEL DEN GER IRL SPA FRA ITA 

Mean 

Median 

Maximum 

Minimum 

Std. Dev. 

Skewness 

Kurtosis 

Jarque-Bera 

Probability 
 

 10.35540 

 9.628378 

 29.82833 

-3.791863 

 9.293230 

 0.239449 

 2.119631 

 0.878843 
 

 0.644409 
 

 5.911098 

 4.924801 

 18.24986 

-0.680516 

 4.824158 

 0.940709 

 3.409428 

 3.243941 
  

0.197509 
 

 9.465317 

 7.928642 

 19.74444 

-1.401312 

 6.092356 

 0.036995 

 1.855079 

 1.151778 
  

0.562205 
 

 8.082147 

 8.045977 

 27.08075 

-11.70213 

 10.57855 

-0.147128 

 2.618801 

 0.202911 
  

0.903521 
 

 5.523655 

 6.654567 

 30.95607 

-16.84572 

 12.49938 

 0.243344 

 2.409549 

 0.512309 
 

 0.774022 
 

 0.767065 

 0.655933 

 14.66709 

-14.40860 

 7.433092 

 0.011675 

 2.560344 

 0.169613 
  

0.918690 
 

 5.708028 

 5.165877 

 18.02614 

-6.457346 

 5.952586 

 0.047762 

 2.919665 

 0.013631 
  

0.993208 

 

 NET AUS POR FIN SWE UK NOR 

Mean 

Median 

Maximum 

Minimum 

Std. Dev. 

Skewness 

Kurtosis 

Jarque-Bera 

Probability 
 

 6.583716 

 6.587473 

 25.03876 

-3.467517 

 7.270840 

 0.657861 

 3.397184 

 1.652771 
 

 0.437628 
 

 2.291498 

 1.059338 

 12.07140 

-7.419320 

 5.286183 

 0.081084 

 2.303226 

 0.447818 
  

0.799388 
 

 3.041595 

 4.445571 

 22.86604 

-14.91430 

 11.48866 

 0.132818 

 1.859801 

 1.199290 
  

0.549006 
 

 2.653067 

 2.111753 

 15.62233 

-12.34006 

 6.359602 

-0.286660 

 3.152542 

 0.307969 
  

0.857285 
 

 1.288818 

 0.416180 

 13.97525 

-9.419771 

 7.658249 

 0.196728 

 1.695928 

 1.623483 
 

 0.444084 
 

 10.73277 

 9.014085 

 30.99631 

-3.269755 

 8.472214 

 0.893647 

 3.370044 

 2.914934 
  

0.232825 
 

 0.425675 

 2.801664 

 21.88947 

-16.68987 

 10.54263 

-0.012124 

 2.182468 

 0.585328 
 

 0.746273 

TABLE 3 

Per capita GDP growth rates in percent. 

 BEL DEN GER IRL SPA FRA ITA 

Mean 

Median 

Maximum 

Minimum 

Std. Dev. 

Skewness 

Kurtosis 

Jarque-Bera 

Probability 
 

3.975618 

3.870697 

22.71895 

-9.653052 

8.829520 

0.320699 

2.417320 

0.657044 
 

0.719987 
 

4.205383 

3.847501 

21.75854 

-9.794793 

8.411711 

0.222380 

2.523155 

0.372043 
 

0.830256 
 

3.393796 

3.612382 

20.45132 

-11.51191 

8.799991 

0.068630 

2.394867 

0.336898 
 

0.844974 
 

6.835018 

7.635357 

26.52935 

-15.18141 

9.381589 

-0.316202 

3.485914 

0.556542 
 

0.757092 
 

4.267069 

3.863685 

26.30020 

-10.00370 

9.269105 

0.371425 

2.893903 

0.492697 
 

0.781650 
 

3.409524 

3.045818 

22.31055 

-9.830866 

8.500546 

0.275893 

2.598188 

0.407681 
 

0.815592 
 

3.371015 

2.517120 

23.38529 

-9.178098 

8.256537 

0.384970 

2.984314 

0.518921 
 

0.771468 

 

 NET AUS POR FIN SWE UK NOR 

Mean 

Median 

Maximum 

Minimum 

Std. Dev. 

Skewness 

Kurtosis 

Jarque-Bera 

Probability 

 

 4.353395 

 4.060900 

 22.30548 

-8.832926 

 8.687627 

 0.247162 

 2.445052 
  

0.483282 
  

0.785338 
 

 4.021923 

 4.220486 

 21.82639 

-10.40784 

 8.869090 

 0.225161 

 2.344509 
 

 0.553401 
 

 0.758282 
 

 4.419295 

 4.097181 

 22.43735 

-11.28419 

 8.523367 

 0.201471 

 2.725402 
 

 0.208046 
  

0.901205 
 

 5.542908 

 4.687316 

 29.39035 

-11.78652 

 10.25181 

 0.506142 

 2.831099 
 

 0.921592 
  

0.630781 
 

 4.818727 

 5.511891 

 24.98916 

-17.11269 

 10.04122 

-0.171370 

 2.687725 
  

0.188113 
  

0.910231 
 

 4.782494 

 5.958519 

 17.59252 

-17.76491 

 7.748215 

-1.010662 

 4.748010 
 

 6.248628 
  

0.043967 
 

 6.518528 

 7.014286 

 18.96366 

-17.40570 

 9.141079 

-0.796069 

 3.250970 
  

2.273152 
  

0.320916 
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As a result of ADF tests, all variables have been found to be non-stationary [I(1)] in their levels. 

However, in their first differences all of them have been found to be stationary. Test regressors 

for panel unit root includes intercept and no trend. Both variables contain unit root in their levels 

based on LLC, IPS, ADF-Fisher and PP-Fisher tests. Therefore, both variables do not contain any 

unit root in their differences. Table 4 indicates the variables on their level and differences with 

four different unit root tests. 

 

TABLE 4 

Panel Unit Root Tests 

Panel unit root test method Lengpc Δlengpc lgdppc Δlgdppc 

LLC 

 

IPS 

 

ADF - Fisher 

 
PP - Fisher 
 

0.25131 
(0.5992) 
3.45843 
(0.9997) 
12.8021 
(0.9937) 

20.3078 
(0.8530) 

-6.00561 
(0.0000) 
-7.36355 
(0.0000) 
107.743 
(0.0000) 

280.289 
(0.0000) 

-0.30386 
(0.3806) 
3.00555 
(0.9987) 
6.52980 
(1.0000) 

11.7646 
(0.9969) 

-8.43410 
(0.0000) 
-6.00514 
(0.0000) 
86.4850 
(0.0000) 

105.382 
(0.0000) 

P values are shown in the parenthesis. The null hypothesis of the first test assumes common unit root process. The null hypothesis 

of the second one assumes individual unit root process.     

 

Seven different test statistics hypothesing that there is no cointegration in the heterogeneous 

panel model have been separated into two namely within dimension and between dimension by 

Pedroni (2004). Panel cointegration tests reveals that three tests out of seven indicates an 

evidence of existence of cointegration between REC per capita and GDP per capita in the model. 

Three tests shown in Table 5 are at the 10% significance level according to statistics value. 

TABLE 5 

Panel Cointegration Tests 

Tests 
  

Statistics Value 

Within dimension 

     Panel v-stat. 

     Panel rho-stat. 

     Panel pp-stat. 

     Panel adf-stat. 

 

Between Dimension 

     Group rho-stat. 

     Group pp-stat. 

     Group adf-stat. 

 

   
0.306313 
-0.921910 
-1.368235* 
-1.736660** 

 
 
 
0.666825 
-0.364945 
-1.526711* 

    

All reported values are distributed N(0,1) under the null of unit root or no cointegration. * and ** represent p<0.10 and 
p<0.01, respectively. 

 



ALPEREN AGCA, ISMAIL CAKMAK, MURAT ERGUL, The Macrotheme Review 6(4), Winter 2017 

 

7 
 

After finding co-integration among the variables, for the VECM lag length is selected 7 

depending on AIC and SIC. As it is seen in Table 6, there is a significant long term effect from 

GDP per capita to REC per capita. Contrarily, there is no significant effect, vice versa.  

 

 

TABLE 6 

Panel Vector Error Correction Model 

 Δlengpc Δlgdppc 

Constant 

 

ECT (-1) 

 

R
2 

 
Adjusted R

2 

 

S.E. of Regression 

0.037076 

[ 2.39082] 

-0.033666 

(0.0000*) 
0.391962 

 

0.337019 

 

0.073268 

 

0.123302 

[ 9.06343] 

0.005465  

(0.0879) 

0.498222 

 

0.452881 

 

0.064275 

Square brackets and paranthesis indicate t-statistics and probability, respectively. 

 

According to Wald test and Granger causality test results, there is a significant bilateral short 

term relationship between REC and growth which can be understood from Table 7. Both chi-

square test value and probability prove the short term relationship among the variables. 

TABLE 7 

Wald Test and Granger Causality 
Dependent Variable: Δlengpc    

Excluded Chi-sq Df. Prob. 

Δlgdppc 

 

 

Dependent Variable: Δlgdppc 

18.30034 7 0.0107* 

Excluded 

Δlengpc 

Chi-sq 

15.35132 

Df. 

7 

Prob. 

0.0318* 

* denotes rejection of hypothesis at the 5 percent significance level. 

 

IV. Conclusion 

 

The importance of renewable energy has been increasing day by day, recently. In this angle, 

economical aspects of the renewable energy have been investigated by researchers. Since one of 

the main indicator of economy is growth, the relationship between renewable energy 

consumption per capita and GDP per capita has been handled in this study. This effort 

comprehends the time period of between 1994 and 2014 in selected developed countries. To this 

end, a Panel Vector Error Correction Model has been established with respect to fact that 
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developed countries give importance renewable energy mostly. After finding all variables 

stationary in their differences individually, panel unit root tests have been applied. Besides, as a 

result of panel cointegration tests an evidence has been found for variables to be cointegrated. 

Therefore, the model has showed that there is a significant effect from GDP per capita to REC 

per capita in the long term. The same effect for the inverse direction cannot be determined based 

on the significance of error correction term. Finally, the short term effect among the variables has 

been indicated with the Granger Causality tests bidirectionally. The one who is responsible to 

apply the economic policies regarding to energy consumption has to notice the fact that a growth 

economy in selected developed countries leads to an increase in the consumption of renewable 

energy in both short term and long term.  
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