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ABSTRACT 
 

Energy plays an important role in the economic growth, social development and individuals’ prosperity and comfort of 

countries. The effect of energy consumption on economic growth depends on the economic structure of the country. 

 

In this study, electricity consumption per capita (kwh) and Gross Domestic Product per capita($) for the period covering 1991-

2014 for six countries in Central Asia (Azerbaijan, Kazakhstan, Kyrgyzstan, Tajikistan, Turkmenistan and Uzbekistan) panel 

data analysis was used to investigate the relationship between the series. According to the results, the existence of the 

cointegration relationship between the variables discussed in the examined countries was determined. 
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1. INTRODUCTION 
 

Energy is among the main production inputs used to increase the economic development of countries 

and the living levels of societies. The effect of energy consumption on economic growth varies between 

countries. After the Turkish Republics, which are among the transition economies, gained their 

independence, they started various reform and privatization studies during the transition to the market 

economy. Due to the natural resource reserves and geostrategic features of these countries, they have 

gained an important place among emerging economies. 
 

When the development experiences of developed countries are researched, it is observed that there is a 

transition towards increasingly more intensive energy types in energy consumption. The main reasons 

for this are the increase in the amount of use of production factors in the process of economic growth, 

as well as the use of them more effectively and efficiently. 

 

There is a two-way relationship between economic growth and energy consumption. Energy consumption 

increases as a result of economic growth, and energy consumption accelerates growth. Energy use makes 

investments more efficient, accelerates technical advances and increases labor productivity. 
 

The oil crises that occurred in the 1970s and subsequent oil price shocks led to increased research on 

the relationship between energy and economic growth. 
 

There are four major hypotheses in the literature to explain the relationship between energy consumption 

and economic growth [1]. According to the Neutrality Hypothesis, there is no relationship between these 

variables. In terms of the Protectionist Hypothesis, there is a unidirectional relationship from economic 

growth to energy consumption, and it is stated that protective policies may not have an impact on economic 

growth. It is stated in the Growth Hypothesis that there is a unidirectional relationship from energy 

consumption to economic growth, and economic growth will increase as energy consumption increases.  
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On the other hand, policies to reduce energy consumption affect economic growth negatively. Finally, 

in terms of Feedback Hypothesis, there is a two-way relationship between these two variables, and 

changes in economic growth or energy consumption affect each other mutually. 

 

The first study to investigate the relationship between energy consumption and economic growth is 

accepted as the paper by [2]. In the U.S., they found that there was a unidirectional causality from GNP 

to energy consumption in the study using data from the 1947-1974 period, and this result was later 

supported by various researchers. 

 

A cointegration and vector error correction model was used for the period between 1955 and 1990 in for 

India, Pakistan, Malaysia, Singapore, Indonesia and the Philippines. At the end of the analysis, they stated 

that while there is a certain causal relationship between energy consumption and growth for Malaysia, in 

India causality from energy consumption to economic growth, in Indonesia causality from economic 

growth to energy consumption, and in Pakistan there is two-way causality between both variables [3]. 

 

Using data from the period 1971-2002, it was investigated the relationship between panel cointegration 

and causality tests, and energy consumption and economic growth in 16 Asian countries. While there is 

no relationship between energy consumption and growth in the short term, causality was determined 

from energy consumption to economic growth in the long term [4]. 

 

It was investigated the causal relationship between energy consumption and economic growth in China 

in the period of 1953-2006 by the ADF unit root test, cointegration and Hsiao’s Granger causality tests. 

As a result of the analysis, it was revealed that economic growth is the cause of energy consumption and 

energy consumption is the cause of economic growth [5]. 

 

It was investigated the short and long term causality relationships between energy consumption and real 

GDP in 25 OECD countries for the 1981-2007 period. They concluded that the long-term relationship 

between energy consumption and real GDP is more effective than the short term [6]. 

 

The relationship between energy consumption and economic growth analyzed by panel data method in 

80 developing countries in the period of 1990-2009, and stated that there was a long term positive 

relationship between the variables [7]. 

 

The causality relationship between energy consumption and economic growth was handled with the 

bootstrap-Granger causality approach. To the study, there was bi-directional causality between energy 

consumption and GDP in Canada, Japan and the USA, and a unidirectional causality from GDP to energy 

consumption in France and Germany. However, no causality was determined for Italy and the UK [8]. 

 

A study was conducted to investigate the relationship between sectoral energy consumption and economic 

growth in Turkey for the period of 1970-2012 by Toda-Yamamoto causality test. As a result of the study, 

it was observed that there was a two-way causality relationship between energy consumption and 

economic growth in the industry and transportation sectors. On the other hand, in the agriculture and 

housing sector, no causal relationship was found between energy consumption and economic growth [9]. 

 

The relationship between tourism revenues, energy consumption and economic growth analyzed in the 

transition economies for the years between 1995 and 2014. According to analyzes, the tourism-based 

growth hypothesis was valid in Armenia, Kazakhstan, Russia, Albania and Hungary, and the energy-

based growth hypothesis was valid in Azerbaijan, Kyrgyzstan and Poland [10]. 

 

The relationship between energy consumption and economic growth was examined the in Central Asian 

countries. In the study, panel data analysis with annual data for the period of 1991-2016 (26 years) was 
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applied for the countries studied. The study concluded that there was a bidirectional causality 

relationship between energy consumption and economic growth in Central Asian countries [11]. 

 

Other studies using panel data analysis between Central Asian countries and other transition economy 

countries can also be examined [12-16]. 

 

The aim of this study is to determine whether causality exists between energy consumption and 

economic growth variables for Azerbaijan, Kazakhstan, Kyrgyzstan, Uzbekistan, Tajikistan, and 

Turkmenistan. In the study, panel data analysis was used as econometric analysis. 

 

2. ENERGY POTENTIAL PRODUCTION AND CONSUMPTION OF CENTRAL ASIAN 

TURKISH REPUBLICS 

 

Energy reserves, energy consumption and development levels are different from each other in 

Azerbaijan, Kazakhstan, Kyrgyzstan, Uzbekistan, Tajikistan and Turkmenistan, which are discussed in 

the study. There are significant oil, natural gas and coal reserves in Azerbaijan, Kazakhstan, Turkmenistan 

and Uzbekistan. Kyrgyzstan and Tajikistan have a large capacity in terms of hydroelectric resources. 

 

In 2018, Azerbaijan has a reserve of 1.0 thousand million tons; Kazakhstan, 3.9 thousand million tons; 

Turkmenistan, 0.1 thousand million tons; and Uzbekistan, 0.6 thousand million tons. From these reserves, 

39.2 million tons of oil in Azerbaijan, 91.2 million tons of oil in Kazakhstan, 10.6 million tons of oil in 

Turkmenistan, and 2.9 million tons of oil in Uzbekistan were produced in the same year. As of 2018, 

Azerbaijan made 18.8 billion m3 natural gas production from the natural gas reserves of 2.1 trillion m3, 

Kazakhstan 24.4 billion m3 natural gas production from 1.0 trillion m3natural gas reserves, Turkmenistan 

61.5 billion m3 natural gas production from the reserve of 19.5 trillion m3 natural gas, and Uzbekistan 56.6 

billion m3 natural gas production from the natural gas reserve of 1.2 trillion m3. There are 25.6 million tons 

of coal reserves in Kazakhstan and 1.4 million tons of coal in Uzbekistan. In terms of coal production, 

Kazakhstan had 50.6 million tons of equivalent oil and 3.0 million tons of equivalent oil in Uzbekistan [17].  

 

According to the energy consumption sources of Kyrgyzstan in 2017; oil consumption was 36 000 

barrels per day, natural gas 14 billion cubic feet, and coal consumption 0.8 million tons. Energy 

consumption in Tajikistan, according to sources, oil consumption was 13 000 barrels per day, natural 

gas 7.5 billion cubic feet, and coal consumption 0.2 million tons. 

 

Table 1 and 2 show the types and quantities of energy consumed by the Turkic Republics for 2017 and 

2018. 

 
Table 1. Primary Energy Consumption of Turkish Republics in 2017 (Million TEO) 

 
 Oil Natural Gas  Coal Nuclear Hydraulic Renewable Total 

Azerbaijan 4.7 9.1 - - 0.4 - 14.3 

Kazakhstan 15.0 13.7 36.4 - 2.5 0.1 67.6 

Turkmenistan 6.9 21.8 - - - - 28.7 

Uzbekistan 2.7 37.1 3.5 - 1.7 - 45.0 

Source: BP Statistical Review of World Energy 2019, s. 9. 

 

In Table 1, among the primary energy consumption amounts of 2017, Kazakhstan comes first with 67.6 

million TEO, followed by Uzbekistan, Turkmenistan and Azerbaijan respectively. While the share of 

coal in the primary energy consumption is high in Kazakhstan, the share of natural gas is higher in 

Uzbekistan and Turkmenistan. 
 

When the consumption in 2018 is analyzed in Table 2, it is seen that the total consumption of Azerbaijan 

remains the same; there is an increase in Kazakhstan and Turkmenistan, but a decrease in Uzbekistan. 
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In the ranking of countries within the total primary energy consumption in 2018, even though the values 

in 2017 changed partially, the ranking was preserved exactly. 
 

Table 2. Primary Energy Consumption of Turkic Republics in 2018 (Million TEO) 

 

 Oil Natural Gas  Coal Nuclear Hydraulic Renewable Total 

Azerbaijan 4.6 9.3 - - 0.4 - 14.4 

Kazakhstan 16.4 16.7 40.8 - 2.3 0.1 76.4 

Turkmenistan 7.1 24.4 - - - - 31.5 

Uzbekistan 2.6 36.6 3.1 - 1.6 - 43.9 

Source: BP Statistical Review of World Energy 2019, s. 9. 

 

3. MATERIAL AND METHOD 
 

3.1. Purpose of the Study and Data 
 

In this study, the relationship between energy: electricity consumption per capita (kwh) and GDP: Per 

Capita Gross Domestic Product ($) series was examined through panel data analysis for the years 

between 1991 and 2014 with the annual data for Azerbaijan, Kazakhstan, Kyrgyzstan, Tajikistan, 

Turkmenistan and Uzbekistan. The data were obtained from the World Development Indicators (WDI) 

of World Bank. 
  

3.2. Panel Data Analysis  
 

In econometric studies, three types of data are used: time series data [18], cross section data, and mixed 

data (a combination of time series and cross section data). If the same section unit is monitored over 

time, such mixed data is called panel data. As a result of the measurement of certain sample units such 

as individuals, firms, households, cities, countries over time, the panel data structure that expresses the 

data set for the same item in different time frames is reached [19-22]. 

 

A simple linear panel data regression model is generally expressed as follows: 

Yit = β1it + β2itX2it+. . . +βkitXkit + εit            (1) 
 

i = 1….N and t = 1….N 
 

There are three methods to be used in the prediction stage with pooled regression as the prediction 

method while adapting both the time and cross-section data to the model. These methods are: Classical 

Model, Fixed Effects Model and Random Effects Models. 
 

The classic model includes models where both constant and slope coefficients are constant according to 

units and time. This model is formulized as follows; 
 

Yit = βo + ∑ βkXkit + eit
k
k=1                (2) 

 

and the parameters can be estimated by the Least Squares method. 

 
General representation of fixed effects model is as follows;  
 

Yit = β1it + β2itX2it+. . . +βkitXkit + εit           (3) 
 

Random effects model is presented as;  
 

Yit = β1it + β2itX2it+. . . +βkitXkit + εit + 𝜇𝑖         (4) 

 

(Güriş 2018:3) 
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3.3. Results of Analysis and Findings 

 

3.3.1. Descriptive statistics  

 

Descriptive statistics for the series are given in Table 3.  
  

Table 3. Descriptive Statistics for Series 

 

 Energy GDP 

Average 1977.222 2578.327 

Std. Dev. 1423.742 2476.700 

Skewness 0.554329 1.424304 

Kurtosis 2.124360 4.301610 

Jarque-Bera 11.97521 58.85253 

Prob. 0.002510 0.000000 

N 144 144 

 

3.3.2. Panel unit root tests  

 

After the descriptive statistics, unit root tests to investigate the stationarity of the series are given in 

Table4.  
Table 4. Unit Root Tests 

 

Series Model Test p 

Energy 

Level Levin, Lin & Chu t 0,2835 

Level ADF - Fisher 0,7010 

Level PP - Fisher Chi-square 0,9977 

Energy 

1 Difference Taken Levin, Lin & Chu t  0.0000 

1 Difference Taken ADF - Fisher  0.0000 

1 Difference Taken PP - Fisher Chi-square  0.0000 

GDP 

Level Levin, Lin & Chu t 0,9999 

Level ADF - Fisher 0,9999 

Level PP - Fisher Chi-square 0,9775 

GDP 

1 Difference Taken Levin, Lin & Chu t <0.001 

1 Difference Taken ADF - Fisher <0.001 

1 Difference Taken PP - Fisher Chi-square <0.001 

 

Examining Table 4, it is seen that the hypothesis claiming the existence of unit root in the series for 

energy consumption and GDP series cannot be rejected with 95% reliability for all three tests. Therefore, 

it can be said that both series are not stationary at the level. However, it is seen that both series become 

stagnant after taking 1 degree difference. In the following analysis, the series that have been stabilized 

by taking 1 difference will be studied.  

 

As a result of the unit root test, it can be seen from Table 8 that the level values are not stationary even 

if the series contains the trend, which is one of the deterministic components. This means that the shock 

effects on the series do not disappear in time. The variables become stabilized when the first difference 

is taken for all statistics test values, that is, I (1) carries the process. Since the same degree of stability 

is detected, cointegration analysis can be started. 

 

3.3.3. Panel Cointegration Tests  

 

After unit root tests, panel cointegration analyzes are required to determine the long-term relationships 

between the series. Panel Cointegration test results for the related series are given in Table 5. 
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Table 5. Pedroni Cointegration Results (For GDP and Energy series, when GDP variable is considered as dependent variable 

 

      
Pedroni Cointegration Test  

  Statistic p Weighted Statistic p 

Panel v -0.969724  0.8339 -0.787511  0.7845 

Panel rho -1.069697  0.1424 -1.731105  0.0417 

Panel PP -2.805185  0.0025 -3.825145  0.0001 

Panel ADF -0.404096  0.3431 -0.406280  0.3423 

  Statistic p   

Group rho -0.606903  0.2720   

Group PP -3.500231  0.0002   

Group ADF  0.359224  0.6403   

      

      

According to Table 5, it is seen that the hypothesis claiming that there is no cointegration between GDP 

and energy consumption cannot be rejected for 5 of all test statistics. Hence, cointegration was found 

between the energy consumption and GDP series according to Pedroni cointegration method. 
 

Table 6. Kao Cointegration Results 

     

   t-Statistic p 

KAO Co-integration Test   -2,7571 0,0029 

     
     
Error Variance 0,00408  

HAC Variance  0,00243  

     
     

According to the Kao cointegration test, there is a cointegration relationship between the series.  

Revealing the cointegration structure, the panel model estimation results made by accepting GDP 

dependent variable are given in Table 7.  
 

Table 7. Panel Model Estimation Results 

 

Model 
Model 

Significance 
R2 Independent 

variable 
Coefficient Std. Error t Prob. 

Pooled Panel 0,000 0,2588 
Energy 0.484811 0.069622 6.963525 0.0000 

C 0.026907 0.007469 3.602648 0.0004 

Sectional Fixed 

Effects 
0.0000 0,2436 

Energy 0.480029 0.071516 6.712228 0.0000 

C 0.026806 0.007550 3.550708 0.0005 

Fixed Time 

Dependent 

Effects 

0,000 0,6529 
Energy 0.108732 0.063951 1.700249 0.0918 

C 0.018962 0.005190 3.653745 0.0004 

Fixed Effects 

Depending on 

Time and Section 

0.000 0,6654 
Energy 0.076089 0.064730 1.175483 0.2424 

C 0.018273 0.005106 3.578837 0.0005 

Cross Sectional 

Random Effects 
0,000 0,2588 

Energy 0.484811 0.070328 6.893544 0.0000 

C 0.026907 0.007545 3.566443 0.0005 

Time-dependent 

Random Effects 
0,000 0,0817 

Energy 0.232498 0.059083 3.935077 0.0001 

C 0.021673 0.010875 1.992855 0.0483 

C: Fixed Term Model Significance: H0: Regression model is meaningless. 

 

In Table 7, the model results obtained for various panel data regression methods are shown collectively. 

Analyzing the results, it is seen that the panel data regression method gives the highest R2 for constant 
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and time-dependent cross-section effects for panel models made by considering GDP per capita 

dependent variable and energy consumption as independent variable. In addition, the direction of the 

effect was positive in all models. However, Hausmann Test results to test which panel regression model 

valid are is given in Table 8. 

 
Table 8. Hausmann Test Results 

 

Variable Section Effect Time Effect 

Energy 0,7125 0,0000 

 
As a result of Hausmann test to check “H0: Random effects model is valid” hypothesis, it is seen that the 

time dependent random effects model is valid for GDP-Energy Consumption models. When the random 

effects models are examined, it is seen that the energy consumption series has a positive effect on the GDP. 
 

4. CONCLUSION 

The amount of energy consumption is among the main indicators used in measuring the development 

levels of countries. There is a positive relationship between energy consumption and economic growth. 

Relationships between energy consumption and economic growth have a major impact on countries' 

energy policies. 

 

As a result of the econometric analysis, cointegration between the energy consumption and GDP series 

was found according to the Pedroni cointegration method for the 6 Central Asian Countries examined. 

In addition, it is seen that there is a cointegration relationship between the series examined according to 

the Kao cointegration test. 

 

According to the panel model estimation results made by accepting GDP dependent variable after the 

cointegration structure is revealed, it is seen that panel effects regression method gives the highest R2 

for time and cross-sectional fixed effects for panel models made by considering GDP per capita as 

dependent variable and energy consumption as independent variable. In addition, the direction of the 

effect was positive in all models. As a result of Hausmann test, it is seen that time dependent random 

effects model is valid for GDP-Energy Consumption models. When the random effects models are 

examined, it is seen that the energy consumption series has a positive effect on the GDP. 

 

According to these results, there is a unidirectional causality relationship from energy to economic 

growth. The growth hypothesis is valid for the Central Asian countries handled in this study. According 

to the growth hypothesis, electricity consumption directly contributes to economic growth as an 

important complement to labor and capital during the production process. Policies to be implemented to 

reduce electricity consumption will negatively affect economic growth. Accordingly, technologies and 

management programs to increase energy efficiency and savings should be supported in these countries. 

By encouraging the development of competition in the electricity industry, it will be possible to reduce 

the production costs of electricity and to ensure the sustainability of economic growth by transferring 

the resources created to the exporting sectors. 
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