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Abstract 

 

This research applied a novel method to investigate the relationship between energy 

use and environmental pollution. We applied Spatial Panel Simultaneous-Equations for a 

panel of 22 developing countries over the period of 2000-2011. Previous researches 

indicate that the level of CO2 emissions increases with energy consumption. Also, Energy 

consumption is likely to have an increase in CO2 emissions. Appling a simultaneous 

equation model allowed us to estimate the relation between these two variables 

simultaneously. Identifying this relationship helps policymakers to design appropriate 

policies for achieving sustainable economic growth. On the other hand, the spatial models 

explain to what extent each dependent variable in a country depends on neighbors’ 

characteristics. Empirical results of this method show that energy consumption and 

environmental pollution in each country is affected by these factors in neighboring 

countries. Also, results confirm bidirectional causality and positive relation between 

energy use and environmental pollution. The econometrics estimation indicates that 

reducing CO2 emission in developing countries is dependent on the reform of energy 

consumption patterns and using renewable energy to replace fossil fuels in production 

simultaneously in these countries.   

Key words: Developing countries, Energy consumption, Renewable energy, Spatial auto-

regression 

 

 

  



Introduction 

 

The increase in CO2 emissions is a serious threat to the environment of the world 

(Hossain 2011). So, the nexus between CO2 emissions and other variables has been the 

subject of considerable academic research over the past few decades. Fig 1 show the trend 

of Global CO2 emissions from fossil fuels from 1990 to 2013. In this period, this trend are 

been increased. Industrial processes contributing about 78% of the total greenhouse gas 

emissions increase from 1970 to 2011. Agriculture, deforestation, and other land-use 

changes have been the second-largest contributors. In the lack of additional policy actions, 

these trends are expected to continue greatly.  

 

Fig1. Global CO2 Emissions from Fossil-Fuel Burning 

Source: Boden, T.A., Marland, G., and Andres R.J. (2015).  

 

Since the industrial revolution, all countries are trying to achieve to highest 

economic growth. This computation leads to an increase in greenhouse gasses emissions, 

particularly CO2 emissions. Fig 2 illustrate  the effects of Greenhouse gasses on global 

warming (Bozkurt 2010). Among the greenhouse gasses, CO2 plays a major role in global 

warming and ozone depletion. The increasing threat of global warming and climate change 

has focused attention on the relationship between CO2 emission and effective variables on 

it, that energy consumption is one of the most important effective variables(Ang 2007, Jalil 

and Mahmud 2009, Tiwari 2011, Yingzi and Yuying 2011, Arouri, Youssef et al. 2012). 
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Fig 2. Greenhouse gasses and global warming effects (Global Warming 

Effects [%]) source: Bozkurt (2010) 

 

One of most essential needs for living on earth of which consumption grows 

continuously and will also continue to develop in future is undoubtedly the energy 

(Armaroli and Balzani 2007). In addition,  Bin and Dowlatabadi (2005) show that 80% of 

energy consumption and CO2 emission can attribute to consumers demands and economics 

activates. For getting benefit from the energy consumption in economic cycle, it needs to 

consider the effects of energy consumption on the environment(Bozkurt 2010). 

The aim of this paper is to investigate the cause link between energy consumption 

and CO2 emission for selected developing countries for de period 2000-2011. The 

organizational structure of the paper is as follows: (i) literature review section focusing on 

studies that examine the effective factors on carbon emissions and energy consumption, 

and also investigating the relation between energy consumption and carbon emissions (ii) 

data sources and descriptive statistics (iii) methodology (iv) results and discussion. (v) 

Concussion 
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Literature review 

In this section, we provide a summarized background of controversial issues about 

energy consumption and CO2 emissions. Soytas, Sari et al. (2007) investigated the impact 

of energy consumption and CO2 emissions in US using of the Granger causality. They 

found that the income is not Granger cause of CO2 in long- run but energy use is. Menyah 

and Wolde-Rufael (2010) used a modified version of the Granger causality test to 

investigate the causal relationship between CO2 emissions, renewable and nuclear energy 

consumption and real GDP for the US. The results of the study show there is a 

unidirectional causality from nuclear energy to consumption to CO2 emissions, but no 

causality from renewable energy to CO2 emissions.  

Arouri, Youssef et al. (2012) found that in the long- run energy consumption has a 

positive on CO2 emissions in 12 Middle East and North African Countries (MENA). 

Omri (2013) used a Cobb- Douglas production function on the panel data to investigate the 

interaction between CO2 emissions, energy consumption, and economic growth. They 

found that there is a bi-directional causality from energy consumption to CO2 emission. 

But there are not any feedback effects.  

Wang, Fang et al. (2014) investigated the relationship between urbanization, energy 

consumption, and CO2 emissions for 30 Chinese provinces and using a panel data model. 

The results of the study indicate that there is a bi-directional causality between 

urbanization, energy consumption, and CO2 emissions. Specifically, existing a bi-

directional positive causal relationship energy consumption and CO2 emissions. 

Nejat, Jomehzadeh et al. (2015) reviewed the status of energy consumption and CO2 

emissions both globally and in 10 selected countries (China, the US, India, Russia, Japan, 

Germany, South Korea, Canada, Iran, and the UK). The results of the study show the 

policies energy could be successful if they are enhanced by making them mandatory, 

targeting net-zero energy building, and increasing public awareness about new 

technologies 

 

 



Data sources and descriptive statistics 

This study utilized annual data from 2000 to 2011.energy consumption (EG) (kg of 

oil equivalent per capita) Carbon dioxide emissions (CO2) (metric tons per capita), 

urbanization (UR) (% urban population of total), trade openness (TO) (% of export and 

import to GDP), financial development (FD) (total credit to private sector as a ratio of 

GDP), total population (in thousands) per capita GDP (constant 2005 US $), capital 

stock(K) (constant 2005 US $), and total labor force (L) (% total population). The selected 

developing countries, Iran, Malaysia, Indonesia, Thailand, Turkey, Armenia, Pakistan, the 

United Arabic Emirates, Qatar, Oman, Cameroon, Congo, Morocco, Ecuador, Columbia, 

Algeria, Tunisia, China, Peru, Bangladesh, Nigeria and India are considered for this 

analysis. All dates downloads from the official website of World Bank (WB). The 

descriptive statistics, the mean value and standard deviation for a different variable in any 

countries are shown in table 1.  

The mean CO2 emission is higher for Armenia followed by Qatar, United Arab 

Emirates, Oman, Iran etc. on the other hands, the lowest is Congo, Dem. Rep. In respect of 

energy consumption the mean energy consumption is highest for Qatar followed by United 

Arab Emirates, Oman, Malaysia, Iran etc. and the lowest is China. The detail of descriptive 

statistics for other variables are presented in following columns.  

 

 

 

 

 

 

 



 

 

country Descriptive 

statistics 

CO2 (metric tons 

per capita ) 

EN (kg of oil equivalent 

per capita) 

GDP (constant 

2005 USD) 

L (in%) K (constant 

2005 USD) 

FD 

(in%) 

POP 

(in thousand) 

UR 

(in%) 

TO 

(in%) 

Pakistan Means 0.88 478.76 704.98 32.43 430.65 24.45 155358.6 34.97 18.82 

Std. dev. 0.08 21.31 63.07 1.71 35.29 3.6 11542.1 1.26 15.05 

           

Armenia 

 

Means 64.08 796.144 1633.13 47.73 1055.79 14.62 3010.3 64.08 68.59 

Std. dev. 0.35 135.47 477.66 1.17 503.41 9.98 39.14 0.35 8.26 

           

Iran, Islamic 

Rep. 

Means 6.82 2430.73 3210.69 32.88 3563.84 41.29 70525.75 67.77 33.04 

Std. dev. 0.77 366.72 446.63 2.001 591.4 10.27 2992.59 2.35 7.95 

           

Turkey Means 3.67 1301.58       7014.11 33.87 3927.7 27.64 68231.55 68.05 31.95 

Std. dev. 0.43 141.93 882.06 1.1 950.87 13.32 3223.3 2.14 14.5 

           

Qatar Means 51.87 18807.53 55135.73 64.94 40095.2 36.43 1074.76 0.75 83.11 

Std. dev. 48.41 2448.1 3422.1 7.66 7242.9 7.47 479.4 0.87 26.25 

           

United Arab 

Emirates 

Means 25.75 9534.08 36412.01 63.01 12550.8 51.14 5383.07 82.39 81.77 

Std. dev. 5.02 1698.5 8125.6 3.78 17.87 17.87 2089.2 1.35 17.78 

           

Thailand Means 3.83 1486.817 2904.05 57.26 1286.39 102.89 65454.6 38.25 127.2 

Std. dev. 0.46 205.7 389.1 1.18 233.4 11.87 1389.7 4.6 9.1 

           

Malaysia Means 6.75 2488.7 5635.23 42.16 3212.54 112.7 26023.82 66.96 189.8 

Std. dev. 0.88 247.36 616.86 0.61 264.78 11.43 1684.04 3.2 21.67 

           

Indonesia Means 1.614 792.18 1314.95 47.51 659.88 24.90 9051.5 46.344 40.95 

Std. dev. 0.28 40.75 189.36 0.64 104.35 3.17 10886.5 2.85 14.68 

           

Oman Means 13.91 5255.77 13201.59 38.48 16332.5 37.48 2574.2 73.03 0971. 

Std. dev. 3.58 1423.6 646.7 4.4 6167.7 4.7 286.8 1.54 4.7 

           

Nigeria Means 0.642 738.61 792.05 31.17 249.77 18.38 142196.07 39.54 61.85 

Std. dev. 0.091 20.62 174.98 0.207 110.42 9.03 13405.65 3.125 11.47 

           

Cameroon Means 0.24 364.90 913.62 38.60 469.81 10.28 18424.96 48.83 43.09 

Std. dev. 0.05 31.09 21.51 0.68 40.18 1.7 1700.47 2.15 2.24 

           

Table 1. Descriptive statistics for the individuals and also for panel. 



 

 

           
country Descriptive 

statistics 

CO2 (metric tons 

per capita ) 

ENC (kg of oil 

equivalent per capita) 

GDP (constant 

2005 USD) 

L (in%) K (constant 

2005 USD) 

FD 

(in%) 

POP 

(in thousand) 

UR 

(in%) 

TO 

(in%) 

Bangladesh Means 0.29 168.71 511.573 46.44 288.60 31.02 143189.31 27.44 35.44 

Std. dev. 0.05 21.23 6305.09 1.27 63.31 6.46 7172.88 2.53 6.57 

           

India Means 1.33 476.65 775.96 39.40 673.96 39.83 1152177.5 29.42 33.26 

Std. dev. 0.02 57.47 168.52 0.87 261.34 8.64 63729.27 1.19 12.43 

           

China Means 4.53 1391.8 1970.7 58.34 1460.04 116.30 1305812.08 43.17 51.63 

Std. dev. 1.36 360.46 638.6 0.31 621.01 8.36 26501.99 4.84 9.49 

           

Congo, 

Dem. Rep. 

Means 0.04 297.60 217.08 38.46 67.60 2.33 57409.82 37.74 68.13 

Std. dev. 0.006 5.49 16.37 0.07 14.05 1.91 6609.65 1.74 26.14 

           

Morocco Means 1.49 460.53 2000.44 35.86 1632.93 52.96 30619.69 55.54 70.31 

Std. dev. 0.2 58.3 260.87 0.66 385.87 10.1 1151.33 1.62 8.98 

           

Colombia 

 

Means 1.43 641.04 3518.52 47.22 1580.29 32.42 43498.34 73.71 35.56 

Std. dev. 0.1 26.65 410.3 1.61 462.27 8.16 1974.38 1.06 2.06 

           

Algeria Means 3.04 1006.33 2995.96 30.34 3300.01 11.95 33685.15 64.158 67.45 

Std. dev. 0.24 104.25 251.96 0.9 782.87 2.81 1793.4 2.72 5.42 

           

Tunisia Means 2.28 857.87 3306.97 34.80 2384.31 62.05 10091.3 65.01 94.68 

Std. dev. 0.1 59.92 377.41 0.95 366.06 5.47 361.58 0.84 10.68 

           

Peru Means 1.37 516.20 2902.42 49.52 1261.99 22.90 27801.57 75.20 45.21 

Std. dev. 0.33 83.48 496.18 3.19 180707.6 11.34 1248.64 1.38 8.31 

           

Ecuador Means 2.08 800.87 3009.23 46.68 1452.98 21.87 13875.97 61.76 44.58 

Std. dev. 0.2 83.56 286.1 1.13 313.36 2.9 835.01 0.78 6.67 

 

Std. dev.: indicates standard deviation 

Table 1. Descriptive statistics for the individuals and also for panel. 



 

 

 

Methodology 

The aim of this paper is to analyze the relationship between CO2 emissions and 

energy consumption for 22 selected developing countries.  we considered spatial 

autocorrelation in our statistical data, this approach has been utilized in most of the 

environmental analysis (Legendre 1993, Anselin and Bera 1998, Cheng 2016).  Spatial 

autocorrelation mentions to the correlation of values of one variable or two variables 

across geographic space(Griffith 2013, Cheng 2016). In this paper, for testing the 

autocorrelation between model variables is used of Moran’s I statistics as indexes of spatial 

autocorrelation (Blazquez and Celis 2013, Boldina, Beninger et al. 2014, Arima 2016). 

Also, for examining the interrelationships between the two variable are considered them 

simultaneously in a formwork.  For this objective, the Cobb-Douglas production function 

is employed to examine the two-way linkages between CO2 emissions and energy 

consumption(Hossain 2011). We incorporate spatial lag into a simultaneous equation panel 

model. Finally, we use of a generalized spatial two stage least squares for estimating the 

empirical model. The two-way linkages between variables are estimated by making use of 

the following two simultaneous equations: 

(1) Ln(Eit) = ξ0 + ξ1i ln(GDPit) +ξ2i ln(CO2it) + ξ3i ln(Lit) + ξ4i ln(Kit) +ξ5i ln(FDit) + ξ6i ln(POPit) 

+ α7iWiln(Eit) + πit 

(2) ln(CO2it) = φ0 + φ1iln(Eit) + φ2iln(GDPit) + φ3iln(URit) + φ4iln(TOit) + φ5iWln(CO2it) + νit 

Where the subscript  i  represents ith  the country and t  represents the time period for each 

country. W is a spatial weight matrix that shows the spatial connection between each 

countries unit (Anselin 2013).  The individual elements in the W, equal 1 if countries  i  

and j  are neighbors and 0 otherwise (Li, Song et al. 2014, Zheng, Yu et al. 2014). 

Results and Discussion 

First, we calculated Moran’s I statistics for equation 1 and 2 thus ignoring possible 

decencies between observations in space. Table 1 presents the results of spatial 

autocorrelation tests. Results show that Moran’s I statistics are significant at 5% for equation 

1 and are statistics at 1% for equation 2. This shows the existence of an omitted positive 



 

 

spatial autocorrelation. These results suggest that there is a need to consider spatial 

autocorrelation into our analysis. Therefore, we introduced spatial autocorrelation into 

simultaneous equation panel data. The Estimated results are given in Table 2.  

Table 1. Results of spatial autocorrelation tests 

Equation Tests Coefficient Prob. 

1 Moran’s I 0.14
** 

0.02 
2 Moran’s I 0.20

*** 
0.00 

                           * Statistical significance at 10% level. 

** Statistical significance at 5% level. 

***Statistical significance at 1% level. 

 

The empirical results about equation 1 are presented in Table 2. It shows that CO2 

emission has a positive impact on energy consumption per capita. This result is in line with 

the findings of Omri (2013), Menyah and Wolde-Rufael (2010) and Wang, Zhou et al. 

(2011). The coefficient of the total labour force has a positive significant impact on energy 

consumption per capita. This is in line with Omri (2013).  The coefficient of capital stock 

has a positive significant impact on energy consumption per capita. The coefficient is 0.25, 

showing that energy consumption per capita increases by 0.25 % when there is a 1% 

increase in the capital stock. The variable of the population has a positive significant 

impact on consumption per capita that it is consistent with the finding of Islam, Shahbaz et 

al. (2013) and Omri (2013). The coefficient of GDP per capita and financial development 

have not a significant impact on energy consumption per capita.   

Table 2. Results of equation (1) 

Energy  equation 

Variables Coefficients t 

Intercept 11.43
*** 

10.73 

ln(CO2) 0.02
*** 

5.94 

ln(GDP) -0.004 -1.18 

ln(L) 0.38
*** 

5.97 

ln(K) 0.25
*** 

9.70 

Ln(FD) -0.005 -0.74 

Ln(POP) -0.08
*** 

-3.11 

W * Ln(E) 0.19
*** 

6.77 

(Buse) R
2
 0.98 - 

(Buse) R
2
Adj 0.98 - 

Raw Moments R
2
 0.99 - 

Raw Moments R
2
 

Adj 

0.99 - 

* Statistical significance at 10% level. 

** Statistical significance at 5% level. 

***Statistical significance at 1% level. 



 

 

 

The empirical results of equation (2) are presented in Table 3.  It appears that 

energy consumption has a significant positive impact on CO2 emission. The coefficient is 

0.78, indicating that CO2 emissions per capita increase by 0.78% when there is 1% 

increase in the energy consumption per capita. This result is in line with the findings of 

Halicioglu (2009) and Arouri, Youssef et al. (2012). The coefficient of GDP per capita has 

a positive significant impact on CO2 emission per capita. The coefficient is 0.02, indicating 

that CO2 emission per capita increase by 0.02% when there is a 1% increase in GDP per 

capita it is consistent with the finding of Wang, Zhou et al. (2011), Arouri, Youssef et al. 

(2012), Lee (2013) and Omri (2013). Trade openness has not a significant impact on CO2 

emission per capita. The variable of urbanization has a significant positive impact on CO2 

emission. The coefficient is 0.53, indicating that CO2 emissions per capita increase by 

0.53% when there is a 1% increase in urbanization. it is consistent with the finding of Omri 

(2013) for 14 MENA countries. 

 

Table 3. Results of equation (2) 

CO2 equation 

Variables Coefficients t 

Intercept -14.40
*** 

-12.12 

ln(E) 0.78
*** 

12.23 

ln(GDP) 0.02
* 

1.72 

ln(TO) 0.03 1.15 

ln(UR) 0.53
*** 

4.51 

W * Ln(CO2) 0.06
** 

2.06 

(Buse) R
2
 0.99  

(Buse) R
2
Adj 0.99  

Raw Moments R
2
 0.99  

Raw Moments R
2
 

Adj 

0.99  

* Statistical significance at 10% level. 

** Statistical significance at 5% level. 

***Statistical significance at 1% level. 

 

Therefore, according to the achieved results, there is a bi-directional causal 

relationship between energy consumption and CO2 emission. Fig 3 summarize the model 

results of Table 2 and 3.    



 

 

 

 

 

Fig 3. Interaction between CO2, Energy  

 

Conclusion 

The objective of this paper was to investigate the relationship between CO2 

emission and energy consumption in selected developing countries. There is no study that 

examined the relationship between CO2 emissions and energy consumption by using of 

spatial panel simultaneous equation models. 

The results of paper show that energy consumption enhances CO2 emissions. There 

is a bi-directional causal relationship between energy consumption and CO2 emission. Our 

results also show that the effect of GDP per capita on CO2 emissions. The empirical results 

show the energy consumption and environmental pollution in any country are affected by 

these factors in neighboring countries.  

The econometrics relationship indicates that the reducing CO2 emission in 

developing countries is depended on to reform of energy consumption pattern and the 

renewable energy replaces fossil fuels in production simultaneously in these countries. 

Therefore, for achieving sustainable development in these countries it is necessary to 

contribute in international agreements for the management of CO2 emission and energy 

consumption.  
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