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Abstract. Fossil fuel-producing countries have access to low-cost primary energy sources, 

which could be converted into cheap secondary energies like electricity. Although, it is worth 

noting that this process always generates a high rate of emissions. Most of the energy-related 

emissions in fossil fuel-producing countries are caused by power plants. This study focuses on 

data from seven major fossil fuel-producing countries of the Middle East from 2000 to 2018. 

These countries include Bahrain, Iran, Oman, Qatar, Kuwait, Saudi Arabia, and the United Arab 

Emirates. The analysis is based on a dynamic panel data model using GMM techniques. The 

results show that switching from oil-fired power plants to natural gas-fired power plants does 

not reduce power plant CO2 emissions. However, fuel switching could be an effective climate 

policy in cases where electricity is generated by burning low-quality oil products. Our analysis 

also indicates that by increasing the thermal efficiency of power plants, CO2 emissions in fossil 

fuel-producing countries could be reduced. To conclude, we recommend incorporating power 

plant efficiency improvements into emission reduction efforts in fossil fuel-producing counties.  

Keywords: Power Plant Emissions, Dynamic Panel Data, Thermal Efficiency, Fossil Fuel-

Producing Countries, Fuel Switching

 

INTRODUCTION 

Carbon neutrality is a global goal, and under the Paris Agreement, the global average 

temperature increase will be well below 2°C and efforts will be made to limit it to 1.5°C above 

pre-industrial levels over the long term (Schleussner et al., 2016). To achieve the goal of a net-

zero economy, innovative sectoral partnerships, and increased funding support were included in 

the Glasgow Agreement (Mountford et al., 2021). The most significant source of carbon
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emissions from human activities is the from burning of fossil fuels in for electricity generation. 

Approximately 80% of global energy is derived fromExtreme consumption of fossil fuels 

represent about 80% of the global energy (Alalwan et al., 2019). In fossil fuel-producing 

countries,Most of  electricity is primarily generatedion in the fossil fuel countries comes fromby 

low efficiency fossil fuel power plants.  

Therefore, decarbonizing the electricity sector is critical to achieving emission goals in fossil 

fuel-producing countries. 

More efficient power plants produce fewer emissions because they burn less fuel per unit of 

electricity generated. Major technology retrofits would likely result in a significant reduction in 

GHG emissions (Campbell, 2015). 

Main fossil fuel-producing countries generated 1537 million tons of CO2 in 2018 and are 

responsible for 5% of the world’s total emissions (BP, 2020; Institute, 2020). In these countries, 

almost 35% of CO2 emissions are emitted from thermal electricity generation (IEA, 2020). Power 

plants that burn oil and low-quality petroleum products cause another environmental issue in fossil 

fuel-producing countries. This is because these power plants emit more emissions compared to 

gas-fired power plants. In fossil fuel-producing countries, cheap fossil fuel resources present a 

barrier to the penetration of non-fossil fuel sources, including renewable energies (Painuly, 2001). 

In Middle Eastern fossil fuel-producing countries, power generation has low thermal 

efficiency. In the hot and humid regions, modern combined cycle turbines can achieve an 

efficiency of 50%. Despite that, in Middle Eastern fossil fuel-producing countries, the efficiency 

of gas-fired power plants barely exceeds 40%. As the thermal efficiency throughout the region is 

increased to a higher level, significant fuel savings and emission reductions will be possible 

(IRENA, 2019). 

This paper evaluates how thermal efficiency impacts carbon emissions in major fossil fuel-

producing countries. Natural gas is a relatively clean burning fossil fuel for power generation. 

Compared to petroleum products, burning natural gas results in fewer carbon emissions and 

generates an equal amount of electricity (EIA, 2020). Furthermore, the ratio of electricity 

generated from oil and petroleum products to gas-fired electricity generation is another key 

explanatory variable for (predicting/explaining) power plant emissions in fossil fuel-producing 

countries. This study uses the Generalized Method of Moments (GMM) model, the most common 

method for estimating dynamic panel data, as proposed by (Blundell & Bond, 1998). 

The remainder of the article is organized as follows: Literature review presented in section two; 

Methodology described in section three; results presented in section four, and the conclusion given 

in section five. 

 LITERATURE REVIEW 

Several scholars have argued that improving the efficiency of fossil fuel power plants could 

reduce CO2 emissions. EPA (2010) determined that carbon emissions per unit of electricity are 

likely linked to the thermal efficiency of fossil fuel power plants in the United States.  

NETL (2008) suggested that if reducing emissions was the goal, improving heat rate efficiency 

could allow power plants to generate the same amount of electricity using less fuel, thus 

decreasing CO2 emissions. In conclusion, increasing efficiency from 32% to 36% resulted in a 

2.5% reduction in the US CO2 emission rate in 2008. Similarly, Campbell (2013) suggested that 

to reduce emissions, the USA Congress could use tax incentives to encourage energy-efficient 

upgrades to power plants. 
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Song et al. (2018) indicated that developing natural gas-fired power plants would be an 

effective solution for a short-term GHG emission reduction in China. According to Rodrigues et 

al. (2020) the main drivers of the decrease in carbon emissions between 2000 and 2007 in the EU 

were changes in the fossil fuel mix, replacing coal with gas, and increasing electricity generation 

efficiency. By analyzing sample power plants, Alavijeh et al. (2013) concluded that increasing the 

efficiency of power plants could lower the emission factor of the power industry. Jorgenson et al. 

(2016) found that decreasing disproportionality among fossil-fuel power plants by focusing on 

those at the upper end of the distribution that burns fuels less efficiently might alleviate emissions 

from the power industry (Song et al., 2018).  

J. Wang et al. (2021) showed that thermal power generation efficiency was a dominator in 

emissions reduction, followed by the use of renewable energies in electricity generation. The same 

results have been observed for coal emissions by Ali et al. (2021), Sharma and Kautish (2020), 

and Peng et al. (2021). Other researchers, such as Jindal and Nilakantan (2021) and N. Zhang and 

Choi (2013), focus more on innovation drivers in power plants. 

However, some scholars have argued that improving efficiency may actually cause an increase 

in emissions. Jevon’s writing is the source of this argument (Alcott, 2005). Jevons wrote that any 

improvement in engine performance accelerates the consumption of coal (Jevons, 2007). 

Grant et al. (2014) found that while US power plant efficiency led to lower CO2 emission rates, 

it raised CO2 emission levels.  

 METHODOLOGY 

Based on the dynamic nature of carbon emissions, the following model is proposed: 

𝑙𝑛 𝑃𝑒𝑚𝑖. 𝑐𝑖,𝑡 = 𝛽0 + 𝛽1 𝑙𝑛 𝑃𝑒𝑚𝑖. 𝑐𝑖,𝑡−1 + 𝛽2 ln 𝐺𝐷𝑃. 𝑐𝑖,𝑡 +𝛽3 𝑙𝑛2 𝐺𝐷𝑃. 𝑐𝑖,𝑡 + 𝛽4 ln 𝐸𝑓𝑓𝑖,𝑡 +

 𝛽5ln𝑂𝐺𝑅𝑎𝑡𝑖𝑜𝑖,𝑡 + 𝛽6ln𝑈𝑟𝑏𝑎𝑛𝑖,𝑡  + 𝛽7 ln 𝑇𝑟𝑎𝑑𝑒𝑖,𝑡 + 𝜀𝑖,𝑡    (1) 

ln 𝑃𝑒𝑚𝑖. 𝑐𝑖,𝑡 Represents the per capita carbon emission of electricity generation of country i at 

time t, and  ln 𝑃𝑒𝑚𝑖. 𝑐𝑖,𝑡−1 is the first-order lag of dependent variable in logarithm form.  

ln 𝐺𝐷𝑃. 𝑐𝑖,𝑡 Is the real GDP per capita in logarithm form and 𝑙𝑛2 𝐺𝐷𝑃. 𝑐𝑖,𝑡 is the quadradic form 

of real GDP per capita. ln 𝐸𝑓𝑓𝑖,𝑡  Denotes electricity generation thermal efficiency index. 

ln𝑂𝐺𝑅𝑎𝑡𝑖𝑜𝑖,𝑡 Shows the ratio of types of fuel used in power plants. In order to find out the 

emission drivers, demographic indicators such as urbanization trend and trade trend gas been 

included in the model (Farzanegan & Markwardt, 2018; Gholipour & Farzanegan, 2018). 

ln 𝑈𝑟𝑏𝑎𝑛𝑖,𝑡  Is trade volume (% of GDP), and finally ln 𝑇𝑟𝑎𝑑𝑒𝑖,𝑡  is urbanization trend (% of 

population). 

𝛽1, … , 𝛽7 Are the estimated coefficients. We expect 𝛽1, 𝛽2, 𝛽5,  𝛽6, 𝛽7 to be positive and 𝛽4 be 

negative. 𝛽4 Is the most critical coefficient in this study. Positive 𝛽4 refer to disadvantageous and 

negative 𝛽4 refer to advantageous of thermal efficiency improvement for climate change. This 

study analyzed the model (Eq.1) using dynamic panel data GMM estimator (Arellano & Bond, 

1991). 

 RESULTS 

This study used seven country panel data from 2000 to 2018. Variables come from the 

International Energy Agency (IEA) and the World Bank. Power plant carbon emission is a 
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dynamic nature variable and lag variable plays an important role. GDP per capita and power plant 

efficiency are crucial dependent variables (Y. Wang et al., 2019; K. Zhang et al., 2017). 

Table1. Shows the descriptive statistics for all variables. Power plant CO2 emissions per capita 

refer to per capita emissions from all types of electricity and heat generation including coal, oil, 

and gas (IEA, 2020). Average logarithm of emissions in these countries is 1.9 tons of CO2.  

GDP per capita is gross domestic product divided by midyear population (IEA, 2020). 

According to the gathered data, the maximum real GDP was earned by Qatar in 2011 by 69,679 

dollars. In contrast, Iran earned the minimum amount in 2001 by 4,794 dollars.  

Efficiency of thermal power plants is another explanatory variable. We utilized the index of 

thermal efficiency of electricity plants including CHP index (2000 = 100) (EIA, 2020). The 

highest and lowest efficiencies were reported in Oman in 2018 and United Arab Emirates in 2004, 

respectively.  

In fossil fuel-producing countries, another key factor that impacts emissions is the ratio of 

electricity generation from oil (petroleum product) to natural gas. As the top oil-fired electricity 

generator in fossil fuel-producing countries, Kuwait uses oil-fired electricity generation two times 

as much as gas-fired electricity generation, while this ratio is 0.51 for all seven countries studied. 

Table 1. Descriptive statistics of the variables 

Panel-A:                                                             Total Statistics 

Max Min Std. Dev. Mean Obs. Units Variables/Statistics 

2.8 0.09 0.74 1.9 133 tCO2 ln 𝑃𝑒𝑚𝑖. 𝑐𝑖,𝑡 

69,679 4,794 19,329 31,037 132 Constant 2010 US$ 𝐺𝐷𝑃. 𝑐𝑖,𝑡 

171.2 79.6 20.2 113.4 133 Index 𝐸𝑓𝑓𝑖,𝑡 

3.72 0 0.83 0.51 127 Ratio 𝑂𝐺𝑅𝑎𝑡𝑖𝑜𝑖,𝑡 

4.6 4.16 0.12 4.44 133 % ln𝑈𝑟𝑏𝑎𝑛𝑖,𝑡   

5.25 3.66 0.37 4.54 132 % ln 𝑇𝑟𝑎𝑑𝑒𝑖,𝑡   
 

Panel-B:                                                             Country Statistics 

𝐥𝐧 𝑻𝒓𝒂𝒅𝒆𝒊,𝒕  𝐥𝐧𝑼𝒓𝒃𝒂𝒏𝒊,𝒕  𝑶𝑮𝑹𝒂𝒕𝒊𝒐𝒊,𝒕 𝑬𝒇𝒇𝒊,𝒕 𝑮𝑫𝑷. 𝒄𝒊,𝒕 𝐥𝐧𝑷𝒆𝒎𝒊. 𝒄𝒊,𝒕 Country/Variables mean 
4.98 4.48 0.003 107.64 21,808 2.73 Bahrain 
3.85 4.24 0.261 98.53 5,997 0.49 Iran 
4.65 4.33 0.075 122.62 17,404 1.34 Oman 
4.53 4.58 0.000 137.92 64,484 2.21 Qatar 
4.53 4.60 1.982 102.02 40,139 2.60 Kuwait 
4.33 4.40 1.085 114.47 19,649 1.79 Saudi Arabia 
4.93 4.42 0.028 110.56 46,456 2.13 United Arab Emirate 

The total and per capita power plant emissions of these countries have been shown in Fig 1. The largest contributors 

of power plant emissions in these countries are Saudi Arabia and Iran. By comparing CO2 emissions per capita, 

countries dependent on fossil fuels have completely changed their order. Bahrain and Iran had the highest and lowest 

average power plant emission per capita in the world by 15.4 and 1.7 t/year CO2, respectively. 
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(a)-Total emission  

 
(b)- Per capita emission 

Figure 1. Power plant emissions in selected fossil fuel-producing countries (IEA 2020) 

Fig 2. Describes the predicted effects of selected dependent variables (power plant thermal 

efficiency and oil/gas-fired power generation ratio) on power plant CO2 emissions in the bivariate 

regression. Thermal efficiency and emissions are negatively correlated, meaning that with more 

thermal efficiency, less fuel is burned and therefore less emissions are released. In bivariate 

analysis, a positive correlation has been observed, indicating that more oil-fired power plants 

produce more emissions in fossil fuel-producing countries. 

 

 
(a)-thermal efficiency  

 
(b)-oil /gas-fired power generation ratio  

Figure 2. Bivariate effect of selected dependent variables on CO2 emissions 

In order to determine whether the bivariate relationships detected in Fig 2 can be explained by 

other relevant determinants, we conducted multi-variate regression analyses of the power plant 

emission factors. Table 2 shows the degree of co-movement between variables using the 

correlation matrix. According to the data, there will be no serious problem with multicollinearity. 
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 Table 2. Correlations for the panel data set  

ln 𝑇𝑟𝑎𝑑𝑒𝑖,𝑡   ln𝑈𝑟𝑏𝑎𝑛𝑖,𝑡   𝑂𝐺𝑅𝑎𝑡𝑖𝑜𝑖,𝑡 ln𝐸𝑓𝑓𝑖,𝑡 ln𝐺𝐷𝑃. 𝑐𝑖,𝑡 ln 𝑃𝑒𝑚𝑖. 𝑐𝑖,𝑡  

     1.0000 ln 𝑃𝑒𝑚𝑖. 𝑐𝑖,𝑡 

    1.0000 0.5261 ln𝐺𝐷𝑃. 𝑐𝑖,𝑡 

   1.0000 0.2429 -0.1259 ln𝐸𝑓𝑓𝑖,𝑡 

  1.0000 -0.5704 0.0548 0.3349 ln𝑂𝐺𝑅𝑎𝑡𝑖𝑜𝑖,𝑡 

 1.0000 0.3465 0.3300 0.3445 0.3451 ln𝑈𝑟𝑏𝑎𝑛𝑖,𝑡   

1.0000 0.3048 -0.2481 0.2107 0.2142 0.4765 ln 𝑇𝑟𝑎𝑑𝑒𝑖,𝑡   

The stationary test was performed prior to using the dynamic panel model. The Im-Pesaran-

Shin (IPS) stationary test indicates that all variables of the model are integrated of the same order 

(I (1)).  

Table 3 presents the estimated results of dynamic panel data models. The coefficient of the 

lagged dependent variable is significantly positive in three models, indicating that previous year 

emissions significantly affect current year emissions. This is due to the lag in any carbon capture 

installation, as well as the lag in demand side and consumer behaviour adjustment.  

GDP per capita is statistically insignificant, implying that GDP per capita is not a driver of 

power plant CO2 emissions in fossil fuel-producing countries. Which rejects the Kuznets curve 

hypotheses.  

For model 2 and 3, the thermal efficiency coeffiecient is statistically significant in all models 

by one percent. This means that a one percent increase in thermal efficiecy could decrease power 

plant emissions by 0.7 percent. Accordingly, lnO/GRatio𝑖,𝑡 has an insignificant statistical 

coefficient, meaning that compared to using gas to generate electricity, burning oil product, such 

as heavy oil and gasoline, does not lead to higher emissions in fossil fuel-producing countries.  

ln 𝑈𝑟𝑏𝑎𝑛𝑖,𝑡  and ln 𝑇𝑟𝑎𝑑𝑒𝑖,𝑡  are siginificant in all models, suggesting that demographic factors 

are influential in power plant emissions. 

Table 3. The results of panel dynamic panel data analysis model (Arellano and Bond estimation) 

(3) (2) (1) Independent Variables. 

0.36*** 

(0.145) 

0.41*** 

(0.164) 

0.61*** 

(0.170) 
ln 𝑃𝑒𝑚𝑖. 𝑐𝑖,𝑡−1 

-0.72 

(1.26) 

-0.36 

(1.25) 

1.45 

(1.43) 
ln 𝐺𝐷𝑃. 𝑐𝑖,𝑡 

0.04 

(0.064) 

0.03 

(0.073) 

-0.062 

(0.073) 
ln2 𝐺𝐷𝑃. 𝑐𝑖,𝑡 

-0.706*** 

(0.098) 

-0.72*** 

(0.093) 

-0.027*** 

(0.093) 
ln 𝐸𝑓𝑓𝑖,𝑡   

-0.002 

(0.009) 

-0.004 

(0.01) 

-0.007 

(0.01) 
ln𝑂𝐺𝑅𝑎𝑡𝑖𝑜𝑖,𝑡 

2.38*** 

(0.43) 

2.38*** 

(0.41) 
- ln𝑈𝑟𝑏𝑎𝑛𝑖,𝑡   

0.073*** 

(0.43) 
- - ln 𝑇𝑟𝑎𝑑𝑒𝑖,𝑡   

-12.7*** 

(3.68) 

-13.5*** 

(3.39) 

-11.6** 

(6.91) 
Constant 

*** Significant on 1% confidence level; ** Significant on 5% confidence level; * Significant on 10% confidence level. 
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Validity and serial autocorrelation in residuals have been investigated by the Sargan and 

Arellani-Bond tests of over-identifying restrictions. According to the p-value of the Sargan test, 

the null hypothesis of no over-identifying restrictions cannot be rejected. Therefore, the Sargan 

test supports the validity of the GMM estimator.  

The Wald test H0 hypothesis (the independent variable has no explanatory power for the 

dependent variable) was rejected (P<0.05), so the entire model was assumed to be significant. 

The Arellano-Bond autocorrelation test has been executed for 1st and 2nd degree 

aurocorrelation. The AR(1) was significant (P>z = 0.020) and AR(2) was insignificant (P>z = 

0.202), implying that there is no second degree autocorrolation. The Sargan test H0 hypothesis can 

not be rejected and therefore, overidentifying restrictions are valid (Z=45.27, P>z =0.036).  

CONCLUSION  

Using panel data of the seven major Middle Eastern fossil fuel-producing countries from 2000 

to 2018, this study empirically analyzed the drivers of power plant CO2 emissions by using a 

dynamic panel data model.  

The regression results showed that at the 1% level, the power plant thermal efficiency 

coefficient was highly significant. It is concluded that increasing the efficiency of power plants 

leads to lower levels of emissions. In other words, a one percent increase in thermal efficiency 

would decrease power sector emissions by 0.7 percent. Converting natural gas-fired power plants 

into combined cycle power plants is one of the most methodical ways to improve the thermal 

efficiency of power plants. To meet climate change targets in the Middle East, the policy 

implication is that conversion of simple cycle power plants to combined cycle power plants in 

fossil fuel-producing countries should be prioritized. 

The oil-to-gas ratio coefficient is insignificant, meaning that compared to natural gas-fired 

power plants, burning oil products, such as heavy oil and gasoline, does not result in more 

emissions. Despite the insignificance of the oil-to-gas ratio coefficient, fuel switching is not totally 

inefficient. According to the research data, fuel switching is an effective remedy for climate 

change in countries where the quality of oil products is low. For instance, Iran's oil and gas-fired 

power plants emit 0.9 and 0.5 ton of CO2/MWh on average, respectively (EIA, 2020). 

The results also show that there is no relation between GDP per capita and power plant 

emissions. A comparison of power plant emissions in fossil fuel and non-fossil fuel-producing 

countries should be considered in further researches. Future studies could assess the emission 

reduction potential of converting simple cycle gas-fired power plants into combined cycle power 

plants at the plant-level. 
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