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ABSTRACT

This paper examined the impact of fossil fuel price and carbon dioxide 
(CO2) emission on renewable energy, using a sample of 14 Asian 
developing countries from the years 2000 to 2018. Fossil fuel prices, 
mainly those of crude oil and coal, are positively related to renewable 
energy capacity. CO2 emission is also a positive driver, indicating the 
significance of environmental concern. The results were consistent for 
both the upper-middle-income and lower-middle-income countries. 
Between fossil fuels and CO2 emission, the positive impact of CO2 
emission outweighed that of fossil fuels. From a policy perspective, 
this paper concurs the need to shift huge subsidies away from fossil 
fuels to renewable energy and to enforce a heavy tax on CO2 emission 
for a sustainable environment.
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INTRODUCTION

This paper examines the impact of fossil fuel price and carbon dioxide 
(CO2) emission on renewable energy capacity from the context of 
Asian developing countries. Asia has great potential for renewable 
energy resources, such as terrestrial wind and solar power in China 
and Vietnam, hydro and solar power in Malaysia, and geothermal 
energy in Indonesia and the Philippines. Nonetheless, the transition 
from non-renewable to renewable energy is slow. Asia accounted for 
54 percent of the new renewable energy capacity in 2019; however, 
this capacity was mainly in China (International Renewable Energy 
Agency, 2019). 

Excluding China, the potential in other Asian developing countries, 
many of which are lower-middle-income countries, is relatively 
untapped (Kariuki, 2018). One of the barriers to switching to 
renewable energy sources is cost disadvantage. Despite the decreasing 
price of renewable technologies, the production of renewable energy 
remains expensive and unaffordable for many developing countries 
as the renewable technologies have to be imported (Kariuki, 2018). 
Therefore, fossil fuels remain the dominant energy sources, although 
they are unsustainable given the rapid population growth, increasing 
energy demands, and volatile fossil fuel prices.

Hypothesis 1 examines the relationship between fossil fuel prices (oil, 
coal, and natural gas) and renewable energy. It is hypothesized that 
fossil fuel prices are positively related to renewable energy capacity on 
the basis of cost disadvantage. Higher fuel prices increase the burden 
on countries to continue supplying affordable energy to individuals 
and businesses. Globally, fossil fuel subsidies increased from $287 
billion in 2016 to $438 billion in 2018 with increasing fuel prices. 
In 2019, the fuel subsidies decreased by $120 billion, largely due to 
decreasing fuel prices (International Energy Agency, 2020). Instead 
of increasing the fuel subsidies, it would be more sustainable to 
subsidize renewable investments so that renewable energy would be 
cost competitive as compared to non-renewable fossil fuels (Carley, 
2009).

This study also determines whether environmental concern motivates 
the adoption of renewable energy among Asian developing countries. 
The major concern is the greenhouse gas emissions from the burning 
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of fossil fuels. Although there is a decreasing trend of CO2 emissions, 
the effort is mainly driven by advanced economies (International 
Energy Agency, 2020). Excluding these advanced economies, about 
80 percent of the 400 metric megaton increase in CO2 emissions 
in 2019 were due to Asian countries. Evidently, six of the Asian 
developing countries (Bangladesh, Myanmar, Nepal, the Philippines, 
Thailand, and Vietnam) are among the ten countries that most affected 
by climate change in the last two decades (Eckstein et al., 2019). 
Therefore, Hypothesis 2 posits that CO2 emission should be positively 
related to renewable energy capacity because it is critical to mitigate 
the adverse effect of climate change on achieving sustainability 
(Rustemoglu & Andres, 2016). 

This study contributes toward the growing literature on renewable 
energy in the following ways. First, it provides empirical evidence 
from the perspectives of Asian developing countries, where the 
motivations to adopt renewable energy among the countries, whether 
upper-middle-income or lower-middle-income countries, are 
significantly driven by fossil fuel prices and CO2 emission. The results 
agree with the common view that fossil fuel prices (e.g. Apergis & 
Payne, 2014; Bird et al., 2005; Chang et al., 2009) and CO2 emission 
(e.g. Aguirre & Ibikunle, 2014; Omri & Nguyen, 2014; Sadorsky, 
2009a; Salim & Rafiq, 2012) are positively related to renewable 
energy. Second, this study concurs that renewable energy can be a 
substitute for crude oil and coal (Apergis & Payne, 2014) and as a 
complementary energy source for natural gas because the latter is 
relatively clean as compared to crude oil and coal (Sadorsky, 2009a; 
Omri & Nguyen, 2014). Third, environmental concerns are found to 
outweigh cost concerns. This paper argues that this is potentially due 
to the global pressure to decrease CO2 emissions that are currently 
rising. The rest of the paper is organized as follows: Section 2 details 
the methods used, while Section 3 is on the data, followed by Section 
4 that discusses the results. Section 5 concludes the paper. 

METHODOLOGY

This study examines the hypotheses by using the multivariate 
panel data regression model (Gozgor eta al., 2020; Przychodzen & 
Przychodzen, 2020). In line with Gozgor et al. (2020) and Sisodia and 
Soares (2014), the random effects are controlled. The choice is further 
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validated using the Hausman test. The empirical model is specified 
below:

                                                                                            

(1) 
                                    

Data 

A sample of 14 Asian developing countries were used in this study, 
namely Bangladesh, Bhutan, Cambodia, China, India, Indonesia, 
Laos, Malaysia, Mongolia, Myanmar, the Philippines, Sri Lanka, 
Thailand, and Vietnam. These countries were selected based on 
the availability of data. In total, there is a balanced panel dataset of 
266 annual observations, spanning from 2000 through 2018. The 
dependent variable, renewable energy capacity, was collected from 
the International Renewable Energy Agency (IRENA) website. 
Figure 1 presents the average annual renewable energy capacity for 
the sample.

 
Figure 1. Renewable energy capacity of Asian developing countries 
for the years 2000 to 2018. 3 
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Over the years, the renewable energy capacity of these developing 
countries had increased from 8,728 megawatts in 2000 to 62,883 
megawatts in 2018. This significant rise was mainly driven by China’s 
renewable energy policies. Excluding China, the annual average 
renewable energy capacity showed a slower increase, from 3,565 
megawatts in 2000 to 14,194 megawatts in 2018. Moving on, relatively 
close per capita values occurred even when China was excluded from 
the sample, as shown in Figure 2. This implied an underutilization of 
renewable energy sources among these developing nations.

Figure 2. Renewable energy capacity per capita of Asian developing 
countries for the years 2000 to 2018.

The independent variables, fossil fuel price and CO2 emission, were 
collected from the World Bank and Global Carbon Atlas websites, 
respectively. The prices of crude oil, coal, and natural gas were then 
recorded. The total CO2 emissions arising from the use of fossil 
fuels were measured per capita. Both the independent and dependent 
variables appeared in natural logarithmic form. Additionally, this 
study controlled GDP growth, population growth, and unemployment 
rate, while China and the upper-middle-income countries were 
included using dummy variables to account for any potential bias that 
might result from the significant differences among the countries. The 
description of each variable is summarized in Table 1.
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Table 1 

Description of the Observed Variables 

Variables Description Source
LnRenewable 
energy

The natural logarithm form of the 
maximum generating capacity of power 
installations that use renewable sources 
to generate electricity, measured in 
megawatts.

IRENA

LnCrude oil The natural logarithm form of the 
equally weighted average price 
of Brent, Dubai, and West Texas 
Intermediate crude oil in US$ per 
barrel.

World Bank

LnCoal The natural logarithm form of the coal 
price in US$ per metric ton.

World Bank

LnNatural gas The natural logarithm form of the 
natural gas price in US$ per million 
Btu.

World Bank

LnCO2 The natural logarithm form of the 
carbon dioxide (CO2) emissions from 
the use of fossil fuels, measured in 
million tons of CO2.

Global 
Carbon Atlas

LnCO2 per capita The total carbon dioxide (CO2) 
emissions divided by the population 
of a country. The value is also in the 
natural logarithm form.

Global 
Carbon Atlas

GDP growth The annual percentage growth rate of 
gross domestic product (GDP) at market 
prices based on constant local currency.

World Bank

Population growth The annual percentage growth rate of 
individuals in a population.

World Bank

Unemployment The percentage of labor force that is 
without work but is available for and 
seeking employment.

World Bank

China A dummy variable that takes the value 
of 1 if the observed country is China 
and 0 otherwise.

-

Upper middle A dummy variable that takes the value 
of 1 if the observed country is an upper-
middle-income country and 0 otherwise.

World Bank
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RESULTS

Table 2 summarizes the descriptive statistics of the variables for 
Sample 1 and Sample 2, which excludes China. Panel A presents 
the non-transformed values of the key variables, while Panel B 
shows the natural logarithmic values of the variables. For Sample 
1, the average renewable energy capacity was at 25,911 megawatts, 
reaching a maximum capacity of 695,831 megawatts. In Sample 2, the 
average renewable energy capacity was only 7,183 megawatts, with 
a maximum capacity of 117,955 megawatts. However, the average 
renewable energy per capita was about 196 watts, with a maximum 
value of 2,238.76 watts for both samples. 

The average prices of crude oil, coal, and natural gas were 
US$62.84 per barrel, US$69.22 per metric ton, and US$4.68 per 
million Btu, respectively. In terms of greenhouse gas emissions, 
for Sample 1, the average CO2 emission was 733 million 
tons, or 2.24 tons per capita, while for Sample 2, the average 
CO2 emission was 220.34 million tons, or 2 tons per capita.  
In terms of GDP growth, population growth, and unemployment rate, 
the average values were approximately similar for both samples.

Table 3 presents the mean values of the country-specific variables. 
Among the 14 developing countries, China, Malaysia, Sri Lanka, and 
Thailand are upper middle-income countries. Out of these four, China 
reported the highest renewable energy capacity of 269,375 megawatts 
or 198.82 per capita. Malaysia reported the highest CO2 emissions per 
capita of 7.14, followed by China at 5.52 and Thailand at 3.62. On 
the other hand, India led the lower-middle-income countries with the 
highest renewable energy capacity of 55,618 megawatts; nevertheless 
the per capita value was low at 44.63. In contrast, Bhutan’s per capital 
value was 1.611.23. India also had relatively higher CO2 emissions. It 
ranked fourth after Mongolia, Indonesia, and Vietnam in terms of CO2 
emissions per capita. 

Table 4 presents the Pearson correlation matrix for the observed 
variables. Although LnCrude oil and LnCoal were highly correlated 
with a coefficient of 0.88, this was not a problem because these two 
variables were used in different models. Overall, the correlation 
matrix suggested that thee regression model did not suffer from 
serious multicollinearity problems, which was also confirmed using 
the Variance Inflation Factor (VIF) test (mean VIF value = 1.43). 
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Table 5 reports the estimates of the regression analysis. Based on 
Models 1 and 2, crude oil and coal prices were positively related to 
renewable energy capacity. This positive relationship implied that as 
the prices of crude oil and coal increased, there was a higher demand 
for renewable energy to substitute fossil fuels (Apergis & Payne, 
2014; Bird et al., 2005; Chang et al., 2009), seemingly driven by cost 
concerns. It is argued that when fossil fuel prices are high, additional 
fuel subsidies have to be incurred to continue supplying affordable 
energy, especially for lower-middle-income countries. Nonetheless, 
this is deemed as unsustainable in the long run.

Instead, the emphasis should be on allocating subsidies to renewable 
energy sources to improve the cost competitiveness of renewable 
energy as compared to non-renewable fossil fuels (Carley, 2009). 
Gradually, the lower cost of renewable energy would replace fossil 
fuels like crude oil and coal, which have rising costs due to increased 
fossil fuel consumption and high risk of resource scarcity (Kaberger, 
2018). This is specifically true for Asian developing countries with 
rapidly growing populations that depend on fossil fuels. These 
statistics support Hypothesis 1. On the other hand, natural gas prices 
were negatively related to renewable energy capacity. A potential 
explanation for this inverse relationship is that natural gas is a 
relatively clean fossil fuel as compared to crude oil and coal. This 
suggests that renewable energy could be more of a complementary 
energy source (Sadorsky, 2009a; Omri & Nguyen, 2014). 

This study found consistent evidence in support of Hypothesis 2 that 
CO2 emission was positively related to renewable energy capacity, 
which was in line with existing studies (Aguirre & Ibikunle, 2014; 
Omri & Nguyen, 2014; Sadorsky 2009a; Salim & Rafiq, 2012). A 
consistent positive relationship was reported when CO2 emissions 
per capita were used as proxy for CO2 emissions (refer to Model 
4). Therefore, the higher the CO2 emissions, the more urgent the 
call becomes for a country to take drastic initiatives to promote and 
increase the renewable energy capacity. Between fossil fuels and CO2 
emission, the effect of CO2 emission on renewable energy outweighed 
that of fossil fuels.

For the control variables, only GDP growth and population growth 
were significant. The negative coefficients of GDP growth suggested 
that higher GDP growth led to lower renewable energy capacity. 
This discovery contradicted with existing research, such as that of 
Przychodzen and Przychodzen (2020), with evidence from transitional 
economies in Central and Eastern Europe, Caucasus, and Central Asia.
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Their argument was consistent with Apergis and Payne (2014), Fan 
and Hao (2020), Gan and Smith (2011), Marques et al. (2010), and 
Sadorsky (2009a), whereby high income countries are more likely to 
invest in renewable energy because these countries have the capacity 
to afford the cost of renewable energy technologies. It is argued that 
the conflicting results were mainly due to the different development 
goals of lower-middle-income countries from those of high-income 
countries. For example, from Table 3, even though the lower-middle-
income countries such as Cambodia (9.13% ) and Mongolia (9.93%) 
reported the highest mean GDP growth, their mean renewable energy 
capacities were among the lowest in the sample. 

Models 3 through 6 indicated that population growth was related to 
lower renewable energy capacity, which agreed with the work by 
Aguirre and Ibikunle (2014). High population growth translates to 
high energy demand. Renewable energy is a new concept for many 
developing countries, and thus the supply may not be sufficient 
or consistent enough to meet the demands of an entire country’s 
population. To provide sufficient energy supply, these countries 
must depend on fossil fuels, which are more affordable, instead of 
renewable energy. The analysis was then repeated using Sample 2, 
which excluded China. The results are reported in Models 7 through 
9. The analysis was also repeated using the natural logarithm of 
renewable energy capacity per capita as the dependent variable. 
Consistently, the results provided evidence in support of Hypotheses 
1 and 2. Although the results are not included here for brevity, they are 
available upon request. 

Table 6 reports the results of the sub-sample analysis to control any 
potential bias due to differences in the countries’ size and income 
levels. The regression analysis was repeated using the lower-middle-
income countries, upper middle-income countries, and upper middle-
income countries excluding China. Consistently, results from these 
three sub-samples were in line with those reported in Table 5. 
Therefore, it can be concluded that the capacity of renewable energy 
increases when the fossil fuels become more expensive, especially 
crude oil and coal. In simple terms, cost disadvantage is a significant 
concern. CO2 emissions are another significant reason for these 
countries to increase renewable energy capacity, which would also 
mean increasing investment in renewable energy.
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CONCLUDING REMARKS

Even though Asia has great potential for renewable energy resources, 
the potential is relatively untapped, particularly among developing 
countries that are highly dependent on fossil fuels for energy. This 
mainly results from cost disadvantage. In addition, CO2 emissions 
are high in these countries. This study shows that fossil fuel prices 
and CO2 emission provide significant motivation for the adoption of 
renewable energy, which can substitute crude oil or coal but not for 
natural gas, for both the upper-middle-income and lower-middle-
income countries. The findings further supported the call to reduce 
fossil fuel dependency and CO2 emissions. 

Policymakers should revisit the existing fossil fuel subsidies 
regulations and respond to the global call to remove fossil fuel 
subsidies progressively so that fossil fuels are no longer a cheaper 
energy alternative. Instead, the subsidies should be allocated to 
finance investment in renewable energy development to increase 
the cost competitiveness of renewable energy sources. Lower cost 
translates to better investment returns and could attract renewables 
investment from the private sector. However, a lack of legislation 
would discourage investment in renewable energy from the private 
sector. This paper proposes that governments and policymakers 
consider stakeholders’ interests and shareholders’ protections in their 
decisions to attract not only local investments from the private sector 
but also foreign investment. 

Next, this study found that high CO2 emission led to high renewable 
energy capacity. It is argued that these developing countries are under 
pressure to decrease their high CO2 emissions due to environmental 
concerns. However, the transition to renewable energy is still slow. 
Therefore, the second call for legislative change lies in the importance 
of developing policies and regulations that restrict greenhouse gas 
emissions to motivate the adoption of renewable energy to mitigate 
the adverse consequences of climate change. 

Note that due to data limitations, the study only included 14 Asian 
developing countries. Thus, it is recommended for future studies to 
consider more Asian countries in the sample of examination. Future 
studies can also conduct a comparison study between developing and 
developed countries and/or examine renewable energy by types such 
as wind, hydro, geothermal, biomass, and others.
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