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Abstract.  This research analyzes the relationship between CO₂ emissions, 

renewable energy consumption, and economic growth (GDP per capita) in 

G20 countries during the period 2010 to 2023. Using panel data and linear 

regression models, the results show that CO₂ emissions have and do not have 

an influence for developed countries, while renewable energy consumption 

is not significant for both developed and developing countries. These 

findings support the need for a clean energy transition to achieve sustainable 

growth. This study provides policy recommendations to reduce dependence 

on fossil energy and accelerate the adoption of renewable energy in the G20 

region. 

1 Introduction 

The G20 countries have a large influence on the global economy [1] the G20 countries control  

80% of members covering world GDP, 75% of global exports and 60% of the global 

population. The size of the global economy of G20 members contributes to CO emissions2 

energy-related around 80% of the total G20 GHG (Greenhouse Gases), according to [2]. 

Some G20 member countries contribute significantly to CO2 (carbon dioxide) emissions and 

are a major factor in global climate change [3].   

The role of G20 countries in determining policies to support achievements in climate 

change. G20 members have a major influence on global energy consumption trends and, in 

turn, on climate change mitigation efforts [4]. Reducing CO emissions2 Significant gains can 

be achieved by increasing the proportion of renewable energy in a country's energy mix. This 

requires integrated policies between fossil energy management and renewable energy 

development [5].  

The transition to renewable energy not only reduces emissions but also creates jobs and 

energy security. Global investment in renewable energy will reach $1.3 trillion by 2022, with 

the G20 as the main contributor [6]. This comprehensive energy problem requires the use of 

energy resources to be managed efficiently [7]. This renewable resource has advantages, one 

of which is that this energy does not produce CO gas emissions2 which pollutes the 

environment. The need for renewable energy consumption using alternative sources such as 
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wind, sun and tidal energy is also found in China who the local governments undertake to 

invest in infrastructure such as energy storage systems and inter-regional transmission 

networks of electricity, which displaces their investment in science and technology and then, 

in the short run, has a negative effect on innovation. Yet, with the expansion of the use of 

renewable energy and a cleaner+quqingyu energy structure, thjhas a positive impact on 

tsumer welfare [8]. 

Growth in GDP per capita is often associated with increased energy consumption, but 

fossil energy-based economic models create a paradox: short-term economic growth, long-

term environmental costs [9]. Developing countries in the G20, such as India and Indonesia, 

which are included in the developing country category, face a double challenge: meeting 

energy needs for economic growth while reducing emission [10]. Meanwhile, developed 

countries, such as the US, Japan are trying to reduce CO2 without sacrificing industrial 

competitiveness. 

2 Methodology 

This research is a type of quantitative research. Quantitative research is carried out to identify 

relationships between variables by testing the hypotheses raised in the research. The literature 

discussed provides a comprehensive understanding of qualitative and quantitative research 

methods in an economic context [11]. The books systematically explain how both approaches 

are used to identify, analyze, and solve economic problems, both through statistical data and 

the exploration of social phenomena. Accompanied by theories, proposal examples, and case 

studies, this literature is very useful for economic students and researchers who want to 

compile scientific papers based on a strong and tested methodology.  

The data used must be measurable so that general conclusions can be drawn. In this 

research, 10 samples of G20 member countries were used, which were grouped into 

developing and developed countries. In this research, it was taken based on developing 

countries and developed countries that are members of the G20 which were grouped based 

on Gross Domestic Product (GDP) per capita, the five highest and the five lowest from their 

respective groups, namely developing countries and developed countries.  

This data processing is based on Gross Domestic Product per Capita. According to the 

IMF, developed countries have a Gross Domestic Product per Capita of more than 40,000 

US Dollars, while developing countries have lower incomes, namely under 20,000 US 

Dollars.  

Table 1. Country Classification. 

Country Classification Sample 

Developing country South Africa, Brazil, India, Indonesia, Türkiye 

Developed Countries United States, Australia, United Kingdom, Germany, 

Canada. 

 

The panel data method is a combination of time series (time series) and cross section 

(cross data), where units cross section the same measurements at different times. This data 

analysis is to determine the relationship between the independent variable and the dependent 

variable. 
  

 
BIO Web of Conferences 199, 02013 (2025) https://doi.org/10.1051/bioconf/202519902013

SAGE-Grace 2025

2



Table 1. Operational Definitions of Variables. 

Variable Definition Code 

Gross Domestic Product per Capita Gross Domestic Product per Capita is 

calculated from the total gross domestic 

product divided by the total population in a 

country in a one-year period. 

GDPC 

CO emissions2 CO₂ emissions are the release of carbon 

dioxide gas (CO₂) into the atmosphere. 

EMCO 

Renewable Energy Consumption Per capita renewable energy consumption   KET 

2.1 Panel data model estimation 

2.1.1 Common effect 

Model Common effect is the most basic model or estimation method in panel data regression. 

This model combines data time series and cross section in pool form and estimate it using 

the approach pooled least square or least squares. This model does not pay attention to the 

time dimension and the individual dimension cross section, so it can be assumed that 

individual behavior does not differ over time. Equation model of common effect this is: 

𝑌𝑖𝑡 = 𝛼 + 𝑋𝑖𝑡𝛽 + 𝜀𝑖𝑡         (1) 

2.1.2 Fixed effect  

Model Fixed Effect is an object that has a constant value that remains constant for various 

periods of time. And the coefficient will remain constant over time. This model calculates an 

intercept that is different for each unit studied but remains constant over time. To estimate a 

Fixed Effects Model with different intercepts between individuals, the dummy variable 

technique is used. This kind of estimation model is often referred to as the LSDV technique 

(Least Squares Dummy Variable). 

2.1.3 Random effect  

Random effect is an approach for estimating panel data whose residuals have the possibility 

of being interconnected across time and individuals. In models random effect, parameters 

that differ between individuals and over time are included in the error so that this model is 

also called a component model error or error component model. This model is used to 

account for differences between units or entities in panel data, using an approach fixed effect. 

If using fixed effect through the LSDV technique, it will show the uncertainty of the model 

used. Model random effect It is useful to overcome this problem by using residual variables. 

𝑌𝑖𝑡 = 𝛼 + 𝑋′𝑖𝑡𝛽 +𝑊𝑖𝑡         (2) 

3 Results and discussion 
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3.1 Regression results method  

3.1.1 Chow test 

The Chow test is a statistical method used to test the most suitable model in regressing panel 

data between models Common Effect Model (CEM) and Fixed Effect Model (FEM). The 

following are the results of the Chow test carried out with samples from developing countries 

and developed countries: 

Table 2. Chow Test. 

Sample Statistic d.f Prob. 

Developing country 73,582 4 0,000 

Developed Countries 62,407 4 0,000 

 

Based on the results of the Chow test above, the probability value in the table above is 

good for the three sample categories, namely, developing countries and developed countries, 

with a result of 0.000 which is smaller than 0.05 which is the significance level. So, the panel 

data model is suitable for use in intermediate test results Common Effect Model (CEM) and 

Fixed Effect Model (FEM), is Fixed Effect Model (FEM).  

3.1.2 Hausman test 

The Hausman test is a method used to test the most suitable model in regressing intermediate 

panel data Random Effect Model (REM) and Fixed Effect Model (FEM). The following are 

the results of the Hausman test carried out on a sample of developing countries and developed 

countries: 

Table 3. Hausman Test. 

Sample Chi-sq 

Statistic 

Chi-Sq. d.f Prob. 

Developing country 15,159 3 0.001 

Developed Countries 88,981 3 0,000 

 

Based on the Hausman test results above, the probability values in the table above are 

good for the three sample categories, namely, developing countries and developed countries, 

with a result of 0.000 which is smaller than 0.05 which is the significance level. So, the panel 

data model is suitable for use in intermediate test results Random Effect Model (REM) and 

Fixed Effect Model (FEM), is Fixed Effect Model (FEM). 

3.2 Panel data analysis  

The constant coefficient value is 84933.39 in the developed countries group and 5074.11 in 

the developing countries group. This shows that if all variables do not change and have a 

value of zero, then the growth of the two groups of countries will remain at 8,4933.39 and 

5074.11 US dollars. 

The coefficient value of the CO2 emission variable shows - 2.61 and 806.45 for developed 

countries if CO2 emissions increase by 1 mentric ton, economics will decrease by 2.61 and 

developing countries, this shows that if co2 emissions increase by 1 metric ton, economic 

growth will increase by 806.45 for developing countries. 
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Table 4. Fixed Effect Method Developed Country. 

Variable Coefficient Std. Error t-Statistic Prob. Conclusion 

C 84933,39 11049 7,68 0,00 Significant 

CO emissions2 2,61 5,29 -4,94 0,00 Significant 

Renewable Energy 

Consumption 

0,50 0,43 1,14 0,26 Not significant 

R-square 0,76         

In the state 0,00         

Table 5. Fixed Effect Method Developing Country. 

Variable Coefficient Std. Error t-Statistic Prob. Conclusion 

C 5074,11 1381,72 3,67 0,00 Significant 

CO emissions2 806,45 313,11 2,57 0,01 Not 

Significant 

Renewable Energy 

Consumption 

0,58 0,25 -2,30 0,02 Not 

Significant 

R-square 0,92         

In the state 0,00         

 

The coefficient value of the renewable energy consumption variable shows 0.50 for 

developed countries and 0.58 for developing countries. This will show that energy 

consumption increases by 1%, so economic growth will increase by 0.50 and 0.58 US dollars.  

3.2.1 Hypothesis test analysis  

The F-statistical test is used to see the independent influence on the dependent variable 

simultaneously. Estimation results for both samples using the model Fixed Effect obtained a 

probability value of 0.00. Which means that together the independent variables influence the 

dependent variable for both samples (developing countries, developed countries). 

The T test aims to see how much influence each independent variable individually has in 

explaining the variance of the dependent variable. With the stipulation of 10% significance, 

if the probability value α is ≤ 10% then 𝐻0 is rejected, which means the independent variable 

significantly influences the dependent variable. Developed countries for the CO2 emissions 

variable show that H0 is accepted, and renewable energy consumption H0 is rejected and h1 

is accepted, so CO2 emissions show significance, and renewable energy consumption does 

not show significance. For developing countries, both variables show that H0 is rejected and 

H1 is accepted, which means that both variables do not have a significant relationship with 

gross domestic product per capita. 

The coefficient of determination is used to measure how far the model explains variations 

in the dependent variable. Based on the results of the coefficient of determination test above, 

developing countries have an Adj coefficient. The R-square is 0.74 in developed countries 

and 0.91 in developing countries, which means the CO2 emissions variable, renewable energy 

consumption, can explain the Gross Domestic Product (GDP) per Capita variable of 74% in 

developed countries and 91% in developing countries.  

3.2.2 Discussion 

The results of this study are not in accordance with previous research [12] that CO2 emissions 

influence on Gross Domestic Product (GDP) per Capita. Developing countries have a more 

diverse economic structure, with the agricultural sector and service sector dominating, in 

contrast to the industrial sector which has a relationship with CO2 emissions, as well as 
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energy. The services sector now accounts for slightly more than half of GDP in developing 

Asia, but there is some variation between sub-regions.   

India produces 2.9 billion tons of CO2 in 2023, but Gross Domestic Product per capita 

will only be around $2,600, which shows that CO2 emissions High levels do not always have 

a relationship with high economic growth. Many developing countries still use less efficient 

technology and produce CO2 emissions [13]. The contribution to GDP per Capita is still 

relatively low, because productivity is not comparable to output for the economy. The 

distribution of income is still concentrated towards an elite group, giving the GDP per Capita 

value which, on average, looks high, but the economic benefits are not shared evenly. 

International assistance, or investment made from abroad, to increase development in 

developing countries, this activity tends to produce CO emissions2 in terms of production, 

but the results of this will only benefit multinational companies, rather than increasing the 

level of GDP per capita. While some sectors support economic growth, the resulting CO2 

emissions can have a negative impact on various aspects of the economy, such as public 

health, the environment, and production efficiency. In the United States, the health risks 

caused by air pollution are estimated at $600 billion per year, which negatively affects the 

Gross Domestic Product per capita [14]. 

Developed countries are under pressure from international regulations to reduce carbon 

emissions in line with global commitments, such as the Paris Agreement. Policies 

implemented to achieve emission reduction targets, such as carbon taxes or industrial 

emission caps, and this increases operational costs for companies. These rising costs can 

reduce the competitiveness of businesses in global markets, ultimately negatively impacting 

GDP.  

Investments in renewable energy in developing countries are costly, and this can reduce 

economic returns in the short term. In India, investment in renewable energy will reach $15 

billion by 2023, but Gross Domestic Product per Capita will only grow 2.6% per year. This 

shows that high investment costs can reduce the positive impact on economic development. 

Developing countries that still depend on fossil energy face challenges in integrating 

renewable energy into the economic system. The energy consumption transition means that 

developing countries are importing renewable technology from developed countries, which 

will increase costs and reduce economic benefits. The transition to renewable energy requires 

large investments to build appropriate new infrastructure. Apart from infrastructure, 

technology also requires large investments. 

Renewable energy consumption is often considered a key driver of sustainable economic 

growth. Developed countries have integrated renewable energy into their energy mix, but its 

contribution to GDP remains relatively small compared to other more dominant sectors, such 

as technology, services and manufacturing industries that are less dependent on renewable 

energy. In Germany, renewable energy reaches 150GW, but Gross Domestic Product per 

Capita only grows 1.5% per year, which shows that renewable energy capacity does not 

directly increase economic growth [15]. 

Developed countries are already at a very high level of economic development, where 

sectors that consume large amounts of renewable energy, such as heavy industry, already 

contribute less to total GDP. Sectors such as banking, finance and information technology, 

which do not depend on large amounts of renewable energy consumption, are the main 

contributors to GDP, so although there is an increase in renewable energy consumption, its 

impact on overall economic growth is relatively limited. Although renewable energy 

consumption is increasing in developed G20 member countries, its impact on GDP remains 

limited. 

4 Conclusion  
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This study analyzes the influence of CO2 emissions and renewable energy consumption on 

per capita pd in the G20 member countries. The results of the study show that the economic 

sectors in the two groups, namely developing countries and developed countries, are 

different, which causes the results of both groups to be different. Developed countries, CO2 

emissions have an effect while renewable energy consumption has no effect. Meanwhile, for 

the group of developing countries, co2 emissions and renewable energy consumption do not 

have a significant impact on GDP per capita. 

The government could consider introducing a carbon tax policy or an emissions trading 

system that would encourage the private sector to reduce the use of fossil fuels. Investment 

in research and development for renewable energy technologies should be a top priority in 

government. Developing countries can accelerate the industrial sector by using renewable 

energy. 

Developed countries need to make technological innovations that are more efficient in 

energy use. Technologies that support cleaner and more efficient energy production and 

consumption, such as more advanced solar or wind power generation and energy storage 

technologies, will support greener economic growth. The application of low-emission 

technologies can open up new market opportunities and create jobs in the clean energy sector. 

The need for programs such as greener urban planning, cleaner public transportation, and 

emission reductions in the industrial sector will help improve public health and reduce the 

social costs posed by pollution, which in turn can support economic growth. Developing 

countries should strengthen international collaboration with developed countries in terms of 

technology and knowledge transfer in the field of renewable energy. Developing countries 

can leverage the experience and technology possessed by developed countries to accelerate 

their energy transition, both in terms of renewable energy infrastructure and more efficient 

energy policies. This international support can play an important role in ensuring that 

developing countries can reduce CO₂ emissions without sacrificing their economic growth.  
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