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Abstract. Indonesia is considered one of the developing countries with the highest carbon 
emissions in Asia. However, the government has made efforts to reduce emissions and set 
low-carbon economy goals. This research aims to determine the factors that influence CO2 
emissions and to find out how green economy financing and sustainable economic 
development function to measure carbon intensity. This research uses four indicators that 
influence carbon emissions (Co2), namely Gross Domestic Product (GDP), Foreign Direct 
Investment (FDI), Gross National Expenditure (GNE), and population density. The 
analytical methods used are Autoregressive Distributed Lag (ARDL) Approach. The 
findings show that the DEN variable has a positive and significant influence on CO2 
emissions in both the long and short term. The GDP variable shows a negative and 
significant effect on CO2 in the long term, but the FDI and GNE variables do not show a 
significant effect on CO2 emissions in the long term. 
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1. Introduction 

 
Massive climate change has increased welfare risks in recent decades. Factors such as carbon 
dioxide emissions, natural damage and pollution have a significant influence on environmental 
damage [1]. According to the 2007 United Nations Framework Convention on Climate Change 
(UNFCCC), increased carbon dioxide (CO2) emissions are the main cause of climate change. 
Climate variability in 2007 consisted of natural variations that occurred over long periods of 
time as well as variations related to human activities and changes in the composition of the 
Earth's atmosphere. Ultimately, climate change, a consistent process, is responsible for global 
warming. Rising temperatures increase the likelihood of disaster [2]. Due to carbon emissions 
causing global warming and climate eclipse, there is growing concern about overcoming this 
crisis, especially in less developed countries. Because global warming is caused by significant 
human activities over the earth's surface, which causes more environmental damage [3], [4], [5]. 
Company activities are one of the causes of high carbon dioxide emissions. Optimizing 
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company value is the company's main goal, according to. The company's performance over 
several years reflects the company's value. Direct investment (FDI) and the economic conditions 
of the respective countries are the causes of carbon emissions in France, according to [6]. Along 
with increased investment and efforts to improve the country's economy, there has been sharp 
and subtle structural damage [7]. 
 
Green economy is an economic effort that aims to improve human welfare and justice in the 
long term during the production, distribution and consumption of goods and services. This can 
significantly reduce environmental and ecological damage [8]. According to the World 
Environment Program, a "green economy" means an economy that reduces carbon emissions 
through efficient and socially inclusive use of resources and encourages investment and 
innovation [9]. "The green economy offers the concept of a sustainable economic climate for 
the welfare of present and future generations of society [10]. According to the UN Environment 
Program, "green economy" means an economy that reduces carbon emissions, saves natural 
resources, is socially just, and does not relies on fossil fuels. UNEP divides the green economy 
into eleven parts: agriculture, buildings, cities, energy, fisheries, forestry, manufacturing, 
tourism, transport, waste, and water [11].  
 
To achieve economic, sustainable and environmentally friendly development, each sector has 
an important role. In this case, the focus of the energy industry is to shift from fossil energy 
resources to renewable resources such as wind energy, solar energy and bioenergy. Indonesia is 
the country with the highest fuel energy consumption in Southeast Asia[12]. Increasing 
consumption of fossil energy can result in a decrease in energy reserves even though energy 
demand continues to increase. This situation has the potential to stop Indonesia's economic 
growth. Additionally, excessive use of fossil fuels leads to increased carbon dioxide (CO2) 
emissions, which contribute to greenhouse gas emissions and global warming, which has a 
detrimental impact on the environment [13]. Certain industries such as basic commodities and 
extractives continue to influence the country's economy, which has a negative impact on the 
environment. Government stimulus that can encourage a green economy has not been used 
properly. Policy options to encourage the preservation of the green economy include attracting 
environmentally friendly investment to Indonesia and ensuring that policies and regulations 
related to the green economy are consistent [14]. It is very important to move from conventional 
economic development models to green economic development models and green economic 
development approaches because of their negative effects on the environment both at the 
international and local levels [15]. According to research conducted by [16], Ghana's efforts to 
achieve green goals are threatened through the high costs of green technology, the increasing 
threat of climate change, and a lack of support for technology transfer and development. its 
economy. Policymakers must plan to address threats and weaknesses and exploit opportunities 
and strengths. Authorities must prioritize science and technology education to promote green 
economic growth. 
 
As stated by [17]Wang et al., (2020),economic conditions and population have a positive impact 
on changes in the intensity of greenhouse gas emissions. Increasing population density will 
cause an increase in electrical energy consumption, which in turn causes an increase in the 
intensity of greenhouse gas emissions [18]. The population growth is not the only factor 
influencing environmental degradation. The population movement, which causes an increase in 
population in big cities, influences environmental degradation in Indonesia. This shows how 
important investment in human resources is to drive economic growth. Economic growth is 
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significantly influenced by investment in human capital in the same way as internet access and 
health. Based on the study above, the aim of this research was to view and analyze the factors 
that influence Co2 emissions in the implementation of sustainable development and a green 
economy in Indonesia. 

 
2. Literature Review 

 
Sustainable Theory 
According to sustainability theory, social responses to environmental and cultural problems 
must be prioritized and integrated. Sustainability theory has become popular since 1987, when 
Brundtland stated that agencies and organizations should find ways to balance their current and 
future ecological responsibilities. Corporate sustainability (CS), the sustainability theory most 
commonly used by companies, emphasizes the importance of meeting stakeholder needs and 
maintaining a healthy environment. Companies anticipate reflections of ecological, economic, 
and social systems that will determine market conditions over a longer period of time than the 
data covered in company reports [19]. 
 
Green Economic 
Most people consider a green economy, as an economic system that is environmentally friendly, 
ecological, and compatible with many social groups. Many green economy advocates believe 
that this crisis is a condition that must be applied to the economy. Economic greening is an 
alternative term to the conventional green economy concept [20]. Economic ecology is the basis 
of green economics, which discusses how humans are economically dependent on natural 
ecosystems due to climate change and the use of fossil fuels. This green economic model also 
contradicts the current economic model, known as the black economic model, which relies on 
fossil fuels [21]. 
 
Carbon Dioxide Emissions (CO2)  
CO2 One type of greenhouse gas is carbon emissions. Greenhouse gases arise naturally or are 
caused by the activities of living things. This gas is located in the atmosphere and emits and 
absorbs infrared radiation from solar radiation. Heat containing infrared and trapped in GHGs 
increases the earth's temperature, which can cause global warming and climate change[22] . 

 
Population Density  
Population is one of the factors that increases CO2 emissions. According to Todaro 
(2006),explains that the increase in population compared to environmental degradation causes 
very severe environmental damage in various locations. This is caused by an increase in 
population compared to existing land, which results in a decrease in agricultural land 
productivity and a decrease in per capita food production [22]. 
 
Foregin Direct Invesment (FDI)  
According to Article 1 paragraph (3) of Law Number 25 of 2007, foreign investment is the 
activity of investing capital to carry out business in the territory of the Republic of Indonesia 
carried out by foreign investors, either using foreign capital entirely or collaborating with 
investors. domestic. Foreign direct investment (FDI) does not just involve the transfer of 
ownership or funds; it also aims to obtain long-term management interests or control over a 
company in another country. 
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Gross Dosmestic Product 
Gross domestic product is the value of final goods and services produced by an economy within 
a certain period of time based on market prices taking into account the economy's production 
factors. To increase its production possibilities, a country must use all its factors of production 
to produce goods and services, prepare some resources as capital, and increase and return goods 
and services. 
 
Gross National Expenditure 
GNE includes domestic investment, household consumption, and government expenditure as an 
indicator of a country's total expenditure. Increased energy consumption, especially from fossil 
energy sources such as coal, oil and natural gas, is often associated with increased economic 
activity, which is usually followed by increased energy consumption. These production and 
consumption processes result in significant carbon dioxide emissions, which contribute to 
climate change and air pollution. One example is the increase in private transportation costs and 
the manufacturing sector. As a result, although increasing GNE can represent economic progress, 
it also brings major challenges in efforts to reduce carbon emissions and achieve environmental 
sustainability. To overcome these negative consequences, a shift towards the use of renewable 
energy, the application of more efficient technology, and the implementation of policies that 
support sustainable development are needed. 
 
3. Methodology 

 
A quantitative and descriptive approach was used in this research. The quantitative approach is 
based on adjusted calculations, so that solving problems that occur at the base of the test consists 
of numbers resulting from statistical calculations of the variables included in the model. We use 
secondary data from the World Bank and UNDP covering the years 1990–2022. The following 
variables will be analyzed using two different time series models. In this research, carbon 
dioxide (CO2) gas emissions are an independent variable with data obtained from UNDP. Then 
Population Density (DEN), Foreign Direct Investment (FDI), Gross Domestic Product (GDP) 
and Gross National Expenditure which are proxies for measuring economic growth are 
independent variables because they are indicators of how these variables relate to carbon dioxide 
(CO2) emissions, both in the long and short term. In this research, the data analysis method uses 
the Autoregressive Distributed Lag (ARDL) approach. According to Khan, et.al., (2020),when 
the independent variable experiences shocks, the ARDL model can be used to study, estimate 
and predict it. If there is a cointegration relationship between research variables, the ARDL 
simulation model can also be used as material for discussing the relationship between the 
variables studied. 
 
The following is the operationalization and indicators of the variables used in this research 

 
Table 1. Operationalization and indicators variables 

Name  Explanation Units Source 
CO2 (Y) Carbon dioxide emissions per capita Tons  UNDP 
DEN (X1) Population Density Souls/km^2World Bank
FDI (X2) Foreign Direct Investment Inflows Percent World Bank
GDP (X3) Economic Growth Percent World Bank
GNE (X4) Gross National Expenditure (% GDP)Percent World Bank
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Source: Author processed data, 2024 
 

4. Results And Discussion 
 
Development of Carbon Dioxide (Co2) Emissions 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Picture 1. Graph of Development of CO2 Emissions Each Year 
 

The graph of the development of CO2 gas emissions from 1990 to 2022 shows a consistent 
upward trend. During the 1990s and early 2000s, CO2 emissions increased gradually with a 
relatively steady and slow increase. However, starting around the 2000s, especially after 2010, 
the increase in CO2 emissions became more rapid and significant, characterized by a sharper 
graph slope. CO2 emissions peaked around 2018 with a value of just over 2.3, then decreased 
slightly and remained relatively stable until 2022. Despite annual fluctuations, the overall trend 
shows clear emissions growth. This graph indicates that despite efforts to reduce emissions, 
major challenges remain in containing the rate of increase in CO2 emissions.  
 
Stationary Test Results 

Table 2. Stationarity Testing 

 Stationarity Testing (p-value) 

Variable Level I(0) First Difference I(1) Explanation 

CO2 (Y) 0,012 - Stationary at I(0) 
DEN (X1) 0,623 0,001 Stationary at I(1) 
FDI (X2) 0,391 0,000 Stationary at I(1) 
GDP (X3) 0,015 - Stationary at I(0) 
GNE (X4) 0,027 - Stationary at I(0) 

 Source: Author processed data, 2024 
 

Overall, from the results of this stationarity test it can be concluded that the CO2, GDP and 
GNE variables are stationary at Level (I (0)), while the DEN and FDI variables are stationary at 
First Difference (I(1)). These results indicate that these variables have different characteristics 
in terms of stationarity and require different treatment in further time series analysis. 
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ARDL Model Estimation Results 

Table 3. ARDL Model Estimation  
Variable Coefficient Std. Error t-Statistic Prob. 
CO2(-1) 0.6384 0.1585 4.0278 0.0014*** 
CO2(-2) -0.6196 0.1541 -4.0214 0.0015*** 
DEN 0.0290 0.0059 4.8965 0.0003*** 
FDI 0.0614 0.0184 3.3421 0.0053*** 
FDI(-1) -0.0245 0.0151 -1.6287 0.1273 
FDI(-2) 0.0186 0.0148 1.2552 0.2315 
FDI(-3) -0.0896 0.0168 -5.3452 0.0001*** 
FDI(-4) 0.0687 0.0142 4.8412 0.0003*** 
GDP 0.0039 0.0041 0.9456 0.3616 
GDP(-1) -0.0194 0.0050 -3.8648 0.0020*** 
GNE 0.0031 0.0048 0.6466 0.5292 
GNE(-1) -0.0061 0.0061 -0.9941 0.3383 
GNE(-2) 0.0179 0.0055 3.2744 0.0060*** 
GNE(-3) -0.0130 0.0052 -2.5147 0.0259** 
GNE(-4) 0.0060 0.0044 1.3744 0.1926 
C -2.7820 1.2566 -2.2139 0.0453** 
R-Square 0.9911 F-Statistic 97.5719 
Adjusted R-Square 0.9810 Prob(F-Statistic) 0.0000 

Source: Author processed data, 2024 
Description: ***, **,* significant at 1%, 5%, 10% 
 
Table 3 displays the estimation results from the ARDL model which is used to analyze the 
relationship between the independent variables (CO2, DEN, FDI, GDP, and GNE) and the 
dependent variable. Overall, this model has an R-Square of 0.9911, indicating that the 
independent variables explain approximately 99.11% of the variation in the dependent variable. 
A high F-Statistic (97.5719) with a very low p-value (0.0000) indicates that the overall model 
is statistically significant. Adjusted R-Square of 0.9810 adjusts the R-Square for the number of 
variables and observations in the model, confirming good model fit 
 
Bound Test Results 

Table 4. Bound Testing 
Test Statistic Value Sig. I(0) I(1) 
F-statistic 9.265478 10% 2.2 3.09 
k 4 5% 2.56 3.49 
    1% 3.29 4.37 

    Source: Author processed data, 2024 
 
Based on the table above, the F-statistic value (9.265478) is greater than the upper limit (I (1)) 
at all levels of significance (10%, 5% and 1%), we can conclude that there is a cointegration 
relationship between the variables tested. This means that there is a significant long-term 
relationship between the independent variables (DEN, FDI, GDP, GNE) and the dependent 
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variable (CO2) in the model. 
 
Long Term Model Estimation Results 

Table 5. Long Term Model Estimation 
Variable Coefficient Std. Error t-Statistic Prob. 
DEN 0.0295 0.0012 23.7341 0.0000*** 
FDI 0.0351 0.0228 1.5404 0.1474 
GDP -0.0158 0.0067 -2.3678 0.0341** 
GNE 0.0081 0.0103 0.7854 0.4463 
C -2.8353 1.0439 -2.7161 0.0176** 

Source: Author processed data, 2024 
Description: ***, **,* significant at 1%, 5%, 10% 
 
Based on the results of the long-term model estimation, it can be concluded that the DEN 
variable has a positive and significant influence on CO2 emissions. The DEN coefficient is 
0.0295 with a t-statistic value of 23.7341 and a p-value of 0.0000, indicating that every 1 unit 
increase in DEN will increase CO2 by 0.0295 units, with this effect being very significant at the 
95% confidence level. On the other hand, the GDP variable shows a negative and significant 
influence on CO2. The GDP coefficient is -0.0158 with a t-statistic value of -2.3678 and a p-
value of 0.0341 indicating that every 1 unit increase in GDP will reduce CO2 by 0.0158 units, 
significant at the 95% confidence level. However, the FDI and GNE variables do not show a 
significant effect on CO2, with p-values of 0.1474 and 0.4463 respectively, which are greater 
than 0.05. This indicates that foreign direct investment (FDI) and government expenditure (GNE) 
do not significantly influence CO2 emissions in this model. In addition, the model intercept of 
-2.8353 is significant at the 95% confidence level, indicating that there are other factors outside 
the analyzed variables that also influence CO2 emissions. 
 
Short Term Model Estimation Results 

Table 6. Short Term Model Estimation 

Variable Coefficient Std. Error t-Statistic Prob. 
D(CO2(-1)) 0.6196 0.0981 6.3161 0.0000*** 
D(FDI) 0.0614 0.0104 5.9296 0.0000*** 
D(FDI(-1)) 0.0024 0.0090 0.2666 0.7940 
D(FDI(-2)) 0.0210 0.0093 2.2634 0.0414** 
D(FDI(-3)) -0.0687 0.0094 -7.3196 0.0000*** 
D(GDP) 0.0039 0.0028 1.3794 0.1911 
D(GNE) 0.0031 0.0036 0.8498 0.4108 
D(GNE(-1)) -0.0109 0.0033 -3.3322 0.0054*** 
D(GNE(-2)) 0.0070 0.0033 2.1319 0.0527* 
D(GNE(-3)) -0.0060 0.0031 -1.9822 0.0690* 
CointEq(-1) -0.9812 0.1118 -8.7735 0.0000*** 
R-Square 0.8983 
Adjusted R-Square     0.8419 

Source: Author processed data, 2024 
Description: ***, **,* significant at 1%, 5%, 10% 
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The short-term model estimation results show that there are several variables that have a 
significant influence on changes in CO2 emissions. The coefficient of change in CO2 at lag 1 
(D (CO2 (-1))) is 0.6196 with a t-statistic value of 6.3161 and a p-value of 0.0000 indicating a 
very significant positive effect at the 95% confidence level. This indicates that changes in CO2 
emissions in the previous period have a significant effect on changes in current CO2 emissions. 
 
The FDI change variable (D(FDI)) has a coefficient of 0.0614 with a t-statistic value of 5.9296 
and a p-value of 0.0000, indicating a very significant positive influence. Meanwhile, the change 
in FDI at lag 2 (D (FDI (-2))) has a coefficient of 0.0210 with a t-statistic value of 2.2634 and a 
p-value of 0.0414, indicating a significant positive influence at the 95% confidence level. 
However, the change in FDI at lag 3 (D (FDI (-3))) shows a significant negative effect with a 
coefficient of -0.0687, a t-statistic value of -7.3196, and a p-value of 0.0000. This indicates that 
increasing FDI in the previous three periods tends to reduce current CO2 emissions significantly. 
This is in line with the statement in the Winda & Falianty (2023), study which states halo 
pollution, which means that investment from companies in developed countries contributes to 
reducing emissions in the host country. This is due to the application of green technology in the 
new development structure carried out by the company. 

 
The variables change in GDP (D(GDP)) and changes in GNE (D(GNE)) do not show a 
significant influence on changes in current CO2 emissions, with p-values of 0.1911 and 0.4108 
respectively. However, the change in GNE at lag 1 (D (GNE (-1))) shows a significant negative 
effect with a coefficient of -0.0109, a t-statistic value of -3.3322, and a p-value of 0.0054. In 
addition, changes in GNE at lag 2 (D (GNE (-2))) and lag 3 (D (GNE (-3))) show an almost 
significant effect with p-values of 0.0527 and 0.0690 respectively. 
 
The error correction term coefficient (CointEq (-1)) is -0.9812 with a t-statistic value of -8.7735 
and a p-value of 0.0000, indicating that there is a very significant adjustment mechanism in the 
short term to return to long-term balance. The R-Square value of 0.8983 and Adjusted R-Square 
of 0.8419 indicates that this model can explain approximately 89.83% and 84.19% of the 
variation in changes in CO2 emissions, which indicates that the model has a good fit. 
 
Classic Assumption Test Results 

Table 7. Classic Assumption Test 
Assumption Test Stat Test P-value 

Normality Jarque Bera 4.318 0,115 

Homoscedasticity Breusch Pagan 9.987 0,820 
Non-Autokorelation Brush Godfrey 3.068 0,079 

Source: Author processed data, 2024 
 
Based on Table 7, the results of classical assumption testing show that the model used meets all 
the basic assumptions in regression. The normality test using Jarque-Bera produces a test 
statistic of 4,318 with a p-value of 0.115. Since the p-value is greater than the 0.05 significance 
level, there is not enough evidence to reject the null hypothesis that the residuals from the model 
follow a normal distribution. The homoscedasticity test using Breusch-Pagan produces a test 
statistic of 9.987 with a p-value of 0.820, indicating that the variance of the residuals is constant, 
fulfilling the assumption of homoscedasticity. Apart from that, the non-autocorrelation test 
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using Breusch-Godfrey produced a test statistic of 3.068 with a p-value of 0.079. Since the p-
value is greater than the 0.05 significance level, there is not enough evidence to reject the null 
hypothesis that there is no autocorrelation in the residuals. Thus, all classic assumptions in 
regression, namely residual normality, homoscedasticity and non-autocorrelation, have been 
fulfilled, indicating that the model used is valid and the coefficient estimation results can be 
interpreted well. 
 
Model stability test results 

  

Picture 2. Cusum and Cusum-SQ graphs 
 
The results of the model stability test using the Cumulative Sum (CUSUM) and Cumulative 
Sum of Squares (CUSUM of Squares) methods show that the model used is stable. In the 
CUSUM test, the graph shows that the CUSUM line shown by the blue line remains within the 
5% significance boundaries shown by the orange dotted line throughout the tested period. This 
indicates that there were no significant structural changes in the model during this period. 
Similarly, in the CUSUM of Squares test, the CUSUM of Squares line shown by the blue line 
also remains within the 5% significance boundaries throughout the tested period. This indicates 
that the model is also stable in terms of residual variability. Thus, it can be concluded that the 
model used has good stability and does not show any significant structural changes, either in the 
regression residual values or in residual variability during the period tested. 
 
5. Conclusion 
 
From the results of this research, it can be concluded that carbon dioxide emissions (CO2), 
economic growth (GDP), and gross national expenditure (GNE) are stable at the basic level, 
while population density (DEN) and foreign direct investment (FDI) are stable after 
experiencing changes First. The ARDL model shows that the DEN variable has a positive and 
significant influence on CO2 emissions in both the long and short term, with a coefficient of 
0.0295 in the long term and a consistent coefficient in the short term. On the other hand, the 
GDP variable shows a negative and significant influence on CO2 in the long term, but the FDI 
and GNE variables do not show a significant influence on CO2 emissions in the long term. The 
Bound Test confirms the existence of a significant cointegration relationship between the 
variables tested, indicating that there is a strong long-term relationship between the independent 
variable and the dependent variable. In the short term, changes in previous CO2 emissions and 
changes in foreign direct investment in several periods show a significant influence. This 
research model meets all classical assumptions and shows stability, so that the estimation results 
can be interpreted well and are reliable. 
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To reduce CO2 emissions, it is recommended to control population density in certain areas, 
considering the significant influence of population density on CO2 emissions. Sustainable and 
environmentally friendly economic growth strategies need to be pursued, considering the 
negative influence of economic growth on CO2 emissions. In addition, policies that encourage 
foreign investment with a focus on environmentally friendly technologies can be an effective 
solution. Considering that government spending does not show a significant influence on CO2 
emissions, it is necessary to consider fiscal policies that are more oriented towards reducing 
emissions. Further monitoring and additional research is also needed to understand other factors 
that influence CO2 emissions. Flexible and adaptive policies are needed to overcome short-term 
fluctuations and maintain long-term balance. 
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