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Abstract
 

______________________________________________________ 
Indonesia’s high carbon emissions pose a major challenge to achieving 

sustainable development amid rapid economic growth. This research 

explores the determinants of total carbon emissions in Indonesia, 

focusing on per capita value added of the manufacturing industry, 

population density, and the Gross Regional Domestic Product (GRDP) of 

the mining and quarrying sector. The analysis employs panel data from 

ten provinces with the highest carbon emissions over the 2018-2023 

period and applies a Fixed Effect Model (FEM) to control for unobserved 

provincial heterogeneity. The results indicate that per capita 

manufacturing value added and population density have a positive and 

statistically significant effect on carbon emissions, whereas the mining 

sector’s GRDP does not show a significant impact. These findings 

suggest that industrial expansion in high-emission provinces remains 

energy-intensive and that demographic pressure substantially amplifies 

environmental stress. From a policy perspective, the study highlights the 

need for targeted emission control strategies, including the promotion of 

low-carbon technologies and energy efficiency in the manufacturing 

sector, sustainable urban planning to manage population density, and 

the strengthening of environmental regulations to support Indonesia’s 

transition toward low-carbon and sustainable development.  
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INTRODUCTION 

 

Climate change is increasingly being felt globally, with 2023 standing out as the year with the 

most extreme heat on record with temperature anomalies reaching +1.45°C relative to pre-industrial 

levels (BMKG, 2023). According to estimates from the World Bank, climate change is expected to cause 

economic losses of 2.5 to 7 percent of Indonesia's Gross Domestic Product (GDP) by 2100 (Karunia et 

al., 2023).  Carbon emissions are one of the main drivers of climate change, which have emerged as a 

priority global issue in the SDGs, calling for urgent climate action and supporting the transition to 

low-carbon development (UNDP Indonesia, 2022; United Nations, 2015).  

Carbon emissions come from anthropogenic activities such as fossil fuel combustion, 

deforestation, agriculture, and industrial production processes (Putri & Serly, 2024; Soehaditama et 

al., 2024; Suwandi et al., 2022). Carbon emissions consist six main gases, including SF₆ which has a 

global warming potential up to 22,200 times greater than CO₂ (Ratnawati, 2016).  Excessive release of 

emissions accelerates global warming and climate change (Hariswan et al., 2022; Kurniawan et al., 

2022). In Indonesia, total carbon emissions continue to show an increasing trend. According to data 

provided by he Ministry of Environment and Forestry (KLHK, 2024) national emissions increased from 

535,781.48 Gg CO2 in 2022 to 613,331.61 Gg CO2 in 2023. However, their geographical distribution 

remains uneven. Environmental pressures and carbon emission contributions are concentrated in 

regions with different economic structures (Chantika, 2024; Wahyudi et al., 2025). 

 

Table 1. Provinces with the Largest Total Carbon Emissions in Indonesia in 2023 

 

No Province Total Carbon Emissions (Gg CO2) 

1 South Kalimantan 450.606,15 

2 Riau 273.697,29 

3 Central Kalimantan 194.588,76 

4 South Sumatra 179.896,30 

5 Central Java 118.738,90 

6 West Java 92.890,89 

7 Riau Islands 78.005,62 

8 Lampung 74.435,90 

9 DKI Jakarta 64.330,84 

10 North Sumatra 46.042,21 

Source: Sighmart KLHK (2025), processed by the author. 

 

The discharge of carbon emissions contributing to climate change are a consequence of 

environmentally unfriendly economic activities. This phenomenon is explained by the Environmental 

Kuznets Curve (EKC) theory, which illustrates the link between economic growth and income 

inequality through U-shaped pattern, in which ecological degradation typically intensifies during the 

initial phases of economic expansion but gradually declines after income surpasses a certain threshold 

(Grossman & Krueger, 1991). The Environmental Kuznets Curve (EKC) is divided into three stages. 

First, in the earliest stage of economic development (pre-industrial economy), economic growth is 

typically accompanied by environmental degradation. Second, during the industrial economy stage, 

environmental pressure continues as industrialization accelerates. Third, in the post-industrial 

economy stage, environmental degradation begins to decline along with rising income levels, greater 

environmental awareness, and the adoption of more environmentally friendly technologies  

(Panayotou, 2003). This pattern is especially relevant for developing countries like Indonesia, which 
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much balance economic expansion with environmental sustainability (Prasetyanto & Sari, 2021; Wang 

et al., 2024).  

In addition, the IPAT model (Ehrlich & Holdren, 1971) asserts that environmental stress is the 

result of interactions between population, prosperity, and technology (Nurrahmawati & 

Kusumawardani, 2021). According to (York et al., 2003). The IPAT framework explains that 

environmental impact is the result of the interaction of three main components, namely population 

size, prosperity levels reflected in consumption or production at the per capita level, and technology 

that represents the magnitude of impact per unit of output and consumption. The relationship 

between these three factors is formulated in the equation I = P × A × T.  General welfare is generally 

proxied by GDP per capita, so P × A is mathematically equivalent to GDP. Consequently, technology 

can be expressed as T = I / GDP, which reflects the intensity of the environmental impact of economic 

activity (York et al., 2003). In a microeconomic perspective, this situation reflects negative 

externalities, which harm society because the pollution it generates can cause environmental damage 

(Alfin & Qomariah, 2024). Externalities were first developed by Arthur Cecil Pigou (1920), the 

environmental impact of economic activity is often not reflected in production costs (Maghfirani et 

al., 2022). 

The complexity of this situation cannot be separated from the various factors that trigger 

carbon emissions, one of which is the manufacturing industry, which contributes greatly to the 

Indonesian economy through the Gross Domestic Product (Setiawan et al., 2021). This sector includes 

the oil and gas industry along with various non-oil and gas industries, such as textiles, chemicals, and 

forestry products, which in the long term are projected to experience an increase in annual growth 

from 5.2% to 5.7%. (Asmara, 2018; Harahap et al., 2023; Yusuf, 2021). However, as industrialization 

progresses, carbon emissions also increase sharply as the sector uses around 70% of fossil-based 

energy (Nastiti & Hardiningsih, 2022; Zhang et al., 2021). Environmentally unfriendly production 

processes, such as pollution, intensive production and waste, are major contributors to carbon 

emissions (Mehmood et al., 2024), therefore the connection between industrial activities and carbon 

emissions is a crucial aspect that cannot be ignored in future industrial development (Baratta et al., 

2023). 

In addition, population density also drives increased emissions through pressure on resources, 

increased energy consumption, and land conversion (Han et al., 2021; Shunfa et al., 2022). Sadly, when 

economic activity increases to meet needs, environmental concerns tend to be ignored, resulting in 

negative impacts such as global warming and environmental degradation (Khan et al., 2020). In 

addition, the mining sector, which includes exploration and utilization of resources such as coal, oil, 

and minerals, also contributes high emissions, especially in areas with a mining-based economy 

(Ivanova et al., 2022; Saputra et al., 2023). Despite the rapid growth of this sector, its high emissions 

make reducing environmental externalities a crucial facilitating the shift to a sustainable economy 

(Basyith & Fadillah, 2019; Ulrich et al., 2022). 

According to the reviewed literature, although extensive studies has been conducted on the 

association between carbon emissions and economic growth, most studies have not specifically 

distinguished the contribution of sectors such as the manufacturing industry (Prinadi et al., 2022; 

Yusuf, 2021; Zhang et al., 2021). In addition, the majority of studies use population size as a 

demographic indicator, which does not accurately represent spatial pressure (Adrian, 2023; Sari & 

Karimi, 2023; Widyawati et al., 2021). Population density variables, which reflect the intensity of 

human activity per unit area, are more relevant for explaining variations in carbon emissions between 

regions. The mining sector is also rarely studied simultaneously with other sectoral and demographic 

variables (Hariswan et al., 2022). 
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In response to the research background and gaps previously identified, this study is conducted 

to evaluate the effect of manufacturing industry value added per capita, population density, and the 

Gross Regional Domestic Product (GRDP) of the mining sector on total carbon emissions in Indonesia, 

emphasizing specifically on the ten provinces with the greatest carbon emissions. The novelty of this 

study is evident in the analytical perspective used to analyze the determinants of carbon emissions at 

the provincial level in Indonesia. Specifically, this study explicitly incorporates manufacturing 

industry value added per capita as a representation of the industrial sector’s contribution to carbon 

emissions, uses population density as an indicator of demographic pressure that more accurately 

reflects the intensity of human activities than total population size, and integrates the mining sector 

alongside other sectoral and demographic variables within a panel data analytical framework. This 

approach is expected to provide a deeper insight into the main determinants influencing carbon 

emissions in Indonesia. 

This study is anticipated to provide several significant contributions. Empirically, it enriches 

the environmental economics literature by offering recent empirical findings on the determinants of 

carbon emissions at the provincial level in Indonesia, while simultaneously accounting for sectoral 

and demographic variables. Methodologically, this study applies the Fixed Effects Model allows for a 

more accurate analysis of structural differences across provinces. Practically, the findings are expected 

to provide a foundation for developing more targeted carbon emission control policies that are 

tailored to regional economic characteristics Practically, the results are expected to form a foundation 

for developing more targeted carbon emission control policies that are tailored to regional economic 

characteristics.      

              

METHOD 

 

Data for this study were collected from the official publications of the Central StatisticssAgency 

(BPS) and the Ministry of Environment and Forestry (KLHK). The data utilized include the total 

amount of carbon emissions, value added of the manufacturing industry sector, population density, 

and the Gross Regional Domestic Product (GRDP) of the mining and quarrying sector.  

The dataset is structured as panel data, covering 10 provinces with the largest carbon emission 

levels in Indonesia in 2023, namely South Kalimantan, Riau, Central Kalimantan, South Sumatra, 

Central Java, West Java, Riau Islands, Lampung, DKI Jakarta, and North Sumatra, over the period 2018–

2023. Consequently, the study comprises 60 observations. The selection of high emission provinces 

aims to enable a deeper focused examination of the key factors of carbon emissions in regions 

experiencing the greatest environmental pressure. 

 

Table 2. Variable Operational Table 

 

Variable Description Unit Source 

Total Carbon 

Emissions 

CO2 The total amount of greenhouse gases 

(GHG) produced by human activities 

or natural processes. 

Gg C02 Ministry of 

Environme

nt and 

Forestry 

Added of 

Manufacturing 

Industry Sector per 

Capita 

MAN This indicator measures the share of 

manufacturing value added to GDP per 

capita as a reflection of national 

industrialization progress. 

Thousan

d Rupiah 

Central 

Bureau of 

Statistics 
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Population Density 

per square kilometer 

DENS Average population per 1 square 

kilometer 

Km2 Central 

Bureau of 

Statistics 

GRDP at constant 

2010 prices Mining 

and Quarrying Sector 

MIN Value indicating the value added of 

goods and services from the mining 

and quarrying sector calculated using 

prices prevailing in 2010. 

Billion 

Rupiah 

Central 

Bureau of 

Statistics 

 

This research adopts a quantitative method by applying panel data analysis techniques. Panel 

regression analysis employs both time series and cross-sectional data to investigate how independent 

variables affect the dependent variable over a specific timeframe across multiple units of observation. 

It begins with determining the relevant dependent and independent variables. Each variable is log-

transformed to equalize units and reduce data dispersion. 

The empirical model employed in this study in defined as follows: 

𝑙𝑛 𝐶𝑂2𝑖𝑡 = 𝛼 + 𝛽1 𝑙𝑛 𝑀𝐴𝑁𝑖𝑡  +  𝛽2 𝑙𝑛 𝐷𝐸𝑁𝑆𝑖𝑡 +  𝛽3 𝑙𝑛 𝑀𝐼𝑁𝑖𝑡  +  𝜇𝑖  +  𝜀𝑖𝑡                                                        (1) 

 

Where i denotes the province and t denotes the year; MAN, DENS, and MIN represent the 

independent variables as defined in the operational variable table;  𝜇𝑖 captures province-specific 

effects, and 𝜀𝑖𝑡 is the error term. The parameters are estimated through Ordinary Least Squares (OLS) 

method within the Fixed Effect framework. In panel data analysis, three methodological approaches 

commonly applied are the Common Effect Model (CEM), Fixed Effect Model (FEM), and Random 

Effect Model (REM) (Bertiani et al., 2024; Dzogovic & Bajrami, 2023). 

This study employs the Fixed Effect Model (FEM) to control for unobserved, time-invariant 

heterogeneity across provinces. The choice of FEM is based on the assumption that province-specific 

characteristics, such as regional policies and industrial capacity, influence carbon emissions and may 

be correlated with the explanatory variables. The analysis includes descriptive statistics, panel 

regression estimation, and statistical testing. Classical assumption tests comprise test of normality, 

heteroskedasticity, autocorrelation, and multicollinearity tests (Dewayanti & Utami, 2021).  

Hypothesis testing was conducted using the F-test to examine the simultaneous effect of independent 

variables, the t-test to examine the partial effect, and the coefficient of determination (R²) to assess 

the model's ability to explain the dependent variable (Rohman et al., 2023). 

 

RESULT AND DISCUSSION  

 

This research adopts the Fixed Effect Model for panel data regression analysis. In the use of the 

Fixed Effect Model (FEM), this study uses industrial value added, population density and mining 

sector GRDP as independent variables, and total carbon emissions as the dependent variable. The 

Fixed Effect Model in panel data accounts for the impact of individual cross-sectional units on 

estimation outcomes. 

 

Table 3. Model Specification Test 

 
Variables Model Specification Test 

Log of Manufacturing Industry Value Added (X1) 2.096**  
(0.862) 

Log Population Density (X2)   6.021***  
(2.028) 

Log GRDP Mining Sector (X3) 0.100 
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(0.219) 

_cons -43.08*** 
(13.86) 

Observations 60 

Number of id 10 

R-squared 0.684451  
Chow Test (F-stat) 11.33417 

p-value Chow 0.000006 

Lagrange MultiplierTest (Chi2) 3.244931 

p-value LM 0.028582 

Hausman Test (Chi2) 8.495566 

p-value Hasman 0.000000 

 Standard errors in parentheless. ***p<0.01, **p<0.05, *p<0.1 

Source: Processed Data, 2025 

 

Table 4. Fixed Effect Model Regression Results 

 
Variables FEM 

Log of Manufacturing Industry Value Added (X1) 2.096**  
(0.862) 

Log Population Density (X2)   6.021***  
(2.028) 

Log GRDP Mining Sector (X3) 0.100 

(0.219) 

_cons -43.08*** 

(13.86) 

Observations 60 

Number of id 10 

R-squared 0.684  

      Standard errors in parentheless 

    ***p<0.01, **p<0.05, *p<0.1 

            Source: Processed Data, 2025 

 

Based on the results from table 4, the following estimation model can be obtained: 

𝑌𝑖𝑡 =  −43.08 +  2.096 𝑋1𝑖𝑡  +  6.021 𝑋2𝑖𝑡  +  0.100 𝑋3𝑖𝑡  +  𝜀𝑖𝑡                                                                              (2) 

 

The panel data estimation results using the Fixed Effect Method (cross-section fixed) indicate 

that the intercept (C) is -43.08028. This indicates that when all independent variables (Log Value 

Added of Manufacturing Industry Sector per Capita, Log Population Density and Log GRDP of Mining 

Sector) are zero, the log of the dependent variable (Log Total Carbon Emissions) is -43.08028. This 

value is the basic logarithmic level of Log (Y) without in the absence of the explanatory variables Log 

(X1), Log (X2), and Log (X3). The negative constant does not imply negative carbon emissions in real 

terms, rather within the Fixed Effect framework, it reflects the baseline level of emissions after 

controlling for province-specific, time-invariant characteristics. Thus, the negative intercept is 

primarily a statistical artifact of the log-linear specification and fixed effects transformation, and it 

does not carry a direct economic interpretation. 

The variable Log (Value Added of Manufacturing Industry Sector per Capita) (Log(X1)) has a 

coefficient of 2.095962 which means that every 1% increase in the value added of the manufacturing 
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industry sector per capita will increase the log of total carbon emissions by 2.095962. Statistically, this 

variable is significant at the 5% level (p-value = 0.0190), indicating that the manufacturing industry 

sector contributes positively and significantly to increases in carbon emissions. Economically, this 

coefficient suggests a high elasticity of emissions with respect to industrial expansion, implying that 

industrial growth in high-emission provinces is still strongly energy-intensive and reliant on carbon-

based production processes. These results are consistent with the Environmental Kuznets Curve 

(EKC) theory, which states that in the early to middle stages of economic growth, industrialization 

tends to intensify environmental degradation due to increased energy use and insufficient adoption 

of clean technology. 

The Log X2 (Population Density) variable has a coefficient of 6.021155 with a probability of 

0.0047. This implies that a 1% rise in population density would lead to a substantial rise of 

approximately 6.021155 in the logarithmic value of total carbon emissions. In other words, the 

population density variable exerts a strong and positive influence on the rise in carbon emissions. This 

large coefficient indicates that demographic pressure is a dominant driver of carbon emissions, 

reflecting intensified transportation demand, residential energy consumption, and economic activities 

in densely populated areas. From a theoretical perspective, this result supports the population–

environment nexus theory, which explains that population concentration amplifies environmental 

pressure through scale effects and increased resource consumption.  

The Log X3 (mining) variable has a coefficient of 0.100065 with a probability of 0.6496, meaning 

that if the mining sector GRDP at constant 2010 prices increases by 1%, the log of total carbon 

emissions will increase by 0.100065. However, the result is not statistically significant as the p-value is 

0.6496 which is more than 0.05. This result suggests that variations in mining sector output do not 

significantly explain differences in carbon emissions across provinces during the study period. One 

possible explanation is that emissions from mining activities are either indirectly captured through 

other sectors or mitigated by technological efficiency and environmental regulations, resulting in an 

insignificant net effect at the regional level. 

The coefficient of determination or R-squared (R2) of 0.6845 demonstrates that approximately 

68.45% of the variation in the log total carbon emissions can be explained by the three independent 

variables used in this model and the remaining 31.55% of the variation is attributable to factors not 

captured by the model. The R-squared (R2) value represents the proportion of variance in the data 

accounted for by the model. The F-test result, with a p-value of 0.0000, confirms that the independent 

variables together have a statistically significant impact on carbon emissions. Overall, the results 

indicate that manufacturing value added per capita and population density are the primary 

determinants of carbon emissions in Indonesia from 2018 to 2023, while the mining and quarrying 

sector has no significant direct impact. These findings reinforce both theoretical expectations and 

previous empirical studies, highlighting that industrial expansion and demographic pressure remain 

critical challenges for environmental sustainability in high-emission provinces. 

The Fixed Effect Model (FEM) estimation using panel data from 10 provinces over the 2018–

2023 period indicates that manufacturing industry sector value added per capita (X1) and population 

density (X2) exert a considerable influence in increasing total carbon emissions. Meanwhile, the GRDP 

of the mining and quarrying sector (X3) did nottshow a significant influence on carbon emissions 

during the study period.  

More specifically, higher manufacturing value added per capita is associated with a statistically 

significant rise in carbon emissions, which implies that industrial growth in the observed provinces 

remains largely dependent on energy-intensive production processes. This suggests that the 

expansion of the industrial sector drives increased energy consumption and production activities that 

generate greenhouse gas emissions. This consistency is reinforced by various empirical studies, such 
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as Dong et al., (2020), who through the STIRPAT found a direct relationship between the increase in 

industrial value added and higher carbon emissions, and Majeed & Asghar (2021), who  highlighted 

the negative impact of high energy consumption in the manufacturing sector on the environment. Liu 

et al., (2021) also revealed that the industry's energy structure and capital inputs hinder the carbon 

decoupling process. Furthermore, Adrian (2023) and Farhan (2021) found that increasing 

industrialization in Southeast Asia increases carbon emissions. Although Pratama (Pratama, 2022) 

found a negative effect in Indonesia, the current trend still shows that industrial expansion remains a 

major contributor to carbon emissions in various regions. 

Higher population concentration increases the intensity of human activities, including energy 

consumption for transportation, electricity use, industrial activities, and land conversion, which 

collectively contribute to higher carbon emissions when not accompanied by environmentally 

sustainable practices. This mechanism aligns with previous studies, such as Prinadi et al., (2022), who 

identified population pressure as a major driver of rising carbon emissions in ASEAN countries, 

including Indonesia. Similar evidence is reported by Zarco-Periñán et al., (2021)  for Spain and Han et 

al., (2021) for China, showing that densely populated areas tend to experience higher energy 

consumption and increasingly carbon-intensive lifestyles. 

The relatively weak role of the mining and quarrying sector in explaining variations in carbon 

emissions reflects the effectiveness of Indonesia’s environmental governance in the mining sector. The 

enforcement of Law No. 3 of 2020 which amends Law No. 4 of 2009 on Mineral and Coal Mining, along 

with its adjustment under the Job Creation Law, has strengthened environmental management by 

mandating reclamation and post-mining obligations and imposing stricter administrative and 

criminal sanctions for environmental violations (Darongke et al., 2022). This regulatory framework 

limits emission-intensive practices in mining activities, thereby reducing the direct contribution of 

the sector to recorded carbon emissions. This interpretation is consistent with Insani & Robertus 

(2024) and Nazra (2023), who highlight the role of regulatory quality and technological efficiency in 

shaping the environmental impact of mining activities. Furthermore, Mervine et al., (2025) highlight 

that nickel mining activities, particularly through land clearing, generate large amounts of carbon 

emissions that have not been fully captured in official reporting systems, and thus their contribution 

to national emissions is often underestimated. 

The results of this study underscore the necessity for targeted policy interventions to mitigate 

carbon emissions in provinces with high emission levels. Sustainable industrial development can be 

achieved by promoting low-carbon technologies, enhancing energy efficiency, and rigorously 

enforcing emission standards for each unit of production. Meanwhile, pressures from dense 

populations call for sustainable urban planning, expansion of public transportation, and the 

implementation of energy-efficient building regulations. In the mining sector, maintaining and 

strengthening environmental governance, including reclamation and post-mining obligations ensures 

responsible resource extraction and minimizes environmental impact. Collectively, these measures 

can support economic development while achieving measurable and sustainable reductions in carbon 

emissions. 

 

CONCLUSSION AND RECOMMENDATION 

 

The research investigates how per capita value added from the manufacturing sector, 

population density, and the GRDP of the mining and quarrying sector impact total carbon 

emissions in Indonesia, utilizing panel data from ten provinces over the 2018–2023 period. Through 

estimation using the Fixed Effect Model, the analysis reveals that both the manufacturing sector’s 

value added per capita and population density have a statistically significant and positive 

association with carbon emission levels. These findings indicate that increased industrial activity 
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and higher population concentration contribute to increased energy consumption and production 

patterns that exacerbate greenhouse gas emissions. 

Meanwhile, the GDRP variable for the mining and quarrying sector does not show a strong 

influence in increasing the amount of carbon emissions. This insignificance could be due to 

differences in the intensities: and operational technology of the mining sector in each province, or 

because some mining activities have not produced high direct emissions. In addition, 

environmental regulation and supervision in the sector may also affect the amount of contribution 

to carbon emissions.  

Thus, efforts to control carbon emissions in Indonesia need to focus on strengthening 

policies in the industrial sector and managing population density, as well as improving 

environmentally friendly technology to support sustainable development. 

 

REFERENCES 

Adrian, M. A. (2023). Analisis Pengaruh Aktivitas Ekonomi terhadap Peningkatan Emisi Karbon: 

Studi Empiris Empat Negara ASEAN. Jurnal Ekonomi Indonesia, 12, 187–202. 

Alfin, R., & Qomariah, N. (2024). Eksternalitas (Negatif) dan Lingkungan Hidup. JAMSWAP : Jurnal 

Akuntansi Dan Manajemen, 15, 19–25. 

Asmara, K. (2018). Analisis Peran Sektor Industri Manufaktur Terhadap Penyerapan Tenaga Kerja 

Di Jawa Timur. Journals of Economics Development Issues (JEDI), 1, 33–38. 

http://jedi.upnjatim.ac.id/index.php/JEDI 

Baratta, A., Cimino, A., Longo, F., Solina, V., & Verteramo, S. (2023). The Impact of ESG Practices 

in Industry with a Focus on Carbon Emissions: Insights and Future Perspectives. 

Sustainability, 15(8), 6685. https://doi.org/10.3390/su15086685 

Basyith, A., & Fadillah, I. (2019). Analisis Kinerja Keuangan Perusahaan Sektor Pertambangan 

Antara PMA dan PMDN Di Bursa Efek Indonesia. Mbia, 18(1), 1–17. 

https://doi.org/10.33557/mbia.v18i1.141 

Bertiani, M. D., Debataraja, N. N., & Imro’ah, N. (2024). Penerapan Model Regresi Unbalanced 

Panels dengan Metode Feasible Generalized Least Square (FGLS). Buletin Ilmiah Math. Stat. 

Dan Terapannya (Bimaster), 13(1), 1–8. 

BMKG. (2023). Siaran Pers 2023 Jadi Tahun Terpanas, BMKG: Cuaca Panas Tidak Hanya Menyerang 

Indonesia. https://www.bmkg.go.id/siaran-pers/2023-jadi-tahun-terpanas-bmkg-cuaca-

panas-tidak-hanya-menyerang-indonesia 

Chantika, P. P. (2024). Analisis Jejak Karbon Pada Aktivitas Permukiman Sekitar Universitas Islam 

Indonesia: Studi Kasus Padukuhan Candirejo, Kabupaten Sleman [Universitas Islam 

Indonesia]. http://hdl.handle.net/123456789/53405 

Darongke, Friskilia Rumimpunu, D., & Roeroe, S. (2022). Efektivitas Undang-Undang Nomor 3 

Tahun 2020 dalam Pemberian Izin Usaha Pertambangan Mineral di Indonesia. Lex Privatum, 

10. 

Dewayanti, A. A., & Utami, H. (2021). Estimasi Robust pada Model Regresi untuk Menangani 

Outlier dan Heteroskedastisitas. Jurnal Matematika Thales (JMT), 3(1). 

Dong, B., Ma, X., Zhang, Z., Zhang, H., Chen, R., Song, Y., Shen, M., & Xiang, R. (2020). Carbon 

Emissions, the Industrial Structure and Economic Growth: Evidence from Heterogeneous 

Industries in China. Environmental Pollution, 262, 114322. 

https://doi.org/10.1016/j.envpol.2020.114322 

Dzogovic, S. A., & Bajrami, V. (2023). Qualitative Research Methods In Science And Higher 

Education. Journal Human Research in Rehabilitation, 13(1), 156–166. 

https://doi.org/10.21554/hrr.042318 



Jevan Aulia Kusuma Dewi, Sukma Ayu Aprilia and Yuliawati: An Analysis of the Factors Influencing Carbon Emissions in 
Indonesia 

 

74 
 

Ehrlich, P. R., & Holdren, J. P. (1971). Impact of Population Growth. Science, 171(3977), 1212–1217. 

https://doi.org/10.1126/science.171.3977.1212 

Farhan, A. (2021). Pengaruh Agrikultura dan Industri pada Emisi Karbon Studi Negara-Negara Asia 

Tahun 2010-2016. Media Mahardhika, 19(2). 

Grossman, G. M., & Krueger, A. B. (1991). Environmental Impacts of a North American Free Trade 

Agreement (3914). 

Han, X., Yu, J., Xia, Y., & Wang, J. (2021). Spatiotemporal Characteristics of Carbon Emissions in 

Energy-Enriched Areas and the Evolution of Regional Types. Energy Reports, 7, 7224–7237. 

https://doi.org/10.1016/j.egyr.2021.10.097 

Harahap, N. A. P., Al Qadri, F., Harahap, D. I. Y., Situmorang, M., & Wulandari, S. (2023). Analisis 

Perkembangan Industri Manufaktur Indonesia. Jurnal Kajian Ekonomi Dan Bisnis Islam, 4(6), 

1444. 

Hariswan, A. M., Nur, E., & Mela, N. F. (2022). Pengungkapan Emisi Karbon Perusahaan 

Pertambangan di Indonesia. Jurnal Al-Iqtishad Edisi, 18. 

Insani, N. F. N., & Robertus, M. H. (2024). Analisis Environmental Kuznets Curve pada PDRB 

Sektoral terhadap Emisi Gas Rumah Kaca di Provinsi Jawa Timur Tahun 1990-2022. 

Diponegoro Journal of Economics, 13(3), 9–21. https://doi.org/10.14710/djoe.45139 

Ivanova, S., Vesnina, A., Fotina, N., & Prosekov, A. (2022). An Overview of Carbon Footprint of Coal 

Mining to Curtail Greenhouse Gas Emissions. Sustainability, 14(22), 15135. 

https://doi.org/10.3390/su142215135 

Karunia, M. R., Komarulzaman, A., & Tjahjawandita, A. (2023). Konsumsi Energi, Pembangunan 

Sektor Keuangan dan Emisi Karbon di Indonesia. Jurnal Ekonomi Dan Pembangunan 

Indonesia, 23(1), 81–92. https://doi.org/10.21002/jepi.2023.06 

Khan, M. K., Khan, M. I., & Rehan, M. (2020). The Relationship Between Energy Consumption, 

Economic Growth and Carbon Dioxide Emissions in Pakistan. In Financial Innovation (Vol. 6, 

Issue 1). Springer. https://doi.org/10.1186/s40854-019-0162-0 

KLHK. (2024). Emisi dari Sektor Energi, IPPU, Pertanian, Kehutanan & Limbah. 

Signmart.Menlhk.Go.Id. 

Kurniawan, K., Supriatna, J., Sapoheluwakan, J., Soesilo, T. E. B., Mariati, S., Gunarso, G., & Fatimah. 

(2022). The Analysis of Forest and Land Fire and Carbon and Greenhouse Gas Emissions on 

the Climate Change in Indonesia. AgBioForum, 24(2), 1–11. 

Liu, M., Zhang, X., Zhang, M., Feng, Y., Liu, Y., Wen, J., & Liu, L. (2021). Influencing Factors of 

Carbon Emissions in Transportation Industry Based on CD Function and LMDI 

Decomposition Model: China as an Example. Environmental Impact Assessment Review, 90. 

https://doi.org/10.1016/j.eiar.2021.106623 

Maghfirani, H. N., Hanum, N., & Amani, R. D. (2022). Analisis Tantangan Penerapan Pajak Karbon 

di Indonesia. Juremi: Jurnal Riset Ekonomi, 1(4), 314–321. 

https://doi.org/10.53625/juremi.v1i4.746 

Majeed, M. T., & Asghar, N. (2021). Trade, Energy Consumption, Economic Growth, and 

Environmental Quality: an Empirical Evidence from D-8 and G-7 Countries. Environmental 

Science and Pollution Research, 28(43). https://doi.org/10.1007/s11356-021-15066-z 

Mehmood, S., Zaman, K., Khan, S., Ali, Z., & Khan, H. ur R. (2024). The Role of Green Industrial 

Transformation in Mitigating Carbon Emissions: Exploring the Channels of Technological 

Innovation and Environmental Regulation. Energy and Built Environment, 5(3), 464–479. 

https://doi.org/10.1016/j.enbenv.2023.03.001 

Mervine, E. M., Valenta, R. K., Paterson, J. S., Mudd, G. M., Werner, T. T., Nursamsi, I., & Sonter, L. 

J. (2025). Biomass Carbon Emissions from Nickel Mining Have Significant Implications for 



Jevan Aulia Kusuma Dewi, Sukma Ayu Aprilia and Yuliawati: An Analysis of the Factors Influencing Carbon 
Emissions in Indonesia 
 

75 
 

Climate Action. Nature Communications, 16(1), 481. https://doi.org/10.1038/s41467-024-55703-

y 

Nastiti, A., & Hardiningsih, P. (2022). Determinan Pengungkapan Emisi Karbon. Jurnal Ilmiah 

Akuntansi Dan Keuangan, 4(6). https://doi.org/https://doi.org/10.32670/fairvalue.v4i6.1155 

Nazra, S. (2023). Pengaruh Kontribusi Produk Domestik Bruto Sektor Industri dan Sektor 

Pertambangan terhadap Kualitas Lingkungan di Indonesia. Universitas Islam Negeri Ar-

Raniry. 

Nurrahmawati, B., & Kusumawardani, D. (2021). The Effect of Demographic Structure on Carbon 

Dioxide (CO2) Emissions : Top Emitters Case Study. Jurnal Ilmu Ekonomi Terapan, 6(1), 32. 

https://doi.org/10.20473/jiet.v6i1.26397 

Panayotou, T. (2003). Economic Growth and the Environment. New York University Press. 

Prasetyanto, P. K., & Sari, F. (2021). Environmental Kuznets Curve: Economic Growth with 

Environmental Degradation in Indonesia. International Journal of Energy Economics and 

Policy, 11(5), 622–628. https://doi.org/10.32479/IJEEP.11609 

Pratama, A. (2022). Pengaruh Industrialisasi Terhadap Emisi CO2 Di Indonesia. 6(1). 

http://ejournal.bsi.ac.id/ejurnal/index.php/ecodemica 

Prinadi, A. N., Sarungu, J. J., Suryantoro, A., & Gravitiani, E. (2022). Dampak Pertumbuhan 

Ekonomi, Nilai Tambah Industri dan Populasi terhadap Emisi Karbon Dioksidadi Kawasan 

ASEAN. Prosiding Nasional. 

Putri, F. A., & Serly, V. (2024). Pengaruh Pengungkapan Emisi Karbon dan Kinerja Lingkungan 

terhadap Nilai Perusahaan: Studi Empiris Perusahaan Pertambangan yang Terdaftar di Bursa 

Efek Indonesia 2018-2022. Jurnal Eksplorasi Akuntansi (JEA), 6(4), 1544–1555. 

https://doi.org/10.24036/jea.v6i4.2035 

Ratnawati, D. (2016). Carbon Tax Sebagai Alternatif Kebijakan Untuk Mengatasi Eksternalitas 

Negatif Emisi Karbon di Indonesia. Jurnal Perbendaharaan Keuangan Negara Dan Kebijakan 

Publik, 1(2), 53–67. https://doi.org/10.33105/itrev.v1i2.51 

Rohman, M. M., Sinaga, J., Yuliawati, Asmara, A., Sari, T. P., Ramadhan, A. R., Yustitia, V., Agit, A., 

Suhendi, Hidayati, N., Dewi, N. P. S., Sukandi, P., & Saputri, P. S. (2023). Metodologi Penelitian 

Kuantitatif dan Kualitatif (H. Fernanda (ed.); 1st ed.). PT Penamuda Media. 

Saputra, T., Suryani, Anisa, Febriyanti, S., Sari, S. D., & Sonata, B. (2023). Penegakan Hukum 

Terhadap Pelanggaran Penambangan Ilegal Gas Bumi Di Indonesia. Jurnal Administrasi 

Publik Dan Bisnis, 5(1), 11–19. https://doi.org/10.36917/japabis.v5i1.78 

Sari, I., & Karimi, K. (2023). Pengaruh Pertumbuhan Ekonomi, Jumlah Penduduk dan Konsumsi 

Energi terhadap Degradasi Lingkungan di Indonesia. Jurnal Economic Development, 1(1). 

Setiawan, M., Indiastuti, R., Hidayat, A. K., & Rostiana, E. (2021). R&D and Industrial Concentration 

in the Indonesian Manufacturing Industry. Journal of Open Innovation: Technology, Market, 

and Complexity, 7(2), 112. https://doi.org/10.3390/joitmc7020112 

Shunfa, H., Hui, E. C., & Yaoyu, L. (2022). Relationship Between Urban Spatial Structure and Carbon 

Emissions: A Literature Review. Ecological Indicators, 144, 109456. 

https://doi.org/10.1016/j.ecolind.2022.109456 

Soehaditama, J. P., Manurung, A. H., Machdar, N. M., & Hidayat, W. W. (2024). Analisis Rasio 

Lancar , Rasio Hutang terhadap Ekuitas , Emisi Karbon Dioksida pada Penerbitan Green Bond. 

Jurnal Akademi Akuntansi Indonesia Padang, 4(2), 347–356. 

https://doi.org/https://doi.org/10.31933/kpyyg763 

Suwandi, S. I. N., Raras Tyasnurita, & Hanifan Muhayat. (2022). Peramalan Emisi Karbon 

Menggunakan Metode SARIMA dan LSTM. Journal of Computer Science and Informatics 

Engineering (J-Cosine), 6(1), 73–80. https://doi.org/10.29303/jcosine.v6i1.436 



Jevan Aulia Kusuma Dewi, Sukma Ayu Aprilia and Yuliawati: An Analysis of the Factors Influencing Carbon Emissions in 
Indonesia 

 

76 
 

Ulrich, S., Trench, A., & Hagemann, S. (2022). Gold Mining Greenhouse Gas Emissions, Abatement 

Measures, and the Impact of a Carbon Price. Journal of Cleaner Production, 340, 130851. 

https://doi.org/10.1016/j.jclepro.2022.130851 

UNDP Indonesia. (2022). The SDGs in Action. https://www.undp.org/indonesia/sustainable-

development-goals 

United Nations. (2015). Transforming Our World: the 2030 Agenda for Sustainable Development. 

https://sdgs.un.org/2030agenda 

Wahyudi, H., Suparta, I. W., Andrian, T., Ciptawaty, U., & Pratama, A. D. (2025). The Economic 

Growth with Low Carbon Emissions: Evidence from Indonesian 10 Provinces. Research on 

World Agricultural Economy, 6(1), 381–394. https://doi.org/10.36956/rwae.v6i1.1329 

Wang, Q., Wang, X., Li, R., & Jiang, X. (2024). Reinvestigating the Environmental Kuznets Curve 

(EKC) of Carbon Emissions and Ecological Footprint in 147 Countries: a Matter of Trade 

Protectionism. Humanities and Social Sciences Communications, 11(1). 

https://doi.org/10.1057/s41599-024-02639-9 

Widyawati, R. F., Hariani, E., Ginting, A. L., & Nainggolan, E. (2021). Pengaruh Pertumbuhan 

Ekonomi, Populasi Penduduk Kota, Keterbukaan Perdagangan Internasional Terhadap Emisi 

Gas Karbon Dioksida (CO2) Di Negara ASEAN. Jambura Agribusiness Journal, 3(1), 37–47. 

https://doi.org/10.37046/jaj.v3i1.11193 

York, R., Rosa, E. A., & Dietz, T. (2003). Methods STIRPAT, IPAT and ImPACT : Analytic Tools for 

Unpacking the Driving Forces of Environmental Impacts. 46, 351–365. 

https://doi.org/10.1016/S0921-8009(03)00188-5 

Yusuf, A. A. (2021). The Impact of Industry 4.0 on the Indonesian Economy: A General Equilibrium 

Assessment. Regional Science Policy & Practice, 13(6), 1805–1825. 

https://doi.org/10.1111/rsp3.12463 

Zarco-Periñán, P. J., Zarco-Soto, I. M., & Zarco-Soto, F. J. (2021). Influence of Population Density on 

CO2 Emissions Eliminating the Influence of Climate. Atmosphere, 12(9), 1193. 

https://doi.org/10.3390/atmos12091193 

Zhang, X., Jiao, K., Zhang, J., & Guo, Z. (2021). A Review on Low Carbon Emissions Projects of Steel 

Industry in the World. Journal of Cleaner Production, 306, 127259. 

https://doi.org/10.1016/j.jclepro.2021.127259 

 

 


