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Abstract: This study provides significant contributions to the literature by comprehensively
examining the simultaneous effects of foreign direct investment (FDI), energy imports, and economic
growth on carbon intensity in Indonesia during 2000-2022, using data from the World Bank and the
International Energy Agency (IEA). By applying multiple linear regression analysis, the results
reveal that the model has a coefficient of determination (R?) of 0.797, indicating that the independent
variables simultaneously explain 79.7% of the variation in carbon intensity. Partially, energy imports
exert a negative and significant effect on carbon intensity, primarily through the substitution of coal
with cleaner fuels such as liquefied natural gas (LNG) and oil, an aspect rarely discussed in previous
Indonesian studies. In contrast, FDI demonstrates a positive and significant effect, reflecting the
dominance of pollution-intensive sectors and weak environmental governance, while GDP growth
shows no significant impact, suggesting that economic expansion alone has not led to improvements
in energy efficiency or a transition to low-carbon sources. Overall, these findings highlight the dual
role of FDI, the importance of energy imports in shaping emission dynamics, and the urgent need for
stricter environmental governance, a more selective FDI policy oriented toward clean technology,
and an accelerated energy transition to achieve sustainable and low-carbon economic growth.

Keywords: Carbon Intensity, Energy Import, Foreign Direct Investment, GDP Growth, Energy
Transtition, Sustainable Development.

Introduction

reliance on fossil fuels, particularly coal and oil, has often linked
economic growth with rising emissions. According to the
International Energy Agency (IEA), Indonesia’s carbon intensity

Global climate change poses a significant challenge for
Indonesia, the largest economy in Southeast Asia, as it seeks to
balance economic development with environmental sustainability.
Carbon intensity, defined as the amount of carbon dioxide (COx)
emissions per unit of energy consumption, is widely used to assess
sustainable development. This indicator is considered more
comprehensive than total emissions alone, as it accounts for energy
efficiency in production and consumption processes. For
developing countries like Indonesia, which still rely heavily on
fossil fuels, carbon intensity presents a critical challenge in the
transition toward a low-carbon economy.

The relationship  between economic growth and
environmental degradation is theoretically framed through the
Environmental Kuznets Curve (EKC) (Grossman & Krueger,
1995), which posits that emissions rise in the early stages of
economic growth and decline after reaching a turning point due to
technological transformation and increased environmental
awareness. However, empirical evidence from developing
countries remains relatively mixed. For developing countries in
Southeast Asia, including Indonesia—the region’s largest
economy—carbon intensity poses a major challenge. Heavy
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fluctuated during 1990-2022, generally showing an upward trend.
Overall, these developments suggest that Indonesia’s economic
expansion during this period remained heavily dependent on fossil
fuels, with each growth phase typically accompanied by significant
increases in carbon emissions. Carbon intensity data for 2000—
2022 are presented in Figure 1.
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Figure 1. Carbon Intensity Trend in Indonesia (1990-2022)
Source: International Energy Agency (IEA), processed by authors)

Between 1990 and 2012, carbon intensity increased from
76.848 to 125.835, followed by a temporary decline, before rising
again post-COVID-19 to 123.966 in 2022. This pattern indicates
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that energy efficiency has not been structurally integrated into
national economic growth. The trend is further reinforced by
limited domestic energy supply, making energy imports—
especially oil and coal—crucial, yet simultaneously heightening
structural vulnerability to carbon intensity. The observed trends in
carbon intensity in Indonesia are strongly influenced by
governmental policies as well as prevailing economic conditions
and activities. Several factors are suspected to affect carbon
intensity, including foreign direct investment (FDI), energy
imports, and economic growth. Indonesia’s reliance on energy
imports highlights the country’s structural vulnerability to global
energy supply. Rising energy imports indicate that domestic
production has not yet met national demand, thereby driving the
continued use of fossil fuels, which impacts carbon intensity. The
energy dependency theory (Ozturk & Acaravci, 2010) suggests that
limited domestic energy supply encourages countries to increase
energy imports, which can exacerbate carbon intensity if imports
are dominated by fossil fuels. In the context of Indonesia, the
growing energy demand driven by economic growth and
industrialization has not been fully met by domestic supply,
resulting in significant increases in oil and coal imports (IEA,
2021). This situation complicates the transition toward clean
energy, as fossil-fuel-based imports tend to increase emissions per
unit of energy consumption.

Meanwhile, economic growth (GDP growth) remains a key
determinant of development trajectories. According to the
Environmental Kuznets Curve (EKC) hypothesis, emissions
initially rise during early stages of economic growth but decline as
income levels and environmental awareness increase (Grossman &
Krueger, 1995). In addition to economic growth, FDI is regarded
as a significant factor influencing emissions in a country. While
FDI plays an important role in enhancing the economic growth of
recipient countries, particularly developing countries, multiple
studies confirm its positive impact on economic performance
(Septriai, 2024a; Septriani, 2024b; Marjana¢ & Gruji¢, 2022;
Gokeeli et al., 2022; Fazaalloh, 2024; Rao et al., 2023; Khan et al.,
2022; Gligori¢ et al., 2017). Despite its contribution to economic
growth, FDI’s environmental impact remains debated. The
Pollution Haven Hypothesis (PHH) posits that FDI increases
emissions by relocating pollution-intensive industries to countries
with lax environmental regulations (Cole & Elliott, 2005); Lestari
et.al (2025), whereas the Pollution Halo Hypothesis emphasizes
FDI’s potential to reduce emissions through the transfer of clean
technologies (Eskeland & Harrison, 2003; Porter & van der Linde,
1995).

Empirical evidence in Indonesia is mixed: Saraswati et al.
(2022) found that Foregn direct investment (FDI) increases energy
intensity in the manufacturing sector, while Sari (2022) indicates
that FDI can reduce CO: emissions in the long run. This
complexity becomes more pronounced when external factors such
as energy imports are considered, as studies by Zhou et al. (2018)
and Saraswati et al. (2022) suggest that Foregn direct investment
(FDI) can increase carbon intensity. Based on data from the World
Bank and the International Energy Agency (IEA), total Foregn
direct investment (FDI) flows, energy imports, and GDP growth in
Indonesia exhibit year-to-year fluctuations (see Figure 1).
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Figure 2. Trends of GDP Growth, Foreign Direct Investment, and
Energy Imports in Indonesia (2000-2022)
Source: World Bank and International Energy Agency (IEA),
processed by the authors

This phenomenon highlights that the transition toward a
cleaner energy mix and improvements in energy efficiency have
not yet been structurally realized. The high carbon intensity also
indicates that economic growth, measured by Gross Domestic
Product (GDP), has not been fully accompanied by gains in energy
efficiency. This underscores both academic and practical urgency
to empirically examine the relationships between macroeconomic
factors—such as economic growth, foreign direct investment
(FDI), and energy import dependency—and carbon intensity in
Indonesia. Such analysis is critical not only to enrich the scientific
literature on the nexus between economic development and
environmental sustainability in developing countries, but also to
provide evidence-based guidance for formulating effective green
energy transition strategies.

Moreover, several international studies have highlighted the
relevance of these factors. For instance, Apergis & Payne (2010)
found that fossil energy consumption increases carbon emissions,
while Pazienza (2019) demonstrated that FDI can reduce emissions
through technology transfer. Shahbaz et al. (2019) reported that in
Southeast Asia, economic growth drives emissions upward, but
renewable energy policies can mitigate carbon intensity. At the
national level, most studies still focus on total emissions rather
than carbon intensity, and the role of energy imports remains
relatively underexplored despite its importance given Indonesia’s
reliance on imported fossil fuels. Academically, this study
contributes to the literature on sustainable development in
developing countries, particularly regarding carbon intensity
dynamics. Practically, the findings are expected to inform policy
design for energy transition and decarbonization in Indonesia,
ensuring that economic growth aligns with environmental
sustainability.

Method

This research focuses on Indonesia as the object of study,
covering the period from 2000 to 2022. The main objective is to
analyze the impact of energy imports, foreign direct investment
(FDI), and GDP growth on carbon intensity in Indonesia during the
period. The study utilizes annual time series data (2000-2022),
with carbon intensity as the dependent variable and energy imports,
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FDI, and GDP growth as the independent variables. Data is
sourced from official agencies, including the World Bank and the
International Energy Agency (IEA). The analysis is conducted
using multiple linear regression, with the following details:

CARB _INT = j; + f,Energy _IMP, + §,FDI + f,GDP _GR, +¢,

Where :

CARB_INT represents carbon intensity (CO/TEST)

Energy_IMP is energy imports (% of energy use)

FDI foreign direct investment (Billion USD)

GDP_GR is GDP growth (%)

P is the intercept

B1, Bo, B3 are regression coefficients for energy imports, FDI, and
GDP growth, respectively GDP

t represents the time period (2000-2022)

¢ is Error term

Prior to regression analysis, multicollinearity was tested using
Pearson correlation among independent variables. High
correlations (r > 0.8) indicate potential multicollinearity that may
affect coefficient estimates (Gujarati & Porter, 2009; Wooldridge,
2016). Subsequently, the regression model was estimated using
Ordinary Least Squares (OLS), and model validity was assessed
through the Breusch-Godfrey Serial Correlation LM Test for
autocorrelation and White and Breusch-Pagan tests for
heteroskedasticity. After confirming classical assumptions, the
significance of regression coefficients was tested using the t-test
for individual effects and the F-test for overall model significance.
Regression results were analyzed to determine the direction and
magnitude of each independent variable's effect on carbon
intensity, while the R2 value was used to evaluate the proportion of
variation in carbon intensity explained by the independent
variables.

Results and Discussions

The normality test confirms that the dataset used in this study
is normally distributed, as indicated by a Jarque-Bera probability of
0.8233, exceeding the 5% significance threshold (o = 0.05). These
results, presented in Figure 3, validate the suitability of the data for
regression analysis.

Series: Residuals
74 Sample 2000 2022
Observations 23

Mean -2.07e-11
5 Median -36.26825
Maximum 7039.566
44 Minimum ~ -5803.144
Std. Dev. 3422.558

0.101204
2.396004

Skewness
Kurtosis

0.388873
0.823299

Jarque-Bera
Probability

' ]
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Figure 3. Normality Test Results
Source: Processed research data (2025)

The autocorrelation test shows a Chi-Square probability of
0.0843, exceeding the 5% significance level (o = 0.05), indicating
that the regression model is free from autocorrelation. Results are
presented in Table 1..

Table 1. Autocorrelation Test Results

Breusch-Godfrey Serial Correlation LM Test
2.329662 Prob. F(2,17)
4.947728 Prob. Chi-Square(2)

0.1276
0.0843

F-statistic
Obs*R-squared

Source: Research data (Processed 2025)
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The regression model was also subjected to a
heteroskedasticity test. The results indicate no evidence of
heteroskedasticity, as shown by the Chi-Square probability of
Obs*R-squared = 0.3586. The heteroskedasticity test results are
presented in Table 2..

Table 2. Heteroskedasticity Test Results
Heteroskedasticity Test: Breusch-Pagan-Godfrey:
F-statistic 1.031758  Prob. F(3,19) 0.4009

Obs*R-squared  3.222016  Probh. Chi-Square(3) 0.3586
Source: Research data (Processed 2025)

Finally, a multicollinearity test was conducted to examine the
relationships among the independent variables. The results are
presented in Table 3
Table 3. Multicollinearity Test Results

Variable Energy_Import FDI GDP_GR
Energy_IMP 1.000000 -0.754883 -0.194076
FDI -0.754883 1.000000 -0.020118
GDP_GR -0.194076 -0.020118 1.000000

Source : Research data (Processed, 2025)

Furthermore, the regression results of this study can be seen
in Table 4, providing insights into the partial and simultaneous
effects of energy imports, foreign direct investment (FDI), and
GDP growth on carbon intensity in Indonesia during 2000-2022.

Table 4. Multiple Linear Regression Results
Std.

Variable Coeff. Error t-Statistic ~ Prob.
C 98500.66  4236.411 23.25097 0.0000
Energy_IMP -130.8408  56.98419 -2.296090  0.0332
FDI 431.6254  123.6170 3.491634 0.0024
GDP_GR 10.46855  493.8344 0.021199 0.9833
R?:0.797428

Adj.R?: 0.765442
F-statistic : 24.93121
Prob (F-Statistic) : 0.000001
Source : Research Data (processed, 2025)

Based on the test results in Table 4, the regression equation is
obtained as follows:

CARB _ INT = 985000 .66 —130.8408 EnergylMP -+ 431.6254 FDI +10.46855 GDP _GR + ¢,

Hypothesis Test

Based on the regression results in Table 4, it is found that this
research model has a high coefficient of determination with R-
squared of 0.797 and Adjusted R-squared of 0.765, which means
that 79.7% of carbon intensity variation can be explained
simultaneously by energy import, FDI, and GDP growth, while the
remaining 20.3% is influenced by other factors outside the model.
Meanwhile, based on the F test, the result shows that the F-statistic
value is 24.93 with the probability of F_Statistic of 0.001 or
smaller than o = 5%, so it can be concluded that simultaneously the
variables of energy import, FDI, and GDP growth have a
significant positive effect on carbon intensity. Furthermore, based
on the t-test, it is known that the t-statistic value of energy import
variable is -2.30 with a probability of 0.033. This shows that
energy import variable has a significant negative effect on carbon
intensity at 0=5%. In contrast, FDI has a t-statistic of 3.49 with a
probability of 0.002. This result shows that FDI has a significant
positive effect on carbon intensity at o = 5%. Meanwhile, the GDP
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growth variable does not show a significant effect on carbon
intensity because the t-statistic probability value of the GDP
Growth variable is 0.983 or greater than a = 5%.

Discussion

Based on the regression results, the coefficient value of
energy import variable is -130.84 and the t-statistic probability of
energy import variable is 0.0332. This result shows that energy
imports have a significant positive effect on carbon intensity in
Indonesia at o = 5%. The result shows that the variable of energy
imports has a significant effect on carbon intensity with a negative
coefficient. This finding indicates that an increase in energy
imports actually contributes to a decrease in carbon intensity in
Indonesia. Theoretically, this condition can be explained by the
structure of Indonesia's energy mix which is still highly dependent
on domestic coal as the main energy source. When energy imports
increase, especially oil and liquefied natural gas, there is a partial
substitution from coal to relatively cleaner energy, so that emission
intensity per unit of economic output decreases. This finding
confirms that an increase in energy imports actually contributes to
a decrease in carbon intensity in Indonesia. This phenomenon can
be explained by the fact that imported energy generally has a lower
carbon intensity than domestic coal-based energy, such as liquefied
natural gas and oil.

Moreover, the Indonesian government's concrete policies
support this interpretation. Currently, the government announced
plans to shift around 60% of energy imports from Singapore to the
United States, including oil, LPG and Liquefied Natural Gas
(LNG) not by increasing import volumes, but by changing
suppliers to obtain energy with better quality and standards
(Reuters, 2025). In addition, a USD 1.5 billion project is underway
to expand the distribution of Liquefied Natural Gas to diesel-fired
plants in eastern Indonesia (Reuters, 2025). This project enables
the replacement of domestic diesel with more environmentally
friendly Liquefied Natural Gas (LNG), which is in line with
empirical results that energy imports can lower carbon intensity. In
this case, energy imports serve as a decarbonization instrument
through the substitution of carbon-intensive domestic energy. This
result is in line with previous research which found that energy
diversification through natural gas imports plays a role in reducing
carbon emissions in developing countries (Shahbaz et al., 2019).

Furthermore, based on the regression result, the coefficient
value of foreign direct investment (FDI) variable is 431.62 with
probability 0.0024. This shows that FDI has a positive and
significant effect on energy intensity in Indonesia at a = 5%. This
means that when FDI increases by 1 billion USD, the carbon
intensity increases by 431.62. FDI has a complex impact on the
environment, because on the one hand it can encourage sustainable
development through the transfer of clean technology, but on the
other hand it also has the potential to increase pollution. Ji (2015)
showed that the relationship between FDI and pollution in China
follows the EKC pattern, but weak environmental regulation makes
emission control ineffective. Furthermore, Zhang et al. (2023)
confirmed that FDI significantly transfers carbon emissions to low-
and middle-income countries through the relocation of polluting
industries and changes in energy structure. This finding is relevant
for Indonesia, because although FDI plays an important role in

50

supporting economic growth, without strict environmental
regulations and the application of clean technology, FDI inflows
have the potential to increase national carbon intensity.

These results suggest that foreign investment inflows tend to
increase emissions relative to economic output. The phenomenon
is in line with the pollution haven hypothesis, where developing
countries such as Indonesia are destinations for foreign investment
in energy-intensive and polluting sectors, including mining, heavy
manufacturing, and fossil-based energy infrastructure. However,
empirical findings on the impact of FDI on carbon emissions are
contradictory: some studies find that FDI can reduce emissions
through the pollution halo effect and increased energy efficiency
(Li et al., 2023); (Tian, 2023); Perkins et al., (2009). According to
Yi etal. (2023) Foreign investment can contribute to improving
energy efficiency in the manufacturing sector. Meanwhile, other
research results show that FDI increases emissions by moving
polluting industries to developing countries with looser
environmental regulations (Jiang, 2019). This difference in
findings indicates that the effects of FDI are highly contextualised
and depend on the structural conditions and environmental policies
of recipient countries. Thus, although FDI plays an important role
in promoting economic growth, the impact of foreign direct
investment activities on the environment cannot be ignored. This
shows that FDI flows to Indonesia during the study period have not
consistently brought environmentally friendly technologies that can
reduce carbon emissions.

Foreign Direct Investment (FDI) has a dual role in carbon
emissions. On the one hand, FDI can increase emissions if it flows
to pollution-intensive sectors (Pollution Haven Hypothesis), as
shown by Zhou et al. (2018) who found an increase in carbon
intensity through the implicit trade carbon mechanism even though
in the long run it has the potential to reduce it. Guo et al. (1995)
also confirmed that large foreign capital flows support industrial
adjustment, but carbon leakage can weaken the effectiveness of
emission reduction policies and increase global emissions.
Consistent with these findings, Munir & Ameer (2020); Pazienza
(2019); Corneo et.all (2025); show a positive and significant
relationship between FDI and CO: emissions, especially in the
manufacturing sector of OECD countries. However, these results
differ from Zhang et al. (2016) who emphasise that FDI can also
reduce long-term emissions through technology transfer.
Therefore, the impact of FDI on emissions depends on the
direction of the flow, the destination sector, and the accompanying
mechanism.

Meanwhile, the GDP Growth variable has a coefficient of
10.46855 with a probability of 0.9833. This result shows that the
variable GDP Growth or economic growth has no effect on carbon
intensity at o = 5%. This means that changes in economic growth
in Indonesia during the period 2000-2022 have no effect on carbon
intensity. In this case, although the economy is growing, the
pattern of energy consumption and energy use efficiency still has
not experienced significant changes in overcoming carbon
intensity. Based on the data, Indonesia's GDP growth is constantly
fluctuating, especially during the 2008-2009 global financial crisis
and the COVID-19 pandemic in 2020, which showed negative
growth. However, despite the economic contraction in that period,
carbon intensity did not decrease drastically. In 2020, the carbon
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intensity is still relatively high at 118.549, indicating that a
decrease in economic output does not necessarily reduce emissions
per unit of energy used.

Actually, there are currently no studies that explicitly find an
insignificant effect of GDP growth on carbon intensity. Existing
evidence is only indicative, such as a panel of 70 countries (1970-
2013) showing an elasticity of =1 without formal tests Wang at.al
(2019), as well as estimates for Latin America and the Caribbean
with a consumption elasticity of around 0.95 (Balza, et.al, 2024).
In contrast, some studies show a decrease in carbon intensity with
economic growth (Pathiranage, 2024); (Balza, et.al, 2024). Other
studies also find no causality from GDP to CO: (Awais et.al
(2024), (Ozden & Bese, 2021). Thus, the evidence favours a
moderate decrease in carbon intensity, while directly tested
insignificant findings are still rare.

The results of this study are in line with several previous
studies that emphasise that the relationship between economic
growth and carbon intensity in developing countries is often weak
or insignificant. Iskandar (2019) stated that the Environmental
Kuznets Curve (EKC) is not consistently proven in Indonesia,
which suggests that economic growth has not been followed by
improvements in energy efficiency or a transition to low carbon
energy sources. Based on the Environmental Kuznets Curve (EKC)
theory, there is an inverted U-shaped curve between economic
growth and environmental pressure. Pollution increases in the early
stages of development, then decreases due to technological
efficiency and increased institutional capacity (Grossman &
Krueger, 1991). As the results of research conducted by Ozturk &
Al-Mulali (2015) and Shahbaz et al. (2019) confirm the EKC
pattern in several developing countries, but its implementation in
Indonesia still needs deeper exploration and long term analysis.

Therefore, it can be concluded that Indonesia's economic
growth during 2000-2022 is mostly driven by sectors that are still
fossil energy intensive, thus not significantly reducing carbon
intensity. This confirms the importance of economic
decarbonisation policies, such as renewable energy transition,
energy efficiency in the industrial sector, as well as the
implementation of clean technology standards to ensure that future
economic growth can take place sustainably without increasing the
environmental burden.

Conclusion

Based on the regression results, this study concludes that
energy imports significantly reduce carbon intensity in Indonesia,
mainly through the substitution of coal with relatively cleaner fuels
such as LNG and oil. In contrast, foreign direct investment (FDI)
has a positive and significant effect on carbon intensity, reflecting
the dominance of pollution-intensive sectors as well as weak
environmental regulations in accommodating foreign capital.
Meanwhile, GDP growth has no significant effect on carbon
intensity, indicating that Indonesia's economic expansion over the
2000-2022 period has not been accompanied by structural
improvements in energy efficiency or a transition to low-carbon
energy sources. These findings emphasise the need for stricter
environmental governance, more selective and clean technology-
oriented FDI policies, and an accelerated energy transition to
ensure sustainable economic growth while reducing carbon
emissions.
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