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Abstract: This study analyzes the effect of Brent oil price and oil demand on oil emissions in
Indonesia during the period 1990-2023. This study was analyzed using multiple linear regression,
while the data were obtained from the Energy Information Administration (EIA), World Development
Indicators (World Bank). The results showed that Brent oil price has a positive and significant effect
on oil emission, as well as the variable of oil consumption or demand has a positive and significant
effect on oil emission. Although economic theory predicts that higher oil prices will reduce energy
consumption, this effect is less pronounced in Indonesia due to government fuel subsidies. This
finding has several important policy implications. First, the government needs to evaluate its fuel
subsidy policy, which has been suppressing domestic prices, as large subsidies weaken the
mechanism of controlling emissions through energy prices. A more realistic energy price adjustment
could encourage consumption efficiency and reduce emissions. Second, the high oil consumption in
the transportation sector emphasizes the importance of developing efficient and environmentally
friendly public transportation, as well as encouraging the use of energy-efficient vehicles. Third,
energy diversification towards renewable sources is a strategic step to reduce dependence on oil and
reduce long-term emissions. Overall, the integration of economic, energy, and transportation policies

is necessary for sustainable economic growth without increasing environmental pressures.
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Introduction

Climate change is one of the biggest global challenges of the
21st century, with carbon dioxide (CO-) emissions from the energy
sector being a major contributor to global warming (IPCC, 2021).
Among various energy sources, petroleum (oil) plays a central role
in modern economies, especially in developing countries with high
levels of urbanization and economic growth. Dependence on oil
not only drives economic growth, but also accelerates the
accumulation of carbon emissions.

Indonesia is one of the largest developing countries in Asia.
In this case, as a developing country, Indonesia also faces the same
dilemma as other developing countries. Although the government
has implemented energy diversification efforts, Indonesia's
national energy consumption is still highly dependent on
petroleum, especially in the transportation sector (MEMR, 2022).
Based on emissions data per source, petroleum has consistently
been the main contributor to CO: emissions compared to coal and
natural gas throughout the 1990-2022 period. This condition shows
that diversification policies have not been able to fully reduce the
dominance of petroleum in the national energy structure. In fact,
this dependence has an impact on the achievement of emission
reduction targets. This is because the transportation sector always
experiences an increase in energy demand in line with economic
and population growth. The historical emission trends provide an
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important insight into Indonesia's challenges in achieving a
sustainable energy transition. To clarify the comparison of
emissions from oil, coal and natural gas, a visualization of
Indonesia's CO: emissions data from 1990-2022 is shown below
(see figure 1).
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Figure 1 shows the trend of Indonesia's CO: emissions by
major energy source (coal, oil and natural gas) over the period
1990-2022. It can be seen that emissions from petroleum (red line)
have consistently been at high levels throughout the observation
period, although they have tended to stabilize since mid-2010. In
contrast, emissions from coal (blue line) experienced the sharpest
increase, especially after 2005, as energy demand for industry and
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power generation surged. Meanwhile, emissions from natural gas
(green line) showed a relatively moderate increase and tended to
stagnate in the last decade.

Although oil emission growth is not as fast as coal, its
contribution remains large, making the oil-dependent transport
sector a major challenge for energy decarbonization in Indonesia.
This emphasizes the need for further research on oil emissions to
understand the causes of oil emissions dominance and formulate
policy strategies that can reduce transportation emissions. Such
understanding is essential to support a sustainable energy transition
and the achievement of national emission reduction targets.

The two main factors theoretically and empirically proven to
affect oil emissions are oil demand and the Brent crude oil price.
Oil demand has a direct relationship with emissions, as any
increase in fuel consumption automatically increases the volume of
carbon burned. The Environmental Kuznets Curve (EKC)
framework explains that in the early stages of economic
development, income growth encourages increased use of fossil
energy, which in turn increases carbon emissions (Grossman &
Krueger, 1991; Sugiawan & Managi, 2016; Chen, 2022).
Furthermore, international crude oil prices theoretically affect
consumption through the price elasticity of demand mechanism.
Price increases should suppress oil consumption and reduce
emissions, but research shows that in many developing countries,
fuel price elasticity is very low, so the impact of prices on
consumption and emissions is limited (Sa'ad, 2009; Dartanto,
2013). In Indonesia, the existence of fuel subsidies has led to
imperfect transmission of world oil prices to domestic prices,
resulting in weak price effects on emissions control..

Several studies have found that there is a close relationship
between fossil energy consumption and carbon emissions in
developing countries. Shahbaz et al. (2017) found that oil and other
fossil energy consumption plays a dominant role in driving CO:
emissions. Meanwhile, research by Apergis & Payne (2009)
confirmed the long-term relationship between energy consumption
and emissions growth in developing countries. Likewise, the
results of Tokpah et.al (2024) found that oil prices have a positive
effect on CO: emissions in oil exporting countries, while in oil
importing countries oil prices have a negative effect on
environmental degradation. Likewise, other studies have also
found that brent oil affects CO2 emissions or oil emissions (Chen,
2022); 2022). In this case, there are still very few researchers who
specifically analyze the role of oil demand and crude oil prices on
oil emissions in Indonesia, even though these two factors are very
relevant to national energy dynamics and energy transition
policies. Therefore, this study has an urgency to examine how oil
demand and crude oil prices affect oil emissions in Indonesia in the
long term (1990-2023). This analysis is expected to make a
theoretical contribution in strengthening the literature on the
energy emissions nexus in developing countries, as well as a
practical contribution in formulating more effective and evidence-
based energy and climate policies for Indonesia.
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Method

This study uses a quantitative approach with econometric
methods to analyze the relationship between crude oil prices,
demand for oil products and CO: emissions from oil consumption
in Indonesia. The empirical model is estimated by multiple linear
regression based on annual time series data for the period 1990-
2023. All variables are analyzed in first-differenced form to
overcome potential non-stationarity and spurious regression
problems, as recommended by Gujarati and Porter (2009) and
Wooldridge (2016). Furthermore, the research data is obtained
from various international sources including the U.S. Energy
Information Administration (EIA), World Development Indicators
(World Bank). The empirical model used is formulated as follows:

A(OIL _EMISSION )=+ B,A(Br _OIL _P,)+A(D _OIL,)+¢,

Where A(OIL_Emissiont) A(OIL_Emissiony) is is the change in oil
emissions in period t, A(Br_OIL_Pt), is the change in international
crude oil price (Brent oil price), then A(D_OILt) is the change in
oil demand in period t, a is a constant that describes the influence
of fixed factors outside the independent variables, while 1 and 32
are the magnitude of the influence of changes in world oil prices
and domestic demand on variations in oil emissions, t is the time
period (1990-2023), and et is an error term that captures the
influence of other variables not included in the model.

Furthermore, to ensure the reliability of the estimation
results, classical assumption tests are conducted thoroughly in
accordance with econometric rules. Residual normality is
examined using the Jarque-Bera test, while autocorrelation is
evaluated through the Breusch-Godfrey LM test. Potential
heteroscedasticity is analyzed using the Breusch-Pagan-Godfrey
approach, while multicollinearity is examined through the
correlation matrix between independent variables. A correlation
value exceeding 0.80 is generally considered an indication of a
serious problem in the model. The application of these tests is in
line with the methodological guidelines comprehensively described
by Gujarati & Porter (2009) and Wooldridge (2016), which
emphasize the importance of classical assumption verification to
produce unbiased, consistent, and efficient estimates. After
ensuring the fulfillment of classical assumptions, the significance
of regression coefficients was tested through t-test to see the effect
of each variable individually, as well as F-test to assess the
significance of the model as a whole. The regression results were
then analyzed to identify the direction and magnitude of each
independent variable's influence on carbon intensity. In addition,
the R2 value is used to measure how much variation in carbon
intensity can be explained by the independent variables in the
model.

Results and Discussions

The normality test confirms that the dataset used in this study
is normally distributed.
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Normally distributed. as indicated by a Jarque-Bera
probability of 0.637306, exceeding the 5% significance threshold
(o = 0.05). These results, presented in Figure 3, validate the
suitability of the data for regression analysis. Furthermore, the
autocorrelation test results show a Chi-Square probability value of
0.2220 which is greater than the 5% significance level (o = 0.05).
This indicates that the regression model does not experience
autocorrelation problems. Details of the results are presented in
Table 1

Breusch-Godfrey Serial Correlation LM Test

F-statistic 1.405045 Prob. F(2,28) 0.2621

Obs*R-squared 3.009824  Prob. Chi-Square(2) 0.2220

Source: Research data (Processed 2025)

The regression model was also tested to ascertain the presence or
absence of heteroscedasticity. The test results show no indication
of heteroscedasticity, as indicated by the Chi-Square probability
value on Obs*R-squared of 0.9653. A summary of the
heteroscedasticity test results can be seen in Table 2.

Table 2. Heteroskedasticity Test Results

Heteroskedasticity Test: Breusch-Pagan-Godfrey:

F-statistic 0.032162 Prob. F(2,30) 0.9684

Obs*R-squared  0.070606 Prob. Chi-Square(2) 0.9653

Source: Research data (Processed 2025)

Finally, a multicollinearity test was conducted to assess the
relationship between independent variables. The results of these
tests are presented in Table 3.

Table 3. Multicollinearity Test Results

Variable A (Br_OIL_P) A (D_OIL)
A (Br_OIL_P) 1.000000 0.439105
A (D_OIL) 0.439105 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 brent oil price and oil demand on oil emission in
Indonesia during 1990-2023.

Table 4. Multiple Linear Regression Results
Std.

Variable Coeff. Error t-Statistic ~ Prob.
o -175.7888  765.4294  -0.229660  0.8199
ABROIL_P) 8437686 4850038 1.739715  0.0922
A(D_OIL) 0.071365  0.005617  12.70441  0.0000
R®:0.883609

Adj.R?: 0.875850
F-statistic : 113.8764
Prob (F-Statistic) : 0.000000
Source : Research Data (processed, 2025)

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

OIL _ Emission =-3175.788+984.37686D _Br _OIL _P, +0.071369D _dOIL +¢;
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Hypothesis Test

Based on the regression results in Table 4, the regression
model with the dependent variable of oil emissions shows
statistically robust results. The R-squared value of 0.8836 and
Adjusted R-squared of 0.8758 indicate that the variation of reduced
oil emissions can be explained by 88.36% by the independent
variables, namely changes in Brent oil prices and oil demand. In
addition, based on the F-test, the F-statistic value is 113.8764 with
a probability of 0.0000. These results indicate that the variables of
crude oil price changes and oil demand are overall significant to oil
emission at the 1% level. Meanwhile, partially, the oil product
demand variable has a positive coefficient of 0.071365, with a t-
statistic value of 12.704 and a probability of 0.0000. This result
shows that an increase in oil demand will significantly increase oil
emissions, making this variable the main determinant in the model.
Meanwhile, the crude oil price variable shows a positive
coefficient of 84.37686 with a t-statistic value of 1.739 and a
probability of 0.0922. This figure shows that crude oil price has a
significant effect on oil emissions in Indonesia at a significance
level of 10%.

Discussion

Based on the regression results, from the t-test, the
coefficient value of Brent oil price is 84.37686 and the t-statistic
probability is 0.0922. These results indicate that the Brent oil price
has a positive effect on oil emissions in Indonesia. That is, when
Brent oil price increases by 1 USD per barrel, it will increase oil
emission by 84 Megaton (Mt). In theory, an increase in global oil
prices should suppress fossil energy consumption through the price
elasticity of demand mechanism, so that emissions decrease
(Pindyck & Rubinfeld, 2013). However, in the case of Indonesia,
the result was different: despite the increase in Brent prices, oil
emissions increased.

Theoretically, in microeconomics, an increase in world oil
prices should suppress consumption through the price elasticity of
demand mechanism, thereby reducing emissions. However, the
effectiveness of this mechanism depends on the price pass-through
to domestic prices and on the elasticity of domestic demand. If
domestic prices are subsidized or if demand is relatively inelastic
(especially in the short run), then an increase in global prices will
not significantly reduce domestic consumption so the price
coefficient in the regression could be weak or even positive, if
there are other income/cost effects.

In addition, the cause of the discrepancy between these
findings and the theory is the energy policy made by the
government. During 1990-2014, Indonesia maintained large-scale
fuel subsidies, which made domestic prices insensitive to global
price fluctuations (Dartanto, 2013). Even when world oil prices
spiked in the 2008 or 2011 crisis, domestic consumption remained
high as consumers did not bear the full burden. In addition, despite
the global crisis or pandemic, the demand for fuel oil has not
decreased, because the demand for energy in the transportation
sector is inelastic. This is evident when the Indonesian government
reduced intervention in oil prices, but the demand for oil for
consumption continued to increase. Therefore, the results of this
study prove that the global price mechanism is not strong enough
to influence energy consumption patterns in Indonesia, as it is
influenced by structural factors such as subsidies, import
dependency, and the lack of clean energy substitution. This is in
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line with Sa'ad (2009) who found that fuel price elasticity in
Indonesia is very low. This is supported by research from the
Global Carbon Project (2023) that despite price and economic
fluctuations, emissions from oil are relatively stable/increasing as
base demand remains strong.

Empirical studies show that crude oil prices have a positive
effect on carbon emissions, although the impact varies by sector,
region and nonlinear characteristics. In China, Chen (2022)
extended the STIRPAT model to include energy prices and used
Ridge regression, finding that a 1% increase in crude oil prices
increases CO: emissions by 0.12%, a result robust to control
variables. In the GCC region, nonlinear and asymmetric panel
analyses show a long-term positive relationship between oil prices
and CO: emissions, with an asymmetric effect where decreasing oil
prices are also correlated with increasing emissions (Ding & Wang,
2024; Mahmood et al., 2022). Studies on oil-exporting countries
confirm the positive effect of oil prices on aggregate CO2 (Tokpah
et al., 2024), while a threshold panel study on 33 countries found
that the effect of oil prices on transportation sector CO. becomes
significant above the threshold of environmental policy stringency
(Ashraf et al., 2022). Furthermore, Tokpah et.al (2024), in the long
run oil prices are positive for exporting countries. Overall, this
empirical evidence consistently supports a positive relationship
between oil prices and CO: emissions, although the magnitude and
direction of the effect may vary Al-Maamary et al. argue that as oil
prices increase and energy consumption is higher, CO: emissions
increase much faster than economic growth.

Meanwhile, based on the t test, the coefficient of the oil
demand/consumption variable is 0.071365 with a probability of
0.0000. This result shows that oil demand has a positive and
significant effect on oil emission. When oil demand increases by 1
Terajoule (TJ), it will increase oil emission by 0.07 Megaton (Mt).
This increase in oil emission will ultimately have an impact on
increasing CO2 emissions in Indonesia. The results of this study
are in line with empirical conditions that occurred in Indonesia
from 1990 to 2023. In that period, the consumption of fuel oil by
the Indonesian people experienced a relatively sharp increase,
especially in the land transportation sector. As data presented by
the Ministry of Energy and Mineral Resources, which notes that
more than 40 percent of national energy consumption is still
dominated by fuel oil.

Theoretically, the results of this study are in accordance with
the Environmental Kuznets Curve (EKC) framework, which states
that economic growth in the early stages tends to increase fossil
energy consumption and worsen emissions (Sugiawan & Managi,
2016: Lestari, 2025; Corneo; 2025). Where at this early stage of
development, fossil energy consumption increases rapidly and
encourages environmental degradation (Grossman & Krueger,
1991). The causes of high fuel demand in Indonesia are due to the
relatively rapid urbanization drive, the increase in private vehicle
ownership, and the lack of adequate public transportation (Wang
et.al., 2019). If we adjust it to the ECG curve, then this condition
shows that Indonesia is still in the upward phase of the ECG curve,
where emissions increase as income and economic activity grow.

Based on data, in the early 1990s, high economic growth
boosted demand for fuel oil mainly because prices were suppressed
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through subsidies. During the 1997-1998 financial crisis,
consumption was suppressed, but since the early 2000s, energy
demand has surged again along with economic recovery,
urbanization, and increased motor vehicle ownership. Data from
the Ministry of Energy and Mineral Resources (2022) shows that
the transportation sector accounts for more than 40% of national
fuel consumption, so its contribution to emissions is significant.

The results are in line with several previous studies that have
also found that higher crude oil prices interpreted as triggering
increased demand, utilization and throughput of oil products are
associated with increased oil-related CO- emissions, with positive
and statistically significant effects observed on transport sector
CO: emissions under strict policy thresholds, as well as on
aggregate emissions in some oil-exporting countries. However, in
the case of importing countries, the response can be weaker or even
negative (Ding & Wang, 2024; Mahmood et al., 2022; Tokpah et
al., 2024; Ashraf et al., 2022; Chen, 2022; Javed et al., 2023).

Conclusion

Based on the regression results show that each variable of
Brent oil price and oil demand has a positive and significant
influence on oil emissions in Indonesia. Oil demand also
significantly drives the increase in emissions, showing the direct
contribution of fuel consumption to environmental stress. Although
economic theory suggests that rising oil prices should reduce
energy consumption, this effect is relatively weak in Indonesia due
to fuel subsidies, low domestic demand elasticity, and limited clean
energy substitution, especially in the transportation sector. This
finding is in line with the rising phase of the Environmental
Kuznets Curve, where economic growth and urbanization drive
emissions increases. The results emphasize the need for energy
subsidy reform, realistic price adjustments, development of
efficient public transport, and diversification towards renewable
energy. An integrative approach between economic, energy and
transportation policies is needed to reduce oil emissions while
supporting sustainable development..
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