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energy consumption in six ASEAN countries. Understanding the
macroeconomic dynamics that drive fossil fuel use is critical for
achieving international climate targets under the Paris Agreement,
particularly as the region is among the fastest-growing in terms of energy
demand and serves as a major global industrial base. Using panel data for
the period 20012024 and a fixed effects model (FEM), the results show
that economic growth has a positive but statistically insignificant effect
on fossil fuel consumption, while trade openness and government
expenditure have positive and statistically significant effects. These
JEL Classification: variables jointly explain approximately 98.28% of the variation,
Q33, Q50, Q54 indicating that trade integration and fiscal expansion play a more
dominant role than economic growth alone. These findings suggest that
ASEAN’s reliance on fossil fuels is closely linked to trade dynamics and
fiscal policy. Therefore, for regional economic integration to support the
transition toward a sustainable energy system, trade and government
spending policies must be aligned with energy efficiency and
sustainability objectives.
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1. Introduction

Rapid global economic growth accompanied by technological advances has created significant
challenges for many countries in maintaining sustainable economic development while improving
social welfare. According to Bhattacharyya (2011) emphasize energy plays a fundamental role and
is a basic necessity in driving economic activities and development processes, but most countries are
still heavily dependent on fossil-based energy sources such as oil, coal, and natural gas. This
dependence raises serious concerns because these resources are limited and contribute significantly
to environmental degradation and climate change. Within the framework of economic growth theory,
the expansion of economic output is usually accompanied by an increase in demand for factors of
production, including energy. Therefore, economic expansion tends to increase energy demand,
especially in the industrial, manufacturing, and transportation sectors. As a result, high economic
growth is often attributed to structural increases in fossil-based energy consumption (Todaro &
Smith, 2020). In the context of global efforts to reduce greenhouse gas emissions and accelerate the
transition to sustainable energy systems, it is necessary to first understand the significant
determinants of fossil fuel consumption, so it is important for policymakers to actively reduce
dependency factors.
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The ASEAN region shows relatively strong economic growth amid global uncertainty. According
to ESC For Asia and the Pacific that the region is likely to achieve a higher trade growth rate than
the global average in 2024. The ASEAN economy will grow 4.1% in 2023 and is projected to reach
4.7% in 2025. In line with the report from ASEAN Centre for Enegy (2024) projects that ASEAN's
total final energy demand (TFEC) will increase to 746.2 Mtoe and primary energy supply (TPES)
will reach 1,219 Mtoe by 2050, with the predominance of fossil energy still significant (Setyono &
Kiono, 2021).This trend suggests that ASEAN countries face the potential risk of continued
dependence on fossil-based energy, which could hinder the transition to a more sustainable energy
system. If this dependence on fossil fuels is not addressed promptly, ASEAN risks not only failing
to meet its climate commitments under the Nationally Determined Contributions (NDCs) of the Paris
Agreement, but also becoming locked into a long-term carbon-intensive development path. Current
large-scale investments in fossil fuel infrastructure may lead to stranded assets in the future as global
environmental regulations become increasingly stringent. As a result, countries in the region may
lose economic competitiveness in global markets that increasingly prioritize green and sustainable
products. This is particularly critical given that ASEAN is one of the fastest-growing regions in terms
of energy demand and serves as a key hub in the global manufacturing network.

From a theoretical perspective, economic development, trade openness, and government
expenditure are closely related to changing demand for natural resources, including fossil energy
(Lunku, 2025). According to Kuznets (1955) on the Environmental Kuznets Curve (EKC) hypothesis
suggests that economic expansion in the early stages of development tends to increase environmental
pressures, including fossil fuel consumption. Increased production and economic activity require
greater energy inputs (Mankiw, 2018). As stated by Krugman et al (2012) and Balassa (1985) that
trade openness also encourages industrial growth and export-import activities, which increases
energy consumption. Suripto et al (2025) noted that government expenditure has an impact on total
energy consumption through public services, infrastructure development, and energy subsidies.
However, technological advancements, improved energy efficiency, and structural economic
transformation towards less energy-intensive sectors can weaken the direct relationship between
economic growth and fossil fuel consumption across countries and time periods. These dynamics
highlight the complex interplay between economic activity and fossil energy use, especially the
comparison between developed and developing regions such as ASEAN.
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Figure 1. The Pattern of Economic Growth, Trade Openness and Government Expenditure in 6
ASEAN Countries.

Figure 1 shows the overall upward trend, but with a pattern that varies across countries and
periods. Singapore records the highest level of fossil energy consumption in the region, reflecting its
thriving economic structure characterized by energy-intensive industries and advanced service
sectors. Regardless of the impact of the global financial crisis in 2008 and the economic slowdown
in 2013, fossil energy consumption in Singapore remains relatively stable and is increasing again,
reaching around 179,675 kWh per capita by 2024. In contrast, Vietnam showed the fastest increase
among ASEAN developing countries, increasing from 3,665 kWh to 11,322 kWh per capita by 2024,
reflecting rapid industrialization and the expansion of its export-oriented manufacturing sector. In
the post-pandemic period of 2023-2024, most countries in ASEAN are experiencing a surge in fossil
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energy consumption in line with the recovery of economic activities such as production,
transportation, and electricity demand, indicating a post-pandemic carbon rebound and continued
dependence on fossil-based energy in the region.

Bintariningtyas et al (2024) stated that independent variables move in motion showing dynamics
that are in line with changes in energy use. The 2008 crisis led to a slowdown in economic expansion
in six ASEAN countries and contracted in the 2020 pandemic, before recovering in the 2023-2024
period, confirming the close link between output expansion and increased energy demand. Consistent
with previous research by Setiawan et al (2019), Septyani & Hartati (2024) and Nguyen et al (2023)
stated that economic improvement is followed by an increase in the amount of energy used in each
country. Meanwhile, in the study Han et al (2022) found complex relationships in developed
countries through energy efficiency that allows for increased economic growth without a
disproportionate spike in fossil fuel energy consumption. Trade shows very high levels in countries
with open economies such as Singapore, but declines during global trade disruptions, while countries
with large domestic market bases such as Indonesia show more moderate fluctuations. Some studies
have shown conflicting results from Pham & Nguyen (2024) and Koengkan et al (2020) found that
trade openness increases fossil fuel consumption, while Siregar & Hashi (2023), Wang et al (2019)
and Mahmood et al (2019) found insignificant or negative effects. These differences underscore the
need for further research, especially in ASEAN countries with diverse and interesting economic
structures if studied more focused and in-depth.

From the fiscal side, government expenditure has increased significantly, especially during the
crisis and post-pandemic as an instrument of economic stabilization, which indirectly encourages
production activities and energy needs. Research looking at the relationship between government
expenditure and fossil fuel energy consumption report findings as diverse as in the study Khan et al
(2024) identified positive and significant things, especially in developing countries that still rely on
fossil fuels to support economic development. Furthermore Nazlioglu et al (2022) found a negative
and significant relationships. Empirical evidence on the effects of economic growth, trade openness,
and government expenditure on fossil fuel consumption remains inconsistent.

The study offers three main novelties. First, it specifically focuses on fossil fuel energy
consumption in six ASEAN countries, going beyond the aggregate energy analysis commonly
examined in previous studies. Second, it integrates economic growth, trade openness, and
government expenditure in a single analytical framework, whereas previous research has often
investigated these variables separately. Third, this study emphasizes government expenditure as a
policy-related variable that is rarely directly related to fossil fuel consumption in the context of
ASEAN. More importantly, simultaneous examination of these three variables in the context of
ASEAN is rare, even though the region is the global epicenter of rising energy demand. This study
contributes to the energy economics literature by providing up-to-date empirical evidence from a
diverse and rapidly growing region. In practical terms, these findings offer policy insights for
ASEAN governments to better align fiscal and trade policies with the goal of a sustainable energy
transition. Therefore, this study aims to examine the impact of economic growth, trade openness, and
government expenditure on fossil fuel energy consumption in six ASEAN countries using panel data
for the period 2001-2024.

2. Literature Review
2.1 Fossil Fuel Energy Consumption in Six ASEAN Countries

Energy consumption from fossil fuels in the six major ASEAN countries of Indonesia, Malaysia,
Singapore, Thailand, the Philippines, and Vietnam has a unique pattern, depending on the shape of
their respective economies, the level of development and the policy direction taken. The selection of
these six countries is based on the consideration that these countries are the main contributors to the
ASEAN economy, both in terms of economic growth, acceleration of industrial activities, and energy
use intensity. In addition, around 78% of the increase in energy sector emissions in the ASEAN region
comes from Indonesia, Vietnam, Malaysia, and the Philippines whose energy mix structure is still
dominated by the use of coal, while Thailand and Singapore are dominated by natural gas. The
differences in the characteristics of the energy mix provide relevant structural variations to analyze
the linkages between trade openness, fossil energy consumption, and economic dynamics in the
ASEAN region. Therefore, the selection of these six countries is considered representative and
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strategic in explaining the patterns and differences in responses between countries to economic and
energy dynamics (Zhang et al., 2023).

2.2 Macroeconomic Determinants on Fossil Fuel Energy Consumption

Economic growth is a major driver of fossil fuel energy consumption, especially in developing
regions. Classical and endogenous growth theories argue that increased economic output requires
greater energy inputs for production, transportation, and industrial activities, with fossil fuels (oil,
coal, and natural gas) remaining the dominant energy sources. On the other hand, the Environmental
Kuznets Curve Hypothesis (EKC) by Kuznets (1955) providing a theoretical framework, explaining
that environmental degradation including dependence on fossil fuels increases during the early stages
of development before potentially decreasing at already higher income levels with the adoption of
cleaner technologies. Empirical evidence strongly supports the existence of positive correlations by
research Ritvanen et al (2021) found that economic growth is driven by dominant energy consumption.
Karunia et al (2023) shows a long-term relationship that confirms that fossil fuels continue to dominate
the energy mix. Furthermore, Umair et al (2024) identified the positive and significant relationship of
industrialization to per capita fossil fuel consumption in both the short and long term. Thus, in the
context of ASEAN, increased income and economic activity directly translate into increased use of
fossil fuels, reflecting the current stage of development of the region where improved energy
efficiency has not yet separated growth from large energy demand.

Trade openness significantly affects fossil fuel consumption by expanding economic activities and
production. International trade theory, including Ricardo's comparative advantage and Krugman's new
theory of trade, explain that openness allows countries to specialize, increasing production volumes
as well as trade flows. This expansion directly increases energy demand, particularly fossil fuels,
which dominate the trade-supporting power generation, manufacturing, and transportation sectors
(Krugman et al., 2012). Research from Hariani et al (2025) explained that trade openness is positively
correlated, indicating that international trade activities remain highly dependent on non-renewable
energy. Similarly, Cahyono & Hakimah (2019) and Rahmawati & Robertus (2023) found that added
value in agriculture and industry, along with trade openness, significantly affects final energy
consumption. ASEAN as a global manufacturing hub with open economies such as Singapore,
Malaysia, Vietnam, and Thailand, higher trade openness intensifies the use of fossil fuels to support
export production, transportation logistics, and related domestic consumption. This creates a structural
dependence between trade expansion and fossil energy in the region.

Government expenditure, as the main instrument of fiscal policy, has a strategic role in shaping
energy consumption patterns. Based on Musgrave's theory of public finance in 1959, the government
performs the allocation function through infrastructure development and the provision of public goods
(e.g., transportation, industry, energy sector) and the distribution function through energy subsidies.
Both mechanisms stimulate energy-intensive economic activities. Infrastructure projects directly
consume fossil fuels during construction and operation, while energy subsidies lower the relative price
of fossil fuels, encouraging wider consumption across households and industries. In terms of growth
stage theory, Rostow underlined this for ASEAN, during the "take-off" and "push to maturity" stages,
government-led industrialization and infrastructure development became dominant. This is precisely
the situation in ASEAN, where substantial government expenditure on physical infrastructure and
energy-intensive industries directly increases fossil fuel consumption. Empirical evidence in research
Perwithosuci et al (2024) found that government expenditure in ASEAN has a positive and significant
relationship with fossil fuel consumption, noting that subsidy policies aimed at affordability
inadvertently drive demand. A study from Haseeb et al (2019) also affirms that increased government
expenditure, along with economic growth, has a positive and significant impact on fossil fuel
consumption, leading to higher environmental pollution. While Park et al (2021) pointed out that
shifting fossil fuel subsidies to renewable energy can have minimal economic impact, the prevailing
pattern in ASEAN suggests that fiscal policy remains oriented towards fossil fuel dependence,
reinforcing long-term environmental pressures.

3. Method

This study uses secondary panel data that combines time series and cross-sectional observations
for six ASEAN countries, namely Indonesia, Malaysia, the Philippines, Singapore, Thailand, and
Vietnam, during the period 2001-2024. The data was obtained from the World Bank and Our World
in_Data. Fossil Fuel Energy. Consumption, measured.in kilowatt-hours (k\Wh). per.capita,.is.used.as.a
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dependent variable. These independent variables include economic growth (real GDP growth rate, %),
trade openness (ratio of exports and imports to GDP), and government expenditure (US$). Panel data
analysis is used because it allows for greater variability, increases the degree of freedom, and captures
heterogeneity across countries and time dynamics (Gujarati, 2012). Model selection is carried out
using the Chow Test and Hausman Test to determine the most appropriate panel data specifications.
The results show that the Fixed Effects Model (FEM) is preferred, as it controls for unobserved
country-specific characteristics that can affect fossil fuel energy consumption, thus generating more
consistent estimates by assuming differences between countries are captured through their interception
variations, where each country represents an unknown parameter. Dummy variable estimates are
implemented to calculate interception differences, which may arise from variations in other variables
while the slope coefficient remains constant across the country. This estimation model is also called
the Least Squares Dummy Variable (LSDV) technique. Therefore, the empirical model used in this
study is based on llyasa et al (2025) formulation as follows:

Fosiy = ag + f1Growth; + B,TO; + f3Govie + € Q)

Where Fos represents the fossil fuel energy consumption, measured in kilowatt-hours (kWh) per
capita ; Growth is the economic growth; TO represents trade openness; Gov indicates the government
expenditure; &;; is the random error term; « is the constant term; B, — B5 is the coefficient of
independent variables; i is the notation for cross-section and t is for time-series. Where the
circumstances are indicated and the time period indicated, hypothesis testing is carried out through
partial tests (t-tests) and simultaneous tests (F-tests) at a significance level of 5%, as well as evaluation
of the determination coefficient (Adjusted) to measure the model's ability to explain variations in
dependent variables. In line with the panel data methodological literature, classical assumption testing
is focused on multicollinearity and heteroscedasticity tests, given that panel data regression does not
strictly require all of the classic OLS tests i t R? (Basuki, 2021).

4. Results and Discussion

This section is divided into two main parts, namely the presentation of the results of the estimation
and the discussion of each variable based on the empirical tests carried out. The analysis begins with
descriptive statistics to provide an overview of the data used in this study. The data set consists of
panel data from six ASEAN countries, namely Indonesia, Malaysia, the Philippines, Singapore,
Thailand, and Vietnam covering the period 2001-2024, (n = 144). Table 1 presents descriptive
statistics of all the variables used in the model. Overall, the standard deviation of the variables was
relatively small compared to the respective averages, indicating relatively low data variability and
suggesting that the datasets were consistent enough for further econometric analysis.

Table 1. Descriptive Statistics

Statistics Fos Growth TO Gov
Means 36317.99 4.751389 150.3403 39706532
Median 11647.00 5.150000 129.5000 33146667
Maximum 179675.0 14.50000 437.0000 1.100008
Minimum 2418.000 -9.500000 32.00000 2068771.0
Std. Dev. 53367.87 2.960414 103.5506 27484639

Source: data processed

Table 1 shows the average income inequality value in the study area was 0.3363 with a standard
deviation of 0.0419. This average value indicates that income inequality is in the moderate category,
meaning that income distribution in the study area is not too unequal but still requires attention.
Economic growth showed an average of 4.9931 with a standard deviation of 2.5080, indicating
moderate economic growth, reflecting relatively stable economic development. However, the standard
deviation of 2.5080 indicates fluctuations in economic growth between regions, which can be caused
by external factors such as economic policy, investment, and labor market conditions. The average
HDI in the study area was 70.3910, indicating that the overall level of human development in the
study area is in the medium to high category. The standard deviation of 6.1236 indicates significant
variation between regions, indicating differences in levels of well-being, access to healthcare,
education, and living standards across regions. Table 2 shows the value of adjusted R-Squared for
FEM is 0.983 and means the contribution of economic growth, trade openness and government
expenditure.to.fossil_fuel energy.consumption.of 98.3%.and.the remaining.1.72%.is.influenced.by
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other variables outside the model that were not analyzed in this study and the value of F-statistics is
greater than F-table which simultaneously the variables of economic growth, trade openness, and
government expenditure have a significant effect on fossil fuel energy consumption in ASEAN.

Table 2. Result of Fixed Effect Model

Variables Coefficient

c 8.864
(77.758)***

0.0007

Growth (0.133)

0.003
0 (4.192)***

Gov 7.940
(11.216)***

Diagnostic Tools
Adjusted R-Squred 0.983
F-Stat 1026.241

Source: data processed

Table 2 shows in the six ASEAN countries, economic growth no longer automatically leads to a
proportionate increase in fossil fuel energy consumption. From an economic perspective, this
phenomenon can be explained by structural transformation in the production sector. As the economy
grows, the contribution of energy-intensive sectors such as primary extraction and heavy industry is
gradually shifting to the relatively more energy-efficient high-value-added manufacturing and
services sectors. In Indonesia, Malaysia, and Vietnam, although these countries remain important
producers of oil, gas, and coal in the ASEAN region and the framework of the ASEAN Plan of Action
for Energy Cooperation (APAEC), recent economic growth has been further supported by the
expansion of modern manufacturing, processing industries, and services. Similarly, Singapore,
Thailand, and the Philippines show increasing dominance in the services, finance, logistics, and digital
economy, which typically result in higher economic output with relatively lower energy intensity. As
a result, additional economic output does not necessarily translate into a significant increase in fossil
energy consumption. These findings are consistent with Ergun et al (2019) and Ichsan et al (2022)
The WHO documented the weakening of the direct link between fossil fuel consumption and
economic growth due to improved energy efficiency and structural economic transformation.

On the other hand, trade openness continues to increase fossil energy consumption through the
expansion of international production, transportation, and logistics activities. From an economic point
of view, greater trade integration increases the scale of production, encourages export-oriented
manufacturing, and intensifies the movement of goods across borders, all of which require substantial
energy inputs. Indonesia and Vietnam experienced an increase in energy demand in line with the
expansion of manufacturing exports and the processing industry. Malaysia and Thailand are showing
a similar pattern through the strengthening of the export-oriented electronics and automaotive sectors,
while Singapore, as a regional trade and logistics hub, needs significant energy to support port
operations, international transportation, and distribution networks. The Philippines also showed an
increase in energy consumption consistent with the growth of domestic trade and industrial activity.
In line with research Juwita et al (2021), Pham & Nguyen (2024), and Rahmawati & Robertus (2023),
which indicates that trade openness in developing countries is likely to increase fossil fuel
consumption due to the effects of scale from the expansion of production and trade activities.

Significant government expenditure reflects the strong influence of fiscal policy on fossil fuel
energy consumption in the ASEAN region. From an economic perspective, public spending can
influence energy demand through infrastructure investments, industrial development programs, and
energy pricing policies. In many ASEAN countries, government expenditure remains concentrated on
physical infrastructure, transportation networks, industrial zones, and public sector operations that
require substantial energy inputs. In Indonesia, Vietnam, and the Philippines, state spending directed
at infrastructure development, transportation expansion, industrial estates, and energy subsidies
directly increased demand for oil, gas, and coal. Malaysia and Thailand are showing similar patterns
through public financing of large-scale manufacturing and public services that remain energy-
intensive. Meanwhile, Singapore, despite being more advanced and service-oriented, still needs a
large supply of energy to operate modern infrastructure, urban transport systems, data centres and
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technology-based public facilities. This condition shows the structure of public spending in ASEAN
countries remains closely related to fossil energy consumption.

These results are in line with previous research by Park et al (2021) emphasizes the impact of
government expenditure on fossil fuel dependence can be reduced through subsidy reform and a
gradual shift in public spending towards renewable energy and green infrastructure. From a broader
economic perspective, economic growth, trade openness, and government expenditure create
interconnected and reinforcing cycles that have an impact on fossil fuel dependence. Economic
expansion increases energy demand, trade openness expands the scale of production and logistics
activities, and fiscal policies, especially energy subsidies, often keep fossil fuel prices artificially low.
This makes energy prices relative, weakens incentives for energy efficiency, and ultimately locks the
economy into unsustainable fossil energy consumption patterns. In line with previous research by Sari
et al (2024) stated that economic growth, energy subsidies, and trade openness simultaneously affected
the consumption of non-renewable energy in Indonesia during 2005-2022. In addition, Yahoo et al
(2024) found that fossil fuel subsidies increase energy consumption and CO: emissions, while subsidy
reductions tend to raise electricity prices and reduce output in energy-intensive sectors due to
decreased competitiveness.

5. Conclusion

The results of the linear research with the research objectives formulated in the preliminary part
are to analyze the influence of economic growth, trade openness, and government expenditure on
fossil fuel energy consumption in six ASEAN countries for the period 2001-2024. The results of the
estimation explain that economic growth has a positive but insignificant correlation with fossil energy
consumption, while trade openness and government expenditure are positively and significantly
correlated, with government expenditure as the most dominant variable. Simultaneously, the three
variables were able to explain 98.28% of the variation in fossil energy consumption, confirming that
the dynamics of economic activities, international trade integration, and fiscal expansion are the main
factors shaping fossil-based energy consumption patterns in the ASEAN region. These findings
provide important implications for policy formulation, especially in shaping the composition of public
spending and trade strategies to better align with the energy efficiency agenda and transition to more
sustainable energy sources.

Although this study makes a strong empirical contribution, some limitations need to be noted,
namely in the three main macroeconomic variables and do not include energy transition indicators
such as the renewable energy mix, energy intensity, as well as energy subsidies and tax policies. In
addition, the scope of the research is only in six ASEAN countries, so generalization to other regions
needs to be done. Develop a more dynamic model, expand the period and scope of the country and
integrate environmental sustainability variables to deepen understanding of energy system
transformation. The practical implication is that governments in the ASEAN region need to direct
fiscal and trade policies more strategically so that economic growth does not continue to strengthen
dependence on fossil energy, but encourages the acceleration of the energy transition and more
sustainable development in the short and long term.
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