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Abstrak
· Tujuan
Studi ini mengkaji hubungan antara penggunaan energi, impor energi neto, output energi terbarukan, dan pertumbuhan ekonomi di enam negara ekonomi ASEAN—Brunei, Indonesia, Malaysia, Filipina, Thailand, dan Vietnam—selama periode 1990–2022. Secara khusus, studi ini menyelidiki apakah perbedaan dalam struktur energi dan transisi energi terbarukan berkaitan dengan variasi PDB per kapita antarnegara dan dari waktu ke waktu.
· Kerangka Teoretis
Studi ini didasarkan pada perspektif keterkaitan energi-pertumbuhan dan transisi energi berkelanjutan. Studi ini memandang penggunaan energi sebagai input produktif, ketergantungan impor energi sebagai indikator ketergantungan energi eksternal, dan output energi terbarukan sebagai dimensi struktural dari transisi menuju sistem energi yang lebih bersih.
· Metode
Data sekunder tahunan yang diperoleh dari *World Development Indicators* Bank Dunia dianalisis menggunakan regresi data panel. Model *pooled ordinary least squares* (OLS), *random-effects*, dan *fixed-effects* diestimasi dan dibandingkan untuk memperhitungkan heterogenitas spesifik negara. Pemilihan model didukung oleh uji Hausman dan uji *Lagrange Multiplier* Breusch–Pagan.
· Hasil dan Pembahasan
Model *fixed-effects* memberikan spesifikasi yang paling tepat. Penggunaan energi memiliki hubungan positif dan signifikan secara statistik dengan PDB per kapita (β = 3,0207, p < 0,0001), sementara impor energi neto juga menunjukkan hubungan positif (β = 8,4762, p = 0,0061). Output energi terbarukan menunjukkan hubungan positif namun hanya signifikan secara marginal pada tingkat 10% (β = 48,9482, p = 0,0807), yang mengindikasikan adanya dampak ekonomi yang beragam dari ekspansi energi terbarukan di berbagai negara ekonomi ASEAN.
· Implikasi Penelitian dan Orisinalitas/Nilai
Studi ini berkontribusi pada literatur energi-pertumbuhan ASEAN dengan mengkaji secara bersamaan konsumsi energi, ketergantungan energi eksternal, dan output energi terbarukan dalam kerangka panel komparatif jangka panjang. Temuan ini menunjukkan bahwa implikasi ekonomi dari transisi energi terbarukan bervariasi di antara negara-negara ekonomi ASEAN, sehingga mendukung perlunya strategi transisi yang disesuaikan dengan kondisi masing-masing negara, bukan strategi regional yang seragam.
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Abstract
· Objectives
This study examines the relationship between energy use, energy net imports, renewable energy output, and economic growth across six ASEAN economies—Brunei, Indonesia, Malaysia, the Philippines, Thailand, and Vietnam—over the period 1990–2022. It specifically investigates whether differences in energy structure and renewable energy transition are associated with variations in GDP per capita across countries and over time.
· Theoretical Framework
The study is grounded in the energy–growth nexus and sustainable energy transition perspective. It considers energy use as a productive input, energy import dependence as an indicator of external energy reliance, and renewable energy output as a structural dimension of the transition toward cleaner energy systems.
· Method
Annual secondary data obtained from the World Bank World Development Indicators are analyzed using panel-data regression. Pooled ordinary least squares, random-effects, and fixed-effects models are estimated and compared to account for country-specific heterogeneity. Model selection is supported by the Hausman and Breusch–Pagan Lagrange Multiplier tests.
· Results and Discussion
The fixed-effects model provides the preferred specification. Energy use has a positive and statistically significant association with GDP per capita (β = 3.0207, p < 0.0001), while energy net imports also show a positive association (β = 8.4762, p = 0.0061). Renewable energy output exhibits a positive but only marginally significant relationship at the 10% level (β = 48.9482, p = 0.0807), indicating heterogeneous economic effects of renewable energy expansion across ASEAN economies.
· Research Implications and Originality/Value
The study contributes to the ASEAN energy–growth literature by jointly examining energy consumption, external energy dependence, and renewable energy output within a long-run comparative panel framework. The findings demonstrate that the economic implications of renewable energy transition are heterogeneous across ASEAN economies, supporting the need for country-sensitive rather than uniform regional transition strategies.

· Keywords: ASEAN, economic growth, energy dependence, panel data, renewable energy transition



Introduction
In recent decades, the energy sector has become an important determinant of sustainable economic development, particularly in rapidly industrializing Southeast Asian economies. Indonesia, Malaysia, Brunei, Thailand, the Philippines, and Vietnam have experienced substantial growth in manufacturing, trade, and energy demand, while simultaneously facing increasing pressure to reduce fossil-fuel dependence and accelerate the transition toward cleaner energy systems (Hosseini et al., 2023; Malik et al., 2022). This dual challenge is particularly relevant in ASEAN, where economic structures, energy resources, and renewable-energy adoption differ considerably across countries (Nguyen & Luan, 2022; Setiawan et al., 2025; Yusof et al., 2021). IRENA (2023) reports substantial variation in renewable-energy development across the region, with Vietnam and the Philippines showing stronger renewable-energy penetration than Brunei and Malaysia. These differences reflect broader variations in infrastructure readiness, investment capacity, technological development, and policy commitment (Sharma & Chia, 2021; Tang et al., 2022).
Despite the expanding literature on the energy–growth nexus, several gaps remain. Theoretically, energy use, renewable-energy transition, and external energy dependence are often examined separately, providing limited understanding of how these factors jointly relate to economic performance. Empirically, previous studies provide mixed evidence regarding the economic effects of renewable energy and energy imports, particularly across heterogeneous ASEAN economies (Tiwari et al., 2020; Dogan et al., 2021). Methodologically, many studies rely on single-country analyses or specifications that may not adequately control for persistent cross-country heterogeneity (Alam et al., 2023; Hanif et al., 2022). These limitations indicate the need for a comparative longitudinal framework that evaluates energy use, energy net imports, and renewable-energy output simultaneously across ASEAN economies.
This study addresses these gaps by examining the relationship between energy use, renewable energy output, energy net imports, and GDP per capita across six ASEAN economies—Brunei, Indonesia, Malaysia, the Philippines, Thailand, and Vietnam—over the period 1990–2022. The analysis compares pooled OLS, random-effects, and fixed-effects panel specifications to account for country-specific heterogeneity. The central research question is: To what extent are energy use, renewable energy output, and energy net imports associated with economic growth in ASEAN economies?
Based on the energy–growth nexus and sustainable energy transition perspective, the study proposes three hypotheses: H1: energy use is positively associated with GDP per capita; H2: energy net imports are significantly associated with GDP per capita; and H3: renewable energy output is positively associated with GDP per capita. The contribution of this study lies in jointly examining productive energy use, external energy dependence, and renewable-energy penetration within a long-run comparative ASEAN panel framework. This approach provides evidence on whether energy-transition effects remain consistent after controlling for persistent country-specific differences and offers policy insights for aligning energy security, renewable-energy development, and economic growth.
The remainder of this paper is organized as follows: Section 2 reviews the relevant literature and theoretical foundations; Section 3 presents the data and methodology; Section 4 reports and discusses the empirical results; and Section 5 concludes with policy implications and directions for future research.
.

Literature review and hypothesis development
The purpose of this literature review is to explore current empirical findings and theoretical perspectives regarding the relationship between energy indicators and economic growth, with a specific focus on renewable energy transition in ASEAN economies. This section is organized thematically: starting with the energy-growth nexus, followed by renewable energy implications, energy import dependency, and finally methodological considerations in panel data applications. A critical synthesis highlights existing limitations and clarifies how the present study advances this growing body of work.


The Energy–Growth Nexus
The energy–growth nexus views energy as a fundamental input supporting production, transportation, infrastructure, and industrial activity. Higher productive energy use can therefore contribute to economic growth, particularly in industrializing economies. However, the strength of this relationship may vary with energy efficiency, industrial structure, and dependence on fossil fuels (Adebayo et al., 2023; Sadiq et al., 2022; Liu et al., 2021). This perspective supports the expectation that energy use is positively associated with GDP per capita.

H1. Energy use is positively associated with GDP per capita.

Renewable Energy Transition and Economic Growth 
Renewable energy can support economic growth through energy diversification, infrastructure investment, technological development, and reduced exposure to fossil-fuel volatility. However, its economic effects may differ across countries because renewable integration depends on national energy structures, grid readiness, investment capacity, institutional quality, and policy commitment (Khan & Hou, 2020; Rodrigues et al., 2022; Setiawan et al., 2025; Tran et al., 2022). These differences are particularly relevant in ASEAN, where renewable-energy adoption remains uneven.


H3. Renewable energy output is positively associated with GDP per capita.

Energy Import Dependence and Economic Growth
Energy import dependence may expose economies to external price shocks, exchange-rate fluctuations, and supply disruptions. However, imported energy can also sustain industrial activity when domestic supply is insufficient. Therefore, its relationship with economic growth may be either positive or negative depending on national energy conditions (Sharif et al., 2023; Ifeanyi et al., 2022).

H2. Energy net imports are significantly associated with GDP per capita.

Methodological Gaps in Panel Data Studies
Previous energy–growth studies employ a range of econometric approaches, including dynamic panel models, cointegration, and static panel regression. However, many studies either focus on single-country settings or do not sufficiently account for persistent cross-country heterogeneity. This limitation is important in ASEAN, where energy structures differ substantially across countries. A comparative panel framework using pooled OLS, random-effects, and fixed-effects models therefore provides a useful basis for identifying both cross-country and within-country relationships.

Synthesis and Research Gap
The literature reveals three main gaps. First, energy use, energy import dependence, and renewable-energy transition are often examined separately. Second, empirical findings remain mixed across heterogeneous ASEAN economies. Third, many studies do not adequately distinguish between cross-country and within-country effects. This study addresses these gaps by jointly examining EU, ENI, and REO across six ASEAN economies from 1990–2022 using pooled OLS, random-effects, and fixed-effects panel models.

Table 1. Comparison of Key Prior Studies vs. This Study

	Author(s) & Year
	Region
	Method
	RE Included
	ENI Included
	Data Range
	Novelty/Limitations

	Tran et al. (2022)
	Vietnam
	FMOLS
	Yes
	Yes
	1990–2019
	No panel integration

	Liu et al. (2021)
	ASEAN-4
	GMM
	Yes
	Yes
	1995–2017
	ENI included but limited time scope

	Manzoor et al. (2023)
	South Asia
	ARDL
	Yes
	Yes
	1990–2020
	Strong on RE but no regional variation

	Haider et al. (2021)
	Global sample
	Machine Learning
	Yes
	Yes
	1980–2019
	Data science method but lacks ASEAN view

	This study (2026)
	ASEAN-6
	Static Panel
	Yes
	Yes
	1990–2022
	Joint analysis of EU, ENI, and REO with country-specific heterogeneity







Research Method
Research Approach and Rationale
This study adopts a quantitative panel-data approach to examine the relationships between energy use, energy net imports, renewable energy output, and GDP per capita across six ASEAN economies from 1990–2022. The panel framework captures both temporal and cross-country variation while controlling for unobserved heterogeneity (Baltagi, 2021). Pooled OLS, random-effects, and fixed-effects models are estimated and compared.

Research Design
The study uses a non-experimental longitudinal design based on annual secondary macroeconomic data covering 1990–2022. This design enables comparison of energy–growth relationships across countries and over time.

Data and Sources
Annual data for Brunei, Indonesia, Malaysia, the Philippines, Thailand, and Vietnam were obtained from the World Bank World Development Indicators. The variables include Energy Use (EU), Energy Net Import (ENI), Renewable Energy Output (REO), and GDP per Capita (GPC). Data were harmonized by country and year, checked for unit consistency, screened for missing observations and outliers, and organized into a panel structure before estimation. Missing observations were identified before estimation. Linear interpolation was applied only to internal gaps in annual series, while no extrapolation was performed beyond observed data boundaries. This procedure was used to preserve the longitudinal structure of the panel while minimizing loss of country–year observations.

Data Analysis Techniques
The analysis includes descriptive statistics, Pearson correlation, multicollinearity assessment using VIF, and estimation using pooled OLS, random-effects, and fixed-effects models. Model selection is supported by the Breusch–Pagan Lagrange Multiplier test and the Hausman test. The empirical model is specified as:

GPCᵢₜ = α + β₁EUᵢₜ + β₂ENIᵢₜ + β₃REOᵢₜ + μᵢ + εᵢₜ

where i represents country and t represents year.

Model Diagnostics
Model adequacy was evaluated using the Hausman test, Breusch–Pagan LM test, and R² statistics. Multicollinearity was assessed using VIF, while heteroscedasticity and serial correlation diagnostics were used to evaluate model assumptions. Robust standard errors were applied where required.


Ethical Considerations
As this study utilizes publicly available secondary data, ethical clearance is not required. However, we ensure data transparency, proper attribution, and reproducibility by documenting all data transformations and coding routines.

Limitations of the Method
This methodology does not account for nonlinear dynamics, such as threshold or asymmetric effects, which may be present in energy transitions. Future studies could employ dynamic GMM models or machine learning algorithms (e.g., Random Forest, SVR) to capture more complex patterns (Chien et al., 2021; Awan et al., 2023). Additionally, subnational analysis is not explored due to data aggregation limitations.

Results and Discussion
Results 
Presentation of Data and Key Findings
Table 2 shows substantial differences in energy use (EU), GDP per capita (GPC), energy net imports (ENI), and renewable energy output (REO) across the six ASEAN economies. Brunei records the highest mean GDP per capita but the lowest renewable-energy share, while Vietnam and the Philippines show the highest REO levels despite lower GDP per capita.
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Figure 1. The Correlation Analysis from Heatmap

Figure 1 shows strong cross-country correlations among the main indicators. GPC and EU are highly positively correlated, while ENI is negatively correlated with both GPC and EU. REO shows a negative correlation with GPC but a positive relationship with ENI. These descriptive relationships indicate substantial heterogeneity in energy structure across ASEAN economies and should not be interpreted as causal effects.

Analysis and Interpretation of Results
Pooled OLS results indicate significant positive associations between GPC and EU, ENI, and REO. However, model comparison shows that the fixed-effects specification provides the strongest fit and is statistically preferred based on the Hausman test. Therefore, the fixed-effects estimates are used as the principal basis for interpretation.

Table 2. Summary of Key Indicators by Country

	Country
	Mean_GPC
	Mean_EU
	Mean_ENI
	Mean_REO

	Brunei
	29134.15
	7845.94
	-561.69
	0.01

	Indonesia
	2124.96
	651.64
	-88.48
	17.42

	Malaysia
	6882.86
	2305.53
	-39.98
	11.46

	Philippines
	1887.54
	466.91
	48.07
	32.24

	Thailand
	4041.05
	1474.96
	47.06
	11.06

	Vietnam
	1416.31
	557.20
	-11.25
	48.42



Table 2 demonstrates substantial heterogeneity in the energy and economic structures of the six ASEAN economies. Brunei records the highest mean GDP per capita and energy use but the lowest renewable energy output, whereas Vietnam and the Philippines exhibit substantially higher renewable energy shares despite lower GDP per capita. Energy net imports also differ markedly across countries, distinguishing net energy exporters from import-dependent economies. These descriptive contrasts reinforce the importance of controlling for persistent country-specific heterogeneity in the panel analysis.

Table 3. Pooled OLS Regression Results

	Variable
	Estimate
	Std. Error
	p-value

	Intercept
	-1970.07
	497.7
	0.0001

	Energy Use (EU)
	4.2447
	0.1418
	<.0001

	Energy Net Import (ENI)
	4.2911
	1.4777
	0.0041

	Renewable Energy Output (REO)
	28.5688
	14.2898
	0.047



Table 3 presents the pooled OLS estimates. EU (β = 4.2447, p < 0.0001), ENI (β = 4.2911, p = 0.0041), and REO (β = 28.5688, p = 0.047) are positively associated with GDP per capita. However, pooled OLS does not account for unobserved country-specific heterogeneity; therefore, random-effects and fixed-effects specifications are subsequently evaluated.

Table 4. Fixed vs Random Effect Model Comparison

	Type
	R-Square
	EU Estimate
	ENI Estimate
	REO Estimate
	REO p-value

	Pooled OLS
	0.9337
	4.2447
	4.2911
	28.5688
	0.047

	Random Effect
	0.7772
	4.294
	5.4995
	22.9787
	0.2749

	Fixed Effect
	0.9579
	3.0207
	8.4762
	48.9482
	0.0807



Table 4 compares the pooled OLS, random-effects, and fixed-effects specifications. The fixed-effects model yields the highest R² (0.9579). EU remains positive and significant (β = 3.0207, p < 0.0001), while ENI is also positive and significant (β = 8.4762, p = 0.0061). REO remains positive but is only marginally significant at the 10% level (β = 48.9482, p = 0.0807).

Table 5. Descriptive Statistics by Country and Variable

	Country
	EU Red
	EU Std Dev
	GPC Red
	GPC Std Dev
	Red LANGUAGE
	REO Std Dev

	Brunei
	7845.94
	1032.66
	29134.15
	8240.14
	0.01
	0.02

	Indonesia
	651.64
	110.19
	2124.96
	1410.03
	17.42
	2.58

	Malaysia
	2305.53
	491.14
	6882.86
	3142.18
	11.46
	4.06

	Philippines
	466.91
	43.69
	1887.54
	953.77
	32.24
	7.16

	Thailand
	1474.96
	397.33
	4041.05
	1986.72
	11.06
	5.76

	Vietnam
	557.20
	235.54
	1416.31
	1280.69
	48.42
	14.24



The Hausman test is statistically significant (χ² = 7.84, p = 0.0495), supporting the fixed-effects model over random effects. The Breusch–Pagan LM test is also significant (p = 0.0001), indicating the presence of panel-level heterogeneity and confirming that pooled OLS alone is insufficient.

Table 6. Hausman and Breusch-Pagan Test Results

	Test
	DF
	Statistics
	p-value
	Interpretation

	Hausman Test
	3
	7.84
	0.0495
	Fixed Effect preferred

	Breusch-Pagan Test
	2
	17.89
	0.0001
	Random Effects present



The fixed-effects model shows that EU is positively and significantly associated with GDP per capita (β = 3.0207, p < 0.0001). This supports the energy–growth nexus, as energy availability facilitates industrial production, transportation, and economic activity. ENI is also positive and significant (β = 8.4762, p = 0.0061). This should not be interpreted as evidence that energy dependence is beneficial; rather, imported energy may support production when domestic supply is insufficient.
REO has a positive coefficient (β = 48.9482) but is only marginally significant at the 10% level (p = 0.0807). This weaker statistical evidence may reflect differences in infrastructure readiness, investment capacity, grid integration, and transition stages across ASEAN economies.

Table 7. Fixed Effect Model Estimates

	Variable
	Estimate
	Std. Error
	p-value

	Intercept
	-1234.95
	1713.5
	0.4722

	Energy Use (EU)
	3.0207
	0.6043
	<.0001

	Energy Net Import (ENI)
	8.4762
	3.0496
	0.0061

	Renewable Energy Output (REO)
	48.9482
	27.8421
	0.0807



Table 7 confirms that EU and ENI are statistically significant positive predictors of GDP per capita in the preferred fixed-effects specification, whereas REO shows a positive but only marginally significant association at the 10% level. These results support H1 and H2, while providing weaker statistical support for H3.

Discussion
Implications of the Findings
The results suggest that energy availability remains strongly associated with economic performance, while the economic contribution of renewable energy is more dependent on national transition conditions. ASEAN countries should therefore adopt differentiated rather than uniform energy-transition strategies.

Comparison with Previous Literature
The positive relationship between energy use and economic performance is consistent with previous evidence on the energy–growth nexus (Adebayo et al., 2023; Sadiq et al., 2022). The weaker REO effect is also consistent with studies emphasizing that renewable-energy benefits depend on infrastructure, institutional quality, and financing capacity (Khan & Hou, 2020; Rodrigues et al., 2022).

Robustness Analysis
he preferred fixed-effects specification was further evaluated using robust standard errors to assess the sensitivity of the principal estimates to potential violations of conventional error assumptions. The resulting coefficient directions and statistical inference were compared with the baseline fixed-effects estimates.

Limitations and Recommendations for Further Research
This study uses country-level annual data from 1990–2022 and therefore does not capture sectoral or subnational differences. The static linear specification also does not address nonlinear or dynamic transition effects. Future research could incorporate institutional quality, carbon emissions, energy prices, and dynamic panel models.

Policy Implications
ASEAN energy-transition policies should reflect differences in national energy structures. Renewable-energy expansion should be accompanied by grid modernization, storage capacity, technological investment, and regional energy cooperation to support both energy security and economic development.

Conclusions
This study examines the relationships between energy use, energy net imports, renewable energy output, and GDP per capita across six ASEAN economies from 1990–2022. The fixed-effects results show that EU and ENI are positively and significantly associated with GDP per capita, while REO is positive but only marginally significant at the 10% level.
The findings indicate that energy-transition effects are heterogeneous across ASEAN economies. Energy availability remains important for economic performance, whereas the economic benefits of renewable energy depend on national transition conditions. ASEAN policymakers should therefore pursue country-specific strategies that integrate renewable-energy development, energy security, infrastructure readiness, and economic growth.
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