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Abstract

As economies become increasingly interconnected through digitalization while facing 
growing sustainability challenges, understanding the drivers of export competitiveness 
has become an important policy and research concern. This issue is particularly rele-
vant in ASEAN, where digital infrastructure and renewable energy transition have pro-
gressed unevenly across member states. Despite growing interest in these transforma-
tions, their implications for export performance remain insufficiently understood. This 
study examines the relationships among digital infrastructure, the renewable energy 
transition, and export performance across eight ASEAN economies from 2010 to 2021. 
Using World Bank World Development Indicators data, a balanced panel of 96 coun-
try-year observations is analyzed through a fixed-effects model. Internet penetration 
and renewable energy consumption are specified as the main explanatory variables, 
while manufacturing value added and foreign direct investment are included as control 
variables. The results indicate that internet penetration, manufacturing value added, 
and foreign direct investment are positively and significantly associated with export 
performance, whereas renewable energy consumption exhibits a significant negative 
relationship. The estimated model explains approximately 63.5% of the within-country 
variation in export performance. These findings suggest that digital infrastructure, in-
dustrial capability, and foreign investment can strengthen export competitiveness. At 
the same time, the short-run effects of the renewable energy transition may reflect 
structural adjustment costs during the transformation process. The study contributes 
new evidence from ASEAN and highlights the importance of combining digital de-
velopment with industrial upgrading and supportive policy frameworks to enhance 
long-term export performance.
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INTRODUCTION

The global economy is currently undergoing two profound and inter-
connected transformations. The first concerns the rapid diffusion of 
digital technologies, which has reshaped production systems, com-
munication networks, and cross-border economic activities. The sec-
ond is the growing transition to renewable energy as governments and 
businesses respond to environmental challenges, climate commit-
ments, and long-term sustainability objectives. Together, these devel-
opments are increasingly influencing the way countries participate in 
international trade and pursue economic competitiveness in a chang-
ing global environment (World Bank, n.d.; UNCTAD, 2023).

Beyond their technological and environmental dimensions, digitaliza-
tion and renewable energy development have gradually become strate-
gic components of contemporary economic policy. Investments in digi-
tal infrastructure can facilitate information exchange, improve connec-
tivity, and support market integration, while renewable energy deploy-
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ment is often seen as a key foundation for sustainable growth and industrial modernization. Consequently, 
many economies have incorporated both digital and green transitions into broader national development 
agendas to strengthen resilience and competitiveness in the global marketplace (IEA, 2023).

These developments appear particularly relevant in the ASEAN region. Over the past two decades, ASEAN 
economies have strengthened their integration into global value chains and expanded their role within 
international production networks. At the same time, the region continues to experience substantial varia-
tion in digital readiness, energy structures, institutional capacity, and economic development levels. While 
some ASEAN countries have achieved relatively advanced digital connectivity and technology adoption, 
others still face infrastructure gaps and resource constraints. Similar differences can also be observed in 
the pace and scale of renewable energy transition initiatives across the region (ASEAN Secretariat, 2024).

Against this backdrop, an important scientific question emerges. Although digital transformation and 
renewable energy development are widely regarded as desirable policy objectives, it remains unclear 
whether improvements in these areas necessarily translate into stronger export performance. The rela-
tionship may be more complex than often assumed. In practice, the benefits associated with digitaliza-
tion and renewable energy transition may depend on industrial capability, investment conditions, and 
the ability of firms and economies to adapt to structural change. Consequently, outcomes may vary 
considerably across countries and stages of development.

The complexity of this issue is particularly evident in emerging economies, where digital expansion and 
sustainability transition frequently occur alongside broader economic and institutional transforma-
tion processes. Under such conditions, technological and environmental initiatives may generate both 
opportunities and adjustment pressures. While long-term gains are often anticipated, short-term out-
comes may vary with local circumstances and implementation capacity. As a result, understanding how 
these transformations relate to export performance remains an important empirical challenge.

1. LITERATURE REVIEW  

AND HYPOTHESES

Recent discussions on economic competitiveness 
increasingly converge around three interconnect-
ed themes: digitalization, sustainability transi-
tion, and international trade. Rather than oper-
ating independently, these processes are becom-
ing progressively intertwined as countries seek to 
strengthen productivity, resilience, and long-term 
development capacity in an increasingly complex 
global environment. Digital technologies reshape 
the way firms access markets and coordinate pro-
duction, while renewable energy development is 
transforming industrial systems and investment 
priorities. At the same time, export performance 
remains one of the most visible indicators of inter-
national competitiveness. Consequently, under-
standing how digital and green transformations 
interact with export outcomes has emerged as an 
important area of contemporary economic inqui-
ry. Although substantial progress has been made, 
existing knowledge remains dispersed across dif-

ferent theoretical traditions, empirical settings, 
and policy perspectives, creating a need for a more 
integrated understanding of these relationships.

1.1. Digitalization, connectivity,  
and export competitiveness

The growing diffusion of digital technologies has 
fundamentally altered the mechanisms through 
which firms and economies participate in interna-
tional trade. Advances in information and com-
munication technologies have reduced geographi-
cal barriers, accelerated information flows, and im-
proved coordination across increasingly fragmented 
production networks. From this perspective, digita-
lization is commonly viewed as an important driver 
of export competitiveness because it lowers transac-
tion costs, facilitates access to market information, 
and strengthens cross-border connectivity (Baldwin, 
2016; Brynjolfsson & McAfee, 2014; Schwab, 2016).

A substantial body of research further suggests 
that digital infrastructure contributes to econom-
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ic modernization by enhancing communication 
efficiency, supporting knowledge exchange, and 
improving firms’ ability to engage in international 
markets. Greater internet penetration and digital 
connectivity may facilitate participation in global 
value chains, improve logistics coordination, and 
reduce informational asymmetries that often con-
strain export-oriented activities, particularly in 
developing economies (Saba et al., 2024; Xiaobin 
et al., 2024). Under this view, digital transforma-
tion is expected to strengthen competitiveness by 
enabling firms to reach foreign customers more ef-
fectively and respond more rapidly to changing 
market conditions.

Nevertheless, the benefits associated with digita-
lization may not emerge automatically. Economic 
outcomes of digital transformation depend on 
a broader set of institutional and organizational 
conditions. The effectiveness of digital infrastruc-
ture appears to be shaped by governance quality, 
technological readiness, human capital, and the 
absorptive capacity of firms and economies (Kai 
et al., 2026; T. Chatterjee & N. Chatterjee, 2026). 
Where complementary capabilities remain lim-
ited, digital expansion may improve communica-
tion and consumption without necessarily trans-
lating into productivity gains or stronger export 
performance.

This issue appears particularly relevant in devel-
oping and emerging economies, where digital 
transformation often occurs alongside broader 
structural and institutional change. Consequently, 
while digital infrastructure is generally expected 
to influence export competitiveness, the magni-
tude and even the direction of this relationship 
may vary across economic contexts. The literature 
therefore points to a potentially important but not 
yet fully understood relationship, particularly in 
rapidly transforming regional economies such as 
ASEAN.

1.2. Renewable energy transition  
and export performance

The growing transition to renewable energy has 
become a central dimension of contemporary eco-
nomic transformation. Beyond environmental 
considerations, renewable energy development is 
increasingly viewed as a strategic component of 

long-term competitiveness because it influences 
production systems, industrial upgrading, and 
participation in international markets. As sus-
tainability requirements become more prominent 
within global trade and investment networks, the 
relationship between renewable energy transition 
and export performance has attracted growing 
scholarly attention.

One stream of literature suggests that renewable 
energy development can strengthen economic 
and trade competitiveness. Under this perspective, 
green transformation improves energy security, 
supports sustainable production, and facilitates 
compliance with increasingly stringent environ-
mental standards imposed by international mar-
kets. The expansion of renewable energy infra-
structure may therefore enhance the attractive-
ness of export-oriented industries and improve 
integration into global value chains characterized 
by rising sustainability expectations (Bhuiyan et 
al., 2022; Li et al., 2023; Sharif et al., 2026; Zhang 
et al., 2025). Renewable energy and digital trans-
formation may jointly contribute to broader pat-
terns of sustainable growth and structural mod-
ernization, particularly in developing economies 
seeking to improve their long-term competitive 
position (Qamruzzaman et al., 2026).

At the same time, a second line of argument em-
phasizes that the benefits of renewable energy 
transition may not emerge immediately. The shift 
from conventional energy systems frequently re-
quires substantial investment, technological ad-
aptation, and industrial restructuring. In many 
developing economies, these adjustments can 
generate short-term economic pressures, particu-
larly when infrastructure, financing mechanisms, 
or technological capabilities remain limited. From 
this perspective, green transformation may ini-
tially increase production costs or create transi-
tional inefficiencies before longer-term gains be-
come visible (Acemoglu et al., 2012; Stern, 2017). 
Consequently, the short-run effects of renewable 
energy transition on export competitiveness may 
differ considerably across countries and stages of 
development.

These contrasting perspectives suggest that the 
relationship between renewable energy transi-
tion and export performance remains far from 
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straightforward. While renewable energy devel-
opment may create opportunities for sustainable 
competitiveness and market access, its effects are 
likely to depend on the capacity of economies 
to absorb adjustment costs and manage broader 
structural transformations. This issue appears 
particularly relevant in ASEAN economies, where 
substantial differences remain in energy struc-
tures, technological readiness, and sustainability 
pathways.

1.3. Manufacturing capability, foreign 
direct investment, and export 
performance

Manufacturing capability and foreign direct in-
vestment are widely recognized as key determi-
nants of export performance because they en-
hance production capacity, technological up-
grading, and firms’ participation in international 
markets. Industrial capability, productive invest-
ment, and technological accumulation are funda-
mental drivers of long-term competitiveness and 
economic performance (North, 1990; Barro, 1991; 
Acemoglu et al., 2014). A stronger manufacturing 
sector promotes higher value-added production 
and deeper integration into global value chains, 
while foreign direct investment supports capital 
accumulation, technology transfer, and interna-
tional production networks. Recent evidence fur-
ther confirms that these structural factors remain 
important for improving export competitiveness 
in developing economies (Aly & Zaki, 2025).

One stream of literature emphasizes that manu-
facturing capability is a fundamental driver of ex-
port competitiveness because it strengthens pro-
duction capacity, technological upgrading, and 
firms’ integration into regional and global value 
chains. Economies with stronger industrial bases 
are generally better positioned to generate high-
er value-added production and sustain long-term 
productivity growth (Barro, 1991; Acemoglu et 
al., 2014). Manufacturing development also facili-
tates knowledge accumulation and skill formation, 
both of which are essential for enhancing export 
competitiveness (Hanushek & Woessmann, 2008). 
Consequently, manufacturing value added is 
widely employed as an indicator of industrial ca-
pability and productive capacity in studies of ex-
port performance.

However, the relationship between economic de-
velopment and export performance may not al-
ways be straightforward. Structural transforma-
tion often alters the composition of economic 
activity as economies gradually shift from man-
ufacturing-based production toward services and 
domestic consumption. Under such circumstanc-
es, rising income levels do not necessarily trans-
late into stronger export growth. Rodrik (2016) 
argues that several developing economies have ex-
perienced premature deindustrialization, whereby 
industrial sectors lose momentum before reaching 
the productivity levels historically observed in ad-
vanced economies. This suggests that the export 
implications of economic development depend 
not only on income growth itself but also on the 
nature of structural change accompanying that 
growth.

Foreign direct investment (FDI) is another im-
portant driver of export performance because 
it provides access to capital, advanced technolo-
gies, managerial expertise, and international busi-
ness networks, thereby improving productive ef-
ficiency and participation in global value chains. 
Previous studies suggest that FDI promotes tech-
nological diffusion and productivity growth when 
recipient economies possess sufficient absorptive 
capacity (Borensztein et al., 1998; Chatterjee & 
Kundu, 2021; Mohanty & Sethi, 2019). Through 
these channels, foreign investment can support 
knowledge transfer and industrial upgrading.

However, the export benefits of FDI are not au-
tomatic. Their effectiveness depends on comple-
mentary institutional and economic conditions, 
including governance quality, trade integration, 
supply-chain connectivity, and domestic capabili-
ties (Aly & Zaki, 2025; Ando et al., 2024). Where 
these conditions remain weak, spillover effects 
may be limited, reducing the contribution of FDI 
to export competitiveness. Consequently, invest-
ment conditions are expected to influence export 
performance, although their effects are likely to 
vary across ASEAN economies.

Institutional economics and international trade 
perspectives further suggest that the export ef-
fects of digital infrastructure and renewable en-
ergy transition operate through different channels. 
While digital infrastructure may facilitate firms’ 
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integration into international markets, the con-
tribution of the renewable energy transition likely 
depends on structural adjustment and comple-
mentary industrial capabilities. This theoretical 
perspective provides the basis for identifying the 
remaining research gaps.

1.4. Research gaps

Despite the growing literature on digitalization, 
renewable energy transition, and international 
trade, several important gaps remain unresolved.

First, prior studies have often examined digital 
transformation and sustainability transition sepa-
rately rather than as interconnected structural pro-
cesses influencing export competitiveness simulta-
neously. Existing findings therefore remain frag-
mented across theoretical and regional contexts.

Second, the empirical evidence regarding digital 
infrastructure and export performance remains 
inconsistent. While many studies report positive 
effects of ICT expansion on trade integration and 
productivity, other studies suggest that the ben-
efits of digitalization depend heavily on institu-
tional quality, industrial capability, and absorp-
tive capacity.

Third, although the renewable energy transition 
is commonly associated with sustainable devel-
opment, limited attention has been given to its 
short-run adjustment costs within developing and 
export-dependent economies. Existing research 
rarely investigates whether the green transition 
may temporarily constrain export performance 
during early stages of structural restructuring.

Finally, ASEAN economies remain relatively un-
derexplored despite their growing importance in 
global production networks and regional trade 
integration. Differences in institutional capacity, 
digital readiness, and energy transition pathways 
across ASEAN countries provide an important 
context for further investigation.

Therefore, this study addresses these gaps by ex-
amining the relationships among digital infra-
structure, renewable energy transition, and export 
performance in selected ASEAN economies using 
a panel-data approach.

1.5. Research aim and hypotheses

Against the backdrop of accelerating digitaliza-
tion and growing commitments to sustainable 
energy development, this study explores whether 
improvements in digital infrastructure and the 
transition toward renewable energy are associated 
with export performance across selected ASEAN 
economies between 2010 and 2021. Particular at-
tention is also given to manufacturing capability 
and foreign direct investment, which are included 
as control variables to capture industrial capacity 
and investment conditions.

Based on the theoretical arguments and empirical 
evidence reviewed above, the following hypoth-
eses are proposed:

H1: Digital infrastructure is positively associated 
with export performance. 

H2: Renewable energy transition is significantly 
associated with export performance.

2. METHODS

2.1. Research design and data source

This study employs a quantitative panel-data de-
sign to examine the relationship between digital 
infrastructure, renewable energy transition, and 
export performance across ASEAN economies. 
Compared with cross-sectional analysis, panel da-
ta capture both cross-country heterogeneity and 
changes over time, making them well suited to an-
alyzing export performance in a region character-
ized by diverse levels of digital development and 
economic transformation.

The empirical analysis uses secondary data from 
the World Bank’s World Development Indicators 
(WDI). The sample consists of eight ASEAN econ-
omies: Brunei Darussalam, Cambodia, Indonesia, 
Malaysia, the Philippines, Singapore, Thailand, 
and Vietnam, selected because they provide broad 
variation in economic development and export 
structures while ensuring complete data avail-
ability. Singapore was retained as a major export-
oriented economy within ASEAN, while the fixed-
effects estimator controlled for country-specific 
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structural differences. Because of data availability 
for the renewable energy indicator, the analysis 
covers 2010–2021, resulting in a balanced panel 
of 96 country-year observations. Restricting the 
sample to this period ensures consistent measure-
ment across all variables without requiring data 
imputation or interpolation.

Table 1 presents the variables used in the empirical 
analysis together with their corresponding World 
Bank indicator codes. Export performance is mea-
sured by the real value of exports of goods and ser-
vices. Digital infrastructure, proxied by the share of 
individuals using the Internet, and renewable en-
ergy transition constitute the principal explanatory 
variables. Manufacturing value added and foreign 
direct investment are included as control variables 
because both reflect industrial capacity and inter-
national capital inflows that may systematically in-
fluence export competitiveness. The selected indica-
tors have been widely adopted in studies examining 
digitalization, industrial development, sustainable 
transition, and international trade. Table 1 presents 
the variables used in the study.

2.2. Model specification

To examine the effects of digital infrastructure 
and renewable energy transition on export per-
formance, the study estimates the following panel 
regression model:

0 1

2 3

4  ,

it it

it it

it i t it

Exports Internet

Renewable Manufacturing

FDI

β β
β β
β µ λ ε

= +

+ +

+ + + +

 (1)

where Exports
it
 represents the real value of ex-

ports of goods and services for country i in year 
t; Internet

it
 denotes the proportion of individuals 

using the Internet, serving as a proxy for digital 
infrastructure; Renewable

it
 refers to renewable en-

ergy consumption measured as a percentage of to-
tal final energy; Manufacturing

it
 represents man-

ufacturing value added as a percentage of GDP; 
FDI

it
 denotes foreign direct investment net inflows 

measured as a percentage of GDP; µ
i
 captures un-

observed country-specific effects that remain con-
stant over time; λ

t
 denotes year-specific effects 

common to all countries; ε
i
 is the error term. 

To obtain reliable estimates, the empirical analysis 
initially considers pooled ordinary least squares 
(OLS), fixed-effects (FE), and random-effects 
(RE) estimators. The Hausman specification test 
(Hausman, 1978) is then used to determine wheth-
er the fixed-effects or random-effects specification 
better represents the data. This sequential estima-
tion strategy allows the model to account for un-
observed heterogeneity while maintaining consis-
tency in parameter estimation.

2.3. Analytical procedures

The empirical analysis was performed using R 
(version 4.5.1). Data processing and panel-data es-
timation were conducted using several widely ad-
opted R packages, including dplyr, tidyr, plm, lm-
test, sandwich, and car.

The analytical procedure consisted of several stag-
es. First, we cleaned the dataset, reorganized it 
into panel format, and checked for missing obser-
vations and data consistency. Descriptive statistics 
were then calculated to summarize the character-
istics of each variable, followed by Pearson corre-
lation analysis to examine pairwise associations 
and identify potential multicollinearity. Variance 
inflation factors (VIFs) were further computed to 
confirm that collinearity among the explanatory 
variables remained within acceptable limits.

Subsequently, pooled OLS, fixed-effects, and ran-
dom-effects models were estimated and compared. 

Table 1. Variable description and measurement

Source: Our compilation based on World Bank World Development Indicators (WDI).

Variable Symbol World Bank indicator code Role

Export performance exports NE.EXP.GNFS.KD Dependent variable

Digital infrastructure internet IT.NET.USER.ZS Main independent variable

Renewable energy transition renewable EG.FEC.RNEW.ZS Main independent variable

Manufacturing value added (% of GDP) manufacturing NV.IND.MANF.ZS Control variable

Foreign direct investment fdi BX.KLT.DINV.WD.GD.ZS Control variable
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The Hausman specification test was employed to 
select the most appropriate panel-data estimator. 
To improve the reliability of statistical inference, 
we reported heteroskedasticity-consistent robust 
standard errors for the final regression model, re-
ducing the potential influence of heteroskedastic-
ity and within-panel serial correlation on the esti-
mated coefficients.

3. RESULTS

3.1. Descriptive statistics

Table 2 reports the descriptive statistics for the 
variables included in the empirical analysis. The 
balanced panel dataset consists of 96 country-year 
observations, covering eight ASEAN economies 
over the period 2010–2021. Overall, the descrip-
tive results indicate considerable variation across 
countries, suggesting notable differences in ex-
port performance, digital development, industrial 
structure, renewable energy utilization, and for-
eign investment within the region. Such diversity 
is expected because ASEAN economies remain 
heterogeneous in terms of economic structure and 
development trajectories.

Table 2. Descriptive statistics

Source: Our calculation based on World Bank data.

Variable N Mean SD Min Max

ln_exports 96 25.3 1.44 22.6 27.3

Internet 96 53.8 26.3 1.26 97.6

Renewable 96 21.7 19.1 0 65

Manufacturing 96 19.6 7.02 1.14 30.9

FDI 96 6.26 7.16 -1.32 32.3

The logarithm of export value (ln_exports) records 
an average of 25.30, with values ranging from 
22.60 to 27.30. Although the dispersion is rela-
tively modest compared with the original export 
values, the observed range still reflects meaning-
ful differences in export capacity among ASEAN 
economies. The logarithmic transformation was 
adopted to reduce skewness and improve the sta-
tistical properties of the regression model.

Digital infrastructure, measured by the percent-
age of individuals using the Internet, varies sub-
stantially across the sample. The average Internet 
penetration reaches 53.80%, while the minimum 

and maximum values range from 1.26% to 97.60%. 
This broad distribution suggests that ASEAN 
countries have progressed at markedly different 
speeds in digital infrastructure development, with 
some economies approaching universal Internet 
access whereas others remain at earlier stages of 
digital transformation.

Renewable energy accounts for an average of 
21.70% of total final energy consumption, al-
though considerable cross-country differences are 
evident. The standard deviation of 19.10 and the 
wide range between 0% and 65% imply that the 
transition toward renewable energy has followed 
distinct national pathways, reflecting differenc-
es in resource endowments, energy policies, and 
stages of economic development.

Manufacturing value added represents, on average, 
19.60% of GDP across the observed economies. 
Compared with the other explanatory variables, 
manufacturing displays a relatively lower level of 
dispersion, indicating that industrial activity con-
stitutes a relatively stable component of economic 
structure within the sample despite differences in 
industrial specialization.

Foreign direct investment (FDI) averages 6.26% of 
GDP, with values ranging from −1.32% to 32.30%. 
The negative minimum indicates that several 
country-year observations experienced net capital 
outflows or disinvestment, whereas the upper end 
of the distribution reflects periods of exceptional-
ly strong foreign investment inflows. Overall, the 
descriptive statistics reveal substantial structural 
heterogeneity across ASEAN economies, provid-
ing empirical support for employing panel-data 
techniques that explicitly account for country-
specific characteristics in the subsequent analysis.

3.2. Correlation matrix

Table 3 reports the Pearson correlation coefficients 
among the variables employed in the empirical 
analysis. The estimated coefficients provide an 
initial overview of the linear relationships among 
export performance, digital infrastructure, re-
newable energy transition, manufacturing activity, 
and foreign direct investment across the sampled 
ASEAN economies. Overall, the observed correla-
tions are generally moderate, suggesting that the 
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explanatory variables capture related but distinct 
dimensions of economic development.

The results indicate that manufacturing value 
added exhibits the strongest positive association 
with export performance (r = 0.617). This pat-
tern is broadly consistent with the export-oriented 
production structure of many ASEAN economies, 
where manufacturing activities continue to play 
a central role in generating merchandise exports. 
By comparison, the positive correlations between 
Internet penetration (r = 0.162) and FDI (r = 0.270) 
with export performance are relatively modest, 
implying that improvements in digital connec-
tivity and foreign investment alone may not im-
mediately translate into stronger export outcomes 
without complementary production capabilities.

Renewable energy consumption displays a moder-
ate negative correlation with export performance 
(r = –0.304). Although the coefficient should not 
be interpreted as evidence of causality, it may re-
flect differences in national development priorities 
or the transitional nature of green transformation 
across ASEAN countries. In some economies, ex-
panding renewable energy adoption could coin-
cide with structural adjustments that influence ex-
port performance during the observation period.

Among the explanatory variables, the highest ab-
solute correlation is observed between Internet 
penetration and renewable energy consumption 
(r = –0.756). While this relationship is compara-
tively strong, it remains below the commonly cit-
ed threshold of 0.80, suggesting that serious mul-
ticollinearity is unlikely to arise based solely on 
pairwise correlations. The remaining coefficients 
are generally low to moderate. For example, the 
correlation between manufacturing and FDI is 
close to zero (r = 0.020), indicating that these vari-
ables capture different aspects of economic activ-
ity within the sample.

Overall, the correlation matrix provides prelimi-
nary evidence that the explanatory variables are 
sufficiently distinct for subsequent econometric 
analysis. Nevertheless, pairwise correlations alone 
cannot determine whether multicollinearity is 
problematic in a regression setting. Consequently, 
variance inflation factor (VIF) diagnostics are 
performed before estimating the panel regression 
models to verify that multicollinearity does not 
materially affect the empirical results.

3.3. Multicollinearity diagnostics

Before estimating the panel regression models, 
multicollinearity among the explanatory variables 
was assessed using the Variance Inflation Factor 
(VIF). Examining VIF values prior to model es-
timation is a common diagnostic procedure be-
cause high collinearity may inflate standard errors 
and reduce the reliability of coefficient estimates.

Table 4. Variance Inflation Factor (VIF)

Source: Our calculations based on World Development Indicators (WDI).

Variable VIF

Internet 2.545

Renewable 2.548

Manufacturing 1.245

FDI 1.136

As shown in Table 4, the VIF values range from 1.136 
to 2.548, remaining well below the commonly ac-
cepted thresholds of 5 and 10 reported in the econo-
metric literature. These results suggest that multicol-
linearity is unlikely to bias the estimated coefficients 
or substantially inflate their standard errors.

Among the explanatory variables, Internet pene-
tration and renewable energy consumption record 
the highest VIF values. This outcome is consis-
tent with the relatively strong negative correlation 
identified above. Nevertheless, the correspond-
ing VIF statistics remain comfortably within ac-

Table 3. Correlation matrix of variables

Source: Our calculation based on World Bank data.

Variables ln_exports Internet Renewable Manufacturing FDI

ln_exports 1

Internet 0.162 1

Renewable –0.304 –0.756 1

Manufacturing 0.617 –0.339 0.43 1

FDI 0.27 0.313 –0.175 0.02 1
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ceptable limits, indicating that the two variables 
provide complementary rather than overlapping 
information in explaining export performance. 
Meanwhile, manufacturing value added and for-
eign direct investment exhibit considerably lower 
VIF values, implying minimal collinearity with 
the remaining regressors.

Taken together, the diagnostic results indicate that 
the explanatory variables satisfy the multicollinear-
ity assumption. Accordingly, all variables are re-
tained in the subsequent panel regression analysis.

3.4. Fixed-effects regression results

Table 5 presents the estimation results obtained 
from the fixed-effects panel regression model. 
Overall, the model is statistically significant (F 
= 36.478, p < 0.001) and explains approximately 
63.5% of the within-country variation in export 
performance (R2 = 0.635). These statistics sug-
gest that the selected explanatory variables jointly 
provide substantial explanatory power for differ-
ences in export performance across the sampled 
ASEAN economies over the study period.

Table 5. Fixed effects regression results

Source: Our estimation based  
on World Bank World Development Indicators (WDI).

Variables Coefficient Robust SE t-value p-value

Internet 0.0035** 0.0011 3.259 0.0016

Renewable –0.0299*** 0.005 –5.941 < 0.001

Manufacturing 0.0240** 0.0091 2.638 0.0099

FDI 0.0172* 0.0078 2.205 0.0302

Statistic Value

R2 0.635

Adjusted R2 0.587

F-statistic 36.478

Observations 96

Countries 8

Years 12

Note: ***p < 0.001, **p < 0.01, *p < 0.05.

The empirical findings (Table 6) indicate that 
Internet penetration is positively and significantly 
associated with export performance (β = 0.0035, 
p = 0.0016). Holding other factors constant, im-

provements in digital connectivity appear to en-
hance export performance among ASEAN econo-
mies. This result is consistent with the argument 
that digital infrastructure facilitates information 
exchange, reduces transaction costs, and strength-
ens firms’ participation in international markets.

In contrast, renewable energy consumption ex-
hibits a statistically significant negative coefficient 
(β = −0.0299, p < 0.001). Although this finding 
should not be interpreted as a causal trade-off be-
tween sustainability and exports, it may suggest 
that economies undergoing energy transition face 
adjustment costs or structural changes that tem-
porarily constrain export performance. The result 
therefore reflects the complexity of balancing en-
vironmental objectives with trade competitive-
ness during the transition period.

The coefficient of manufacturing value added is 
positive and statistically significant (β = 0.0240, p 
= 0.0099), indicating that a stronger manufactur-
ing base contributes positively to export perfor-
mance. This finding highlights the continuing im-
portance of industrial production as a foundation 
for export expansion within ASEAN economies.

Similarly, foreign direct investment exerts a posi-
tive and statistically significant effect on export 
performance (β = 0.0172, p = 0.0302). This evi-
dence suggests that inward FDI may promote ex-
ports by improving production efficiency, facilitat-
ing technology transfer, and integrating domestic 
firms into global value chains.

Taken together, the fixed-effects estimates reveal 
that digital infrastructure, manufacturing capa-
bility, and foreign direct investment are positively 
associated with export performance. In contrast, 
the renewable energy transition is negatively relat-
ed to exports during the observed period. Overall, 
the findings support the proposition that export 
competitiveness in ASEAN is shaped by the inter-
action between digital development, industrial ca-
pacity, international investment, and the ongoing 
transformation of national energy systems.

Table 6. Summary of hypothesis testing

Hypothesis Proposed relationship Empirical result Decision

H1 Digital infrastructure → Export performance Positive and significant Supported

H2 Renewable energy transition → Export performance Negative and significant Supported
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3.5. Hausman test

To determine the appropriate panel-data estima-
tor, the Hausman specification test (Table 7) was 
performed to compare the fixed-effects and ran-
dom-effects models. The null hypothesis states 
that the random-effects estimator is consistent, 
whereas the alternative hypothesis indicates that 
the fixed-effects estimator is preferred due to cor-
relation between the individual effects and the ex-
planatory variables (Hausman, 1978).

Table 7. Hausman test results

Test Chi-square df p-value Decision

Hausman 

test
41.814 4 <0.001

Fixed effects 
preferred

The Hausman test produces a chi-square statistic 
of 41.814 with a p-value below 0.001, leading to the 
rejection of the null hypothesis. This finding indi-
cates that the unobserved country-specific effects 
are correlated with the explanatory variables, vi-
olating the assumptions underlying the random-
effects estimator. Consequently, the fixed-effects 
specification is considered more appropriate 
for the present analysis and is retained as the fi-
nal model for hypothesis testing. The result also 
strengthens the reliability of the estimated coeffi-
cients by accounting for time-invariant heteroge-
neity across ASEAN economies.

3.6. Model diagnostic tests

Before interpreting the regression coefficients, sev-
eral diagnostic tests were conducted to evaluate 
the suitability of the empirical model. Specifically, 
the Hausman specification test was employed to 
determine the appropriate panel estimator, while 
the variance inflation factor (VIF), the Breusch–
Pagan test, and the Wooldridge test were per-
formed to assess multicollinearity, heteroskedas-
ticity, and serial correlation, respectively. Table 7 
reports the results.

The Hausman test rejects the null hypothesis (χ2 = 
41.814, p < 0.001), indicating that the fixed-effects 
estimator is more appropriate than the random-
effects alternative because unobserved country-
specific effects are correlated with the explanatory 
variables (Table 8). The VIF values remain well be-
low the commonly accepted threshold, suggesting 
that multicollinearity is not a concern. Likewise, 
the Breusch–Pagan test provides no evidence 
of heteroskedasticity (p = 0.217). However, the 
Wooldridge test indicates first-order serial cor-
relation in the panel data (p < 0.001). To obtain 
statistically reliable inference under these condi-
tions, the final model is estimated using fixed ef-
fects with cluster-robust standard errors. Overall, 
these diagnostic results support the robustness 
and appropriateness of the empirical specification 
adopted in this study.

4. DISCUSSION

The empirical findings provide further evidence 
that digital infrastructure, renewable energy tran-
sition, industrial capability, and foreign direct in-
vestment are associated with export performance 
in ASEAN economies. However, the direction and 
magnitude of these relationships differ. Overall, 
the results indicate that export competitiveness 
depends not only on digital and environmental 
transformation but also on countries’ ability to 
translate these structural changes into productive 
and trade-oriented outcomes.

Internet penetration exerts a positive and statis-
tically significant effect on export performance. 
This finding is consistent with Kai et al. (2026), 
who reported that digitalization facilitates glob-
al value chain upgrading in ASEAN economies, 
and T. Chatterjee and N. Chatterjee (2025), who 
highlighted the contribution of digitalization and 
skills to long-run economic development. Greater 
internet access may reduce information costs, fa-

Table 8. Model diagnostic tests

Test Statistic p-value Decision

Hausman test χ2 = 41.814 < 0.001 Fixed-effects preferred
Variance Inflation Factor Max VIF = 2.548 – No multicollinearity
Breusch–Pagan test BP = 5.767 0.217 Homoskedasticity not rejected
Wooldridge test F = 139.72 <0.001 Serial correlation detected
Estimation method Cluster-robust FE – Robust SE reported
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cilitate digital trade, and strengthen firms’ partici-
pation in international markets. However, these 
benefits are unlikely to be fully realized without 
industrial upgrading, technological capability, 
and supportive institutions. This interpretation is 
consistent with Acemoglu et al. (2014) and Liu and 
Marcus (2026), who argued that digital technolo-
gies improve productivity only when supported by 
strong institutions, human capital, and effective 
governance.

Renewable energy transition, by contrast, is 
negatively associated with export performance. 
Although renewable energy is widely recognized 
as a cornerstone of sustainable development, the 
transition process may impose substantial short-
term adjustment costs on export-oriented econo-
mies. This finding broadly agrees with Sharif et al. 
(2026), who reported that the economic effects of 
renewable energy vary across development con-
texts. It does not, however, contradict the long-
term benefits identified by Zhang et al. (2025), as 
the negative coefficient is likely to capture transi-
tional costs rather than the long-run contribution 
of green investment. As noted by Qamruzzaman 
et al. (2026), the effectiveness of renewable energy 
policies depends on institutional quality, techno-
logical capability, financial capacity, and policy 
coordination.

Manufacturing value added is positively associ-
ated with export performance, suggesting that in-
dustrial capability remains a key driver of export 
competitiveness in ASEAN economies. A stronger 
manufacturing base expands production capacity, 
facilitates participation in regional and global val-
ue chains, and enables firms to utilize digital tech-
nologies more effectively. Likewise, foreign direct 

investment exerts a positive and statistically sig-
nificant effect, implying that external capital sup-
ports technology transfer, production upgrading, 
and international market integration. This find-
ing is broadly consistent with Xiaobin et al. (2024), 
who argued that digitalization, industrial devel-
opment, and international trade jointly reinforce 
sustainable economic performance.

Taken together, the findings indicate that digital 
transformation and green transition should not 
be viewed as isolated policy initiatives. Their con-
tribution to export competitiveness depends on 
complementary investments in manufacturing 
capability, technological upgrading, institutional 
quality, and policy coordination. While digital in-
frastructure, industrial development, and foreign 
investment strengthen export performance, the 
benefits of the renewable energy transition may 
emerge more gradually in developing economies 
because of adjustment costs during the transition 
process.

From a policy perspective, ASEAN economies 
should adopt a more integrated approach to ex-
port development. Investments in digital infra-
structure should be complemented by manu-
facturing upgrading, logistics modernization, 
workforce development, and innovation policies. 
Likewise, the renewable energy transition should 
be implemented in ways that reduce short-term 
adjustment costs while strengthening firms’ long-
term competitiveness in increasingly sustainabili-
ty-oriented global markets. Overall, the findings 
suggest that digital and green transitions generate 
stronger export outcomes when embedded within 
broader strategies that enhance productive capac-
ity and institutional support.

CONCLUSION

This study examined how digital infrastructure and renewable energy transition influence export per-
formance across eight ASEAN economies during 2010–2021 using a fixed-effects panel-data model. The 
study included manufacturing value added and foreign direct investment as control variables to ac-
count for differences in industrial capacity and external capital inflows.

The empirical findings indicate that Internet penetration, manufacturing value added, and foreign di-
rect investment are positively associated with export performance. In contrast, renewable energy transi-
tion exhibits a significant negative relationship during the study period. These results suggest that digi-
tal connectivity, industrial development, and foreign investment can strengthen export competitiveness, 
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while the short-run effects of renewable energy transition may be constrained by adjustment costs and 
structural challenges in developing economies.

This study contributes to the literature by providing updated evidence on the interaction between digital 
transformation, green transition, and export performance in ASEAN, a regional context that remains 
comparatively underexplored. The findings further suggest that digital and environmental policies are 
unlikely to generate sustained export gains in isolation. Their effectiveness depends on complemen-
tary investments in industrial capability, institutional support, and technological upgrading that enable 
economies to transform structural change into international competitiveness.

From a policy perspective, ASEAN governments should pursue integrated strategies that combine digi-
tal infrastructure investment with manufacturing upgrading, innovation support, and workforce devel-
opment. At the same time, renewable energy policies should be accompanied by measures that reduce 
transition costs and strengthen firms’ capacity to adapt to increasingly sustainability-oriented global 
markets.

This study is subject to several limitations. The analysis focuses on eight ASEAN economies and relies 
on aggregate macroeconomic indicators, which may not fully capture cross-country institutional dif-
ferences or sector-specific export dynamics. Future research could incorporate institutional quality, 
digital governance, environmental policy indicators, or firm- and industry-level data to provide a more 
comprehensive understanding of how digital and green transitions shape export performance across 
different development contexts.
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