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This study examines how renewable energy transition, regional integration,
government size, and current account balance affect sustainable development in 52 Belt
and Road countries (2006-2021). Using Two-Step System GMM, it finds that renewable
energy transition and government size are insignificant, while regional integration
positively impacts sustainability when coupled with economic growth, and current
account balance also has a positive effect. These results guide policymakers in
promoting clean energy, regional cooperation, and effective governance for long-term
sustainability.

Regional integration, Renewable energy transition, Sustainable development, Belt and
road initiative, Government size, Current account balance

The combustion of fossil fuels, which intensifies climate change, represents one of the
most pressing global challenges today. As a result, the world is now 1.2 degrees Celsius
warmer than preindustrial times. This has dire consequences, including a rise in the sea
level, extreme weather, and compromised food and water security . One of the
mechanisms designed to counter these multi-dimensional threats is the 2030 agenda on
sustainable development, specifically its 7th goal on the right of every person to access
clean, affordable, and dependable energy, a precondition to all other development
However, lack of investments in renewable energy has led to a persistent dependency
on fossil energy and a continued disparity in energy access - challenges that are most
dire in the developing world

The shift to renewable energy is now recognized by many scholars and policymakers as
an important factor in reducing emissions and threats to energy security as well as in
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fostering sustained, long-term development . Recent research studies point to its
importance in achieving green growth and opening decarbonization pathways in
affluent and poor nations . In this context, regional integration is considered a
potentially supportive mechanism. It can expedite the diffusion of green technologies,
scale-up cross-border investments and implement cooperative approaches to deal with
the environment . However, its potential is limited to the host nation’s economic
capacity and structural readiness.

Apart from energy and integration, the macroeconomics of a nation also determine how
or to what extent sustainable development is achievable. The size of government,
defined in this case as public expenditures relative to GDP, can promote sustainability
through efficiency in resource allocation, but excessive government expansion may
reduce policy efficiency and generate resource misallocation In the same way,
a current account surplus indicative of external financial stability and fiscal capacity is a
precondition for long-term green investments

Despite the growing literature on renewable energy transition and sustainable
development, empirical findings remain inconclusive, particularly for developing and
emerging economies. Some studies report positive sustainability effects, while others
find insignificant or even adverse impacts due to institutional weaknesses and structural
constraints. Moreover, limited research simultaneously examines the interaction
between renewable energy transition and regional integration within the Belt and Road
Initiative (BRI) framework. The role of macroeconomic stability, especially current
account balance and government size, in shaping sustainable development outcomesin
BRI countries also remains underexplored. Therefore, this study addresses this gap by
investigating the dynamic and interactive effects of renewable energy transition,
regional integration, government size, and current account balance on sustainable
development in 52 BRI countries.

To address this gap, the present study examines the dynamic effects of renewable
energy transition, regional integration, government size, and current account balance
on sustainable development in 52 BRI countries over the period 2006-2021. The BRI is
an appropriate empirical setting not only due to its significant share of global carbon
emissions, as its cross-regional connectivity objectives provide a foundation for long-
term renewable energy deployment and infrastructure development Using
a dynamic panel approach via Two-Step System Generalized Method of Moments
(GMM), this study provides robust empirical evidence that these interconnected
components as a whole affect sustainable development outcomes, particularly in the
former’s mediatory effects onrenewable energy and green infrastructure investments,
in the context of BRI . Specifically, this study aims to: (1) identify the effects of
regional integration on trade and FDI flows; (2) examine the influence of renewable
energy transition; (3) assess the role of government size; (4) evaluate the impact of
current account balance on sustainable development.
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This study contributes to the literature in three main ways. First, it focuses specifically
on BRI countries, which represent a major share of global emissions but remain
underexamined in sustainability-transition studies. Second, it introduces the interaction
term between regional integration and economic growth to capture conditional
integration effects on sustainable development. Third, it incorporates macroeconomic
stability variables, particularly current account balance, into the sustainability
framework using a dynamic panel Two-Step System GMM approach.

This study examines the effects of renewable energy transition, regional integration,
government size, and current account balance on sustainable development in 52 BRI
countries from 2006 to 2021. Sustainable development is proxied by Adjusted Net
Savings. Renewable energy transition is proxied by per capita renewable energy
consumption. Regional integration is measured using the Multidimensional Regional
Integration Index (MRII). Government size is represented by the ratio of government
expenditure to GDP, while macroeconomic stability is captured through the current
account balance. To capture the effect of economic growth, control and MEUI
integration variables, an interaction term between regional integration and economic
growth (MRII x EG) is included to capture conditional integration effects.

In this section, country-specific heterogeneity, endogeneity, and simultaneity bias are
addressed using the two-step system Generalized Method of Moments (GMM)
estimator. The dynamic panel specification allows for the inclusion of lagged dependent
variables and appropriate internal instruments, ensuring consistent and efficient
estimation. The general panel specification is demonstrated as follows

SDit = X + ASDit— 1+ 1 RETit + B2 MRIlic + B3 GSit + B4 CABit + B5 EGit + B6 (MRIlie X EGit) + @it + Eit

The equation states that sustainable development SDit is a function of its lagged form
SDit1, renewable energy transition RET, regional integration MRIli, government size
GSit, current account balance CABi, economic growth EGi;, and the interaction of
regional integration and economic growth (MRIlixEGit). Here, SDit stands for
sustainable development for country i at time t, and a for the constant. The value of A
shows the persistence of sustainable development across time through the lagged
dependent variable SDi . The variables RETi;, MRIlit, GSit, CABit, and EGit show the values
for renewable energy transition, regional integration, government size, current account
balance, and economic growth, respectively, for country i and time t. The interaction of
regional integration and economic growth (MRIlitxEGit) shows the combined effect of
regional integration and economic growth on sustainable development. The
coefficients 3 show the marginal change for the independent variables. Additionally, i
shows the country-specific effects that remain constant through time, and it shows the
error term that varies by country and time.
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Instrument validity is examined using the Sargan and Hansen tests, while serial
correlation is assessed through the Arellano-Bond AR(1) and AR(2) tests. The long-run
effect is calculated with the formula B/(1-y), with y as the coefficient of the lagged
dependent variable.

The Two-Step System GMM estimator is employed to estimate the dynamic panel
relationships using lagged internal instruments. The xtdpdsys command in Stata is
utilized to address endogeneity, simultaneity, and unobserved heterogeneity. The
results from the short-term regressions are summarized in , which contains the
coefficients and significance of the independent variables.

. Result of the two-step system GMM regression

sd Coefficient Std.err. z P>|] [95% conf. interval]
L.SD 0.6899224 0.0147944 46.63 0.000 0.660926 0.7189188
EG -0.3461308 0.0467442 -7.40 0.000 -0.4377479 -0.2545138
RET 0.0255534 0.0146566 1.74 0.081 -0.003173 0.0542798
MRII -5.225666 2.003505 -2.61 0.009 -9.152463 -1.298868
GS -0.0907602 0.0510617 -1.78 0.075 -0.1908393 0.0093189
CAB 0.211575 0.0126736 16.69 0.000 0.1867351 0.2364148
MRIIEG 1.061903 0.0924776 11.48 0.000 0.88065011.243155
_CONS 5.900662 1.539312 3.83 0.000 2.883666 8.917659

The Sargan test confirms instrument validity (X2 = 43.6347, p = 1.0000), the presence of
first-order autocorrelation (AR(1)) and the absence of second-order autocorrelation
(AR(2)) confirm the validity of the Arellano-Bond test for dynamic consistency, thereby
satisfying GMM assumptions. The validity was cross-checked with the estimates from
FD-GMM, System GMM, FEM, and PLS ( ), showing that FD-GMM was the most
unbiased reflective estimator considering the properties of the data.

. Result of the unbiased test regression

Variable fdgmm sysgmm fem pls
L.SD 0.60165721%%* 0.6899224%** 0.61218607%** 0.8922135%**
EG -0.14781178%%* -0.34613081%** -0.07508148 -0.03184963
RET -0.00282079 0.0255534 -0.1129037*** 0.00188363
MRII -15.339366%** -5.2256656%** -14.038702%* -0.58081226
GS -0.10697082 -0.09076024 -0.29556797%** -0.00752196
CAB 0.21252464*** 0.21157498%** 0.1659312%** 0.10676613%**
MRIIEG 0.68287528%%* 1.0619028%** 0.52979509%** 0.42658728%*
_CONS 12.357288%** 5.9006624%** 17.305441%%* 0.88260932
N 725 778 778 778

Legend: *p<0.05; ¥**p<0.01; ¥**¥*p<0.001

Based on these estimations, long-run coefficients are calculated using the formula B/(1
- Y), where y represents the coefficient of the lagged dependent variable. These long-
term results ( ) give a broader picture of the overall impact over time of
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renewable energy transition, regional integration, government size, and current
account balance on sustainable development.

. Result of the long-term regression

sd Coefficient Std.err. z P>|z] [95% conf. interval]
_nl_1 0.0824097 0.0475963 1.73 0.083 -0.0108773 0.1756967
nl 2 -16.85277 6.057717 -2.78 0.005 -28.72567-4.97986
nl_3 -0.2927017 0.1632126 -1.79 0.073 -0.6125925 0.0271891
_nl 4 0.6823291 0.0529169 12.89 0.000 0.5786139 0.7860444
nl 5 3.424636 0.3468562 9.87 0.000 2.74481 4.104461

The Two-Step System GMM results show that renewable energy transition (RET) has a
positive but nonsignificant influence on SD in BRI countries, both in the short and long
run. These findings suggest that both short-run and long-run effects of renewable
energy transition remain limited. Although this finding contradicts both Green Growth
and Multi-Level Perspective (MLP) theories, which posit that the use of clean energy
sources should increase sustainability, a number of other empirical studies have
reported no or negative effects of renewable energy on economic and sustainability
impacts, particularly in developing and emerging economies . The
persistence of these null results with regard to the time dimension suggests that the
sustainability gains arising from renewable energy transition need more solid
institutional preferences, technological preparedness, and policy coherence in order to
be achieved.

The GMM results indicate that regional integration (MRII) exerts a negative and
statistically significant direct effect on sustainable development in both the short and
long run. However, when regional integration is interacted with economic growth
(MRIIxEG), the sign of this coefficient turns positive and significant in both horizons.
This finding implies that regional integration contributes to sustainable development
only when supported by sufficient domestic economic capacity. These results support
Neofunctionalism, with functional spillover effects across sectors playing a significant
role, and Intergovernmentalism, which emphasizes that national governments play a
critical role in integration outcomes . They are also consistent with existing
empirical evidence that the benefits of regionalization for sustainability outcomes are
contingent on economic development

The coefficients of government size (GS) are negative but not statistically significant in
both SR and LR, suggesting that a bigger government does not necessarily lead to a
better SD. This finding aligns with Public Choice theory, which argues that excessive
government expansion may lead to bureaucratic inefficiency and rent-seeking behavior.
It is also consistent with the Inverted-U Government Size Hypothesis, which suggests
that government expansion supports green growth and innovation only up to an
optimal level, beyond which marginal returns begin to decline
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By contrast, the current account balance (CAB) has a positive, significant and robust
impact on sustainable development in both short and long run. This finding indicates
that having a stable and surplus position externally could increase financial capacity of
a country to finance short-term and long-term investments in green infrastructure and
clean energy. The result supports macroeconomic theory and the savings growth-
investment squeeze identity as well as with Sustainable Development and Green
Growth perspectives, which emphasize that external balance contributes to more
efficient resource allocation to achieve social, economic and environmental
sustainability

Overall, sustainable development in BRI countries is shaped by the interaction between
renewable energy transition (RET), regional integration (MRII), government size (GS),
and current account balance (CAB). While RET and GS exhibit limited or statistically
insignificant effects in both the short and long run, CAB demonstrates a consistently
positive and significant impact. Moreover, regional integration contributes positively to
sustainable development only when supported by sufficient economic growth. These
findings carry important implications for policymakers in fuel-exporting and developing
economies.

The paper investigates the impact of renewable energy transition, regional integration,
government size and current account balance on sustainable development in 52 Belt
and Road Initiative countries from 2006 to 2021 with a Two-Step System GMM approach.
The findings indicate that renewable energy transition does not exert a statistically
significant impact on sustainable development in either the short or long run. The
results indicate that regional integration presents a negative direct effect but a positive
and significant interaction with economic growth, regional integration presents a
negative direct effect but a positive and significant interaction with economic growth,
meaning that the integration is only beneficial for sustainability when it takes place
with an appropriate local economic capability. Government size exhibits a negative but
statistically insignificant effect on sustainable development.

A number of policy implications can be drawn from these findings. For one, BRI
countries should fast-track the deployment of renewable energy by enhancing green
financing means, improving institutional quality, and strengthening technological
readiness to better ensure that investments in renewable energy really lead to
meaningful sustainability benefits. Second, regional integration endeavors should be
complemented by domestic policies that maximize the spillovers from integration by
local firms to foster economic growth and productive capacity. In the third place,
instead of enlarging the size of government, it is necessary for governments to focus on
efficiency and quality of public expenditure by investing more in sustainable
infrastructure and clean energy. Lastly, macroeconomic stability and a sound current
account balance are key to the sustainability of long-term finance for sustainable
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development and green growth. These results demonstrate that sustainable

development is shaped by the interaction between energy transition, regional

integration, government capacity, and macroeconomic stability.
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