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Abstract

This study examines the impact of geopolitical risks (GPR) on renewable energy adoption in the Asia-Pacific region, focusing
on how adverse geopolitical events influence the transition to renewable energy. Using panel regression models, including
fixed effects, random effects, and Generalized Least Squares (GLS), the study analyzes data from a group of Asia-Pacific
countries between 2000 and 2021. The findings reveal a positive impact of geopolitical risks on renewable energy
consumption, with political instability and international conflicts encouraging countries to shift towards renewable energy
sources to enhance energy security and reduce dependence on imported fossil fuels. Additionally, macroeconomic factors
such as financial sector development, inflation, government expenditure, trade, and CO2 emissions also significantly affect
renewable energy adoption. The study concludes that geopolitical risks, while posing challenges, offer opportunities for
promoting renewable energy, and suggests that policymakers should focus on strategies to mitigate these risks, incentivize
renewable energy investments, promote green finance, and foster technological innovation to reduce fossil fuel reliance. The
research emphasizes the need for international cooperation and robust financial systems to support energy transitions in the
context of geopolitical instability.
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1. Introduction

In the context of increasingly severe climate change and energy security becoming a global concern, the transition from
fossil fuels to renewable energy has emerged as a strategic priority in the development policies of many countries. The initial
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driving force for the energy transition was mainly environmental and economic objectives. However, geopolitical factors
have increasingly played a dominant role in this process in recent years.

The world is witnessing a rapid increase in geopolitical conflicts, from the Russia-Ukraine war, Israel-Palestine tensions,
to disputes in the East Asia region, which have profoundly changed the global energy market landscape in terms of both
supply and price. These “black swan” events not only cause political instability but also create major economic shocks,
especially in the energy sector. Geopolitical Risk (GPR), including armed conflicts, political instability, trade disputes, and
policy changes, has become a key factor disrupting the global energy supply chain, leading to energy price fluctuations and
making it difficult for policymaking and investment decisions.

The ongoing tensions between Russia and Ukraine have disrupted fossil fuel supply chains, reduced industrial output,
and pushed global energy prices to record levels. With fossil fuels still accounting for more than 70% of global CO2 emissions,
climate-related disasters and energy security concerns are becoming important drivers of the transition to clean energy. Over
the past three decades, the world has witnessed a series of regional crises, such as the war in Yemen in 2014 and the diplomatic
tensions in Qatar in 2017, disrupting energy flows and forcing countries to diversify their energy mix to ensure national
security.

According to the IEA [1] global investment in renewable energy will reach a record $1.7 trillion in 2022, thanks to a
strong recovery from the COVID-19 pandemic and the current energy crisis. Comparing 2023 data with 2021 data, annual
investment in renewable energy projects increased by 24%, significantly higher than the 15% increase in the traditional
energy sector. In particular, the Ukraine crisis and tensions in the Gulf region are driving countries to accelerate the energy
transition to reduce dependence on fossil fuels. The European Union (EU), which is urgently decreasing its reliance on
imported gas from Russia, has increased its renewable energy development target and adjusted its forecast for additional
capacity by 40% compared to the pre-war period [2].

Many countries have also committed to achieving net-zero emissions in the coming decades, and to fulfill this
commitment, governments have invested heavily in renewable energy infrastructure. In this context, geopolitical shocks not
only pose challenges but also open up opportunities to reshape the global energy system toward a more sustainable and
resilient direction.

This study aims to analyze the role of geopolitical shocks in shaping renewable energy use in countries in the Asia-
Pacific region. Specifically, the Geopolitical Risk (GPR) index developed by Caldara and lacoviello [3] is integrated into the
analytical model to assess the impact of geopolitical uncertainties on the energy transition. The paper is structured into four
parts: after part 1, there is an introduction; part 2 reviews studies on the impact of geopolitical risks on the renewable energy
transition; Section 3 provides an empirical analysis of the impact of geopolitical risks in Asia-Pacific countries; finally,
Section 4 provides specific policy implications and recommendations.

2. Literature Review

Over the past two decades, academic interest in the factors that promote or hinder renewable energy development has
increased significantly. Many studies have shown that the spread of clean energy is governed by various economic,
environmental, political, institutional, and demographic factors. However, empirical results remain inconsistent, mainly due
to differences in analytical methods and sample characteristics.

On the economic side, some studies [4, 5] suggest that high income promotes clean energy development, while others
[6, 7] find a negative or insignificant relationship. One explanation for this difference is the threshold effect: when income
levels exceed a certain threshold, energy demand increases so rapidly that renewable energy cannot meet it immediately,
leading to a relative decline in utilization rates.

Financial factors such as financial development and financial inclusion have also received attention. Wang et al. [8] and
Chang et al. [9] show that improved access to finance can promote clean energy investment, although the effects of these
factors may vary across income groups. Financial development, measured by the domestic credit index to the private sector,
is also an important driver of renewable energy investment. Levine [10] and Islam et al. [11] both argue that a developed
financial system will reduce the cost of capital, improve access to long-term capital, and promote green energy investment.
Furuoka [12] provides evidence in Asian countries that financial development not only supports economic growth but also
has a direct positive impact on renewable energy consumption. In contrast, in countries with underdeveloped financial
systems, implementing clean energy projects often faces many difficulties due to inadequate funding mechanisms.

The transition to renewable energy has become one of the top priorities in countries' sustainable development strategies.
One factor that cannot be ignored in promoting or hindering this process is the flow of foreign direct investment (FDI).
Empirical studies show that FDI plays a significant role in promoting clean technology transfer, especially for developing
countries. Lee [13] points out that FDI can increase clean energy use while supporting economic growth and reducing CO:
emissions. However, this relationship is not always linear and straightforward. Liu et al. [14] note that without strict
environmental control mechanisms, FDI can be accompanied by negative consequences, leading to increased emissions and
environmental pollution in the host country, consistent with the "pollution haven hypothesis." In emerging economies,
differences in FDI policy design can create significant divergence in outcomes for the energy transition.

In addition to the role of FDI, international trade is an important channel that promotes or hinders the energy transition.
Saidi and Hammami [15] assert that trade integration helps countries access new renewable energy technologies more
quickly, improving energy efficiency and reducing CO- emissions. Bellakhal,= et al. [16] also demonstrate that trade
positively impacts renewable energy investment in MENA countries. However, Nasreen and Anwar [17] argue that in some
cases, increased trade, especially fossil fuel trade, can lead to increased conventional energy consumption and delay the green
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transition. Therefore, the effect of trade on the energy transition is two-sided, depending on each country's import-export
structure and its trade-environment policy orientation.

Inflation is also a macroeconomic factor that strongly influences the energy transition. In the context of high inflation,
investment costs for renewable energy projects are often pushed up due to rising interest rates, increasing raw material costs,
and shrinking long-term investment flows. Abdullah, et al. [18] emphasize that a stable economic environment with low
inflation is a favorable condition for promoting investments in the green energy sector. Meanwhile, Baker et al. [19]
developed the Economic Policy Uncertainty (EPU) index, showing that macroeconomic instability associated with volatile
inflation can reduce investment levels in renewable energy. In particular, high inflation and policy uncertainty in emerging
markets also increase investment risks, leading both international and domestic investors to be hesitant about projects
requiring long payback periods, such as renewable energy.

GDP growth has always been closely linked to energy demand. Sadorsky [20] shows that in emerging countries,
economic growth often leads to higher energy consumption, primarily based on fossil fuels. However, Bhattacharya et al.
[21] found that countries with high economic growth rates are also able to adopt renewable energy technologies more quickly
if supported by appropriate policies. From this, it can be seen that economic growth does not necessarily contradict energy
transition, but can support each other if development policies are designed towards sustainability.

Government spending plays a crucial role in supporting the development of renewable energy. Keynes [22] emphasized
the importance of public investment in stimulating new economic sectors, especially in the context of free markets being
cautious about risky sectors such as renewable energy. Recent studies also confirm thisADB [23] and International Finance
Corporation (IFC) [24] argue that public resources, especially green finance programs and clean energy infrastructure
investments, are indispensable for attracting private capital into renewable energy projects. Furthermore, the Climate Bonds
Initiative [25] also recognizes the role of green bonds issued by governments in financing sustainable energy projects.

Environmental factors such as air pollution and carbon taxes have also been examined to promote renewable energy
consumption, but the empirical results show considerable heterogeneity. Hao and Shao [26] found that countries vulnerable
to climate change tend to use more renewable energy, while the impact of carbon taxes is unclear and inconsistent across
samples. CO: emissions have long been identified as a major driver of energy transition policies. Grossman and Helpman
[27] argued through the environmental Kuznets curve hypothesis that emissions increase in the early stages of economic
growth, but after income reaches a certain threshold, concerns about environmental quality lead to reduced emissions. Recent
studies, such as Cheikh et al. [28] further confirm the existence of this relationship while highlighting that the nonlinearity
differs significantly across regions. Using a Panel Smooth Transition Regression model, the authors show that in the MENA
region, renewable energy development is nonlinearly affected by CO. emissions and is only truly boosted when a country
reaches a certain threshold of income and emissions. This result suggests that countries in the early stages of rapid
industrialization and urbanization must adopt stronger supportive policies to promote the transition to a sustainable energy
model.

Energy use is a key aspect to be analyzed in the energy transition. Studies such as Naeimi, et al. [29] show that countries
with high energy efficiency tend to have an easier time transitioning to renewable energy, as they can save costs and invest
more in green technologies. Conversely, the pressure on transition costs is significantly higher in countries where energy
consumption is still primarily based on fossil sources. This relationship is also supported by research by Al-Mulali, et al. [30]
which shows that rapid urbanization increases energy demand and complicates the transition to sustainable energy sources.

One of the emerging factors that has received increasing attention in recent years is geopolitical risk (GPR). According
to Caldara and lacoviello [3], geopolitical risk (GPR) refers to threats and escalations related to war, terrorism, and
international tensions, and is measured by the GPR Index based on the frequency of geopolitical terms in global news. It
serves as a reliable indicator of global instability and uncertainty. GPR has impacted the economy and the country as a whole
Zhang et al. [31]. Le et al. [32] demonstrated that geopolitical risk has both direct and indirect impacts on the stock market.
In detail, GPR exacerbates stock bubbles in the Vietnamese stock market through mediating factors such as natural gas prices
and long-term interest rates. Previous research has highlighted the impact of GPR on renewable energy. Studies such as
Sweidan [33], using panel cointegration techniques, show that geopolitical conflicts can promote the reduction of fossil fuel
dependence and the shift to alternative energy sources when examining data from a group of 10 net oil-importing economies.
This mechanism is often explained through the substitution effect: disruptions in fossil fuel supplies due to geopolitical
conflicts increase oil prices, encouraging investment in renewable energy to reduce supply risks and enhance energy security.
At the same time, major crises such as the Russia-Ukraine war, conflicts in the Middle East, and US-China tensions have
disrupted the global fossil fuel supply chain, prompting major economies such as Europe and China to promote energy self-
sufficiency strategies and invest in renewable energy [33, 34].

However, the empirical results on the impact of geopolitical risks on renewable energy remain controversial. Some
studies, such as Dong et al. [35], apply the cross-sectional ARDL model of Chudik and Pesaran [36] to analyze the
relationship between renewable energy investment and geopolitical instability in the BRICS group. The empirical results
show that geopolitical volatility is beneficial in promoting clean technology. Similar results are also observed for clean energy
stocks [37, 38]. This finding is also confirmed in the case of 37 European countries in Hille's study. The author argues that
geopolitical crises will accelerate the transition to clean energy solutions in Europe. In particular, controlling for the
geopolitical context in oil-exporting countries is important to assess whether it promotes renewable energy development.
Hille [39] proposed considering the geopolitical context in energy-supplying countries and how it may affect the renewable
energy sector in fossil fuel-importing countries. From there, the author also examined the moderating role of electricity prices.
The empirical results confirm that geopolitical conflicts will strongly encourage European countries to develop the clean
energy sector.
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On the contrary, some evidence suggests a negative impact. Zhao, et al. [40], using a panel of 20 OECD countries,
estimated the impact of geopolitical risk (GPR) using the general method of moments (GMM) system method, indicating that
geopolitical tensions hinder the development of renewable energy by increasing financial instability and the investment
climate. This is because geopolitical conflicts lead to a decline in the use of renewable energy sources. Environmental damage
caused by geopolitical instability has also been confirmed by Wang et al. [41] for the G20 group of countries. The authors
studied the relationship between international conflict and environmental sustainability using quantile regression, employing
the method of moments, which is capable of handling nonlinear models and complex data structures. The results show that
geopolitics negatively impacts sustainability by undermining international cooperation and environmental protection efforts.
Pata [42] in the G7 also confirmed the negative effects of the geopolitical environment. However, economic policy
uncertainty has a more pronounced impact on clean energy investment [19].

This negative impact is particularly pronounced in middle-income countries or countries with weak financial
infrastructure, as Chu et al. [43] and Cheikh and Zaied [44] confirmed. In addition, economic policy uncertainty (EPU),
measured by Baker et al. [19], is also found to exacerbate the negative impact of geopolitical risk on clean energy investment.

Heterogeneity in impacts across countries and periods has also been noted. Studies by Su et al. [45] and Cai and Wu [46]
have documented a time-varying relationship between renewable energy (RE) deployment and geopolitical crises. They
found both positive and negative causal relationships across different periods. For example, rolling window regression
techniques show a negative relationship between January—April 2006 and April-September 2009. However, the RE sector
was positively affected during periods with high geopolitical risk (GPR), such as the 9/11 terrorist attacks and the 2003
invasion of Iraqg.

Furthermore, recent empirical studies have also confirmed that the impact of geopolitical risks on energy transition is
heterogeneous over time. Shittu et al. [47] found that the negative impact of geopolitical risks on the Energy Transition Index
is more pronounced in countries with low levels of preparedness. In contrast, the positive impact of promoting innovation
and enhancing internal capabilities is more substantial in countries with long-term investments in technological development
and environmental policies.

This difference is further highlighted by Husain et al. [48] who used the cross-quantilogram technique of Han et al. [49]
showing the asymmetric impact of geopolitical shocks on different market states. Chu et al. [43], using quantile regression
with non-additive fixed effects following [50] in 30 high- and middle-income economies, showed that renewable energy (RE)
is positively affected by geopolitical risks in high-income countries, which helps to reduce environmental degradation.
However, in middle-income countries, renewable energy consumption is negatively affected, which hinders the transition to
ecologically sustainable development. This is also verified by Ben Cheikh and Ben Zaied [34], who found that in developed
economies, geopolitical risks often drive the transition to increase energy security and reduce dependence on imported fossil
fuels. Meanwhile, in developing and middle-income countries, financial, technological, and institutional constraints make
geopolitical risks a drag on green investment.

In addition, many studies have pointed out the mediating role of factors such as oil prices, energy security needs, and
technological innovation capacity in moderating the impact of GPR on energy transition. Sadorsky [51] showed that
fluctuations in oil prices are one of the main channels triggering the shift to renewable energy in South American and G7
economies. At the same time, International Energy Agency (IEA) [52] and International Renewable Energy Agency (IRENA)
[53] pointed out that regional energy crises, particularly the 2022 European gas crisis, have prompted European countries to
adjust their strategies to increase the share of renewable energy.

In addition, macro-financial factors such as exchange rates and financial development capacity are also identified as
important mediating variables. Omri et al. [54] and Cheikh et al. [55] emphasize that fluctuations in exchange rates can
increase the cost of importing renewable energy technologies, indirectly slowing the transition in volatile geopolitical
contexts. In addition, recent studies such as Zhang [56] and Purwanto et al. [57] in the context of Industry 5.0 show that green
technology innovation and advances in innovative energy solutions (smart grids, storage technologies) are gradually reducing
the dependence of the energy transition on uncertain macroeconomic factors such as geopolitical risks. These technological
breakthroughs make renewable energy cheaper and more stable, and improve the resilience of national energy systems to
external shocks.

In summary, the impact of changes in the geopolitical landscape on renewable energy transitions remains controversial,
and there is no clear consensus. This impact exhibits significant heterogeneity across countries and varies over time. Countries
with developed economies, strong environmental policies, and stable financial systems tend to leverage geopolitical shocks
better to accelerate green transitions. Meanwhile, emerging economies face more challenges regarding increased global risks.
Therefore, institutional capacity building, green finance development, and technological innovation will be key factors in
helping countries adapt to the uncertain geopolitical landscape and promote sustainable energy transitions. This is also why
international organizations such as the Climate Bonds Initiative [25] and Green Finance Platforms promote green finance
initiatives specifically for countries vulnerable to geopolitical risks.

Finally, it is important to emphasize that energy transitions in the context of geopolitical uncertainty are not only a
challenge but also an opportunity to reshape global energy systems in a safer, greener, and more sustainable way. Studies
such as those by the International Energy Agency (IEA) [52], ADB [23] and World Bank [58] all agree that if managed well,
current geopolitical shocks can become powerful catalysts for the transition to a cleaner, more equitable, and more resilient
energy future for the world.

These findings suggest several important policy implications. To minimize the negative impacts of geopolitical risks and
maximize the opportunities for sustainable energy transitions, countries must develop energy diversification strategies,
enhance green technology innovation, promote green finance, and establish effective regulatory and environmental protection
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institutions. Promoting international cooperation, primarily through climate finance and technology transfer initiatives, is
also urgent to ensure that the energy transition does not exacerbate global inequality. In this study, we focus on the impact of
geopolitical risks on renewable energy use in the Asia-Pacific region.

3. Data, Methodology, and Research Model
3.1. Data and Variables in the Model

The study uses panel data from 12 Asia-Pacific countries from 2000 to 2021 to assess the impact of geopolitical risks on
renewable energy use. The selected countries represent emerging nations in the region, with clear and complete data sources,
ensuring a robust research sample. These countries have contributed significantly to the region's development.

3.1.1. Dependent Variable
The dependent variable is the ratio of renewable energy use to total energy, taken from the World Bank website.

3.1.2. Independent Variables

The independent variables include: GPR Index. This study uses the GPR index that Caldara and lacoviello [3] developed,
based on text data from dozens of major international newspapers. The GPR index measures “the risk associated with war,
terrorist acts, and tensions between countries that affect the normal and peaceful course of international relations” [3]. This
index measures the frequency of occurrence of keywords such as “war,” “military tensions,” “terrorist threat,” etc., in
newspaper articles. Unlike dummy variables or the number of conflict events, this GPR index reflects market perceptions
(perceived risk). This factor is increasingly appreciated because it directly affects business behavior, regardless of whether
the risk occurs [59]. This study used a 12-month GPR to obtain the annual GPR.

Geopolitical risks related to war, terrorism, and tensions between countries threaten foreign direct investment by
increasing the risks and costs of doing business and transacting globally [60]. As geopolitical risks increase, developed
countries may view this as a driver for transition to enhance their energy security and reduce their dependence on fossil fuels
from other countries. However, increasing geopolitical risks in developing countries may diminish the financial resources
available for renewable energy development.

The research hypothesis put forward in this study is that geopolitical risks have a negative impact on renewable energy
use.

2

3.2. Control Variables

The author has included several control variables in the model in addition to the GPR variable. Macroeconomic factors
believed to influence the use of renewable energy include GDP growth, FDI, TRADE, INF, GCE, and DC.

Economic growth, represented by the GDP growth variable, is one of the driving forces behind the renewable energy
transition [4, 5]. However, according to the threshold effect, when national income exceeds a certain threshold, energy
demand increases rapidly to the point that renewable energy cannot meet it, leading to a decrease in the share of renewable
energy in the total energy mix [6, 7].

Foreign direct investment (FDI) is also believed to impact the use of renewable energy. FDI helps recipient countries
access new technologies and financial resources to promote renewable energy [13]. However, FDI in developing countries
can promote the use of fossil fuels, causing environmental pollution [14].

International trade is also thought to influence a country’s use of renewable energy. Trade integration helps countries
gain faster access to renewable energy technologies, thereby promoting the use of this energy source [15, 16]. However,
increased trade may also require a larger amount of energy consumption, which promotes the use of fossil fuels.

Inflation is also a macro factor affecting the energy transition. High inflation increases investment costs for renewable
energy projects, limits investment flows, and negatively impacts the use of renewable energy [18, 19].

Government spending is important for supporting renewable energy development alongside private investment. A
country interested in investing in and developing renewable energy will create a strong driving force, promoting renewable
energy consumption [23, 24].

As measured by the domestic credit index to the private sector, financial development is also an important driver of
renewable energy investment. Levine [10] and Islam et al. [11] both argue that a developed financial system will reduce the
cost of capital, improve access to long-term capital, and promote green energy investment.

CO: emissions have also been identified as an important driver of the energy transition. Significant CO- emissions lead
to environmental pollution. Countries vulnerable to climate change tend to use more renewable energy [26].

Countries with high energy efficiency are often more likely to transition to renewable energy, as they can save costs and
invest more in green technologies. In contrast, in countries where energy consumption is still primarily based on fossil
sources, the pressure of transition costs will be significantly higher [29].
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Table 1.
Description of variables used in the model.
Variable Abbriviation | Description Sources
Renewable energy | RE Renewable energy share of total energy (%) World Bank
consumption rate
Foreign direct FDI FDI growth (growth rate year after year) World Bank
investment growth
Gross domestic GDP The growth of total value of all final goods and services World Bank
product growth produced by a country or region in a given period of time
Trade TRADE Trade is the sum of exports and imports of goods and services World Bank
measured as a share of gross domestic product.
Geopolotical risk GPR The average 12 months GPRI in a year Caldara and
index lacoviello [3]
Inflation INF Inflation, as measured by the consumer price index, reflects the | World Bank
annual percentage change in the cost to the average consumer of
purchasing a basket of goods and services that may be fixed or
vary over specific time periods, such as annually.
Carbon dioxide CO2EPC Total annual carbon dioxide (COZ2) emissions, one of the six World Bank
(CO2) emissions Kyoto greenhouse gases (GHGSs), from the agriculture, energy,
excluding LULUCF waste, and industry sectors, excluding LULUCF, normalized to
per capita (t carbon dioxide equivalent values divided by the population of
CO2e/capita) the economy.
General GCE Growth in general government final consumption expenditure World Bank
government final (formerly general government spending) includes all current
consumption government spending on goods and services (including
expenditure growth employee wages).
Domestic credit to DC Domestic credit to the private sector by banks refers to the World Bank
private sector by financial resources provided to the private sector.
banks (% of GDP)
Energy use (kg of Energy PC Energy use refers to the use of primary energy before World Bank
oil equivalent per transformation into other end-use fuels, which is equal to
capita) indigenous production plus imports and stock changes, minus
exports and fuels supplied to ships and aircraft engaged in
international transport.

3.3. Research Model and Hypothesis

To quantitatively assess the impact of GPR on renewable energy consumption in Asia-Pacific countries, the author,
based on the above theoretical basis and previous studies by Chen et al. [61] and Rasoulinezhad and Taghizadeh-Hesary [62]
builds a research model:

RE= B + 1 X FDI + 82 X TRADE + 3 X INF+ 8. x CO2EPC + B85 x GDPgrowth+ s x GCE + 87 X DC + Bs X EnergyPC
+ ﬁg XGPR + €
a;: Constant
B ..., Po: regression coefficient
e: residual

Based on the presented theory, the study builds a research hypothesis to test the relationship between GPR and the rate
of renewable energy consumption in countries in the Asia-Pacific region.
Research hypothesis H1: GPR of a country has a negative impact on the rate of renewable energy use of that country.

3.4. Methodology

The collected data are panel data from 12 countries in the Asia-Pacific region, covering the period from 2000 to 2021.
The author employs the panel data processing method. The data is entered and processed using Stata software. Before
conducting regression analysis, the author performs descriptive statistics for each variable in the model to understand the
characteristics and properties of the data and analyzes the correlation to determine the relationships between the variables in
the research model. A high correlation between variables can affect the regression results of the model. The fixed effects
model (FEM), random effects model (REM), and GLS model are used to assess the impact of GPR on the renewable energy
consumption rate of a country.

The ordinary least squares regression method is the basic method to estimate the relationship between dependent and
independent variables. The fixed effects model helps to control for unobservable factors that may vary across countries but
do not vary over time. The random effects model assumes that the unobservable factors are random and uncorrelated with
the independent variable. The Hausman test selects the more appropriate model from the models mentioned above. Model
error tests are performed to assess error variance and autocorrelation and to correct model errors using appropriate methods.
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3.5. Research Results and Discussion
The correlations between variables in the model are shown in Table 2.

Table 2.
Correlations between variables in the model
RE FDI TRADE INF CO2EPC GDP GCE DC GPR
growth
RE 1.0000
FDI 0.0674 | 1.0000
TRADE 0.0063 | -0.0680 1.0000
INF 0.3913 | -0.0205 0.1212 1.0000
CO2EPC -0.7367 | -0.0174 | -0.2093 | -0.3028 1.0000
GDP growth 0.2449 | 0.0446 0.1662 0.1966 -0.2013 1.0000
GCE -0.6690 | -0.0014 | -0.4886 | -0.3585 0.5805 -0.1653 1.0000
DC -0.5849 | 0.0294 0.1920 -0.3881 0.6639 -0.0006 0.5340 | 1.0000
GPR -0.3355 | 0.0157 -0.2821 | -0.1761 0.2912 0.1121 0.6004 | 0.4466 | 1.0000

The independent variable pairs in the model all have low correlation coefficients, with absolute values less than 0.8, thus
limiting the phenomenon of multicollinearity in the model.
Pooled OLS, FEM and REM models are regressed and tested respectively to select the appropriate model. The results
are shown in Table 3.

Table 3.
Pooled OLS, FEM and REM regression results.
Variables Pooled OLS FEM REM
FDI 0.00058 -0.01749 -0.17708
TRADE -0.19390 -0.07655 -0.09227
(***) (***) (***)
INF 0.74751 0.11000 0.15091
(***)
CO2EPC -1.84330 -1.22953 -1.41210
(***) (***) (***)
GDPgrowth 0.28489 -0.09342 -0.05181
(%)
GCE -14.12441 -10.92218 -11.01519
(***) (***) (***)
DC 0.14025 0.02602 0.03517
(***) (*)
GPR -4.91029 1.76525 1.72794
(***)

Level of significance

* 10%; ** 5%; *** 1%

Model selection tests were used to evaluate and select the appropriate model, and the Hausman test results
demonstrated that the FEM (fixed effects model) was the most relevant. However, the heteroscedasticity and
autocorrelation test results showed that the FEM model exhibited heteroscedasticity and autocorrelation.

Table 4.

Results of testing for heteroskedasticity and autocorrelation.
Test P value Conclusion
Heteroscedasticity 0.0000 Yes
Autocorrelation 0.0000 Yes

To overcome the phenomenon of heteroscedasticity and autocorrelation of the FEM model, the GLS model is used for
the results, as shown in Table 5.
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Table 5.
GLS model estimation results.
Variables GLS
FDI -0.00456
TRADE -0.09648
(***)
INF 0.09386
(***)
CO2EPC -1.46638
(***)
GDPgrowth 0.02206
GCE -9.98776
(***)
DC 0.02885
(***)
GPR 0.97871
(***)

Looking at the GLS regression results, it can be seen that GPR has a positive impact on a country's renewable energy
consumption rate at the 1% significance level. Geopolitical risks strongly promote the use of renewable energy. This research
result is consistent with the research results of Sweidan [33], Ben Cheikh and Ben Zaied [34], Wang et al. [41] and Chudik
and Pesaran [36]. Geopolitical risks disrupt the global fossil fuel supply chain and increase the cost of fossil fuels, thereby
encouraging countries to invest in and use renewable energy to reduce supply risks and enhance energy security during a
crisis.

In addition, the control variables, INF and DC, positively impact the dependent variable RE at the 1% significance level.
Inflation has a positive impact on the use of renewable energy. This result is contrary to the research results of Abdullah et
al. [18] and Baker et al. [19]. This can be explained by the fact that increased inflation increases the price of fossil fuels due
to increased costs, reducing the consumption of fossil fuels, and increasing the use of renewable energy. The development of
the financial system, measured by the domestic credit index for the private sector, has a positive impact on the consumption
rate of renewable energy. This result is similar to the research results of Wang et al. [8], Chang, et al. [9], Levine [10] and
Islam et al. [11]. A developed financial system reduces the cost of capital, increases access to long-term capital, and promotes
renewable energy development. In addition, the GDP growth variable positively impacts RE but is not statistically significant
with a large p-value.

The variables TRADE, CO2EPC, and GCE negatively impact the rate of renewable energy consumption at the 1%
significance level, where the impact of TRADE is small, and the impact of GCE is the largest. More developed trade will
reduce the rate of renewable energy use. This result is contrary to the research findings of Saidi and Hammami [15] but
similar to those of Nasreen and Anwar [17]. The impact of trade on the energy transition depends on the import-export
structure and the trade-environmental policy of a country. Increasing trade, especially fossil fuel trade, can promote fossil
energy consumption instead of fostering renewable energy development. CO2 emissions have a negative impact on the rate
of renewable energy consumption. This result contradicts the previous research findings of Hao and Shao [26] and Grossman
and Helpman [27], who argued that CO2 emissions are the main driver of energy transition policies. However, in the study
by Ben Cheikh and Ben Zaied [63], the authors also argued that there is a threshold effect in the relationship between CO2
emissions and renewable energy. Only when a country reaches a threshold level of CO2 emissions will the rate of renewable
energy use improve. GCE is a proxy for government spending, which has a negative impact on the rate of renewable energy
use. Although this is contrary to previous research findings by ADB [23] and International Finance Corporation (IFC) [24],
it can be explained by the dependence on each country's renewable energy development orientation. Enormous public
spending, but not focusing on renewable energy development, can increase fossil fuel use. FDI has a negative impact on the
rate of renewable energy use, but it is not statistically significant.

The regression results from the GLS model above show the positive impact of geopolitical risks on the rate of renewable
energy use. At the same time, they demonstrate the impact of several other macroeconomic factors, such as trade, inflation,
government spending, the level of financial sector development, and CO2 emissions, on the rate of renewable energy use.

4. Conclusion and Policy Implications

This paper examines the impact of geopolitical risks on renewable energy adoption, empirically studying countries in
the Asia-Pacific region from 2000 to 2021 using panel data and GLS regression models. The results demonstrate a positive
impact of geopolitical risks on the renewable energy transition at the 1% statistical significance level. This research result is
similar to previous studies on the impact of geopolitical risks on the renewable energy transition. In the context of increasing
geopolitical risks, as they are today, the research results are meaningful in suggesting some renewable energy policies in
countries in the Asia-Pacific region. Countries tend to switch to renewable energy to reduce their dependence on imported
fossil fuels, a fuel source that is increasing in cost due to supply disruptions caused by geopolitical risks. Governments need
to consider policies focusing on renewable energy development to ensure net-zero emissions and energy security.
Geopolitical risks can create natural momentum for the transition. However, countries need policies to promote private
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investment and financial support, such as subsidies, tax incentives, and infrastructure development for renewable energy
development.

Although this study contributes to the understanding of the impact of geopolitical risks on renewable energy (RE) use,
its scope is limited to the Asia-Pacific region, with restricted data sources. To enhance the robustness of the findings and
assumptions, future research efforts can extend the investigation to different contexts and regions and further explore the
mechanisms that cause changes in GPR spillovers.
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