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The study investigates the moderating effect of renewable energy on the relationship 
between energy insecurity and economic growth in 27 net oil-importing G20 countries 
from 1990 to 2021. The findings indicate that energy insecurity is associated with 
reduced economic growth, whereas renewable energy is associated with increased 
economic growth. Additionally, renewable energy appears to mitigate the adverse impact 
of energy insecurity on economic growth, suggesting a need for policy measures to 
support renewable energy use in these economies. 

I. Introduction   

The issue of energy (in)security gained renewed atten
tion in the 1970s, when several developed economies were 
impacted by shifting geopolitical dynamics. Energy inse
curity encompasses various consequences arising from the 
unavailability of energy resources (Taghizadeh-Hesary et 
al., 2021). Increasing energy insecurity, driven by overre
liance on the international energy market and energy price 
volatility, renders a country’s economic performance vul
nerable. Wang et al. (2022) identified a negative impact of 
oil price volatility on economic growth in leading oil im
porter and exporter countries, while Banna et al. (2023) re
ported that heightened energy security risk diminishes eco
nomic growth for a panel of 68 countries. The utilization of 
renewable energy mitigates energy insecurity and simulta
neously fosters economic growth (Hieu & Mai, 2023). Chu 
et al. (2023) demonstrated the inverse relationship between 
energy insecurity and renewable energy usage in the top 23 
energy-consuming nations. Tugcu and Menegaki (2024) il
lustrated that renewable energy generation reduces energy 
security risks within G7 countries. 

Given this context, it is reasonable to propose that re
newable energy can counteract the negative effects of en
ergy insecurity on economic growth, at least partially if 
not entirely. Nevertheless, few studies have examined this 
dynamic relationship among renewable energy, energy in
security, and economic growth. This relationship has not 
been thoroughly investigated within the G20 framework, 
resulting in a research gap that the present study seeks 
to address. Besides energy, other factors also influence a 

country’s economic growth. For instance, Azam et al. (2023) 
highlighted the positive impact of gross fixed capital forma
tion; Uddin and Rehman (2023) noted the adverse effect of 
unemployment; Khan et al. (2023) observed the beneficial 
effect of human capital; Sghaier (2023) revealed the posi
tive influence of trade openness and financial development; 
and Sun et al. (2023) indicated the stimulating effect of 
globalization across different periods and locations. Thus, 
it is essential to control for these variables while examining 
the dynamic relationship among renewable energy, energy 
insecurity, and economic growth in net oil-importing G20 
countries during 1990–2021, as outlined in the conceptual 
framework (Figure 1). 

The G20 is a significant intergovernmental forum con
sisting of 19 sovereign countries, the European Union, and 
the African Union. It represents 85% of the world GDP, 
over 75% of global trade, and two-thirds of the global pop
ulation (Government of India, 2024). The G20 consumes 
80% of global energy, with 85% derived from non-renew
able sources (Energy Institute, 2023). According to the In
ternational Renewable Energy Agency (IRENA), G20 coun
tries have the potential to use 75% of the world’s renewable 
energy by 2030 (IRENA, 2018). Additionally, net oil-import
ing countries are more susceptible to risks in the global en
ergy market. These factors make the net oil importers of the 
G20 ideal subjects for study. 

The paper is structured as follows: Section II covers the 
data and methodology, Section III discusses the results, and 
the final section concludes the study. 
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Figure 1. Conceptual framework   
The figure depicts the conceptual framework of the study 

II. Data and Methodology     

A. Data   

The study utilizes data from 27 net oil-importing G20 
countries during the period of 1990–2021.1 The five-year 
moving average method is employed to impute incomplete 
observations. The outcome variable of this study is eco
nomic growth, represented by per capita gross domestic 
product (PCGDP). The primary explanatory variable is en
ergy insecurity, measured by the energy security risk index 
(ESR). Developed by the Global Energy Institute, this index 
captures a nation’s vulnerabilities to volatility in the energy 
market. The study incorporates two moderating variables: 
renewable energy consumption (REN) and the share of re
newable energy in total energy consumption (RENS). Addi
tionally, the study considers gross fixed capital formation 
(GFCF), unemployment (UMP), human capital (HC), glob
alization (GLO), and financial development (FD) as control 
variables (Table 1). All variables are transformed into nat
ural logarithms for analysis. 

Table 1 indicates that PCGDP exhibits the greatest varia
tion (standard deviation = 15,830.070), whereas FD demon
strates the least variation (standard deviation = 0.211). This 
suggests that there are significant disparities in per capita 
income among the sample countries, while their financial 
situations are relatively similar. The J-B test statistic re

veals that only PCGDP follows a normal distribution among 
all the variables. 

B. Methodology   

Subscripts  and  represent cross-sections and time peri
ods, respectively. Further,  and  are the intercepts, 
and  represent the elasticity parameters 
to be estimated, and  is the independent and identically 
(i.i.d) error term. To investigate the moderation impact of 
REN and RENS, an interaction term is included as follows: 

Australia, Austria, Belgium, Bulgaria, China, Croatia, Finland, France, Germany, Greece, Hungary, India, Indonesia, Ireland, Italy, Japan, 
Netherlands, Portugal, Romania, Slovak Republic, South Africa, South Korea, Spain, Sweden, Turkey, United Kingdom, United States. The 
African Union has been excluded from this study. 
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Table 1. Data source and descriptive statistics      

Source Mean Maximum Minimum Std. Dev. Jarque-Bera Observations 

PCGDP (constant 2017 
international $) 

WDI 31587.240 104671.900 1423.896 15830.070 0.702 864 

ESR (index) GEI 1050.475 2319.428 567.619 210.980 1644.547*** 864 

REN (Btu) EIA 0.893 20.535 0.000 2.222 30268.140*** 864 

RENS (% of total energy 
consumption) 

EIA 10.022 44.194 0.009 9.367 354.380*** 864 

GFCF (% of GDP) WDI 23.574 54.274 4.452 5.613 421.537*** 864 

UMP (% of total labor 
force) 

WDI 8.693 28.770 2.050 4.870 413.008*** 864 

HC (index) PWT 2.974 3.849 1.487 0.511 64.255*** 864 

GLO (index) KOF 74.506 90.929 31.800 12.307 170.623*** 864 

FD (index) IMF 0.575 0.974 0.000 0.211 35.698*** 864 

The table provides data sources and descriptive statistics of the concerned variables. Here, *** denotes 1% level of significance. WDI, GEI, EIA, PWT, KOF, and IMF represent World 
Development Indicator, Global Energy Institute, Energy Information Administration, Penn World Table, Konjunkturforschungsstelle, and International Monetary Fund, respectively. 

The study uses the bias-adjusted Lagrange multiplier (LM) 
test (Pesaran et al., 2008) and the Pesaran cross-sectional 
dependence (CD) test (Pesaran, 2021) to check for cross-
sectional dependence among panels. The findings indicate 
the presence of cross-sectional dependence, making sec
ond-generation methods appropriate for this analysis. To 
assess the stationarity of variables, the cross-sectionally 
augmented Im-Pesaran-Shin (CIPS) unit root test (Pesaran, 
2007) is applied. Additionally, all diagnostic tests are con
ducted. Results from the Wooldridge and modified Wald 
tests reveal the existence of autocorrelation and het
eroskedasticity, while the Hausman test supports the fixed 
effect model. Consequently, the fixed effect model with 
the Driscoll-Kraay standard error (DKSE) method (Driscoll 
& Kraay, 1998) and the feasible generalized least squares 
(FGLS) method (Parks, 1967) are employed. Moreover, as a 
non-parametric method, DKSE is robust when variables fol
low a non-normal distribution. 

III. Main Findings    

A. CD and CIPS tests      

The findings from both CD tests strongly indicate the 
presence of cross-sectional dependence among the panels. 
Consequently, the CIPS unit root test was carried out, and 
the results demonstrate that ESR, REN, RENS, GLO, and FD 
are stationary at level [I(0)], while PCGDP, GFCF, UMP, and 
HC are stationary at first difference [I(1)] (see Table 2). 

B. DKSE and FGLS methods      

Table 3 indicates that the data are not poolable and 
exhibit issues with autocorrelation and heteroskedasticity. 
The average values of VIF for Models 1 and 2 are 1.84 and 
1.83, respectively, which are below the threshold of 102, in
dicating no multicollinearity concerns. The Hausman test 
recommends the use of fixed effects in the models. Conse
quently, the fixed effect model with DKSE and FGLS meth
ods is applied to assess the empirical relationships among 
the variables under consideration. Furthermore, Models 1 
and 2 present results without moderation, while Models 
3 and 4 demonstrate the moderating impact of REN and 
RENS, respectively. 

Results indicate that ESR dampens economic growth in 
selected G20 nations, as risks and uncertainties in the 
global energy market disrupt the global supply chain, neg
atively affecting the countries’ economic performance. This 
finding aligns with the study by Banna et al. (2023). How
ever, REN and RENS positively influence economic growth 
in these countries, consistent with Hieu and Mai’s (2023) 
findings. The coefficients of interaction terms are negative 
and smaller than the coefficient values of LnESR in the re
spective models. This suggests that while renewable energy 
usage moderates the adverse impact of energy insecurity on 
economic growth to some extent, it does not entirely offset 
the negative effects. Although the use of renewable energy 
has significantly increased in these economies, consump
tion levels have not yet reached a point where the threat 
of energy insecurity can be permanently eradicated. The 
marginal effect of ESR on PCGDP is -0.518 and -0.361, re
spectively. Additionally, GFCF, HC, GLO, and FD promote 
economic growth, whereas UMP hinders it in the selected 
economies. 

The result of VIF is available upon request. 2 
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Table 2. Results of the CD and CIPS unit root tests          

CD test CIPS test 

Pesaran CD Bias-adjusted scaled LM Level First difference 

LnPCGDP 93.298*** 324.680*** -1.964 -4.095*** 

LnESR 43.589*** 217.648*** -2.142*** -5.252*** 

LnREN 76.581*** 224.099*** -3.141*** -5.852*** 

LnRENS 65.832*** 178.998*** -3.137*** -5.945*** 

LnGFCF 7.691*** 66.877*** -2.130 -4.550*** 

LnUMP 10.077*** 58.286*** -1.929 -4.435*** 

LnHC 98.988*** 366.402*** -1.816 -2.777** 

LnGLO 102.279*** 381.536*** -3.767*** -5.671*** 

LnFD 74.047*** 222.839*** -3.236*** -5.516*** 

This table shows the results of CD and CIPS tests. Here, ** and *** denote 5% and 1% levels of significance, respectively. 

IV. Conclusion   

This study examines the moderating role of renewable 
energy on the relationship between energy insecurity and 
economic growth within G20 countries. The findings in
dicate that while energy insecurity negatively affects eco
nomic growth, renewable energy has a positive impact in 
certain G20 nations. Renewable energy is shown to partially 
mitigate the negative effects of energy insecurity on eco
nomic growth. Additionally, GFCF, HC, GLO, and FD are 
found to enhance economic growth, whereas UMP is found 
to hinder it. 

Increasing the consumption of domestic renewable en
ergy reduces a country’s dependence on the global energy 
market and its vulnerability to energy uncertainty. There
fore, it is recommended to promote the use of renewable 
energy in these economies. Furthermore, these countries 
should invest more in renewable energy plants and tech
nologies to make renewable energy available at lower costs. 
They can also utilize digital platforms to raise awareness 
about renewable energy. 

Submitted: February 01, 2024 AEDT. Accepted: December 24, 
2024 AEDT. Published: March 24, 2026 AEDT. 
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Table 3. Results of DKSE and FGLS methods       

Model 1 Model 2 Model 3 Model 4 

DKSE FGLS DKSE FGLS DKSE FGLS DKSE FGLS 

LnESR -0.380*** -0.132*** -0.331*** -0.135*** -0.527*** -0.160*** -0.269*** -0.121*** 

(0.087) (0.006) (0.089) (0.006) (0.132) (0.008) (0.066) (0.009) 

LnREN 0.102*** 0.010*** 0.660*** 0.042* 

(0.018) (0.001) (0.221) (0.023) 

LnESR*LnREN -0.082** -0.008** 

(0.032) (0.003) 

LnRENS 0.041*** 0.002*** 0.314** 0.061** 

(0.012) (0.001) (0.123) (0.030) 

LnESR*LnRENS -0.040** -0.009** 

(0.018) (0.004) 

LnGFCF 0.313*** 0.051*** 0.328*** 0.058*** 0.311*** 0.047*** 0.327*** 0.045*** 

(0.056) (0.004) (0.066) (0.004) (0.055) (0.005) (0.065) (0.004) 

LnUMP -0.054*** -0.071*** -0.060*** -0.072*** -0.064*** -0.035*** -0.062*** -0.031*** 

(0.016) (0.002) (0.018) (0.002) (0.018) (0.002) (0.019) (0.002) 

LnHC 1.651*** 1.872*** 2.124*** 1.998*** 1.745*** 2.449*** 2.169*** 2.508*** 

(0.291) (0.030) (0.310) (0.031) (0.327) (0.020) (0.323) (0.022) 

LnGLO 0.468** 0.395*** 0.441** 0.317*** 0.453** 0.612*** 0.417* 0.622*** 

(0.199) (0.015) (0.215) (0.012) (0.209) (0.070) (0.221) (0.018) 

LnFD 0.580*** 0.416*** 0.565*** 0.461*** 0.568*** 0.333*** 0.574*** 0.280*** 

(0.063) (0.012) (0.056) (0.012) (0.064) (0.011) (0.057) (0.011) 

Constant 8.035*** 7.206*** 7.055*** 7.342*** 9.031*** 5.799*** 6.685*** 5.486*** 

(0.967) (0.076) (0.895) (0.069) (1.342) (0.081) (0.786) (0.100) 

Marginal effect – – – – -0.518 -0.159 -0.361 -0.142 

Diagnostic test Test statistics 

Poolaibility test F (26, 830) = 180.28*** F (26, 830) = 163.50*** F (26, 829) = 183.15*** F (26, 829) = 163.62*** 

Modified Wald test  (27) = 8174.900***  (27) = 12956.050***  (27) = 7888.080***  (27) = 13331.54*** 

Wooldridge test F (1, 26) = 57.499*** F (1, 26) = 58.192*** F (1, 26) = 58.489*** F (1, 26) = 57.970*** 

Hausman test  (7) = 76.590***  (7) = 58.320***  (8) = 74.710***  (8) = 57.280*** 

This table represents the results of DKSE and FGLS methods. Here, *, **, and *** denote 10%, 5%, and 1% levels of significance, respectively. Standard errors are given in parentheses. 
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