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A B S T R A C T   

This paper uses a new measure of international trade, i.e. the international trade potential index, to measure the 
welfare gains from trade across countries. The measure is based on the import shares of countries in their gross 
domestic products. It is observed that gains from international trade are low in prosperous economies, but they 
are larger in poorer economies. Then, the paper investigates the impact of the index of international trade po-
tential on renewable energy consumption in the unbalanced panel dataset of 36 Organisation for Economic Co- 
operation and Development member countries from 1966 to 2016. The novel evidence is that international trade 
potential is positively related to renewable energy consumption. It is also found that per capita income, per 
capita carbon dioxide emissions, and energy prices increase the demand for renewable energy.   

1. Introduction 

What determines the renewable energy demand? Answering this 
question is essential for possible problems due to climate change and 
energy sustainability. According to various papers (e.g., Gozgor et al., 
2020; Omri and Nguyen, 2014), renewable energy demand will be the 
key aspect of energy sustainability. There will be a significant increase in 
renewable energy demand soon because renewable energy is a clean 
energy source (Gozgor, 2016). Therefore, the rising renewable energy 
consumption can help decrease greenhouse gas emissions and slow 
down global warming. This issue will be a practical policy implication 
for combating the climate change crisis. 

At this stage, international trade is one of the leading determinants of 
energy consumption (Gozgor et al., 2020) and environmental degrada-
tion (Copeland and Taylor, 2004). According to the “Pollution Haven 
Hypothesis (PHH),” industrial production, which causes a high level of 
environmental degradation, is subject to strong regulations in advanced 

countries. Therefore, many firms in the developed countries move their 
production bases to the developing economies with softened environ-
mental regulations in the production process (Cherniwchan et al., 2017; 
Copeland and Taylor, 2004; Eskeland and Harrison, 2003; Gozgor, 
2014). In line with the PHH, developing economies can increase their 
production; however, environmental issues will be a secondary objec-
tive due to fewer government regulations. In developing economies, 
they are in a race to the bottom, i.e., government deregulation of the 
business environment will be the main policy implication to promote 
international trade and foreign direct investments. 

International trade is also an important way of importing new 
products and thus helping to reach the required high technology level 
for renewable energy investments. International trade creates a signifi-
cant potential for domestic firms to change their production bases to a 
more environmentally friendly nature. Therefore, the developed coun-
tries generally target reducing fossil-based energy sources to decrease 
CO2 emissions. Thus, increasing renewable energy consumption and 

* Corresponding author. 
E-mail addresses: luzhou59@tjcu.edu.cn (Z. Lu), g.gozgor@bradford.ac.uk (G. Gozgor), mkm@hss.iitkgp.ac.in (M.K. Mahalik), hemachandra.padhan@sse.ac.in 

(H. Padhan), cheng.yan@essex.ac.uk (C. Yan).  

Contents lists available at ScienceDirect 

Energy Economics 

journal homepage: www.elsevier.com/locate/eneeco 

https://doi.org/10.1016/j.eneco.2022.106153 
Received 10 March 2022; Received in revised form 22 April 2022; Accepted 16 June 2022   

mailto:luzhou59@tjcu.edu.cn
mailto:g.gozgor@bradford.ac.uk
mailto:mkm@hss.iitkgp.ac.in
mailto:hemachandra.padhan@sse.ac.in
mailto:cheng.yan@essex.ac.uk
www.sciencedirect.com/science/journal/01409883
https://www.elsevier.com/locate/eneeco
https://doi.org/10.1016/j.eneco.2022.106153
https://doi.org/10.1016/j.eneco.2022.106153
https://doi.org/10.1016/j.eneco.2022.106153
http://crossmark.crossref.org/dialog/?doi=10.1016/j.eneco.2022.106153&domain=pdf
http://creativecommons.org/licenses/by/4.0/


Energy Economics 112 (2022) 106153

2

investments will be an important policy tool. 
Furthermore, the welfare gains from international trade are calcu-

lated following Ricardo’s model of comparative advantage and several 
new models (Arkolakis et al., 2012). However, gains from trade are 
difficult to measure since most products in the service sector are not 
tradeable. To solve the measurement problem, Costinot and Rodríguez- 
Clare (2018) estimate the welfare gains from trade in the United States 
and find that gains from trade are relatively low, which is around 2.5% 
of the gross domestic product (GDP). The evidence is related to the fact 
that the United States is a relatively close economy. For instance, the 
import share of the United States was only around 8% of the GDP at the 
beginning of the globalisation era (in 1991) (Ramanarayanan, 2020).1 In 
addition, the services sector is essential in the United States economy. 
Most of these services are not subject to trade (e.g., banking and 
financial services and medical services) in the United States economy. 

However, in developing economies, international trade is crucial for 
economic development. In small or poor economies, capital and skilled 
workers are scarce (Jha and Gozgor, 2019. Therefore, small or poor 
economies cannot take advantage of scale economies in their produc-
tion. For instance, it is not feasible to produce a car in small or poor 
economies, as the domestic demand will be low due to inadequate in-
come and market size (population). Therefore, these countries need to 
export products to provide higher economic performance. Therefore, 
gains from international trade are higher in small or poor economies 
than in large and rich countries (Banerjee and Duflo, 2019). It is also 
important to note that large competitors exist in export destinations, 
such as China, India, Indonesia, and Nigeria.2 Therefore, international 
trade policies are the key to economic performance and environmental 
indicators (Shapiro, 2021). 

Given these backdrops, this paper uses a new measure of interna-
tional trade, so-called the international trade potential index, to calcu-
late welfare gains from international trade. The measure is based on the 
import shares of countries in GDPs. This paper demonstrates that gains 
from international trade are low in rich economies. Still, it is larger in 
poorer economies. The evidence is in line with the arguments of Bane-
rjee and Duflo (2019). Then the paper examines the effects of the in-
ternational trade potential index, a measure of the potential rise in 
technology level and production structure, on the renewable energy 
demand in an unbalanced panel dataset of 36 Organisation for Economic 
Co-operation and Development (OECD) countries from 1966 to 2016. 
According to our hypothesis, which is based on the theoretical back-
ground of the PHH, we expect the positive effects of the gains from in-
ternational trade on renewable energy demand in the case of the OECD 
economies. Thus, promoting international trade potential can be crucial 
for decreasing environmental degradation and providing sustainable 
and environment-friendly production and economic growth. 

This paper contributes to the current empirical literature in several 
aspects. Firstly, this paper creates a new index of international trade 
potential and uses it as a potential determinant of renewable energy 
consumption in an unbalanced panel dataset of 36 OECD member 
countries from 1966 to 2016. To the best of our knowledge, this is the 
first paper to examine the effects of international trade potential on 
renewable energy demand in the OECD countries. For this purpose, we 
implement various estimation techniques to provide robust empirical 
results. The paper shows that per capita income, carbon dioxide emis-
sions, and energy prices increase renewable energy consumption. Most 
importantly, the trade potential index leads to a higher demand for 
renewable energy in the OECD countries. 

The rest of the paper is organised as follows. Section 2 reviews the 
previous empirical papers in the literature. Section 3 introduces the 
trade potential index and explains the data and the estimation tech-
niques. Section 4 discusses the empirical findings and policy implica-
tions. Section 5 concludes. 

2. Literature review 

2.1. Economic growth, international trade, and renewable energy 
consumption 

A fast-developing strand of the literature examines the relationship 
between renewable energy consumption and economic growth (see, e. 
g., Apergis and Payne, 2010a and 2010b; Bhattacharya et al., 2016 and 
2017; Fang et al., 2021; Gozgor, 2018; Gozgor et al., 2018; Lin and 
Moubarak, 2014). Compared to reflections on the traditional renewable 
energy-growth nexus, the new determinants of renewable energy con-
sumption have motivated new research in this field. However, those 
studies do not agree on the relationship’s direction and magnitude as 
they have used different data sets, periods, and methodologies. In one of 
the earliest studies, Sadorsky (2009a) analyses the determinants of 
renewable energy in the G7 countries using panel cointegration tech-
niques. The author finds that real GDP per capita and the per capita 
carbon dioxide emissions are the main drivers of renewable energy 
consumption in the long run. 

At the same time, the energy (especially crude oil) price has a 
negative but relatively minor impact on this consumption. In a subse-
quent study, Sadorsky (2009b) shows that real per capita income posi-
tively affects per capita renewable energy consumption in 18 emerging 
economies. The evidence is in line with Sadorsky (2009a). It implies that 
higher economic growth is crucial in increasing the share of renewable 
energy in total energy consumption. Salim and Rafiq (2012) analyse the 
determinants of renewable energy consumption in Brazil, China, India, 
Indonesia, the Philippines, and Turkey. The authors show that renew-
able energy consumption is influenced by income and pollutant emis-
sions in Brazil, China, India, and Indonesia. However, per capita income 
is the only determinant of the renewable energy demand in the 
Philippines and Turkey in the long run. Furthermore, a positive rela-
tionship between economic growth and renewable energy consumption 
was also found by Belaïd and Zrelli (2019) for nine Mediterranean 
countries, by Rahman and Velayutham (2020) for South Asian econo-
mies, by Razmi et al. (2020) for 130 developing countries, by Fan and 
Hao (2020) for the Chinese provinces, by Chen et al. (2020) for Iran, and 
Belaïd et al. (2021) for the Middle Eastern and North Africa economies. 
Alam and Murad (2020) also found that economic growth promotes 
renewable energy consumption in the long run. 

2.2. CO2 emissions and renewable energy consumption 

In a comprehensive study, Aguirre and Ibikunle (2014) illustrate that 
carbon dioxide emissions, energy consumption, GDP per capita, ratifi-
cation of the Kyoto protocol, and high electricity usage rates in the in-
dustry sector are the fundamental drivers of renewable energy growth in 
38 countries. Furthermore, Omri and Nguyen (2014) examine the de-
terminants of renewable energy consumption in 64 countries and find 
that per capita carbon dioxide emissions positively affect renewable 
energy consumption. Paramati et al. (2016) find that carbon dioxide 
emissions hurt renewable energy demand in 20 emerging market 
economies. Chen and Lei (2018) show a positive economic development 
impact renewable energy consumption. In addition, the level of carbon 
dioxide emissions, per capita exports, per capita imports, and changes in 
urbanisation also explain the renewable energy consumption in the 
different Chinese regions. 

On the other hand, Cheng et al. (2020) indicate that reducing the cost 
of carbon emissions increases renewable energy consumption in China. 
Moreover, Dong et al. (2018a and 2018b) and Yu et al. (2020) show that 

1 According to the Penn World Table (PWT) dataset, the average import share 
was 10.65% of the GDP in the 1990s in the United States, and it became 16.61% 
of the GDP from 2000 to 2019 on average.  

2 Note that environmental pollution (measured by CO2 emissions generally) 
has increased in developing economies due to the increasing levels of produc-
tion in these developing economies. 
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renewable energy consumption reduces carbon emissions in China. The 
negative relationship between renewable energy consumption and CO2 
emissions is also found by Akram et al. (2020) in developing economies 
and Liu et al. (2020) for the United Kingdom. 

2.3. Energy prices and renewable energy consumption 

According to Gourevitch (1978) and Geller et al. (2006), oil prices 
negatively relate to energy consumption. As the price of crude oil in-
creases, the demand for energy rises through technological innovation 
and carbon dioxide emissions cost reductions. In terms of the relation-
ship between real oil prices and renewable energy consumption, the 
most noticeable literature provided by Broadstock et al. (2012), Dawar 
et al. (2021), Henriques and Sadorsky (2008), Inchauspe et al. (2015), 
Kyritsis and Serletis (2019), Reboredo (2015), Reboredo et al. (2017), 
Sadorsky (2012), and Shah et al. (2018). 

Meanwhile, according to Padhan et al. (2020) and Zhang et al. 
(2022), oil prices positively and significantly affect renewable energy 
consumption by creating new technologies. For instance, Apergis and 
Payne (2015) show a long-run relationship between real oil prices and 
renewable energy in South American countries. Cheon and Urpelainen 
(2012) also indicate that oil prices increase renewable energy con-
sumption through technological innovation. Gozgor et al. (2020) show 
that the rise in real oil prices causes higher renewable energy con-
sumption. Fan and Hao (2020) show that energy prices and economic 
complexity are negatively related to the demand for energy in the panel 
dataset of 25 OECD countries. 

3. Data and methods 

3.1. Data and introducing the international trade potential index 

This paper investigates the determinants of renewable energy con-
sumption in an unbalanced panel dataset of 36 OECD countries from 
1966 to 2016.3 The sample is limited as the energy price indices ended in 
2016. In addition, the dependent variable is renewable energy con-
sumption (input-equivalent exajoules per capita). The related data are 
obtained from British Petroleum (2021). As control variables, we 
include the per capita GDP (constant US$ prices in 2010) and CO2 
emissions (metric tons per capita), and these data are obtained from the 
World Bank (2022). Energy prices are captured by the economy-wide 
energy price index (based on the constant prices, 2010 = 100). The 
related data are accessed from Liddle and Huntington (2020). Energy 
prices, per capita GDP, and CO2 emissions per capita are used in the 
natural logarithmic form in the estimations. 

At this stage, this paper also uses a new measure of international 
trade, the trade potential index, to calculate the welfare gains from in-
ternational trade. The related data are obtained from the Penn World 
Table (PWT) (10.0) of Feenstra et al. (2015). Here, we follow the 
methodology of Gozgor (2017) and Waugh and Ravikumar (2016) and 
define the Trade Potential Index (TPI) as follows: 

TPIit =
(

1 − Mit

Yit

)
1

1+θ (1) 

WhereMitis the imports of country4 i in time t relative to its GDP, 
calculated with the current $ prices.5 Yitis the GDP of country i in time t, 

calculated by the output-based real prices. θdenotes the trade elasticity, 
and it is accepted as 4, following Simonovska and Waugh (2014), Waugh 
(2010), and Waugh and Ravikumar (2016). 

In line with the arguments of Banerjee and Duflo (2019), the TPI data 
demonstrate that in large countries (measured by GDP), such as the 
United States, the welfare gains from international trade are low. Still, 
the gains from trade are significant in poorer countries, such as 
Colombia. 

3.2. Data description 

Table 1 shows the descriptive statistics of the Renewable Energy 
Consumption (RE), Trade Potential (trade_pot), Energy Prices (lnenpr), 
Economic Growth (lngdpc), and CO2 emissions (lnCO2) in an unbalanced 
panel dataset of 36 OECD economies. The mean value is highest for 
economic growth, energy prices, CO2 emissions, trade potential, and 
renewable energy consumption. Indeed, fluctuations or variations of the 
variables captured by the standard deviation are higher for economic 
growth, CO2 emissions, renewable energy consumption, energy prices, 
and trade potential. (See also Fig. 1.) 

Moreover, Table 2 illustrates the correlation between the variables. 
All variables, i.e., trade potential, energy prices, economic growth, and 
CO2 emissions, have significantly correlated with renewable energy 
consumption. 

3.3. Methodology: panel data estimation techniques 

3.3.1. Random-effects estimations 
The random-effects estimations with the different estimation tech-

niques; i.e., the Newey-West, the Driscoll-Kraay, the Panel Corrected 
Standard Errors (PCSE), and the Feasible Generalized Least Squares 
(FGLS), are employed when working with time-series and cross- 
sectional data, producing accurate standard error estimates (Bailey 
and Katz, 2011; Ikpesu et al., 2019). 

The correct formula for the sampling variability of the ordinary least 
squares (OLS) estimates is given by the following square roots of the 
diagonal terms: 

Cov.(β̂) =
(
XTX

)− 1{XTΩX
}(

XTX
)− 1 Ω = σ2I, I = NT ×NT (2) 

For panel models with contemporaneously correlated and panel 
heteroskedastic errors, Ω is an NT × NT block diagonal matrix with an N 
× N matrix of contemporaneous covariance Σ along the diagonal. The 
functional form can be written as follows: 

Y =
(
XTX

)− 1XT Ω̂X
(
XTX

)− 1 (3)  

3.3.2. Dynamic system generalized method of moments (DSGMM) 
The DSGMM provided by Arellano and Bover (1995) and Blundell 

and Bond (1998) gives unbiased results in endogeneity problems, 
measurement issues, and unobserved heterogeneity among countries. 
The DSGMM is suitable when N < T; otherwise, biased results will 
occur.6 The DSGMM can be explained in the following way: 

Dependent Varit = γ1Explanatory Varit + γ2Endogenous Varit + vi + ηi,t (4)  

where i = 1, 2, 3…n, and t = 1, 2, 3 …m. vi are the unobserved factors and 
ηit residuals that capture the omitted variables effect. Moreover, vi and 
ηit are independent for each i overall t. Eq. (4) can be rewritten as fol-
lows:   3 Australia, Austria, Belgium, Canada, Chile, Colombia, the Czech Republic, 

Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, 
Ireland, Israel, Italy, Japan, Korea Republic, Latvia, Luxembourg, Mexico, the 
Netherlands, New Zealand, Norway, Poland, Portugal, Slovakia, Slovenia, 
Spain, Sweden, Switzerland, Turkey, the United Kingdom, and the United 
States.  

4 We use the PWT 10.0 dataset to calculate import share data.  
5 According to this formula, the share of imports in the GDP must be <1. 

6 Roodman (2009a and 2009b) notes that a rule of thumb for avoiding over- 
identification of instruments is that the number of instruments is less than or 
equal to the number of groups in the regressions. 
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4. Empirical results 

4.1. Initial tests: cross-sectional dependence 

Since we rely on the panel data, there can be a cross-sectional 
dependence among different countries’ series. In this cross-sectional 
dependency in the series, usual panel regression techniques are likely 
to produce biased estimated parameters. According to Pesaran (2004), 
the null hypothesis shows no cross-sectional dependence while the 
alternative hypothesis is cross-sectional dependence. The cross-sectional 
dependence statistics mean that the value is zero for a fixed value of T 
and N under a wider range of panel data frameworks, including homo-
geneous/heterogeneous dynamic models and non-stationary models. 
The fixed-effects/random-effects residuals will have exactly mean zero 
even for fixed T, provided that the disturbances are symmetrically 
distributed. According to Nickell (1981) and Pesaran and Smith (1995), 
the fixed-effects/random-effects estimations are biased in homogeneous 

and heterogeneous dynamic models. However, the cross-sectional 
dependence is still valid despite the small sample bias of the param-
eter estimates. 

As per the result, the evidence rejects the null hypothesis of no cross- 
sectional dependence, providing evidence for cross-sectional depen-
dence in the data because of the statistical significance of the cross- 
sectional dependence (CD) test statistics. Table 3 provides the evi-
dence for the validity of the cross-sectional dependence in the data series 
as judged based on the significance level of the CD test statistics. We also 
provide the stationarity of the variables in the models. The Hausman test 
statistics show that the random-effects models can provide more effi-
cient results than the fixed-effects models. 

4.2. Random-effects estimations 

We ensure no bias in our estimated parameters with the usual panel 
regression model estimation. At this stage, we employ four alternative 
estimation techniques for the random-effects model estimations: Newey 
and West’s (1987), Driscoll and Kraay’s (1998), the PCSE, and the FGLS 
estimations. The estimated results from the application of these pro-
cedures are subsequently produced. 

Table 4 provides the results of the Newey-West, the Driscoll-Kraay, 
the PCSE, and the FGLS estimations, where the renewable energy con-
sumption is a function of trade potential, energy prices, and economic 
growth, and CO2 emissions. 

The results of the Newey-West regression show that trade potential, 
energy prices, economic development, and CO2 emissions positively 
affect renewable energy consumption in the OECD economies. Specif-
ically, a 1% rise in trade potential, energy prices, economic growth, and 
carbon dioxide emissions lead to a 1.322%, 0.249%, 0.071%, and 
0.116% increase in renewable energy consumption. We also employ the 

Driscoll-Kraay, the PCSE, and the FGLS estimations. The results show 
consistent results along with Newey-West significantly and respectively. 

Given the above findings, it is observed that trade potential promotes 
renewable energy in the OECD countries. This evidence shows that gains 
from trade benefit the OECD countries when promoting renewable en-
ergy consumption. One can argue that the OECD countries get more 
export revenue while exporting commodities to other countries. More 
export revenue may be utilised by the governments of the OECD econ-
omies while giving incentives to renewable energy producers and 
providing renewable energy to the people at a subsidised rate (Shahbaz 
et al., 2019). From a consumer perspective, people in these economies 
demand renewable energy because it is available at an affordable price. 
Therefore, trade potential augments the renewable energy demand of 
the people in the OECD countries. 

We also find that increase in income level drives renewable energy 
consumption in the OECD countries. This evidence is consistent with the 
recent study of Sadorsky (2009a) for the G7 countries, Sadorsky (2009b) 

Table 1 
Descriptive statistics.  

Label Variable Definition Source Obs. Mean Std. Dev. Min. Max. 

RE Renewables Consumption Input-equivalent Per 
Capita 

British Petroleum (2021) 1174 0.1083 0.3521 0.00005 4.8076 

TRADE- 
POT 

International Trade 
Potential 

Index Authors’ Calculation, Based on the PWT 
(10.0) 

1174 0.1284 0.0405 − 0.0970 0.2409 

LNENPR Economy-wide Energy Price Real Index, 2010 = 100 Liddle and Huntington (2020) 1174 4.4210 0.2473 2.0621 4.9275 
LNGDPC GDP per Capita Constant 2010 US$ World Bank (2022) 1174 10.219 0.6569 8.4765 11.625 
LNCO2 CO2 Emissions Metric Tons Per Capita World Bank (2022) 1174 2.0651 0.5467 0.2691 3.5088  

Fig. 1. Graphical transitory of the explanatory variables.  

Table 2 
Correlation matrix.  

Variable RE TRADE-POT LNENPR LNGDPC LNCO2 

RE 1     
TRADE-POT 0.0891*** 1    
LNENPR 0.1549*** − 0.3268*** 1   
LNGDPC 0.1698*** − 0.7141*** 0.1913*** 1  
LNCO2 0.1912*** − 0.4942*** 0.0202 0.6214*** 1 

Note: ***p < 0.01. 

Dep.Varit − Dep.Vari,t− 1 = γ1
(
Exp.Varit − Exp.Vari,t− 1

)
+ γ2

(
End.Varit − End.Vari,t− 1

)
+
(
ηit − ηi,t− 1

)
(5)   
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for 18 emerging market economies, Gozgor et al. (2020) for the OECD 
countries, Marques et al. (2010) for 24 European countries, Omri and 
Nguyen (2014) for 64 countries, and Aguirre and Ibikunle (2014) for 38 
countries where they find that income level promotes renewable energy 
demand. This finding shows that income level helps the OECD countries 
to increase the share of clean energy in the total energy mix. This issue 
indicates that people with their increased income level in the OECD 
economies chose to transition from fossil fuels to renewable energy to 
protect the natural environment. If this process continues, it becomes 
sure that the OECD economies to have sustainable green growth in the 
long run. 

We also find the beneficial effect of energy price on the renewable 
energy demand in the OECD countries. This finding is also in line with 
the recent study by Gozgor et al. (2020) for the OECD countries. If the 
OECD countries rely on imported energy from other countries, 
increasing energy prices could be possible for domestic people due to 
higher imports bills. The rising energy prices will eat up the people’s 
savings in the OECD countries if they do not shift their energy depen-
dence behaviour. Therefore, the OECD economies continue to transition 
from coal oil to natural gas and fossil fuels to renewable energy. 

Furthermore, we observe the beneficial effect of carbon dioxide 
emissions on renewable energy in the OECD countries. This finding is 
consistent with the recent study by Gozgor et al. (2020) for the OECD 
countries; Salim and Rafiq (2012) for Brazil, India, China and Indonesia. 
We can argue that since created pollution due to rising carbon emissions 
in the atmosphere brings the threat of climate change and global 
warming, it motivates people in the OECD economies to shift their en-
ergy consumption from fossil fuels to renewable energy. Using renew-
able energy could bring a win-win situation for the OECD countries. For 
example, using renewable energy can reduce pollution and solve the 
limited availability of fossil fuels in the future. 

Therefore, our results are robust to consider different estimation 
techniques. Next, we provide additional results from the DSGMM esti-
mations to address possible econometric concerns regarding the effects 
of international trade potential on renewable energy demand. 

4.3. Panel DSGMM estimations 

At this point, we address the potential problems of endogeneity, 
measurement bias, omitted variables bias, and unobserved 

heterogeneity. For this purpose, we utilise Arellano and Bover’s (1995) 
and Blundell and Bond’s (1998) estimations to provide unbiased esti-
mators for the coefficients of interest. The method combines a regression 
in levels and a regression in differences. However, one must be careful to 
apply it to cases where periods are small relative to cross-sectional ob-
servations. Otherwise, asymptotic imprecision and biases may arise. 

Table 5 provides the results derived from the DSGMM. The results 
show that trade potential, energy prices, economic growth, and CO2 
emissions increase the usage of renewable energy consumption in the 
OECD economies. 

We also get consistent results from the two-stage DSGMM estima-
tions, similar to the one-stage DSGMM. In one stage, the DSGMM results 
from a 1% rise in trade potential, energy prices, economic growth, and 
CO2 emissions, increasing renewable energy consumption by 0.114%, 
0.010%, 0.012%, and 0.006%, respectively. Specifically, a 1% increase 
in trade potential, energy prices, economic growth, and CO2 emissions 
increase renewable energy consumption by 0.103%, 0.011%, 0.013%, 
and 0.006%, respectively. 

4.4. Discussion and policy implications 

We observe that trade gains guide the increasing demand for 
renewable energy. This evidence shows that if the OECD countries are 
open to trade, the wealth gained from trade helps these economies invest 
money in generating renewable energy. These economies also supply 
renewable energy to the people at an affordable price. Hence, providing 
clean energy to the people for their consumption and production ac-
tivities also increases government expenditure on clean energy subsidies 
(Gozgor et al., 2019). This evidence further implies that wealth gains 
from trade help these economies to mitigate the government spending 
on energy subsidies. As long as the government spending on clean en-
ergy subsidies increases, it becomes beneficial for these economies to 
have green growth and a sustainable natural environment (i.e., socio- 
economic and environmental welfare) in the long run (Kutan et al., 
2018). Our paper demonstrates that promoting international trade po-
tential can be essential for decreasing environmental degradation and 
providing sustainable and environment-friendly production and eco-
nomic growth. 

Moreover, income increases, energy prices and carbon emissions fuel 
the demand for renewable energy in the OECD countries. This evidence 
shows that these are the driving factors for increasing renewable energy. 
This issue is obvious because income increases enable people in these 

Table 3 
Cross-sectional dependence tests.  

Test RE TRADE-POT LNOLPR LNGDPC LNCO2 

Breusch-Pagan LM 14,472.77*** 14,095.16*** 10,887.62*** 13,832.21*** 6050.74*** 
Pesaran Scaled LM 389.97*** 379.34*** 288.97*** 371.93*** 152.71*** 
Bias-corrected Scaled LM 389.60*** 378.96*** 288.60*** 371.55*** 152.33*** 
Pesaran CD Test 118.52*** 116.01*** 101.08*** 113.32*** 24.92*** 

Note: ***p < 0.01. 

Table 4 
Random-effects estimations with different methods.  

Method: Newey-West Driscoll-Kraay PCSE FGLS 

TRADE- 
POT 

1.3228*** 
(0.3090) 

1.3228*** 
(0.4850) 

1.3228*** 
(0.5565) 

1.3228*** 
(0.3661) 

LNENPR 0.2499*** 
(0.0637) 

0.2499*** 
(0.0821) 

0.2499*** 
(0.0549) 

0.2499*** 
(0.0430) 

LNGDPC 0.0713*** 
(0.0152) 

0.0713*** 
(0.0259) 

0.0713*** 
(0.0133) 

0.0713*** 
(0.0240) 

LNCO2 0.1161*** 
(0.0367) 

0.1161*** 
(0.0258) 

0.1161** 
(0.0498) 

0.1161*** 
(0.0235) 

Constant − 2.1350*** 
(0.4526) 

− 2.1350*** 
(0.6641) 

− 2.1350*** 
(0.3561) 

− 2.1350*** 
(0.3335) 

Notes: The dependent variable is the Renewable Energy Consumption (RE). () 
shows the standard errors. ***p < 0.01, and ** p<0.05. 

Table 5 
DSGMM estimations.  

Method: One-stage DSGMM Two-stage DSGMM 

REt-1 1.1003*** (0.0024) 1.1001*** (0.0002) 
TRADE-POTt-1 0.1177* (0.0722) 0.1026*** (0.0150) 
LNENPRt-1 0.0115*** (0.0037) 0.0111*** (0.0003) 
LNGDPCt-1 0.0129* (0.0075) 0.0132*** (0.0007) 
LNCO2t-1 0.0074* (0.0040) 0.0065*** (0.0009) 
Constant − 0.2127** (0.0828) − 0.2107*** (0.0066) 
Sargan Test N/A 30.9442 

Notes: The dependent variable is the Renewable Energy Consumption (RE). () 
denotes the robust standard errors. ***p < 0.01, **p < 0.05, and *p < 0.1. 
DSGMM: Dynamic Systematic Generalised Method of Moments. 
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economies to access clean energy for consumption and production ac-
tivities. Given the strong environmental regulatory framework, people 
in these economies prefer to demand renewable energy irrespective of 
the rising energy prices. Renewable energy investments can increase 
renewable energy consumption (Gu et al., 2021; Paramati et al., 2018). 
This evidence in our paper shows that energy prices increase renewable 
energy. 

Finally, the threat of climate change due to rising carbon emissions 
encourages people to use renewable energy to protect the life- 
supporting natural environment. Therefore, governments in these 
economies need to pay attention to these driving factors to check rising 
pollution levels by promoting renewable energy usage (Paramati et al., 
2017). 

5. Conclusion 

This paper used a new measure of trade openness, i.e., the interna-
tional trade potential index, to measure the welfare gains from inter-
national trade across the OECD countries. This measure was based on 
the import shares of countries in the GDPs. The paper observed that 
gains from international trade are low in rich economies but larger in 
poorer economies. We then analysed the impact of international trade 
potential on renewable energy consumption in an unbalanced panel 
dataset of 36 OECD countries from 1966 to 2016. The novel evidence in 
this paper is that international trade potential promotes renewable en-
ergy consumption. It is also found that per capita income, per capita CO2 
emissions, and energy prices increase the demand for renewable energy. 

It is important to note that our findings are limited to the OECD 
countries. At this stage, future papers should include other advanced and 
developing economies. Indeed, different energy and environmental in-
dicators can be included in the empirical examinations to analyse 
whether international trade potential is a significant determinant. 
Another research agenda can be to analyse the effects of economic un-
certainty on energy demand, following the procedures in Baum et al. 
(2021) and Erzurumlu and Gozgor (2022), including international trade 
potential measures. 

CRediT authorship contribution statement 

Zhou Lu: Writing – original draft, Project administration. Giray 
Gozgor: Writing – original draft, Conceptualization. Mantu Kumar 
Mahalik: Writing – original draft, Methodology. Hemachandra Pad-
han: Writing – original draft, Formal analysis. Cheng Yan: Writing – 
original draft, Visualization. 

Acknowledgements 

The authors acknowledge the financial support from the Philosophy 
& Social Science Fund of Tianjin City, China (Award #: TJYJ20-012). 

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.eneco.2022.106153. 

References 

Aguirre, M., Ibikunle, G., 2014. Determinants of renewable energy growth: a global 
sample analysis. Energy Policy 69, 374–384. 

Akram, R., Chen, F., Khalid, F., Ye, Z., Majeed, M.T., 2020. Heterogeneous effects of 
energy efficiency and renewable energy on carbon emissions: evidence from 
developing countries. J. Clean. Prod. 247, 119122. 

Alam, M.M., Murad, M.W., 2020. The impacts of economic growth, trade openness and 
technological progress on renewable energy use in organisation for economic co- 
operation and development countries. Renew. Energy 145, 382–390. 

Apergis, N., Payne, J.E., 2010a. Renewable energy consumption and economic growth: 
evidence from a panel of OECD countries. Energy Policy 38 (1), 656–660. 

Apergis, N., Payne, J.E., 2010b. Renewable energy consumption and growth in Eurasia. 
Energy Econ. 32 (6), 1392–1397. 

Apergis, N., Payne, J.E., 2015. Renewable energy, output, carbon dioxide emissions, and 
oil prices: evidence from South America. Energy Sour. Part B: Econ. Plan. Policy 10 
(3), 281–287. 

Arellano, M., Bover, O., 1995. Another look at the instrumental variable estimation of 
error-components models. J. Econ. 68 (1), 29–51. 

Arkolakis, C., Costinot, A., Rodríguez-Clare, A., 2012. New trade models, same old gains? 
Am. Econ. Rev. 102 (1), 94–130. 

Bailey, D., Katz, J.N., 2011. Implementing panel corrected standard errors in R: the pcse 
package. J. Stat. Softw. 42 (S1), 1–11. 

Banerjee, A.V., Duflo, E., 2019. Good Economics for Hard Times: Better Answers to our 
Biggest Problems. Penguin Random House, New York, NY.  

Baum, C.F., Caglayan, M., Xu, B., 2021. The impact of uncertainty on financial 
institutions: a cross-country study. Int. J. Financ. Econ. 26 (3), 3719–3739. 

Belaïd, F., Zrelli, M.H., 2019. Renewable and non-renewable electricity consumption, 
environmental degradation and economic development: evidence from 
Mediterranean countries. Energy Policy 133, 110929. 

Belaïd, F., Elsayed, A.H., Omri, A., 2021. Key drivers of renewable energy deployment in 
the MENA region: empirical evidence using panel quantile regression. Struct. Chang. 
Econ. Dyn. 57, 225–238. 

Bhattacharya, M., Paramati, S.R., Ozturk, I., Bhattacharya, S., 2016. The effect of 
renewable energy consumption on economic growth: evidence from top 38 
countries. Appl. Energy 162, 733–741. 

Bhattacharya, M., Churchill, S.A., Paramati, S.R., 2017. The dynamic impact of 
renewable energy and institutions on economic output and CO2 emissions across 
regions. Renew. Energy 111, 157–167. 

Blundell, R., Bond, S., 1998. Initial conditions and moment restrictions in dynamic panel 
data models. J. Econ. 87 (1), 115–143. 

British Petroleum (BP), 2021. Statistical Review of World Energy 2021. BP, London.  
Broadstock, D.C., Cao, H., Zhang, D., 2012. Oil shocks and their impact on energy related 

stocks in China. Energy Econ. 34 (6), 1888–1895. 
Chen, W., Lei, Y., 2018. The impacts of renewable energy and technological innovation 

on environment-energy-growth nexus: new evidence from a panel quantile 
regression. Renew. Energy 123, 1–14. 

Chen, C., Pinar, M., Stengos, T., 2020. Renewable energy consumption and economic 
growth nexus: evidence from a threshold model. Energy Policy 139, 111295. 

Cheng, Y., Zhang, N., Kirschen, D.S., Huang, W., Kang, C., 2020. Planning multiple 
energy systems for low-carbon districts with high penetration of renewable energy: 
an empirical study in China. Appl. Energy 261, 114390. 

Cheon, A., Urpelainen, J., 2012. Oil prices and energy technology innovation: an 
empirical analysis. Glob. Environ. Chang. 22 (2), 407–417. 

Cherniwchan, J., Copeland, B.R., Taylor, M.S., 2017. Trade and the environment: new 
methods, measurements, and results. Ann. Rev. Econ. 9, 59–85. 

Copeland, B.R., Taylor, M.S., 2004. Trade, growth, and the environment. J. Econ. Lit. 42 
(1), 7–71. 

Costinot, A., Rodríguez-Clare, A., 2018. The US gains from trade: valuation using the 
demand for foreign factor services. J. Econ. Perspect. 32 (2), 3–24. 

Dawar, I., Dutta, A., Bouri, E., Saeed, T., 2021. Crude oil prices and clean energy stock 
indices: lagged and asymmetric effects with quantile regression. Renew. Energy 163, 
288–299. 

Dong, K., Hochman, G., Zhang, Y., Sun, R., Li, H., Liao, H., 2018a. CO2 emissions, 
economic and population growth, and renewable energy: empirical evidence across 
regions. Energy Econ. 75, 180–192. 

Dong, K., Sun, R., Dong, X., 2018b. CO2 emissions, natural gas and renewables, economic 
growth: assessing the evidence from China. Sci. Total Environ. 640, 293–302. 

Driscoll, J.C., Kraay, A.C., 1998. Consistent covariance matrix estimation with spatially 
dependent panel data. Rev. Econ. Stat. 80 (4), 549–560. 

Erzurumlu, Y.O., Gozgor, G., 2022. Effects of economic policy uncertainty on energy 
demand: evidence from 72 countries. J. Chin. Econ. Bus. Stud. 20 (1), 23–38. 

Eskeland, G.S., Harrison, A.E., 2003. Moving to greener pastures? Multinationals and the 
pollution haven hypothesis. J. Dev. Econ. 70 (1), 1–23. 

Fan, W., Hao, Y., 2020. An empirical research on the relationship amongst renewable 
energy consumption, economic growth and foreign direct investment in China. 
Renew. Energy 146, 598–609. 

Fang, J., Gozgor, G., Mahalik, M.K., Padhan, H., Xu, R., 2021. The impact of economic 
complexity on energy demand in OECD countries. Environ. Sci. Pollut. Res. 28 (26), 
33771–33780. 

Feenstra, R.C., Inklaar, R., Timmer, M.P., 2015. The next generation of the Penn world 
table. Am. Econ. Rev. 105 (10), 3150–3182. 

Geller, H., Harrington, P., Rosenfeld, A.H., Tanishima, S., Unander, F., 2006. Polices for 
increasing energy efficiency: thirty years of experience in OECD countries. Energy 
Policy 34 (5), 556–573. 

Gourevitch, P., 1978. The second image reversed: the international sources of domestic 
politics. Int. Organ. 32 (4), 881–912. 

Gozgor, G., 2014. Aggregated and disaggregated import demand in China: an empirical 
study. Econ. Model. 43, 1–8. 

Gozgor, G., 2016. Are shocks to renewable energy consumption permanent or transitory? 
An empirical investigation for Brazil, China, and India. Renew. Sust. Energ. Rev. 66, 
913–919. 

Gozgor, G., 2017. Does trade matter for carbon emissions in OECD countries? Evidence 
from a new trade openness measure. Environ. Sci. Pollut. Res. 24 (36), 
27813–27821. 

Gozgor, G., 2018. A new approach to the renewable energy-growth nexus: evidence from 
the USA. Environ. Sci. Pollut. Res. 25 (17), 16590–16600. 

Z. Lu et al.                                                                                                                                                                                                                                       

https://doi.org/10.1016/j.eneco.2022.106153
https://doi.org/10.1016/j.eneco.2022.106153
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0005
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0005
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0010
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0010
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0010
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0015
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0015
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0015
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0020
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0020
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0025
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0025
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0030
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0030
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0030
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0035
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0035
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0040
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0040
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0045
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0045
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0050
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0050
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0055
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0055
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0060
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0060
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0060
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0065
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0065
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0065
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0070
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0070
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0070
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0075
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0075
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0075
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0080
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0080
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0085
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0090
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0090
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0095
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0095
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0095
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0100
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0100
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0105
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0105
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0105
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0110
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0110
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0115
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0115
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0120
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0120
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0125
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0125
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0130
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0130
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0130
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0135
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0135
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0135
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0140
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0140
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0145
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0145
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0150
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0150
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0155
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0155
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0160
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0160
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0160
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0165
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0165
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0165
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0170
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0170
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0175
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0175
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0175
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0180
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0180
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0185
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0185
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0190
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0190
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0190
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0195
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0195
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0195
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0200
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0200


Energy Economics 112 (2022) 106153

7

Gozgor, G., Lau, C.K.M., Lu, Z., 2018. Energy consumption and economic growth: new 
evidence from the OECD countries. Energy 153, 27–34. 

Gozgor, G., Tiwari, A.K., Khraief, N., Shahbaz, M., 2019. Dependence structure between 
business cycles and CO2 emissions in the US: evidence from the time-varying 
Markov-switching copula models. Energy 188, 115995. 

Gozgor, G., Mahalik, M.K., Demir, E., Padhan, H., 2020. The impact of economic 
globalisation on renewable energy in the OECD countries. Energy Policy 139, 
111365. 

Gu, Y., Ho, K.C., Yan, C., Gozgor, G., 2021. Public environmental concern, CEO turnover, 
and green investment: evidence from a quasi-natural experiment in China. Energy 
Econ. 100, 105379. 

Henriques, I., Sadorsky, P., 2008. Oil prices and the stock prices of alternative energy 
companies. Energy Econ. 30 (3), 998–1010. 

Ikpesu, F., Vincent, O., Dakare, O., 2019. Growth effect of trade and investment in Sub- 
Saharan Africa countries: empirical insight from panel corrected standard error 
(PCSE) technique. Cogent Econ. Financ. 7 (1), 1607127. 

Inchauspe, J., Ripple, R.D., Trück, S., 2015. The dynamics of returns on renewable 
energy companies: a state-space approach. Energy Econ. 48, 325–335. 

Jha, P., Gozgor, G., 2019. Globalization and taxation: theory and evidence. Eur. J. Polit. 
Econ. 59, 296–315. 

Kutan, A.M., Paramati, S.R., Ummalla, M., Zakari, A., 2018. Financing renewable energy 
projects in major emerging market economies: evidence in the perspective of 
sustainable economic development. Emerg. Mark. Financ. Trade 54 (8), 1761–1777. 

Kyritsis, E., Serletis, A., 2019. Oil prices and the renewable energy sector. Energy J. 40 
(S11), 337–363. 

Liddle, B., Huntington, H., 2020. Revisiting the income elasticity of energy consumption: 
a heterogeneous, common factor, dynamic OECD & non-OECD country panel 
analysis. Energy J. 41 (3), 207–229. 

Lin, B., Moubarak, M., 2014. Renewable energy consumption–economic growth nexus 
for China. Renew. Sust. Energ. Rev. 40, 111–117. 

Liu, L., Wang, Z., Wang, Y., Wang, J., Chang, R., He, G., Tang, W., Gao, Z., Li, J., Liu, C., 
Zhao, L., 2020. Optimising wind/solar combinations at finer scales to mitigate 
renewable energy variability in China. Renew. Sust. Energ. Rev. 132, 110151. 

Marques, A.C., Fuinhas, J.A., Manso, J.P., 2010. Motivations driving renewable energy in 
European countries: a panel data approach. Energy Policy 38 (11), 6877–6885. 

Newey, W.K., West, K.D., 1987. A simple, positive semi-definite, heteroskedasticity and 
autocorrelation consistent covariance matrix. Econometrica 55 (3), 703–708. 

Nickell, S., 1981. Biases in dynamic models with fixed effects. Econometrica 49 (6), 
1417–1426. 

Omri, A., Nguyen, D.K., 2014. On the determinants of renewable energy consumption: 
international evidence. Energy 72, 554–560. 

Padhan, H., Padhang, P.C., Tiwari, A.K., Ahmed, R., Hammoudeh, S., 2020. Renewable 
energy consumption and robust globalisation(s) in OECD countries: do oil, carbon 
emissions and economic activity matter? Energy Strateg. Rev. 32, 100535. 

Paramati, S.R., Ummalla, M., Apergis, N., 2016. The effect of foreign direct investment 
and stock market growth on clean energy use across a panel of emerging market 
economies. Energy Econ. 56, 29–41. 

Paramati, S.R., Mo, D., Gupta, R., 2017. The effects of stock market growth and 
renewable energy use on CO2 emissions: evidence from G20 countries. Energy Econ. 
66, 360–371. 

Paramati, S.R., Apergis, N., Ummalla, M., 2018. Dynamics of renewable energy 
consumption and economic activities across the agriculture, industry, and service 

sectors: evidence in the perspective of sustainable development. Environ. Sci. Pollut. 
Res. 25 (2), 1375–1387. 

Pesaran, M.H., 2004. General diagnostic tests for cross section dependence in panels. In: 
University of Cambridge Faculty of Economics Working Papers in Economics, No. 
435. University of Cambridge, Cambridge.  

Pesaran, M.H., Smith, R., 1995. Estimating long-run relationships from dynamic 
heterogeneous panels. J. Econ. 68 (1), 79–113. 

Rahman, M.M., Velayutham, E., 2020. Renewable and non-renewable energy 
consumption-economic growth nexus: new evidence from South Asia. Renew. 
Energy 147, 399–408. 

Ramanarayanan, A., 2020. Imported inputs and the gains from trade. J. Int. Econ. 122, 
103260. 

Razmi, S.F., Bajgiran, B.R., Behname, M., Salari, T.E., Razmi, S.M.J., 2020. The 
relationship of renewable energy consumption to stock market development and 
economic growth in Iran. Renew. Energy 145, 2019–2024. 

Reboredo, J.C., 2015. Is there dependence and systemic risk between oil and renewable 
energy stock prices? Energy Econ. 48, 32–45. 

Reboredo, J.C., Rivera-Castro, M.A., Ugolini, A., 2017. Wavelet-based test of co- 
movement and causality between oil and renewable energy stock prices. Energy 
Econ. 61, 241–252. 

Roodman, D., 2009a. How to do xtabond2: an introduction to difference and system 
GMM in Stata. Stata J. 9 (1), 86–136. 

Roodman, D., 2009b. A note on the theme of too many instruments. Oxf. Bull. Econ. Stat. 
71 (1), 135–158. 

Sadorsky, P., 2009a. Renewable energy consumption, CO2 emissions and oil prices in the 
G7 countries. Energy Econ. 31 (3), 456–462. 

Sadorsky, P., 2009b. Renewable energy consumption and income in emerging 
economies. Energy Policy 37 (10), 4021–4028. 

Sadorsky, P., 2012. Correlations and volatility spillovers between oil prices and the stock 
prices of clean energy and technology companies. Energy Econ. 34 (1), 248–255. 

Salim, R.A., Rafiq, S., 2012. Why do some emerging economies proactively accelerate the 
adoption of renewable energy? Energy Econ. 34 (4), 1051–1057. 

Shah, I.H., Hiles, C., Morley, B., 2018. How do oil prices, macroeconomic factors and 
policies affect the market for renewable energy? Appl. Energy 215, 87–97. 

Shahbaz, M., Gozgor, G., Hammoudeh, S., 2019. Human capital and export 
diversification as new determinants of energy demand in the United States. Energy 
Econ. 78, 335–349. 

Shapiro, J.S., 2021. The environmental bias of trade policy. Q. J. Econ. 136 (2), 831–886. 
Simonovska, I., Waugh, M.E., 2014. The elasticity of trade: estimates and evidence. J. Int. 

Econ. 92 (1), 34–50. 
Waugh, M.E., 2010. International trade and income differences. Am. Econ. Rev. 100 (5), 

2093–2124. 
Waugh, M.E., Ravikumar, B., 2016. Measuring openness to trade. J. Econ. Dyn. Control. 

72, 29–41. 
World Bank, 2022. World Development Indicators Database. World Bank, Washington, 

DC.  
Yu, S., Hu, X., Li, L., Chen, H., 2020. Does the development of renewable energy promote 

carbon reduction? Evidence from Chinese provinces. J. Environ. Manag. 268, 
110634. 

Zhang, W., Chiu, Y.B., Hsiao, C.Y.L., 2022. Effects of country risks and government 
subsidies on renewable energy firms’ performance: evidence from China. Renew. 
Sust. Energ. Rev. 158, 112164. 

Z. Lu et al.                                                                                                                                                                                                                                       

http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0205
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0205
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0210
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0210
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0210
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0215
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0215
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0215
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0220
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0220
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0220
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0225
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0225
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0230
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0230
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0230
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0235
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0235
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0240
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0240
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0245
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0245
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0245
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0250
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0250
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0255
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0255
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0255
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0260
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0260
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0265
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0265
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0265
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0270
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0270
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0275
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0275
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0280
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0280
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0285
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0285
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0290
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0290
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0290
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0295
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0295
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0295
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0300
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0300
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0300
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0305
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0305
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0305
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0305
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0310
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0310
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0310
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0315
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0315
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0320
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0320
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0320
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0325
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0325
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0330
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0330
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0330
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0335
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0335
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0340
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0340
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0340
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0345
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0345
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0350
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0350
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0355
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0355
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0360
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0360
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0365
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0365
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0370
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0370
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0375
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0375
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0380
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0380
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0380
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0385
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0390
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0390
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0395
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0395
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0400
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0400
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0405
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0405
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0410
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0410
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0410
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0415
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0415
http://refhub.elsevier.com/S0140-9883(22)00308-5/rf0415

	Welfare gains from international trade and renewable energy demand: Evidence from the OECD countries
	1 Introduction
	2 Literature review
	2.1 Economic growth, international trade, and renewable energy consumption
	2.2 CO2 emissions and renewable energy consumption
	2.3 Energy prices and renewable energy consumption

	3 Data and methods
	3.1 Data and introducing the international trade potential index
	3.2 Data description
	3.3 Methodology: panel data estimation techniques
	3.3.1 Random-effects estimations
	3.3.2 Dynamic system generalized method of moments (DSGMM)


	4 Empirical results
	4.1 Initial tests: cross-sectional dependence
	4.2 Random-effects estimations
	4.3 Panel DSGMM estimations
	4.4 Discussion and policy implications

	5 Conclusion
	CRediT authorship contribution statement
	Acknowledgements
	Appendix A Supplementary data
	References


