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A B S T R A C T   

The investigation of the determinants of energy transition has become very attractive and popular due to the 
Sustainable Development Goals and COP26 targets. However, one shortcoming of the existing studies is the 
inability to understand the effects of technology and environmental policy to energy transition while the other 
criticism is the use of conventional techniques that do not handle the endogeneity issue. Thus, this study in
vestigates the impacts of technology and Kyoto Protocol in addition to several control variables to energy 
transition by applying the novel econometric method of Sigmund and Ferstl (2021) on the annual data from 2000 
to 2019 for G-7 countries. The empirical results confirm the positive and significant link between technology and 
energy transition, such that, a 1% rise in technology enhances the energy transition by 0.32%. Similarly, Kyoto 
Protocol has a significantly positive impact on energy transition. An explanation is that the Protocol is based on 
principles and policies that emphasize the advanced and industrialized economies to enhance the environmental 
quality by promoting the renewable energy resources and reducing the greenhouse gases. Furthermore, the G-7 
authorities should start to provide subsidies to clean energy and technology-related investors and levy multiple 
disincentives (i.e., higher tax rates) on the industries deploying the conventional and polluting methods for 
energy production. Further policy implications are discussed in the study.   

1. Introduction 

The Glasgow Climate Pact (COP26) held in November 2021 is a key 
collective effort to speed up energy transition to achieve net-zero 
emissions by 2050. This is by all means a big step in line with Sustain
able Development Goals (SDGs) after the initiation of Kyoto Protocol 
and Paris Agreement that aim to control for climate change and global 
warming. Even though the intergovernmental parties and policymakers 
aim to limit the rise in global temperature to 1.5 ◦C, the levels of 
pollution are still remarkably high. In detail, carbon dioxide (CO2) 
emissions amount was 278 ppm before the industrial revolution but it 
reached 316, 365, 400 and 412 ppm in 1959, 1998, 2015 and 2020, 

respectively (Salehnia et al., 2020; NOAA, 2021). Tollefson (2020) ar
gues that the global temperature is predicted to rise by 5–6 ◦C by the end 
of this century if the CO2 continues to rise at this pace. 

In recent decades, climate change has been considered as a global 
environmental problem and it is a serious threat to sustainable devel
opment (Afrifa et al., 2020; Jiang et al., 2021). The concerns about 
climate change and global warming as well as restrictions on the use of 
fossil fuels incentive energy transition to the sustainable and renewable 
energy sector (Gallo et al., 2016; Gozgor, 2018). So that renewable en
ergy development has become a key component in the transformation 
towards a low-carbon economy (Przychodzen and Przychodzen, 2020). 
Global demand for renewable energy is increasing day by day. Tolliver 
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et al. (2020) mention that the share of renewable energy in total energy 
is projected to increase by 60% through 2040 to accomplish the three 
energy-related SDGs. Moreover, the International Renewable Energy 
Agency has stated that two-thirds of the global total energy supply will 
come from renewable energy sources by 2050 (IRENA, 2020). Most re
newables sources produce no or minimal emissions, as a result, they are 
beneficial to the environment. Thus, promoting the development of re
newables is important to achieving sustainable economic growth (Le 
et al., 2020). Given the role of renewable energy in the sustainable en
ergy discussion, identifying the drivers of energy deployment and 
transition is important for energy policy. Additionally, global consensus 
has emerged on spreading clean energy production and reducing fossil 
energy demand, such as the Kyoto Protocol, adopted in 1998 and 
entered into force in 2005, marked a turning point in promoting CO2 
decrease and has become a catalyst in promoting renewable energy 
consumption worldwide (UNFCCC, 2010; Rahman et al., 2010). It is 
expected, the countries that have signed the protocol have strong obli
gation to renewable energy transition (Popp et al., 2011). The empirical 
evidence has displayed positive impacts of the implementation of the 
Kyoto Protocol on renewable energy development (Brunnschweiler, 
2010; Aguirre and Ibikunle, 2014). 

An environmental variable is an important factor for energy transi
tion (Bourcet, 2020). While several researchers have concluded that 
high levels of CO2 emissions encourage the development and use of 
renewable energy (Sadorsky, 2009; Omri and Nguyen, 2014; Lu, 2017), 
a group of studies have shown that environmental pressures do not 
support the renewable energy transition. For instance, Lucas et al. 
(2016) attributed the negative impact of CO2 emissions on the devel
opment of renewable energy to the dependency on fossil fuels and the 
power of lobbies. Baye et al. (2021) believe that the negative effect of 
CO2 emissions on renewables may be owing to the complementarity 
between renewable energy production and CO2 emissions in smaller 
quantities. In fact, CO2 emissions do not play a strong role in exhorting 
renewables development (Marques et al., 2010; Marques and Fuinhas, 
2011; Papież et al., 2018; Bayale et al., 2021). Likewise, achieving 
economic growth (i.e., GDP) is a fundamental goal for attaining sus
tainable development. Thus, economic growth is a stimulus that en
courages and directs countries towards renewable energy. In other 
words, higher GDP can support regulatory costs to upgrade renewables, 
because renewable technologies usually cost more than fossil fuels 
(Bamati and Raoofi, 2020). Thus, promoting economic development 
leads to the development of renewable energy. Ibrahiem and Hanafy 
(2021) supported the role of economic growth in development renew
able energy sources in North African countries. Also, Polcyn et al. (2022) 
noted that GDP is the main driving for the development of renewable 
energy in selected European countries. In addition, it is believed that 
high-income countries are often moving faster towards energy transition 
than low-income countries, because they can easily pay the costs of 
development renewable technologies (Chang et al., 2009; Sadorsky, 
2009; Bersalli et al., 2020). Almost all researchers have demonstrated 
that there is a positive relationship between income and renewable 
energy development (e.g., Salim and Rafiq, 2012; Koçak and Şarkgüneşi, 
2017; Gozgor et al., 2018; Eren et al., 2019). 

The use of new technologies is undoubtedly one of the key tools in 
the clean energy transition from fossil fuels to low-carbon energy 
sources. Hence, investment in clean energy technologies, which are 
more efficient than current technologies, has expanded significantly 
(Lee and Yang, 2019). The promotion of renewable energy technologies 
will decrease development and maintenance costs and improve the us
ability and efficiency of energy conversion to promote renewable energy 
development (Dincer, 2001). From another perspective, Miremadi et al. 
(2019) concluded that developments in renewable energy are very 
essential to control climate change. Factors influencing technology 
development include renewable energy capabilities and research and 
development (Xu et al., 2019). In this line, Wang et al. (2020) high
lighted that a country’s research and development investment plays an 

important role in promoting renewable energy. There are different 
technological options for increasing shares of renewable energy sources. 
One of those is storage technologies that contributes to the more effi
cient use of renewable energy capacity and plays a rising role in the 
renewables transition (Schill, 2020). Fisher-Vanden et al. (2004) and 
Jiahua et al. (2010) showed that technological progress promotes 
renewable energy development, and increasing the renewable energy 
capacity is the stimulus for renewable energy transition and develop
ment (Essletzbichler, 2012). 

This study attempts to address the two limitations of the existing 
literature. First, previous studies on technology development have 
focused on research and development investment and storage technol
ogies for the energy transition. However, the present study tries to 
expand the relevant literature by considering the energy transfer ca
pacity. Second, previous literature has not simultaneously explored the 
role of the Kyoto Protocol alongside the technology development factor 
on renewable energy deployment. 

In light of the above-mentioned explanations and arguments, the 
objective of this study is to evaluate the impact of technology and Kyoto 
protocol on energy transition by applying the novel econometric 
method-Panel Vector Autoregressive model in Generalized Method of 
Moments (GMM-PVAR)-of Sigmund and Ferstl (2021) on the data for the 
period 2000–2019 for G-7 countries. This issue is important for two 
reasons: (1) the essential role of renewable energy in achieving Sus
tainable Development Goals and COP26 targets; and (2) the key role of 
technology and environment-related policy in the energy transition. 
Thus, this study applies the GMM-PVAR in the energy transition/ 
renewable energy deployment literature. In view of likely endogeneity 
issue in the estimated models, this attempt is very supportive and 
original to obtain more reliable and robust outcomes than those of the 
existing studies that mostly rely on conventional econometric tech
niques. Also, this study considers the impact of technology and Kyoto 
Protocol as an environmental policy on energy transition for the G-7 
group as the seven largest industrial countries in the world. 

Among all the economies, the G-7 members are seven of the most 
advanced and industrialized countries (Canada, France, Germany, Italy, 
Japan, the UK, and the USA). These countries accounted for approxi
mately 56% of the world GDP in 2019 (World Bank, 2020). G-7 countries 
emitted 7835 million tons of carbon dioxide in 2020 that was 22.50% of 
world emissions. According to the International Energy Agency (2021) 
report, the G-7 allocated 36% of global power generation capacity and 
30% of global energy demand. In 2020, the primary sources of elec
tricity were natural gas and renewables each creating about 30% of the 
total electricity. Also based on this report, renewables energies on track 
to reach 48% of electricity supply, and for reaching to net zero by 2050, 
renewables have to supply 60% of electricity supply by 2030. Hence, in 
order to reduce global emissions and prevent climate change, it is 
necessary to examine the factors affecting the transition of renewable 
energy in the G7 countries. 

The paper is structured as follows. Section 2 contains literature re
view. Section 3 provides the data and the methodology approach. The 
results and discussion are presented in Section 4, while Section 5 derives 
conclusions and policy recommendations. 

2. Literature review 

Given the increase in environmental pollution and the need towards 
renewable energy deployment, this issue has received considerable 
attention in recent decades. Empirical evidence has shown that several 
factors can affect the development of renewable energy and energy 
transition. In general, previous studies can be listed on three groups. 

2.1. Economic factors 

The first group is studies that have examined the impact of economic 
factors on energy transition and the development of renewable energy. 
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Economic factors focus on economic growth, per capita income, trade 
openness, access to financial capital, price of fossil fuels, greenhouse gas 
emissions and utilization of the labor force. Several studies have 
demonstrated this statement. For example, Brunnschweiler (2010) 
investigated the impact of finance sector on development renewable 
energy in developing and transition economies by random-effects GLS 
and dynamic GMM. He has shown that financial sector development in 
particular commercial banking has the significant impact on the use of 
renewable energy resources in 119 non-OECD countries during 
1980–2006. Using a random effect model, Menegaki (2011) revealed 
that there are short-run relationships between renewable energy and 
greenhouse gas emissions for 27 European countries. Pfeiffer and 
Mulder (2013) have indicated the diffusion of non-hydro renewable 
energy technologies for electricity generation. To this end, they sur
veyed 108 developing countries for the period 1980 to 2010 by two- 
stage estimation methods (the two-part model and the two-step selec
tion model). They concluded that higher per capita income accelerates 
non-hydro renewable energy diffusion and transition. They also showed 
that a various energy mix increases the probability of non-hydro 
renewable energy development. Omri and Nguyen (2014) investigated 
the determinants of renewable energy consumption in 64 countries 
(high, middle, and low-income) during 1990–2011 by using a dynamic 
GMM panel model. Their results demonstrated that trade openness and 
increases in CO2 emissions rise renewable energy consumption. Also, in 
the middle-income countries and global panels, the impact of Oil price 
increases on renewable energy consumption is negative. 

A study on oil producing African countries by Ackah and Kizys 
(2015) on the period from 1985 to 2010 aimed to investigates the 
drivers of renewable energy demand. Three panel models were used to 
analyze the data in this study (a random effect model, a fixed effects 
model and a dynamic panel data model). The finding of this study 
proposes that real income per capita and energy prices are the main 
stimulus of renewable energy. Using panel method Menegaki and Ozturk 
(2016) showed that there is a bidirectional relationship between fossil 
fuel energy consumption and renewable energy consumption for MENA 
countries in period 1997–2009. Igliński et al. (2016) analyzed produc
tion of renewable energy in the Łódzkie Voivodeship (Poland). They 
have resulted that a high unemployment rate let to renewable energy 
production. Whit applying panel cointegration methods, Lin and Omoju 
(2017) showed financial development and economic development have 
a positive impact on the amount of non-hydro renewable electricity 
generation in 46 developed and developing countries during 
1980–2011. A research on European countries was conducted by Jacq
min (2018). He estimated the impact Economic Freedom Index on the 
production of energy from renewable sources using a dynamic panel 
approach from 2003 to 2012. According to the mentioned model, the 
results showed that freedom to trade and long-term price stability 
enhance the reliance on renewable energies. By panel ARDL method, da 
Silva et al. (2018) concluded that CO2 emissions negatively affected 
renewable energy in sub-Saharan African countries for the period 
1990–2014. 

With estimating correlation and decomposition methods, Khuong 
et al. (2019) have explored the drivers of renewable energy development 
in Southeast Asia countries from 1995 to 2013. The results designated 
that economic growth and urbanization create a great motivation for 
renewable energy development. Using the random-effects and the panel 
FMOLS estimations Gozgor et al. (2020) showed the per capita income, 
the real price of oil, the per capita carbon dioxide emissions had a 
positive impact on renewable energy that in 30 OECD countries from 
1970 to 2015. Using NARDL estimation, Urom et al. (2021) concluded 
that renewable energy consumption is due to globalization, positive 
shocks on income and capital in G7 Countries. Based on Bayesian Model 
Averaging, Fully Modified Ordinary Least Squares (FMOLS) and Dy
namic Ordinary Least Squares (DOLS) approaches, Bayale et al. (2021) 
stated that real GDP per capita, and unemployment increase renewable 
energy development, but CO2 emissions interdict renewable energy 

generation in WAEMU countries. Karacan et al. (2021) investigated the 
relationship between economic growth, oil price and renewable con
sumption in Russia by utilizing the Vector Error Correction Models and 
the Canonical Cointegrating Regression method from 1990 to 2015. The 
result indicated the negative impact oil price on consumption of 
renewable energy, while influence of GDP per capita was positive and 
significant on renewable consumption. Based on the two techniques of 
the pooled ordinary least squares with robust SEs and the augmented 
mean group estimator, Dogan et al. (2021) found an increase in GDP per 
capita leads to an increase in renewable energy in 24 developed and 48 
developing for the period from 1980 to 2016. Mukhtarov et al. (2022a) 
used a General to Specific modeling method to explore the influence of 
oil price on the renewable energy consumption (REC) for Iran for the 
period of 1980–2019. By VECM and ARDL techniques, Mukhtarov et al. 
(2022b) evaluated the impact of economic growth, and energy prices on 
renewable energy consumption in Turkey from 1980 to 2019. The re
sults showed a positive and significant effect of economic growth on 
renewable energy. The estimation findings discovered that the price of 
oil and emissions have a negative effect on REC. Samour et al. (2022) 
found economic growth can increase renewable energy consumption in 
the UAE from 1989 to 2019, by the technique of bootstrap autore
gressive distributed lag. Other similar studies in this group are Corsatea 
et al. (2014), Cadoret and Padovano (2016). 

2.2. Policy factors 

The second group is studies that considered the political drivers of 
renewable energy development. Policy drivers include participation in 
international commitments to reduce greenhouse gas emissions (e.g., 
Kyoto Protocol, Paris Agreement and etc.) and the implementation of 
competitive policies (e.g., privatization). For an instant, Sequeira and 
Santos (2018) reviewed relation between renewable energy and politics. 
Their results demonstrated democratic countries are more inclined to 
invest in renewable energy. Liu et al. (2019) appraised the impact of 
renewable energy policy in 29 countries from 2000 to 2015 by the panel 
data model. The empirical findings indicated that the execution of the 
Kyoto Protocol has had a positive impact on the development of 
renewable energy. By applying a panel data on the transition economies 
in Central and Eastern Europe and the Caucasus and Central Asia 
Przychodzen and Przychodzen (2020) have indicated that the imple
mentation of the Kyoto Protocol led to the increase in the renewable 
energy development from 1990 to 2014. But the implementation of the 
competition policy has limited utilization of renewable energy. Uzar 
(2020) analyzed the institutional quality on renewable energy con
sumption in 38 countries during 1990–2015. The findings indicated that 
institutional quality has the impact of positive on renewable consump
tion. By using panel threshold model in 97 countries Chen et al. (2021) 
found that democratic institutions have a considerable role in renewable 
energy use from 1995 to 2015. Using panel quantile method, Belaïd 
et al. (2021) investigated drivers of renewable energy production in the 
MENA countries. They showed that political stability, and governance 
effectiveness are important drivers for renewable energy deployment. 
More related researches are those of Marques and Fuinhas (2012). 

2.3. Technical factors 

The third group investigated the technical factors affecting the 
development and production of renewable energy. This factor contains 
renewable energy capacity, and research and development capabilities. 
For example, Zhao et al. (2019) examined the factors influencing the 
development of renewable energy projects in China. They concluded 
that research and development is an important factor in the develop
ment of renewable energy. With estimating panel data models, Wang 
et al. (2020) have displayed that research and development has the 
major contributor in the development of renewable energy in middle- 
income countries of G20 from 1990 to 2017. By applying ARDL model 
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in 25 OECD countries Alam and Murad (2020) showed the significant 
influence of technological progress on renewable energy use over the 
long-term. By Delphi survey, Chen et al. (2020) indicated that technol
ogy development is a vital driver for the deployment of renewable en
ergy to 2030 in China. Using GLS method Bamati and Raoofi (2020) 
analyzed the drivers of renewable energy production by factors of 
technological, economic, and environmental. They found that high 
technology export drives renewable energy use in developed countries, 
but high technology export isn’t the driver of renewable energy in 
developing countries. There are also similar studies with identified 
findings, such as Gan and Smith (2011). 

Since several factors affect the energy transition, researchers have 
applied various statistical methods to model the three groups as 
mentioned above. Nevertheless, this study investigates the impact of 
technology and Kyoto Protocol along with economic factors on energy 
transitions in G-7 countries through the novel GMM-PVAR method and 
contributes to the development of existing literature. 

3. Model, data and methodology 

We aim to investigate the effect of technology and policy on energy 
transition for G-7 countries. In view of existing studies discussed in the 
literature review section and inspired by the review study Bourcet 
(2020) and the recent study Dogan et al. (2021), this study focuses on 
the following model: 

ENTRit = f (GDPit,CO2it,FPRit,KYOTOit,RECAPit) (1) 

As energy transition (ENTR), we use the share of primary energy 
from renewable energy sources while we utilize Gross Domestic Product 
(GDP) calculated in billions of 2017 USD, fossil fuel prices (FPR) as 
economic variables and carbon dioxide emissions (CO2) calculated in 
billion tons as an environmental variable, the installed renewable power 
capacity as technology variable (RECAP), and the Kyoto protocol as 
policy variable-KYOTO is a binary variable where it takes the value of 1 
if depicts ratification of the protocol and 0 if depicts no ratification of the 
protocol. The sample period is 2000–2019 given it is the maximum 
available span of data for the variables under consideration for G-7 
countries: Canada, France, Germany, Italy, Japan, United Kingdom 
(UK), and United States of America (USA). The definitions and sources of 
the variables employed in this paper are shown in Table 1. 

Figs. 1 and 2 display energy transition, and renewable energy ca
pacity for the G-7 countries over the period 2000–2019. The finding of 
Fig. 1 displays the share of primary energy from renewable sources. 
Canada has the highest energy transition of 28.77% in 2009, while 
United Kingdom has the lowest energy transition of 0.98% in 2001. 
According to Fig. 1, the share of primary energy from renewable sources 
in the G-7 countries increased during the period 2000–2019. The out
puts of Fig. 2 show renewable energy capacity in G-7 countries. United 
States of America and United Kingdom have the highest and lowest 
installed renewable energy power capacity during the period under re
view, respectively. As can be seen, the installed renewable energy power 
capacity of all countries has increased in the period 2000–2019. 

3.1. Methodology 

To perform the econometric analysis, the five-step econometric 
approach is deployed. Firstly, Pesaran’s (2004) test is utilized in order to 
affirm the cross-sectional dependence (CD) across the selected series. 
Secondly, we use CAFD and CIPS unit root tests for checking the sta
tionary (Pesaran, 2007). Thirdly, two advanced tests of cointegration 
(Kao, 1999; Westerlund, 2007) are applied to analyze the long-run as
sociation among the modeled constructs. Fourthly, the novel GMM- 
PVAR technique is deployed for the long-run parameters estimation. 
Lastly, some diagnostics tests are performed which confirm the results’ 
robustness. 

3.1.1. GMM-Panel VAR technique 
Holtz-Eakin et al. (1988) constructed the panel vector autoregressive 

model (PVAR). Recently, Sigmund and Ferstl (2021) extend this PVAR 
fashion encompassing multiple w lags of a endogenous covariates, l 
weakly exogenous (predetermined) and d strictly exogenous covariates. 
Hence, a new stationary PVAR with fixed effects with the mentioned 
parameters was introduced: 

gi,t = qi +
∑w

n=1
Kngi,t− n +Vθi,t +Fzi,t + pi,t (2)  

where gi, t− 1 are the endogenous variables at time t, θi, t denotes the 
weakly exogenous (predetermined) variables while zi, t shows the strictly 
exogenous covariates. Additionally, fixed effects can be eliminated 
either with first difference or the forward orthogonal transformation 
procedure. Besides, implementing Generalized Method of Moments 
(GMM) model we can adopt more robust findings utilizing the co
efficients as instrumentals variables. Moreover, Sigmund and Ferstl 
(2021) modified and extended the estimator of Binder et al. (2005) by 
increasing the lags of the endogenous, weakly and strictly exogenous 
covariates. Therefore, using the first difference or the forward orthog
onal transformation the model of Eq. (2) was constructed as follows: 

Δgi,t =
∑w

n=1
KnΔgi,t− n +VΔθi,t +FΔzi,t +Δpi,t (3)  

in Eq. (3) Δ denotes the first difference or the forward orthogonal 
transformation. The lagged endogenous variable, gi, t, for our study are 
RE, GDP and CO2, θi, t stands for the weakly exogenous variables (pre
determined), for our study are the variables FFRP and RECAP while zi, t 
demonstrates the strictly exogenous variables, which is KYOTO variable. 
The stability of PVAR framework is examined following the modulus of 
each eigenvalue of the calculated model, if all the eigenvalues lie inside 
the unit circle (values are strictly less than one), then PVAR satisfies 
stability condition. Lastly, lag selection criteria based on Andrews and 
Lu’s (2001) procedure. In particular, the authors proposed three alter
native criteria based on the moment selection criteria (MMSC). Namely, 
the MMSC-BIC (Bayesian information criterion) or the MMSC-HQIC 
(Hannan-Quinn information criterion). For our frameworks, we used 
the MMSC-BIC in order to determine the lag length (Andrews and Lu, 
2001; Sigmund and Ferstl, 2021). The results reveal w = 1 for all 
frameworks. 

In particular, the traditional panel approaches such as pooled ordi
nary least square, fixed, and random effect panel models are inappro
priate and unable to efficiently estimate the results due to several issues 
such as lagged dependent variables, endogeneity of independent vari
ables, country-specific effects, and error terms are not autocorrelated 
(Sigmund and Ferstl, 2021). Additionally, endogeneity is classical 
problem for panel data models and unveils biased and discrepant esti
mators. To overcome the endogeneity, many articles implement GMM 
framework (e.g. Wang and Lu, 2020; Lin et al., 2021; Opoku et al., 
2021). However, this GMM framework still cannot completely trace the 
linkages between renewable energy consumption, emissions and 

Table 1 
Definition of variables.  

Variables Definitions Sources 

ENTR Share of primary energy from 
renewable sources (%) 

Our World in Data - Ritchie and 
Roser (2020a) 

GDP Gross domestic product (US$ 2017) Penn World Table 10.0 
CO2 Carbon dioxide emissions (billion 

tonnes) 
Our World in Data - Ritchie and 
Roser (2020b) 

FPR Fossil fuel prices (US $) BP Statistics (2021) 
RECAP Installed renewable energy power 

capacity (MW) 
IRENA (2020) 

KYOTO Ratification of the Kyoto Protocol UNFCCC-Kyoto Protocol  
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economic growth. According to relevant literature, there are possibly 
two-way associations among renewable energy consumption, emissions 
and economic growth (Apergis et al., 2010; Dogan and Seker, 2016). The 
GMM-PVAR model establishes a system of equations which includes all 
the variables as endogenous. Hence, this method can suitably eliminate 
the endogeneity problem. Furthermore, it can capture the leverage of 
one exogenous shock applying the orthogonalized response and keeping 
the other covariates invulnerable to external shocks (Sigmund and 
Ferstl, 2021). Other studies also applied a GMM-PVAR model, among 
others (Ouyang and Li, 2018; Ozcan et al., 2020; Gyedu et al., 2021; 
Usman et al., 2022). 

4. Empirical analysis 

4.1. Pre-estimation checks 

In Table 2, the descriptive statistics for the sampled economies’ se
ries are depicted. For instance, the mean of RECAP is the largest, fol
lowed by GDP. On the other hand, KYOTO possesses the smallest mean 

among the modeled variables. Also, a significant oscillation between 
minimum and maximum values of the variables is noticed. 

Table 3 shows the correlation among the selected series. ENTR 
demonstrates a significant and positive association with FPR and 
RECAP, while it shows a significantly negative correlation with GDP and 
CO2. Besides, ENTR exhibits no significant correlation with KYOTO. 
Likewise, GDP indicates a significantly positive correlation with CO2 and 
RECAP and negative correlation with KYOTO except FPR that is insig
nificant. The CO2 correlation is significant only with RECAP and KYOTO 
that is positive and negative, respectively. Additionally, FPR possesses a 
positive correlation with RECAP and KYOTO. Lastly, RECAP shows a 
significantly negative correlation with KYOTO. Besides, the statistics of 
variance inflation factor (VIF) affirm that the multicollinearity level for 
GDO and CO2 is moderate and can be problematic; therefore, a test that 
deals with endogeneity is required for reliable long-run analysis. 

Next, we deploy Pesaran’s (2004) test that asserts that the cross- 
sectional dependence (CD) is witnessed in the constructs of the cur
rent study at 1% significance level as Table 4, Panel A and C reports. It 
indicates the invalidity of the conventional tests and techniques on ac
count of CD and suggests the application of advanced methods for 
reliable outcome. Therefore, the study uses the 2nd generation unit root 
tests (i.e., CADF and CIPS). The findings determine the stationary of all 
series at first difference, implying that the null hypothesis of unit root is 
rejected and all the variables are stationary in the presence of CD as 
reported in Table 4, Panel A. 

Table 4, Panel B provides the cointegration results to confirm the 
long-run association among the selected series. The outcome of Kao 
(1999) and Westerlund (2007) tests reject the null hypothesis of “no 
cointegration” and accept the alternative hypothesis at 1% and 5% 
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Table 2 
Descriptive statistics.  

Variables Max Min Mean Std. dev 

ENTR  28.74  0.98  10.25  8.01 
GDP  20,563.6  1290.4  4980.8  5095.4 
CO2  6134.5  315.9  1375.5  1792.7 
FPR  223.52  61.55  130.45  44.16 
RECAP  26,2732.5  2893.0  60,481.9  49,872.9 
KYOTO  1  0  0.72  0.45  
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significance level, respectively. The results indicate that the long-run 
association among ENTR, GDP, CO2, FPR, and RECAP exists in the 
presence of CD. Hence, we can confidently move towards the next step of 
parameters estimation. 

4.2. Evidence from the GMM-PVAR estimation 

In this section, we compute long-run relationship among the energy 
transition and its determinants. Before interpreting the GMM-PVAR 
coefficients, it is imperative to assess the stability condition of GMM- 
PVAR (Usman et al., 2022). The stability condition’s outcome reveals 
that modulus of eigenvalue’s values are less than one, implying that 
PVAR fulfills the stability condition as Fig. 3 illustrates. It also ensures 
that all the modeled series and PVAR system are stationary. Thus, the 
GMM-PVAR estimates are reliable and consistent as Table 5 presents. 
Since the paramount focus of the study is divulging the determinants of 

(energy transition) ENTR, we mainly interpret how the modeled factors 
affect the ENTR. Besides, we find and discuss the several interesting and 
novel findings. 

The GMM-PVAR estimates confirm the positive and significant link 
between RECAP and ENTR such that, on average, a 1% rise in RECAP 
tends to enhance the ENTR in G-7 economies by 0.32% at 1% signifi
cance level. It implies that the share of renewable energy (RE) to pri
mary energy rapidly increases as G-7 economies improve the RE power 
capacity installation. Putting simply, the renewable energy technology 
significantly triggers the energy transition in G-7 nations. The likely 
explanation is that G-7 economies are among the top nations which are 
taking the serious measures to step up their renewable energy capacities 
in order to achieve green and sustainable development. To this end, G-7 
economies have invested a large share of their GDPs to trigger the 
renewable energy production. For example, USA, Japan, UK, France, 
Germany, Canada and Italy have invested $55.5bn, $16.5bn, $5.3bn, 

Table 3 
Correlation matrix and VIF statistics.   

ENTR GDP CO2 FPR RECAP KYOTO 

ENTR  1.00      
GDP  − 0.36***  1.00     
CO2  − 0.28***  0.92***  1.00    
FPR  0.23***  0.05  − 0.03  1.00   
RECAP  0.59***  0.47***  0.51***  0.23***  1.00  
KYOTO  0.07  − 0.48***  − 0.60***  0.27***  − 0.33***  1.00 
VIF   7.03  8.62  1.26  1.49  1.81 

Notes: ***, **, and * show significance at a 1%, 5% and 10% level, respectively. VIF means variance inflation factors. 

Table 4 
Tests for panel unit root, cointegration and cross-sectional dependence.  

Panel A: panel unit root tests 

Variables CD-test CADF (1st diff.) CIPS (1st diff.) 

lnENTR  15.68***  − 3.36***  − 5.51*** 
lnGDP  14.19***  − 2.29*  − 3.53*** 
lnCO2  12.78***  − 3.37***  − 3.91*** 
lnFPR  20.49***  − 2.61***  − 2.61*** 
lnRECAP  19.69***  − 2.31*  2.43**   

Panel B: panel cointegration tests 

Kao test with demean option: − 6.18*** 
Westerlund test: − 1.80** 
Panel C: CD-test for the model 
Pesaran CD test: 24.084*** 

Notes: ***, **, * show significance at a 1%, 5% and 10% levels, respectively. 

Fig. 3. Stability test.  

Table 5 
Results for the GMM-PVAR.  

Dependent variable lnENTR lnGDP lnCO2 

lnENTR (− 1)  0.354***  0.340*  0.007 
lnGDP (− 1)  0.165*  0.012***  − 0.003** 
lnCO2 (− 1)  − 0.123*  − 0.106  0.011*** 
lnFPR  − 0.315**  0.173  − 0.474 
lnRECAP  0.321***  0.536**  0.146 
KYOTO  0.557*  − 0.214*  0.346   

Diagnostic tests 

Hansen J stat. p-value  0.925 
(1) Modulus of eigenvalue  − 0.408 
(2) Modulus of eigenvalue  − 0.243 
(3) Modulus of eigenvalue  0.011 

Note: ***, **, and * show significance at a 1%, 5% and 10% level, respectively. 
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$4.4bn, $4.4bn, $2bn, and $1.9bn to renewable energy industry in 2019 
in order to enhance the RE power capacity installation (International 
Renewable Energy Agency, i.e., IRENA, 2021). Consequently, the 
renewable energy power capacity of the USA, Japan, Canada, Germany, 
Italy, France, and UK was recorded by 178.08GW, 117.21GW, 87.15GW, 
69.80GW, 47.63GW, 38.72GW, and 35.64GW, respectively. Also, these 
economies were listed in the 10 economies with largest renewable en
ergy power capacity. Besides, a large number of patents for renewable 
energy evolution were registered in G-7 nations. For example, 15,421 
patents in USA, 343 patents in UK, 364 patents in Canada, 2464 patents 
in Japan, 2469 patents in Germany, 99 patents in France were registered 
in 2020 (IRENA, 2021). All such steps improve the renewable technol
ogy (i.e., renewable energy power capacity installation). Ultimately, this 
process boosts the renewable energy production that triggers the green 
energy transition ratio in G-7 economies. Unlike the prior studies, this is 
the unique outcome of the current study that asserts the RECAP as a 
novel determinant of ENTR since this is the first study that confirms the 
dynamic nexus between renewable energy production and green energy 
transition ratio in G-7 economies. Also, this outcome is more directional 
and reliable in the term of policy recommendations perspective because 
this finding is based on the advance econometric technique that tackles 
the issue of cross-sectional dependance and heterogeneity. Hence, the 
policy-makers can consider these results for policy-making perspective 
due to the presence of reliability, consistency, and unbiasedness, unlike 
the traditional econometric techniques. 

Like RECAP, the environment-related policy, via, KYOTO has a 
positive impact on ENTR that is significant at 10% level of significance. 
It indicates that, on average, a 1% upsurge in the implication of the 
KYOTO protocol policies leads to boost the ratio of ENTR by 0.55%. The 
KYOTO protocol is based on such principles and policies that emphasize 
the advanced and industrialized economies to enhance the environ
mental quality by promoting the renewable energy resources and 
reducing the greenhouse gases. Practicing the KYOTO protocol princi
ples, G-7 countries has taken remarkable steps by promoting the green 
infrastructure investment. For instance, the USA, Italy, Germany, 
France, Canada, Japan, and UK have invested £971.75bn (6.39% of 
GDP), £83.87bn (5.91% of GDP), £49.39bn (1.80% of GDP), £47.70bn 
(2.48% of GDP), £32.55bn (2.64% of GDP), £13.62bn (0.38% of GDP), 
and £12.13bn (0.60% of GDP), correspondingly, in 2020 (Trade Union 
Congress, 2021). Since the green infrastructure investment support the 
green environment through various means such as improving the green 
energy production and encouraging the green energy efficiency, thus, 
such steps under the umbrella of KYOTO protocol escalate the process of 
green energy transition. Again, this is another unique finding of our 
study that claims that KYOTO protocol principles effectively invigorate 
the energy transition in G-7 economies. In the context of the comparison, 
the prior literature does not focus on divulging the practical effects of 
KYOTO on green energy transition. Hence, this finding possesses the 
vital importance for policy-makers to induce the global authorities in 
order to take the serious steps to attain the green and sustainable 
development. 

In a similar vein, GDP also shows a significantly positive link with 
ENTR. The findings determine that a 1% increase in G-7 economies’ GDP 
results in fostering the ENTR level, on average, by 0.16% at 10 signifi
cance level. Since G-7 are the leading economies that invest a substantial 
part of their GDPs towards renewable energy industry for green envi
ronmental, hence, the variable of GDP demonstrates positive effects on 
ENTR. The same outcome is articulated by Nawaz et al. (2021) for N-11 
and BRICS, Gozgor et al. (2020) for OECD, Jacqmin (2018) for EU, and 
Chen (2018) for China. Unlike the current finding, Aguirre and Ibikunle 
(2014) for 38 economies, Marques et al. (2010) for selected EU econo
mies, and Omri and Nguyen (2014) for 64 economies confirm the 
adverse effects of GDP growth on the renewable energy consumption. 
The plausible reason for these contradicting results is that majority of 
the prior scholars rely on traditional technique to assess the impacts. 
Hence, these studies can be biased and misleading and therefore, this 

results in contradiction among the studies. Another possible reason is 
the inaccurate model selection. Since the inappropriate model selection 
may lead to misleading results that can be contradictive to the other 
studies. 

Unlike the above variables, CO2 emissions reduce the process of 
ENTR with the significance level of 10%. The results suggest that, on 
average, energy transition ratio declines by 0.12% as the level of emis
sions increases by 1%. It indicates that carbon emissions’ detrimental 
repercussions deteriorate the renewable energy transition process in G-7 
economies. The likely reason is that carbon emission mainly stems from 
the combustion of fossils fuels. It indicates that the more the use of fossil 
fuels tends to shrink the volume of green energy. Ultimately, it can be 
inferred that carbon emissions indirectly deteriorate the green energy 
transition process when more traditional fuels are employed. It can also 
be inferred from the above findings that the consistent use of fossils fuels 
in G-7 economies may create the adverse effects on the green energy 
transition process. Also, Ahmadov and van der Borg (2019) for EU 
economies conclude the same result. Contrary of our outcome, Gozgor 
et al. (2020), and Aguirre and Ibikunle (2014) affirm that positive as
sociation between CO2 and renewable energy for OECD, EU and BRICS 
economies, respectively. Finally, FPR also reveals the negative link with 
ENTR with 5% significance level. It is found that a 1% rise in the prices 
of fossils fuel tends to impede the energy transition process, on average, 
by 0.31%. The likely economic reason is that the rise in FPR escalates the 
prices of the products that increase the producers’ profit. To grab the 
high ratio of profits, the local producers prefer to deploy cheap tech
nologies based on fossil fuels and this process decrease the use of green 
technology. Ultimately, it reduces the ENTR. The recent finding is in the 
line with the outcome reported by Ahmadov and van der Borg (2019) for 
EU economies and is contradictory with the study by Gozgor et al. 
(2020) for OECD. 

Whereas the determinants of GDP are concerned, the GMM-PVAR 
estimates exhibit that ENTR is a significant determinant of G-7 econo
mies such that a 1% increase in ENTR leads to foster the GDP ratio by 
0.34% with the 10% significance level. Overall, it implies that ENTR has 
the significantly positive impacts on GDP. This is in line with Gozgor 
(2018). Likewise, RECAP also indicates a positive link with GDP. We 
notice that the level of GDP moves upwards by 0.53% due to an upsurge 
in RECAP by 1%. In this respect, Ram et al. (2020) concluded that 
renewable energy technologies generate socioeconomics benefits. Omri 
et al. (2022) overall stated that “Green energy sources will certainly 
have a leading role not only in the long-awaited process of decarbon
ization of the fuel mix but also in building a new economic model to 
advance social welfare and sustainability”. On the other hand, KYOTO 
variables affect the GDP adversely such that a 1% increase in KYOTO 
results in shrinking the GDP by 0.21% with 10% level of significance. 
Ironically, FPR and RECAP demonstrate no significant link with the GDP 
of G-7 countries. As far as the determinants of CO2 are concerned, we 
find that only one variable shows the significant nexus with CO2. The 
results reveal that only GDP has the significant association with CO2 
such that a 1% rise in GDP leads to ameliorate the harmful effects of 
emissions by 0.003%. While the all-other series (ENTR, FPR, RECAP and 
KYOTO) show the insignificant relationship with CO2. 

4.3. Evidence from conventional long-run estimations 

We also apply some conventional techniques to compare the findings 
with the outcome of novel GMM-PVAR model. According to Table 6, the 
OLS, Random effects, DOLS, FMOLS, and IMOLS estimates determine 
that a 1% upsurge in GDP tends to shrink the ENTR level by 0.73%, 
0.50%, 0.88%, 1.00%, and 0.82%, respectively. These findings strongly 
oppose the outcome of GMM-PVAR. Likewise, FMOLS estimate suggest 
that a 1% rise in CO2 significantly supports the process of ENTR by 
increasing it by 0.30%, against the GMM-PVAR estimate. However, OLS, 
and Random effects estimates support the finding of GMM-PVAR such 
that a 1% rise in CO2 discourages the ENTR by 0.18% and 0.37%, 
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correspondingly, except DOLS and IMOLS estimates that are insignifi
cant. In the case of FPR-ENTR nexus, OLS Random, effects, DOLS, 
FMOLS, and IMOLS estimates confirm that ENTR significantly escalate 
the ratio of ENTR by 0.09%, 0.04%, 1.31%, 0.35%, and 0.73%, 
respectively, contradicting with the GMM-PVAR estimate. Also, the es
timate of OLS shows the adverse effects of KYOTO on ENTR such that a 
1% rise in KYOTO tends to contract the ENTR by 0.04%, unlike the 
outcome of GMM-PVAR. However, the FMOLS estimate deduces that 
ENTR gets the rise by 0.13% as KYOTO increases by 1%, supporting the 
GMM-PVAR outcome. Lastly, all the conventional methods’ outcome 
remains consistent with the GMM-PVAR results in the case of RECAP- 
ENTR nexus. We observe that OLS, Random effects, DOLS, FMOLS, 
and IMOLS estimates affirm that a 1% increase in RECAP results in 
enhancing the ratio of ENTR by 0.85%, 0.84%, 0.83%, 0.84% and 
0.87%, respectively. 

We observe that the conventional estimators contradict with the 
results of GMM-PVAR while exploring the nexus between GDP, CO2, 
FPR, KYOTO and ENTR. The essential reason to report the results of 
conventional techniques is to demonstrate the notable difference be
tween outcomes of both kinds of methods i.e., traditional and advanced 
econometric techniques. The traditional techniques cannot tackle the 
issue of endogeneity. In a similar vein, these techniques also cannot 
handle issue of cross-sectional dependance. Thus, the results based on 
the traditional techniques may be biased, inconsistent, and misleading; 
hence, such outcomes cannot be reliable to derive policy recommen
dations. On the other hand, the novel GMM-PVAR model has the strong 
ability to handle the issues endogeneity and CD among the selected se
ries. For example, the conventional techniques indicate that GDP slows 
down the green energy transition process. Contrarily, GMM-PVAR esti
mates confirm that GDP is a vital indicator in triggering the green energy 
transition process. Similarly, we observe that the outcome of FMOLS 
technique suggests the positive association between CO2 and energy 
transition, against the advanced estimator. Also, it can be seen that the 
conventional estimates show FPR enhance the ratio of energy transition. 
On the other hand, the advanced technique contradicts the conventional 
results and affirm the adverse effects of FPR on green energy. Besides, 
the findings of conventional methods exhibit that KYOTO variable de
teriorates the green energy transition unlike the GMM-PVAR’s results. 
To recapitulate, the conventional methods produce the contradictive 
results. Hence, our findings indicate that the conventional methods’ 
results can be suspected for biasness and, thus, their outcome is con
tradictive with the GMM-PVAR estimates which are consistent and 
reliable. Besides, this comparison indicates how the misleading and 
inconsistent results can mislead the policy-makers regarding to suggest 
the relevant policies. Specially, these contradictive outcomes are 
severely critical and sensitive for G-7 economies in the context of policy 

implications. Hence, it is imperative to focus on the suitable and 
appropriate techniques to obtain the reliable findings for recommending 
the appropriate policies. 

5. Conclusion and policy implications 

By far, the recent study has extended the existing literature by 
identifying the two novel indicators of renewable energy transition 
(ENTR), i.e., RECAP as a renewable technology and KYOTO as an 
environmental policy for G-7 economies. To this end, the study takes the 
data from 2000 to 2019 and deploys novel GMM-PVAR technique that 
possesses the ability to handle the traditional as well as advanced 
econometric issues to obtain the robust findings. The results assert that 
RECAP and KYOTO are the crucial factors that significantly trigger the 
process of ENTR in G-7 economies. Hence, these both indicators can play 
an essential role to put the sampled economies on the track of energy 
transition for sustainable and green development. Additionally, GDP 
shows the positive effects, and CO2 and FPR exhibit the adverse impacts 
on ENTR. We also notice that the conventional and traditional ap
proaches that cannot tackle the advanced econometric issues compute 
the misleading and biased findings which can be highly sensitive for 
policy recommendations process. 

Since the primary aim of the study to divulge the results in order to 
suggest the suitable policies; hence, we present some results-based 
policies to the pertinent authorities. Firstly, the results determine that 
RECAP significantly triggers the green energy transition in the G-7 na
tions. Although G-7 economies are listed in the leading economies that 
are endeavoring to replace the traditional energy with the green energy; 
however, this process suffers from several risk factors. Such kind of risks 
and uncertainties may impede the private investment ratio to the green 
energy sector. Also, the large amount of public investment for energy 
transition may lead to a fiscal burden. To cope with this situation, the 
recent study recommends a phase-wise policy. The first step should 
involve such a process in which G-7 economies will focus on importing 
the green technologies that enhance the green energy power installation 
via foreign direct investment route. This step will assist in boosting the 
renewable energy installation capacity without generating the fiscal 
burden. The second phase should consist of the process that helps in 
getting the stability for the first phase. To do so, the G-7 authorities 
should start to provide the subsidies to the green energy installation 
investors and levy the high ratio of taxes on the industries deploying the 
conventional and polluting methods for energy production. This step 
will bring a stable green energy power installation process. In the third 
phase, after getting the stability, the G-7 economies should consider to 
replace the cheap and polluting energy industries with the green energy 
industries via imports. Ultimately, this three-phase strategy may help in 

Table 6 
Results from conventional long-run estimations.  

Independent variables OLS Random effects DOLS FMOLS IMOLS 

lnGDP − 0.730*** 
(0.101) 

− 0.501** 
(0.213) 

− 0.888*** 
(0.174) 

− 1.005*** 
(0.189) 

− 0.829*** 
(0.261) 

lnCO2 − 0.181*** 
(0.111) 

− 0.376*** 
(0.134) 

0.011 
(0.145) 

0.306** 
(0.142) 

− 0.074 
(0.257) 

lnFPR 0.097*** 
(0.034) 

0.044** 
(0.019) 

1.319*** 
(0.310) 

0.355** 
(0.152) 

0.730* 
(0.408) 

lnRECAP 0.856*** 
(0.011) 

0.849*** 
(0.055) 

0.838*** 
(0.060) 

0.843*** 
(0.067) 

0.878*** 
(0.113) 

lnKYOTO − 0.044* 
(0.026) 

− 0.021 
(0.018) 

− 0.029 
(0.087) 

0.133** 
(0.057) 

0.100 
(0.120) 

Constant 3.168*** 
(0.405) 

3.518*** 
(0.489)    

Year dummies Yes Yes    
Hausman test  6.894    
R-squared 0.968 0.960    

Notes: ***, **, and * show significance at a 1%, 5% and 10% level, respectively. Robust standard errors are shown in parentheses. Non-significant Hausman test unveils 
that Random effects model is preferred. 
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boosting the green energy installation process that will lead to increase 
the green energy transition in the sampled nations. 

Secondly, we find that KYOTO, as an environmental policy variable, 
significantly promotes the energy transition. It indicates that the G-7 
economies have successfully commenced to practice the KYOTO prin
ciples to obtain the clean energy (SDG-7). The G-7 economies are in the 
list of top emissions importer economies. For example, Germany, 
France, the USA, the UK, Japan, Italy, and Canada were the 2nd, 3rd, 
5th, 8th, 9th, 11th, and 16th, respectively, top economies as a carbon 
importer in 2019 (WITS, 2021). This alarming situation necessitates to 
take more serious measures for G-7 economies. In this context, the G-7 
economies should pay deep attention on the following two suggestions 
in order to foster the green energy industry while following the KYOTO 
protocol principles. Firstly, the G-7 nations should promote the green 
infrastructure program publicly. To this end, the authorities should 
focus on both sides of producers and consumers as well. For instance, the 
“Green Subsidies” and “Green Awards” programs can encourage the 
production of renewable energy; it will increase the energy transition. In 
a similar vein, the governments should induce the consumers’ side to use 
the green products. It can put a pressure on the production side to deploy 
the green energy resources and this process can also enhance the green 
energy transition. Secondly, since the G-7 economies imports a huge 
quantity of carbon emitting goods, an appropriate amount of tax should 
be imposed on such goods. This step will discourage the imports of 
environmental polluting goods gradually along with increasing the 
finance. Such finance can be utilized for the promotion of the “Green 
Subsidies” and “Green Awards” to magnify the green energy transition 
under the umbrella of KYOTO protocol. 

Finally, we notice that fossil fuel prices significantly discourage the 
process of energy transition in G-7 economies. It implies that the infla
tion in fossil fuels production can detract from energy transition and it 
may cause the instability in green energy industries. Therefore, it is 
suggested that the imposition of an appropriate tax ratio on the in
dustries deploying the conventional energy system in the phase of 
inflation in an economy can minimize the adverse effects of the rise in 
fossil fuel prices and discourage the producers from replacing the green 
industry with cheap energy industry to earn the high profits. 

For future studies, our study suggests the following direction, hoping 
that these directions can be helpful in divulging new research sights. 
Firstly, the recent study targets the G-7 economies while exploring the 
RECAP and KYOTO as novel drivers of energy transition. In future, the 
scholars are suggested to examine the same model for the sample of 
global economies, different regions (i.e., Asian region, South Asian re
gion, Middle East region, European Union and African states), and 
various income-wise groups of economies (i.e., low-income, middle-in
come, and high-income nations) for the policy-oriented findings. Sec
ondly, our study considers the linear characteristics of the sampled 
series. The researchers are encouraged to divulge the plausible non- 
linearity among the modeled variables by deploying the nonlinear 
techniques for more detailed and informative results. Thirdly, our 
findings confirm the significant difference between the results of tradi
tional and advanced econometric techniques. Hence, the scholars are 
suggested to be careful in selecting the suitable and advanced methods 
in order to obtain reliable and robust findings. Lastly, the future studies 
can enrich the recent study’s model by including some other variables 
such as financial innovation, human capital, global value chain, eco
nomic globalization, financial assets’ prices, economic policy un
certainties etc., expecting the interesting findings. 
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