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Abstract 
 
The attainment of sustainable development goals mostly depends on economic and environmental 
factors. In line with this rationale, this study aims to analyze the effect of renewable and non-
renewable energy consumption, globalization, economic freedom, and trade openness on the load 
capacity factor (LCF) using PMG-ARDL approach. The outcomes demonstrate that renewable 
energy usage increases environmental sustainability both in the short- and long-run. Conversely, 
non-renewable energy leads to deterioration of the environmental quality by decreasing LCF both 
in the short run and long run.  Furthermore, the results demonstrate that economic growth degrades 
environmental quality both in the short- and long-run, with the long-run effect being insignificant. 
This study also finds that globalization mitigates LCF in the long term, but an insignificant reverse 
relationship is detected in the short run. In the short-run, trade openness has a negative impact on 
LCF, but in the long-run, it has a positive impact on LCF. Furthermore, the study reveals that the 
role of economic freedom on LCF is negative.  
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1. Introduction 
 
Human activities, economic prosperity, energy use, and environmental degradation are 
interconnected. Growing population demands put pressure on the environment, affecting 
ecological sustainability and load capacity. There has been a significant spike in environmental 
challenges, including rising temperatures, increasing sea levels, water scarcity, etc. Industrialized 
nations are mainly responsible for the substantial effects of climate change on regional and global 
scales, because industrialization always depends on energy consumption. Emissions from energy 
usage are directly connected to environmental degradation. Emphasizing environmental protection 
within global economic relations allows us to utilize resources without harming the environment 
or not exceeding its capacity to generate sustainable energy, thereby achieving a balance among 
the environment, climate, and humanity. 
 
G7 countries are the main contributors to global carbon emissions (Yang & Umar, 2022). Today, 
the G7 is a significant CO₂ emitter, as economic growth and environmental protection have often 
been compromised since the former has been prioritized in these nations (Lundgren et al., 2015). 
In 2018, the G7 emitted 8,611.80 million tonnes of carbon, 25.41% of global emissions (Liu et al., 
2020). The G7 was responsible for 23.1% of the world's carbon dioxide (CO₂) release in 2020. As 
per the International Energy Agency (IEA), the rising global need for energy and a flourishing 
global economy contributed 36.8 gigatons of carbon dioxide release in 2022, an increase of 0.9% 
compared to the prior year (Ghosh et al., 2023; Muhammad et al., 2022). According to the 
statistical review of world energy 2022, the G7 nations account for nearly 28% of the world's 
primary energy consumption (bp, 2022). Given the substantial energy use and economic output of 
the G7 nations, along with their large populations, it is crucial to examine how these factors impact 
environmental quality within these nations. Investigating G7 CO2 emission variables is essential 
for global emissions management.  
 
To measure environmental degradation in G7 nations, this study uses the load capacity factor 
(LCF) as the dependent variable. Here, the LCF is used as a proxy for assessing a sustainable 
environment in terms of the environmental quality across G7 nations. This would help provide a 
thorough description of environmental problems by contrasting the degree of harm to the 
environment with its ecological ability to tolerate it. The LCF is a superior statistic to CO2 release 
and ecological footprint when evaluating environmental quality, because it examines both the 
demand and supply factors related to the environmental condition (Xu et al., 2022). However, as 
much as Load Capacity Factor (LCF) is a useful sustainability indicator, it does come with 
significant limitations. It may result in measurement discrepancies between nations over time due 
to its extreme sensitivity to biocapacity estimations, which are based on different ecological 
accounting techniques and assumptions about land production (Pata & Isik, 2021). In addition, 
LCF fails to consider essential aspects regarding the environment, like the resilience of 
ecosystems, biological diversity decay, and the causes of pollution (Lin & Ullah, 2024). Even after 
some limitations, the LCF is a direct indicator of environmental stewardship, unlike CO2 release 
and ecological footprint, which primarily focus on environmental implications (Hakkak et al., 
2023). Consequently, this approach serves as a more efficient method for assessing the beneficial 
impact on the environment. When the LCF is less than 1, it signals an unsustainable ecosystem. 
Conversely, when LCF exceeds 1, it indicates a sustainable ecosystem (Pata & Balsalobre-Lorente, 
2022). A higher LCF indicates more efficient utilization of renewable resources, resulting in fewer 
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emissions and lower ecological impact (Jahanger et al., 2024). High load capacity enhances the 
environment by minimizing distortion, leading to improved environmental sustainability. 
However, the pressure on the environment to meet human demand is causing a decrease in the 
LCF.  
 
The G7 countries are a group of highly industrialized nations with strong economic growth and 
high production levels. To sustain robust demand and rapid economic expansion, the G7 countries 
are reducing their load capacity. Initially, Canada held a favorable position, but it has been 
gradually deteriorating over time. The remaining nations, namely the US, Italy, France, Japan, and 
Germany, all have load capacity factors below 1. These countries must prioritize both 
environmental sustainability and economic growth and development. Fig 1 shows the load 
capacity situation in the G7 countries. 
  
 

 
Fig 1: Load Capacity Factor of G7 countries 

Excessive dependency on nonrenewable sources and unsustainable consumption causes significant 
environmental damage and are mostly responsible for the decreased LCF situation in G7 nations. 
Nonrenewable energy is a major cause of global warming, which accounts for most carbon 
emissions (Awodumi & Adewuyi, 2020; Bildirici & Gökmenoğlu, 2017). Over the last several 
decades, there has been a significant increase in the demand for energy derived from fossil fuels. 
Although this has facilitated economic growth, it has simultaneously increased carbon emissions. 
The usage of fossil fuels for energy resulted in human-caused CO2 emissions that accounted for 
94% of the total U.S. anthropogenic CO2 emissions and 76% of U.S. greenhouse gas (GHG) 
emissions (EIA, 2016). The catastrophic damage and economic degradation caused by this 
situation highlight the urgent need to enhance energy efficiency and explore alternative energy 
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sources to replace fossil fuels (Jebli et al., 2016). Implementation of sustainable policies that aim 
to find a balance between economic growth and environmental protection requires a paradigm shift 
away from non-renewable energy to renewable sources as an alternative that reduces pollution and 
is kinder to the environment (Destek & Aslan, 2020a; Ibrahim & Ajide, 2022; Khan, Malik, et al., 
2020).   
 
Significant enhancements have been observed in the energy sector worldwide, with a notable rise 
in energy consumption. These developments have also raised significant concerns regarding 
pollution and climate disruption (Katircioglu et al., 2020). The decrease in carbon dioxide 
emissions has arrived as a leading responsibility on a worldwide scale (Nicita et al., 2020; 
Almohaimeed et al., 2021). The demand for renewable energy has significantly grown because it 
produces a lower amount of carbon emissions in comparison to traditional energy (Haldar & Sethi, 
2021). Highlighting the significance of lowering emissions and safeguarding the environment, 
SDG 7 focuses on clean energy and energy efficiency to mitigate greenhouse gases and regulate 
energy demand. Specifically, SDG 7.2 focuses on mitigating the effects of climate change by 
significantly increasing the share of renewable energy in the global energy mix by 2030 (United 
Nations, 2015).  Reducing CO₂ emissions from consumption may be achieved via renewable 
energy (Khan, Ali, et al., 2020). Raising the amount spent on clean energy is something that the 
G7 nations should do to meet their carbon neutrality goals (Erdogan et al., 2023). Over the 
observed period, expanding the use of renewable energy was effective in lowering the release of 
CO₂ in France, Japan, Germany, and the US; raising the use of hydroelectricity was effective in 
minimizing CO₂ release in Italy and the UK; enhancing the use of wind energy decreased emissions 
in Canada; and using solar energy was effective in lowering emissions in France and Italy (Destek 
& Aslan, 2020b).  
 
Globalization as one of the main drivers of financial development (Acheampong et al., 2019; 
Baloch et al., 2018), can boost economic growth and improve infrastructure, allowing 
environmental investment. G7 countries have globalized quickly due to rapid growth and 
economic success. For 37 years, the G7 nations have had an average financial globalization score 
of 70.95, 35% greater than the global median (Gygli et al., 2019). However, Globalization is 
generally blamed for environmental degradation and increasing emissions (Umar et al., 2020). 
Thus, such nations worry about investment and spending.  On the contrary, Globalization can 
transfer good environmental technology. It has strengthened environmental preservation 
movements worldwide, benefiting nations at different stages of development (Mol, 2002). 
Furthermore, globalization has a significant long- and short-term effect on sustainable 
development through social, economic, political, cultural factors, and higher education (Sart, 
2022). 
 
Freedom of economic choices, which includes choices about consumption, production, and 
distribution, is often called economic freedom. Economic freedom grants individuals the right to 
make their own decisions. While it boosts consumerism, according to environmentalists, it can 
also lead to ecological damage (Hafeez et al., 2019). In situations with too much economic 
freedom, no one is ensured protection from harm, including environmental harm to themselves or 
their property. Nevertheless, economic freedom can sometimes promote research and 
development, leading to reduced energy use and solutions to environmental problems (Mahmood 
et al., 2021). For economic activity by individuals and businesses to be sustainable, a carefully 
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designed legislative framework and effective economic policies are needed to protect the 
environment, which may limit some aspects of economic freedom for consumers and producers.  
 
International trade has increased commodity and service flows, boosting economic activity. 
According to (Gozgor & Can, 2016; Liu et al., 2018), trade openness boosts product and service 
movement and enhances economic production. However, it has severe environmental impacts (Liu 
et al., 2018).  International trade releases production-related CO2 in the G7 countries, while local 
demand for imported commodities is rooted in CO₂ (Olanrewaju et al., 2022a). Alongside trade, 
one of the major factors affecting LCF is gross domestic product (GDP). The relation between 
the rise in GDP and environmental quality is divisive, and scholarly literature supports both sides. 
Some believe economic growth leads to increased power use, which pollutes and destroys the 
environment. As the economy grows, consumerism rises, which can harm the environment 
(Shahzadi et al., 2023). Some think government intervention is needed to restrain development, 
while others think continuous economic growth will reduce pollution and improve the environment 
(Hussen, 2012; Sahin et al., 2015). Economic growth increases human capital investments, which 
enhances environmental awareness and innovation, and it also reduces energy use, raising 
environmental concerns (Yasmin et al., 2019). 
 
G-7 countries are economically developed, possessing significant economic and environmental 
influence globally. Since LCF is a measure of the dependability and effectiveness of energy 
systems, it is essential to comprehend its factors to promote energy sustainability all over the world 
through the G7 nations. Using important macroeconomic and institutional factors, this study seeks 
to determine how policy frameworks and global integration affect energy efficiency. So, firstly, 
this research aims to explore the dynamic relationship between energy consumption, globalization, 
and economic freedom with environmental sustainability in G7 countries. Secondly, understanding 
the direction or nature of the linkages between the macroeconomic and environmental variables is 
crucial for developing policies that support sustainability. To achieve this goal, the study also 
intends to evaluate the direction of the interactions between variables to ascertain whether changes 
in economic and policy factors cause changes in the performance of the environmental system, or 
vice versa. 
 
The study's originality comes from its thorough analysis of the connections between trade 
openness, globalization, environmental sustainability, economic growth, and renewable and 
nonrenewable energy use, particularly in the context of the G7 nations. Although some of these 
relationships have been studied separately or in small country settings in the past, the simultaneous 
examination of these variables within the G7 countries offers a unique opportunity to comprehend 
the intricate interactions between patterns of energy use, globalization, economic development, 
and environmental outcomes in highly industrialized and significant economies. Furthermore, to 
analyze environmental consequences, this study uses the LCF instead of just considering CO₂ or 
ecological footprint.  
 
Finally, through the use of sophisticated econometric methods like Pooled Mean Group 
Autoregressive Distributive Lag (PMG-ARDL), Dumitrescu & Hurlin panel causality testing, 
Generalized Method of Moment (GMM), Fully Modified Ordinary Least Squares (FMOLS), and 
Canonical Cointegrating Regression (CCR), this paper gives a complete overview of the processes 
driving the adoption of renewable energy and its ramifications for environmental sustainability in 
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the world's most industrialized economies. Pesaran et al. (1999a) point out that PMG-ARDL is 
appropriate for dynamic panel data analysis because it can handle panel heterogeneity and Cross-
sectional Dependence (CSD) and capture both long- and short-term dynamics. To resolve 
endogeneity issues, GMM and FMOLS are used, which produce reliable parameter estimates 
(Blundell & Bond, 1998; Phillips & Hansen, 1990a).  Furthermore, panel causality testing, as 
proposed by Dumitrescu & Hurlin, (2012), facilitates the identification of causal links between 
variables. This methodological combination guarantees a solid study, considering the complex 
interrelationships between energy consumption, economic variables, and environmental results in 
the G7 countries. 
 
2. Literature review 
 
This section discusses the existing literature on the impact of economic growth, globalization, 
primary and renewable energy consumption, and trade openness on the load capacity factor. 

 

 2.1. Nexus between Renewable and Nonrenewable Energy and with Environment 
Energy consumption is the most crucial factor that affects environmental sustainability. Energy 
can be divided into two sources: renewable energy, which is reproducible from environmental 
sources, and nonrenewable energy, which is nonreproducible.  Soytas et al. (2007) investigate the 
possible relation between energy consumption and greenhouse gas release. They used yearly time 
series data encompassing the US from 1960 to 2004. The outcomes of Granger causation 
demonstrate that energy use and CO₂ release in the US have a bidirectional causal link that runs 
from energy use to CO₂ release. Empirical results from Awan & Azam (2022) show that energy 
use positively correlates with the release of CO₂ for the G-20 from 1993 to 2017. Magazzino (2014)  
verified that, for Italy, between 1970 and 2006, there was a causal link between CO₂ release and 
energy use and concluded that ecology is harmed by energy usage. Zakari et al. (2021)  use the 
PMG-ARDL test among OECD countries, considering annual data from 1985 to 2017, and they 
find that energy usage raises carbon release.  
 
However, in the long run, renewable energy uses lower carbon emissions. Apergis et al., (2010) 
use yearly data from 1984 to 2007 from 19 emerging and developed nations to study a causal 
relation between CO2 release and renewable energy use. The panel VECM outcomes show that 
while renewable energy has no detrimental effect on CO₂ release in the short term, renewable 
energy has a notable long-run impact on carbon emissions.  Alola et al., (2019) use the PMG-
ARDL in a study conducted over a 16-EU countries time spanning from 1997 to 2014, and they 
find that renewable energy use increases environmental sustainability. Osman et al., (2023) argue 
that by 2050, renewable energy sources would reduce emissions in 90% of the electrical sector, 
thereby significantly reducing CO2 emissions and mitigating the impacts of climate change. A 
panel OLS and quantile regression approach were used in a 2010–2014 study for the BRICS 
countries, which reveals that using green energy sources decreases the release of CO₂ per person 
(Cheng et al., 2019). Dong et al., (2017) show the link between natural gas usage, the use of 
renewable energy, and CO₂ release using the VECM approach. They showed a negative impact of 
renewable energy on CO2. Akella et al. (2009) also find a negative correlation between renewable 
energy systems' ecological impacts. From the above literature, this study forms the following two 
hypotheses,  
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H1 = Nonrenewable energy deteriorates the environment 

H2 = Renewable energy improves the environment 

 2.2. Nexus between Economic Freedom and Environment 
Economic freedom, which refers to the restriction-free situation of an individual regarding their 
economic choice, plays an important role in environmental sustainability. As stated by Carlsson & 
Lundström (2001), a complex relationship exists between economic freedom and the virtue of 
nature. Rapsikevicius et al. (2021) analyzed the impacts of economic freedom on the environment 
in a European country's economy and produced several conclusions on the relationship between 
the environment and economic freedom. They added that wealth that results from economic 
freedom is entirely compatible with and supportive of a healthy environment. However, Alola et 
al. (2022) used a two-step GMM to look at the consequences for environmental sustainability that 
resulted from the G-20 nations' superior economic freedom between 2000 and 2016. Various 
economic freedom factors, such as trade openness, control, legal structures, sound finances, and 
ownership rights, demonstrated that the growing need for goods and services brought about by 
greater earning levels in the G-20 nations degraded environmental quality. Similarly, for 31 
African countries from 2000 to 2018, the primary results, which Sakariyahu et al., (2023) obtained 
using a variety of econometric methodologies, revealed considerable and unconditionally adverse 
effects of economic freedom on environmental quality measures. The above literatures help this 
study to form the following hypothesis. 
 

H3 = Economic freedom deteriorates the environment 

 2.3. Nexus between Globalization and Environment 
Globalization usually refers to the engagement of countries with each other through trade, 
investment, culture, etc. According to the studies by Lin et al. (2014) and Zeng & Eastin (2007), 
globalization is one of the most talked-about elements affecting climate change and environmental 
quality. The pollution halo and pollution haven hypotheses are opposed regarding how 
globalization affects the environment's condition. It argues that globalization may facilitate cross-
border technical transfer between wealthy and developing nations, as opposed to becoming a 
vehicle for the export of pollution-intensive plants (Birdsall & Wheeler, 1993). A study by 
Rafindadi & Usman (2019) conducted in South Africa using data from 1971 to 2014 applied the 
Maki-cointegration test in conjunction with ECM regression using the ARDL shows that, in the 
short-run, globalization increases carbon emissions. Nevertheless, over time, it reduces pollution. 
Using panel data from 179 significant nations, Ma & Wang (2021) explored the positive influence 
of global trade involvement on the intensity of SO2 and CO2 release over a 20-year period during 
which globalization had flourished. However, Onifade et al. (2021) finds a negative correlation 
between the ecological impact analysis of the E7 nations and CO2 emissions due to globalization. 
Similarly, Aluko et al. (2021) conducted a study involving 27 selected industrialized nations over 
the period from 1991 to 2016, revealing that overall economic globalization contributed to an 
improvement in environmental quality. Following the above discussion, the following hypothesis 
is formed. 
 

H4 = Globalization deteriorates the environment 
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 2.4. Nexus between Trade Openness and Environment 
Using Moment's estimators and finite sample correction, Van Tran (2020) investigates the 
connection between trade openness and environmental pollution in 66 emerging nations between 
1971 and 2017. It endorses the Kuznets curve theory and implies that trade openness harms nature. 
Trade openness causes emissions to rise, with every bit of rise turning into a 10% to 23% rise in 
greenhouse gas emissions. This was examined by Kanemoto & Managi (2016) using a fixed-effect 
model utilizing big balanced panel data from 187 nations between 1990 and 2011. The results of 
the panel cointegration test from Le et al. (2016) showed a long-run correlation between economic 
growth, trade openness, and environmental pollution; trade openness benefits high-income nations 
while having a detrimental effect on middle-class and lower-class nations. According to Managi 
et al. (2009), trade has varying favorable environmental impacts based on the kind of pollutant and 
the nation, with the OECD countries demonstrating the most positive effects. Baek et al., (2009) 
discover that trade positively affects the sustainability of the environment in developed nations. 
However, it may also have unfavorable effects, such as higher emissions of pollutants owing to 
the scale effect.  
 
 2.5. Nexus between Economic Growth and Environment 
Gross Domestic Product (GDP), which is the most important economic indicator to measure the 
economic condition of a country, has a strong relationship with the environment. According to 
Grossman & Krueger (1991), there is a correlation between environmental deterioration and 
economic growth. Wang et al. (2021) employs the QARDL model from 1980 to 2018 for empirical 
estimation and revealed a solid and beneficial connection between economic growth and CO2 
releases.  To examine CO2 emissions with per capita earnings, Alvarez-Herranz & Balsalobre-
Lorente, (2015) utilized the FGLS approach from 1993 to 2010 in OECD countries and find that 
there is a positive relation between GDP and CO2 when the countries have a small GDP, but there 
is a negative relation between GDP and CO2 when the countries have a large GDP.  In a fixed-
effect model using cross-section OLS to explore the connection between carbon release and GDP 
in 16 nations between 1950 and 1993, Moomaw & Unruh (1997) also discovered an N-shaped 
EKC and a structural transition. Positive correlations between GDP per capita, ecological wellness, 
and ecosystem vitality goals showed that national ecological efficiency improved with affluence 
(Tektüfekçi & Kutay (2016). However, according to Pata & Isik (2021), a rise in income causes 
the LCF to decrease, but human capital raises environmental quality over time.  
 
 2.6. Research Gap 
G7 nations prioritize environmental sustainability alongside economic prosperity. The topic of G7 
carbon emissions and environmental degradation has been extensively researched. However, to 
effectively safeguard the environment, raising awareness about environmental concerns is crucial. 
While there is considerable research on the role of green energy in environmental sustainability, 
none addresses the mediating roles of economic freedom, globalization, and trade liberalization on 
the environment. Therefore, this work is essential for supporting continued economic growth in 
the developed world while protecting the environment. Factors such as globalization, renewable 
and non-renewable energy use, trade openness, and economic freedom provide important insights 
into the ecological situation, protection efforts, and the consequences of human behavior and 
commercial activities on nature. Additionally, this study employs the LCF, which considers both 
ecological footprint and biocapacity, to address the gaps in existing research findings. 
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Furthermore, the use of PMG-ARDL with GMM, FMOLS, and CCR approaches enhances the 
reliability of this study's findings. 
 
3. Data and Methodology 
 
 3.1. Data 
This study collects data from the G7 nations, namely Germany, Canada, Japan, France, the UK, 
Italy, and the US. The LCF is a dependent variable determined by dividing the environmental 
footprint by biomass production. The independent variables influencing the LCF include economic 
growth, renewable energy, non-renewable energy, trade openness, globalization, and economic 
freedom. This study utilizes the current USD value to measure trade and economic growth to assess 
the nominal economic landscape and its connections to globalization and environmental 
sustainability. Renewable energy is chosen because it offers reliable, clean, and scalable energy 
sources that directly benefit LCF (IEA, 2021).  It encompasses globalization, which promotes 
innovation, investment, and technology transfer that can enhance energy infrastructure and 
efficiency (Dreher, 2006).  Traditionally, trade openness serves as an indicator of a country’s 
engagement in international markets, generally facilitating access to energy-inefficient technology 
and the growth of the energy sector (Dollar & Kraay, 2004).  Economic freedom pertains to the 
investment climate and regulatory frameworks that impact the use of renewable energy sources 
and energy efficiency (The Heritage Foundation, 2024). Together, these factors provide a 
comprehensive understanding of the myriad elements that constitute LCF in developed countries. 
 

Table 1: Details of the variable 

Variables Name Definition Symbol Measures Source 
Load Capacity Factor Ratio of biocapacity and 

ecological footprint 
LCF Unit Global Footprint 

Network (2024) 
Nonrenewable Energy Energy that is limited and can’t 

be reproduced 
ENG Unit bp (2022) 

Renewable Energy Energy that can be regenerated 
from nature 

RE Unit bp (2022) 

Economic Freedom Ability of an individual to make 
their own economic choice 

FREE 
 

Index Fraser Institute 
(2024) 

Globalization Interdependency of the 
countries 

GLOB Index KOF (2024)  

Trade Openness Liberalization of export and 
import 

OP USD World Bank 
(2023) 

Economic Growth Expansion of a country's 
economy 

GDP USD World Bank 
(2023) 

 

This study collects data from 1990 to 2020. The particular phase during this period involved 
significant global adjustments, including the trade liberalization that occurred after the Cold War, 
the autonomous spread of globalization, and the advancement of renewable energy technology 
following the Earth Summit in 1992 and the Kyoto Protocol in 1997 (UNFCCC, 1998). 
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Furthermore, the timeframe of this analysis enables the examination of various effects of policies 
such as the ‘2001 Renewable Energy Directive’ of the European Union and liberalized 
international trade organizations (EU, 2001; WTO, 1995).  The policy-driven changes affecting 
LCF are also addressed, providing a comprehensive view of the key economic events that have 
transpired in this period. Table 1 lists the names and sources and clarifies the variables. 
 
 3.2. Data Summary 
Table 2 shows the descriptive statistics results and illustrates some of the most essential 
characteristics of the variables. In this summary Table 2, LGDP represents the highest mean value, 
and LLCF represents the lowest. All the other variables exhibit positive skewness except for 
LGLOB, LGDP, and LOP. In addition, every variable has a positive excess kurtosis 
(leptokurtosis). 
 

Table 2: Descriptive Statistics 

 LLCF LENG LRE LGLOB LFREE LOP LGDP 
Mean -0.451 0.905 -0.730 4.510 1.639 3.653 1.894 
Median -0.518 0.905 -0.746 4.537 1.696 3.603 1.904 
Maximum 0.375 0.914 0.656 4.754 1.937 3.927 1.950 
Minimum -0.919 0.898 -2.158 4.264 1.198 3.382 1.743 
Std. Dev. 0.356 0.004 0.601 0.129 0.188 0.160 0.040 
Skewness 0.985 0.323 0.112 -0.130 -0.657 0.543 -1.241 
Kurtosis 3.179 2.004 2.418 1.782 2.417 1.945 4.820 
Sum -82.091 164.782 -132.968 820.879 298.330 664.894 344.803 
Sum Sq. Dev. 23.007 0.003 65.493 3.033 6.463 4.644 0.299 
Observations 182 182 182 182 182 182 182 

 

 3.3. Multicollinearity Test 
Every value of VIF is less than 10, and the mean value of VIF is 2.38; hence, 1/VIF is relatively 
high. So, there is no multicollinearity concern in the selected variables. 
 

Table 3: VIF outcome for the independent variable 

Variables VIF 1/VIF 
LGLOB 3.47 0.288 
LOP 3.30 0.302 
LRE 2.78        0.359 
LGDP 2.51 0.399 
LENG 1.16        0.865 
LFREE 1.07 0.931 
Mean VIF                    2.38 
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 3.4. Correlation Matrices 
Table 4 shows the correlation matrix used in this study. The findings state that LGDP and LFREE 
have a negative correlation with LLCF, with values of -0.014 and -0.054, respectively. Besides, 
the remaining variables demonstrate a positive correlation. There is a significant inverse 
relationship of -0.054 between LFREE and LLCF. There appears to be a significant positive 
relationship between LENG and LLCF. Additionally, there is a relatively small positive correlation 
between other explanatory variables and LLCF. 
 

Table 4: Correlation Matrix 

Variable LLCF LENG LRE LGLOB LFREE LOP LGDP 
LLCF 1       
LENG 0.751 1      
LRE 0.011 0.307 1     
LGLOB 0.279 -0.016 0.293 1    
LFREE -0.054 0.079 -0.037 -0.072 1   
LOP 0.422 -0.100 -0.116 0.749  1  
LGDP -0.014 0.111 0.779 0.346 -0.257 -0.038 1 

 

 3.5. Empirical Model 
It is essential to maintain a stronger position on the load capacity factor to move toward a clean 
world and a sustainable ecosystem. Non-renewable energy use significantly contributes to 
environmental deterioration, although essential for every economy (Fatima et al., 2022; Shahzad 
et al., 2020).  Raising the usage of renewable energy to replace non-renewable energy sources is 
essential to maintain a sustainable LCF. However, emission-free renewable energy sources like 
wind, solar, and hydropower have positive effects on the environment, reducing global warming 
and improving the load capacity factor. Renewable energy plays a crucial role in enhancing 
environmental betterment by reducing reliance on fossil (Jin et al., 2024).  Other factors that are 
being taken into consideration include economic freedom and globalization.  In the short run, the 
two forces can encourage fast resource exploitation and pollution because of poor controls and 
competition (Rapsikevicius et al., 2021; Rafindadi & Usman, 2019). But in the long term, they 
encourage structural change, advocate cleaner technologies, and stronger institutions, which 
improve the environmental capacity and atmosphere (Aluko et al., 2021; Rapsikevicius et al., 
2021). Such duality aligns with dynamic concepts of the Environmental Kuznets Curve (EKC) and 
globalization-environment interaction model concepts. Trade-induced productivity increases may 
initially have a worse environmental impact, but in the long run, trade openness may encourage 
ecologically favorable raw materials, and technology can enhance environmental sustainability 
(Managi et al., 2009; Van Tran, 2020). Therefore, the first empirical function used for this 
investigation can be expressed as equation (1). 
 

LCFjk = ∫�ENGjk, REjk,GLOBjk, FREEjk, OPjk, GDPjk,�…….. (1) 
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Time is denoted by k, while the number of nations is represented by j. Equation (2) represents the 
economic model for this study. 
 

LCFjk = γ0 + γ1ENGjk + γ2REjk + γ3GLOBjk + γ4FREEjk + γ5 OPjk + γ6GDPjk…….. (2) 

To eliminate heteroscedasticity, this equation can be translated into logarithmic form as equation 
(3). Additionally, the translation of variables to logarithmic form can be used. In conclusion, the 
econometric model used for this investigation may be constructed as equation (3). 
 

LLCFjk = γ0 + γ1LENGjk + γ2LREjk + γ3LGLOBjk + γ4LFREEjk + γ5 LOPjk + γ6LGDPjk +
ϵjk……... (3) 

In Equation (3), LCF refers to the load capacity factor, GDP shows economic growth, GLOB 
represents globalization, RE indicates renewable energy, ENG2 means non-renewable energy, 
FREE denotes economic freedom, and OP indicates trade openness. Additionally, γ0 denotes the 
intercept, γ1, γ2, γ3, γ4 , γ5and γ6 represent coefficient of LENG, LRE, LGLOB, LFREE, LOP, 
and LGDP, respectively.  
 

3.6. Econometric Estimation 
Firstly, this study utilizes a cross-sectional dependency (CSD) by Pesaran (2012) test to examine 
various aspects of interdependence among the G7 nations. Due to the presence of cross-sectional 
dependency among the variables, this study employs both first- and second-generation unit root 
tests. As the first-generation IPS unit root test by Im et al. (2003) can be biased; this study uses the 
second-generation CIPS unit root test (Pesaran, 2007). The unit root tests reveal that certain 
variables become stationary without requiring the first difference, while others become stationary 
only after the first difference. Before applying any dynamic regression model, we must ensure 
cointegration among the selected variables. To do this, this study applies both first and second-
generation cointegration tests, such as Kao, Pedroni, and Westerlund tests by Kao (1999); Pedroni 
(1999); Westerlund, (2005). In the presence of cross-sectional dependency, the second-generation 
cointegration test can yield accurate results.  
 
After confirming the existence of cointegration among the variables, this study utilizes the PMG 
estimator established by Pesaran et al. (1999b) to calculate the long- and short-run coefficients. 
Assuming constant long-run coefficients, the PMG estimator allows for variation in the short-term 
coefficients and residual variance among different areas. As the dataset was affected by slope 
heterogeneity, to address this issue and ensure robustness, this study used FMOLS and CCR tests 
by  (Park, 1992; Phillips & Hansen, 1990a), which can effectively tackle the problem of slope 
heterogeneity. However, this study used a two-step System GMM estimator proposed by Blundell 
& Bond, (1998) to explicitly handle endogeneity, particularly between GDP, renewable energy, 
and environmental sustainability (as determined by load capacity factor). In addition, this study 
conducts a causality test called the "D-H causality test." This test was first developed by 
Dumitrescu & Hurlin, (2012), and it serves as a tool that assists in creating targeted policies aimed 
at effectively reducing environmental degradation. 
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 PMG-ARDL Approach 
The study utilized the PMG estimator to assess the impact of ambiguities on the economic growth 
of G7 nations in both the long and short term. When the first difference or level variables remain 
constant, ARDL is a beneficial strategy (Jordan & Philips, 2018; Menegaki, 2019). PMG-ARDL 
handles nonstationary slope heterogeneity and cross-sectional dependency in panel data analysis. 
PMG-ARDL recognizes cross-sectional dependency by using mean group estimation, which 
permits variances in coefficients between units while capturing typical dynamics. By simulating 
various reactions of individual units to explanatory variables, it accounts for slope heterogeneity. 
To properly handle nonstationary data, PMG-ARDL also includes autoregressive distributed lag 
parameters to capture both short- and long-term impacts. Because of its all-encompassing 
methodology, PMG-ARDL is a robust framework that can be used to analyze panel data with a 
variety of dynamics across units, providing precision and flexibility when predicting the 
correlations between variables (Pesaran & Smith, 1995; Phillips & Hansen, 1990b). Equation 4 
below represents the ARDL panel formula, which this study followed. 
 

Zjn = ∑ αz
js−1

k=1 (zj)n−m + ∑ βz
jq−1

k=0 (yj)n−m + γi(zj)n−1 + ϑj + ϵjn…….. (4) 

 
where 𝐲𝐲𝐣𝐣 denotes the vector of explanatory variables for cross-sectional unit j, ϑj represents the 
unit-specific fixed effect, and ϵjn is the error term. Equation (4) can be re-parametrized into its 
equivalent Vector Error Correction Model (VECM) representation to distinguish the long-run 
equilibrium relationship from the short-run dynamics, as shown in Equation (5). 
 

ΔZjn = ϕj(Zj,n−1 − θjyj,n−1) + ∑ αz
js−1

k=1 (∆zj,n−m + ∑ βz
jq−1

k=0 ∆(yj)n−m + ϑj + ϵjn…. (5) 

 

In Equation (5), θj shows the long run and ϕj shows equilibrium parameters.  
 

Δzjn = ϕj(Zj,n−1 − θjyj,n−1) + ∑ αz
js−1

k=1 (∆zj,n−m + ∑ βz
jq−1

k=0 ∆(yj)n−m + ϑj + ϵjn…. (6) 

 

Here in Equation (6), z represents the dependent variable and LCF, and x represents the set of 
independent variables. The short-run coefficients are represented by α and β, θ for the long run. ϕ 
is the speed adjustment coefficient relative to the long-run status, where j is the nation and n is the 
time. Here, equation (6) can be used for PMG and MG estimation, whereby each of the three 
models considers both the dynamic adjustment process heterogeneity and long-term equilibrium.  
 
4. Empirical Results and Discussion 
 
 4.1. Cross-Sectional Dependency Test 
When analyzing econometric panel data, the first step is to perform cross-sectional dependency 
(CSD) testing. The outcomes of a CSD test are shown in Table 5. Nearly all p-values are lower 
than 1%, indicating they are highly significant. This indicates that the CSD impact is present in all 
variables, LLCF, LGDP, LENG, LOP, LRE, LFREE, and LGLOB. G7 nations are heavily engaged 
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with each other in terms of trade, globalization, and energy policy.  Due to heavy interdependency 
among the G7 nations, there is strong CSD in the selected variable.  
 

Table 5: Cross-sectional dependency results. 

Variable CD-test p-value 
LLCF 11.825 0.000 
LENG 15.122 0.000 
LRE 24.507 0.000 
LGLOB 24.92 0.000 
LFREE 25.499 0.000 
LOP 17.225 0.000 
LGDP 20.91 0.000 

 

 4.2. Unit-Root Test 
To ensure accurate results in empirical research, it is crucial to establish the stationarity of 
variables. Table 6 examines whether the variables under consideration meet this requirement. In 
the first-generation IPS unit root test, most variables (LLCF, LGDP, LENG, LOP, LRE, LFREE) 
exhibit non-stationarity at the level but become stationary at the first difference. The exception to 
this is LGLOB, which is stationary at the level. In the second-generation CIPS unit root test, 
LGLOB and LFREE remain stationary at the level, while the others show stationarity at the first 
difference.  
 

Table 6: 1st and 2nd generation unit root test  

Variable Im-Pesaran-Shin unit-root test CIPS unit-root test 
At level At 1st 

difference Stationarity At level At 1st 
difference Stationarity 

LLCF -0.852 -5.210*** I1 -1.820 -2.754*** I1 

LENG -0.728 -5.797*** I1 -2.252 -5.813*** I1 
LRE -0.159 -3.320*** I1 -1.660 -3.089*** I1 
LGLOB -3.570*** 

 
I0 -2.408** 

 
I0 

LFREE -0.331 -2.682*** I1 -3.586***  I0 
LOP -1.566 -4.809*** I1 -2.508 -3.840*** I1 
LGDP -1.687 -3.975*** I1 -2.037 -4.323 *** I1 

***p < 0.01, **p < 0.05, *p < 0.1 

 

 4.3. Slope Heterogeneity Test 
Table 7 shows the slope heterogeneity test. The p-values in this case are significant at 1%, which 
means that the null hypothesis, which states that the slope coefficient is homogenous, is rejected. 
So, it can be deduced that for this study, the slope coefficients are heterogeneous. 
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Table 7: Slope heterogeneity test 
 

Delta Statistic p-value 
Delta 6.407 0.000 
Deltaadj 7.700 0.000 

 

 4.5. Cointegration Test 
Panel data must undergo cointegration testing in every econometric investigation to ascertain 
whether the variables are cointegrated over the long run. Cointegration tests by Kao and Pedroni 
reported in Table 8 show a significant P value, indicating the variables are cointegrated for the 
long-term. In the Kao cointegration test, Modified Dickey-Fuller, Dickey-Fuller, Augmented 
Dickey-Fuller, Unadjusted Dickey-Fuller, and Unadjusted Modified Dickey-Fuller statistics also 
yield significant probability values and thus, the null hypothesis of no cointegration is rejected, 
indicating the existence of cointegration. In addition, the Pedroni test examines the association 
between variables over a lengthy period. It establishes significant cointegration based on p-values 
for "Modified Phillips-Perron, Phillips-Perron, and Augmented Dickey-Fuller" statistics using the 
Pedroni cointegration test. Thus, the long-term cointegration of the selected variables is 
established.  
 

Table 8: 1st Generation cointegration result 

Kao Cointegration test Pedroni Cointegration 
Estimator Statistics Estimator Statistic 

Modified Dickey-Fuller t -7.149** Modified Phillips-Perron 
t 1.796** 

Dickey-Fuller t -5.005*** Phillips-Perron t -3.878*** 

ADF t  -4.959*** 
Augmented Dickey-

Fuller t -3.802*** 

Unadjusted modified 
Dickey-Fuller t -7.487***   

Unadjusted Dickey-
Fuller t -5.060***   

***p < 0.01, **p < 0.05, *p < 0.1 

 

This study also uses the Westerlund ECM panel cointegration test to investigate the possibility of 
no cointegration. The findings of the ECM panel cointegration test conducted by Westerlund 
(2007) and reported in Table 9 reveal that, for each statistic robust p-value is significant; Gt and Pt 
are significant at the 1% level. Pa is significant at a 5% significance level, and Ga is significant at 
a 10% significance level. All statistics indicate that the null hypothesis of no cointegration is 
rejected, implying the strong long-run cointegration among the selected variables. 
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Table 9: Westerlund ECM panel cointegration test 

Statistic Value P-value Robust P-
value 

Gt -3.742 0.000 0.002 
Ga -8.796 0.946 0.064 
Pt -8.934 0.003 0.004 
Pa -8.268 0.700 0.050 

 

 4.6. Pooled Mean Group ARDL Estimation Results 
The outcomes of the PMG-ARDL are shown in Table 10. The findings of the LGDP analysis show 
that the long-term effects on LLCF is statistically insignificant, but the short-term impact is 
significant. The data indicate that a one percent rise in LGDP over time is associated with a fall in 
LLCF of about 0.243% over the short run. It can be shown from the findings that a 1% rise in the 
LGLOB has a long-term effect on the LLCF of around -1.608%; however, the short-term value is 
insignificant. The long-term and short-term results of the PMG experiment demonstrate that LENG 
has a significant and detrimental impact on the LLCF. In addition, a 1% increase in LENG uses 
results in a decrease of 0.371% in the long-term LLCF and a drop of 0.271% in the short-term 
LLCF. In the short run, trade openness is found to have a significant negative value in terms of 
LLCF. However, in the long run, it is observed to have a significant positive value, albeit still 
negative. In the short run, a 1% rise in LOP leads to a decrease of approximately 0.185% in LLCF.  
 

Table 10: Results of PMG-ARDL 

D.LLCF Coef. Std. Err. z P>|z| 
LR  
LENG -.371 .133 -2.78 0.005 
LRE .034 .018 1.85 0.064 
LGLOB -1.608 .376 -4.27 0.000 
LFREE -.229 .676 -0.34 0.734 
LOP .283 .087 3.25 0.001 
LGDP -.017 .048 -0.35 0.727 
SR  
ECT -.483 .120 -4.02 0.000 
LENG -.271 .108 -2.49 0.013 

  LRE .078 .039 2.00 0.046 
LGLOB .529 .360 1.47 0.142 
LFREE 1.072 .964 1.11 0.266 

    LOP -.185 .058 -3.15 0.002 
LGDP -.243 .093 -2.61 0.009 
_cons 1.825 .423 4.31 0.000 
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However, LLCF experiences an increase of about 0.283% in the long run. The significance of LRE 
lies in its impact in the short term; a 1% increase in LRE results in a corresponding increase of 
0.078% in LLCF. The results suggest that LFREE does not significantly impact the short and long 
term. The ECT coefficient, which is statistically significant and negative, indicates the presence of 
a long-term equilibrium connection between the variables being examined. The ECT term has a 
negative coefficient of 0.483, which suggests a convergence rate of approximately 48%. This 
implies that, in a state of disequilibrium, there is an annual return of 48% towards equilibrium. 
 
 4.10. Hausman Test 
To select the best model among PMG-ARDL and MG-ARDL, this study uses the Hausman test. 
With the outcomes of the Hausman test reported in Table 11, it shows that the p-values of the 
statistics do not meet the criteria for statistical significance. As a result, the null hypothesis is not 
rejected, which indicates that the variability in coefficients is not systematic, suggesting the pooled 
mean group is better than the mean group.  
 

 Table 11: Hausman Test result 

Variables MG PMG Difference S.E. 
LENG -.220 -.371 .150 .175 
LRE .080 .034 .045 .057 
LGLOB -1.286 -1.608 .322 .877 
LFREE .367 -.229 .597 .379 
LOP -.029 .283 -.312 .040 

 LGDP -.069 -.0170 -.051 .074 
Hausman Test chi2(6) = 9.74 

Prob>chi2 = 0.136 
 

 4.11. Robustness Test 
Several robustness tests are conducted to evaluate the robustness of the test findings and guarantee 
their dependability. The estimated values are shown in Table 12. The GMM, CCR, and FMOLS 
tests are used to justify the robustness. To address the issue of endogeneity, this study applies a 
two-step system GMM model. The variables that are anticipated to be jointly determined with the 
dependent variable (GDP, renewable energy, and non-renewable energy) are handled as 
endogenous and instrumented using internal lags in a GMM, following theoretical predictions and 
diagnostic findings. Globalization, economic freedom, and trade openness are examples of 
institutional and policy factors that are seen as exogenous and employed as tools in the level 
equation. According to GMM findings, LENG, LGDP, and LFREE have a negative role on LLCF, 
which is statistically significant. However, LRE has a significant positive role in LLCF. On the 
contrary, the findings reveal that LOP and LGLOB are found to be insignificant.  The Sargan test 
(p = 0.29), as well as the Hansen J-test of overidentifying constraints (p = 0.87), verify that the 
instruments are reliable and unrelated to the error term. The accuracy of the GMM estimations is 
supported by these findings. The FMOLS estimates verified the positive and significant 
coefficients of LRE and the negative and significant coefficients of LGDP, LGLOB, LENG, LOP, 
and LFREE. In addition, the CCR calculations demonstrate that the coefficients of LGLOB and 
LRE are both positive and significant, whereas the other coefficients are estimated to be negative 
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and significant. LGDP, LGLOB, LENG, LOP, LRE, and LFREE are significant and similar to the 
PMG-ARDL estimation results. Therefore, the conclusions of the results are robust. 
 

Table 12: The outcome of the robustness analysis 

Variable GMM FMOLS CCR 
L1.LLCF  0.844*** … … 
LENG -3.173** -0.480*** -0.490*** 
LRE 0.3027*** 0.080*** 0.080*** 
LGLOB -2.356 -0.790*** -0.850*** 
LFREE -0.257* -0.010*** 0.070*** 
LOP -0.051 -0.170*** -0.160*** 
LGDP -1.030*** -0.140*** -0.140*** 
Sargan test p-value  0.287   
Hansen J-test p-value 0.871   

***p < 0.01, **p < 0.05, *p < 0.1 

 4.12. D-H Panel Causality Test 
To analyze the causal relationship between the variables, this study utilizes the causality tests 
devised by Dumitrescu and Hurlin reported in Table 13.  
 

Table 13: D-H Panel Causality Test Result 

Null Hypothesis W-Stat. Zbar-
Stat. 

Prob. 

LENG ↛ LLCF 5.392 3.319 0.000 
LLCF↛ LENG 3.516 1.347 0.177 
LRE ↛ LLCF 7.433 5.813 0.000 
LLCF↛ LRE 4.871 2.977 0.002 
LGLOB ↛ LLCF 4.976 3.093 0.002 
LLCF↛ LGLOB 2.074 -0.119 0.905 
LFREE ↛ LLCF 2.398 0.239 0.810 
LLCF↛ LFREE 3.104 1.021 0.306 
LOP ↛ LLCF 6.827 5.142 0.000 
LLCF↛ LOP 5.171 3.309 0.000 
LGDP ↛ LLCF 4.175 2.206 0.027 
LLCF↛ LGDP 3.028 0.937 0.348 

 

The causal link of LCF with renewable energy and trade openness demonstrates significant value. 
There is a bidirectional causal relationship between LCF, renewable energy, and trade openness. 
Significant p-values are observed for globalization, economic growth, and primary energy, 
concerning the LCF; furthermore, these variables exhibit a unidirectional causal relationship with 
the LCF. However, this study demonstrates that there is no causal relationship between economic 
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freedom and LCF. Since there is no causal link between these factors, any change in one will not 
influence the other variable. Economic freedom does not have any significant effect on the LCF, 
as seen by the insignificant values. 
 
5. Discussion  
 
Table 11 shows different variables' long- and short-run impacts on the LCF, which demonstrate 
that renewable energy positively impacts environmental sustainability. The effect is more rapid in 
the short term compared to the long term. Specifically, a 1% increase in renewable energy usage 
in the short-run leads to an LCF rise of 0.078%, whereas in the long term, it results in a 0.034% 
increase. The LCF improves, and emissions fall when renewable energy sources are used. 
Exploration of a variety of renewable energy sources, such as solar, wind, biofuel, hydropower, 
geothermal, and nuclear power, reduces emissions and enhances biocapacity, which ultimately 
results in high LCF. Liu et al. (2020); Mehmood (2021) and Voumik et al. (2022) show that 
renewable energy sources produce energy without harming the environment and help to raise LCF.  
 
On the contrary, non-renewable energy, which is referred to as primary energy consumption, 
affects environmental sustainability negatively. Its impact on LCF in the short-run and long-run is 
-0.271 and -0.371, respectively. Oil, natural gas, fossil fuels, and other non-renewable power 
sources are detrimental to the environment. Fossil fuels are a major contributor to the growing 
ecological crisis in the G7 by polluting the air, diminishing the condition of the soil, and harming 
aquatic inhabitants.  Inglesi-Lotz & Dogan (2018); Ibrahim & Ajide (2021) also support that non-
renewable energy is a contributing factor to the degradation of the environment. Olanrewaju et al. 
(2022b) demonstrate how non-renewable power uses contribute to environmental degradation in 
the long run.  
 
However, in the short term, globalization has a positive impact on the environment, but in the long 
run, it has severe negative effects. In the short term, the results reveal that a 1% increase in 
globalization leads to an increase in LCF of 0.529, while in the long run, the LCF decreases by 
1.608%. The long-term effects of globalization on infrastructure are positive, leading to a rise in 
the production and trade ratio. As a mechanism for technological transformation, comprehending 
new policies and techniques, globalization has the potential to enhance environmental conditions. 
According to Aluko et al., (2021); Pata & Yilanci, (2020), globalization helps to reduce 
environmental damage. (Lee & Min, 2014; You & Lv, 2018) also find the same result for 255 
countries, including China and developed countries. The impact of economic globalization on CO2 
emissions in the G7 nations is determined to be positive, according to the findings of Solarin et al. 
(2017). In addition to hastening the exhaustion of natural resources and increasing production, 
globalization has a detrimental impact on the sustainability of the environment (Ahmed et al., 
2019; Wang et al., 2020).   
 
Trade openness has a significant negative role on the LCF in the short run. A 1% rise in trade 
openness leads to a decrease in the load capacity factor by 0.185%. Trade openness increased 
ecological footprint, negatively affecting the environment (Hasanov et al., 2018). Initially, trade 
openness increases economic activity even in the absence of developed industrial infrastructure  
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facilities. So, an environmentally conscious production process occurred. Li & Haneklaus, (2022) 
find the result for the short run, which shows CO2 emissions rise by 1.56 percent for a 1 percent 
increase in trade openness. However, this article's long run findings show that trade has positively 
affected the load capacity factor. A 1% rise in trade openness and a rise in LCF of 0.283%. The 
trade openness of G7 countries has been increasing gradually over time. Foreign trade policy 
freedom began a long time ago, leading to the implementation of eco-friendly technologies and 
raw materials in these countries. The nations’ trade structures have improved in terms of 
environmental standards. Yu et al. (2019) findings also showed a favorable correlation with both 
the environment and trade openness. Baek et al., (2009); Managi et al., (2009) find a positive 
environmental role of increasing trade openness.   
 
According to PMG estimation, economic freedom shows an insignificant but positive relation with 
load capacity in the short run. However, in the long run, it is insignificant but negative. Long-term 
value is -0.229, and short-term value is 1.072. But according to GMM and FMOLS, economic 
freedom has a significant negative role on LCF. Economic freedom can enhance industrial 
activities and boost the use of natural resources. There has been increased emphasis on profitability 
and production activities rather than environmental concerns. So, in the long term, economic 
freedom may lead to a reduction in the load capacity factor. Alola et al. (2023); Hemmati & 
Khosroshahi (2020) showed the detrimental effects of economic freedom on the environment. 
Carlsson & Lundström (2000) find a direct and positive impact on CO2 emissions. There is a 
viewpoint that economic freedom can have varying effects based on the government system and 
the stage of development. It is suggested that governments promoting economic freedoms tend to 
boost their economies by fostering the establishment and expansion of businesses, resulting in 
increased emissions (Rapsikevicius et al., 2021). However, in the short run, economic freedom 
positively affects the LCF because freedom of the economy in the building of an environment 
encourages development and research efforts to assist in lowering the use of energy to tackle 
environmental concerns at the same time (İlyas & Özdemir, 2023; Mahmood et al., 2021).  
 
A 1% rise in GDP causes a decrease in the LCF by 0.017% in the long run and 0.243% in the short 
run. The economic growth of G7 countries has a detrimental effect on the ecology. In developed 
countries, the level of consumption and production increases as the economy grows. This leads to 
a rise in additional power demand, which negatively impacts the load capacity factor and 
environmental sustainability. Usman et al. (2022) showed that industrialized countries' ecological 
footprints grow by 0.56 percent for every one percent growth in GDP.  Ahmed et al. (2020); M. 
Liu et al. (2020); Tufail et al. (2022) also discover the bad environmental impact of economic 
growth. Both the short-term and long-term findings of the PMG-ARDL methods are shown in 
Figure 2. For the chosen independent variable, the blue line depicts the short-term influence on the 
LCF, and the yellow line shows the long-term impact. 
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Fig 2: The findings of the study 

 

6. Conclusion  
 
This study examines the role of non-renewable and renewable energy consumption, economic 
freedom, globalization, trade openness, and GDP on load capacity factors in G7 nations from 1990 
to 2020. The PMG-ARDL method reveals that economic growth, globalization, economic 
freedom, and non-renewable energy consumption harm the LCF situation in the long run. 
According to the findings, it can be concluded that it is impossible to overstate the significance of 
renewable energy sources when it comes to the protection of load capacity. Renewable energy 
plays a crucial role in ensuring the stability of load capacity, both in the short and long term. On 
the other hand, non-renewable resources hurt the environment and significantly reduce the load 
capacity of the environment. However, in the short run, it is observed that globalization has a 
positive relationship with the load capacity factor. It is worth noting that trade openness has a 
contrasting effect on LCF, with an increase in the long run but a decrease in the short run. 
Furthermore, by applying GMM, FMOLS, and CCR as robustness tests, the study finds that the 
outcomes have not been altered. This study's findings contribute to the existing knowledge on the 
impact of economic development, trade, economic freedom, and energy use on environmental 
sustainability. Policymakers in G7 countries seeking to enhance environmental quality might draw 
crucial insights from this study's results.  
 
7. Policy Recommendations 
 
Over the last several years, the G7 countries have prioritized achieving rapid economic 
development over conserving the environment, which has led to significant environmental 
damage. Consequently, ecological sustainability has received less attention. Establishing policies 
to ensure environmental sustainability while promoting economic progress is necessary.  
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Energy generation often results in a substantial amount of carbon emissions. To reduce the quantity 
of carbon emissions produced, it is crucial to transition from non-renewable to renewable energy 
sources. The government can waive taxes on renewable energy businesses as an incentive for 
carbon control. The G7 should emphasize the importance of environmental policies that promote 
renewable energy and contribute to lasting sustainability. If the G7 nations focus on investing in 
renewable energy and improving the LCF, they can effectively combat environmental degradation 
while enhancing their economies. Fully utilizing technology is another way renewable energy 
sources can help reduce emissions. Given that the G7 is technologically advanced, governments 
can work to raise public awareness of environmental protection and foster interest in this area.  
 
Since globalization and economic freedom adversely affect the environmental sustainability of the 
G7 nations in the long run, they should be cautious about these factors. Governments should frame 
policies that maximize the positive effects of these two elements on environmental sustainability 
while limiting their negative impacts. Although limited economic freedom may restrict consumer 
and producer choices, it is for the greater benefit of society that governments should impose 
restrictions on activities that harm environmental quality. Similarly, while globalization benefits a 
country through knowledge and technology spillover effects, governments should strictly prohibit 
the import of non-renewable energy sources and emission-intensive technologies that are 
detrimental to environmental sustainability. 
 
Emissions can create global problems and have significant negative externalities, such as rising 
sea levels and global warming, among others. While a carbon pricing mechanism and subsidies 
for developing nations already exist, none of the countries, including the G7, fulfill their promised 
financial support to affected nations due to lax law enforcement. Therefore, the government can 
impose stringent regulations on polluting companies. They must either provide the full amount 
pledged to the impacted country or pay the remaining amount to the government, which would 
then commit to using these funds in the green technology and innovation sector. 
 
8. Limitations and Further Research Guidelines 
 
This study models some crucial outcomes on environmental sustainability for G7 nations, as this 
study was carried out involving only the G7 nations, which are classified as developed countries. 
An opportunity exists to engage with developing and underdeveloped nations. Moreover, 
investigating the same model and variables for developing and underdeveloped countries 
separately and comparing them could be another topic to cover in the future. Nevertheless, 
environmental sustainability may be affected by many other variables, like FDI, population 
growth, individual consumption level, forest area, agricultural production, etc. Further studies may 
include these variables. Additional investigation should concentrate on the influence of 
environmental sustainability on technological progress. Due to the scarcity of resources and time, 
this study uses data from 1990-2020. Future research with a more expanded time frame can provide 
a better understanding of the environmental sustainability situation in G7 nations.   
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Appendix 1: 

 

List of Abbreviations 

Abbreviation Full From Abbreviation Full From 
SDGs Sustainable Development 

Goals 
EKC Environmental Kuznets Curve 

LCF Load Capacity Factor VIF Variance Inflation Factor 
G7 Group of Seven GMM Generalized Method of Moments 
CSD Cross-sectional Dependence G-20 Group of Twenty 
PMG-ARDL Pooled Mean Group 

Autoregressive Distributive 
Lag 

ECM Error Correction Model 

FMOLS Fully Modified Ordinary Least 
Square 

QARDL Quantile Autoregressive 
Distributed Lag 

CCR Canonical Cointegrating 
Regression 

SO2 Sulfur Dioxide 

CO2 Carbon dioxide  CH4 Methane 
GDP Gross Domestic Product N2O Nitrous Oxide 
ARDL autoregressive Distributed  

Lag 
CO Carbon Monoxide 

US United States LM Lagrange Multiplier 
OLS Ordinary Least Square FGLS Feasible Generalized Least 

Squares 
MENA Middle East/North Africa STIRPAT Stochastic Regression on 

Population, Affluence and 
Technology 

OECD The Organization for 
Economic Cooperation and 
Development 

CIPS Cross-sectionally augmented Im-
Pesaran-Shin 

VECM Vector Error Correction Model FDI Foreign Direct Investment 
EU European Union WDI World Development Indicators 
BRICS Brazil, Russia, India, China, 

and South Africa 
KOF Konjunkturforschungsstelle 

(Swiss Economic Institute) 
 

 


