Heliyon 10 (2024) e33526

Contents lists available at ScienceDirect

52 CelPress Heliyon

journal homepage: www.cell.com/heliyon

Research article

Role of natural resources, renewable energy sources,
eco-innovation and carbon taxes in carbon neutrality: Evidence
from G7 economies

Wenze Jiang *, Songrui Chen*, Peibei Tang", Yuhang Hu ¢, Muyao Liu®,
Shi Qiu®"", Mujahid Igbal ©

2 Business School, Nanjing University, Nanjing, 210093, China

b Business School, Xi’an Jiaotong-Liverpool University, Suzhou, 215028, China

€ School of Environment, Environment Science (Sino-foreign Cooperation), Hohai University, Nanjing, 210024, China
4 Lanzhou University, Lanzhou City, Gansu Province, 730000, China

€ Schools of Economics, Bahauddin Zakaryia University, Multan, Pakistan

ARTICLE INFO ABSTRACT
Keywords: Global warming has created problems for human life, and it has been increasing for a few years.
Resource reliance All the developing and developed countries are establishing policies to attain zero carbon status.
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This study extends the ongoing debate on carbon emissions. It examines the effect of natural
resources and RE (Biofuel and other renewable sources) on greenhouse gas (CO2 emission and
PM2.5) emissions while using data over 22 years (1999-2021) from G7 countries. In addition, this
study has investigated the effect of carbon taxes, financial development, and environmental
policies on carbon neutrality. The cross-sectional-ARDL, the Common correlated effect means
group (CCEMG), and the Augmented mean group (AMG) cutting-edge model have been
employed. Quantile regression has been employed for robustness. The study results demonstrate
that biofuel and other renewable energy (RE) sources, carbon taxes, environmental policy, and
eco-innovation decrease greenhouse gas emissions (CO2 emissions). Meanwhile, financial
development, and natural resource dependence positively impact carbon neutrality. The
robustness result also verifies the findings from CS-ARDL, AMG, and CCEMG methods. The
empirical findings are used to infer policy implications for G7 economies.
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1. Introduction

The environment in which humans inhale and operate is essential to both social advancement and financial growth. Ecological
factors impact the well-being of both humans and the organisms that inhabit the same ecosystem as humans. Humans in a clean and
healthy environment maintain good health and vitality, allowing them to engage in social interactions actively. Organisms having
good health and other valuable NRD are utilized in present financial processes and facilitate the implementation of SDG. However,
both naturally occurring and human-induced polluting factors harm the value of NRD and the country’s development. Carbon dioxide
(COy) emissions are considered one of the most detrimental causes of environmental pollution [1]. CO5 emissions contribute to Climate
change which ultimately leads to global warming and disrupt the climate equilibrium, damaging living organisms, including humans
and the atmosphere. Carbon dioxide (CO2) emissions function as a layer in the atmosphere, enveloping the Earth and contributing to
the heating of the atmosphere, thus raising the planet’s overall temperature. This leads to an increase in the Earth’s average warmth on
a worldwide scale. Global warming is caused by releasing carbon dioxide (CO3) into the atmosphere, which disrupts environmental
conditions, weather patterns, and water supplies, food and sea levels [2]. As a result, The level of excellence or superiority in natural
resources decreases, and the health of living beings, including humans, deteriorates. Therefore, the public and economic progress of
country, which relies on a conducive environment, including natural resources such as land, water, and human resources, is in
jeopardy. The potential danger can be mitigated by decreasing the amount of CO, emissions [3].

Undoubtedly, natural resources continue to be the primary catalyst for economic growth and development. Humans and the air
ecology are reliant on natural resources for economic and survival purposes. Essential resources, including natural gas, oil, coal, sand,
metals, and stones, are crucial for economic and non-economic human endeavors. Key natural resources that are essential for global
sustainability include sunshine, water, soil, and air. Although there are compelling disputes on the importance of natural resources,
they continue to pose the most difficult challenges in the present period for three specific reasons. The environmental challenges posed
by natural resources exacerbate the ecological system, causing worldwide economic uncertainty on its sustainability [4]. Furthermore,
the increase in dangerous illnesses cannot be separated from the subsequent negative consequences of the depletion of natural re-
sources [5]. Natural resources continue to be a significant concern for states, regional, and international organizations. This was
particularly evident at the latest Conference of the Parties held in the UK in November 2021 (COP26) [6]. The need to propose effective
answers to the ongoing ecological problems caused by the decreasing availability of natural resources highlights the importance of the
sustainability agenda.

Furthermore, the primary factors contributing to CO, emissions, aside from population growth, include the decay of faunae and
florae, transportation activities, expansion of domestic technological infrastructure, and increased business activities dependent on
nonrenewable energy sources such as oil, coal, natural gas, petroleum, and Orimulsion [7]. Controlling the causes of CO, emissions and
implementing green practices such as eco-innovations, RE production or consumption, and environmental taxes can effectively reduce
CO2 emissions. In order to achieve environment free of CO3 emissions in the environment, it is essential to utilize ecologically friendly
supplies of renewable energy such as solar, wind, biomass, hydro and geothermal energy [8,9]. Renewable energy is the term used to
describe the energy obtained from sources like geothermal heat, sunlight, airstream, waves, rain, and other natural phenomena that
have a minimal negative influence on the environment [10]. RE is commonly utilized to fuel four distinct sectors: transportation, air,
electricity generation and water cooling or heating, and rural energy [11]. The utilization of RE resources, which are environmentally
friendly sources of energy, in various business operations such as infrastructure development, manufacturing processes, and trans-
portation, does not result in the emission of CO2. These sources are derived from organic materials that absorb heat or CO5 to generate
energy. Furthermore, the generation of sustainable energy sources such as biomass and biofuel involve utilizing crops, plants, wood,
and agricultural and forestry waste [12]. These resources harness solar heat and absorb CO, from the atmosphere throughout their
growth. Therefore, the heightened generation of RE diminishes the preexisting CO5 in the atmosphere [13]. Furthermore, the incli-
nation towards utilizing renewable energy sources such as solar, wind, biomass, hydro and geothermal energy reduces reliance on
imported nonrenewable energy. RE is more cost-effective and therefore more desirable compared to nonrenewable energy, which
tends to be significantly costly. Decreasing the burning of fossil fuels leads to a reduction in CO3 emissions [14-16].

Given the global recognition of environmental sustainability, governments and authorities are currently implementing significant
measures to mitigate pollution and counterbalance the adverse effects of CO, emissions on the environment. Governments implement
various regulatory strategies, such as environmental levies, to effectively mitigate carbon emissions [17,18]. An “environ-
mental-related tax” refers to a tax that is based on a physical unit or an estimate of a physical unit, which represents anything that has a
confirmed and specific harmful impact on the environment [19,20]. Carbon taxation schemes, commonly referred to as price
mechanisms for greenhouse gas (GHG) emissions, are an effective technique for reducing CO; emissions [21,22]. The imposition of
environmental taxes leads to an increase in fossil fuel prices, making them costly for both producers and consumers. This in term affect
individual financial decisions and reduce the use of costly non-RE, so helping to protect the environment from CO; emissions and their
negative effects [23]. These taxes incentivize industrial and manufacturing sectors to prioritize the production of environmentally
sustainable products and methods, thereby decreasing reliance on fossil fuels and mitigating CO, emissions. In addition, environ-
mental taxes serve to boost the use of RE sources instead of nonrenewable energy, hence reducing carbon dioxide emissions and
enhancing the ecosystem [24]. Environmental taxes also function as a means of allocating financial resources to local authorities and
governments. The government can utilize these resources to implement and engage in environmentally-friendly measures aimed at
reducing CO, emissions [25]. Given these circumstances, the primary focus of this study is to inspect the correlation between carbon
neutrality and dependence on natural resources in the G7 economies, considering the integration of eco-innovation, green energy,
carbon taxes, and conservation policies.

This research has four main benefits. To begin with, it guides environmental problems by filling in gaps in empirical data and policy
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insights concerning the ongoing spike in GHG emissions, especially in G7 economies. Secondly, the research provides a broader
framework for evaluating carbon neutrality by adding CO2 emissions and PM2.5 air pollution to the list of possible outcomes. The third
point is that it brings up the topic of how well carbon and environmental restrictions have worked to curb increasing GHG emissions
from the government. Finally, considering the combined effects of reliance on natural resources, eco-invention, green energy, carbon
pricing, and conservation legislation, it is the first empirical strategy to tackle the rising greenhouse gas emissions in G7 economies
[26]. Our study’s inclusion of numerous G7 nations allows for comparison analysis, revealing distinct methods and successful stra-
tegies. This international viewpoint provides a comprehensive view, letting countries study each other’s triumphs and tribulations. At
a time when international collaboration is more critical than ever, our research adds to the conversation surrounding environmental
diplomacy. The G7 can use these findings to encourage cooperation, standardize policy, and tackle the pressing global need for carbon
reductions as a group [27]. Observing how the G7 countries balance reducing emissions with increasing their economies can teach
industries and investors a thing or two about environmental sustainability. Our findings point to promising openings and new di-
rections for development in this field. Finally, the study’s methodological approach boosts the robustness and relevance of its con-
tributions. It includes cross-sectional autoregressive distributed lag, robustness tests, and multiple regression procedures.

Hence, the arrangement of this work is as follows: after the introduction, while, part 2 comprises the literature review, part 3
outlines the methodology, part 4 gives the empirical analysis, and final part 5 concludes the research and discusses its consequences.

2. Review of literature
2.1. Theoretical literature

The hypothesis that pertains to our investigation is the EKC theory, derived from the argument put forth by Grossman and Krueger
et al. [28]. According to the EKC theory, a non-linear relationship exists between environmental quality and actual productivity,
characterized by an upward curve followed by a downward curve. In their study, Yu et al. [29] observed that there is a positive
relationship between economic activity, as measured by GDP, and environmental degradation up to a certain threshold. According to
Nagqvi et al. [30], further economic growth depends on decreasing ecological harm. The EKC thesis suggests that environmental ca-
tastrophes caused by CO; follow a quadratic relationship with monetary expansion, symbolizing productive activities that require
energy consumption [31].

The EKC offers a conceptual comprehension of the competition to achieve carbon neutrality by embracing environmental tech-
nology, RE, and innovation through agricultural output economic development and fossil fuel. According to the premise of the EKC,
the first increase in ecological pollution caused by the excessive emission of CO2 can be attributed to fossil fuel energy, agricultural
production, and total economic growth measured by GDP. Usman et al. [32] and Jiang et al. [33] have found that the usage of fossil
fuels leads to the carbon emissions into the atmosphere, which has a detrimental impact on the quality of the environment. Khan et al.
[34] also highlighted the significant presence of carbon in fossil fuels. When these fossil fuels undergo combustion, carbon atoms
combine with oxygen to form CO», releasing energy.

The EKC posited that there is an inverse relationship between environmental contamination and long-term economic productivity
growth. Wan et al. [35] observed that integrating RE, environmental technology, and innovation into production processes at this level
reduces pollution by promoting energy and carbon efficiency. In addition, Sun et al. [36] suggested that technical innovation can
mitigate adverse environmental conditions resulting from production operations. Furthermore, the research done by Ahmad et al. [37]
and Azam et al. [38] substantiates the contribution of renewable energy utilization in reducing carbon emissions. Hence, by integrating
RE and ecological technology and innovation based on the EKC argument, we can better assess the importance of utilizing RE.
Ecological technology and innovation in G7 promote carbon neutrality by reducing fossil fuel energy use, increasing renewable energy,
carbon taxes, economic innovation and fostering GDP growth.

2.2. Empirical literature

The ongoing flow of worldwide greenhouse gas (GHG) emissions has fueled an in-depth exploration of conservational science.
Primarily, this research aims to address the uncertainties surrounding the sustainability of the worldwide economy.

2.2.1. Natural resources and carbon neutrality

The EKC hypothesis was tested using an empirical model spanning 208 economies from 1990 to 2018 by Kahia et al. [39] and found
that Natural resource rent was a moderating influence on CO:z emissions. This employ the Fully Modified Ordinary Least Squares
(FMOLS) estimator and the GMM estimator to account for the correlation between RE, human capital, and trade openness. The
outcomes support the EKC hypothesis, which demonstrates that normal supply rents meaningfully contribute to the rise in CO2
emissions for the economies included in the sample [40]. Although economic growth follows an “inverted U-shaped” curve, carbon
emissions are also induced by trade openness and economic expansion. Instead, RE helps slow the increase in global emissions. The
increasing trend in CO2 emissions in a piece of 24 chosen markets from 2001 to 2020 is the subject of this study, which isolates the
effects of three crucial natural resource indicators: oil, coal and natural gas. Nuclear power, alternative energy sources, and GDP
expansion are all factored into the data. Based on the findings, nuclear power and renewable energy sources are good policy choices for
fostering sustainable development since they considerably reduce CO: emissions, driven by the three components of natural resources
[41].

Researchers examine the G7 nations’ environmental quality from 1990 to 2020 and how economic success, resource dependency,
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and price volatility impacted it. The study uses panel quantile regression to validate its empirical model, which includes second-
generation methodologies [42]. According to the results, economic performance and commodity pricing of natural resources have
a harmful effect on quality of environment, as seen by their effects on carbon emissions across different quantiles. Renewable energy,
oil rents, and R&D can provide better environmental quality by diminishing carbon dioxide emissions.

Continuing with the climate change feedback from COP26, Zhao et al. [22] looks at how a panel of G20 nations fared in carbon
neutrality between 2001 and 2019 due to their reliance on natural resources. Applying the GMM and FMOLS estimators to test its
assumptions, the study also explains the roles of vitality ingesting and trade openness in the model. The study’s outcomes show that RE,
exports, and gas rents moderate the effect of imports, oil rents, and coal rents on the rise of carbon emissions [43]. conducts research
into technological progress, renewable energy, and natural resource price volatility on China’s ecological economy. This study tests its
hypothesis using yearly time series data from 1990 to 2017 and several estimators, such as FMOLS, DOLS, and CCR. The results showed
that natural resources and technological advancement are two positive forces driving environmental degradation (ecological
footprint).

Wang et al. (2023) looked at 35 BRI nations from 1985 to 2019 to see the interdependencies between carbon emissions, economic
development, RE use, and natural resources. RE and carbon dioxide drive economic expansion, whereas natural resources slow it,
according to results from ordinary least squares (OLS), fixed effect, extended technique of instants, and disparate relapse models.
Although natural resource extraction and economic expansion have a beneficial influence on COz emissions, the use of RE sources
considerably lowers emissions. Usage of RE increased due to economic development, but carbon dioxide and natural resource usage
decreased. This study’s results on the effects of wealth disparity and natural resource scarcity on the interplay between RE use,
economic growth, and CO: emissions have important policy implications for BRI nations.

The study by Ref. [26] examined the effects of remittances, natural possessions, technical innovation, economic expansion, and
management of energy intake and development on CO: emissions from 1990 to 2019, in Pakistan. In a combined integration test, the
Bayer and Hanck model found that remittances, natural resources, technical advancements, economic growth, and CO: emissions are
interdependent. Furthermore, the ARDL model suggested a long-term positive correlation between remittances and COz emissions,
suggesting that an uptick in remittances is terrible for Pakistan’s environmental performance. According to Huang et al. [45], natural
resources reduce carbon dioxide emissions, whereas technological development, economic growth, energy use, and urbanization
contribute to higher emissions. Furthermore, the findings of ARDL estimations were consistent with the robustness checks conducted
using OLS and FMOLS estimators. Various factors, including normal incomes, technical novelty, financial growth, energy use,
development, remittances, and the findings of frequency causality tests, cause carbon dioxide emissions.

Borojo et al. (2023) used yearly time series data from 1970 to 2016 to inspect the backdrop of Pakistan and the dynamic linkages
between carbon-fossil GHG emissions, WEF resources and growth-specific factors. A country’s water footprint in greenhouse gas
emissions is increased by chemicals employed in manufacturing, according to results from a simultaneous GMM estimator, which in
turn is affected by industry value added and fossil fuel burning. The association between it is an inverted U-shaped carbon footprint for
water and food in terms of fossil fuel GHG emissions. With a per capita income turning point of US$1120, US$1170, US$1250, and US
$1140, respectively. The carbon-fossil-GHG footprints of energy and water’s proportion in fossil fuels support the U-shaped EKC. In
contrast, per capita income and water’s proportion in GHG emissions establish monotonic increasing functions. The Pollution Haven
Hypothesis (PHH) holds true for water’s contribution to carbon emissions. In contrast, the IPAT hypothesis is supported by a carbon
footprint associated with water, a carbon footprint associated with food, and a carbon footprint associated with electricity.

2.2.2. Green energy and carbon neutrality nexus

Renewable energy sources and their significance to environmental research are growing as greenhouse gas (GHG) emissions
continue to rise despite attempts to reduce their harmful effects. Evaluative research is developing as a continuous effort to improve the
ecosystem’s sustainability in response to this challenge. For example, Zhang et al. [47] looks at 63 developed and developing nations
from 1990 to 2020 and uses carbon footprints to determine whether nonrenewable energy, green energy, financial development, and
economic development help or hurt carbon neutrality [26]. Estimated model results show that renewable energy foundations
adversely influence carbon footprint, lending credence to the carbon neutrality movement. According to the study, nonrenewable
energy sources increase the carbon footprint, whereas financial development significantly decreases it. Also, Zhong et al. [48] looks at
18 developed nations from 1990 to 2019 and how RE has helped them reduce their CO2 emissions. Nonlinear autoregressive
distributed lag and pooled mean groups are also used in this study to analyze the mediating effects of technological innovation. The
research shows that renewable energy and technological innovation have positive shocks that lower COz emissions and that these
indicators have adverse shocks that cause COz emissions to spike.

L. N. Hao et al. (2021) investigated how renewable energy does, in fact, help the E7 economies’ emission curves flatten and either
support or disprove the EKC theory. This research uses CS-ARDL techniques and AMG to examine secondary data collected annually
from 1995 to 1999. Results from the E7 economies add credence to the EKC hypothesis, which postulates that procedural invention and
renewable energy sources will moderate the emission increase. Rising economic activity is a significant factor in the rise of CO,
emissions. Determining how much renewable energy mitigates the environmental impact in a worldwide sample of 120 economies is
the study’s primary goal [50]. By expanding its scope to include the association between nonrenewable energy and economic
development in the model, the study by Guo et al. [51] adds to the existing body of knowledge. The calculated models’ feedback shows
that RE is the key to reducing carbon footprints while raising economic growth rates. While increasing economic growth is desirable, it
is worth noting that the environment suffers when nonrenewable energy sources are combined with it. From 1990 to 2017, Huan et al.
[52] similarly proved that RE moderated CO: emissions for 147 nations. The report emphasizes biofuels’ importance in delivering
economic and environmental benefits. It identifies the top five nations for biomass energy demand as India, followed by China, Brazil,
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the US, and Germany. Using yearly data from 1970 to 2016, the study examines the connections among CO: emissions and biomass
energy in these countries, considering the effects of monetary liberalization, economic expansion, and urbanization. The results show
that biomass does leave an environmental impact [39].

In recent decades, environmental degradation has been steadily increasing in speed [53]. Because of the influence it has on billions
of human lives, ecological pollution has been the focus of studies around the world. Little worldwide agreement on cutting energy
consumption and carbon emissions has been reached despite the rising need for fossil fuels in developing economies [54]. On the other
hand, several nations are working to meet the 2015 Paris Climate Agreement’s requirements. While most studies [55,56] find positive
social and economic effects from international commerce, there are many [57,58] who argue that it really has the opposite effect,
leading to reduction of natural resources and environmental deterioration.

Sun et al. [59] investigated how changes in renewable energy, population density, life expectancy, income, and other demographic
factors influenced the ecological footprint of eight developing nations in South and Southeast Asia over a 25-year period from 1990 to
2015. The utilization of the CS-ARDL methodology produced results that suggest a non-linear relationship between income and
ecological footprint, following an N-shaped pattern. The long-term results further emphasized the necessity of embracing
low-pollution energy choices. Furthermore, the study demonstrated that greater adoption of renewable energies reduced the envi-
ronmental footprint of the region. Fareed et al. [60] used the CS-ARDL model to argue that the use of renewable energies and the
development of ecologically focused technical advances contribute to the promotion of environmental sustainability.

2.2.3. Eco-innovation (EI) and carbon neutrality

Eco-innovation (EI) has been included as a new element in the growth-pollution model due to its acknowledged significance in
lowering global CO; emissions. Scientists have emphasized the need for countries to urgently develop and implement environmental or
eco-innovation in order to address the climate disaster and achieve net zero emissions by 2040. This involves reducing and removing
the carbon emissions released into the atmosphere [61]. This suggests that to reduce carbon emissions and offset any leftover CO,
emissions by absorbing an equal quantity from the atmosphere, it will be necessary to develop environmental or eco-innovations. EI
relies on socially responsible investment practices and incorporating natural environmental standards into patents to enhance
ecological quality [45]. Recent research has provided insight into adopting eco-innovation and its ability to facilitate sustainable
development and the reduction of CO2 emissions towards achieving net zero. In their study, Shang et al. [62] observe the determinants
of carbon neutrality in the US and provide evidence that EI can effectively decrease CO, emissions. Therefore, it is critical to prioritize
the advancement and availability of sustainable EI to achieve carbon neutrality. Petrychenkoet al. [63] proposed that EI technologies
serve as the primary means to discourage the utilization of fossil fuels and promote the adoption of environmentally friendly and RE
sources, hence mitigating carbon emissions. As said by Kuang et al. [64], eco-innovation enhances energy efficiency, decreasing the
use of polluting energy sources and contributing to the attainment of environmental sustainability. Deng et al. [65] highlighted that
eco-innovation has offered a favorable approach for European companies to reduce their direct and indirect COy emissions. This
suggests that EI enhances environmental quality without impeding economic operations. Abu Houran et al. [66] states that imple-
menting policies that promote sustainable technologies will effectively cut CO5 emissions without the need for ecological fees and
regulations. Ghosh et al. [67] demonstrate that EI is crucial in reducing CO5 emissions and PM2.5 in the US economy. According to
Almasri et al. [68], there is a claim that the implementation of energy efficiency and eco-innovations in G7 countries results in higher
energy consumption and emissions due to the rebound effect. Pata et al. [69] emphasize the necessity of aggressive measures to
mitigate the rebound effect of residential eco-innovation. Zhou et al. (2023) emphasize that EI can reduce CO; emissions in OECD
countries but also lead to a rebound effect. In their study, Kahia et al. (2023) found that eco-innovation has a long-term impact on
reducing CO, emissions. In contrast, in the near term, it causes a rise in CO3 emissions.

Eco-innovation (EI), renewable energy, globalization, haze contamination complete PM2.5, and conservatory gas emissions were
the main metrics used to assess China’s natural environment’s sustainability in the study by Ref. [70]. The link between the
explanatory and outcome variables was examined in both the long and short term using the Quantile ARDL technique. Under various
quantiles, the consequences showed that EI, renewable energy, and EI all had an undesirable and statistically noteworthy effect on CO4
emissions in the regional China. However, only at the highest quantiles was a positive and statistically significant association among
globalization and CO, emissions noted. In addition, the long-term estimate demonstrated that ERTech, renewable energy, and EI may
substantially contribute to reducing PM2.5 haze pollution in China. In addition, QARDL verifies the negative and long-term estimate
among EI, RE, and ERTech; in contrast, globalization is increasing GHG emissions in China, leading to a slew of sustainability
problems. As a result, we may say that globalization raises carbon emissions while efficient innovation, use of renewable vitality, and
environmental fees diminution them.

A study by Ref. [71], has studied the relationship between political risk index, RE and non-RE consumption, EI, and renewable
energy R&D while taking data from seven OECD countries. Fiscal decentralization was also considered as a potential new determinant.
The robustness is checked using a CCEMG test, the short-run and long-run analyses are conducted using a CS-ARDL technique, and the
empirical analysis uses the test for cointegration suggested by Ref. [72]. The results supported earlier studies that found fiscal
decentralization and eco-innovation to be associated with higher rates of RE consumption and lower rates of non-RE consumption. An
improved political risk index and more investment in RE R&D have led to a shift in energy ingesting away from non-renewable
foundations. In terms of policy implications, this study suggests that devolving power to local governments will lead to even
greater improvements in energy efficiency and a shift towards more sustainable energy sources in these nations’ energy mixes.
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2.3. Research gap

A significant void in the current body of research has been revealed by the thorough examination of the papers covered above. In
particular, the G7 economies’ efforts to achieve carbon neutrality have not been examined in light of the interconnected impacts of
green vitality, reliance on natural resources, EI, carbon taxes, and environmental policies. In this study, novel methods of estimations
(CS-ARDL, CCEMG, and AMG) along with multiple empirical test like cross sectional dependence test, slop homogeneity test and unit
root tests have been used to get robust results. This work intends to fill this knowledge gap and make a significant role to this important
area of research. The study main objective to shed light on the complex dynamics impacting the G7 economies’ pursuit of carbon
impartiality by investigating these interrelated elements.

3. Data and methodology
3.1. Data

This research looks at the G7 countries’ reactions to the COz emissions boom from 1999 to 2021 through viewed through the prisms
of economic development, carbon pricing, renewable energy, ecological innovation, dependence on natural resources, and green
legislation. The countries in question are the UK, Canada, France, Germany, Italy, USA, and Japan. All of the variables listed above are
determined by external forces; however, carbon neutrality, as dignified by CO: emissions, is an internal variable [73]. The concept of
carbon neutrality is a relatively new approach to solving the pervasive problems impacting the long-term viability of the world
economy. An economy is said to be moving toward a carbon-neutral environment if its COz emission curve flattens, whereas the reverse
is suggested by an economy whose emissions are carbon-inducing. Although there are many reasons given in the introduction to choose
the G7 frugalities as the focus of the review, there are three main reasons why the timeframe from 1999 to 2021 was chosen. The
selection of 1999 as the baseline year was made possible by the availability of balanced national data for PM2.5 air pollution for all of
the years that were required. Second, 2021 was chosen as the destination year because 2022 did not have any data on carbon taxes,
biofuels, environmental regulations, or COz emissions [74]. The study’s variables were culled from three authoritative sources. The
variables used in this study are carbon neutrality (CN), renewable energy (RE), and total natural resource dependence (NRD). The
former is represented by CO: emissions (MM tones CO2), while the latter is a proxy for renewable electricity connected volume (million
kW) and is derived from the Energy Material Management (Emm). Additionally, the World Development Indicator (WDI) provides data
on financial development (FD), which is calculated as domestic credit to the private sector as a percentage of GDP, and P.M2.5 air
pollution, which is the percentage of the population exposed to levels exceeding the WHO Interim Target-1 value, as a percentage of
the total. The following metrics are derived from the OECD: eco-innovation (EI), biofuels (BF), carbon tax (CT), environmental policy
(EP), and financial development (FD). The variables acronyms, measurement and sources are given in Table 1.

Traditional economic theory serves as the foundation for the model and the theories that support it [75]. The research makes some
educated guesses about the connections between the G7 economies’ carbon neutrality and a number of other variables. Since RE is
known to decrease emissions, it is predicted that there is an inverse association between RE and CO:z emissions. The moderating in-
fluence of eco-innovation on emission levels is shown in the predicted undesirable connection among eco-invention and CO2 emissions.
Drawing on research supporting the moderating effects of carbon prices on emissions, the study also expects an inverse connection
between carbon taxes and CO: emissions. As a reflection of the ecological effects of resource depletion, it is believed that natural
resource dependency is positively associated with CO2 emissions. Since biofuels moderate emissions of greenhouse gases, the study
predicts that there would be an undesirable association among biofuels and CO:z emissions. Empirical evidence indicating the efficacy
of strict environmental regulations in lowering emissions leads one to assume a converse connection between the environmental policy
and CO:z emissions [49]. Both good and negative impacts on carbon dioxide emissions are expected as a result of financial development.
In order to shed light on the quest for ecologically friendly behaviors, the study intends to investigate the intricate relationship between
these factors and how they affect carbon impartiality in the G7 nations.

Table 1

Description of variables.
Variables Acronyms Measurement Sources
Carbon dioxide emission CO, CO,, emissions (metric tons per capita) WDI
PM2.5 Air pollution PM2.5 Percentage of the population exposed to levels exceeding the WHO Interim Target-1 value, as a percentage =~ WDI

of the total
Eco-innovation EI Number of patents, with country fractional value OECD
Natural resource NRD Total natural resources rents (% of GDP)
dependence

Renewable energy RE Renewable electricity installed capacity (million kW) EIA
Biofuels BF Number of patents, with country fractional value
Carbon tax CT Environmental related tax revenue OECD
Environmental policy EP Environmental Policy Stringency Index OECD
Financial development FD Domestic credit to the private sector as a percentage of GDP WDI
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3.2. Empirical modeling

Newly published research informs the model that lays out the assumptions and evaluates the possessions of reliance on usual
incomes, eco-innovation, and renewable energy on the G7 markets’ achievement of carbon impartiality. These relationships can be
expressed mathematically in the following:

CNy =060 + 61GEy + 02EL; + 63CTy + 64EPy; + 05FDy + oy 1)

Carbon neutrality (CN) is a vector that includes two outcome variables, P.M2.5 air effluence and CO: emissions. Green energy, or
GE, refers to sources of renewable power and biofuels. EI denotes eco-innovation, whereas CT stands for carbon tax. In addition, EP
stands for environmentally stringent policies and FD for financial development. The following is an expansion of Equation (1) that
considers green energy components, as well as two pointers of carbon impartiality in Equations (2) and (3).

CO2 =0¢ + 01BF;; + 62RE;; + 03El; + 64CTy; + 05sEPy 4 66FDy + o (2)
PM2.5; = 6o + 61BF;t + 62REy + 63EI;; + 64CTit + 65EP;; + 06FDi; + 0t 3

in this context, a stands for the stochastic term, and t represents the research period that begins in 1999 and ends in 2021. In order for
any variable to be tested scientifically, it must first be transformed using the natural logarithm.

3.3. Estimation strategy

When conducting empirical validation, it is essential to first ensure that the slope coefficients and cross-sectional dependencies are
consistent in order to determine the dataset’s features. We then learn what kinds of statistical tests are available and whether there are
any cointegration relationships. Regression analysis verifies the extent to which endogenous and exogenous elements interact with one
another. Examining the correlations between indicators allows us to draw conclusions about policy.

3.3.1. Cross-sectional dependence and homogeneity tests

It should be stressed that cross-sectional data might be negatively affected by interference among cross-sectional units. It is possible
that the panel model experienced an interruption that caused this problem. It is essential to thoroughly observe cross-sectional
dependence before moving forward with empirical analysis when generating panel regression models. Predictions of conflicting
measurements may be erroneous if this basic issue is ignored. This investigation makes use of the cross-sectional dependence tests
proposed by Pesaran [76] and Pesaran [77]. Slope homogeneity testing is essential, in addition to checking for common component
problems, because CSD might vary between units. The slope similarity test is used for this purpose. You can use this test on balanced or
unbalanced panel data, to estimate strong or weak exogenous regressors, CSD, and serially correlated errors. Based on its relative
accuracy, this test uses the cross-sectional deviation of each slope. Since it only takes into account external, non-normally distributed
regressors, the homogeneous slope test is also dependable [78]. Slope homogeneity test standard models are represented by the
following symbols (See Egs. (4) and (5)).

Ron = (N)2(2k) 2 (%’s“ - k) A= (N1{2k(T—k-1)-2(s - 2k) @
o (2051 (35 ) ®

3.3.2. Panel unit roots test

After the SH and CSD tests are passed, the next important step is to run a panel stationarity test. When cross-sectional dependence
(CSD) is apparent, second-generation testing is the way to go [79]. Assuming that the series is not stationary, this methodology is
legitimate. The following equations (Eq. 6) represent the CIPS test statistic obtained by being around each CADF.

1 <&
CIPS = 21 CADF; (6)

3.3.3. Long-run nexus test

Confirming a panel regression requires three steps, the third of which is panel cointegration. This second-generation panel long-run
nexus is based on Westerlund’s [80] work. Its ability to mitigate issues brought about by slope heterogeneity and CSD is a notable
strength. Evidence from empirical studies [81], suggests that this resilient technique is useful for analyzing cointegration, which refers
to the long-run links among endogenous and exogenous variables. Remember that in this case, refusing the null theory would imply
that, in the end, carbon neutrality is connected to outside factors. Following Westerlund’s [80] approach, the cointegration nexus can
be expressed as follows (See Eq. (7)&8):

ai(L)Ayi =y2i + i (Yie — 1 — QiXie) + M (L)vie + 1 )
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511‘ :/}i(l)t/g\21 - /),i/lli + /)’lﬁZiandyZi = —/iil2i (8)

here are the two standard test statistics that were used to examine Equation (9-12):

1 ¢

G=§ ;mz(ci) ®
1 L TG

G“:N;di(l) (10)
4

Pr=g5& an

P,=Té (12)

3.3.4. Panel long-run estimation

In this analysis, panel reversion examination is mostly used in the fourth step of the estimating technique. When doing empirical
verification, it is significant to pay devotion to the qualities of the supporting dataset to avoid misunderstanding the relevance and
validity of the expected regression results. When dealing with different slope parameters, for example, Traditional methods of esti-
mation, such as those involving fixed and random effects, may yield contradictory findings. Previous estimators have used the
assumption that the slope coefficients of the aggregate cross-sectional units follow a distribution that is normally distributed. In
general, this work adheres to the CS-ARDL that was proposed by Ref. [82]. Furthermore, it is consistent with the empirical research
that was conducted in the past by Refs. [41,73]. There are three interconnected econometric problems that the CS-ARDL intends to
tackle. These problems are heterogeneous slope coefficients, convergent endogeneity, and CSD. This is the simplest way to describe the
model (See Eq. (13)):

q q q
CNi=Po+ Y muCNie+ Y 03 Xiej+ Y thtie1Ziej + € (13)
j=1 j=0 j=0

Three additional estimators, namely the panel quantile regression model, the augmented mean group, and the mutual connected
possessions mean group, are examined to guarantee the CS-ARDL’s resilience. According to heterogeneity is used in the research to
determine the direction of causality [40]. This study employs a country-level analysis based on a completely modified ordinary least

squares model to tackle the inherent heterogeneity of the cross-sectional units.
4. Results and discussions

This study explores the nature of the indicators using three standard approaches to identify the properties of the carbon neutrality
hypothesis in G7 economies. Descriptive statistics are used to aggregate a number of characteristics of the variables that have been
chosen. You can find more details on the distribution of the dataset in Table 2, which also contains descriptive analysis. As a proxy for
environmental pollution, carbon dioxide emissions average 6.72 percent across the G7 economies, as shown by the averages computed
from the summary numbers. When one considers the rapid monetary development that contributes to air effluence in these parsi-
monies, this result is in line with expectations. The G7 economies’ average CO- emissions from PM2.5 air pollution are 4.05 percent,
making them the biggest contributor to global warming. This finding is consistent with empirical observations that demonstrate CO-
emissions are a major component of greenhouse gas emissions [11].

Green energy typically comes from renewable sources (approximately 3.56 % of the total) and biofuels (about 2.72 %). With an
average value of —1.62 % for reliance on natural resources, the G7’s commitments to attain carbon neutrality are strengthened [46]. As
a result of their serious commitments and hard work, the G7 countries have been recognized as pioneers in the transition to a more
sustainable energy future [83]. With an average significance of 7.33 percent, the G7 nations’ commitment to enhancing their

Table 2

Descriptive statistics.
Variables LCOze LPM2.5 LBF LRE LNRDP LEI LCT LEP LFD
Mean 3.36 1.975 1.36 1.78 -0.81 3.665 0.78 0.40 2.385
Median 3.18 2.245 1.41 1.82 —0.965 3.565 0.785 0.49 2.395
Maximum 4.35 2.3 3.035 2.785 0.805 4.63 0.84 0.675 2.69
Minimum 2.905 -0.16 —0.345 0.195 —-2.27 2.58 0.705 —0.22 2.05
Std. Dev. 0.435 0.575 0.645 0.535 0.825 0.59 0.035 0.225 0.17
Skewness 0.655 -1.125 —0.08 0.385 0.06 0.06 —0.08 —0.42 —0.03
Kurtosis 1.77 3.82 1.825 1.78 0.945 0.87 0.965 1.37 0.935
Jarque- Bera 24.16 140 1.79 9.025 4.37 5.5 4.21 9.755 4.37
Probability 0.00 0.00 0.15 0.00 0.01 0.00 0.01 0.00 0.01
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technological standing is evident. The high-tech performance is not unexpected given the extensively industrialized nature of these
economies. Carbon taxes are 1.56 % on average, but environmental regulations are 0.80 % stricter [84] reports that the financial
sectors of the G7 nations have progressed somewhat, with a growth rate of 4.77 percent on average.

In Table 3 the correlation matrix of the variables has been shown and in Table 4 the slop homogeneity and cross-sectional
dependence has been shown. For slop homogeneity the technique suggested by Pesaran et al. [76] and Pesaran et al. [85] has been
employed. Both tests are confirmed by the results. As a result, we discovery indication in favor of the alternative hypothesis, which
states that the cross-sectional units are dependent on one another. Results from the CSD tests are further supported by the strong
correlation coefficient values, which range from 60 % to 99 %. Also, both are statistically significant, therefore we can’t accept the null
hypothesis. The current situation in the sample of G7 economies can be better understood with the help of these findings (see Table 5).

Table 5. Summarizes the findings from panel unit root tests, namely the CIPS (2007) and Cross-Sectionally Augmented IPS (CIPS)
(2003) estimators. Conferring to the conclusions, all of the variables show unit roots at the level, but they all become stationary at first
difference, indicating an integrated order of I. The series is inveterate to be stationary at the first difference, given the empirical
feasibility of carrying out long-run tests with the method chosen to address cross-sectional dependence by Ref. [22].

In Table 6, the results from westerlund co-integration has been presented. Significant panel statistics (Pt and Pa) and group sta-
tistics (Gt and Ga) point to the presence of a long-term nexus. Thus, one thing that stands out among the G7 economies is the strong link
between carbon neutrality, financial development, environmental legislation, reliance on renewable energy, eco-innovation, carbon
pricing, and renewable energy.

4.1. Research findings in the long term

Here you may find the main results as well as the assessments of the robustness checks. The key findings are offered below based on
the research that used CO: emissions as the outcome variables and were estimated using CS-ARDL, CCEMG, and AMG. Meanwhile, the
results related to robustness checks center on P-estimates that utilize country-specific studies and other chosen estimators. The
outcome variable in this case is M2.5 air pollution.

4.2. Main results

Table 7 presents the findings from the CSARDL long-term association analysis between the dependent and explanatory variables.
Realizing carbon impartiality in the G7 frugalities appears to be dependent on green energy, as evidenced by the considerable
environmental benefits of biofuel and RE in lowering CO2 emissions. To be clear, renewable energy is important in the short- and Long-
terms, while biofuel energy is only relevant in the long term. It seems sense to us that a percentage increase in RE sources will result in a
proportional reduction in CO, emissions. As demonstrated by the optimistic and statistically significant possessions on CO, emissions,
Table 7 also makes it clear that the G7 economies’ ability to achieve carbon impartiality is inhibited by their reliance on natural
resources. The findings suggest that there is a direct and indirect relationship between the percentage increase in reliance on natural
resources and the rise in CO5 emissions as time goes on. The primary empirical findings show that environmentally related innovation
influences CO, emissions negatively and statistically significantly over the long term, indicating that it supports the G7 countries’
efforts to become carbon neutral.

Furthermore, we examine the robustness of our results with the addition of a new outcome variable by measuring the probability
that the G7 economies will reach carbon neutrality. This investigation’s main goal is to determine whether changes in environmental
quality indicators, like CO2 emissions and PM2.5. The selected exogenous indicators, such as PM2.5 air pollution, show either
consistent or divergent responses. We choose P for this analysis. The endogenous variable in Table 8 is PM2.5 air pollution. Tiny
airborne particles that are known to sternly decrease discernibility and produce hazy air are referred to as fine particulate matter
(PM2.5). Additionally, PM2.5 significantly endangers the public’s health. As can be seen from Table 8’s results, P is considerably
reduced when green energy—which includes biofuel and renewable energy—is used. Air pollution caused by M2.5 in the G7 countries.
Biofuel and renewable energy have these mitigating effects on P.M.5 Both short-term and long-term analyses show that PM2.5 air
effluence is still there. Similarly, the escalation of P is greatly influenced by the reliance on natural resources and financial devel-
opment. Air pollution caused by PM2.5, having a significant and favorable impact. Thus, a rise in PM2.5 is correlated with an increase
in reliance on natural resources. Remaining statistically significant are the mitigating effects of environmental policy, carbon taxation,

Table 3
Correlation matrix.
Variables LCOze LPM2.5 LBF LRE LNRDP LEI LCT LEP LFD
LCO2e 1
LPM2.5 0.115 1
LBF —0.305 —-0.09 1
LRE —0.235 —0.265 0.27 1
LNRDP 0.055 0.24 0.025 0.1 1
LEI —0.25 —0.03 0.24 0.215 —0.185 1
LCT —0.235 —-0.12 0.195 0.105 0.09 0.215 1
LEP —0.085 —0.015 0.22 0.16 —0.055 0.135 0.025 1
LFD 0.29 0.115 0.245 0.105 0.085 0.315 0.5 0.02 1
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Table 4

Tests of homogeneity and cross-sectional dependency.
Indicators Pesaran (2004) Pesaran (2015) Correlation
LCO2e 3.778%** 0.433
LPM2.5 3.061%** 0.295
LBF 5.6725%** 0.4575
LRE 0.4275
LNRDP 7.9825%* 0.4625
LEI 3.0275%** 0.2825
LCT 6.61%** 6.4925%** 0.4475
LEP 0.4925
LFD 0.34405

Table 5

Tests for panel stationarity and long-run outcomes.

CIPS (2007) CIPS (2003)

Variable Level First difference Level First difference
LCO2e —0.9975 —2.6125%** —0.522 —2.0325%**
LPM2.5 —1.0275 —1.033
LBF —1.047 —0.6165
LRE —0.9425 —2.5575%** —0.9155 —2.156%**
LNRDP —-1.112 —1.9975%* —0.666 —2.466**
LEI -1.33 —2.5325%** —0.5275 —2.062%*
LCT —1.4565 —2.216%** —0.9435 —1.6575%*
LEP —0.4575 # —1.0075 —2.9545%*
LFD -0.778 —0.504 —1.956**
Table 6
Westerlund cointegration results.

Statistic Value Z-value P-value

Gt —4.079%** —0.6115 0.0024

Ga —5.0385%** —2.3915 0

Pt —4.5165%** -1.778 0.0002

Pa —2.527* 1.281 0.0128

Table 7
Short and long-run outcomes. Dependent variable: CO, emissions.
CS-ARDL
Variables Short-run Long-run CCEMG AMG
LBF —0.049 (0.029) —0.178*** (0.049) —0.029** (0.016) —0.55*** (0.28)
LRE —0.039* (0.034) —0.140%** (0.040) 0.060 (0.028) 0.059 (0.037)
LNRDP **(0.017) *** (0.020) 0.049%** (0.030) 0.069** (0.023)
LEI **(0.059) (0.079) —0.130*** (0.048) —0.212%*
(0.058)
LCT “(0.029) (0.037) —0.040 (0.034) —0.043 (0.023)
LEP (0.028) “* (0.035) —0.076 (0.050) —0.078
(0.043)

LFD 0.097*** (0.026) 1.049*** (0.198) 0.499** (0.169) 0.788** (0.543)
ect (—1) —0.498*** (0.130)
Observations 163 163 169 169

** and

* criteria are the standard for 1 %, 5 %, and 10 % level of significance, respectively.

and eco-innovation when PM2.5 is the one. The study results are sported by Refs. [67,75]. The variables relationship has been shown in

Fig. 1.

4.3. Verification of robustness via country-level analysis

Time series estimations are carried out separately for respectively of the G7 frugalities in this study to add to the current dialogue

10
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Table 8

Short and long-run outcomes. Dependent variable: P.M2.5 air pollution.
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CS-ARDL CCEMG AMG

Variables Short-run Long-run

LBF

LRE

LNRDP

LEI

LCT

LEP

LFD

ECT (-1)
Observations

—0.075*** (0.030)
—0.044*** (0.025)
0.131** (0.046)
—0.067*** (0.017)
—0.148** (0.069)
—0.065 (0.056)
0.087** (0.076)
—0.376*** (0.087)

—0.145*** (0.021)
—0.176*** (0.012)
0.168*** (0.027)
—0.312%** (0.027)
—0.138** (0.026)
—0.076** (0.021)
0.067** (0.087)

163

163

—0.045 (0.032)
0.098*** (0.014)
0.125*** (0.087)
—0.176*** (0.031)
—0.132*** (0.076)
—0.090** (0.028)
0.127 (0.021)

169

—0.056*** (0.026)
0.064*** (0.028)
0.017 (0.032)
—0.143*** (0.029)
—0.087 (-0.076)
—0.176*** (0.019)
0.225** (0.068)

169

Note: The conventional standards for level of significance are *** for 1 %, ** for 5 %, and * for 10 %.

Financial

Development (FD) +

Carbon Tax(CT)

Carbon
neutrality
(CN)

Environmental
Policy (EP)

Fig. 1. Variables impact on Carbon neutrality.

about the relationship between reliance on natural capitals and carbon neutrality. For two main reasons, the robustness check at the
national level is crucial. First, heterogeneous slopes in the model are indicated by the slope homogeneity test results, which calls for a

study of slope differences using estimations at the national level.

Table 9
The results of the empirical research conducted at the country level.

Variables/ United States United Kingdom  Japan Italy Germany France Canada

coefficient

LBF —0.121%** —0.076%* —0.132%** —0.085%** —0.074%** —0.045** —0.092%**
(0.024) (0.042) (0.054) (0.021) (0.053) (0.016) (0.007)

LRE —0.134%** —0.187%** —0.065 (0.087) —0.087 (0.005) —0.112%** —0.087** —0.154%**
(0.076) (0.029) (0.067) (0.034) (0.036)

LNRDP 0.267*** 0.386%** 0.123** (0.076) 0.098*** 0.065%*** 0.199%*** —0.134**
(0.058) (0.043) (0.043) (0.013) (0.091) (0.065)

LEI —0.235%** —0.075** —0.865%** —0.654** —0.433** —0.495%** —0.132 (0.076)
(0.087) (0.029) (0.197) (0.153) (0.176) (0.175)

LCT —0.643%*** —0.554%** —0.386%*** —0.397*** —0.185%** —0.074%** —0.196%**
(0.167) (0.153) (0.087) (0.097) (0.054) (0.084) (0.021)

LEP —0.386%** —0.228%** —0.122%** —0.115%** —0.125%** —0.223%** —0.133**
(0.088) (0.045) (0.046) (0.044) (0.036) (0.066) (0.062)

LFD 0.465%*** 0.653*** 0.275 (0.128) 0.679%** 0.185%** 0.396%*** 0.215 (0.076)
(0.026) (0.199) (0.066) (0.025) (0.154)

C 1.155** (0.266) 2.663 (3.235) 1.744%** 3.724%** 2.025%** 2.277%*%* —1.015 (1.075)

(0.317) (0.376) (0.198) (0.875)
R-squared 0.987 0.753 0.789 0.865 0.934 0.765 0.986
Adjusted R- 0.991 0.876 0.901 0.960 0.887 0.904 0.802
squared

Note: The conventional standards for level of significance are *** for 1 %, ** for 5 %, and * for 10 %.
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Table 10

Empirical results based on the panel quantile regression estimator.

Indicators

LOW

MEDIUM

HIGH

1 Orh

20 o,

30 th

40

50

60 th

70

80 th

90 th

LBF
LRE
LNRDP
LEI
LCT
LEP
LFD
CONS

Observations

—0.055 (0.039)
—0.001 (0.03)
0.154*** (0.026)
—0.613*** (0.058)
—0.258*** (0.072)
—0.479*** (0.063)
0.138** (0.089)
4.064*** (0.587)

161

—0.023 (0.051)
—0.05 (0.04)
0.135*** (0.035)
—0.518*** (0.075)
—0.775%** (0.192)
—0.496*** (0.082)
0.177*** (0.068)
3.467*** (0.692)

161

—0.083 (0.057)
—0.066 (0.045)
0.163*** (0.039)
—0.451*** (0.085)
—0.965%* (0.349)
—0.491*** (0.092)
0.199*** (0.052)
2.164*** (8.623)

161

—0.133** (0.064)
—0.116** (0.05)
0.187*** (0.043)
—0.409*** (0.094)
—0.288** (0.135)
—572**%* (0.103)
0.528*** (0.159)
63.381%** (9.628)

161

—0.146** (0.064)
—0.183*** (0.052)
0.195*** (0.043)
—0.442%** (0.095)
—0.751*** (0.191)
—0.603*** (0.103)
0.544*** (0.101)
63.97*** (9.658)

161

—0.178*** (0.067)
—0.099* (0.052)
0.177*** (0.045)
—0.394*** (0.099)
—0.896*** (0.216)
—762*** (0.108)
0.692*** (0.253)
58.326%***
(10.065)

161

—0.187** (0.065)
—0.143*** (0.051)
0.187*** (0.044)
—0.506*** (0.096)
—0.849** (0.348)
—974*** (0.104)
0.503*** (0.134)
49.857*** (9.746)

161

—0.195** (0.076)
—0.184*** (0.062)
0.101* (0.052)
—0.417*** (0.113)
—0.763*** (0.211)
—0.058*** (0.123)
0.894*** (0.229)
41.705%**
(11.504)

161

—0.208** (0.084)
—0.202*** (0.063)
0.084 (0.054)
—0.397*** (0.118)
—0.855*** (0.195)
—1.09*** (0.129)
0.876** (0.303)
38.207%***
(12.076)

161

Note: For 1 %, 5 %, and 10 %, respectively, the standard criteria selected for level of significance are ***, **, and *.
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The second purpose of the country-specific analysis is to evaluate the stability and degree to which the panel examination’s results
can be repeated among the G7 countries. In order to ascertain long-term effects, this study uses FMOLS, and Table 9 presents the
findings. Green energy considerably reduces COy emissions in all G7 economies, as shown by the results in Table 9. In terms of
renewable energy, the results for the US, the UK, Germany, France, Japan, Italy, and Canada show the mitigating effects. Given the
significant reliance of these nations on fossil fuels, it makes sense that natural resource dependence influences CO, emissions positively
across all G7 economies. Furthermore, all G7 nations—aside from Canada—find that eco-innovation greatly lowers carbon emissions.
Across the G7 economies, environmental policies and carbon taxes have a major moderating effect on CO, emissions [42,53].

This study purposes to empirically confirm the influence of natural resources on the G7 countries’ carbon neutrality agenda while
considering the factors that impact renewable energy, ecological innovation, environmental legislation, carbon pricing, and economic
growth. Looking at the mechanisms of green energy reveals that renewable energy and biofuel counterbalance the anticipated rise in
CO;, emissions, which is the reverse of what was expected. More specifically, it has been found that biofuel energy doesn’t matter in the
short term but is effective in lowering CO5 emissions over time. On the other hand, from a short- and long-term perspective, renewable
energy greatly lowers CO2 emissions. These results have the economic consequence of showing that green energy is a useful instrument
for influencing the trajectory of emissions in G7 nations. A significant amount of empirical research backs up the controlling effects of
green energy on conservatory gas emissions [44]. Therefore, by its justifying possessions on CO5 emissions, we conclude that green
energy empirically contributes to the G7 economies’ pursuit of carbon impartiality. Additionally, the empirical results show that
ecological challenges are made worse by the G7 countries’ heavy dependence on natural capitals. The growing effect of reliance on
natural resources on CO, emissions points to a major roadblock in the way of the G7 countries’ goalmouth of becoming carbon neutral.
The outcomes of this study are consistent with earlier studies like [86,87].

The consequences of the experiential study display that the favorable result of monetary growth on CO, emissions can be explained
by the widespread practice of financial institutions endorsing investments in fossil fuels, which are seen as less hazardous and more
profitable, frequently at the expenditure of renewable energy investments. Empirical evidence supports the beneficial belongings of
monetary development on CO; emissions in the literature Usman & Associates. Both the CCEMG and AMG estimates have produced
results that agree with the empirical data that has been given. Additionally, while taking PM2.5 into consideration, the robustness
checks are performed [88]. Under the circumstances in which CO, emissions were the primary indicator of results, PM2.5 air pollution
offers compelling evidence for the experiential consistency of the estimations that were achieved. The study outcomes are consistent
with [34,89].

4.4. Robustness test

The panel quantile regression estimator is used in this investigation. Because of its reliability in capturing the correlation between
endogenous and exogenous variables even when cross-sectional dependency is present, the panel quantile regression estimator is
deemed an empirically essential tool in panel analysis [90]. If we want to see how different exogenous variables affect distributions, we
can divide quantiles into nine groups, from the 10th to the 90th quantiles. There are three other types of quantiles: low (10th to 30th),
medium (40th to 60th), and high (70th to 90th). Green energy mostly moderates COz emissions between the medium and high
quantiles, according to the panel quantile regression results shown in Table 10. This proposes that the early adoption of renewable
energy sources might not be totally successful in mitigating spikes in carbon emissions. Still, a consistent and growing use of renewable
energy becomes significant in mitigating spikes in carbon emissions, supporting the G7 economies’ goal of becoming carbon neutral.
Dependency on natural resources consistently reduces spikes in carbon emissions at different quantiles. Furthermore, a reduction in
CO,, emissions across quantiles is demonstrated by stricter environmental policies and carbon taxes. The study results are in line with

Table 11
Results of DH causality test.

Model Z-stat Decision

BF = CO, 2.915 Bidirectional
CO; — BF 8.003*** 3.814 Bidirectional
RN — CO, 8.982%** 3.822 Bidirectional
CO2 —»RE 7.987%** 3.322 Bidirectional
BF — PM2.5 6.076%** 3.432 Bidirectional
PM2.5 — BF 9.675%** 2.454 Bidirectional
RE — PM2.5 8.675%** 3.768 Bidirectional
PM2.5 -RE 7.232%%* 2.987 Bidirectional
NRDP — CO, 10.973%* 4.829 Unidirectional
CO, — NRDP 4.005 2.972 Unidirectional
EI - CO, 4.962* 2.985 Bidirectional
CO, —EI 7.978%** 3.952 Bidirectional
CT — CO, 2.005 Bidirectional
CO, = CT 4.834 Bidirectional
EP — CO, 7.985 Bidirectional
CO, - EP 12.915%** 6.012 Bidirectional
FD = CO, 5.001* 1.995 Unidirectional
CO, »FD 5.989 3.021 Unidirectional

The conventional standards for level of significance are *** for 1 %, ** for 5 %, and * for 10 %.
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the previous studies [91-93].

4.5. Panel granger causality effects

The findings of the Granger Causality Test [43] are summarized in Table 11. The study results demonstrate a bidirectional causal
relationship between G7 carbon emissions and green energy, which encompasses biofuel and renewable power. According to this,
policies that increase the investment, production, and consumption of green energy may be able to reduce carbon emissions and
significantly improve the environment, which would make it easier to transition to a carbon-free environment over time. On the other
hand, among the ways to achieve emission reduction, policies meant to lower carbon emissions may require more investment in green
energy. Upon closer inspection, it is clear that there is a one-way causal relationship between the use of natural resources and CO3
emissions. Because of the potential for increased CO, emissions associated with the depletion of natural resources, policy changes
aimed at increasing revenue from resource extraction may interfere with the goal of becoming carbon neutral. Eco-innovation and CO2
emissions have a clear causal relationship, indicating that changing one variable through policy would likely have a major influence on
the other [73]. Carbon emissions and the strictness of environmental regulations are causally related to each other in both directions.
This suggests that the policy initiatives were concentrated on refining the efficiency of the carbon tax and implementing.

Following accepted scientific practices, the study starts with the dataset being validated using summary statistics, bivariate cor-
relation analysis, and normality tests. After validation, the dataset is put through initial testing and diagnostics, which include a cross-
sectional correlation, slope homogeneity, and Cross-sectional dependence assessment. There is a combined rejection of the theories
claiming homogeneity of slopes and no cross-sectional dependence. Consequently, the analysis confirms that the estimated model
contains a long-term association. Panel quantile regression, augmented mean group, common connected properties mean group, and
cross-sectional ARDL are among the estimators used in the panel analyses. Taken together, these estimators help provide a thorough
grasp of the relationships that are being studied. To further improve the granularity of insights into the observed phenomena, the study
also performs analyses specific to each country.

5. Conclusions

This study investigates the effects of green energy (biofuels and renewable energy), environmental technology, carbon price,
environmental policy, and financial development on achieving carbon neutrality goals in G7 economies from 1999 to 2021. The study
examines various second-generation estimate approaches, including the CSD test, slope homogeneity, cross-sectionally dependent IPS
unit root, and Westerlund cointegration tests. The study’s objectives are evaluated using cross-sectional ARDL, CCE mean group, AMG,
and method of moment quantile regression. The (Dumitrescu & Hurlin 2012) panel Granger causality test provides more evidence to
support the findings. The response indicates that the G7 economies’ reliance on natural resources is impeding their progress towards
achieving carbon neutrality, primarily due to its adverse effects on CO2 emissions. This result demonstrates that the ongoing
exhaustion of natural resources has significant adverse impacts on the long-term viability of the G7 environment for both present and
future generations. In addition, implementing carbon prices and environmental policies in G7 countries contributes to advancing the
carbon neutrality goal by effectively reducing the increase in CO2 emissions. Specifically, higher tax rates on items and services with a
significant carbon footprint and stricter environmental policies can accelerate progress toward achieving the G7’s carbon neutrality
goals. In addition, biofuels and renewable energy significantly decrease CO2 emissions, promoting carbon neutrality in the G7. The
advancement of financial systems has a direct and substantial impact on the increase in carbon dioxide (CO2) emissions, which hinders
achieving carbon neutrality in the economies of the G7 countries. The findings of the MMQR estimator from various distribution
locations reinforce the previous results. In addition, the causality tests conducted by Dumitrescu and Hurlin (2012) reveal the
importance of unidirectional and bidirectional causal relationships in the analyzed model.

5.1. Policy recommendations

1) The adverse impact of natural resources on the economy of the G7 countries is unsatisfactory, particularly when it comes to the
dilemma of choosing between economic advancement and environmental sustainability. Therefore, it is advisable for the gov-
ernment to use the revenue generated from natural resource rents towards environmentally sustainable initiatives in order to
mitigate the adverse effects of natural resource depletion

2) Collaborations between public and commercial entities in eco-innovation efforts have the capacity to enhance the effectiveness of
environmental technologies in reducing carbon emissions. The G7 nations have a strong technological foundation that may be used
to protect the natural environment. This is achieved through investments in innovative projects, scientific discoveries, techno-
logical breakthroughs, and research and development.

3) The utilization of renewable energy offers promising opportunities for G7 economies to achieve their net zero emissions objectives.
Therefore, it is imperative for the government to encourage investment in renewable energy in order to strengthen the ability of G7
nations to generate sustainable energy. Furthermore, the government ought to decrease subsidies on fossil fuels in order to promote
investment in renewable energy sources. Green energy, which includes biofuel and renewable sources, has made a substantial
contribution to society and is crucial in tackling the ongoing problem of rising emissions. Investments in biofuels and renewable
energy sources should be strongly encouraged by governments. The government should also think about subsidizing the costs of
biofuels and renewable energy sources in order to lessen the significant financial burden on final consumers.
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4) Environmental taxes have proven to be highly effective in reducing the harmful impacts of carbon footprints. Therefore, the
government can efficiently utilize this method to discourage the production and use of carbon-intensive goods and services.

5) The environmental strategy effectively offers a long-term solution to reduce the carbon footprint of the G7 nations. Given the
results, it is crucial for the government to prioritize the implementation of programs that consistently reduce the carbon footprint.
Moreover, the implementation of strict laws is crucial in order to protect the environment.

5.2. Future research opportunities and limitations
The progress made toward the G7’s carbon neutrality blueprint has received strong empirical support from the current analysis.

Still, there are some unanswered questions about the current body of work. The topic of carbon neutrality as determined by CO2

emissions and P. is the effort of the current study. Interesting and thought-provoking is M2.5 air pollution. Nevertheless, there is

ongoing debate regarding how well the chosen repressors can account for differences in other environmental contaminants such as
sulfur, methane, and ecological impact. Future research can therefore consider these subjects. Furthermore, extending the present is
necessary from a methodological perspective. For example, research on in order to achieve carbon neutrality, it is possible to do

research into the unequal effects of depending on natural resources in order to gain a holistic perspective and useful policy
recommendations.
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