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This paper investigates the effect of the circular economy on CO2 emissions growth by considering the
role of energy transition, climate policy stringency, industrialization, and supply chain pressure from
1997 to 2020 using panel quantile Autoregressive Distributed Lags (QARDL) and the panel PMG. We
employ cointegration association in the long run among the variables, and the results of the two models
confirm this. Findings reveal that circular economy and climate policy stringency significantly negatively
impact carbon emissions. On the other hand, the energy transition, industrialization, and supply chain
pressures are crucial to determining CO2 emissions in the short and long run. The finding further explores
that municipal waste generation recycling is considerable at the mean and upper 90th quantiles than the
lower quantile. Therefore, the empirical results of the current study provide acumens for policymakers of
advanced economies and emerging markets to maintain the balance among circular economy, energy
transition, environmental policy stringency, and supply chain pressure for reducing CO2 emissions with-
out halting economic growth and sustainable development. Furthermore, practical implications are
reported through the lens of carbon neutrality and structural changes.
� 2023 China University of Geosciences (Beijing) and Peking University. Published by Elsevier B.V. on

behalf of China University of Geosciences (Beijing). This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The research on the circular flow of economy came into the
limelight from the reformulations of Marx’s reproduction schemes
(Marx, 1987) and Tableau économique (de Riquetti and Quesnay,
1758). Besides physiocrats and de Riquetti and Quesnay (1758),
some other economists highlighted the economy’s circular flow
but have yet to use the word ‘‘Circular Economy”. Even Boulding
(1966) was not used the word circular economy in his seminal
work. In this context, for preserving human life, he further urged
the urgent requirement of closed-loop systems as a precondition
for economic well-being. Circular Economy (CE) is an economic
model through which reprocessing operations, production, resour-
cing, and purchasing are planned and designed for people’s well-
being and the environment’s conservation (Murray et al., 2017;
Mohammed et al., 2023). Furthermore, CE directs sustainable com-
petitive strategies for better economic performance without harm-
ing the resources through cost-effective waste management,
energy efficiency, green technology innovations, and environmen-
tal conservation (Bastein et al., 2013; MacArthur, 2013; Genovese
et al., 2017; Abbey and Guide, 2018). Based on the social transfor-
mation and political approach, the feasibility of the CE perspective
for a fairer society has been addressed (Genovese and Pansera,
2020; Jia et al., 2023). With the help of CE techniques, valuable
eco-efficient inputs are added to wastes that could be recycled,
reused, and repaired (Guide and Van Wassenhove, 2009; Goltsos
et al., 2018). Moreover, through employment opportunities,
enhancing supply chain relationships, and reducing price volatility,
CE improves the business models of the supply chain (SC) and dif-
ferent public and private organizations (Atasu et al., 2010; Kok
et al., 2013; Battini et al., 2017; Mokhtar et al., 2019). Although
due to a lack of proper regulations, institutional support, economic
incentives, and environmental awareness, the transition towards
CE is affecting severely (Souza, 2013; Agnello et al., 2015;
g).
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Möllemann, 2016). At the same time, previous research advocated
the barriers and drivers of inter and intra organizations which are
responsible for CE readiness for performing their routine supply
chain affairs (Shi, 2003; Zhou et al., 2017). Governmental regula-
tions and social pressure are identified as key capabilities for
managing CE initiatives in inter-organizational (Sangle, 2010;
Lozano, 2012; Singh et al., 2016), whereas environmental commit-
ment for the intra-organizational capabilities as significant antece-
dents which affect the transition of circular economy (Montalvo,
2003). Additionally, for institutional theory’s sustainable develop-
ment, inter and intra-organizational capabilities play a significant
role (Dzhengiz, 2020).

CO2 emissions, circular economy, energy transition, and supply
chain pressure are key and recent interconnected issues (refer
Fig. 1). Due to the escalation of demands and calls for a funda-
mental shift in global energy policies to reduce emissions, the cir-
cular economy is gaining momentum nowadays as a leading
solution to climate change (Gallego-Schmid et al., 2020). The cir-
cular economy is essential to support the energy transition, along
with getting the most out of the raw materials, reusing them and
designing them for recycling into the economy, and then elimi-
nating wastes and even producing energy locally. Global munici-
pal waste generated 2.01 billion tonnes yearly and more than
2000 million tonnes in 2016 (Kaza et al., 2018). The report pre-
dicts that, by 2050, the annual growth of municipal waste world-
wide will increase to 3.4 billion tonnes. In 2018, more than 54% of
the waste was treated; thus, 38% went to recycling, 10% to back-
filling, and 6% to produce energy. As for disposal, landfill and
others account for 45% (Eurostat, 2021). Indeed, recycling is
now occupying a particular place among the objectives of the
Paris climate agreement, aiming to reduce the temperature to
1.5 �C and eliminate emissions by 2050 (United Nations, 2015).
Fig. 1. Country wise
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The circular economy would not be complete unless the waste
generation is recycled through renewable energy, such as solar,
wind, and geothermal, away from traditional energy sources
(Mutezo and Mulopo, 2021). Recently, the inflationary environ-
ment coming from supply chain disruptions has given impetus
to the circular economy to increase supply chain resilience by
bringing inputs for manufacturing closer to the production loca-
tion through reusing and recycling. For example, providing energy
input through municipal waste rather than mining and importing
can cut more carbon emissions. Furthermore, the energy transi-
tion has shown to be amongst the critical other vital solutions
to reduce carbon dioxide gas emissions, at which a large propor-
tion of the pollution comes from traditional energy consumption.

In this context, little previous literature has shed light on the
effect of a circular economy on environmental degradation, but
the results are inconclusive. Magazzino and Falcone (2022)
demonstrate the causality of municipal waste to GHG emissions
in high-income countries (Switzerland) and Denmark. Mongo
et al. (2021) find that the circular economy is the primary determi-
nant of CO2 emission for the European Union. They also docu-
mented that recycling waste reduces CO2 emissions in the short
and long run. In the same region (EU), Bayar et al. (2021) establish
the negative impact of waste recycling on CO2 emission in the long
run, while this effect is not revealed in the short run. Sun et al.
(2018) reported that the carbon mission of the waste generation
treatment in China is much higher than the emission on the case
in Japan. Lee et al. (2016) detect the absence of the causality
between waste generation with recycling waste variables and
GHG emissions from waste during the period 1992 to 2012 in
the USA. This study aims to investigate the effect of the circular
economy on CO2 emission and by considering the supply chain
and energy transition.
CO2 emission.
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We offer many contributions to the literature. First, the litera-
ture needs to discuss more the effect of the circular economy on
environmental degradation so that we extend the prior literature
by providing an updated analysis and filling the gaps. Second, to
the best of the authors’ knowledge, this is the first study focused
on examining this association between circular economy and
waste recycling and CO2 emission at quantile. The data has outliers
regardless of the COVID-19 pandemic, European debt crisis, or sub-
prime crisis periods, making quantile models more performant
than other techniques. Cho et al. (2015) developed QARDL, a com-
prehensive approach to Pesaran and Shin (1998). This technique
permits scrutinizing different independent variables’ effects at
the dependent variable’s upper, medium, and lower quantile levels
in the short and long run (Anwar et al., 2021).

The previous literature has paid critical attention to the impact
of logistics and different transportation ways and negligible the
supply chain term to determine the CO2 emission (Arvin et al.,
2015; Rehman Khan et al., 2018; Alola et al., 2021; Shafique
et al., 2021; Santosa et al., 2022). This study uses the supply chain
index developed by Benigno et al. (2022) to examine this effect.
Further, this study used the energy transition index developed by
Hu et al. (2022) for the first time to analyze its impact on environ-
mental degradation. This index is calculated based on clean energy
(coal, oil, gas, and nuclear) and traditional energy (wind, geother-
mal, solar, bio, and hydro). Extensive studies examine renewable
and non-renewable energy consumption on carbon emission (Isik
et al., 2021; Ibrahim et al., 2022; Mesagan and Olunkwa, 2022).
This research is the first study to use these new indices alongside
circular economy to explain environmental degradation. Following
is the remainder of the paper; Section 2 documents the review
analysis, followed by Section 3, which describes methods and
materials. Section 4 entails the results and discusses the findings.
Lastly, Section 5 concludes the paper.

2. Literature review

In the business world, the concept of ‘‘circular economy” is used
as a strategy for waste elimination. To achieve ‘‘zero waste” com-
panies have sought to close the loops in their supply network in
the context of discarded materials. CE not only reduces ecological
Fig. 2. A systems view of circular econo
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footprint and offers economic benefits, but also reduces depen-
dence upon long-distance supply chains and scarce resources
through increasing community and business resilience. As a cost-
effective means of improving corporate resilience and sustainabil-
ity, the CE has been implemented by progressive business leaders
(Ellen MacArthur Foundation, 2017). To minimize the negative
effects on the environment, corporate environmental management
consists of tactical decisions and operational and strategic activi-
ties across all the verticals under the umbrella of the circular econ-
omy. Therefore, to avail more benefits of CE, corporate houses are
integrating their business strategies with environmental manage-
ment practices (Cramer, 1998; Resta et al., 2015; Boffelli et al.,
2019). CE mainly focuses on channeling materials at each stage
of the value chain, energy efficiency, and resource management
(Aranda-Uson et al., 2020). It also aims to protect and prevent
(e.g., biodiversity conservation and climate change) the environ-
ment and reduce the waste of natural resources (Stewart and
Niero, 2018). The CE model uses fewer resources to maintain con-
stant consumption and production, and use recycled rawmaterials,
to reduce varied resources (Figge et al., 2018). The CE acts on
recovery, reduction, remanufacture, recycling, refurbishing, and
reuse (Prieto-Sandoval et al., 2019).

A systems approach is required to operate the circular economy
that considers the components of commercial supply chains, i.e.,
environmental, economic, and social. Fig. 2 shows this system
approach in accordance with the business value chain for the dis-
position and generation of waste. This approach highlights the
interdependence of three different and distinct systems; environ-
ment, communities, and industries, and follows the triple value
framework (Fiksel et al., 2014). Through production processes,
resources are moved to create value for markets soon after extrac-
tion from the environment, and then wastes are recycled or dis-
posed of. The various stages of the lifecycle are reflected in Fig. 2,
including packaging into finished products after extraction, manu-
facturing, processing, and transport. Further, the final product is
distributed to consumer use of products via various market chan-
nels, again recycling the residual wastes.

A CE makes a significant change in companies’ political and eco-
nomic systems based on market requirements. Sustainable envi-
ronmental practices like recycled or renewable materials, energy
my processes (Fiksel et al., 2021).
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efficiency, and waste recovery are strongly related to the circular
economy (Lieder and Rashid, 2016; Moreno et al., 2016). Therefore,
there is a need to make changes in companies’ business models
before adopting CE (Pieroni et al., 2019). To achieve sustainable
development by using the circular business model, the target of
businesses not only get economic benefits but also reduce CO2

emissions and improve environmental well-being (Chen et al.,
2023; Shahzad et al., 2023; Sharif et al., 2023a, 2023b). However,
these days organizations are focusing on the effective use of green
technology innovations, energy transition, and environmental pol-
icy stringency via adopting corporate environmental management
policies (Robèrt et al., 2002; Korhonen et al., 2018; Lozano, 2020).
In this regard, organizations must focus on environmental innova-
tions and balance social impacts, environment, and competitive-
ness rather than manage economic benefits (Ormazabal et al.,
2018). Thus, corporate environmental management of the circular
economy model creates sustainable practices and new opportuni-
ties for emerging economies via offering collaborative production,
reducing CO2 emissions, and using waste as resources
(Baumgartner, 2018).

Fig. 3 shows the different kinds of opportunities created by the
circular economy by 2030 through strategies like value recovery
from waste streams, reduction of CO2 emissions, improved utiliza-
tion of capital assets and products, energy resources, and reduction
of wasted materials. To create high economic value, CE is trans-
forming the existing system of environmental of corporate man-
agement from their material life cycles (Bocken et al., 2016). In
that sense, CE’s environmental and social principles would comply
with the resigned products and services of the businesses. Thus, CE
supports both inter-organizational and internal sustainable man-
agement (Korhonen et al., 2018). Through public incentives and
environmental regulations, sustainable CE practices of the organi-
zations at the micro level have been shaped (Ghisellini et al., 2016;
Aranda-Uson et al., 2020). Governments’ legislative regulations
under the circular economy should not only support waste man-
agement and recycling but also focus on the supply chain, sorting
mechanism, product monitoring, collection, and monitoring
(Lazarevic and Valve, 2017; Jia et al., 2020; Ye et al., 2023).

In order to enhance corporate environmental management,
energy transition, environmental policy stringency, and supply
chain, the governments play a very crucial role. Their legislation,
policies, and regulations are much needed for the transition of
CE. Further, CE practices could be developed with the help of gov-
ernmental actions in view of the environment, energy, and eco-
nomic well-being. During the transition to the CE, consumer
behaviour, business practices, and governmental policies faced
Fig. 3. Value realization potential from circular business models by 2030 (FICCI,
2018).
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fundamental changes. Thus, consistent and appropriate strategies
and policies must be formulated (van Buren et al., 2016;
Manninen et al., 2018). Consensus and collaboration need to have
about CE among all the associated stakeholders (Braun et al., 2018).
Organizations can easily adopt CE policies by setting environmen-
tal regulations (Scupola, 2003). Another, improving public knowl-
edge and awareness about the integration of energy transition,
environmental policy stringency, and supply chain with principles
of CE is a need of the hour, and the government has an impressive
role to play (Mathiyazhagan et al., 2013; van Buren et al., 2016).
Therefore, existing legislation systems and environmental regula-
tion should integrate with CE legal arrangements. Following sup-
porting, systems and regulations must cover audit and
monitoring guidelines, collaboration platforms, financial initia-
tives, incentive policies, and technical support within the transpar-
ent supply chain (Lewandowski, 2016). Already several research
advocated that regional and governments authorities need to play
an important role in setting a framework to monitor, promote, and
regulate the transition of CE in the context of managing environ-
mental issues such as CO2 emissions and climate change, etc.
(van Buren et al., 2016; Galvão et al., 2018; Jia et al., 2018;
Manninen et al., 2018). In this view, this study aims to measure
the effect of circular economy, energy transition, environmental
policy stringency, and supply chain pressure on CO2 emissions col-
lectively, which has not been investigated earlier.
3. Methods and material

3.1. Panel quantile ARDL

We employ the panel quantile ARDL to examine the effect of
circular economy, energy transition, supply chain pressure, envi-
ronmental policy, and industry sector on CO2 growth. The model
developed by Sim and Zhou (2015) and used in the recent stream
literature to assess the effect of the quantile dependent variable
on the quantile explanatory variable under different market condi-
tions (bearish, normal, and bullish) (Adebayo et al., 2022; Mo et al.,
2022; Su et al., 2022). It was much more feasible and performant to
capture the outcome in the short and long run. The panel quantile
ARDL model is appropriate with a time of more than 20 and the
presence of cointegration and mixed (Arshed et al., 2022). Panel
Quantile ARDL is preferably used when data is mixed between
level (0) and level (1), and data has outliers. The mathematical
equation of Panel QARDL is estimated as follows:

DCO2it = a + b1DMWGRh
it + b2DGSCPIh it + b3DETI2;hit

+ b4DEPSIhit + b5DIndustryh
it + b6MWGRh

it

+ b7GSCPI2h it + b8ETIhit + b9EPSIh it + b10Industryh
it + eth

ð1Þ
where CO2 depicts the carbon emissions growth, MWGR is the
recycling of the municipal waste generation, GSCPI represents
the supply chain disruption index, ETI represents the energy tran-
sition index, EPSI is the policy stringency index, and the last vari-
able is the industry as a percentage. b1, b2, b3, b4, and b5 are the
coefficients in the short run, whereas b5, b6, b7, b8, b9, and b10 are
the coefficients in the long run while h is the quantile level. Finally,
eth represent the quantile error correction term correcting of speed
adjustment error term.
3.2. PMG ARDL model

This study also employs the panel approach (Shin et al., 2014) to
check the robustness. This technique is appropriate for the large T
panel, homogeneity slope, and mixed stationarity (0 and 1). It is
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also suitable because it is much more feasible and performant in
the long and short-run estimation.
4. Results and discussion

4.1. Data

This study examines the effect of circular economy, energy tran-
sition, supply chain pressure, environmental policy, and industry
sector on CO2 emission growth. The period estimation started in
1997 and spans from 2020 for a panel of annual data in high
GDP countries, namely the Euro area, China, South Korea, Japan,
the UK, and the USA. To benchmark circular economy and based
on the streaming literature, we select municipal waste generation
was recycling (MWGR) per million tonnes unit (Sun et al., 2018;
Moraga et al., 2019; Singh et al., 2020; De Pascale et al., 2021;
Shahzad et al., 2022). The source of this data was downloaded from
organization for Economic Cooperation and Development (OECD).
The second data includes renewable CO2 emissions growth per
percentage, collected from the popular link Our World in Data.
CO2 emissions have become faster since the second half of the
1990s, especially in the top CO2 high intense countries represented
in or estimation (Mirziyoyeva and Salahodjaev, 2022; Yirong,
2022). Botta and Koźluk (2014) developed Environment Policy
stringency Index (EPSI) as the essential way in environmental
transparency and governance. It is drawn to capture 13 instru-
ments applied (tax, tariffs, expenditures for the research and devel-
opment related to ecological, technology support, certificates) to
curtain GHG emissions and retrieved from the OCED database
(Wang et al., 2020; Yirong, 2022). Policy stringency index ranges
between 0 and 6 scales, with a high score indicating strong regula-
tion and commitment to policy in favor of the environment and
vice versa. Furthermore, our study also uses two new indices to
capture supply chain pressures and energy transition. The first is
the global supply chain pressure index (GSCPI) which regroups
27 indicators, including logistics, Harper index, Baltic maritime
index, transportation, container shipping costs, and Purchase Man-
ager Index (PMI) surveys. It was downloaded from the Federal
Reserve Bank of New York. The second refers to the energy transi-
tion from dirtier to renewable energy. It’s calculated by Hu et al.
(2022) based on the critic (Neofytou et al., 2020) from the energy
transition index (ETI) for the world economy forum (Singh et al.,
2019). The data and formula are available in the journal website
(Hu et al., 2022).

To investigate the industry-environmental nexus, we selected
share industry as a percent of GDP was collected from the World
Development Indicators. Many kinds of literature confirm that
industrialization is the primary determinant of CO2 emissions
(Ullah et al., 2020; Mongo et al., 2021).
Table 1
Descriptive statistics for panel variables.

CO2_GR EP ET

Mean �0.057097 1.944957 0.228
Median 0.700000 1.824781 0.205
Maximum 10.45000 3.520833 1.166
Minimum �14.99000 0.500000 0.045
Std. Dev. 3.849590 0.865448 0.173
Skewness �0.696250 0.179781 3.080
Kurtosis 5.120523 1.896816 15.15
Jarque-Bera 24.93823 5.216910 719.7
Probability 0.000004 0.073648 0.000
Sum �5.310000 180.8810 21.21
Sum Sq. Dev. 1363.380 68.90803 2.778
Observations 93 93 93
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4.2. Summary statistics

Tables 1 and 2 present the summary statistics of the panel and
individual variables, respectively. The mean of carbon emission
growth is negative to the panel data and close to zero, indicating
that CO2 emission decreased during the period estimations. These
results confirmed the individual data except in South Korea, where
the CO2 emission increased by about 2.31%. Korea’s minimum and
maximum CO2 emissions remain high at 10 and �15. The mini-
mum is observed during the Asian crisis during 1997–1998, while
the maximum is evidently after the subprime crisis. UK, USA, and
Japan set the record decrease in CO2 emissions during the
COVID-19 pandemic. The Euro area sets the high record for Euro-
pean sovereign debt.

The policy stringency index for panel data is less than 2. This
score computes above the average, indicating all countries’ com-
mitment to environmental sustainability. The Euro area ranks as
the first nation with the strictest environmental policies, followed
by Japan and South Korea. UK and USA are relative laggards com-
pared to other countries’ estimates. On average, EPSI increased
across all counties over time. The energy transition index indicates
that the transition from clean energy will show remarkably in
South Korea and UK, and the Euro area, while the USA relatively
moves less toward efficient, clean energy and abandon the dirty
energy class. The share industry as a percent of GDP converges
between the countries (25%) for the panel and country-specific
data during the period estimation. As shown in Table 2, the USA
and the Euro area generate high recycling, 53 and 44 million ton-
nes at the mean respectively compared to less recycling generated
by the rest countries (less than 10 million tonnes).

Additionally, we observe the high supply chain disruption index
during the COVID-19 pandemic and subprime crisis, respectively.
By country, we keep that Japan is less volatile in standard deviation
supply chain disruption. According to Table 1, the Jarque-Bera test
and normality for all the panel variables are significant, meaning
the panel data are not a normal distribution.
4.3. Unit root test

Table 3 presents the unit tests root for the panel. We consider
two types of panel unit root tests. The first type is applied with a
common process using the Levin-Lin-Chu test (Levin et al., 2002).
The second type uses (Maddala and Wu, 1999; Im et al., 2003) to
examine unit roots with the individual process. Our results are
drawn frommixed stationarity tests at the level and the first differ-
ence. The supply chain, carbon emission, energy transition, and
industry variables establish the alternative unit root hypothesis
with common and individual processes and indicate the stationar-
ity case for these variables. The individual and common unit root
Industry SCH MWGI

079 25.51694 �0.129383 25.15978
536 23.84526 �0.094638 10.30400
215 35.39647 1.347466 61.28900
674 18.16519 �3.929505 2.265000
785 5.512437 0.602850 21.61052
674 0.469321 �2.517621 0.514093
692 1.791242 18.55981 1.458483
921 9.075821 1036.413 13.30458
000 0.010696 0.000000 0.001291
135 2373.075 �12.03260 2339.860
514 2795.600 33.43535 42,965.33

93 93 93



Table 2
Descriptive statistics for individual data.

Variable Statistics Euro area USA JPN UK South Korea

CO2_GR Mean �0.432632 �0.191053 �0.073158 �1.656842 2.318235
Maximum 4.950000 3.610000 4.440000 3.850000 10.45000
Minimum �7.980000 �7.370000 �5.610000 �9.290000 �14.99000
Std. Dev. 3.021883 2.797332 3.128397 3.807433 5.439943

EPSI Mean 2.316323 1.937281 2.037939 1.251097 2.210049
Maximum 3.450000 3.166667 3.500000 2.208333 3.520833
Minimum 1.198465 1.050000 1.333333 0.500000 0.750000
Std. Dev. 0.759255 0.764406 0.712155 0.618659 1.085929

ETI Mean 0.218422 0.146901 0.197802 0.239983 0.350136
Maximum 0.314674 0.267327 1.001740 0.474622 1.166215
Minimum 0.133769 0.045674 0.051326 0.086015 0.094463
Std. Dev. 0.050582 0.062201 0.216105 0.097105 0.279744

Industry Mean 23.68368 20.73387 29.63780 20.37157 34.05668
Maximum 25.78619 23.13210 33.92870 23.79032 35.39647
Minimum 21.84346 18.58713 26.56264 18.16519 32.51022
Std. Dev. 1.328781 1.394650 2.308870 1.779721 0.861473

GSCPI Mean �0.089677 �0.079140 �0.051259 �0.147429 �0.297059
Maximum 1.347466 1.043740 0.268549 0.674771 0.606790
Minimum �1.201787 �1.134727 �0.260412 �0.768655 �3.929505
Std. Dev. 0.559994 0.642880 0.150078 0.409030 1.007981

MWGR Mean 46.47549 53.77074 8.797789 6.064603 8.987986
Maximum 60.45087 61.28900 10.30400 8.557788 11.11200
Minimum 29.49170 43.47200 5.860000 2.265000 5.076060
Std. Dev. 9.182672 5.819004 1.219483 2.345701 2.028448

Table 3
Panel unit root test results.

Unit root with common process

SCH CE ET EP CO2 Industry

Levin-Lin-Chu �3.71050 (a)* �2.33944 (b)* �9.582569. (b)* �4.63158 (b)* �1.53729 (a)*** �2.82576(a)*

Individual unit root process
Im, Pesaran and Shin W-stat �5.91212(a)* �2.67187 (b)* �2.22916 (a)* �4.10867 (b)* �3.82264* (a) �1.68546 (a)**
ADF – Fisher Chi-square 52.2028 (a)* 28.0277 (b)* 20.0179 (a)* 35.7734(b)* 36.6088* (a) 17.3719 (a)***
PP – Fisher Chi-square 308.670 (a)* 28.4938 (b)* 52.5359 (a) 71.0450 (b)* 59.5484* (a) 18.0306 (a)***

Note: ***, **, and * denote 10, 5, and 1 statistical significance levels, respectively. a and b are stationarity at the level, and the first difference, respectively.
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process show that municipal waste generation recycling and envi-
ronmental policy stringency contains a unit root and confirm inte-
gration at the first difference. In addition, mixed stationarity with
larger T (1997–2020) compared to the small N (5 nation) favorite
the appropriate panel ARDL models.
4.4. Cointegration test

Table 4 documents the results of the cointegration test. In this
section, we use Kao’s (1999) test, Westerlund’s (2007) test, and
Table 4
Cointegration results.

Statistic p-value

Modified Dickey-
Fuller t (Kao test)

10.15* 0.0000

Dickey-Fuller t (Kao
test)

�11.77* 0.0000

Augmented Dickey-
Fuller t (Kao test)

�5.83 * 0.0000

Variance ratio
(Westerlund test)

1.36 *** 0.0854

Phillips–Perron t
(Pedroni test)

�7.45* 0.0000

Homogenous test

Note: ***, **, and * denote 10, 5, and 1 statistical significance levels, respectively. a
and b are stationarity at the level, and the first difference, respectively.
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Pedroni’s (1999, 2004) test. All cointegration types indicate a sig-
nificant relationship in the long run among the variables accepting
the alternative hypothesis. Recycling of municipal waste, environ-
mental policy stringency, energy transition, industry, and supply
chain are associated with carbon emission growth in the long run.

4.5. The panel quantile ARDL results

Table 5 presents the panel quantile ARDL model for the impact
of environmental policy stringency, circular economy, energy tran-
sition, industry sector, and supply chain pressure on CO2 emission
growth in developed (Euro area, Japan, UK, USA) and emerging
markets (South Korea). The process estimation checks for both
the short-run and the long-run. The results explore that manicupal
waste generation recycling affects significantly in the short-run
and the long-run on the carbon emissions at all quantiles. Still,
the mean and upper quantile influence is more important than
the lower quantile. At low quantiles, the impact of one million
MWGI processed leads to a decrease in the emission growth of car-
bon by �0.71% and �0.41% from low quantiles (10th and 30th),
while the effect exceeds 1.2% at upper 90th quantile for the short
run.

Similarly, in the long run, the impact of MWGI is neutral at a
lower quantile. At the same time, it increases at the mean and
upper quantile about �2% and �1.61%, respectively, indicating that
adopting a circular economy is a more significant benefit to cutting



Table 5
Panel quantile ARDL.

Short run

Quantile ET SCH EP Industry CE ECTt-1

0.100 11.59777 (1.205102)* �0.1389223 (0.1392685) �5.840183(0.5054973)* 1.85912(0.0880691)* �0.717448 (0.3764705)* �1.229286*

0.300 9.08666(0.0500775)* 0.3332807(0.0079045)* �2.696321(0.0123615)* 2.646664(0.0073238)* -0.4063862 (0.0937992)* �1.06485*
0.500 8.924913(0.2380709)* 0.5529689(0.0607165)* �1.419168(0.1284621)* 0.966297(0.0880691)* �0.1223446(0.06976)* �1.18873*
0.700 10.62031(0.0824203)* 1.422958(0.0524879)* �3.532025

(0.0488421)*
0.4286254(0.130449)* �0.3739264(0.0193129)* �0.1023*

0.900 10.00631(0.070999)* 1.816239(0.0430953)* �2.642411(0.0348664)* 0.0132998 (0.051949) �1.241205(0.2203143)* �0.1095*

Long run

ET SCH EP Industry MWR

0.100 17.17232 (2.282273)* 0.7537165
(0.7055397)

�3.109495 (0.4030487) 0.6780892 (0.0420638.)* �0.0164445(0.5641831)*

0.300 9.849014
(0.042944)*

1.140495
(0.0103257)*

�2.607861(0.0067182)* 0.3415603(0.0015492)* �1.852704(0.3837946)*

0.500 8.509285(0.7259033)* 1.093642(0.1188516)* �2.212935(0.1059011)* 0.3844499(0.0140027)* �2.079364(0.1532924)*
0.700 12.31091

(0.079339)*
0.8108762(0.0390497)* �2.738403(0.0178374)* 0.4506551 (0.0056467)* �1.36121(0.0119058)*

0.900 13.41716 (1.572322)* 1.793789 (0.0683989)* �2.620999 (0.0412438)* 0.5241753(0.0043579)* �1.621339 (0.0643085)

Table 6
Results from multicollinearity test.

Variable VIF 1/VIF

CE 1.77 0.564206
EP 1.50 0.668204
Industry 1.46 0.685660
ET 1.45 0.688446
SCH 1.18 0.850713
Mean VIF 1.47
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environmental degradation. These results align with prior studies
(Sun et al., 2018; Abad-Segura et al., 2020; Bayar et al., 2021;
Magazzino and Falcone, 2022) that indicate that waste treatment
help to reduce and save CO2 emissions.

Referring to the energy transition variable, the strong effect on
CO2 emission growth was revealed to be significant for both the
short and long run and at all quantile levels. One score or 10%
increase of the energy transition index leads to a rise in CO2 growth
by 1.1% and 1.7% at lower quantiles for the short and long run,
respectively. Likewise, the effect is relatively decreased for the
mean and upper quantile. This finding can be explained by still
high remains for fossil fuels demand. Despite investments in
renewable energy, fossil fuels still represent the majority of energy
source investments. Transportation, manufacturing, and other sec-
tors still heavily depend on fossil fuel resources, which consume
more than 65% of CO2 emissions from traditional energy (Lacal
Arantegui and Jäger-Waldau, 2018). Notably, the energy transition
increased over time. The flat trend over the past two decades will
continue to rise during the last years, mainly driven by to decline
in CO2 emissions during and post-COVID-19 (Sakah et al., 2017;
Li et al., 2022a, 2022b; Tian et al., 2022).

Moving to the policy stringency index, the effect on CO2 emis-
sions growth at extreme quantile is significant and more important
than the effect at the mean. For the short run, A rise by one score of
the policy stringency index leads to a decline by 5.8% of carbon
emission growth at 10th quantile, then decreasing at �1.4% at
the mean, then increasing again at �2.6%. Meanwhile, the effect
of one PESI leads to a decline the CO2 growth by �3.1% and 2.6%
for the lower and upper quantile, respectively.

Policy action in the countries estimating massive exhibit input
to reduce pollution effect and its shows helpful to measure strin-
gency commitment adopted by these countries. This result is con-
sistent with prior literature (Sadik-Zada and Ferrari, 2020; Afshan
et al., 2022; Li et al., 2022a, 2022b; Wang et al., 2022; Yirong,
2022).

We also observe that the impact of the share industry as a per-
cent of economic growth on carbon emissions, in the long run, is
significantly positive at low, intermediate, and upper quantiles.
The effect in the short run seems more critical than in the long
run. These results support the finding that industrialization’s
impact leads to increased CO2 emissions (Nondo and Kahsai,
2020; Zafar et al., 2020; Huang et al., 2021).
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It noted that GSCPI significantly affects carbon emission growth
except at the lower quantile (0.1) for the short and long run. The
positive effect indicates substantial evidence of environmental
degradation and supply chain index association. One standard
deviation of the supply chain disruption leads CO2 growth to rise
about 1.14% and 1.73% at extreme quantile for the short and long
rung, respectively. These results explained whether the supply
chain enhances economic growth and trade directly through logis-
tics and transportation, which would indirectly increase the emis-
sions of CO2 indirectly (Karaduman et al., 2020; Alola et al., 2021;
Sohail et al., 2021). Finally, the adjustment coefficient (ECM) speed
seems negative and significant, indicating that the model corrects
itself to equilibrium at the mean by 1.18%. Similarly, lower and
upper quantiles show the converge towered more deeply in the
bullish and bearish macroeconomic conditions.

4.6. Results of PMG panel model

In this section, we check the results of the panel quantile ARDL
using the PMG ARDL model (see Table 6). The PMG ARDL used
widely to robustness check tests in the stream literature (Isiksal
and Assi, 2022; Usman et al., 2022). The PMG estimator containers
the long-run coefficients to be homogeneous while allowing the
short-run heterogeneity coefficients and error correction terms
(Pesaran et al., 2008). Next, and before illustrating the PMG PANEL
ARDL, we examine the homogeneity and multicollinearity test
(Mensah et al., 2019). The results are presented in Tables 4 and
5, respectively. Table 5 shows the confirmed absence of multi-
collinearity among the variable in which the alternative hypothesis
is rejected. Therefore, Table 6 implies that delta and adjusted delta
slope homogeneity values are more than 1, which is statistically
significant and indicates that the coefficient slope is homogenous
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across the panel ARDL technique. We confusedly move to PMG
PANEL ARDL.

Table 7 presents the results of the effect of circular economy,
energy transition, industrialization, climate policy, and supply
chain variables on CO2 emission growth. The findings depict the
same results of the quantile panel, especially at the long and
short-run mean. The first results implied that EPSI and circular
economy negatively affect short- and long-run carbon emissions.
Second, the energy transition, industrialization, and supply chain
positively influence CO2 emissions growth. Furthermore, Table 8
and Figs. 4 and 5 show that in both cases short and long run ET (en-
ergy transition) has highest significant impact and association with
CO2 emissions positive and negative, respectively.
Table 7
Results from homogeneity test.

Delta p-value

�1.006 0.314
adj. �1.291 0.197

Table 8
Results from PMG test.

Variables Coefficient t-Statistic Prob.*

Short Run Est.
EP �1.042501 0.530569 0.055
ET 11.03331 2.087580 0.000
SCH 0.528890 0.220558 0.020
Industry 0.675347 0.303864 0.026
CE �0.192671 �1.523311 0.134
Long Run Est.
ECTt-1 �1.367177 �7.401746 0.000
D(EP) �1.485682 �3.443664 0.001
D(ET) �5.846693 �2.088739 0.042
D(SCH) 2.831494 4.511221 0.000
D(Industry) 2.444538 3.039164 0.003
D(CE) �1.485682 �3.443664 0.001
C �17.41658 �5.049847 0.000

Fig. 4. Short run coefficient of d
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5. Conclusion and policy implications

This paper investigates the effect of a circular economy on CO2

emissions growth from 1997 to 2020 using panel quantile Autore-
gressive Distributed Lags (QARDL) and the panel PMG (PMG). We
also examine the effect of the energy transition, climate policy
stringency, industrialization, and supply chain pressure on CO2

emissions. We find the mixed stationary test at the level and the
first one. We further report the cointegration association in the
long run between carbon emissions and its determinants. The
adjustment coefficient (ECM) speed seems negative and significant,
indicating that the model quickly corrects itself to equilibrium at
the mean is more than one. The circular economy and climate pol-
icy stringency significantly negatively impact carbon emissions. At
the same time, the energy transition, industrialization, and supply
chain pressures positively affect CO2 emissions in the short and
long run. The finding further explores that municipal waste gener-
ation recycling is considerable at the mean and upper 90th quan-
tiles than the lower quantile.

As it has been documented from the empirical analysis that cir-
cular economy and environmental policy stringency have negative
impacts on carbon emissions, therefore emerging economies and
markets are directed to ensure maximum use of circular economy,
greener energies, environmental innovations to minimize the CO2

emissions, and other environmental issues such as climate change
and global warming. Furthermore, CE must be designed to be
inclusive so that all segments of people, such as stakeholders, poor
people, local communities, and underrepresented segments of
society, actively participate in management decisions. Addition-
ally, social capital and stewardship of natural capital, like commu-
nity solidarity and ecological resources, will help in CO2 and waste
reduction and benefits the business partners and stakeholders to
earn respect and appreciation for the good cause. In line with
achieving sustainable development goals, waste sources (munici-
pal, agricultural and industrial) can advance progress via judicious
management. In particular, goal 12–responsible consumption and
production, and goal 3–good health and well-being are directly
related to core principles of the circular economy; therefore, the
reduction of CO2 emissions and deaths due to environmental pol-
lution must be ensured through adopting the practices of CE, and
environmental policy stringency.
ifferent designed variables.



Fig. 5. Long run coefficient of different designed variables.
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On the other hand, energy transition, industrialization, and sup-
ply chain pressures positively affect CO2 emissions in the short and
long run. This finding supports the studies of Kok et al. (2013),
Dhull and Narwal (2016), and Leendertse (2016). Since supply
chain pressures, industrialization, and energy transition provide a
suitable situation for environmental degradation, CO2 emissions,
and climate change. Thus, circular economy, green technology
innovations, and environmental policy stringency have the poten-
tial to counterbalance CO2 emissions and other environmental
issues in both the short and long run. For the more impactful impli-
cations of policies and stringent for sustainability, legislation is
gaining an important role in adopting the CE principles and strate-
gies within corporate environmental management. Along with
other stipulated barriers, the lack of proper legislation for efficient
CE could be more disgraceful because it does not maintain ecolog-
ical balance. This is parallel related to Mangla et al. (2018),
Govindan and Hasanagic (2018), and Masi et al. (2018) findings.
They highlighted insufficient environmental regulations and laws
as prominent reasons for barriers to the transition of a CE. Hence,
Fig. 6. Projected waste generati
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a collective CE framework should be there, wherein energy transi-
tion, policy stringency, and supply chain would work in a balancing
manner for the well-being of the environment and sustainable
development. In addition, generation of waste remains the serious
matter of concern and numbers are surprising (see Fig. 6). As per
World Bank data, 2.01 billion tonnes municipal solid waste gener-
ated by world annually. Out of that, around 33% is not managing
properly and become the leading cause environmental problems
like CO2 emissions.

In terms of future research outlook, we will examine the effect
on large countries for future research and update the prior estima-
tion. Moreover, it would evaluate the impact of the COVID-19 pan-
demic and the Russia-Ukraine conflict. The present study work is
limited to investigating the effects of circular economy, energy
transition, environmental policy stringency, and supply chain pres-
sure on CO2 emission, which directs future research to conduct
similar studies in poor and high economies. Furthermore, studying
the total waste by sectors (construction, food, energy, households,
manufacturing) on GHG emissions is more helpful.
on by region (World Bank).
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