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Abstract-Climate change demands sustainable solutions, and
the circular economy emerges as key to reducing waste and
reusing resources. However, its integration faces gaps in key
sectors, highlighting the need for more research to enhance its
impact on SDG 13. This paper aims to analyze circular economic
strategies implemented in different contexts to reduce carbon
footprint and mitigate climate change, exploring their effective
contribution to the achievement of SDG 13. A systematic
literature review (SLR) was conducted using the PRISMA
guidelines. An initial 354 studies were identified by searching
databases such as Springer, Scopus and Science Direct, applying
inclusion and exclusion criteria, 50 relevant studies were selected
for analysis. The findings highlight that the most effective
strategies include waste management, recycling and reuse. In
addition, tools such as life cycle assessment and integration of
emerging technologies proved to be fundamental for the
implementation of sustainable policies. Finally, it can be
concluded that the circular economy is an essential tool for
reducing the carbon footprint and advancing global
sustainability. This study emphasizes the need to strengthen
infrastructure and public-private collaboration to overcome
barriers and maximize its impact on climate action.

Keywords-- Circular economy; Carbon footprint; Climate
change; SDG 13; Sustainable.

I. INTRODUCTION

As environmental and social challenges evolve, the circular
economy becomes a crucial strategy to address climate change
and advance sustainability globally [1]. With increasing
pressure on natural resources and ecosystems, adopting new
circular economy practices has become a fundamental task to
achieve the Sustainable Development Goals (SDGs), especially
SDG 13, which focuses primarily on climate action and
reducing carbon emissions [2]. The European Union, for
example, adopted the ‘Nexus’ approach to integrate the circular
economy into climate and biodiversity policies, addressing the
interconnections between these sectors through the European
Green Pact [3]. Meanwhile, cities around the world are seeking
to implement climate neutrality measures, identifying waste
management and the circular economy as key factors in
achieving net zero emissions [4].

With current linear production models, many countries are
facing difficulties in fully integrating the circular economy into
their economies, especially in critical sectors such as water,
energy and construction [5]. In China, the implementation of

ambitious policies focused on the circular economy has proven
to be instrumental in reducing carbon footprint and stabilizing
material use, being a strategic tool in the transition to a low-
carbon economy by 2050 [6]. However, the adoption of
circular strategies presents significant barriers, such as the lack
of infrastructure for proper waste management and the need for
investment in recycling and reuse technologies [7]. These
barriers have become evident in multiple sectors, with
chemical technologies having to be explored to maximize reuse
and reduce emissions [8].

The need to reduce waste and optimize resource use has
driven the development of innovative strategies in the circular
economy, such as advanced recycling and reuse of municipal
waste. In the case of tree waste in the United States, for
example, its conversion into biochar and compost significantly
reduces global warming potential and eutrophication [9].
Similarly, in net zero emission neighborhoods in South Wales,
circular economy practices have been implemented that
promote the efficient use of building materials and foster social
sustainability  through  community  participation  [10].
Furthermore, research on sustainable materials development
underlines the importance of innovation in this field, with
decarbonization and the adoption of closed-loop materials
crucial to mitigating climate change [11]. While the circular
economy has been widely discussed in recent literature, there
are still significant gaps in its practical implementation as an
effective way to achieve the SDG 13 targets. A considerable
proportion of research focuses on developed settings with high
technological and regulatory capacity, leaving aside resource-
constrained environments. Likewise, there are few studies that
systematically and comparatively articulate circular strategies
applied to emissions reduction and their sectoral feasibility.

Faced with this gap, the present work employs a systematic
review under the PRISMA guidelines, focusing on identifying
and classifying circular strategies published between 2019 and
2024. This review considers mixed methodological approaches
and criteria applicable to different sectors, allowing the
detection of common patterns, frequent barriers and
opportunities for improvement. In this way, it provides an
analysis that not only contributes to conceptual strengthening
but also offers a useful technical basis for decision making in
sustainable policies and multi-sectoral planning.
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Il.LITERATURE REVIEW

It is evident that the circular economy has generated a great
positive change in the drive towards sustainability and
minimizing environmental impact. For example, the study [12]
investigated the impact of renewable energy circularity on the
environment, given the need for intervention to mitigate global
warming. Two environmental models were applied using the
biased corrected method in 28 low-income countries between
1990 and 2019. The results showed that renewable energy
circularity has a positive effect on the environment. It was
concluded that digitization also improves environmental
quality, suggesting that policies based on circular practices
were crucial for achieving sustainable development goals.
Another study [13] examined the drivers of consumer
participation in Indonesia in polyethylene terephthalate (PET)
waste recycling, using the Theory of Planned Behavior (TPB)
as a theoretical framework, analyzing consumers' recycling
intentions and their impact on the circular economy. It turned
out that consumer participation was essential for the success of
recycling programmers. It was concluded that understanding
recycling motivations was key to improving plastic waste
management.

In the industrial field, the study [14] on the impact of the
circular economy on Taiwanese multinational companies. A
structural equation analysis was conducted on data from 4050
companies from 2013 to 2018, evaluating reduction, reuse and
recycling policies with respect to climate change and company
size. As a result, reduction and reuse increased competition,
while recycling contributed to climate resilience. Businesses
responded to climate pressure by strengthening circular
economy policy networks. Additionally, work [15] on the
environmental impact of the fashion industry and its ability to
drive sustainable practices. It focused on an Italian luxury
brand, monitoring its activities for one year according to 1SO
14064-1:2019. A generation of 9804 tonnes of CO2 equivalent
was identified and six mitigation scenarios were proposed to
reduce emissions by 25%. It was concluded that environmental
assessment tools are essential to improve sustainability in
luxury fashion.

On the other hand, the research [16] redefined the
principles of Sustainable Production towards a Circular
Economy and Industry 4.0 models. As a methodology, a
Delphi Panel with 11 experts was used to agree on ten
principles that were evaluated in terms of significance and
consistency. The results identified four key principles that
strengthen the development of others, such as employee well-
being and the use of sustainable technologies. In conclusion,
this proposal boosts the understanding and application of
sustainability to achieve SDG 12. The article [17] identified the
challenges and opportunities in integrating new technologies in
the circular economy. Through bibliometric methods, the
impact of tools such as blockchain and artificial intelligence
was analyzed. The results showed that these technologies
optimized resource efficiency, sustainable business models and
product lifecycle management. However, their implementation
required overcoming challenges such as supply chain

transparency and regulatory adaptation for equitable and
sustainable growth.

In the context of sustainability policies, a study [18]
analyzed environmental challenges after COP27 focusing on
income, population ageing and industrial development in 17
developed countries. It used estimators to measure emission
reductions through the circular economy, carbon policy and
public-private partnerships. It showed that the circular
economy and carbon policies contributed to emissions
reductions. It can be said that, to achieve sustainability, it was
crucial to implement green policies and strengthen public-
private partnerships. Similarly, other research [19] examined
the extent to which companies can meet Science-Based Targets
(SBTi) following the Paris Agreement. Using a review of
carbon reduction methodologies, the contribution of the
circular economy (CE) to strategies such as reuse, recycling
and remanufacturing was analyzed. The results highlight that,
although the GHG Protocol covers some practices, several CE
strategies still require methodological adjustments. Then better
integrating CE will help manufacturing companies to
realistically achieve carbon targets.

On the other hand, the article [20] analyzed the effect of the
circular economy on CO2 emissions growth, considering
energy transition and supply chain pressure. QARDL and PMG
were used on data from 1997 to 2020. The results showed that
the circular economy and strict climate policies reduced carbon
emissions, while energy transition and industrialization
increased emissions. The findings suggest recommendations
for balancing circular economy and sustainable development.

Finally, the study [21] highlighted the role of corporate
governance in the Circular Economy (CE) in industrial
companies. Key practices such as stakeholder engagement and
environmental management were identified as directly driving
the adoption of CE. The findings highlighted that governance
helped companies to adopt more sustainable models and
mitigate climate risks. It is concluded that these mechanisms
were useful for managers and policy makers in the transition to
more sustainable business models.

IH1.METHODOLGY

This work is carried out from a qualitative approach,
structuring the elements that explore the purpose of the
systematic review, the research questions, the type of study
used, the search strategy in different databases and the
application of the inclusion and exclusion criteria.

A. Purpose and Research Questions

Based on the literature review, we seek to analyze the role
of the circular economy in reducing the carbon footprint and its
contribution to sustainable development, especially within the
framework of Sustainable Development Goal (SDG) 13,
focusing on climate action. The main research questions
guiding this review are:
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—  Which circular economy strategies are most effective
in reducing the carbon footprint in the context of SDG
13?

— What are the benefits and outcomes of applying the
circular economy for climate change mitigation?

—  What techniques or tools are used to integrate policies
that support carbon emission reductions?

B. Type of study

Systematic literature review (SLR) was selected as the
methodology because it is a well-known method widely used
to identify, evaluate and interpret relevant research for a topic,
area or phenomena of interest [22].

To address this research gap and gain a deeper
understanding, the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines were
followed to review existing literature on the development of a
network of barriers, an integrated framework and strategies for
the implementation of the circular economy in a structured
manner [23].

C. Search strategies

The search for data for this review was conducted through
a comprehensive analysis of several databases, including
Springer, Scopus, Science Direct. Initially, 354 studies were
identified, and after exclusions, 50 studies were selected using
PRISMA criteria. The search string was composed of
keywords and related terms, varying the filters according to
each database (economy AND circular AND carbon AND
footprint AND climate AND change AND ODS 13 AND
sustainable).

D. Inclusion and Exclusion Criteria

Identification and selection processes were carried out in
each database, resulting in a final number of studies. Of the
354 studies that were initially found, after exclusion by title,
202 were left and after exclusion by abstract, only 143 were
left, as there was no relevant information related to the topic.
Finally, after a meticulous review, 93 studies were excluded
for not answering the research questions correctly, thus
including only 50 studies in the Systematic Literature Review.
Table 1 shows the criteria. The PRISMA diagram, showing
the application of the inclusion and exclusion criteria, is
shown in fig. 1.

TABLE 1 EXCLUSION AND INCLUSION CRITERIA

Inclusion Exclusion

101: Manuscripts published between
2019 and 2024

EO1: Manuscripts in a language
other than English.

102: Manuscripts written in English. E02: Manuscripts that do not answer

the research guestions.

E03: Manuscripts not related to the
research topic.

103: Original manuscripts

104: Publicly accessible manuscripts

105: Manuscripts including the full
PDF format

[ Identification of studies via data bases and registers }

Documents identified though
database search(n=3)
record’s (n = 354)

v

Selected articles by title:
(n=341)

Records were eliminated due
to duplicity (n = 13)

| Excluded record’s (n = 139)

i‘:‘;}elze;toeg)artlcles by abstract: Excluded record’s (n = 59)
Selected articles by full text: According to the inclusion and
(n=143) exclusion criteria (n = 93)

)

Studies included in the review:
(n =50)

Fig. 1 PRISMA diagram
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IV.RESULTS

In this section, the results obtained in different databases
are presented, highlighting key aspects such as the types of
study, the methodological approach and the amount of
research found in each database.

Fig. 2 shows the bibliometric analysis of the most
frequent keywords related to circular economy, SDGs, carbon
footprint and climate change. It also illustrates the central
themes around the circular economy, which is the central and
most interesting topic of study among the different researches.
The ramifications that stand out include topics that address
essential aspects such as the implementation of the circular
economy linked to ODS 13, with the purpose of obtaining
strategies that contribute to reducing the carbon footprint and
promote the mitigation of climate change. Also considering
sustainability because of applying the circular economy.
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Fig. 2 bibliometric analysis of the most recurrent words

Fig. 3 shows the methods used in the papers analyzed. The
qualitative approach is the most used in literature with 32
articles, while the quantitative approach has 18 papers. This
finding shows that qualitative studies are more common in the
literature reviewed, indicating a clear inclination towards
research that focuses on the interpretation and detailed analysis
of the cases studied.

In this case, the predominance of the qualitative approach
may be related to the nature of the problems addressed in the
studies analyzed, which may require a more detailed and
contextualized understanding of the cases or the particularities
of the contexts in which they take place.

On the other hand, the quantitative approach yielded 18
articles. This shows us the importance of experimental studies,
which allow us to address real problems, establishing
correlations, measuring variables, testing hypotheses
objectively. This finding indicates the importance of
integrating both approaches into future work to obtain a more
comprehensive vision.

30
25
20

15

Quantity

10

Cualitative Cuantitative

Fig. 3 Articles reviewed by methodological approach

Fig. 4 illustrates the number of studies collected in each
database that were included in the final version of this review,

presenting the documents obtained from various sources,
allowing us to appreciate their relevance in the review. Science
Direct stood out as the most consulted source with a total of 26
articles, being of greatest importance in the central subject.
Scopus contributed a total of 17 documents and, lastly, Spinger
made a smaller contribution, but no less important, with a total
of 7 reports, bearing in mind that the sources must be
diversified for a comprehensive understanding of the topic
under investigation.

4
3
-3

e,

B Scopus

Science
Direct, 26

W Science Direct

Springer

Fig. 4 Number of articles per database

Fig. 5 shows the frequency of publication of these studies
between 2020 and 2024. Between 2020 and 2021 the use of
topics such as circular economy was not a topic that was
widely addressed. It was in 2022 that the application of this
topic became more and more important as it brought with it
positive consequences for the environment, which prompted
the emergence of significant studies on this topic. It is evident
that in 2024 it has become a common issue among researchers.
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Fig. 6 Scientific contribution by country

V.DISCUSSIONS

In this section we address and deepen the findings with the
advances of previous works, addressing issues such as the
strategies and benefits brought about by the application of the
circular economy. After examining the articles, these questions
are answered and substantiated based on the findings obtained.

A. What circular economy strategies are most effective in
reducing the carbon footprint in the context of SDG 137?

There are numerous strategies that can be used to reduce
the carbon footprint. The results of the review show that waste
management, reuse and recycling are the most commonly used
strategies, followed by less frequently used strategies such as,
waste management. These results relate to the work [14]
because they used reduction and reuse policies in Taiwanese
multinational companies that proved to be key to improving

Fig. 6 shows the geographical distribution of scientific
publications related to the review topic. This map allows us to
identify countries with the largest contribution to the topic,
reflecting interest and academic output. India, for example,
appears as one of the countries with the highest academic
contribution, indicating a strong focus on research related to
circular economy. This could be related to the need to address
sustainability issues. China is the second country with the
second highest academic contribution in circular economy,
probably due to its rapid industrialization, urbanization and
efforts to integrate circular economy initiatives into its
sustainable development policies. Also, Spain and Italy stand
out for their commitment to sustainability and circular
economy models. Finally, we have Sweden, a country
characterized as the world's leading driver of sustainability,
which has implemented several circular economy strategies, as
reflected in its scientific output.

Australia

1

»

competitiveness and climate resilience, showing their
effectiveness in reducing carbon footprint. Also, the paper [15]
highlighted the importance of recycling and environmental
monitoring in the fashion industry where six mitigation
scenarios based on emission reduction practices were
proposed. Also, in the work [19] it was evidenced that
remanufacturing, recycling and reuse are essential for
companies to meet their climate goals. Finally, these results
can be seen in table 2 where other circular economic strategies
are shown.

TABLE 2 CIRCULAR ECONOMY STRATEGIES

Circular economic strategies | Quantity | References
Resource management 3 [24], [25], [26]
Circular economic principles 1 [27]
Reduction, reuse of fuels 3 [28], [29], [30]
Reuse and recycling 11 [31], [32], [33], [34], [35],
[361, [37], [38], [39], [40],
[41]
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Conversion of crop residues 1 [42]
Water saving and treatment 1 [43]
LCA Methodology 1 [44]
Waste management 1 [45]
E-waste reduction 1 [46]
Sustainable innovation 1 [47]
Carbon reduction 2 [48], [49]
New technologies and 2 [17], [50]
blockchain

WEIS system 1 [51]
Investment in biodegradable 1 [52]
plastics

Energy efficiency, low 1 [53]
carbon technologies

Responsible consumption 1 [54]
practices

B. What are the benefits and outcomes of applying the circular
economy for climate change mitigation?

The application of the circular economy brings multiple
benefits to mitigate climate change by efficiently addressing
each environmental challenge through sustainable approaches.
Among the main benefits extracted are emission reductions,
economic and social welfare and improved quality of life and
human consumption resources. These findings are associated
with work [12] that indicated that renewable energy circularity
improved environmental quality and contributed to global
warming mitigation, highlighting its benefit in combating
climate change. Similarly, [15] environmental assessment
tools enabled the fashion industry to propose scenarios to
reduce emissions and improve sustainability. However, [18]
highlighted how green policies and public-private partnerships
strengthen actions to reduce emissions and foster economic
and social sustainability. On the other hand, [19] mentioned
that circular strategies improved the ability of companies to
meet their climate goals, benefiting long-term sustainability.
After reviewing the studies, table 3 presents the most
important benefits of the circular economy.

TABLE 3 BENEFITS OF THE CIRCULAR ECONOMY

Benefits of the circular | Quantity | References
economy
Emission reductions 18 [17], [25], [26], [27], [34],

[371, [38], [39], [49], [50],
[52], [54], [55], [56], [57],

[58], [59], [60]
[28], [34], [41], [44], [50],

Economic and environmental | 9

wellbeing [61], [62], [63], [64]
Reduced food and water 1 [65]
wastage

Carbon footprint 1 [66]
Renewable electricity 1 [43]
Health for future generations 1 [67]
Increased lifespan 2 [68], [69]
Sustainable trajectories 3 [34], [45], [50]
Climate change mitigation 1 [70]
Improved water and air | 2 [36], [71]
quality

Increased sustainability | 1 [72]
potential

C. What techniques or tools are used to integrate policies that
support the reduction of carbon emissions?

To efficiently implement policies that reduce carbon
emissions, different methods, techniques and tools should be
used that result in the easy integration of sustainable measures.
Among the main tools are life cycle and environmental impact
assessment, the use of closed reuse systems, Agenda 2030.
Techniques that together support the integration of mitigation
policies and in turn reinforce environmental accountability
and transparency. For example, in the work [12] the Closed
Reuse System helps to reduce the need for additional
production, which reduces carbon emissions. Furthermore, in
[14] the GSCM promotes sustainability in the supply chain
through practices such as recycling and reuse, which also
reduces emissions. On the other hand, in work [19] PLM with
sustainability dimensions allows managing the life cycle of
products more efficiently, controlling emissions during their
production and final disposal. Finally, in [18] the 2030
Agenda promotes global policies that favor the use of
renewable energies and sustainability, which contributes to the
reduction of carbon emissions. Table 4 details the specialized
tools for implementing these policies.

TABLE 4 TECHNIQUES AND TOOLS

Technigues and tools Quantity | References
Closed system reuse 1 [66]
GSCM 1 [73]
PLM sustainability dimensions 1 [32]
Technologies for circular principles 1 [29]
Electrical modernisations 1 [62]
Annual green finance 1 [57]
Agenda 2030 1 [58]
Sustainable designs 1 [47]
Digital sustainability indicators 1 [48]
Waste information system 1 [69]
CBA consumption-based tool 1 [34]
Technology models 1 [71]
DEMATEL and BWM tools 1 [72]
Transparent data exchange 1 [41]
Life cycle-based indicators 1 [52]
Environmental impact assessments 1 [38]
Transition to circular economy 1 [39]
Input-output analysis 1 [54]

VI.CONCLUSIONS

This research shows that the implementation of the circular
economy (CE) is fundamental to address climate change and
reduce the carbon footprint, in line with the goals set by SDG
13. The integration of practices such as reuse, recycling and
remanufacturing offers companies the opportunity to transform
their business models towards a more sustainable one, which
translates into both environmental and economic benefits. Key
benefits include a considerable decrease in greenhouse gas
emissions, better use of natural resources and job creation,
which also fosters economic development.

However, there are several challenges that hinder the
widespread adoption of the circular economy. In many regions,
recycling and waste management infrastructures are
inadequate, limiting the full exploitation of the potential of the
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circular economy. Also, small and medium-sized enterprises
(SMEs) face significant barriers, such as high upfront costs and
a lack of tangible incentives to modify their business models
and adopt circular practices. The perception that the long-term
benefits do not justify the immediate costs is another
significant barrier that persists in several industries.

Additionally, cultural resistance in several industrial sectors
remains a limiting factor, as linear practices predominate due to
a lack of information on the benefits that the circular economy
could bring. Overcoming these obstacles requires the
development of more robust public policies and effective
incentive systems to drive the transition to the circular
economy. Awareness raising and education, both at the
business and social levels, are key to breaking down cultural
barriers and promoting more sustainable models.

Despite progress, further research on how to improve the
implementation of the circular economy in diverse industrial
sectors is crucial. Improving recycling infrastructure and
business education should be high on government and
international policy agendas. In addition, emerging
technologies, such as artificial intelligence, have the potential
to optimize circular processes and reduce the technological
barriers that still hinder the implementation of the circular
economy in many business models.

Collaboration between governments, businesses and
consumers will be essential to overcome the above-mentioned
challenges and achieve a successful transition to a more
sustainable economic model. A coordinated approach will be
necessary to achieve global environmental goals and
significantly reduce the carbon footprint, aligning with
international climate change commitments.

In addition to the aspects, this research has identified other
limitations that affect the global applicability of the circular
economy. In particular, there is a geographical bias, as most
studies come from developed economies, where access to
advanced technology, sound environmental infrastructure and
clear regulatory frameworks facilitate the adoption of circular
models. In contrast, in developing countries, structural and
financial challenges make the adoption of more complex
circular practices more difficult. It is therefore necessary to
apply approaches adapted to the realities of these countries. It
is also evident that many studies have focused mainly on the
immediate environmental benefits of the circular economy,
without assessing in depth the social and economic effects that
the transition can generate, especially in vulnerable
communities and informal sectors. This approach could limit
the effectiveness of future interventions if inclusive strategies
that consider these factors are not incorporated. It is imperative
to also address social inequalities and ensure that the benefits
of the circular economy reach all sectors of society.

Another significant challenge is the applicability of the
circular economy in resource-constrained contexts. In these
environments, the success of the circular economy depends not
only on technological or regulatory advances, but also on
aspects such as organizational culture, informality at work and
access to finance. Circular strategies must adapt to these
conditions to be effective, fostering an inclusive and equitable

approach. Integrating initiatives such as the participation of
urban recyclers' cooperatives in waste recovery, support for
circular micro-enterprises in rural areas and the creation of
educational programs on the responsible use of resources can
be fundamental to promoting the circular economy in these
contexts.

Finally, it is suggested that differentiated tax incentives be
established for small and medium-sized enterprises that adopt
closed-loop practices. These actions will help reduce economic
barriers and encourage wider adoption of circular models.
Similarly, the implementation of policies that promote climate
justice and sustainability will be crucial to achieve a successful
transition to the circular economy.
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