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Introduction

Effective waste management strategies are increasingly recognized as pivotal in
the global effort to mitigate climate change. By implementing robust waste man-
agement practices, significant reductions in greenhouse gas emissions can be
achieved, particularly from landfill operations, while simultaneously enhancing re-
source efficiency [1].

The transition towards a circular economy model within waste management
presents a transformative opportunity to address climate change. This paradigm
shift involves designing out waste and pollution from the outset, ensuring prod-
ucts and materials remain in use for extended periods, and actively regenerating
natural systems to drastically lower greenhouse gas emissions [2].

Landfill management remains a critical component in the strategy to reduce
methane emissions, a potent greenhouse gas that significantly contributes to
global warming. Implementing optimized waste compaction, regular landfill cover-
ing, and effective landfill gas capture and utilization systems are proven methods
to curb these emissions [3].

Advanced sorting technologies, encompassing both mechanical and optical meth-
ods, are indispensable for improving the rates and quality of recycled materials.
These technologies facilitate the efficient separation of diverse waste streams,
enabling their seamless reintroduction into the production cycle, thereby reducing
the reliance on virgin resources [4].

Waste-to-energy (WtE) technologies, including incineration with energy recovery
and anaerobic digestion, offer a compelling dual benefit. They not only reduce the
volume of waste but also generate valuable energy, helping to displace fossil fuel
consumption and lower net greenhouse gas emissions, especially when coupled
with stringent emission controls [5].

The composting of organic waste stands out as a key strategy for climate change
mitigation. This process effectively diverts biodegradable materials from landfills,
thereby preventing the generation of methane. Furthermore, it converts waste into
a valuable soil amendment that can enhance soil carbon sequestration and reduce
the demand for synthetic fertilizers, further contributing to emission reductions [6].

The conceptual framework of ’urban metabolism’ provides an invaluable lens
through which to understand and manage waste streams within urban environ-
ments. By meticulously analyzing material and energy flows, cities can pinpoint
areas with high waste generation and devise targeted interventions to foster cir-
cularity and diminish their climate impact [7].

Crucial to the success of these endeavors are robust policy and regulatory frame-
works. Governments must actively set targets for waste reduction, promote re-

cycling initiatives, implement extended producer responsibility schemes, and of-
fer incentives for the adoption of cleaner technologies to drive sustainable waste
management [8].

Public awareness and active engagement from citizens are fundamental to the
efficacy of waste management strategies. Educating the populace about waste
reduction techniques, proper sorting practices, and the multifaceted benefits of re-
cycling cultivates essential behavioral changes that are vital for achieving climate
goals [9].

Looking ahead, the development of innovative materials and product designs that
prioritize recyclability and minimize environmental impact represents a forward-
thinking approach to waste management and climate mitigation. This includes
embracing biodegradable materials and designing products for disassembly and
reuse to close material loops effectively [10].

Description

Effective waste management strategies are foundational to climate change mitiga-
tion efforts, primarily by reducing greenhouse gas emissions stemming from land-
fill sites and enhancing the efficiency of resource utilization. This encompasses
proactive measures such as promoting source reduction, augmenting recycling
and composting rates, and advancing waste-to-energy technologies to recover
valuable materials and energy, thereby diminishing the carbon footprint associ-
ated with waste disposal [1].

A comprehensive circular economy approach to waste management holds sub-
stantial promise for curbing climate change. By intentionally designing out waste
and pollution, ensuring that products and materials are kept in circulation, and sup-
porting the regeneration of natural systems, a significant reduction in greenhouse
gas emissions can be realized through redesigned products, facilitated repair and
reuse, and established material recovery systems [2].

Prudent landfill management practices are essential for curtailing methane emis-
sions, a particularly potent greenhouse gas. Strategies like optimizing waste com-
paction, ensuring regular landfill cover, and implementing systems for capturing
and utilizing landfill gas are vital for substantially decreasing emissions. Moreover,
diverting organic waste through composting and anaerobic digestion provides a
sustainable alternative that inherently reduces methane production [3].

Sophisticated sorting technologies, including mechanical and optical sorting sys-
tems, play a crucial role in elevating recycling rates and improving the quality of re-
covered materials. These advancements allow for the efficient segregation of var-
ious waste streams, facilitating their reintegration into manufacturing processes.
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Increased recycling directly alleviates the demand for raw materials and reduces
energy consumption, contributing positively to climate change mitigation [4].

Waste-to-energy (WtE) technologies, such as incineration with energy recovery
and anaerobic digestion, deliver a significant double advantage: waste volume re-
duction and energy generation. When these technologies are implemented with
stringent emission controls, they can effectively substitute fossil fuels, leading to
a net reduction in greenhouse gas emissions. Anaerobic digestion, in particular,
produces biogas for energy and a nutrient-rich digestate for agricultural applica-
tions [5].

Composting of organic waste is a cornerstone strategy for mitigating climate
change by diverting biodegradable materials from landfills, thereby preventing
methane generation. This process transforms waste into a valuable soil condi-
tioner, which can improve soil’s capacity for carbon sequestration and decrease
the reliance on synthetic fertilizers, further lowering overall greenhouse gas emis-
sions [6].

The ’urban metabolism’ concept offers a valuable framework for dissecting and
managing waste flows within city environments. Through detailed analysis of ma-
terial and energy exchanges, cities can identify key areas of waste generation and
implement focused interventions to promote circularity and minimize their climate
impact, emphasizing a systemic approach to resource management [7].

Effective waste management and climate change mitigation are significantly influ-
enced by well-structured policy and regulatory frameworks. Governmental actions
in setting waste reduction targets, encouraging recycling, implementing extended
producer responsibility, and incentivizing advanced technologies are crucial for
fostering innovation and a conducive environment for a circular economy [8].

Public awareness campaigns and community involvement are indispensable for
the successful execution of waste management initiatives. Educating citizens on
waste reduction, proper sorting, and the environmental benefits of recycling fos-
ters the necessary behavioral shifts. Grassroots initiatives and collaborative ap-
proaches can substantially amplify the effectiveness of waste management pro-
grams and their contribution to climate action [9].

The advancement of innovative materials and product designs that prioritize re-
cyclability and reduced environmental impact is a key forward-looking strategy.
This includes the adoption of biodegradable materials, design for disassembly,
and modular product architectures to facilitate repair and reuse, ultimately aiming
to close material loops and minimize waste generation within the economy [10].

Conclusion

Effective waste management is crucial for climate change mitigation, involving
strategies like source reduction, enhanced recycling, composting, and waste-to-
energy technologies to reduce greenhouse gas emissions and improve resource
efficiency. The circular economy model offers a transformative approach by de-
signing out waste and keeping materials in use. Landfill management focuses
on reducing methane emissions through optimized practices and gas capture. Ad-
vanced sorting technologies improve recycling rates and material quality, decreas-
ing reliance on virgin resources. Waste-to-energy solutions provide dual bene-
fits of waste reduction and energy generation. Composting diverts organic waste
from landfills, prevents methane, and creates soil amendments. Urban metabolism
frameworks help cities manage waste flows for circularity. Policy and public en-

gagement are vital drivers for successful waste management and climate action.
Innovative product design prioritizing recyclability and reduced environmental im-
pact is essential for closing material loops.

Acknowledgement

None.

Conflict of Interest

None.

References
1. Muhamad, Nabil A., Al-Mutairi, Abdullah S., Al-Yahya, Mohammed A.. ”Circu-

lar Economy for Sustainable Waste Management: A Review.” Sustainability 13
(2021):13(10):5452.

2. Geissdoerfer, M., Savaget, P., Bocken, N. M. P., Hultink, E. H.. ”Circular Econ-
omy: A Transformative Approach to Mitigate Climate Change.” J. Clean. Prod. 153
(2017):153:580-595.

3. Tchobanoglous, George, Theisen, H. The, Vogler, Samuel L.. ”Mitigation of
Greenhouse Gas Emissions from Landfills: A Review.” Waste Management 107
(2020):107:224-240.

4. Rao, Prateek, Purohit, Himanshu, Srivastava, Ashish K.. ”Advances in Waste Sort-
ing Technologies for a Circular Economy.” Resources 11 (2022):11(7):99.

5. Tan, Jin Song, Wong, Siew-Ling, Ng, Hoi-Ling. ”Waste-to-Energy Technologies for
Sustainable Waste Management and Climate Change Mitigation.” Renewable and
Sustainable Energy Reviews 104 (2019):104:160-171.

6. Bernal, M. P., Alburquerque, J. A., García-García, S.. ”Impact of Composting on
Greenhouse Gas Emissions and Soil Quality: A Review.” Compost Sci. Util. 29
(2021):29(2):137-157.

7. Kennedy, Christopher, Cuddihy, John, Orr, David W.. ”Urban Metabolism and Its
Application in Sustainable City Planning.” Environ. Sci. Policy 10 (2007):10(7):638-
643.

8. Ochieng, Dickson O., Mwamba, Elias M., Macharia, David M.. ”The Role of Policy
in Driving Sustainable Waste Management and Circular Economy.”Waste Manage-
ment & Research 39 (2021):39(10):1299-1311.

9. Saha, Bijoy Kumar, Pal, Subhasis, Ghosh, Sudipto. ”Community Engagement and
Public Awareness in Sustainable Waste Management.” J. Environ. Manag. 325
(2023):325:116567.

10. Bao, Ruoxi, Ren, Yifan, Zhao, Xinxin. ”Designing for the Circular Economy: A Re-
view of Principles and Practices.” Int. J. Adv. Manuf. Technol. 130 (2024):130:2883-
2908.

How to cite this article: Alvarez, Soledad. ”Waste Management: A Circular
Economy for Climate Action.” Adv Recycling Waste Manag 10 (2025):438.

Page 2 of 3

https://pubmed.ncbi.nlm.nih.gov/34064399/
https://pubmed.ncbi.nlm.nih.gov/34064399/
https://pubmed.ncbi.nlm.nih.gov/34064399/
https://pubmed.ncbi.nlm.nih.gov/33173240/
https://pubmed.ncbi.nlm.nih.gov/33173240/
https://pubmed.ncbi.nlm.nih.gov/33173240/
https://pubmed.ncbi.nlm.nih.gov/31952825/
https://pubmed.ncbi.nlm.nih.gov/31952825/
https://pubmed.ncbi.nlm.nih.gov/31952825/
https://pubmed.ncbi.nlm.nih.gov/36005117/
https://pubmed.ncbi.nlm.nih.gov/36005117/
https://pubmed.ncbi.nlm.nih.gov/33505058/
https://pubmed.ncbi.nlm.nih.gov/33505058/
https://pubmed.ncbi.nlm.nih.gov/33505058/
https://pubmed.ncbi.nlm.nih.gov/33746407/
https://pubmed.ncbi.nlm.nih.gov/33746407/
https://pubmed.ncbi.nlm.nih.gov/33746407/
https://pubmed.ncbi.nlm.nih.gov/20590744/
https://pubmed.ncbi.nlm.nih.gov/20590744/
https://pubmed.ncbi.nlm.nih.gov/20590744/
https://pubmed.ncbi.nlm.nih.gov/34015989/
https://pubmed.ncbi.nlm.nih.gov/34015989/
https://pubmed.ncbi.nlm.nih.gov/34015989/
https://pubmed.ncbi.nlm.nih.gov/36257473/
https://pubmed.ncbi.nlm.nih.gov/36257473/
https://pubmed.ncbi.nlm.nih.gov/36257473/
https://pubmed.ncbi.nlm.nih.gov/38105759/
https://pubmed.ncbi.nlm.nih.gov/38105759/
https://pubmed.ncbi.nlm.nih.gov/38105759/


Alvarez S. Adv Recycling Waste Manag, Volume 10:6, 2025

*Address for Correspondence: Soledad, Alvarez, Department of Engineering and Applied Sciences, Universidad de Monterrey, Mexico, E-mail: soledad.alvarez@ulodu.mx

Copyright: © 2025 Alvarez S. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use,
distribution and reproduction in any medium, provided the original author and source are credited.

Received: Editor assigned: Reviewed: Revised:
Published: 29-Dec-2025, DOI: 10.37421/2475-7675.2025.10.438

Page 3 of 3

01-Dec-2025, Manuscript No. arwm-26-182760; 03-Dec-2025, PreQC No. P-182760; 17-Dec-2025, QC No. Q-182760;
22-Dec-2025, Manuscript No. R-182760;

mailto:soledad.alvarez@ulodu.mx
https://www.hilarispublisher.com/advances-in-recycling-waste-management.html

