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ARTICLE INFO ABSTRACT
Article type: Municipal solid waste management has become one of the major challenges in
Research Paper modern cities due to the rapid increase in waste generation and the limitation

of natural resources. Selecting an optimal waste management method requires
the consideration of environmental, economic, technical, and social criteria to

Article History: not only minimize negative environmental impacts but also make the best use
Received 01 February 2025 of available resources. In this study, various waste management methods
Revised 15 March 2025 including pyrolysis, recycling, composting, anaerobic digestion, incineration,
Accepted 05 April 2025 and refuse-derived fuel were evaluated and prioritized using the Analytic
Published Online 10 May 2025 Hierarchy Process (AHP). The evaluation criteria included investment cost,

environmental pollution, resource availability, required technical expertise,
social acceptance, energy consumption, and process efficiency. The weights of
criteria and alternatives were determined based on expert opinions. Criteria
where lower values indicate higher desirability were inverted within the
software to ensure consistency in the evaluation. The results of this study
indicate that sustainable and cost-effective methods such as recycling (score:
0.0982) and anaerobic digestion (score: 0.0879), due to their ability to generate
valuable products, reduce pollution, and offer economic benefits, are more
suitable for urban waste management compared to costly and polluting
methods such as incineration and pyrolysis. Furthermore, the findings suggest
that combining different methods and adopting integrated approaches can
enhance the effectiveness of waste management systems and contribute to
achieving sustainability goals.
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1. Introduction

The increasing volume of urban waste, driven by economic growth and urbanization, has posed
significant challenges for waste management systems. The selection of an optimal waste management
strategy is a complex decision-making process due to the multiplicity of available methods and the
necessity of considering various environmental, economic, social, and technical criteria. This study
employs the AHP to systematically identify and prioritize key criteria influencing urban waste
management. By integrating a comparative assessment of different waste management techniques, this
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research aims to establish a comprehensive and scientifically grounded framework for optimizing
waste management strategies. Through an extensive review of previous studies and empirical data
analysis, this study underscores the efficacy of AHP as a robust decision-support tool in this domain.
The findings provide valuable insights for policymakers, urban planners, and researchers in
formulating efficient and sustainable waste management policies.

2. Methodology

Urban waste management is a complex multi-criteria decision-making (MCDM) problem involving
diverse stakeholders. The Analytic Hierarchy Process is used to evaluate six waste management
technologies across seven criteria: energy consumption, process efficiency, required expertise,
resource accessibility, investment cost, and environmental impact. The decision process is structured
hierarchically using Super Decisions software, where expert panels conduct pairwise comparisons
based on Saaty’s 1-9 scale. Consistency ratios (CR) below 0. 1 ensure judgment reliability. Criteria
such as investment cost and pollution levels are inversely weighted for consistency. The final ranking
is determined by aggregating criteria weights and scores. The evaluation framework categorizes
criteria into technical, economic, social, and environmental groups. Technical aspects include energy
consumption, efficiency, and required expertise. Economic factors consider resource accessibility and
investment costs, while environmental criteria focus on pollution levels. Social factors include public
acceptance and regulatory compliance, ensuring a comprehensive sustainability assessment.

3. Results and Discussion

The analysis reveals that recycling and anaerobic digestion are the most effective waste management
strategies due to their lower costs, environmental benefits, and resource recovery potential. In contrast,
incineration and pyrolysis, despite their energy generation capabilities, are less favorable due to high
operational costs and emissions. A comparative assessment of six waste management methods—
recycling, anaerobic digestion, composting, incineration, refuse-derived fuel, and pyrolysis—using
eight evaluation criteria highlights the superiority of recycling, which achieved the highest ranking,
followed by anaerobic digestion and composting. Incineration, refuse-derived fuel, and pyrolysis
ranked lower due to economic and environmental concerns. These findings emphasize the importance
of an integrated approach that combines multiple methods to enhance sustainability, reduce landfill
dependency, and optimize waste-to-energy processes.

4. Conclusion

This study systematically evaluated and prioritized six urban waste management methods—pyrolysis,
recycling, composting, anaerobic digestion, incineration, and refuse-derived fuel—using the Analytic
Hierarchy Process (AHP) framework. The findings demonstrate that recycling and anaerobic digestion
are the most favorable options due to their lower financial burdens, reduced environmental footprint,
and higher societal acceptance. Conversely, methods such as incineration and pyrolysis were found to
be less desirable due to their high capital requirements, dependency on specialized labor, and
significant pollution levels. Based on these insights, this study advocates for increased investments in
recycling infrastructure and the promotion of waste segregation at the source, which are crucial for
fostering sustainable and efficient urban waste management practices.
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. Analytic hierarchy process (AHP)

. Landfill biogas

. Anaerobic digestion

. Incineration

Refuse derived fuel (RDF)

. Multiple Criteria Decision Making (MCDM)

. Fuzzy logic

. Technique for Order Preference by Similarity to Ideal Solution (TOPSIS)

. Preference ranking organization method for enrichment evaluation (PROMETHEE)
0. Fermentation
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