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1) INTRODUCTION
Urbanization and population growth have significantly increased the volume of municipal solid waste
(MSW), posing major challenges to urban sustainability. Traditional waste management systems often
struggle with inefficiencies, resulting in higher operational costs and environmental pollution. In this
context, smart trash bins, which incorporate sensors and Internet of Things (IoT) technologies to monitor
and optimize waste collection, have emerged as an innovative solution. Despite their proven success in
developed nations, the implementation of smart trash bins in developing countries like Iran remains
limited, mainly due to various economic, technological, legal, and social barriers. While several studies
have focused on technical design or performance improvement of such systems, there is a noticeable
lack of research identifying and prioritizing practical implementation barriers based on the contextual
realities of Iran.

This study aims to bridge this gap by systematically identifying and prioritizing the barriers using
a hybrid multi-criteria decision-making (MCDM) framework, combining the Fuzzy Delphi Method for
indicator selection and the Best-Worst Method (BWM) for prioritization.

2) Solution Methid
This research adopted a two-phase hybrid methodology designed to first extract and refine key barriers,
and then prioritize them effectively.

Phase | — Identification and Screening of Barriers

A total of 25 initial barriers were extracted from an extensive literature review and expert
consultation. These included technological limitations, financial constraints, legal hurdles, and
sociocultural resistance. A panel of 15 domain experts—selected from municipal waste management
authorities in Tehran, Mashhad, and Tabriz—participated in a Fuzzy Delphi process to assess the
relevance of each barrier. Based on defuzzified scores and consensus thresholds (o > 0.70), the list was
reduced to 15 critical indicators.

Phase Il — Prioritization Using Best-Worst Method (BWM)

In the second phase, the Best-Worst Method was employed for ranking the selected barriers.
Experts identified the "best" (most important) and "worst" (least important) criteria and performed
pairwise comparisons. These preferences were input into a linear optimization model developed in
LINGO software, which yielded the final weights and consistency ratio (CR = 0.0044), confirming the
high reliability of the results.

3) Results and Discussion
The prioritization results revealed that the top-ranked barriers are:
¢ Limited financial resources and budget constraints (C15) — Weight: 0.141

Impact of international sanctions on access to smart equipment (C13) — Weight: 0.092

Operational and maintenance challenges (C11) — Weight: 0.090

Lack of coordination among related organizations (C14) — Weight: 0.087

Absence of reliable vendors and technical infrastructure (C1) — Weight: 0.086
The findings emphasize that economic and political factors dominate the landscape of
implementation challenges. Interestingly, social-cultural barriers, such as public participation and
awareness, were perceived as less critical, possibly due to lack of exposure or experience with the
technology. The study also found that technological limitations, including weak IT infrastructure and
inadequate sensor networks (10T), continue to hinder adoption, especially in remote or underdeveloped
regions. Legal-administrative barriers, such as lack of clear implementation guidelines and supportive
regulations, were also noted as significant but secondary.

4) conclusion

This study contributes to the waste management literature by offering a structured and evidence-based
prioritization of implementation barriers to smart trash bins in Iran, using a dual-method approach. Key
takeaways for urban policymakers include:
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e Prioritize financial planning and international procurement strategies to overcome funding and
sanction-related challenges.

e Develop legal frameworks and regulatory standards to support the deployment and maintenance
of smart bins.

e Encourage private sector involvement and public—private partnerships (PPP) to improve
coordination and cost-efficiency.

e Promote technical capacity building for local authorities and staff.

e Conduct pilot projects in metropolitan cities to demonstrate feasibility and build public trust.
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