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Abstract

Purpose: This study analyses the current state of municipal solid-waste management in Saudi Arabia’s
major cities, assesses institutional and digital readiness to adopt smart technologies based on the Internet
of Things (loT), Artificial Intelligence (Al) and Big-Data analytics, and proposes an integrated framework

to move the system toward a smart, sustainable model aligned with Saudi Vision 2030.

Methods: A sequential-explanatory mixed-methods design was used. A validated questionnaire was
administered to a purposive-stratified sample of 205 decision-makers, technical managers and experts
across Riyadh, Jeddah and Dammam, complemented by 35 semi-structured expert interviews.
Quantitative data were analysed using descriptive statistics, Cronbach’s alpha, Pearson correlation,
independent-samples t-test, one-way ANOVA and regression; qualitative data were analysed

thematically.

Findings: The instrument showed excellent reliability (Cronbach's alpha = 0.933). Respondents strongly
perceived the shortcomings of traditional practices (M = 3.88), reported comparatively lower yetstill high
technological readiness (M = 3.67), and highly endorsed the barriers and critical success factors (M =
3.96). A significant positive association emerged between Al-based sorting and higher recycling rates (r =
0.486), whereas no significant differences were found by gender or city, indicating convergent

perceptions across the three cities.

Recommendations: The study recommends an interoperable digital infrastructure, national
standardisation of waste data, and a phased adoption path beginning with sensor-enabled bins and smart
routing before advancing to Al-driven automated sorting, alongside enabling legislation and human-

capacity building as decisive success factors.

Keywords: Smart waste management; Internet of Things; Artificial Intelligence; Circular economy; Digital

readiness; Vision 2030; Saudi cities.
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