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ABSTRACT

Efficient management of urban waste collection has emerged as a critical challenge for
metropolitan areas due to rapid population growth and increasing waste generation rates.
The significant proportion of collection costs within total waste management expenses,
combined with spatial and temporal constraints and environmental risks associated with
inefficient waste collection, highlights the urgent need for innovative and effective systems.
This study introduces an integrated mixed-integer nonlinear programming model designed to
optimize the location of waste accumulation centers, the routing of a heterogeneous
fleet—including motorized vehicles (mechanized and non-mechanized) and non-motorized
workers—and resource allocation, all under limited fleet capacity and restricted time
availability. The model incorporates service time windows, prioritization of street sweeping,
and aims to achieve multiple objectives: minimizing operational costs, reducing delays,
mitigating waste decay, enhancing service coverage, and improving lean efficiency indicators.
The proposed model is solved using two optimization approaches, namely epsilon-constraint
and goal programming. Numerical results demonstrate significant improvements, including a
12% reduction in operational costs, a 17% increase in waste collection efficiency, and a 35%
decrease in waste decay due to collection delays. Consequently, the model provides a robust
and comprehensive framework for decision-making in urban waste management systems,
addressing economic, environmental, social, and lean performance goals.

Keywords: Multi-Objective Optimization, Time Windows, Lean Municipal Waste Collection,
Location-Vehicle Routing Problem, Heterogeneous Fleet
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