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Abstract

With the acceleration of urbanization, the amount of garbage produced has increased sharply, put-
ting forward higher efficiency and environmental protection requirements for garbage collection,
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transportation and treatment. This paper focuses on the path optimization and scheduling problem
of urban waste classification transportation, and proposes multi-level optimization models and al-
gorithms in stages. Firstly, for the transportation of a single type of garbage, a path optimization
model with capacity constraints was established. With the goal of minimizing the total traveling
distance, a solution algorithm was designed and its complexity was analyzed. Subsequently, the col-
laborative scheduling of multiple types of garbage was expanded. Considering the characteristics of
different vehicles and transportation costs comprehensively, a collaborative optimization model
was constructed and the influence of time constraints was explored. Finally, by introducing the fac-
tors of transfer station location and carbon emissions, a collaborative optimization framework for
location, route and carbon emissions is proposed, and a two-stage algorithm is designed for solution.
This research provides strong support for enhancing the operational efficiency of urban waste trans-
portation systems, reducing costs and carbon emissions, and holds significant theoretical and prac-
tical significance.
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Figure 1. Location selection plan for transfer stations and allocation plan for collection points
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Figure 2. Total cost and carbon emissions of each type of garbage
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Figure 3. Comparison of costs with and without transfer stations and carbon emissions
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Figure 4. Optimization routes for various types of garbage collection
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Figure 5. Comparison between symmetric networks and asymmetric networks
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