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Abstract

The development of cold chain logistics stems from the growing global demand for temperature con-
trol in industries such as food and pharmaceuticals. With economic globalization and consumption
upgrading, the transportation volume of temperature-sensitive goods, including fresh agricultural
products, frozen foods, and biologics, has increased significantly. The optimization of cold chain re-
verse logistics network center location selection is a critical issue for improving reverse logistics effi-
ciency and reducing operational costs. This study addresses the temperature control requirements,
transportation costs, and facility location constraints in the reverse logistics process of cold chain prod-
ucts by constructing a Mixed-Integer Programming (MIP) model aimed at minimizing total costs. An
improved Genetic Algorithm (GA) is designed for efficient solution, incorporating case data from a fresh
e-commerce platform. The model comprehensively considers a multi-level network structure com-
prising return points, regional reverse logistics centers, and redistribution locations, optimizing fa-
cility location, transportation routes, and cold chain resource allocation. Experimental results demon-
strate that the proposed genetic algorithm exhibits significant advantages in both solution quality and
computational efficiency, effectively reducing total system costs and enhancing the stability of the re-
verse logistics network. This research not only optimizes the distribution efficiency and network struc-
ture of cold chain reverse logistics, but also provides a foundation for future studies on intelligent de-
cision-making, low-carbon logistics, and multi-objective collaborative optimization in dynamic environ-
ments.
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Figure 1. Layout structure diagram of reverse logistics network
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Figure 2. Flowchart of genetic algorithm optimization for cold chain reverse logistics center location selection
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Table 1. Transportation distance between return customers and reverse logistics center location selection (Unit: km)
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Table 2. Transportation distance between new consumers and reverse logistics center location selection (Unit: km)
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Table 3. Cost breakdown of recycling activities
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Figure 3. Genetic algorithm average/optimal fitness graph
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Figure 4. Multimodal function plot of genetic algorithm optimal solution
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