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Abstract

With the improvement of people’s living standards, the market demand for fresh food is increasing,
which has driven the rapid development of the cold chain logistics industry. In 2024, the total demand for
fresh food cold chain logistics in China was approximately 356.5 million tons, and the stock of refrigerated
vehicles and the total amount of cold storage facilities are also on the rise. However, the cold chain logistics
industry is confronted with issues related to energy consumption and carbon emissions. Reducing carbon
emissions and enhancing the efficiency and sustainability of cold chain logistics have become significant
challenges. The joint distribution model has emerged as an effective solution to address the problem of
increased logistics costs caused by small-batch and high-frequency deliveries. Optimizing delivery routes is
a core aspect of improving the efficiency and reducing the costs of cold chain logistics.

This thesis takes the W Cold Chain Logistics Company in Urumgi as the research object and conducts
the following main works:

(1) For low time-sensitive goods such as frozen meat and quick-frozen food, a multi-center low-carbon
joint distribution route optimization method based on the Niche Multi-Elite Mutation Grey Wolf Optimizer
(NMEMGWO) is proposed, effectively reducing carbon emissions and significantly lowering total
distribution costs. Considering factors such as vehicle load, joint distribution, and carbon emissions, a Multi-
Depot Cold Chain Low-Carbon Joint Distribution (MDCCLCID) model is constructed, minimizing total
costs, including fixed costs, transportation costs, refrigeration costs, and carbon emission costs. To validate
the algorithm, NMEMGWO is compared with three recent route optimization algorithms (IACA, HASATA,
and HGA) using W Company’s multi-depot distribution data. Simulation results show that NMEMGWO
reduces carbon emissions by over 9.94%, decreases delivery distance by over 13.66%, and lowers total costs
by over 14.77% compared to the other algorithms.

(2) For highly time-sensitive goods such as vegetables and fresh meat, a time-window multi-center low-
carbon joint distribution route optimization method based on the Chaotic Adaptive Differential Evolution
Search Algorithm (CADESA) is proposed, improving customer satisfaction and delivery efficiency while
reducing total costs. Building on the MDCCLCJD model, time window constraints and a satisfaction
mechanism are incorporated, adding spoilage costs and time penalty costs to the optimization objective.
CADESA is compared with ALNS ACO, IFA, and NMEMGWO. Simulations demonstrate that CADESA
reduces carbon emissions by over 7.82%, decreases total costs by over 12.48%, and improves satisfaction by
over 2.77%. Additionally, CADESA is applied to compare three distribution modes: multi-depot joint

distribution, multi-depot independent distribution, and single-depot distribution, showing that multi-depot



joint distribution outperforms the others across all metrics.

(3) A multi-center low-carbon joint distribution system is designed and implemented. The front-end of
the system is developed using the Vue3 framework, and the back-end is based on the Spring Boot framework.
It integrates modules such as user management, back-end management, order management, multi-center
route planning, and data visualization analysis. By embedding the NMEMGWO and CADESA algorithms,
the system can generate distribution plans that balance cost, carbon emissions, and timeliness according to
the distribution requirements, choosing between time-window-free and time-window optimization models.
Finally, to verify the reliability of the system, it has been preliminarily applied and demonstrated in the actual
business scenario of W Cold Chain Logistics Company in Urumgqi. The application results are satisfactory,
and a comprehensive system function test has been conducted. All the designed functions of the system are
effectively demonstrated, and the system can flexibly select distribution plans based on different distribution
modes, optimize distribution routes in an all-round way, and reduce comprehensive operating costs and
carbon emissions.

Key words: Multi-center Joint Delivery; Cold Chain Logistics; Low-carbon Logistics; Vehicle routing

optimization; Heuristic Algorithm
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