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Abstract

With the advancement of fresh agricultural product cold chain logistics, issues such as high energy
consumption and significant emissions have become increasingly prominent, making low-carbon
transformation an inevitable industry trend. This study focuses on cold chain logistics for fresh ag-
ricultural products and employs the Analytic Hierarchy Process (AHP) from a low-carbon perspec-
tive to evaluate its development. Results indicate that low-carbon operational efficiency (weight:
0.423) and infrastructure capabilities (weight: 0.287) are the primary factors influencing low-car-
bon development of fresh agricultural product cold chain logistics, followed by economic benefits
(0.194) and environmental sustainability (0.096). Expert evaluations highlight strong performance
in new-energy refrigerated vehicle adoption (92.1 points) and carbon monitoring system maturity
(90.7 points), while cold chain loss rates (58.4 points), carbon emissions per unit turnover (62.5
points), and carbon trading revenues (42.3 points) remain weak areas requiring improvement. The
comprehensive fuzzy evaluation score of 64.15 is classified as “excellent”, indicating partial pro-
gress inlow-carbon transformation but significant room for enhancement in operational decarbon-
ization and carbon trading mechanisms. Therefore, it is imperative to accelerate the green upgrade
of core equipment, leverage digitalization to achieve lean operations, and enhance carbon trading
mechanisms and incentive policies, thereby reducing greenhouse gas emissions while promoting high-
quality, sustainable development across the industry.
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Figure 1. Low-carbon-oriented development evaluation system of fresh cold chain logistics
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Table 3. Judgment matrices B1-Ca (n =1, 2, 3, 4)
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Table 7. Comprehensive weights of factor layer & expert scores
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