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Abstract

From the perspective of supply chain management engineering, this study establishes a low-carbon
supply chain financing decision model consisting of a capital-constrained manufacturer and a well-
capitalized retailer. Using the Stackelberg game approach, it examines three financing methods—
advance payment, equity financing, and bank financing—considering carbon trading prices and car-
bon reduction cost coefficients, to determine which financing strategy the manufacturer should adopt
to optimize low-carbon product market demand, unit carbon reduction, and supply chain members’
profits. The results show: (1) Regardless of the financing mode chosen, the relationship between low-
carbon product market demand and carbon trading price follows a “U”-shaped curve; unit carbon
reduction and manufacturer profit are positively correlated with carbon trading price; however, an
increase in the carbon reduction cost coefficient reduces low-carbon product market demand, unit
carbon reduction, and supply chain members’ profits. (2) When low-carbon product market de-
mand and unit carbon reduction are maximized, the manufacturer should choose equity financing,
and each member’s profit is positively related to their respective equity share. (3) Manufacturer
profit is influenced by both financing interest rates and carbon trading prices. If the advance pay-
ment rate does not exceed the bank interest rate, the manufacturer should opt for advance payment;
otherwise, if carbon trading prices are low, advance payment is preferable, whereas if carbon trad-
ing prices are high, bank financing is more favorable. This research provides engineering decision
support for integrated operations and financing management in capital-constrained low-carbon sup-
ply chains.
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Figure 1. The impact of carbon emission reduction cost coefficient on optimal decision-making
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Figure 2. The impact of carbon trading prices on the market demand for optimal low-carbon products
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Figure 3. The impact of carbon trading prices on optimal selling prices
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Figure 4. The impact of carbon trading prices on the optimal unit carbon reduction
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Figure 5. The impact of carbon trading prices on optimal manufacturer profits
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