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Abstract

With the continuous expansion of China’s new energy vehicle (NEV) industry, the recycling and utiliza-
tion of power batteries have increasingly become a critical bottleneck hindering sustainable develop-
ment and the realization of “Dual Carbon” goals. Drawing upon closed-loop supply chain theory and
utilizing System Dynamics (SD), this paper constructs a simulation model encompassing the entire life
cycle, including battery production, echelon utilization, waste recycling, and carbon trading cost esti-
mation. The research focuses on two dimensions: horizontal technological cooperation and vertical
supply chain coordination, simulating the evolutionary paths of economic and environmental benefits
under “Independent Development” and “International Cooperation” scenarios. The simulation results
indicate that: 1) Under both scenarios, enhancing the degree of vertical coordination significantly
boosts profits while reducing net carbon emissions, achieving a “win-win” for both economic and envi-
ronmental outcomes. 2) Compared to the independent development scenario, the international coop-
eration scenario enables the supply chain to reduce carbon emissions more rapidly, taking the lead in
achieving decarbonization. However, due to the “consumer surplus” phenomenon triggered by accel-
erated technological progress, its economic benefits are slightly lower than those of the independent
development scenario. Based on these findings, this paper proposes targeted policy recommendations,
such as strengthening international technical exchange and establishing a multi-party collaborative
recycling system, to provide a theoretical basis for the high-quality development of the power battery
industry in the post-subsidy era.
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Figure 1. China’s new energy vehicle production and sales from 2019 to 2025
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Figure 2. System dynamics model boundary diagram
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Figure 3. Causal loop diagram
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Figure 4. Stock and flow diagram
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Table 1. Parameters settings
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Figure S. Simulation result under independent development scenario
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Figure 6. Simulation result under international cooperation scenario
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Table 2. Comparison of average net carbon emissions under two scenarios (Unit: million tons)
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Table 3. Comparison of average supply chain profits under two scenarios (Unit: 100 million Yuan)
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