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Abstract : In the context of addressing climate change and promoting green development, this study employs the China
TIMES-30PE model to systematically simulate the transition pathways of provincial electricity systems toward
carbon neutrality in China. The research covers the entire chain from power generation, and dispatch, to
transmission, and analysis of the power source and power grid investments needed to achieve a carbon-
neutral transition. Findings indicate that provinces need to continue to promote the deep decarbonization of the
power sector based on their own energy resource endowment, accelerate low-carbon transformation, and
achieve an early carbon peak. Power sectors in all provinces need to contribute negative emissions by 2060,
with power systems in Jilin, Qinghai, Hubei, Jiangxi, Sichuan, Yunnan, and Guangxi needing to be carbon
neutral by around 2050. Solar, wind, and energy storage capacities are projected to grow rapidly, renewable
energy bases will be formed rapidly in Northwest, Southwest, and Northeast China, with inter-provincial power
transmission and energy storage technologies playing a crucial role in balancing the power supply and
demand. The study suggests that achieving climate goals economically and safely requires national
coordination for setting emission reduction targets across provinces, designing incentive mechanisms to
encourage enhanced emission reductions in renewable energy resource-rich regions, and promoting the
financial transfer to provinces that bear more responsibility for emission reduction through market instruments
and transfer payment, so as to achieve coordinated provincial transition.
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Fig.1 Schematic diagram of China’s provincial energy transition and carbon neutrality analysis model
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Table 1 Time slices design in China TIMES-30PE model
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Fig.2 Linearized proportional distribution of intra-year electricity demand by province and time slice
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Fig.3 Linearized time-varying renewable energy generation capacity factor
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Table 2 Power grid zoning
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