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Abstract

As global energy systems transition toward carbon neutrality, the increasing variability of renewable gener-
ation and climate-sensitive load poses significant challenges to net-zero power system adequacy. However,
current assessments often lack a framework that captures high-resolution, long-term load dynamics alongside
transmission and storage constraints under future climate conditions. This study constructs an integrated as-
sessment framework to evaluate the adequacy of a net-zero power system by coupling high-resolution load
forecasting with power system simulations. We first developed a neural network-based Hourly Electricity
Load Model (HELM) for China to forecast provincial load under diverse socioeconomic and climate scenarios.
These forecasts were then integrated into an 8760-hour simulation model encompassing 30 provinces to assess
system performance under more than 300 configurations of interprovincial transmission and energy storage
for each carbon-neutral transition scenario. Results show that national electricity demand will reach 23262.59
TWh in 2060, with a summer peak of 3234 GW, revealing the challenges ahead in demand volatility and rising
peak loads. In a power system dominated by wind and solar power, substantial spatiotemporal mismatches
lead to potential electricity deficits of up to 59.54%. Targeted expansion of transmission and storage can
mitigate these gaps, enhancing national system adequacy by 16.25% and exceeding 50% in power-importing
provinces such as Zhejiang. These findings provide a strategic roadmap for China’s energy transition by em-
phasizing the coordinated development of interprovincial infrastructure, flexible resources, and market-based
support mechanisms.
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