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Abstract: To improve intermittent renewable energy accommodation and multi-energy
coordinated supply in near-zero-energy communities, a wind-solar-hydrogen-storage
integrated energy system incorporating solid-state hydrogen storage and thermal-electric
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cooling conversion units. A phase change material (PCM) tank is used to recover heat
released during hydrogen absorption and waste heat generated from hydrogen energy
conversion, which is then reused for hydrogen desorption, space heating, and waste-heat-
driven cooling, thereby alleviating the thermal supply-demand mismatch in solid-state
hydrogen storage. A two-stage coordinated optimization framework is developed. In the first
stage, the capacities of renewable energy and energy conversion units are determined, while
in the second stage, the sizes of the energy storage subsystem and heating - cooling
coordination units are optimized. The levelized cost of energy, carbon emissions, and grid
dependence index are adopted to evaluate the economic performance, low-carbon
performance, and operational independence of the system. A near-zero-energy community
under six scenarios is analyzed. The results show that, compared with the wind-only
configuration, the wind-solar hybrid configuration reduces the levelized cost of energy, carbon
emissions, and grid dependence index by 24.6%, 32.9%, and 21.3%, respectively. In the wind-
solar hybrid system, the fully integrated energy storage mode reduces carbon emissions and
the grid dependence index by 44.7% and 27.0%, respectively, compared with the no-electrical-
storage mode, and reduces the levelized cost of energy by 6.5% compared with the no-
thermal-storage mode. Overall, the thermally coordinated hydrogen storage strategy can

improve renewable energy accommodation and multi-energy coordinated operation, providing

a reference for the design of low-carbon hydrogen-integrated energy systems.
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Fig. 1 Schematic Diagram of HES-IES
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