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Abstract : Under the backdrop of global energy transition, the intermittency and instability of wind and solar
energy have become the core bottlenecks restricting their large—scale consumption. Hydrogen energy,
as a clean and efficient energy storage medium, offers an important solution to this problem. This paper
conducts research on the wind—solar hydrogen production and energy storage system, systematically
elaborating on its constituent units (wind turbines, photovoltaic modules, electrolyzers, fuel cells, and
hydrogen storage equipment) and working principles. It also deeply analyzes the current key technical
bottlenecks such as the fluctuation of wind and solar resources, the immaturity of hydrogen storage
technology, the insufficient durability of electrolyzers, and the high cost. Corresponding technical
optimization solutions are proposed. Meanwhile, by combining global and Chinese hydrogen energy
industry policies and market demands, the application prospects of the system in the chemical industry,
transportation, and power sectors are evaluated. Ilts competitive advantages over traditional hydrogen
production technologies and other energy storage technologies are compared. Finally, the economic
benefits are calculated through a financial model. The research shows that the wind—solar hydrogen
production and energy storage system has the advantages of zero carbon emissions, large—scale
energy storage, and multi-scenario adaptability. With the iteration of technology and the manifestation
of scale effects, its cost will gradually decrease, and it is expected to become an important technical
path to support the realization of the "dual carbon" goals.

Keywords : wind-solar hydrogen production; energy storage system; electrolytic water hydrogen
production; hydrogen storage technology; economic benefits
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