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ABSTRACT: [Objective] To address the problems of electrolyzer operation instability, frequent start-stop cycles, and
efficiency reduction caused by strong wind power fluctuations in off-grid wind-storage hydrogen production systems, a power
smoothing control strategy for multiple scenarios that does not rely on wind power forecasting is proposed. [Methods] Based on
the principle of first-order low-pass filtering, a smoothed power command equation is constructed. According to the working
and efficiency characteristics of alkaline electrolyzers, the operation process is divided into four typical scenarios: startup,
high-efficiency, rated, and overload, with smoothing factors independently configured for each scenario. The energy storage
system compensates in real-time for the power difference between wind power and the electrolyzer, and dynamic switching of
operating scenarios is achieved using a state machine to build a multi-scenario coordinated control architecture, realizing
adaptive smoothing of wind power fluctuations. [Results] Simulation results show that, compared with existing control
methods, the proposed strategy can significantly suppress fluctuations in electrolyzer input power and effectively improve
system operation stability and hydrogen production efficiency. [Conclusions] The strategy can greatly extend the high-
efficiency operating time of the electrolyzer, reduce the number of start-stop cycles, and increase hydrogen production per
unit energy consumption without substantially increasing the total system energy consumption, demonstrating good
comprehensive performance. This provides a power smoothing solution with a clear structure, strong robustness, and no

reliance on forecasting for off-grid wind-storage hydrogen production systems.
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Fig. 1 Off-grid wind-battery hybrid system for coordinated
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Fig. 2 Schematic diagram of the electrolyzer voltage-

current characteristic curve
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Fig. 3 Schematic diagram of the electrolyzer efficiency-

power characteristic curve
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