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method that accounts for electrolyzer temperature and hydrogen-in-oxygen (HTO)
characteristics. In the upper-level model, the levelized cost of hydrogen is minimized, with the
capacities of the electrolyzer and the battery as decision variables and the equipment capacity
limits as constraints. An adaptive particle swarm optimization algorithm is employed to solve
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production, with the power levels and operating states of equipment in each time period as
decision variables, subject to constraints including power balance, equipment operational
rationality, and grid operational rationality. The resulting mixed-integer programming problem
is solved using CPLEX. Through this bi-level capacity planning scheme, coordinated
optimization between capacity sizing and energy scheduling is achieved. A case study is
conducted on an off-grid renewable energy-powered water electrolysis hydrogen production
system. Simulation results demonstrate that, compared with the conventional bi-level capacity
optimization method employing fixed equipment loading boundaries, the proposed bi-level
optimization model, which incorporates the temperature-dependent and HTO characteristics
of the electrolyzer under variable loading conditions, yields a reduction in electrolyzer capacity
from 17.954 kW to 15.745 kW, while the battery capacity increases from 10.730 kWh to
55.496 kWh. These results confirm that the conventional bi-level optimization model with
constant operating conditions underestimates both the battery capacity required to maintain
system stability and the corresponding hydrogen production cost, owing to its neglect of
electrolyzer temperature dynamics and HTO constraints.

Keywords: alkaline water electrolysis for hydrogen production; bi-level capacity optimization;

3993

hydrogen content in oxygen; electrochemical performance
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Fig. 1 Architecture of off-grid renewable energy-
based hydrogen production via water electrolysis
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Fig. 3 Parameter identification results of electrolytic hydrogen production system
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