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Abstract; To address the challenge that single-type electrolyzer arrays struggle to balance economic
viability with operational flexibility under wide power fluctuations, a wind-solar coupled hydrogen
production system based on the synergy of hybrid electrolyzer arrays is proposed. By leveraging
the complementary characteristics of different electrolyzers to obtain complementary benefits, a
bi-level multi-objective optimization strategy for the system is established. In the upper level, a
non-dominated sorting genetic algorithm is employed to perform multi-objective optimization for
macro-level capacity allocation. In the lower level, a bi-level mixed-integer linear programming
(MILP) model is formulated, consisting of an aggregation model for the rapid evaluation of
upper-level configurations and a refined model to accurately characterize the operational dynamics

of each electrolyzer unit. The results show that, the proposed optimization scheme reduces the

R H . 2025-12-11, EE RN Db 2001, B Wi HA ZFEXGRGEEE) . B, ml B8 w4 A4 200, 4
WH. ERAKRBEILESRBTE (52336009, 52406177),
[ & R ] . 2026-03-04 2% 4 il . https: / link. enki. net/urlid/61. 1069. t. 20260303. 1007. 004



110

I NI

%60 %

unit hydrogen production cost by 14. 9% relative to conventional sequential start-stop strategies

and by 22. 0% relative to periodic rotation strategies, significantly enhancing the economic efficiency of

the system. Moreover, the system demonstrates excellent long-term operational adaptability. Under

seasonal transitions and fluctuating hydrogen demands, the maximum seasonal increase in unit

hydrogen production cost is controlled within 11. 16%. Furthermore, compared with the steady

demand scenario, the proposed strategy further reduces the hydrogen production cost by 3. 93%—7. 98%

through flexible regulation, effectively overcoming the impacts of long-term fluctuations. These

findings are intended to provide a feasible solution for achieving both high efficiency and flexibility in

renewable energy-based hydrogen production.

Keywords: renewable energy-based hydrogen production; hybrid electrolyzer arrays; wind-solar
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coupling; capacity allocation; bi-level multi-objective optimization
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Fig. 1 Diagram of wind-solar coupled hydrogen production system with synergistic hybrid electrolyzer array
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Table 2 Results of hydrogen production by electrolyzer arrays in

different seasons under stable hydrogen demand
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