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Abstract: Against the background of the “dual carbon” goal and green power direct connection policy, the electricity-
hydrogen coupling system represents an important form of renewable energy integration and green hydrogen produc-
tion. To address the limitations of existing optimization studies, including insufficient scenario adaptability, limited
model refinement, and inadequate consideration of auxiliary system constraints, in this paper a multi-time-scale oper-
ation optimization study is performed with the aim of meeting the renewable energy integration requirements of grid-
connected direct green electricity asecnarios. A collaborative model for multi-type electrolyzer clusters is constrcuted
by considering the energy consumption characteristics and safety boundaries of auxiliary system. A day-ahead and
two-layer optimization framework , along with a performance compensation model for heterogeneous multi-type elec-
trolyticdrogen production systems is set up. A multi-objective collaborative operation strategy that balances differenti-
ated regulation characteristics and dynamic constraints response is proposed. The multi-scenario simulations show
that the proposed optimal benefit scheme can achieve a synergistic balance among energy consumption, service life
and econoic performanc, and is identified as the comprehensive optimal strategy for various scenarios. The core indi-
cator fluctuation of intraday optimization is maintained at around 1%, with favorable tracking accuracy and stability.
The green power fluctuations can be effectively suppressed by the hybrid system and the engineering practicality and
hydrogen production efficiency can be improved. The proposed method can not only achieve multi-objective optimiza-

tion of renewable energy integration safety, and economic efficiency, but also provide support for the engineering ap-
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plication of electricity-hrdrogen coupling systems.

Key words: electricity -hydrogen coupling system; multi-time-scale optimization; green power direct connection;

new energy accommodation; electrolyzer scheduling; electrolyzer auxiliary equipment
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Fig.1 Scenario of electricity-hydrogen coupling system
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Fig. 2 Energy flow diagram of hydrogen production

system through water electrolysis
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Fig.3 Schematic diagram of circulating temperature in

hydrogen production system through water electrolysis
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Fig. 6 Schematic diagram of multi-time-scale operation optimization method
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Fig. 13 Key operating state curve of hydrogen production system
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