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Dynamic Modeling and Simulation of Alkaline Water Electrolysis Hydrogen
Production System

KE Shaojie, XU Guizhi, LIANG Danxi, ZU Yanmin, LIANG Lixiao,

ZHAO Xueying, ZONG Zheng, SONG Jie
(China Electric Power Research Institute, Beijing 100192, China)

Abstract: To address the issue that existing simulation studies on alkaline water electrolysis for hydrogen production
focus on static modeling and lack the charcaterization of full-process dynamic characteristics andfault behaviors , in
this paper a modular, full - process dynamic simulation model of an alkaline water electrolysis hydrogen production
system based on MATLAB/Simulink is developed. The dynamic electro-thermal-mass transfer characteristics of the
equipment are characterized by multi-physics field coupling mechanism equations. An innovative correction of bub-
ble coverage rate by alkaline liquor rate is introduced , and mathematical descriptions of such typical faults as liquid
leakage and water shortage are incporpoated. Validated by experimental data, the dynamic simulation error is less
than 0.5%. Based on the model, the regulatory effect of multiple parameters on polarization characteristics, bubble
coverage and gas permeation rate are explored.The dynamic response characteristics of multiple parameters under
full operating conditions (system start-up, load variation and shutdown) are analyzed, and the cascading abnormal
evolution patterns of electrical-thermal-mass parameters under liquid leakage and water shortage faults are accurately
captured. Furthermore, multiple parameter cooperative control simulations are carried out. The results show that com-
pared with independent PID control, the decoupled cooperative control can effectively suppress the overshoot and os-
cillation of parameters under operating condition fluctuations. This model achieves the dynamic simulation of system pa-
rameters under both normal and fault conditions, providing simulation support for the process optimization, control
and safety protection strategy design and verification of alkaline water electrolysis hydrogen production systems.
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cooperative control
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Fig.1 Process flow diagram of alkaline water electrolysis hydrogen production system
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Fig. 2 Dynamic modeling architecture of alkaline water electrolysis system
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Fig. 5 Schematic diagram of gas permeation mechanism
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Table 1 Parameter identification results of alkaline water

electrolysis system
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Fig. 6 Comparison dynamic process simulation and
experiment of key parameters for alkaline water

electrolysis system
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Fig. 8 Analysis on the influence law of different parameters on bubble coverage in alkaline water electrolysis system
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Fig. 9 Analysis on the influence law of different parameters on hydrogen content in alkaline water electrolysis system
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Fig. 10 Simulation on dynamic response characteristics of parameters at each node in alkaline water

electrolysis system
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Fig. 11 Simulation on dynamic response characteristics of leakage and water shortage fault in alkaline water electrolysis system
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