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Modeling and simulation of proton exchange membrane electrolyzer system
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Abstract: Proton exchange membrane (PEM) electrolyzer converts electrical energy into chemical and heat energy,
which is a green hydrogen production method, featuring fast response, high current density, compact structure, and
other advantages. In the modeling of proton exchange membrane electrolysis water hydrogen production system,
existing literature lacks a lumped parameter model that comprehensively describes the voltage and current changes of
the electrolysis cell, as well as the temperature dynamics of each component of the system. This study establishes a
steady —state voltage model of PEM electrolyzer and the thermal dynamic model of the system based on the basic
principles of electrochemistry and the laws of thermodynamics. The simulation analysis was carried out based on

MATLAB/Simulink software, and the simulation results were compared with the experimental data. The results showed
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that the voltage error is less than 0.02 V, and the temperature error is less than 1.6 K, which verifies the validity of the

model. The established model can describe and predict the behavior of system parameters and provide support for

system design and control. According to the efficiency model of PEM electrolyzer and the simulation results, the

influence of different temperature and pressure on the performance of the electrolyzer was analyzed. It is concluded

that increasing the temperature and decreasing the pressure can improve the efficiency of the electrolyzer, with

temperature being the main factor. Using the simulation model, a feedforward PID controller was employed for

temperature control, achieving an overshoot of less than 0.6 K and a settling time within 400 seconds. Comparison

with a traditional PID controller demonstrates that the feedforward PID controller has advantages in terms of reduced

overshoot and faster response.
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