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ABSTRACT: With the increasing scale of hydrogen
production from renewable energy, the inherent volatility of
renewable energy poses a severe challenge to the accurate
modeling of proton exchange membrane (PEM) electrolyzers.
In this paper, an equivalent circuit model (ECM) of the PEM
electrolyzer is proposed to simulate the dynamic
electrochemical characteristics of the PEM electrolyzer under
the input conditions of large disturbance and fluctuation. In this
model, nonlinear resistance and nonlinear capacitance are used
to simulate the electrode impedance characteristics and
electrical double-layer capacitance characteristics of the PEM
electrolyzer, and the relationship among the ECM, polarization
curve, and electrochemical impedance spectroscopy (EIS) is
constructed based on the idea of integrating electrochemical
and circuit theories. By fitting the polarization curve and EIS
test data, the ECM parameters of the PEM electrolyzer are
identified. The experimental results show that the model can
accurately characterize the dynamic electrochemical behavior
of the PEM electrolyzer under different working conditions,
with a maximum relative error of only 0.8%. In addition, the
model features low complexity, with a simple parameter
identification process and good adaptability to electrolyzers
with different performance parameters, and can be used in
hydrogen power supply, hydrogen production rectifier, and
other related fields.

KEY WORDS: hydrogen production from water electrolysis;
equivalent  circuit model; electrochemical impedance
spectroscopy; polarization curve
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Fig.1 Schematic diagram of PEM electrolysis principle
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Fig. 3 ECM parameter identification process
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Table 1  Deconvolution results of polarization curves at
different currents

%{ﬁ%fﬁ/(Ncmz) Uohmic/MV Ucathode/MV Uanode/ V
0.02 2.39 0.277 234.81
0.04 4.78 0.198 244.03
0.06 7.17 1.340 249.43
0.08 09.56 3.430 253.26
0.10 11.95 5.690 256.23
0.20 2391 16.860 265.45
0.30 35.86 26.580 270.85
0.40 47.81 34.910 274.68
0.50 59.76 41.810 277.60
0.60 71.72 48.440 280.08
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Table 2 Identification results of EIS at different currents
) x/(Alcm ) Romid/Q  Reatnode/Q  Ranode/Q  Ceathode/F  Canodel F
0.02 48.20 8.09 155,50 1.6780 2.470
0.04 47.98 5.86 79.34  1.0920 2.349
0.06 47.71 4.95 54.02 0.7943  2.276
0.08 4761 4.49 4139 0.6689 2.236
0.10 47.21 4.09 3349 0.6025 2.198
0.20 46.71 3.24 16.84 0.4220 2.092
0.30 46.73 2.94 1151 03515 2.032
0.40 46.78 2.70 8.83 03128 1.969
0.50 46.80 2.54 7.23 02770 1.904
0.60 46.76 2.33 6.22 02507 1.788
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Fig. 6 Test results for steady state operating conditions
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Table 3  Test results under the same frequency and
different amplitude conditions

IR W Bl % El% En/mV
5~80 0.109 2.00
. 5~100 0.116 1.90

J7
5~150 0.070 1.20
5~200 0.118 2.10
5~80 0.060 0.90
o 5~100 0.193 3.10
=M
5~150 0.300 4.90
5~200 0.187 3.20
5~80 0.187 2.97
‘ 5~100 0.078 1.25
IEF%

5~150 0.132 2.30
5~200 0.221 4.10
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Fig. 11 Simulation results of electrolyzer under
square wave excitation
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Fig. 12 Simulation results of electrolyzer under
triangular wave excitation
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Fig. 13 Simulation results of electrolyzer under
sinusoidal excitation
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Table 4 Test results under different frequencies and
the same amplitude conditions

VDR B Hz E/% En/mV
0.1 0.304 48
» 1 0.382 6.0
J7
10 0.372 6.0
100 0.795 12.7
0.1 0.130 2.2
I 1 0.070 1.2
=AUk
10 0.181 3.0
100 0.665 11.0
0.1 0.234 40
R 1 0.190 32
IETZ3%
10 0.080 1.3
100 0.584 96
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Fig. 14 Linear capacitor ECM simulation results
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Table 5 Linear capacitance ECM test results

(d) IEFZBEHID

PRI E/% En/mV
Ti 0.795 12.7

= 0.665 11.0

IE5% 0.584 9.6
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Fig. 15 Simulation results of electrode area of
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Table 6 Test results for electrolytic cell with
an electrode area of 25 cm?

WU E% Em/mV
WSty Mg 0.182 2.8

B 0.111 1.7

=K 0.104 1.6
iRERES 0.212 34
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Table 7 Comparison of accuracy results of
different methods

JiE E/% Em/mV
ICHR[21] 10.661 202.3
ICHR[20] 3.882 74.3
SCHR[24] 1.719 31.9
AT 0.202 37

E 1 Eme MR 7 TLLE H, $2H 7V IIA N R 2L
9 0.2%, KT 3CHik[20-21,24].
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