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Abstract

Hydrogen energy, as an efficient and clean energy source, has significant capacity advantages over
traditional chemical batteries when used for energy storage. In order to suppress the fluctuation of
wind power generation, this paper establishes a Hybrid Energy Storage System (HESS) consisting of
a supercapacitor, battery, hydrogen fuel cell and hydrogen electrolyser, and proposes a segmented
dynamic control strategy based on State of Charge (SOC) for this hybrid energy storage system. The
strategy firstly decomposes the fluctuating power into high-frequency, medium-frequency and low-
frequency parts through a low-pass filtering algorithm, and suppresses them by different energy
storage units respectively. On this basis, the segmented dynamic control strategy uses SOC adaptive
power allocation to keep the SOC of each storage unit at a similar level when the hybrid energy stor-
age system is in the normal charging/discharging interval; and applies the SOC power allocation
strategy in the limit state when the available compensation capacity of the hybrid energy storage
system is in the non-normal charging/discharging interval which is either too high or too low to
prolong the fluctuation suppression time and to reduce the downtime of the hybrid energy storage
system. Finally, a simulation model of a wind power generation system and hybrid energy storage
system is constructed based on MATLAB/Simulink to verify the feasibility and effectiveness of the
proposed segmented dynamic control strategy.
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Figure 1. Overall system framework
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Figure 2. Converter control strategy
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r 7.33x10°° t1 1.6 x 1072 a4 1502.71
r2 -1.11x 107 to —-1.302 as —-70.8
Acen/m? 0.18 ts 4.21 x 10? AH/J-mol™? 286 x 10°
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Table 4. Parameters of PEMFC
=4 MRS

SRR Hfi SR F Ml SR FE Ml
S 0.9514 l/cm 51 x 10" B 0.016

62 -0.00312 Jmaxl A-cm2 15 AS/J-mol 164.028

S ~7.4x10°° R/Q 3x10 AH/J-mol™ 286 x 10°

Sa 1.87 x 107 A 14 AG/J-mol™ 237 x 10°
Alcm? 50 Trei/K 298.15 R/J-mol-K* 8.314

5.1. 3% 1: SOC BiEMINEHECRIRIEIE

PUIAIE SOC [ 38 N IR Ay B Semg A 2k, x 1 1 MIF E RS, HETABERWT.

KH ARMA Y A RSO RGE AR A XU A R BN, R R D 26 5 v 0 375 SR D) 2 (1) 22 8 D %
PR A ERE RGN . fEREFITIIWILG SOC B b2 FE ISR MR BRRZS T 1 Th 26 45 e S mg 2 {153 25 it
HESEREM ZEH SOC, B ASOChar MIik 10%, K1tk A 1K 15 58 S fi# B SOChz 4 50%, & HiLIth SOCua A 40%,
G HLZF SOCsc N 40%. flf FL45 RN 9~12 FR.

15 — R 4 — TP

115

V/ms™

105

95
2 4 6 8§ 95 2 4 6 § 95 2 4 6 § 95
ils ils 1ls
Figure 9. Suppression results
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Figure 11. Comparison of supercapacitor SOC differentials and output power
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Figure 13. Conventional discharge strategies
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Figure 14. Limit power allocation strategy
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