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Fig.1 Wind-photovoltaic complementation

hydrogen production system
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Optimization of wind-photovoltaic complementation hydrogen production system
based on synergistic hydrogen production by alkaline electrolyzer
and proton exchange membrane electrolyzer
HUANG Qifan',CHEN Jie',CAO Ximin',LIU Jun®’,ZHANG Yuchao*>,BAO Hongyin’
(1. School of Electrical Engineering,Shanghai Dianji University, Shanghai 201306, China;
2. CSSC Haiwei(Xinjiang) New Energy Co.,Ltd., Urumqi 830099, China)

Abstract: For engineering applications,alkaline electrolyzer(AEL) and proton exchange membrane electrolyzer
(PEMEL) have their own advantages and disadvantages in terms of hydrogen production efficiency and
economy. For this reason,a synergistic composite electrolyzer scheme for hydrogen production of AEL and
PEMEL is proposed. The optimal capacity ratios of the two types of electrolyzers are determined using analy-
tic network process,and the composite electrolyzer is applied to the wind-photovoltaic complementation hy-
drogen production system, and a number of indexes of three schemes, namely, single AEL, single PEMEL,
and composite electrolyzer, are compared and analyzed. The results show that under the same capacity, the
cost of the composite electrolyzer hydrogen production equipment is 52.26% of the cost of the single PEMEL
hydrogen production equipment,and the amount of hydrogen production can be up to 97.69% of the amount
of hydrogen produced by a single PEMEL,which is 46.13% higher than that by a single AEL,which signifi-
cantly optimizes the system’s economy and efficiency of hydrogen production,and verifies the validity of the
proposed scheme of composite electrolyzer synergistic hydrogen production.
Key words: alkaline electrolyzer; proton exchange membrane electrolyzer; analytic network process; hydrogen

production efficiency ; economy
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& B2 Yaanp BUFHE 1 AF AR R

Table B2 Example of Type [ judgment matrix in Yaanp software

BIUE HLIR B A5 B Ak
EEL0 il A B HL A A 7 i WA A Wi
s I} IR R
HUE HLIL B 1 1/2 2 3 4 1 0.195 291
G 2 1 4 5 6 3 0.394 521
1745 e SR P (18] 1/2 1/4 1 2 3 1/2 0.110 828
HL AR 5 i 113 1/5 1/2 1 2 1/3 0.069 222
HIRCEA AU 1/4 1/6 1/3 172 1 1/4 0.045 646
B A 1 1/3 2 3 4 1 0.184 491
T Wi N RbREEAN 7 RAEXASFIW AR B R A, RCEEER, RERIZIRsE R EE,
3 B3 Yaanp B 2 2FI B EE R IR f
Table B3 Example of Type II judgment matrix in Yaanp software
% AEL:PEMEL=1:1 AEL:PEMEL=15:1 AEL:PEMEL=2:1 AEL:PEMEL=25:1 W;
AEL:PEMEL=1:1 1 1/2 1/3 1/4 0.095 435
AEL:PEMEL=1.5:1 2 1 1/2 1/3 0.160 088
AEL:PEMEL=2:1 3 2 1 1/2 0.277 181
AEL:PEMEL=2.5:1 4 3 2 1 0.467 296
# B4 Yaanp {5 3 2K FIMTFERE R
Table B4 Example of Type III judgment matrix in Yaanp software
BUE HLI AN RN 4Rk
Eizya =0 = bl T A% AR W;
R I [F] 75 i AR
5E LI S 1 1/2 5 2 3 4 2 0.210 364
il S == 2 1 7 4 5 6 3 0.361 059
A Fi A 1/5 17 1 1/4 1/3 1/2 1/5 0.032 667
1745 W 82 (1] 1/2 1/4 4 1 2 3 1/2 0.112 140
FEL AR A A 1/3 1/5 3 1/2 1 2 1/3 0.072 011
IR AU 1/4 1/6 2 1/3 1/2 1 1/4 0.047 269
WA A 112 1/3 5 2 3 4 1 0.164 490
F B5  FIHTEEPE S HIREN, — Bl 5 ¥R EUE
Table BS Average random consistency index of judgment matrix
B n §RI Birg n §RI b n §RI
1 0 4 0.89 7 1.36
2 0 5 1.12 8 1.41
3 0.52 6 1.26 9 1.46
& B6 NGB
Table B6 Weighted super matrix
Eizkay UES
InAUE
Uy U2 Uiz U4 U1s U1e U7 U2y Uz Uz3 Uz
Un 0.000 0143 0.098 0106 0101 0.100 0119 0210 0210 0210 0.210
Up 0.224  0.000 0197 0202 0199 0185 0211 0361 0361 0361 0.361
Uz 0.019 0.023 0000 0019 0018 0017 0020 0033 0.033 0033 0.033
Ef=ga Uzg 0.071 0091 0.055 0000 0059 0057 0073 0112 0112 0112 0112
Uss 0.045 0.056 0035 0044 0000 0037 0047 0072 0.072 0072 0.072
Uss 0.029 0.037 0023 0028 0.027 0000 0029 0.047 0047 0047  0.047
Uy 0110  0.149 0.092 0.100 0.095 0.103 0.000 0.164 0.164 0164 0.164




U1 0.048 0.048 0.048 0048 0.048 0048 0039 0000 0.000 0000 0.000
Uz 0.080 0.080 0.080 0080 0.8 008 0062 0000 0.000 0.000 0.000
L U3 0139 0139 0139 0139 0139 0139 0153 0.000 0.000 0.000  0.000
Us 0.234 0234 0234 0234 0234 0234 0246 0.000 0.000 0.000 0.000
FB7 S AREE LR B 5 FIAR IR
Table B7 Value of each weight and corresponding limit
ks 575 % BE A
un 0.203 0.135
Uz 0.322 0.215
Ui 0.036 0.024
U 0.123 0.082
Uss 0.080 0.054
Use 0.054 0.036
Uiy 0.182 0.121
U1 0.092 0.031
Uz 0.154 0.051
Uzs 0.282 0.094
Ups 0.472 0.157
& B8 RNALBEEISIREMA
Table B8 Cost of main components for wind-photovoltaic power and electrolyzer
B WAMBERA/ G « kWY FEHELERA/ 8 « kW)
RHL 2000 40
JetREES 3500 35
AEL 4000 160
PEMEL 12 000 480
MR C
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Fig.C1 Power production of wind turbine and photovoltaic array
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