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Optimization of equipment capacity in renewable energy hydrogen production
park based on electrolyzer efficiency and cost model

LIU Yu, MAO Yudong, YANG Kaimin, LIU Jiying

(School of Thermal Engineering, Shandong Jianzhu University, Jinan 250101, China)

Abstract: To address the intermittent and unstable power output issues in hydrogen production from renewable
energy sources such as wind and solar power, it is crucial to achieve the optimal configuration of green power
hydrogen production equipment. The discrete combinatorial optimization algorithms and multi-objective shuffled
frog leaping algorithms are study introduced to conduct optimization research on the planning of parks with pure
photovoltaic, pure wind power, and photovoltaic-wind power hybrid systems for renewable energy generation.
Models of electrolyzer system efficiency, operating power, cost, and capacity are constructed. The results show that
in a hybrid system with a photovoltaic capacity of 2.60 MW and a wind power capacity of 3.80 MW, the lowest
hydrogen levelized cost is 17.83 yuan/kg, and the full-load operating hours of the electrolyzer are approximately
3 400 hours. After optimization by the multi-objective shuffled frog leaping algorithm, the optimal configuration is
a photovoltaic capacity of 1.50 MW and a wind power capacity of 0.55 MW, with a maximum hydrogen production
of 2 949.62 kg. The photovoltaic-wind power hybrid system can not only reduce the hydrogen levelized cost but
also increase the full-load operating time, providing a theoretical reference for the scientific planning of hydrogen
production from renewable energy in the future.
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Fig.1 Renewable energy park with PEM electrolyzer
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F 41.360 Ju/kyg, SUESNNEE N 5.522 Julkg. XK
B F A R B R 1) AR AR AR X T B ARTR & R G il &
FRA R R E L,

3 KRG LCOH B AN BN IR/, HfFAs
FRAN, RGBS B . ADGIR RGx
W% AU B vy, 2K R B 52 H AR U Bl
FHXTR W, - EIE A RGH LCOH Z54mig
/N, TR ARG REIR E MR R IR 6T A Bl B
FRI3E R o JX R B AE P LCOH f siemg il e v, il
DLIE 1 VR A R G AR Ak e U5 L B Sk S A /N 1R
AYEE, AR E G5O AXURS A B L
TE PR .

2 BRIRS
21 ATRA RS =R EX LCOH M&i
211 AR E R

XF Ay tR e AR RRIR R RS, ()i fa
Al ko 43 B4 0.5%41-0.003 6, JeAR AR ML 0
v 32 REWIE 5 Frossetd LCOH it & 7%,
I EAR 441 NIRRT AR -HL R
FERCE A A, EEEHT 10 MR/ LCOH 1
1. J6fRA PEM HURMEA B AE 1~-6 MW Y, 4l
fRZS1 LCOH WIF¥IME N 31.60 Julkg, ~F34iifi
BN HCH 1598 he JGRAT PEM HifFiE % &5
B4 5.0, 42 MW B, 4i6fk R4 LCOH #/)

(31.48 Ju/kg), I FLAFAEH T mr st K2y 1590 h,
LT R

* 1 ARARFRGFHTHRM LCOH
Tab.1 Optimal LCOHSs under pure PV system conditions

F5  LCOHI(Gt kgh)  #k/Nisuh  SRREE/MW IR E/MW  PV-PEM LR fdiH O/(MW h at)  RESEEECD/(MW hat)
1 31.48 1590 5.0 4.2 1.19 5407.21 1943.64
2 3150 1511 5.0 4.4 1.14 5097.13 2039.20
3 3151 1673 5.0 40 1.25 5733.00 1848.31
4 31.54 1440 5.0 4.6 1.09 4801.39 2135.26
5 3157 1756 5.0 38 1.32 6 075.55 1752.29
6 31.62 1359 5.0 4.8 1.04 4521.62 2231.33
7 31.67 1596 4.8 4.0 1.20 5241.88 1850.29
8 31.68 1518 48 42 1.14 4929.61 194573
9 31.69 1850 5.0 36 1.39 6 436.28 1657.17
10 31.70 1687 4.8 3.8 1.26 5570.85 1754.52

AN, KrEHMEEE PR EEE EE
LCOH R 2 8 flian. AILAE H, LCOH AfE
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Fig.8 Change curves of different LCOHSs with photovoltaic
capacity at specific cell capacities

LCOH R YR A BRIy, IHAER—
N ZIA R R FEEJCIRA RSN, LCOH
EZEWHG . XA R NELR BRI S, ERE
JOARA T K e M5 T e AR R e I
ARG KT AR AIE D3 DR, X LE e SR e
B R, AR PR E T R, o

Ry JefRBE AT A, LCOH E k. ot
RERS A RN RETEHOESRER,
FEIEAGE BT R RO AER] 5.0 MW 2|, ot
REES B A RN RETEILAN 2.2
212 R EE X

HADLIRARGMEL, WK EEA &R RH
PSS , EHBB A B T E RS
RN E TR D A4 th 2 M B 8om L,
s & ML R T E AR . %X
DIV I PN RS - [T A 3= WAL NIk 2S gES S /SR

0.24,0.23,0.21,0.22,0.29,0.31,0.34,0.29,0.43,

_{0.44,0.43,0.45,0.41,0.52,0.56,0.45,0.50 }

FRAE L 5 B Ak LCOH Bt 5532, g ik
357 AR R G0 4 1F T AN [F] X R — PR AR A T 2
A, T 10 AN LCOH Y, Fktnsk 2 fr
N AR RS LCOH HIFIIME N 22.62 Ju/kg. “F
P/ N ECN 2 685 he RSNy 4.8 MW,
H RSN BN 5.0 MW I it 44, LCOH
N 22.3 Jtlkg. AL, HOGARAHLEL, 1B XA LA
FEAE FL B 2205

p

%2 ANEBAGEG T &M LCOH
Tab.2 Optimal LCOHs under pure wind power system conditions

FF5  LCOHI(GT g™  Wi#/MNEuh  XUBAR/MW  HUBREAR/MW  PV-PEM HLZE  BRIRHO/(MW h at)  BRIREEC/(MW h a)
1 22.30 3154 4.8 5.0 0.96 22 016.06 1833.00
2 22.41 3154 5.0 5.0 1.00 23590.48 1833.00
3 22.53 3154 48 48 1.00 22 646.86 1759.68
4 22.57 1590 45 48 0.94 20 459.77 1759.68
5 22.60 3154 45 4.6 0.98 20916.03 1686.36
6 22.65 3154 5.0 48 1.04 24221.28 1759.68
7 22.71 1590 45 5.0 0.90 20141.77 1833.00
8 22.73 1590 42 44 0.95 19222.99 1613.04
9 22.79 3154 48 4.6 1.04 23 277.66 1686.36
10 22.87 3154 45 44 1.02 21546.83 1613.04

9 Nyl 2 F R AE A B LA & 5 LCOH 1
MIRFR. ATLUEH, BEHE R EIENAE RN,
LCOH K3 K, X P RESE i1 T FfiE M A = 13K
WG K

KATRHENES PEM HFFREA BN REREN
THESEREN, YHEEAER 1.0~1.4 MW i,
1.5 MW I X R Zh AR, P DAFRfE 1.4 MW &
FL A BT T (M R T
213 AMRK-RNERATHARRERX

FRHE U P 5 BefE LCOH fTH i, @it ik
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7497 MR- REIR G RA %M ARG R-K -
HETEIC B &, 1 10 AN/ i) LCOH 1A,
Bk 3 fon. aLEH, S4XARSMHEL, o
R-REIRA RS LCOH -1 i 22.62 Tt/kg
FARE 17.84 Jolkg, BRI T 4.78 Jtlkg. YofR—X
RE RS HAMIN LCOH Ay 17.83 Jji/kg, 5XBHRTF
SHREIA FEAHLL LCOH MK T 2.17 Ji/kg. 5% 1.
2 XTHAT L, VRA RGHT8 LCOH 4l e ik %
ik 43.54%, AR FBFFEE 21.13%; REG RGN
/NP R AR IR T 11 £, Beal R T
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Fig.9 Changes of different LCOHSs with the capacity of
wind power at specific cell capacities

&3 AR-NERAFRGFZM THMA LCOH
Tab.3 Optimal LCOHSs under the conditions of photovoltaic
wind power hybrid system

o IZCOI-J/ iﬁaﬁ?‘w\ FAREE K LA A
tkgl)  mEH BMW O BIMW B RMW
1 17.83 3357 26 3.8 5
2 17.83 3378 28 35 5
3 17.83 3310 26 35 5
4 17.83 3376 26 4.0 5
5 17.83 3423 2.8 3.8 5
6 17.84 3361 2.8 3.3 5
7 17.84 3296 2.6 3.3 5
8 17.84 3445 2.8 4.0 5
9 17.84 3414 2.6 4.2 5
10 17.85 3324 28 3.0 5

22 AR RERRERERE

K MOSFLA A% [l [X. P4 ] A= BEJR 1) 2%
BACLLHATIN, BREKAHEE. D1 RRER
FEZ R, AN pu, JEERATXUR 2R H A 25
BN E, MOER-RHERA E X A =S A
AT AR . ERLFRHEE Y 100 4, 154X 50 K.
Kl 10 KA MOSFLA #ET 10 Lz H i 4h 3.
B L B oA & 150 MW, R &
0.55 MW, SEENAEE (SRR 2 2.05 MW
I, FTSEER R OKHI SR 2 949.62 kg, M AEILLZE AT
W, BB AR SRR &
RAHEEUAR/N SR E R —ERN RS
M, BRFEE ARG E T &S A &
BHBEA -, SLRAELE 0.99~1.72 MW
Wesh, BN 1.50 MW, At KU A &G Y
0.04~0.96 MW, ¥J{# 4 0.55 MW, #HE: TR A &,
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Fok B3E FlEOR HAE RS E A B . i K &
B, AEBERENHEZEMN 2 587.44 kg =
3368.61 kg N5, “FHMEHIAH] 2949.62 kg, Sk
RGAEANFERDGR. NEBAERLIL T, HIEEI17
TEZE 7, AHBARIIHIE PR /NS AT,
A X E] N 1.52~2.66 MW, 351K 2.05 MW, &
T RGEEREAHEA RN, BFEE—EEEN
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Fig.10 Optimization results of MOSFLA using electrolytic
cell capacity as the base capacity
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Fig.11 Pareto frontier of MOSFLA optimization
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1) 75K BH e SR BRI X3, 4tk R4
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2) JetRS R VR A B R T s AT
/NI ER B2 3400 h B, AT SEILEAIK LCOH, (A
T Hp 17.83 JG.
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