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Tab. 1 Electrochemical model parameters of electrolyzers

L i A 26 7 25 {i=1
AWEC™] BRRR / R A v 77 5 7% R K 0.384/0.434
ACH /(A s m™2) 6.55/0.577
R E/(Asm ) 30 000
HLRH/(Q - m®) 3.89X 1073
PEMEC!] PR / A A L 7y 5 7% R 8K 2/0.5
LA FEE /(A m™?) 0.014 4/559
R/ (Q « m?) 1.243X 1075
SOECT#] LA e A8 R AL 2
ACH AL A /(A s m™?) 1669/501
R/ (Q « m?) 1.479X 1075

1.2 HAIREE SR
AE F < HE R P AR SRR B e DRI 23y 3 30T, 55 1 AR Pt i A2 Ak 5 2 ISR D Ry A4k L 5
3 AR i MR 12 . 2R G0 N 4 AL SR ST g et s E A B G 2 A T

D (Qu — Qo) + D (Wi — Wo) + 2 Gnihiy — miguhion) = 0. (D
Di(Ex, —Ex, )+ > (Ex, —Ex, )4 > (Ex, —Ex,) = > ED, (12)
AHP,Q MW 43 IR R R AT, kW m R R b ol
im.kg e s 'ih AYIBIIAS K]« kg s Ex AL KW
ED J A kW TR insout 4551 H T o
A B G R TS 4 i 5 Xt kgt 57 1 L A LT
X ARG T2 R AT A b A5 8 44 M 4% (HEN, 3 Lar _
heat exchanger network) &— 1z H FiZ fE Tk # FoLer ‘/'/’::: iiﬁimt
A TG T T A0 R A R of A7 o e e
FESK I TR S B T ¥ 44 I 2 9 i A 7 osk * ~ P
PEATHR IS B8 FHV R F T (CU, cold utility, 0.6 L . , 4 Bfi-SORC
HUyhOt utlhty)iﬂ‘ﬁ??@%ﬂﬂijﬁﬂﬂﬂéﬂﬁ FH:I éﬁﬁ%d\ 0 2 000 4 000 6 000 8 000
e o5 22 I ¥4 B R B e A B KL T B A T HLEE/ (A = )
R /IN RRE I AL G i 2 15 30 8 20 ) 45 119 A 45 P1 HLRRR - VR ) 2206
(EDHI-\I)i;l‘%:/Z—\\ﬁﬁH‘F Fig. 1 J-V characteristic curve verification of electrolyzer
ED ey = JQ (- )dQ—JQM (1L )dQJrJQHU(l— L )dQ—JQCU(l— L, an
) 0 Th.i 0 Tc.j 0 THU 0 TCU

P, T, W 298 K, R B BT B h Al ¢ Fom MBUE RS &, 0 RKA j 4.Q.. M Q.. 4
WA ¢ B § A T et kW T, T, 2058 ¢ R 208 T TR L KA 0%
FEARTEIRE T ROPIR B HA R 1 &3 0 22 B 0.1 °C RFR B, Y PR TR BE 5 T8 T I e v VL B g, 3
I TR e B Qo T H R SR 25 L I HE » R LT 5 BB, (1 — ) Qo I VIR SR AL A $0 i Y T IR
T8 U IR e v IR B ) 5 P /NS AL 25 P B o ¥4 T I P v e B W R T 7 B A P R AL
HR A A Ty ik F A s v BRI L i YEE S5 #3709 40 T 4 e HEN 8 25 R 485 A0, 1) 4o 40 00 1 0
0 U R B 43 S R o 8 T B T T 45 ) B A R A AL IV TR A S I Qoo BT Qi s N
wR IR Q.. IR REESFHCRBEALU T XR.
Qev = 2 e e » (14)

Quu = ZjZHU.,‘ZHU., ’ (15)



% 4 3 BEE ATFTEATRG BRI A EALELTR 93

Qi = Zk ij,zz.j.kq;.j.m (16)

itrl—' (24 ﬁ:ﬁ%ﬂ’ﬁiﬁﬁﬂ%ﬁﬁﬁﬁﬂﬂ 1,%\}(”]%7 0.zcu.i NTHUG ~RiLj ok %EU%@%%"AFHI%E% z %%"I“{}ﬁﬂﬁ}ﬁ%

PORA T TR G5 j R TR A ¢ SRR IR SR 2RV WLIRAE ke SR SAFTERIAGR 50 T, ~0,, 0 0T
S Ay ok S g R T 8 A
1.3 B#fRE#H
PEACE AR 1. KIRCR G ) AR 2 PO 2 e & 1A T DD PPl R ek RE 10 48 15
i an
Nege — .
W+Q,,(1— Lo )+ Quy (1 — Lo )
THU TCU

AL B R 2. RGN AT A R 5 R G058 I — N6 bR . O 1 iR I S R G 2T A, % el 1 7 Ak
FA (LCOH,, levelized cost of hydrogen, ffiic A L ., ) 7K.

20 O pix .
E _ 7J+(’APEX
L _ =1 (1+41) (18)
con 220 3600m, H
= AA4D

LCOH ¥ Ji247 %% COPEX, operating expense. & it 24 O, ) . [ % £ % (CAPEX, capital expenditure, fif ic iy
C e A RAE = G A8 R 4000 N S HTAFE R om,, Ty RGO S5 i kg » s 1 R
FRTAE 17 h, H A7/ B 6 205 ho AR 24 i B AN 5% 2 flF st

2 ZFHHRE

Tab. 2 Economic equations
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Tab. 4 Comparison of resource conditions, operating parameters, and optimization results used in this case
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Research on the optimization of water electrolysis system
based on electricity and heat resources

Cheng Cheng'*?, Xu Changzhe'*, Kong Chan®*?, Ye Shuang'”?, Huang Weiguang'"*

(1. a. School of Physical Science and Technology; b. Institute of Carbon Neutrdity, ShanghaiTech University, Shanghai 201210,
China; 2. Shanghai Advanced Research Institute, Chinese Academy of Sciences, Shanghai 201210, China;

3. Faculty of Science and Engineering, University of Nottingham Ningbo China, Ningbo 315199, China)

Abstract: Under the "dual carbon" goal, using water electrolysis to produce green hydrogen instead of fossil fuels to
produce gray hydrogen is of great significance for promoting the construction of a green and low-carbon modern energy system.
Due to the differences in grade and economy between input electrical energy and thermal energy, how to quickly determine the
economic and energy-saving operating parameters and heat exchange structure of water electrolysis is a problem that needs to be
solved. To reduce hydrogen production costs and minimize energy grade waste, three types of water electrolysis hydrogen pro-
duction schemes are adjusted by adjusting operating parameters, heat exchanger configuration structure, and thermoelectric ra-
tio to reduce equipment energy consumption, recover waste heat, and carry out energy cascade utilization, thereby achieving
the goal of reducing operating costs. energy input, and energy grade waste. This is closely related to hydrogen production exer-
gy efficiency and cost. To find the water electrolysis solution with the highest exergy efficiency and the lowest hydrogen produc-
tion cost, a dual objective optimization algorithm is adopted to solve the mixed integer nonlinear optimization problem that con-
siders both energy grade and economy simultaneously. Finally, analyzing a case study of a scenario demonstrates that optimiza-
tion methods can not only improve economic efficiency, but also contribute to improving exergy efficiency.

Keywords: hydrogen production by water electrolysis; heat exchanger network; optimal design; process systems; sys-

tem performance analysis
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