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Fig.1 Schematic diagram of DETHS structure
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Fig.3 Optimization results of different cases
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Fig.6 Relationship between output curve and

allocation cost of electrolytic cell

1 TR PR F MM A A XA ST HE AL AL
A JEE S 7 e AN T Z AR 52, DRI, AN [] ) 4

A A% T BEAT LA IR, 45 R AN 5% C P C6 i
o FEIRTRL AR R BN, R SME
B MR TR ST AR i I A U TR VTR AL
IR IPRE 22 A% 9 FLRE 1) 21 HH A R A o) L3 2 S 10
107, AEAETR I DR BBl P, FL A 7 i i
[ IS phy T B 1) S FL, 3 P b ) el TR A, 35
L ) 7 i S DR AR AR 5 B B PR B, R
G a1 A B, HAE R A BT H M
AR IR R iy S8 PR L g v
TR SR R AR A i D A TR AR X
TR S A R, AR G T AT I
A7 P g T AP RR0B AT TR IRDHE R AR ™ 1 B S
SRR A B A 1 0RO s 2 A
I, 28 G W L, IR Fi R 7 i i /), T 2
HL Tt B 20 i 2 5 1A R D R Bl DT ek HL T i
BRI T

5 4ig

AR — P ZR A 25 T P A A R 5 P o
WARFYE ) DETHS DUAL 8 BE SR IS o 38 0 X6F b 43 41>
ZHF R GABATIRS | FE A A R Rl ) 7 it
FERA B i gs A LU S5 .

1) /N7 H figp A R 5 FL Tt 7 A A R A ) 9
T R RE N AR A 5 2 I 22 DR L4, (FL {6l P A A R 25 H
b 1% 5 A o R e ™

2) 1 7 LR A S S 75 A PR AR A
JrgErh, iR ) TAED SR i 2 AR B it TAF
(1) SOC £ K 22 g 4 5 7E A 38 K-, T REAIR T 15
AR RFE AR | 3K 22 58 1 28 D YR 25 s R A1 L (1
TSt =

ITEH B PAE ARG OL T, B S A A
B X R G T B 2 R B SRR s, B
IV S AN A IR, 35 fL Tth ) 25 A S AR A1,
i V1 A TR Rl A A R T A RN B AN R R =
AU AH B2 o

J T S BOMAERR B9 DETHS AL M 7 %, J5
SREEH B TR A I LA (0 ROCR AR fL P, 5 R
i S L B Ko L AR A R A B D, I B 4 T b
& DETHS H HAth 152 4% Ak e il i S HE S5 ) 1 77
A IR

P 5% I A M 2% & (http : / www.epae.cn) .

S

[ 1] B, ZRIE3C, 5k 30k, 46 T ROBIR T JAR i e PE Y S RELR
ARER AL T TR (1], 1 A S ki, 2021,41(10)
99-106.

HAN Zijiao, LI Zhengwen, ZHANG Wenda, et al. Economic
operation strategy of hydrogen integrated energy system con-

sidering uncertainty of photovoltaic output power[J]. Electric



F 128

MR 4, 55 5 LB IR R 2 vl i 7 i

IR ) 23 A 2 R U AR I A JEE SR

]

[2]

[3]

[4]

[5]

[6]

(7]

[8]

(9]

[10]

[11]

[12]

Power Automation Equipment,2021,41(10):99-106.

Ty, B/, R A T R SR R L K-
AGARRIRAZGMAMRI ], IR A Bk, 2021,45(24)
30-40.

ZHOU Jianli, WU Yunna, DONG Haoxin, et al. Optimal plan-
ning of wind-photovoltaic-hydrogen integrated energy system
considering random charging of electric vehicles[J]. Automa-
tion of Electric Power Systems,2021,45(24):30-40.

A A A B DI A e IX R IR LI IO (Y LR S s A TR
L[], By H ki 4% ,2021,41(2):24-32,55.

WANG Jiang, DENG Fengqiang, ZHANG Yongjun, et al. Re-
view on planning and operation research of park energy Inter-
net[J]. Electric Power Automation Equipment, 2021, 41(2) :
24-32,55.

B R, OO, =2 A5 T, A T b -STRA AHRE A I B
P R AT EEEPEAG (], ) TRRHOR ,2023,42(3) :27-35.
YUE Dawei,ZHAO Wenti, YUAN Hanghang, et al. Reliability
evaluation of islanded DC microgrid considering electric-hy-
drogen hybrid energy storage[ﬂ. Electric Power Engineering
Technology,2023,42(3) :27-35.

B BEAL, A5 BB SEE SOC 5 SR AL 1 R
WA FE I Al KAt BEE A AW [J]. K BHRE A, 2022,43(11)
413-423.

HUANG Yanbo, FENG Zhongnan, SUl Quan, et al. Battery
loss assessment and energy storage capacity configuration stra-
tegy considering real-time SOC and dynamic cycling efficiency
[J]. Acta Energiae Solaris Sinica,2022,43(11):413-423.
R, T, Ui, 45 IR IRE B AR A9 BRI L 1
LA LT ], IR S 31K, 2021,45(14) : 72-81.

ZHANG Haotian, WEI Gang, YUAN Hongtao, et al. Optimal
scheduling of DC distribution network considering hydrogen-
power hybrid energy storage [J]. Automation of Electric Po-
wer Systems,2021,45(14):72-81.

KOJIMA H, NAGASAWA K, TODOROKI N, et al. Influence
of renewable energy power fluctuations on water electrolysis
for green hydrogen production[J]. International Journal of
Hydrogen Energy,2023,48(12):4572-4593.

GUSAIN D, CVETKOVIC M, BENTVELSEN R,et al. Techni-
cal assessment of large scale PEM electrolyzers as flexibility
service providers [C] /2020 IEEE 29th International Sympo-
sium on Industrial Electronics(ISIE). Delft, Netherlands: IEEE,
2020:1074-1078.

ALIA S M,STARIHA S,BORUP R L. Electrolyzer durability
at low catalyst loading and with dynamic operation[J]. Jour-
nal of the Electrochemical Society,2019,166(15):F1164-F1172.
RAKOUSKY C,REIMER U, WIPPERMANN K,et al. Polymer
electrolyte membrane water electrolysis: restraining degradation
in the presence of fluctuating power[J]. Journal of Power
Sources,2017,342:38-47.

T, AR A XU I AR Sl e SR i A K
FL RS I O BT RE ()], RERERL 2 SR 2022, 11(10) -
3275-3284.

DING Xian, FENG Tao, HE Guangli,et al. Research progress
of the influence of wind power and photovoltaic of power
fluctuation on water electrolyzer for hydrogen production [J].
Energy Storage Science and Technology, 2022, 11(10) : 3275-
3284.

TE/INZE SRR, F it T R v AR 1t g 10 25 XL ) S
FL A R PR B D A B S (D] P TR A 4, 2021, 36 (3)
463-472.

SHEN Xiaojun, NIE Congying, LU Hong. Coordination control
strategy of wind power-hydrogen alkaline electrolyzer bank
of

considering electrothermal characteristics [ J]. Transactions

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

China Electrotechnical Society,2021,36(3):463-472.
FBRIL IREL T A RTREUR-PEM H i i %04 F A 22 U ok
PEAGLI]. rhiE e 77,2023,56(3) :30-35,46.

YUAN Tiejiang, ZHANG Hong, YANG Yang,et al. Whole life
cycle economic assessment of renewable energy-PEM electro-
lyzer hydrogen production[J]. Electric Power,2023,56(3) :30-
35,46.

BRI, IR, B T RO S A i L -2 e e
RGuatiilfel)]. LEAH R, 2022,44(5) :69-77.

LI Ziqgiu, QIAO Ying, LU Zongxiang. Operation optimization
of offshore wind-multi-stack hydrogen system considering effi-
ciency and lifetime[J]. Integrated Intelligent Energy,2022,44
(5):69-77.

WA AR, MO, 55 . B IBARAES: SR KU 2 1T
RS [T ], A ,2016,40(8) :2251-2257.

HU Zechun,XIA Rui,WU Linlin,et al. Joint operation optimi-
zation of wind-storage union with energy storage participating
frequency regulation [J]. Power System Technology, 2016, 40
(8):2251-2257.

P L YR A0 BB ROGH Ty 4 PRI 3 ik R A
BEE[1]. ) TR, 2022,41(4) :51-57.

MEI Shufan, TAN Qinliang, DAI Mei. Energy storage capacity
configuration considering seasonal fluctuation of wind and
photovoltaic output [J]. Electric Power Engineering Technolo-
2y,2022,41(4):51-57.

[l 7 b 125 45 L T BRI TR A i AL A TR TR
MABFTIFE I ], I TR, 2022,41(2) 1 119-127.

QIU Chun, YING Zhanfeng, FENG Yi, et al. Optimal opera-
tion of hybrid energy storage integrated micro-energy network
considering carbon quote[J]. Electric Power Engineering Tech-
nology,2022,41(2):119-127.

EFYE BRR &, (T, 55 . 5 B i AR A Ar B L A K i
JLAela]. s &S 31k, 2019,43(8) :93-100.

WANG Liyan, CHEN Qixin, HE Guannan, et al. Optimization
of generation scheduling considering battery energy storage
life model[J]. Automation of Electric Power Systems,2019,43
(8):93-100.

WLl JE B AT, 5 . T I E T A R A i S e A R )
ATABEALALT ], TR, 2015,30(22) : 172-180.
YANG Yanhong, PEI Wei, DENG Wei,et al. Day-ahead sche-
duling optimization for microgrid with battery life model [J].
Transactions of China Electrotechnical Society,2015,30(22) :
172-180.

INREL BT 50 5 L TG ML R v PR I AL T il
ML Z HAR vzt ()], KR, 2020,41(1):64-72.
SUN Lixia, JU Ping, BAI Jingtao, et al. Multi-objective eco-
nomic optimal operation of microgrid based on combined coo-
ling,heating and power considering battery life[J]. Power Gene-
ration Technology,2020,41(1 ):64-72.

W TR X3 S 2 TR LT A i A 40 A L A L
PEBEE 1], KFAAE . 2021,42(10) :424-430.

XIE Zi,ZHANG Huijuan, LIU Qi,et al. Optimal configeration
of distributed power supply capacity considering battery life
[J]. Acta Energiae Solaris Sinica,2021,42(10):424-430.

s B N i1 T A s [ AL B S e e e g R ]
HL ] 20 (P2HD) BE R 2 5 L S AR AL LRI [ ). op [ g LT AR 2
#1%,2021,41(12) :4021-4033.

LI Jiarong, LIN Jin, XING Xuetao, et al. Technology portfolio
selection and optimal planning of power-to-hydrogen (P2H)
modules in active distribution network [J]. Proceedings of the
CSEE,2021,41(12):4021-4033.

ZHANG L Q,DAI W Z,ZHAO B, et al. Multi-time-scale

economic scheduling method for electro-hydrogen integrated



142 ® 0 & % L % $43%

energy system based on day-ahead long-time-scale and intra- {EET=N
day MPC hierarchical rolling optimization [J]. Frontiers in % ( 1999_) , . AR :I:Z;ﬁ:;a 3 , T BHR Gl
Energy Research,2023,11:1132005. B 2 2 . NS .
N . . ) AE R R B HLR] 5 K ALIE 1T 547 (E-mail : chenyang20182022@
[24] mauk, Z2A 00, ERIEE, 45 1T RIS E 2R A R IR R S 163.com) ; yang

HTT- H N BRROEALTREE )], HFIEAR ,2023,47(9) :3669-3680.
NAN Bin, JIANG Chundi, DONG Shufeng, et al. Day-ahead

and intra-day coordinated optimal scheduling of integrated

B 42(1986—), B, 814z, W+ @514, TR
Zr e A AR R £ R i LR B AR AL 12 4T 4 A7 (E-mail:
ejchen@sdu.edu.cn) .

energy system considering uncertainties in source and load

[1]. Power System Technology,2023,47(9) : 3669-3680. (mEE 5% %)

Optimal scheduling strategy of distributed electric-thermo-hydrogen system considering
lifetime decay characteristics of electrolytic cell and battery
CHEN Yang',CHEN Jian',ZHANG Wen',NI Chouwei’,ZHAO Bo’
(1. Key Laboratory of Power System Intelligent Dispatch and Control of Ministry of Education,
Shandong University, Jinan 250061, China;

2. Electric Power Research Institute of State Grid Zhejiang Electric Power Co.,Ltd.,Hangzhou 310014, China)
Abstract: The strong fluctuation of renewable energy will lead to the life decay acceleration of electrolytic
cell and battery in the distributed electric-thermo-hydrogen system. In order to extend the service life of
electrolytic cell and battery while improve the economy of distributed electric-thermo-hydrogen system, an
optimal scheduling strategy for distributed electric-thermo-hydrogen system is proposed considering the life
decay characteristics of electrolytic cell and battery. The life decay characteristics of electrolytic cell and
battery are analyzed, and the life decay models of electrolytic cell and battery are established. Taking the
comprehensive improvement of the life of electrolytic cell and battery and the system economy in the dis-
tributed electric-thermo-hydrogen system as the optimal object, an optimal scheduling model of distributed
electric-thermo-hydrogen system considering the life decay characteristics of electrolytic cell and battery is
established, and the scenario generation method is used to deal with the uncertainty of renewable energy
and load. A distributed electric-thermo-hydrogen system containing a variety of energy conversion and sto-
rage devices is taken as an example for simulation,and the results verify the effectiveness of the proposed
strategy.

Key words:renewable energy;distributed electric-thermo-hydrogen system; electrolytic cell;electric batteries;

lifetime decay characteristics
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Table B1 Operating parameters of electrolytic cell and fuel cell

VSR HLfPRAE Rt
FEEL/ R 0.65 0.45

T VES 03 0.5
IAERRR/C 50 25
AR/ C 80 100
H1 /R 1/0.05 1/0.05

ey FRR 100%/30min  100%/30min
TFHLRE E IR 2 2
KHLRE LR 2 2

J& BLE T 0 0
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Table B2 Energy storage equipment parameters

B FURORE fEREVEHL/%  FEOEZR LIR/%

HfifAE  0.95/0.95 20~90 20
ke 0.95/0.95 10~90 20
fitE i  0.95/0.95 30~80 10
# B3 Sy ETER M
Table B3 Time-of-use price

PHGITE * (KW + hy™] S TR] B

0.45 00:00—06:00

121 07:00—11:00. 18:00—22:00

0.73 12:00—17:00

& B4 T RIRBIMMMUER
Table B4 Optimization results of different cases

ESY FRFEHY)  WERE R HEER FHIbAEGH  BMEEEGIR BEGTHE BT R (&
fugi 1& 50 FIG LN sl FERLA G FERAG ARG /76 iRAE) G
1 0 5129.56 5735.39 16961.26 1083.39 1923.69 3007.08 6096.3 3089.22
2 0 5214.62 5723.83 16952.27 887.99 1973.72 2861.72 6013.81 3152.1
3 0 5643.08 6067.77 17484.84 1152.33 980.21 2132.54 5773.98 3641.45
4 0 5591.15 6011.41 17305.54 910.61 991.13 1901.74 5702.99 3801.24
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Fig.C1 Typical scene diagram
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Fig.C2 Statistics of optimization results of different cases in 1000 scenarios
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Fig.C3 Electric power balance results
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Fig.C4 Thermal power balance results
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