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Abstract: Constructing a zero-carbon island microgrid with a water and power supply system is an effective means to promote the
sustainable development of independent islands. However, energy storage aging significantly impacts its storage power and operating
power over time. To improve the reliability of island microgrid planning results, a collaborative electricity-water planning method for
zero-carbon microgrids on an independent island considering the dynamic aging characteristics of energy storage is proposed. Firstly,
refined physical models of electrochemical energy storage and hydrogen energy storage are established to analyze aging effects on
operating efficiency. Secondly, a freshwater preparation system is introduced to establish a zero-carbon microgrid electricity-water
cooperative planning model for independent islands in order to minimize the total investment operation and maintenance cost of the
microgrid. To enhance the model solution speed, the planning problem is divided into two layers. The upper layer optimizes the
installed capacity of the energy storage system with minimum investment cost based on the capacity of renewable energy, and the
lower layer replans renewable energy capacity based on the upper layer’s results. Then, the ADMM method is used to solve
iteratively until the total investment cost converges to obtain the optimal island planning scheme. Finally, the simulation analysis of a
Fujian island verifies the method’s rationality and effectiveness.
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Fig. 1 Hydrogen storage versus service life
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Fig. 3 Wind speed time series
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Tab. 1 The proposed functional equation for the dynamic aging characteristic curve of the energy storage system

AR A fbsafifne A . NPy
ta LRI R e IR
0<p<0.2 0.2<p<1

1 0.903 - 0. 003 ¢ 1.01-0.01¢ 0.06020% — 0.2208p +0.8196  —3.59+2.07p +0.26  —0.11p> + 0. 02 + 0.534
2 0.903 - 0.003 ¢ 1.01 - 0.01¢ 0.0651p> = 0.2339 + 0.8167 —4.50>+2.37p+0.22  —0.14p> + 0. 03p + 0. 513
3 0.903 - 0.003 ¢ 1.01 - 0.01¢ 0.0715p> = 0.25020 + 0.8131  —4.80>+2.45 +0.19  —0.18p> + 0. 07p + 0. 481
4 0.903 - 0.003 ¢ 1.01 - 0.01¢ 0.0802p> = 0.2707p + 0.8084  —5.0p>+2.53p +0.16  —0.20p> + 0. 09 + 0. 455
5 0.903 - 0. 003 ¢ 1.01 -0.01¢ 0.0923p% = 0.2973p +0.8018  =5.5p>+2.55p +0.12  —0.19>+ 0. 11p + 0. 395

6~10 0.948 —0.01357r 1.033-0.01671¢
10~20 1.033 -0.01671¢
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Fig. 6 Output for the excerpted time period in model 1
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Tab. 2 Results of island microgrid planning under model 1

) e . R FEL A W R . \ T KIRI KW
FBE TR KEEHLHAW  SGIRA AW I HLLH /KW (W )/ BLWh) /W TS REL P
1 306. 51 444.26 50 200/800 25.53/119. 25 6541.2 30/1 980. 9
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Tab. 3 Results of island microgrid planning under model 2

- . s i fb 2 Ak g F e A W R AR . AR R kW
Pis 4 N L i

(Xl REBHLAAW SR ARW I HLALKW (W )/ R kW) AW Tt & HE/L JEi
1 313.33 449.07 50 200/800 10. 69/95. 75 2974.9 3071 980. 9
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Tab. 4 Detailed investment costs of storage under different

models AT
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Tab. 5 Load-shedding over the full life cycle under different

models
B B VIR —% S
/MWh B i BEC Hepil/%
R 1 14 438 0 30
A2 287 8021 79 100

122 5 R0, A BR AR 2 i 45 B R O 5 i '
Sy ™, T H 4 77 i 8 N R D) 60 o e Tk 287
MWh, P13 K2.03 %, HHE B LT
Tl I 4 7 i JR 0 PN DD 0 fer 2R B0 19. 345, VA7
B B e 20 7% . 30O i AR 2 SRAS I T R h
EREA B EA L BB, BEEMNIE T, fERERY
FERCHL R S e KA B AR AR, SR AR R]
fR B far R rEL DA ZTE B T KA RE A o . AR IR
2 JUT AR R T S T U S A, T S T PR R DR
2 LR N I R 2R 8 1 S R A PR S S D S A
FREL e, Wb 2500 B DD B G A LA 4 45 B 0 1) 2y 236
A o

UEAh, A HRAR R 2 BT ARy 58 i VA 1 13
W, 7 4 JE I PR R 79 A4 s B TR BT BR A
W — 2 1 fu LA ZE 5 A, BIES 79 WO B —
KA. WS T, EETRSHES
100 % WrHg, fd & By s . TR HE . Tolk
BEH S TR AERE, e E AL S S RE .

P 7 22 ) AS ) R SR TR S A8 9 5 47 4 A i P —
AT VIBRIE Ol AT LB B AL 2 T i &6
TG — AR E, NS D R TR

SS90k e o ] i S 9, B i U e ]
BRI, — P UIBR AW AR 1
(AL 7 S AT 4 75 i J 39 PN I DB T B — 2%
Tfir, LA R By NI RSP 25 BT, oE
o375 SEARRE E MR X Has AT By, 5 HAL A T
U GO R LA, AT AR KGR S 2 A i TR
bV N /TR N E I T S 5 (197 N

90r

80

— 2 G /kWh
(98] N W [ ~
L ) e (=) { e o

[5o}
(=}
T

—_
(=R -l

& & & &
i+ & & &
B7 FREMERTRMEITHI—RKARERL
Fig. 7 Results of cutting primary loads in microgrid operation
under different models

5 it

AR SCEFXHif BE AL R R TF PRGN oY, 4 E i
REB A AL REVE I BAARRE RS, I 7 —Fh i
HEAK AL R G0 B2 R AR SR 7 A A
WS AT BT, BRI SIS,

1) BB ST 100 Z 08N, A FEF] Al
PRAEGER, SCHMSNAKHE AR, MR TEE
JIE LB SRS /N 23. 92 %05 il 5 B IR K P-4
WG4 7. 6 0, hEAR 10 0/ 5 5 AR 12 B 2%
FH, WP By skt it ek Je B B X

2) AR SCEF X BE Y32 A T AILER 50 1) ST B [T
HRPORT RS AN AL BEA R | JRAS BEIORS  n] HE 1)
EREIZTT AR N 2 . 25, TEAfAE 75 A J5 1)
W, HLAR A RE I TR R AR R 8. 7 %, HAEHR
W FE A AR 32. 9 %, FLARRE G ) AR
6. 22 %, At S f R W] A B 30 %

3) M2 BB AR R BB B Jr e Fn AR
SCHTAR 5 FE At R s 25 2 AL AR 1 Vi 5 Bl DO R ) Ty 8
eI H 75 I N2 AT 45 ST |, WA AR 79
BB VBRI 5 — g i fir, EE R A st B



70

7T ALEAR

919 %

HUE 455 100 % VI i BB 5, &R 4o fit e m] Sk
#; 5 E % B RE AT Has T 52, LA

HAMRES B 1217,

HLCRT# , DIt

BEAR 19. 34 . 7% JE A AE 3 4 & AL Re P A T 12 ol 0
MR I7 R EA R T Ibr TR T, AR R
LB I T AR L A BRSNS, B v R P R
SR N DT T

53 Ak

[1]

[5]

RN, R, R R XU R B T
RORESUZ A [T ). LRIEA, 2025, 49(2) : 437-446.

LI Hongzhong, LI Xiang, JIJANG Yizhou. Double-layer plan-
ning for pelagic island microgrid group considering typhoon
weather effects[J]. Power System Technology, 2025, 49(2) :
437-446.

TGV, AEHRER, IALIG L S TR AR OO R 45 R TR R
GiRIAERE R G A R 5k (1], B F ks, 2021, 41
(2): 8-15.

NING Guangtao, LI Linwei, HE Lipeng, et al. Capacity plan-
ning method of energy storage system for micro integrated
energy system in environmental friendly islands [J]. Electric
Power Automation Equipment, 2021, 41(2): 8-15.

RT, B, MO T, SF L B IEMEATINS 5L R
TAREMZE I LT ], AT, 2022, 55(11): 10-20.

LI Feiyu, SUI Quan, LIN Xiangning, et al. Flexible energy
supply network planning for offshore islands considering
participation of electric vessels [J]. Electric Power, 2022, 55
(11): 10-20.

K, 8, LR BB R A AR S A B T
i 2E AR R R MR SR (1], ) AR e s, 2023, 36(7) -
31-39.

ZHANG Libo, WU Yikai, WANG Qunwei. large-scale
development of renewable energy in consideration of carbon
neutrality and cost optimization [J]. Guangdong Electric
Power, 2023, 36(7): 31-39.

TS . T R A 1 g KOG R I 2 B A AR S [T .
JAHL Y, 2023, 36(9): 10-16.

WANG Yawen. Research on economic optimization of wind
andsolar energy storage microgrid based on demand response
[J]. Guangdong Electric Power, 2023, 36(9): 10-16.

T wets, AU, 2RV, 4T IRBREE A BRI UM O AL 7
FEREVHT ] BRI AR 2023, 17(1): 3-13.

XING Xiaomin, DU Junqgi, LI Yitao, et al. Optimization
scheme design of island low-carbon integrated energy microgrid
[J]. Southern Power System Technology, 2023, 17(1): 3—13.
R, ZRIGEHE, SRR, 55 . BRISCHERT SRR T 1) 22002 TG
Bt (9 1 H 19 23 A AR R A e ML R ST [T ], i R
2024, 48(9): 3574-3583.

GAO Qiang, QIN Xiaohui, ZHANG Yuanyuan,
Distributed energy development planning of microgrid with

et al.

multi-vector interaction strategy design under carbon reduction
demand [J]. Power System Technology, 2024, 48(9) : 3574—
3583.

LI'Y A, LIU H D, ZHANG Q, et al. Distributed power plan-

ning on pelagic clustering islands [J]. OCEANS, 2017 (1) :

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

1-6.

A, SCARAL, PRI, 45 G R R R ) R e
SRIAHRE DAL & M s W SR [J/OL ], b 5238 Ko
%, 1-32[2024-07-25]. https : //doi. org/10.16183/j. cnki. jsjtu.
2024.128.

FENG Mengyuan, WEN Shuli, SHI Shanshan, et al. A review
of optimal allocation and operation of energy storage system for
peak shaving and frequency regulation in new type power
systems[ J/OL ]. Journal of Shanghai Jiaotong University: 1-32
[2024-07-25]. https://doi.org/10.16183/j.cnki.jsjtu.2024.128.
WRIT S, 22 B Afg , 2R 36 & At 3 78 b ol (978 2 S it I
ARG [T] By, 2024, 52(2) : 48-54.
CHEN Hongyu, LI Xingmei, WANG Yuwei. Optimal capac-
ity configuration of island photovoltaic storage microgrid
system with electric ship charging station [J]. Smart Power,
2024, 52(2): 48-54.

SRLL, FPRIT, WHE, S0 SRR R SR A RE LRI AE LR
(] LT RRAR, 2022, 42(1): 83-94.

ZHANG Hong, YUAN Tiejiang, TAN lJie, et al. Hydrogen
energy system planning framework for unified energy system
[J]. Proceedings of the CSEE, 2022, 42(1): 83-94.

LR BALARERE R A T S PG DT E s (D .
At ARILRL RS, 2023

RS, B, T, . % I8 R AR 2 A ] SR i A
WB AT LI, i E AL TR 24, 2023, 43(8) : 3014-
3027.

JIANG Yuewen, YANG Guoming, CHEN Yuxin, et al.
Optimal operation for the hydrogen network under
consideration of the dynamic hydrogen production efficiency of
electrolyzers [J]. Proceedings of the CSEE, 2023, 43 (8) :
3014-3027.

EE NN /N = S - = R B SR U S S B
DO S 2k R dre /N B [T ] P [ AT FSE, 2025, 20(4)
222-232.

WANG Ning, SONG Bingsong, GAO Tianyu. Adaptive
equivalent consumption minimization strategy for ship fuel
cells suffering from life decay [J]. Chinese Journal of Ship
Research, 2025, 20(4): 222-232.

Wiz, Bl 5K3C, 55 25 T8 e A R & ol Tt A7 i B DR P Y
oA SR R R G SR (D). T A sl fk ik g,
2023, 43(12): 135-142.

CHEN Yang, CHEN Jian, ZHANG Wen, et al. Optimal
scheduling strategy of distributed electric-thermo-hydrogen
system considering lifetime decay characteristics of electrolytic
cell and battery [J]. Electric Power Automation Equipment,
2023, 43(12): 135-142.

VRS, MO T, X5, 45 . TR SR BB 1 20T i
et R A A E (T] P E AL TR A,
2020, 40(16): 5192-5203.

WANG Zhixun, LIN Xiangning, LIU Chang, et al. Optimal
planning of integrated supply system in independent islands
based on cogeneration of concentrating solar power plants [J].
Proceedings of the CSEE, 2020, 40(16): 5192-5203.

ST, Xy, R, S AR A S A Y e R i
B TCRE I BE AL IE BE AL AL B RL [T ] R B T, 2024, 52(8)
64-72.

ZHANG Zheyu, LIU Li, WU Xiaoyu, et al. Optimization
model of island micro-energy grid stochastic scheduling
considering seawater hydrogen production and biomass conver-



59 4

AREYRE, A5 B EAHRESh A8 AR B0k ST T % T e i 0 L K IR SUZ AL 71

[18]

[19]

[20]

[21]

[22]

sion[J]. Smart Power, 2024, 52(8): 64-72.

TR, LB, ot 55 BT R KB AR SCHE R R T
gLk RS R[] ARl 5 H0R, 2022, 11(11): 3510-
3520.

XU Bin, WANG Rui, SU Wei, et al. Research progress and
prospect of key materials of proton exchange membrane water
electrolysis [J]. Energy Storage Science and Technology,
2022, 11(11): 3510-3520.

FRENSCH S H, FOUDA-ONANA F, SERRE G, et al. Influ-
ence of the operation mode on PEM water electrolysis degrada-
tion [ J]. International Journal of Hydrogen Energy, 2019, 44
(57): 29889-29898.

CHANDESRIS M, MEDEAU V, GUILLET N,
Membrane degradation in PEM water electrolyzer: numerical

et al.

modeling and experimental evidence of the influence of
temperature and current density [J]. International Journal of
Hydrogen Energy, 2015, 40(3): 1353-1366.

KR, W, SRR, DT S-N L BN AR UL e LRI
(T BheoR 50, 2023, 23(13): 5390-5411

ZHANG lJinbao, HU Zheng, ZHANG lJinle, et al. Review of
advances in fatigue S-N curve prediction models [J]. Science
Technology and Engineering, 2023, 23(13): 5390-5411.
LM, 5, AIRT, LT AR T g T Y FE X
HL- S PR GEAR B A AL PR BE [T ). o T H R 24, 2023, 38
(11): 2932-2944.

KONG Lingguo, SHI Lihao, SHI Zhenyu, et al. Low-carbon
optimal dispatch of electric-hydrogen-heat system in park based

[23]

[24]

[25]

on alternating direction method of multipliers [J]. Transactions
of China Electrotechnical Society, 2023, 38(11): 2932-2944.
kR . U RERAA FhL VR o S S O R A B DT S R
SIHTID ] MRS s MR JRIE Tl K2, 2021.

RARRE, XU, BRGEEAR, 45 . o IR B K SR IR K IR AL AR
(I]. PR S FL, 2016, 33(22): 28-33.

SONG Daiwang, LIU Wei, QIU Guanhua, et al. Island water
resource and seawater desalination of China [J]. Ocean
Development and Management, 2016, 33(z2): 28-33.
SPTT, XUy, RUERT, A TR K AT A Y BT A T
B IWCRE 100 B AL IR EZ O AL AL (0], L 7, 2024, 52(8)
64-72.

ZHANG Zheyu, LIU Li, WU Xiaoyu, et al. Optimization
model of island micro-energy grid stochastic scheduling
considering seawater hydrogen production and biomass conver-

sion[J]. Smart Power, 2024, 52(8): 64-72.

Wi HER: 2025-02-27; MI4%HE % HHER:2025-07-07
TEHEN:

SRAFIE(2001), %, MEARE, BRI @A E A R HEMAE

47, shujinzou@163. com;

AEL(1977), 4o, @A, Ak, W&, FLTEAhRE

FRMBACIEST . B A RAEMAIEIT, B AT, jiangyuewen2008@
163. com;

WK (1976), ¥, #d%, ¥, AT A e e F A%E

B 5 4L, qiongbinlin@fzu. edu. cn,

O O A A A A A AU A AU AU AUAUAUAUN

(_E4:% 37 W Continued from Page 37)

[21]

[22]

(23]

[24]

B, AR, T, AR SETHODEI I R S ekl 152 S
V19 i M1 T R O e il PR A% 8 L0 ). D7 LA, 2023, 17
(6): 34 -43.

BEI Pei, LIN Shaohua, WANG Ning, et al. Accounting of
carbon emission factors on the electricity consumption side of
enterprises based on power flow tracking and green power trad-
ing[J]. Southern Power System Technology, 2023, 17(6) : 34
- 43.

W%, A, £I1, 55 5T W8 B A JRC i PR i
AT AT ] AT HL T, 2024, 43(6): 80 - 87.

YANG Jun, WANG Nannan, WANG Jiang, et al. Carbon
emission flow analysis method of active distribution network
based on power flow tracking [J]. Zhejiang Electric Power,
2024, 43(6): 80 - 87

KBIHE, BARAE, mT0E, 55 ZRRARAET-TREZ A
RALBAT ] B R G A ka4, 2020, 32(9): 77
- 85.

ZHENG Yafeng, WEI Zhenhua, GAO Yufeng, et al. Multi-
energy flow system economy-energy-saving multi-objective
optimal operation[ J |. Proceedings of the CPU-EPSA, 2020, 32
(9): 77 - 85.

KANG Chongqing, ZHOU Tianrui, CHEN Qixin,
Carbon emission flow from generation to demand: a network-
based model [J]. IEEE Transactions on Smart Grid, 2015, 6
(5): 2386 - 2394.

et al.

[25]

[26]

[27]

[28]

et al.

KANG Chongqing, ZHOU Tianrui, CHEN Qixin,
Carbon emission flow in networks[J]. Scientific Reports, 2012
(2): 479 - 487.

CHENG Yaohua, ZHANG Ning, WANG Yi, et al. Modeling
carbon emission flow in multiple energy systems [J]. IEEE
Transactions on Smart Grid, 2019, 10(4): 3562 — 3574.
ZHANG Zhenwei, WANG Chengfu, LV Huacan, et al. Day-
ahead optimal dispatch for integrated energy system consider-
ing power-to-gas and dynamic pipeline networks [J]. IEEE
Transactions on Industry Applications, 2021, 57 (4) : 3317 -
3328.

DUAN Jiandong, YANG Yao, LIU Fan. Distributed optimiza-
tion of integrated electricity-natural gas distribution networks
considering wind power uncertainties [J]. International Journal
of Electrical Power & Energy Systems, 2022 (135) : 107460.1
- 107460.9.

Wi HER: 2025-04-01; M4EHE % HER:2025-08-11
TEEREN:

PHR

FFM(2000), B, MEHRA, FFRFT @A SRR R KA
v, 1izp829@163. com;
HRFE(1977), 4, WAL, #48, HE, FEFT A%

AeR B2, 384198892@qq. com;

ehA$(1993), B, TAF, Hd, AFELZSGRREFELELN

B 928 %69 #F 52 TAE, 2170408358 @qq. com.



