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Abstract: In recent years, interest in electricity-hydrogen coupled integrated energy system is growing to enhance system resilience. This
paper proposes a quantitative evaluation method of energy system resilience with high time resolution (hourly level ) , and constructs a
bottom-up multi-objective optimization model to plan the park-level electricity-hydrogen coupled integrated energy system, to cope with
the triple dilemma of the energy system ( economic-environmental-resilience ) , and to assess the benefits of the application of electricity-
hydrogen coupled technology to integrated energy system. In this paper, the methods and models proposed are applied to the energy
system of an industrial park along the southeast coast of China as a case study, and multi-objective optimization is carried out under four
carbon emission limitation scenarios according to the disturbance pattern of extreme events on the energy system in order to determine
the optimal solution under each scenario. The results of the case studies indicate that, due to the current high cost of electricity-hydrogen
coupled technology applications, electric-hydrogen coupled technology applications are of greater value only when both environmental
and resilience of the energy system are required. With the strengthening of carbon emission constraints, the net present value cost of the

economics objective function increases from 4.48x10"° CHY in the global scenario to 4.74x10"" CHY in the strongest carbon emission
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limitation scenario, which is an increase of 5.80%. The resilience indicator, on the other hand, decreases by 21% from 5 061.62 MWh to

4184.01 MWh, and the electricity-hydrogen coupling significantly improves the environmental and resilience of the system. The optimal

solution shows that hydrogen storage is not only an effective solution for long-term energy storage across seasons, but its unique

advantages in short-term energy storage are also worthy of attention. Finally, comparing the new method of quantitative evaluation of

resilience proposed in this paper with the representative previous method, it can improve the net present value of the optimized solution

by 0.9%), the minimum level of system energy supply by 5.19%), and the system resilience by 12.57%.
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Fig. 1 Schematic diagram of park level electric hydrogen coupling integrated energy system
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(ele_cool) . V57K PR#MIE (SSHP) . KRIRA —BE
ft (CCHP_N) . A¥) it =8t (CCHP_B) . X
KRB A =B (CCHP_H) . LR %10 548
W %R G (heat_stg) . K SRR = B it
(CCHP_N) | ¥t =Bt (CCHP_B) . K&
SB4A =Wt (CCHP_H) . ZEKMBmy . K
SRS = B Mt (CCHP.N) . B ¥ i = Bk it
(CCHP_B) . RAASPBA WML (CCHP_H) .

FEAR ST 53, R W 2 i s S8
IR e A K N AR BT A o Il DX ) BB R 5
K, WA TR ROKRZERAE W, HE B A E
R [ AT AR BRI - ZE 45 43 BT i AR i
el X ¢ 5 2L T AR AN [] X8k D RE AR PRI B T R KR
Wil fln, a1l WX KRR Tl
FPEEANBR T a2 Tl A= X, I HiZ X e dikis K
AEERT, DRIANBC & 75 KB IAGR ;. fBREHL Y, (ELHG
B A ) WA b 78 2 HLA ORI AY
a3 YR BiEIX

LI FE R X — R BR IR AR MR 54T T A
NBEE . RIRAEERBAM T, DA A PE
FPCIPE . Bl DX 0 A 4 o B AL B B A R,
B FHBIEARE, AYRiEA T AR, T
b A 7 X AR N SR 30% B A R SRR
CCHP #A7 & HL . Hile Ak, RACRIET Tolk#)
P AR K R A, T R R AL R R
WA LR H K i A 2R H 24 00 R A RE R
KHtE, LSRR F AR BRI L i s, A TAISE
MEH RGO RS . ATl FAREALHREA
PR, B R R T AR A BRI SR, kO HE
JCRREL, ARAIBERE T RRHER LR, 4k A Tohk
Hem BRI 52 (RSt ), X Ee s aHERC R i 1
st (CAL) . T AEmRHEBBR HI1 5 (CA2) . Wbk
HERC BRI 15 52 (CA3) 3 ANI] BB HE R 1% 5

PR R, B RAE S~ B8 ] )
T ar (A A DRI, 5 350l X RBUR 2R 525 A M Ha 1)
Wi, gl XOGIR RG R bR, HAhi
HUksiatT, HE XA R Gk AR 1
O 2 b DX ) 18 A R G AN Z B RG], ZE )
FEREH T RGO, EFEAMEREATIE T,
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Table1 Model input parametersBS]

BB A BYEIRA

WEAR (55K ) . o . L4
(JL-kW') (JE-kW -a )

etk (PV) 3500 525
KIRT=HkMt (CCHP_N) 4200 42
A =1t (CCHP_B) 9600 96
RSB A =FAE (CCHP_H) 4700 47
AR (grid_sub ) 1875 18.75
HLAifE (ele_stg) 1500 7.5
15K IEEE (SSHP ) 1000 10
B HIAHLAL (ele_cool ) 1200 12
IR (boiler ) 325 3.25
PAfifRE (heat_stg) 1200 40
B PEHL K HI A (awe) 3500 35
FHEA AN (hy_stg) 2000 20

22 ZR5WHE

Pl 6 Jron T AN [l HE R Hi1% 52 T r il B 4ETT
iy, Hh B RS S0 s 2 HARIUAR i i,
SARERAY AR SRR SOE Bl RICHTH . WA RS
B MET AT, SR s A ST R 2EN
Az B (K 6 iy e XS T ) BiHERR .
it TOPSIS PeifiJrik, 4 J7). CAl. CA2 Hl CA3 U
ME = N B8 G, E. FRE, #ufc)y
TR A5 R LR 2,

LA ) e HE Tl BR A 17 55 i e O T 22 mT
i o HE PR ) () 385, B AR (N) 4R
T 5HY 4.48x10" JC FTFZE CA3 1 §HY 4.74x10" I,
WRT 580%. FIMEAER (F) N2 R =W
5061.62 MWh | [% & CA3 1% 5 i 4184.01 MWh,
AT 21%. TETATE ST, MiE F IR, NI
i, BEWREME RGP, RELSUH TR,
TR T 5 AT AR Z MAFERU C R
221 HHEEMIFOH T EAT

R T B UE AR SCHT R A VAN O A K
P, AR S AW R BTN T
BEATR AT o 3 3 AR SCH HR ) 5 s R
PEH AT IERT 1,15 5 AR I R T 4 -
Z Hirtidl, 3BT AT Lh R . ARG AT
FES RS F AT, RIASSZORHER R B 2951

W 3 froas, & EG R 6] 9900 2k O ik 1)
2AMBAE T AT A, 7E 20 a FERIBAN, A2 TR
PAE AL A1 J7 AR 0.9%, (HH B M4 bR i 2
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Fig. 6 Pareto front of each scenario and technical installation capacity of each scheme

AL JT R0 215 6% o 1 BB A R0 1 6 A AL
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IR A E R, BIEE bR oIk B
B, TR D AT, DA 2 4
T BWMBIENL S o ARSCEBI R KA (e
R R, SR FSMER R (A ES ) v FE T 5]
IR, TR RS AR AR H S 1 B ML 2
K, RGPIMEBES; mBRGR A s E AR S fi
B R AL R, REWMEN B, X
A2 FI AL ARAE T R R AR BN 1, A2 5
ZEROGAR TN AR FL i BEHLAS 1 BT 394 MW, i i
Al M 350 MW, £ 12.57%. SRifi, ISR
G, A2 T RERBBEAREILSE R 501 MW, ik
T AL EE 527 MW, /D 5.19%. 75 & K
T, Al TENRGERMERERR & T A2 %, H
BRERE, Al TR REHE N E T A2 J7
%, WERRIHEM, LA, RE AL HR
S IE AR R T A2 T 0.9%, HARGEWET
T A2 R, BARRINEAERE AT & 5.19%,
YR RE ST 12.57% . A SCHTR A AL PEA
T T RGeERE S 17 far 78 = B Rl BER R 0

A, MM HERRHEVPAY T RGE AR I
222 AmHABRAE|EE TR T E 4T
FETCHHEBRIA R 2R =, BEE Racit
M$Em, R RFERREILA M 191 MW Kl /D>
£ 94 MW, XA TR 5 KX IR R Geid il
s, RECLE LR, SR, 7E CAL.
CA2 il CA3 5t , R RGE RSy sR, Bk
R R BN D IR H BN, CALTER T M
200 MW [% % 183 MW, CA2 {55 TR 195 MW,
CA3TEE T IEE 191 MW, X &N A GE 7E HL &
A LA REIR RG] ] i 25 08 T 2 B AR
PE 2 A~ Br, IFE A R BHEBR S S T TR
AGrHre. 2 Binifesi RN, SR RGEHEARTK
FRAIE T Z R, B B AT . HOE
D — IR BRIRIHFE R AR, X RS 25 A
WM A T RIFakes . REEZL Hirfbfbh,
etk R G0 HY 25 38 ] e X R gL e A — g i
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Table 2 Optimal solutions for each scenario

&3 2 HMEMENTENMALTEILL
Table 3 Comparison of optimal solutions for two resilience

quantification methods

BIA
(A2) ™
I E A NLT 4.48x10"°  4.44x10"
FERE R FIMWh 5061.62  10864.97
Jefk (PV) ZEdlE/MW 94 114
R =M (CCHPN) 2EHLE/MW 497 468
AR =1t (CCHP_B) 2EHLE/MW 30 33
KRS BE =B (CCHP_H) $HLH/MW 0 0
AFHLYY (grid_sub) ZEHLE /MW 256 280
HLAERE (ele_stg) ZEHLE/MW 12 0
PuBBE (heat_stg) 2EHLE/MW 0 0
Bl ALK IS Cawe ) BEHLE/MW 0 0
FE S A ERE (hy_stg) HLE/MW 0 0

2 27 CAl CA2 CA3
N/10" 56 448 459 463 474
F/MWh 5061.62 3989.96 4959.01 4184.01
D_em/10°t 1.62 1.45 1.43 141
K BB U/ MW 94 183 200 191
bl UCCHP_N_ele/MW 497 546 555 433
Ucchp_s_ele/ MW 30 41 31 49
Ucchp_H_de/ MW 0 24 39 156
Ugrid/ MW 256 0 9 0
Uele_stg/ MW 12 407 377 412
Y2 B Uccrp N_cool 876 964 914 902
HlLit
Ucchp_B_coo/ MW 48 66 64 82
Ucchp_H_coo/MW 0 40 13 7
Udle_cool/ MW 1265 1256 1171 1210
PP Uccpp_n_head MW 674 741 703 694
Ml
Ucchp_B_heat MW 37 51 49 63
Ucchp_t_heat! MW 0 31 10 5
Uboiler MW 152 89 112 120
Uheatﬁstgkcap/MW 0 27 191 78
il S Ak Uawe/ MW 0 4 15 48
Bl Uhy_stg/ MW 0 26 80 249
Pyrid_puylt 211x10° ¢ 484.89 0
Poiomass/t 1.07x10° 1.10x10° 1.10x10° 1.10x10°
REVR 1 : X ; .
s P/t 7.48x10° 8.69x10° 8.58x10° 8.48x10
CHEARE)
Pyt 0 3.77x10° 8.98x10° 2.77x10"
&t 1.07x10° 9.83x10° 9.77x10° 9.85x10°

W HIERA (N) , FIMER (F) , SEaHRE
(D_em) , #MEHIJIWILE (grid_buy) , AW IHFELR
(biomass ) , RIKAINAFER (gas) , AREHFERE (I TALF>
A THEAERRR K RISRE, Hy) .

CCHP WENLA AT B E 2 TETORRHEABR il i)
2 JE i Eh, KIRS CCHP BAMEHLA RN 0,
X T YRR S4B S CCHP AP H g 7K il &
WRMBAR AR R . S, fFEIXmHPRL
WIEH T, SRER R TEEA BHE AR IE T
WAL SR, Bl e HE R A
i, RIRTIBE CCHP WREHLA RE W LTt 1
CALTE SN 7~ 47 MW (5 1L 0.86% ~ 5.49% ) ,
156

CA2 1550 39 ~ 109 MW ([t 4.70% ~ 12.62% ) ,
M CA3 1% 5 W & 124~ 56 MW (/i [t 14.70% ~
18.80% ) o ZEA M1 5 B BRI e
ZAH, MEREWENET, KRB
CCHP KN RAERTA 3 M HE R 4115 5 1y
ARTHEIN . X RIS RE R A AP T RE IR R e I BE 1
AT L EA B . SR, TR BE
CCHP FIHLff KT SR B A, RATEAREES51)
PEWET R T, SRR &4 S RA R
FEAEE T, 7 XT3 AR SR A
AEFHSCI 2 ML A T AN U RE T FE i o JCRsHE R
PR 42 JR g e, SRR . e f R R
HlE 55 CAL S Seh, A& ML
(0~26 MW) , F G5 E BT BEH (19 Tl &
PR (E 7a) o BEEBHERBR 3%, iR
AL B LT, 78 CA2 E &=k 0~ 70 MW,
16 CA3 i 5l 169 ~ 269 MW (& 7b, &l 7¢) .
XRU S REAE ) (MAYSE, 168 h) fiffEHI AR R
SRR TR ARIR R MBI . AR A
LRI INS R AL A THFER IEADE, HEMW
K Y52 80 DA Tl )7 U0 1) TP A i T R A 7K
P& . X —FEARTRF Tl @ = &0 ) XA FR
Pk, AR B PR 1 Tl AR = X, B
X LR AT TR A, XA A0 v I Pk L T L AR
AR T S A U, A RO DO R .
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Fig. 7 Installed capacity of hydrogen related equipment (line chart) and hydrogen consumption (bar chart) under three types of carbon

emission limitation scenarios
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157



2024 4E5 12

IR N G N

5304

SR, Bl SRR AR MR AL & R, R R
ARIREZ AR AT BRI T B R PR A
RETRE A BUAS AR AL X H SR A el X BEUR R e 28 U A
PIER s, I AT A AR AR Ak 5 i A T %
o BARMF, o0l RET M (hy_stg) .
HLfiff fig (ele_stg) . & #iE = 6 fit (CCHP_H.
CCHP_N. CCHP_B) DA J #i, P /K 2 i /K i &
(AWE) WA AELL, FFEH X SR L X CA2 1
BT Z BFbss 5R CRIE A N FEE F) /Y
AN

9 J@IR T USRS T T A BFCAT TS5 R .
ATLAE N, &R (5%, 10%. 15% )
BF, hRFERTIT I Z I A2 T s, RHRENS
CEEREIPEYS A BT T . AR AR AR} 2835%

ERia
4900 -
e

12 4800 | -
= 4700 b
& 4600 |
ﬁ
#4500 |-

4 400 . . . )

1 000 3 000 5000 7 000 9 000
F/MWh
95% ©90% ©85% ®baseline
(a) ZfHREIZ % (hy_stg)
4900 - Bl P FL K
e

4800 F
iy Y,
= 4700 | Oty
= S
4600 | “
]’_:-._\{
4500

4 400 . L

1 000 3000 5000 7 000 9 000
F/MWh

95% ©90% ©85% e baseline

(c) Bt FL AR K I 4 (awe)

fabr (N) FEIvESEPR (F) B2 R . HG
TERAIE, BIfEEE (ele_stg) FRIR R =
HRHt (CCHP_N) B BA 22 AL XS N B 52 0 R T XF
FIs%m . BRI, CCHP_N #ARME N EE AR
PN BE &, HAEARBETEA NG EE T didli 50-70% HH
T HLE o, PUHCH AR AN s X N BAT .25
B, MELZT, SREMSCHEAR B A E RS N /Y
BN OER AR RRE AR, WK
ZRis A, DU — S RESOR A RAS T X R 5T
LPFIER AR, 75250 2 BEHOA WA [R] I R,
A RE W AR RIR N Sy — T, A MK RE A
(hy_stg) WASHIZRAERBIVE (F) BIRERER, #
WA S BE AT 1 A B R I e AR D T 58, R
RETHRERARZINE

4900 cchp_H
e
4800 |- @
: ..
4700 o,
"g-.. °
4600 | Teiesgm
= O e e
#4500 |
4400 : : : !
1000 3000 5000 7000 9 000
F/MWh
95% ©90% ©85% e baseline
(b) RIREBEA A =A% (cchp_H)
4900 - it e
e
1R 4800 - '
E 4700
=
4600 -
i\{
$4500 -
4400 : : : .
1000 3000 5000 7000 9 000
F/MWh
95% ©90% ®85% e baseline
(d) HLAERE A (ele_stg)
4900 - cchp_B
e
; 24800 -A;”‘
o e.
=4700 F e,
Z ol ..4..1‘.1;_-;,0;..,;%9 o
% ‘ﬂ«\g:\' ...........
#4500 | e
4400 . . . :
1000 3000 5000 7000 9 000
F/MWh

95% ©90% ©85% e baseline
(f) ZEW T4 il I B 4 (cchp_B)

B9 BA B A BB AT

Fig. 9 Sensitivity analysis of technical costs

4900 - cchp N
L
12 4800 | R
= 4700 -
4600
L:-S
#4500 |
4400 L . L |
1 000 3000 5000 7 000 9000
F/MWh
95% ©90% ©85% @ baseline
(e) KAV B AR #l = I # % (cchp_N)
3 4 i

1) M RAXHER R G
158

CALETE NI}

W RGRINE. R, FEfReRIE SN, BIEIL
FARIE T, SEUERLRA IR R, R
SEW AN, KRN GIR R G LTI PR



BAUE A AR B LA BRI R S IINE R S5 2 FARILL

2024 4E55 12 4

#5 1 B A H A SR A R Y S T S e (R SRR
HE I FR il 17 5 2 Pl 200 MW [%E 183 MW,
H SRR HE B 1 5 PR R 195 MW, S il HE ik R
HE R R EZE 191 MW ) .

2) EfEREE K IERE 7 A 2 Fphk e T =
HAWH B, I A RE IR A7 bt R sk
RIS ARSI R, AfBaeH R REiEHg R %
WG S T RER R G (S5 mHE R SIS = R N
0~26 MW, HEERRHEBBRHI 5 T8 0 ~ 170 MW,
SRRHERHIE 5 T 169 ~ 269 MW )

3) X HUASCHR B P A v S R A A
PR AT, ST AR SCRIERE PR A B Ak
TR (Al FR) HEIUE A AR SR B
AR T RGN R (A2 FE) H 0.9%, HIH
AT A2 %R, BARRI Oy EAREREK T
Fi 5.19%, MW RE S 12.57%. ik, AR
BB AL T IR TE RN 2R A BB TR R T TR
WA, HA B EE A
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