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Abstract

Climate change has led to an increasing number of extreme weather events in recent years. These
natural disasters can cause serious infrastructure damages and even trigger massive power out-
ages. This situation has led to a combination of energy sources to improve the resilience of the
energy system in the face of low probability, highly destructive extreme weather events. This pa-
per proposes an optimal operation model and a two-stage optimal operation model for energy hub
microgrid to cope with extreme weather events. This operation mode improves the resilience of
the microgrid system to extreme weather events by optimizing the purchase, transmission, and
storage of energy both within a single energy hub and a energy hub microgrid. By setting the load
priority, total operating cost and load cutting value can be effectively reduced. Case studies are
run in Matlab R2018a environment and solved by YALMIP toolbox and GUROBI solver. The simu-
lation results show that the proposed microgrid model and the two-stage optimal operation mode
can greatly improve the stability and resilience of the energy system, and enhance its ability to
resist extreme weather events.
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Figure 1. Basic structure of energy hub
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Figure 2. Basic structure of combined cool, heat and power
(CCHP)
2. BB RGE ARG

Wik 2 ji7s, CCHP IR SEIAN G, » HEUE TR Y, . CCHP [, ¥ #7305 Rom
Eccrp » Cocnp M Heep - AXEB)RIR, T R REANMEH AR R, CCHP A RS E Z IR & .
WA DA 1, BRI S0 AR A2, CCHP f A HL R BE A P I AR e T A2 A

HCCHP + CCCHP
ECCHP — 5heat 5cool (3)
TTechp: Techr:

KA, neeun, TRV CCHP IIAMERIZLE, B AP IR TRHIN R o necy, TRIE CCHP
(AR R, R PPN R AR o Oy TRIVIIE CCHP (174 R AL, Oy 1011172 CCHP IR AL,
B AR SEE B R e PR

H C
Zcer | ZCH Y wCV * ey 4
5heal cool
Ecorp =Yo *CV * Tlechp: ®)
Nechr, = 1- Tecnp: ~ Mhoss (6)

AR @)FoR i FAGE. RRESIMA R RIR TR R R, A (E) Rt i e 5 AR
RAEZER R, AREO) TR & RBAREER R i, CVIRHIR KRR TR, 7 TRIF7E CCHP
AR R

Cecrm =T cerp 20 @)

DOI: 10.12677/aepe.2021.92010 88 CEWARSiic) b iy


https://doi.org/10.12677/**.2021.*****
https://doi.org/10.12677/**.2021.*****
https://doi.org/10.12677/**.2021.*****

INFZ, FKILAH

ANA(T)FRIZE CCHP 7 BERR ) e, Cogp 7R CCHP HrrL & K™ IR, T ={E,C,H},
NHL A AREENES.
2.1.2. fiEBEZR L (Energy Storage System, ESS)

HRER SN RARIHEIAR GG EEEH . JEMKERERMELA LR, EREnT BAERe R AL N 7
M4 Relifbas o 2l fERe i —mh, TR TURINREE

i 3 pow, ESy  CSuy A HS,, 7R B . ¥, #Ee, ES, . CS, FHS, 7 hl i1
PRI ¥ FRE. ZE[R]— I By, AR Sar (8 FH I SERRTE L, RS AT BAEIX — I BUH AT Ae BUBRE I #R A -

ESouf ESin
fhfi i '

CSom‘ CSin
A ke '

HSGM! I J HSm
ikt

Figure 3. Basic structure of energy storage
system

3. fRRERGEARLEH

fifi e AE B X RV VEAI A RIA

Lour skt
sk =Tssn *(l_'ul',lN )+FIN,s,k+1 e (8)
r out
O0<T\y o *n ST * Zy, s 9)
I

0=t < ™ *<1_ ZSy,s) (10)

TIr out
0<Tg,, <Tg (11)

o,y ={e,ch} L BT, Ao SRR B T FURTEI I 5, 20 K I OB R HUBAR A Ty g
BRI s, MUK + LR GEREIIRER, Tou o FREHE s, MUK + 1 RPRMIAER. o, %
TR0 EBURES, 1 F 7l our M BIFOR A ARIO S AT T S0 Al e 2 LK R LR %5
B, I BRI AR, 7, FR R s PRI, Z iR FREN 1 BOBIRE T
HAN .

H(B) T HE T oA A M AR RIS e 3 2RO KA 1 — 22 AR

fEBE AR AE R, JFHAZBIMERE T HRER . FeBCB R R B2 . 3 (9) 1(10) 2 7 it HE # A%
fIRE R B PRSI AE A B AIA R . AR RIS R 2 P LA R

DOI: 10.12677/aepe.2021.92010 89 CEWARSiic) b iy


https://doi.org/10.12677/aepe.2021.92010

VR Z, FRILAH

2.13. fafartRE

el 4 s, 9T EORPREEHB AL S oK, DRAE B AT A IR HE R, A SORE A7 42 JL EE A Sy
N3RS . 1 PR R BB AT, 2 PRGN 3 G G 1 E BN AR UGS, AR TR LR AT
LA D7) i FEY LA 20 97T o

N Y LTiR i)
A 4
L2 B fr 28] 1 Fur RE kT

Figure 4. Basic structure of load
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Figure 5. Basic structure of micro grid of energy hub
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Figure 6. Load curve of energy hub
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Figure 8. Load cutting penalizes cost comparisons
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Table 2. Ratio of electrical load cutting in EH, (regardless of load priority setting)
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Table 3. Ratio of electrical load cutting in EH, (considering load priority setting)
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3 0 50.73% 100% 0 58.24%
BAr Ik 0 50.8% 97.27% 0 43.22%

2 AN 3 UL EBH , ity L ST HIIRES RO, EAR ] D MR AR i O A K e RIS . A
RPHEET S, 325 2. 3. 5, 1 HHATIHIERERE] T 27%, 3 Z fHIER =2 7
20%, & B AT RO IR AR AN K

ZEEREM], AEMRACIBAT R th 28 DA 70 RN, 7T I8 25 RO e R R A, RV RELE 3 2247 e 5
B EORBREEAPER, AFRE AR SEHIR. 1245 R thd T IS M fas,  BARSE RAEIEA f IR

DOI: 10.12677/aepe.2021.92010 95 ML) 5 REYR L R


https://doi.org/10.12677/aepe.2021.92010

VR Z, FRILAH

3.3. MR AMRKEITRANSE M E FIEIE

LLEH , 9], IR R AE AT R A b e st SR 5] 9 B, e E MR T AR AL AT R 4 2
1 P () P PSS BEIRIA S AT ELER R, 18] (b) s 1 R D10 RS 32 T £ 74 A5 41
JEAR G R Hrdr, Cy v Cop FRRH M BN I BU BRI S A, Cyp v Cyp RoREE — P BeAl
S B BUR R SR AR o
7000

6000

5000

4000
3000
2000
1000 I I
0
Cel Ce2

270000

IIII 1 IIII
Cgl Cg2 Cg

Ce

@

240000
210000
180000

150000 g
B R T

120000 = F BT S TR

90000

60000

30000

0 BRSNS .

Ccut Ccut_c Ccut_e Ccut_h

(b)
Figure 9. Comparison of system cost under two optimization modes
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Figure 10. Comparison of load cutting penalty cost (yuan)
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Figure 11. Comparison of energy purchase costs (yuan)
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Figure 12. Total cost comparison (yuan)
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