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Review of the assessment and improvement of power system resilience

CHEN Lei, DENG Xinyi, CHEN Hongkun, SHI Jing
(School of Electrical Engineering and Automation, Wuhan University, Wuhan 430072, China)

Abstract: The frequency of extreme events (e.g., hurricanes, earthquakes, and floods) and artificial attacks (cyber and
physical ones) has increased dramatically in recent years, and these events have severely affected power systems ranging
from long outage times to major equipment destruction. To reduce the economic loss and social impact caused by power
failure, it is of significance to build highly resilient power systems with defense, adaptability, and restoration ability. First,
the basic concept and main characteristics of power system resilience are elaborated, and the differences among power
system resilience and reliability, security, robustness are compared. Secondly, a framework of resilience evaluation from
disaster modeling to system response is constructed, and the resilience index system is reviewed comprehensively, while
two categories of resilience indices for static and dynamic assessment are considered. Further, the key technologies of
improving the power system resilience are discussed from the three aspects of fault prevention, response, and recovery.
Finally, the potential research directions of power system resilience are prospected.
This work is supported by the General Program of National Natural Science Foundation of China (No. 51877154).
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Fig. 1 Schematic diagram of power system resilience curve
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Fig. 2 Research frame of power system resilience
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Fig. 3 Basic flowchart of power system resilience evaluation
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Fig. 6 Potential measures to improve power system resilience

R 2 HAFMHRA R EES R
Table 2 Implementation of typical improvement strategies for power system resilience

PSR brik 5 ST B H b i 5 ALK TT 1% SCHR

B DA RACHEE B i 3T B MESHUR ) e Dy 3 LIIESY NESN5'E = K75 [48]

SR BERIEE | SRR I IR) R SRR RS SRR MU HAR R CPLEX/GUROBI £ fift 4 [57]

W P ST ) R E R i vV N G F/MEIEAT A KA s PR BOR B I AL [63]

SR HIRAERE  (F S DUALIARERRUR. St fdar MUk /MU T HL A GUROBI K fift &% [64]

22 DR ORI 1 2 R P A AR IEISIE % e/ MEAT AR R M AEIE R Jo KT [65]
4 ) RGE AT R AR SRR, LIRS
s AT 5o DU SRS S ORI 2 R PR 32
. BRI i FE-RIRVAL: A 15 BRI R R BUS b 5, (13
ﬁ i PRI, AL Gtk b Rk
| i WKLY AR . B TN S5 E 2
e T ARBATS, BO% T ) RG AT,
5 . WA R 97 AU L 4 2RI 1 R T M
g b M SPERERL, AEIRLERRI, RRASHTE AR E

B 7 FIMHRA RIS R A/ BRI
Fig. 7 Cost and effectiveness comparison of power
system resilience improvement strategies

‘ Vs e ‘
I

[ |
| Y | |%MWWw‘

TEAF I R

S IR

Hril | EER W

T Bl R i i i {5475

& 8 kBRI
Fig. 8 Categories of extreme event influence models

PERIBENLR ZRAFAE, 4 5 S DA 22 57 5 D e 1
s FAFR B

2R, BEE AR A O AT L
R KRS E RIS A, DL RE B it e 4 (] 25
AR s ) A5 e R P RE A AT R T e e B RO T B
ARHE H R S T 225 1) P 7 v A B4 0L, v
HL A HL P S A R R, DR g e 2 4
PERUHT REURIZIE LU A R Hof R BLACR 7. H
T, 58 LA JT BORLT J 77 v 1AL C H R R P
AERTFT, O AR B A R S 51 R 1
PSRRI, R T R AR A T AE R £
P B SRR T

BeAh, TR SASE K, AMARRRE
HAb ARSI AR & H 28 K%, ARt — PR
A e 2 A A ] HLA SR AR LAt Bt Xt F 77 R G Y



W &, &

B RGEIE PG S IR THIT fi Skid - 17 -

ST, ER G REIR AR G B A X BRER «
RIS HfE. ABEEZRRENE, JFrTseIl 2 e
PWHANEGE . R RS, KL iR
EEWE 9 . ZREREIRARSREIET 2 MR
F1C A ] TEL A AR o — i — i ) 2 1 0 K e R
REE, FESRTTBEUR AT L2 1 R A oo B0k 5 s W
Ait. AT, $XTEREREIR RGBT T TR K24
T2 RBIRRALHL . R 5 FEVELE
SET5 T, R LIRS B REEAMILR
& REIR R GHMERAL BT 7T -

/ J——

[}
|
|
\MJEE

ENEE T

B9 ZRERBRRGHMMRREE
Fig. 9 Schematic diagram of resilience study
in integrated energy system

4.2 MG

LB B BB VAL AT 7 2 B R W S AT A
B RSB BE ) I ELBCR EALTINE . SRTT, KRR
R ARG , AEE . W% R RS
HIRMSATAR, HEFHIRICE S RgEREs TR
SRR AZ O R B A R IE PR AN
& SV EWITTESE SR - 210 P I e {1 TN
EELIIE PO AR A AR, (RIS th REAS B0 W
T ARG A RN BT AT VPAS . B IL VR 2
T3 TR FIEPE RERISANE ,  REREAT 4R 1A 1k X Fe
TIRGIIN LG IR B AT -

£ H 77 AL BC L IR At R P v B
3 A LRI 1 DL AR R UK, A
S R BEHIURTERI RN, E 5 R
5E 1k S 5 HL 77 HL T A E HE PR EL At s 6 (i [ 25 A T
T REREREE . TR AU 5E) KA LR I R BE AL
PEHG SR Tk, AFEBIBETREZRKZ
P ) RO 5 A FH LA R X e L X 0P VA (5

Wi o 75 1t — 2B T o

FEERG REIR RS PIVELEAL b, BB C R %
JE A -RAR A At B S R, 3
BOEVFAL T brdE EE IR BN B, Evh A vF
T REVR L R AN 2 REVM X RGWMMEII SR SRR )
bk, BB SR e XA RAR
L IR 3 BE T PRS2, A IVE VAl 4 R
SRR RIME . FEREUR TR PRI A R 5T
WS LR A BEIR R S WIVEVEA R 2R, AT
PEVEALF 7 AR B
4.3 FIMHRA

HL R GERE R R B T2 W AR TR 1 LW
PRI AR R Tl S U 2 FE I SR B I ] 55
PRI L R R BRI 12 R PR AE 2 M A R
Ko RPN CL L B R T B R gk
I, BABLE AR S e AERIIX T, 2 s
B TT T RERAETC o IAE [7]— ety 5t
N, A AP RC R, e R AKEE L
YRR, MBI S 2 R LSS
Fru b2 B8 . g it e AN SR i — P R
HL) R G AR, e DU L HERR TR P A
RUORIRSE, AT R R (0 S 17 L

B0t e 7 LA IS HL R A B SR THF T I
A VR~ R PEE T S £ R 77 f A HL A
PR ST FEAH XS, o g o 2 et e A 52 2 ] )
M EMMR JRR R ARG EH . FL b, Bl
HL A FEL XL A B 5 ) 2 PR B D R R i
FEBEUR, LI LEAR Ge e v AT 35 S (B0 o e
MIRAE Sy TGN ITRRE T T, RGPl
SRR AR 2B A PR A RV A )
e e LT HL AT R PR ) DR B e S VB A

K 10 925 eI A 77 P H A s
A e i far I AR (R Rty B,
JH 83t B2 75 4 7 v 0 R A L A s
B MCrR RS A DAV 52 B R X~ — i P 1
ITRGR IR R AR, SR L RE 7T RN 35T R R BBk
el IR,

TG RER ARG 5, HAT BLEd g AT
RE AL AR DL S AR . RS TR ST 5 ik RE B P IR
RIE AR RENR, AR A KA i s i Dy B 217 Ao
FRUEREHUECE . 2T, mFIF T2k G AR RS
W AR BE T AN D T X I ) S SRR AN 1 R
g, ESHEML . RRTVETE. SOEM %R
TERITILRE W R T A K. B, PR B Rt
ISR 3 AT 70 A BRH LA R e e HLASE s I, 70



-18- €& REP B A

PR TR EIN

= b—f\_
1

fh | TR L L SR el i e R AR
i A I SRR

v v
LU AL S U S0 Hobr
R, TR AR

R

(IREAEE S Ry

— FHAR bR

i LR R, LA TR,
AT S B
S T AR A AT ;
I i
TP " 1k,
IS N A B i R IS B R ) fii
S Hbrea g, SR 5l

A /\ | e o
2 47 R 4

o

IRENIES B

E 10 EEHNIERIER 18 FHUEC R PR S

Fig. 10 Fault recovery of power electronics dominated distribution networks for resilience enhancement
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