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Disaster resilience enhancement strategy of an intelligent distribution network
in parks considering a variety of flexibility resources

GE Yanfeng', QIU Yu?, ZHANG Yunxu', GUAN Yongbao', JIJANG Hua', LI Jianmou'
(1. Yingkou Power Supply Company, State Grid Liaoning Electric Power Co., Ltd., Yingkou 115002, China;
2. Northeast Electric Power University, Jilin 132012, China)

Abstract: With the frequent occurrence of extreme natural disasters affecting the intelligent distribution network of a park,
large-scale power outage brings great challenges to the safe operation of such a network. To solve the above problems,
this paper establishes a two-layer optimization model of fault resistance and absorption during a disaster, and proposes a
disaster resilience improvement strategy of an intelligent distribution network in parks. by taking into account a variety of
flexible resources. First, the upper layer fault reconstruction model aims to maximize the expectation of load recovery
value, optimizes the distribution network fault reconstruction scheme, and transmits the reconstruction results to the lower
layer. Secondly, the lower layer elasticity enhancement model aims to maximize the distribution network elasticity level,
and quantifies the demand response configuration scheme. Finally, the distribution network of Yingkou free trade zone
and PG&E69-node distribution network are taken as examples for simulation analysis. The results show that the proposed
system load value recovery expectation is increased by 81%, the system load loss is reduced by 61%, and the overall
elasticity level of the intelligent distribution network in the park is improved.
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Fig. 2 Logic diagram of the absorption model of fault resistance

in disaster of distribution network
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Table 1 Emergency power vehicle type number, quantity and data
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Table 5 Load reduction results adopting strategy 3
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Table 6 Optimal configuration result of emergency power

supply vehicles under different strategies

il GREATE 15 254 354N A5/
15 3 3 3 2
22 2 3 2 2

2 37 3 2 3 3
it 8 8 8 8
17 4 4 3 3
22 2 1 2 1

} 40 2 3 3 3
it 8 8 8 7




- 146 -

W) &Gk B

TR B SR Ty, DR A 2 R S R R
AT S A VR B AR KR PR T, ROb B
SHBEEREIIRE.
4.2 B 2: B PG&E69 5 s BC B W
4.2.1 BHAIMEGL

DA PG&E69 17 i it B A, 18 A SC T
PR AT B 0T o 1% X5k P IR0 4% 5 A a1
6 s, i skt 69 4, YK ILT 68 4,
K B 2R RN LR BE AL, SRt 5 %%

28 29 30 31 32 33 34 35

47 48 49 50
p A A

51 52 53 54 55 56 57 58

4.2.2 G BEHCEIR S 25 S K o3 it

AN AT A 11—43, 13—21. 15—46.
27—65 F1 50—59 Z [T Rk L s, FHR LN
HLR . ASBLAI e 2R % 29-30 1 38-39 2 JA] KA Bk
PebblihE, ZRPK% 42-42 1 45-46 2 [8) A= P AHAHE) 4
PRAREE, 2688 12-13 H1 64-65 22 ) f A = AR K R
BExf Bk 3 MRS T B, A3 BIAN R SRS T [ X R
RERC HL X A P AR 8 L 7 fls ASTR] SRS [l (X
B RENC P ST LT S R R 7 PR

66 67

1 2 3 145 6 7 8 9 10 11 12

_______________________

16 17 18 19 10 21

|
22 23 24 25 2627}

/
/
/

)/ 68 69

&
36 37 38 39 40 41 42 43 44 45 46

6 PG&E6Y T3 mBiC il P 48 L5 44 ]
Fig. 6 PG&E69-node distribution network structure

W TR AW R G AW

90 X107 A SEREMEMD k-kid i 0

75+ 15

6.0 14 =
B oasp 3 =
= =

3.0+ 42

150 i

0

g1 Hng2 Hng3

7 NEIRE TR EER

Fig. 7 Load recovery results under different policies

R7 FERETREHRET SER
Table 7 Results of restoring power supply nodes
based on different policies
RERTF R
i

1 7
13, 14, 15, 16, 17, 18. 19. 20. 2I.

N 24, 25,

IV S AR AR R A AL A

26 27, 46, 65. 39. 40.
41, 42,

18+ 19+ 20, 21, 22. 24,

65. 30. 31. 32, 33. 34.

43, 44, 45
15, 16+ 17
v 264 27,
39, 40. 41

FHE 7 AT DUE e SR SRR 1 R L& L R B
FIFRRI WS, A2 FE B 2 F IR 2 U B S s, A7 fir Pk
HECH 810 kW, HEHLIKE RAUH 9.28%; KK
W& 2 Bl R8N e FE Y05 24 AN e R A B [ 1R R
S, ik S EIRTEE 7380 kW, ftEIRE Rk
3| 84.54%, Tk M AIAE BERA: MRAA
SCHTHRTRNS 3, RV R X 9 Hf g B AR R WAL S s
T Pk R /N 7320 kW, fEEKE %N 83.85%, H
SRIREWE 3 A fur P TR 2 k2> 60 kW, R AL far
KB WTRIETT 14.98%. 50K 1 MG 3 (IR R
4 I 265 4 P B AN B 8 BT, T R S A FELR 4 1 P 4%
HIGE RN 8 Frn, AR5 5HEM] 1| frisss
w—E.

HH K] 8 F15% 8 AILLE Hi: SR FH SR 2 FC F A
TH R AR AT 75 SR SR, RS IR 2R At R DX el
Bl 8(b) FIO—@Fr7w, [l X R RERT HL I 2k £ g 15
RN 30—35, AR 7 FIA, g 2 Stk S NE
HIEER 461 610, 1M K FH SElE 3 BT HE X o K B fmr 75 2K
Wi SN, 2 R 4R R A L X S ] 8(c) I D—
@FT7R, el X BERC L 2 A7 fmf 15 oA 134 144 35,
42 F1 46, WRAEE 7 wTH, Sk S ANE IR R
550 650, %5 B s LS RNk 9 B, K8 Bt
BEE 55 1 R4 5



FILIE, 55

K 2 b R E BRI b DX REC HL M) I Lk S T S

- 147 -

28 29,30 31 32 33 34 35

7
47 48 49 50
51 52 53 54 55 56 57 58 5960 61 62 63 63, 65
¥
66 67
12 3 45 6 7 8 9 10 112, 1314 15 16 17 18 19 10 21 22 23 24 25 26 27
¥
68 69 e
e, —im e |
g o] A SRRBERL N ) WIRRAT L SR
36 37 38¥39 40 41 42) 46 L I
(a) WS 1925 41 P D
28 29,30 31 32 33 34 35
47 48 49 50
51 52 53 54 55 56 57 58 5960 61 62 63 63,

66 67

1 2 3 145 6 7 8 9 10

W @
36 37 38 :

11 12,
¥

68 69 O

=y

(b) SEME2 [ 25 4141

L 1E)

v
47 48 49 50
—o —o

51 52 33

54 55 56 57 58

59 60 61

62 63 63,

66 67

11 12,

¥

¥
l___, L1 O

@ 68 69 T B e o e
% . L Lo '%mmﬂﬁt&ﬁ% Wﬁﬁ%wﬁﬁzifﬁ%ﬁﬁ%mﬁl
36 37 38 42 46 L R cabehaihinhi S

(c) SRS I 24 4 0 P

8 TEIHRME T X & sefc B M M4k 4hMNE
Fig. 8 Topology of the intelligent distribution network of the park under different strategies

# 8 I REARIREL NME TSR
Table 8 Network reconstruction results considering

emergency power supply vehicle output

J¥ 2 LR A
G . Wt S R T L
HE A E
5 13, 18, 17-18. 25-26. 30, 31. 32, 33,

26. 39 56-57. 59-60 34, 35

15, 23, 14-15. 22-23.

13, 14, 35, 42. 46

30, 39 34-35. 41-42

F+ 9 R 3 MOAFTHIRER
Table 9 Load reduction results adopting strategy 3

MAERT A 17 18 20 24 25 26 27 43

HIRIHZEAW 30 30 240 120 360 60 30 150

AN [ SRS S i FiEL RR) g R e 7 2 R 4 A A R
BAERWNE 10 Fon. B3R 10 TEUEH: 7ERCH M
[FII AR 22 MK AR Je R SR 2 RIS 3
AT RS IR E S RN, HERE 3 1 67 A
WEAME T RGP T, AR S g4t
BIEHER 11—,

5 £Eip

A SCET S W i [ AR o ek [ [X 4 e R IR 3
KSR 1) 8, B HH T B 22 Fob 2R 3 1 R A [l [X
B GG B IO o B RO T SRS, SR i JE XA
BET FEL AN 0 PG&EG9 5 B FEL I HEA T 477 ELEGIE



- 148 -

W) &Gk B

F 10 FERE TRRBERENRUEESER

Table 10 Optimal configuration results of emergency power

supply vehicles under different strategies
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