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Fig.2 Schematic diagram of resilience phase division considering evolution process of ice disaster
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Multi-stage resilience enhancement strategy for power system
against extreme ice disaster
LI Xue,ZHANG Hanshuai,JIANG Tao,ZHANG Rufeng, CHEN Houhe
(Key Laboratory of Modern Power System Simulation and Control & Renewable Energy Technology,Ministry of Education,
Northeast Electric Power University, Jilin 132012, China)

Abstract: In order to enhance the resilience of power system under ice disaster, reduce the system load
shedding amount and improve the system load restoration speed,a multi-stage resilience enhancement strategy
of power system against extreme ice disaster is proposed. The ice disaster scenarios and line failure rates
influenced by the ice disaster are modelled. The comprehensive resilience assessment indicators are construc-
ted from multiple perspectives of ice resistance ability of the line,system load loss,system recovery situation,
line damage situation, and repair resource sufficiency degree to locate the system weak loop under the ice
disaster. On this basis,the system resilience under ice disaster is enhanced through strategies such as line
failure risk prediction before the disaster, unit output adjustment, together with the de-icing line screening
and active line shutdown for de-icing during the disaster, and repair sequence planning after the disaster.
The simulation analysis is performed on IEEE 39-bus and 118-bus systems,and the results verify the effec-
tiveness of the proposed resilience assessment method and enhancement strategy.

Key words: extreme ice disaster;electric power systems;resilience assessment;resilience enhancement;load

shedding;line shutdown for de-icing
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Fig.C2 System resilience enhancement strategy of emergency
control phase during disaster
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Fig.C3 System resilience enhancement strategy of
post-disaster recovery phase
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Fig.D1 |IEEE 39 test system topology diagram
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Fig.D2 |IEEE 39 test system geographic location wiring
diagram and maximum ice coverage thickness of each line
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Fig.D3 Ice cover situation of the line within the IEEE 39 test
system under the influence of ice disaster
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Table D1 Ice cover situation of the line within the IEEE 39

test system under the influence of ice disaster

F5 Lk s
B KA VKRR /NT 20mm 14. 31, 36. 38. 42. 43
BRKBKEEAT 20mm 9. 13, 18. 19. 21. 22, 24, 26.
F| 30mm [ 28. 32. 33. 34, 35. 37. 44, 45
H KB VKR E KT 30mm 20. 23, 25. 27. 29. 46
31. 36. 38. 42. 43. 9. 13. 18,
19. 21. 22. 24. 26. 28. 32. 33.
34, 35. 37. 44. 45, 20. 23. 25,
27. 29. 46

D5 28 19 /I BRUKIRFF N fats vt 4 R
& D2 19 MEBRIKIRFIFN IR SR

Table D2  Calculation result of assessment metric of deicing

VKRG Qice

sequence at the 76th hour

LR F LR F LGS F
45 0.6493 44 0.6428 43 0.5634
37 0.4729 28 0.3964 34 0.3787
36 0.3589 38 0.3515 32 0.3460
19 0.3378 23 0.3315 26 0.3274
22 0.3274 29 0.3272 21 0.3270
24 0.3263 18 0.3263 31 0.3232
33 0.3232 20 0.3226 42 0.3184
9 0.2998 25 0.2929 13 0.2793
27 0.2727 — — — —
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Table D3  Faulted line repair sequence within the IEEE 39 test

system
. o ACKREUR JEIRE M B SREUK 5 R B BT
BRI e e i S BT
HEIEBME 1 43—-29—33—32—13 28—18—24—>32—29
HEABEAT 2 44—25—9—-22—~18  44—19—27—22—20
HeEBME 3 27—26—23—20 25—43—-33—13
YR 4 28—24—~19—21 26—~9—>23—21
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Fig.D4 |EEE 118 test system geolocation wiring diagram
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Fig.D5 \Variation of line failure rate within the IEEE 118 test
system under the influence of ice disaster
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Table E1 Ice cover situation of the line within the IEEE 118
test system under the influence of ice disaster

KB VKRS E3iEi]
5~15mm 58. 81. 141. 142. 143, 161. 179
3.5, 6, 7. 8. 28, 29. 30. 36. 38. 55. 56.
57. 66. 67. 69. 70. 71. 98. 99. 101. 103.
109, 110. 111, 112. 114, 115. 117. 129. 144
146, 147. 149, 156, 162. 185. 186
1. 2. 4. 10, 11. 12, 13. 14. 15, 16. 17,
18, 19. 20. 21. 22. 23. 24. 25. 26. 27.
37. 39. 44, 45, 46, 47. 48. 49. 50. 51.
52. 53. 54, 59, 60. 61. 62. 63. 64. 65,
68. 75. 76. 96. 97. 100. 102. 104. 105.
>30mm  106. 107. 108. 113. 116. 118. 119. 120.
121, 122. 123, 124, 125, 126. 127. 128,
145, 148. 150. 151. 152, 153, 154. 155,
157. 158. 159. 160. 163. 164. 165. 166,

167. 168. 169. 170. 171. 172. 173. 174.
175, 176, 177, 178, 183, 184

i 3L T 9 T TUAL B B BOG 2R i 7 UK DL AT
e, 2522 R B IUKR L IR EL P
T 141 SR 2RER IR 2K R AR 287~ AR B UK, ek
R LR iR KRB UK R KT 30mm, AR AE R i)
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Fig.E1 \Variation of anti-icing line active power loss within
the IEEE 118 test system
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Table E2  Calculation result of assessment metric of deicing

sequence at the 14th hour

i) F i k) F i ) F

173 0.6990 177 0.6962 172 0.6092

170 0.5978 171 0.5216 169 0.4926

166 0.4625 168 0.4575 167 0.4307
165 0.3858 164 0.3807 — —

VKR GMASE ARG BBk s i 4EAE TARRRELIT
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Table E3  Faulted line repair sequence within the IEEE 118
test system

B RS BT O A
AT 1 122—>20—'21—’927—:1];7;;;].?2;’66—’159—’76—’
AT 2 11—'184—'18]'.52—7'i4194—7>i51—0’i5170—8’166—’150—’
AT 3 68-’60-’128-’9?(;(;flﬂ4t:i>(;(’)f|;7g(;’62—’54—'115—>
PB4 156—>25-’105-’115;’_}13;_{.23-’69-’178—’26—’
AT 5 158*61*59*li;;ﬁ;;ji;23*53*165*
AT 6 16*151*183*13-1594:5]'-521115552*124*75*51*

YR 7 146—17—107—123—~45—>39—48—~1—~96—~19—36
HfERH 8 67—18—153—169—118—3—~4—2—>104—~47—24




