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Fig.1 Topological diagram of transportation
network for MESS dispatching
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Distributed energy storage planning for disaster prevention and emergency considering
transportation network uncertainty and SESS-MESS spatial coordination
GAO Zhihai',SHEN Meiyan',MA Longyi’,SONG Ying*,SHEN Xinhao’, YANG Li',LIN Zhenzhi'

(1. College of Electrical Engineering,Zhejiang University, Hangzhou 310027, China;

2. Huizhou Power Supply Bureau of Guangdong Power Grid Co.,Ltd.,Huizhou 516000, China)

Abstract: To provide emergency power support after a large-scale power outage,a distributed energy storage
(DES) planning method for disaster prevention and emergency considering the transportation network uncer-
tainty and spatial coordination of static energy storage system (SESS) and mobile energy storage system
(MESS) is proposed. Based on the normal distribution interval number,the MESS dispatching transporta-
tion network model with uncertain travel time is established,and the joint emergency power supply strategy
considering the spatial coordination effect of SESS and MESS is proposed. By using chance constraint to
describe the uncertainty of transportation network,a DES location and capacity decision model considering
optimal power supply reliability is constructed. Then,the chance constraint is converted into a deterministic
equivalence class. Aiming at the redundancy problem among multiple power supply reliability measures of
DES disaster prevention and emergency system,a multi-objective optimization method based on normalized
normal constraint method is proposed. The improved IEEE 30-bus system and transportation network are
used for validation, and the results show that the proposed method can achieve the multi-region optimal
configuration, demonstrate the spatial coordination effect of SESS and MESS,and reflect the impact of trans-

portation network uncertainty on the planning results.
Key words: disaster prevention and emergency; distributed energy storage planning; transportation network ;

chance-constrained planning;normalized normal constraint method
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Table B1 Mapping array table of traffic label-electrical label

SRS WSS | ERE WSURS | RERe miRe
1 26 13 20 24 4
29 21 6
2 G 3) 15 i 2) 26 (B3t 6)
13 28
8 30 16 (i 5) 28 Gk T
1
4 23 17 12 29 Gaii &)
6 24 18 16 30 2
14
9 U7k D 19 17 31 5
10 15 20 10 32 7
11
11 18 22 it 8) 33 8
12 19 23 3
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Table B2 Information of user load points

FURMHK Bk k4 AN HEEE B W . 7 e R B R
1 B . iVAE 0N IDE + (KW + h) ] FOVFI5 LR E)/min
— UK 3 R i o L
23 N 468 565 280 214 21.65 18
14 GIk 600 601 305 176 189 24.56 20
) *JHAN
DT 15 - 146 204 111 612 141 2158 30
18 ¥AJT 636 405 468 279 63 26.77 16
19 HOE e 205 157 149 53 24.98 19
ﬁ?
26 INK 122 356 1000 379 327 35.62 10
29 wf* 150 223 288 407 280 28.37 18
30 R 370 272 760 900 299 30.99 30
@H LI IX 5
24 Hfﬁ 179 351 431 876 359 32.49 18
20 F”Lk 180 201 392 713 203 34.06 14
AEI AN
21 M%E“ 262 356 493 767 172 31.49 16
12 Fkx 517 438 379 176 115 35.73 15
16 2 567 233 281 11 269 31.89 15
17 AT 604 665 425 119 116 32.95 15
LR S 3 MG 673 543 439 225 187 31.88 15
FrIX &
4 ﬂgm 733 524 203 156 101 28.76 14
*Hh ik
2 651 138 228 114 72 33.48 30
=g
5 (G f;” 950 605 194 105 109 33.66 13
2 P
10 *ﬁiétﬁ 221 206 386 468 130 25.79 9
@i MR 75 P
. 7 FER - gqq 602 743 890 242 2345 9
i

8 IRER 160 279 304 767 398 21.22 11
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Table B3 Forward and reverse travel time interval of transportation networks

BRGNS IRT RS RS IERDEATIREXE/min 33 @ AT X 8] /min

1 1 2 [2.4] [4.5]
2 2 3 [1.4] [4.6]
3 1 7 [3.6] [4.8]
4 3 8 [2.4] [3.4]
5 4 5 [2.4] [4.6]
6 5 6 [24] [6.7]
7 6 7 [4,7] [2,6]
8 7 8 [4.,6] [6,8]
9 4 10 [2,4] [4.8]
10 5 1 [2,5] [5,8]
11 6 13 [35] [3.8]
12 7 14 [3,5] [1,2]
13 8 28 [34] 4.7
14 9 10 [3,5] [5.,8]
15 10 1 [2,3] [3.4]
16 1 12 [3.5] [1,4]
17 12 13 [4,7 [6,9]
18 13 14 [4,7] [1,4]
19 14 15 [6.8] [5,6]
20 9 16 [4.6] [2,5]
21 10 17 [2,5] [1,4]
22 1 18 [2.4] [3,5]
23 12 19 [2.3] [6,7]
24 13 20 [2.6] [1,5]
25 14 21 [3.6] [3,7]
26 15 22 [3.8] [2,7]
27 16 17 [34] [1,2]
28 17 18 [4.,6] [2.4]
29 18 19 [3,5] [2,4]
30 19 20 [34] [2,4]
31 20 21 [5.6] [4,6]
32 21 22 [34] [3,8]
33 16 23 [2,5] [4,5]
34 17 24 [5.6] [3,7]
35 18 25 [3,6] [2,6]
36 20 26 [5,9] [4,8]
37 22 27 [2.3] [34]
38 23 24 [3.6] 9999
39 24 25 [4,5] 9999
40 25 26 [3.5] 9999
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41 26 27 [3.5] 9999
42 27 28 [5.6] 9999
43 23 29 [4,5] [2.3]
44 24 30 [13] [4.6]
45 26 32 [12] [5.6]
46 28 33 [14] [4.8]
47 29 30 [4,6] [5.9]
48 30 31 [4.8] [15]
49 31 32 [6.7] [2.5]
50 32 33 [3.4] [5.9]

* B4 BFHWBIZATRNSRAENERXE. BERBUARAEESEENERFKE
Table B4 Shortest dispatch time interval and coverage factor
from stations to each load point and confidence of dispatch coverage

B RLYA BER [E] X [] /min, 755 R

HuhEEZ R
Gyl 1 ki 2 Iyl 3 il 4 ¥ 5 ¥ 6 Iyl 7 ¥ 8
EEI 07 [7.13]1 [17,28],0 [19,30],0 [13,24],0 [8,16],1 [15,32],0 [18,35],0 [21,471,0
BB~ 0.7 [0,0].1 [17,36],0 [23,41],0 [8,13].1 [25]1 [13,27],0 [16,33],0 [20,44],0
R 1 [3,5],1 [15,27],1 [20,32],0 [9,16],1 [4,8],1 [11,24],1 [14,30],1 [18,40],0
FR) 07 [4,8],1 [13,24],0 [17,29],0 [11,29],0 [5.11].1 [11,20],0 [14,26],0 [20,39],0
o 07 [7,13],1 [12,19],0 [17,29],0 [14,24],0 [8,16],1 [11,19],0 [13,25],0 [20,38],0
N 09 [20,34],0 [10,16],0 [45]1 [26,46],0 [21,38],0 [14,29],0 [11,23],0 [13,22],0
B 09 [22,39],0 [12,21],0 [0,0],1 [28,46],0 [23,42],0 [16,271,0 [13,25],0 [11,17],0
*EE B 1 [23,43],0 [13,25],1 [1.4]1 [27,40],0 [24,41],0 [15,21],1 [14,19],1 [7,11],1
BURF AR A 09 [12,20],0 [8,15],1 [9,171,0 [18,31],0 [13,23],0 [8,20],0 [10,22],0 [12,34],0
[ERIAZ I 08 [11,21],0 [6,10],1 [11,20],0 [17,31],0 [12,23],0 [5.12],1 [8,18],0 [14,31],0
W38 A 08 [20,35],0 [0,0],1 [16,24],0 [21,35],0 [21,36],0 [9,16],0 [2,711 [19,35],0
[ERIAS 08 [5,10],1 [14,29],0 [19,37],0 [8,12],1 [3.4],1 [9,20],0 [13,26],0 [17,36],0
C2 0.7 [6,12],1 [12,25],0 [17,33],0 [11,18],0 [7,10],1 [8,16],0 [11,21],0 [19,35],0
HT 09 [9,16],0 [10,21],0 [15,31],0 [14,22],0 [10,14],0 [5.12],1 [8,18],0 [17,31],0
HBLE 0.9 [6,11],1 [17,36],0 [22,44],0 [2,3].1 [2,5].1 [11,24],0 [16,33],0 [16,35],0
FHIFHLE 0.9 [9,16],0 [19,35],0 [20,42],0 [5.9],1 [5,10],1 [9,18],0 [17,31],0 [14,29],0
*HhEk R4t 1 [10,19],1 [18,38],0 [16,36],0 [4,6],1 [7,13],1 [5,12],1 [17,31],0 [10,23],1
hE G 08 [14,27],0 [17,33],0 [15,31],0 [7,14],0 [20,21],0 [4,7],1 [16,26],0 [9,18],0
HOREEX 0.7 [12,20],0 [8,17],0 [13,27],0 [16,26],0 [12,18],0 [4,8],0 [7,131,0 [15,271,0
i P 3 08 [13,25],0 [15,27],0 [12,25],0 [13,20],0 [14,22],0 [1,2]1 [13,21],0 [6,13],0

T 07 [16,29],0 [12,201,0 [7,16],0 [16,24],0 [16,26],0 [4,6],1 [8,12],0 [1,4],1
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Table B5 Frequency and duration of outages for outage scenarios
Wi WK/ QKR ea’) (S HEERREIE /b

1 0.3 1
2 0.2 2
3 0.1 3

% B6 DESEEREER
Table B6 Configuration information of DES

DESIS AW (W0 e e
R E it e 4 100 200 45 45 45 45
IR Bt e 200 600 92 92 92 92
AR B it ik 500 1000 193 193 193 193

TR [ & il it 250 500 75 150 130 100

LR [ 5 fifi e 600 1000 140 250 200 180
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Fig.C1 Pareto frontier and optimal compromise solution of multi-objective programming
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Fig.C2 Comparison of DES configurations under different objectives



