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Two-stage Optimization Method for Prepositioning Mobile Emergency Power Supplies Inte-
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Abstract: Typhoon disasters pose a severe threat to the security of power distribution networks and transportation net-
works. Pre-positioning mobile emergency power supplies (MEPS) in an optimized manner is a key measure to enhance
distribution network resilience, contributing to improved efficiency of post-disaster emergency power dispatch and faster
load restoration. To this end, a disaster scenario generation method based on conditional Wasserstein generative adversar-
ial network with gradient penalty (c(WGAN-GP) is proposed, and a two-stage stochastic optimization model is constructed
to determine the optimal MEPS locations within predetermined areas. The cWGAN-GP is employed to capture the non-
linear relationship between meteorological factors and line failures, thereby generating diverse failure scenarios, from
which representative scenarios are extracted using hierarchical clustering. After considering the post-disaster restoration
process, a two-stage stochastic mixed-integer programming model integrating power and transportation networks is for-
mulated, and the progressive hedging algorithm (PHA) is applied to solve the optimal MEPS pre-positioning plan for each
transit station. A coupled system comprising the IEEE 33-bus distribution network and a 44-node transportation network
is used for case studies. The results demonstrate that the proposed optimization method can be adopted to significantly
improve MEPS response speed and substantially reduce theload restoration time after disasters.
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Fig.1 Framework of coupled power and transportation network
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Fig.8 Dispatch route diagrams of mobile emergency power sources for each scheme
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M A

22 14 32
23 15 16
24 16 17
25 17 18
26 18 19

0.4 49
0.3 50
0.5 51
0.5 52
0.3 53
Inf 54

37
38
39
41
42
43

38 0.3
39 0.3
40 0.3
42 0.4
43 0.3
44 0.3

RAL TR NR AR
Table A1 Node correspondence
[N s e I e R A L N o i = I A
Wl FaA | W WA | WA WA | FA W
1 1 10 10 19 16 28 29
2 2 11 11 20 17 29 40
3 3 12 20 21 18 30 41
4 4 13 21 22 19 31 42
5 5 14 12 23 35 32 43
6 6 15 13 24 36 33 44
7 7 16 22 25 37 / /
8 8 17 23 26 27 / /
9 9 18 14 27 28 / /

RAS HEARHR

Table A5 Given meteorological conditions
HRihE 7 1A £y S IR R 2
159.3 km, -55.5
1.19 rad 11.3 km/h 63.94 hPa

km

A2 AT U R AL
Table A2 Load levels and weighting coefficients

# A6 CWGAN-GP I%Z%
Table A6 CWGAN-GP training parameters

251 ISR Bt/ v E
S T R 5
Mg s i) R 16
(S
s R ) 32
RajeR )2 5 128
Eavitl Adam
Ak # 2] Z (Generator/Critic) 5%x10°5
PilBe 0.0/0.9
Critic BE#T X EL 4
5
s AR IE T R A Ay 12
VlER e 50
JIlZ5
IR R/ ONUN 128

RAT BEAGFEE

Table A7 Number of scenarios within the cluster

fEL K2 R34 FRS fR6 BT MR8 E9 #E 10
245 60 8 7 148 51 141 222 1035 1
FEIL FEI12 #5113 FR14 #E15 #E16 #£17 %18 #£19 #20
20 9 7 25 21 18 165 2748 544 218

RO [EEY ] R
— R 10 2, 12, 16, 20, 26, 33
3} 5 4, 7. 8. 13, 18, 23, 25, 29, 32
= 1 HARA A
R A3 AFMLHEREES I MEPS 241
Table A3 Emergency power source parameters
ETk] RRA D F1/kW ATEY) i ) kvar
1 400 300
2 380 350
3 250 200
4 150 100
K A4 ABAHTRAIN
Table A4 Travel time of transportation routes
R A &N TTEREVL| GERK R &R ATREERE/A
1 1 2 0.3 28 20 21 0.3
2 1 15 0.4 29 21 22 0.3
3 2 3 0.3 30 22 23 0.3
4 3 4 0.3 31 24 25 0.3
5 3 24 0.4 32 24 35 0.35
6 4 5 0.4 33 25 26 0.3
7 5 6 0.3 34 25 36 Inf
8 5 17 0.4 35 26 27 0.3
9 6 7 Inf 36 26 37 0.35
10 6 27 0.4 37 27 28 0.3
11 7 8 0.3 38 28 29 0.3
12 7 19 0.5 39 29 30 0.4
13 8 9 0.3 40 30 31 0.4
14 9 10 0.3 41 30 41 0.35
15 9 28 0.5 42 31 32 0.5
16 10 11 0.3 43 31 42 Inf
17 11 12 0.3 44 32 44 0.35
18 11 31 0.4 45 33 34 0.35
19 12 13 0.3 46 34 35 0.3
20 12 21 0.4 47 35 36 Inf
21 13 14 0.3 48 36 37 0.3

RA8 AF S HRIETE T R

Table A8 Power prepositioning schemes under different

p values

B EUE TE %

500 IR 1 S2. HYE 2: S1. HLIE 3: SI. HiJE 4: S2
1000 IR 1 S2. HYE 2: S1. HLIE 3: SI. HiJE 4: S2
1500 IR 1 S2. HIYE 2: S1. HLIE 3: S1. HJE 4: S2
2 000 IR 1 S2. HYE 2: S1. HLIE 3: SI. HJE 4: S2
2 500 IR 1 S2. HYE 2: S1. HLIE 3: S1. HJH 4: S2
3 000 IR 1 S2. HYE 2: S1. HLIE 3: S1. HJH 4: S2
3 500 FLIE 1 ST, HJE 2: S2. HLIE 3: S1. HiJH 4: S2
4000 FLIE 1: ST, HJE 2: S2. HLIE 3: SI. HiJH 4: S2
4500 FUIE 1: ST, HJE 2: S2. HLIE 3: SI. HiJH 4: S2
5000 FLIE 1 ST, HJE 2: S2. HLIE 3: SI. HiJH 4: S2
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Table A9 Emergency power load restoration results under a single scenario

T

. HLJR . . rrEm —Jh A S
ES o A R AR G 2% 15 45 X TR E
ERe &)/h ) WEE  WEE KER
it 8] /h
1 1112 0.3
) 2 7—19—18—~17 13
ED! 0.91 100% 47.06 84.62
3 7—-19—~18 0.8
4 11313244 1.25
1 35—>24—25—26—27—>28—~>9—>10—11—~12 2.95
a2 2 35—>24—3—>4—>5—>17 1.85
TR 2 1.71 100% 47.06 84.62
E1 3 11—-31—>32—~44 1.25
4 7—-19—18 0.8
1 7—-8—-9—10—11—~12 1.5
HE2Ar 2 35—24—3—>4—5—17 1.85
™~ 191 100% 47.06 84.62
#2 3 7—19—18 0.8
4 35—>24—>25—26—27—>28—>29—30—>31—~>32—~44 35
1 7—8—-9—>10—11—-12 15
HR2-AL 2 7—19—18 0.8
1.91 100% 47.06 84.62
B3 3 35—>24—3—>4—>5—~17 1.85
4 35—>24—>25—26—>27—>28—>29—~30—>31—>32—~44 35
1 1—>2—>3—24—>25—>26—>27—28—~9—~10—~11—12 3.6
) 2 1-15—>16—~17 12
VE X 2.66 100% 47.06 84.62
3 1-15—>16—17—~18 1.7
4 1—>2—3—>24—25—>26—>27—28—29—>30—~31—32—44 4.15
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Table D1  Comparison of solution time and objective function

values between MILP and PHA
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Fig.D1 Comparison of solution time and objective function values between MILP and PHA
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