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Pre-disaster mobile energy storage pre-deployment strategy for distribution
networks considering time-varying faults under ice disasters
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(Northeast Electric Power University), Jilin 132012, China; 2. State Grid Jilin Electric Power Co., Ltd., Changchun 130021, China)

Abstract: To address the issue of ensuring reliable power supply to critical loads in urban distribution networks during
extreme ice disasters, a pre-disaster mobile energy storage pre-deployment strategy considering time-varying faults in
distribution networks is proposed to enhance distribution network resilience. First, combining the meteorological forecast
data and the geographical information of the distribution network, time-varying fault probabilities of distribution lines are
calculated based on the spatiotemporal propagation characteristics of ice disasters. A set of time-varying distribution
network fault scenarios are then generated using time-sequential Monte Carlo simulation. Next, considering the
requirements of pre-deployment of mobile energy storage for reliable power consumption during ice disaster scenarios, a
stochastic optimization model is constructed to determine the optimal pre-disaster deployment of mobile energy storage
systems, to minimize the load losses caused by dynamic adjustment of mobile energy storage connection points under
various fault scenarios. Finally, case studies using an improved IEEE33-bus distribution system are conducted to verify
the effectiveness of the proposed strategy.
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Fig. 1 Schematic diagram of force on ice line
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in distribution network under ice disaster
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Fig. 10 Probability changes of partial distribution line

failures under ice disasters
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Table 3 Temporal and spatial evolution of fault in scenario 11
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Fig. 11 Re-dispatch path of MESS in different cases
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Table Al Parameters of MESS

MESS ﬂ“ﬁ:‘x /kW R’ﬁ:‘;" kW E:ffax /kWh Exfm /kWh e et ng(,E /(km/h)
MESS1 500 500 900 100 0.98 0.98 L)
MESS2 500 500 900 100 0.98 0.98 42
FA2 SE | MESS BIEEREMNFTHBERER
Table A2 MESS charge and discharge of the re-dispatch process in case 1
W PN FEI L E/KWh B BN Fo B /KWh
MESSI1 MESS2 MESS1 MESS2 MESS1 MESS2 MESS1 MESS2
11:00—11:30 9 13 0 0 15:00—15:15 9 — 100 0
11:30—12:00 9 — 0 0 15:5—15:30 — 9 0 100
12:00—12:30 9 — 212 0 15:30—16:45 10 9 -613 476
12:30—12:45 — 9 0 89 16:45—17:00 — 9 0 102
12:45—13:30 10 9 212 295 17:00—17:30 9 — 202 0
13:30—13:45 — 9 0 106 17:30—17:45 9 11 101 -123
13:45—14:00 9 — 102 0 17:45—18:15 9 — 200 0
14:00—15:00 9 10 411 -490 18:15—19:00 9 13 297 245
e FUBHE RS, R R
A3 5E 2 MESS BiEIREMFTHBEER
Table A3 MESS charge and discharge of the re-dispatch process in case 2
W BN A FoJBCE L /kWh T BN A FoJBCE E/kWh
MESS1 MESS2 MESS1 MESS2 MESSI1 MESS2 MESS1 MESS2
11:00—11:30 5 9 86 0 14:45—15:00 — 12 0 81
11:30—11:45 — 9 0 0 15:00—15:15 10 — -123 0
11:45—12:00 6 9 -86 0 15:15—16:00 10 11 -368 -368
12:00—12:45 — 9 0 283 16:00—16:30 10 — —-245 0
12:45—13:30 9 — 297 0 16:30—16:45 10 13 65 84
13:30—14:00 9 12 190 —-245 16:45—17:00 — 13 0 84
14:00—14:45 9 12 313 249 17:00—19:00 9 13 800 633

E: AR RSN R, ORI,






FAH, 5

UK 2% A e ) 25 AR R I P PR ) A O I TR J) SR

- 179 -

B33k

[1]

(5]

FEH, PR, 7, . BT IR AT hUE
RE T AR S 0[], R S HOR AR, 2023,
38(2): 67-74, 185.

LI Fengjun, YAO Fuxing, SUN Qian, et al. Simulation
modeling and analysis of anti-overturning ability of
overhead distribution poles[J]. Journal of Electric Power
Science and Technology, 2023, 38(2): 67-74, 185.
EARA, DO, fok, . mEE XK T S E
WIS TH B S5Ot 70 R BSRIR [J]. B R GRS
24, 2023, 51(22): 34-48.

WANG Zhenhao, LUO Jianxiao, CHENG Long, et al.
Improved graded load reduction strategy for resilience
enhancement of an active distribution network in a
typhoon[J]. Power System Protection and Control, 2023,
51(22): 34-48.

VRPAR, B, F8a, 55 Mo R K E THIE MESS
TR R R G (], B RGPS
2, 2024, 52(12): 45-57.

XU Shoudong, WANG Jian, LI Mingyi, et al. Distribution
network fault recovery strategy considering active control
of an MESS in extreme weather[J]. Power System
Protection and Control, 2024, 52(12): 45-57.

Bmih, T4, ok, % & XUCE T THRE ML
BREIRIRHARTAT]. B E R, 2023, 51(1): 123-130.
WEI Ruizeng, WANG Lei, LIANG Yongchao, et al.
Intelligent allocation technology for electric emergency
repair crew under typhoon disaster[J]. Smart Power, 2023,
51(1): 123-130.

FEN, 28, BER, S URIERTK R R
HL W 22 B 1B SRR [J]. B R R Z44R, 2018, 33(2):
423-432.

LU Zhigang, LI Dan, LU Xuejiao, et al. Multiple faults
repair strategy under ice storm for distribution network
with distributed generators[J]. Transactions of China
Electrotechnical Society, 2018, 33(2): 423-432.

TEM, T, g, 5 KRS T HEME R
F R IR S R G PIPESETHSRIE[T]. IR, 2024,
45(5): 9-18.

WANG Zhiwei, WANG Wei, LI Dexin, et al. Enhancing
resilience in electric-heat combined system: coordinated
approach for transmission and distribution network
during ice disasters[J]. Electric Power Construction, 2024,
45(5): 9-18.

SRIE S, JMIHHAL, daEME, S S o v AR i e
Bt S E R[] BLA HL, 2024, 41(8): 15-24, 53.
RONG Xuanman, BIE Zhaohong, HUANG Yuxiong, et al.

(8]

[9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

Extreme disaster defense and recovery technologies for
urban resilient grid[J]. Distribution & Utilization, 2024,
41(8): 15-24, 53.

X, PREEME, B, 55 mmxtum sl S N T
st e L = RO B R B WIER T[T ARG S
1k, 2022, 46(16): 151-159.

LIU Fengwei, CHEN Jiajia, ZHAO Yanlei, et al.
Resilience enhancement for distribution system based on
mobile energy storage sharing in peer-to-peer transaction
mode[J]. Automation of Electric Power Systems, 2022,
46(16): 151-159.

RS, XN, ZERE, % & SMESS 2B ERAD
FOL R L PR B T S [J]. 4K 77, 2023, 51(5): 103-110.
ZHAO lJingjing, LIU Shuai, LI Zibo, et al. Resilience
improvement strategy of multi-stage distribution system
considering separable mobile energy storage system[J].
Smart Power, 2023, 51(5): 103-110.

FRHW, XSCE, B, S5 TR R T R
BN il e AT = 5 sh A P BE SRR (1], I R G H 3k,
2022, 46(15): 37-45.

WANG Yuehan, LIU Wenxia, YAO Qi, et al. Pre-layout
and dynamic scheduling strategy of mobile energy storage
for resilience enhancement of distribution network[J].
Automation of Electric Power Systems, 2022, 46(15): 37-45.
LEI Shunbo, CHEN Chen, ZHOU Hui, et al. Routing and
scheduling of mobile power sources for distribution
system resilience enhancement[J]. IEEE Transactions on
Smart Grid, 2019, 10(5): 5650-5662.

SHI Qingxin, WAN Haiyang, LIU Wenxia, et al. Preventive
allocation and post-disaster cooperative dispatch of
emergency mobile resources for improved distribution
system resilience[J]. International Journal of Electrical
Power and Energy Systems, 2023, 152.

LEI Shunbo, WANG Jianhui, CHEN Chen, et al. Mobile
emergency generator pre-positioning and real-time allocation
for resilient response to natural disasters[J]. IEEE
Transactions on Smart Grid, 2018, 9(3): 2030-2041.

KIM J, DVORKIN Y. Enhancing distribution system
resilience with mobile energy storage and microgrids[J].
IEEE Transactions on Smart Grid, 2019, 10(5): 4996-5006.

TAHERI B, SAFDARIAN A, MOEINI-AGHTAIE M, et al.
Distribution system resilience enhancement via mobile
emergency generators[J]. IEEE Transactions on Power
Delivery, 2021, 36(4): 2308-2319.

MRS, VR, BB, & R IKE 7R A3 i
FL I £% 2 B S B IR K RO AT L)) B RS Bk,
2023, 47(14): 105-113.

CHEN Yunhan, XU Yin, WANG Ying, et al. Pre-disaster



- 180 -

W) R Gy B

[17]

[18]

positioning of mobile emergency resources for urban
distribution network considering potential restoration
demand[J]. Automation of Electric Power Systems, 2023,
47(14): 105-113.

INH, EFE, Fa, 55 SR 2B KR far 2R
BERAE R T [J]. b B AL R 4R, 2011, 31(7):
21-28.

SUN Yu, WANG Xiuli, WANG Jianxue, et al. Wind and
ice loading risk model and fuzzy forecast for overhead
transmission lines[J]. Proceedings of the CSEE, 2011,
31(7): 21-28.

ER, SO, R, % KA RS T
PERISZIE 3 BT [0]. R E AL AR AR, 2011, 31(28):
49-56.

WANG Jianxue, ZHANG Yao, WU Si, et al. Influence of
large-scale ice disaster on transmission system reliability[J].
Proceedings of the CSEE, 2011, 31(28): 49-56.

[19] JONES K F. A simple model for freezing rain ice loads[J].

[20]

[21]

[22]

[23]

[24]

[25]

Atmospheric Research, 1998, 46(1): 87-97.
KRISHNASAMY S G. Assessment of weather induced
transmission line loads on a probabilistic basis[J]. IEEE
Transactions on Power Apparatus and Systems, 1985,
104(9): 2510-2516.

ZHAO Ningyuan, YU Xiaodan, HOU Kai, et al. Full-
time scale resilience enhancement framework for power
transmission system under ice disasters[J]. International
Journal of Electrical Power and Energy Systems, 2021, 126.
Wz, BEEM, U, 55 UKIO i iR
S I PP (D). B RS E 3k, 2013, 37(18):
32-41.

XIE Yunyun, XUE Yusheng, WEN Fushuan, et al. Space-
time evaluation for impact of ice disaster on transmission
line fault probability[J]. Automation of Electric Power
Systems, 2013, 30(6): 32-41.

SHI Qingxin, LI Fangxing, KURUGANTI T, et al.
Resilience-oriented DG siting and sizing considering
stochastic scenario reduction[J]. IEEE Transactions on
Power Systems, 2021, 36(4): 3715-3727.

INEL, BROCHN, BREEEE, 55 B2 T H3nR ik 7 5%
L IR R T SRR FU )], F ) RGO S
2023, 51(24): 53-65.

SUN Ke, CHEN Wengang, CHEN lJiajia, et al. A resilience
enhancement strategy for multi-microgrid in extreme
scenarios based on electric vehicles[J]. Power System
Protection and Control, 2023, 51(24): 53-65.

A, TEK, R, % TEHRESTE B M2 5B

LA FEBE R (0], 3 ) R GEOR 97 5 3 4, 2022,

[26]

[27]

[28]

[29]

[30]

50(14): 23-32.

PEI Lei, WEI Zhinong, CHEN Sheng, et al. Multi-stage
stochastic optimization dispatch model for AC-DC hybrid
distribution power networks[J]. Power System Protection
and Control, 2022, 50(14): 23-32.

FARL, XBHE, FHE, 5. R G R 2 AR R A
ot ae I B 5247 K [J]. ARG B3Nk,
2022, 46(9): 42-51.

WANG Yushan, DENG Hui, WANG Xu, et al. Optimal
configuration and operation strategy of mobile energy
storage in distribution network considering spatial- temporal
evolution of typhoon[J]. Automation of Electric Power
Systems, 2022, 46(9): 42-51.

BARAN M E, WU F F. Network reconfiguration in
distribution systems for loss reduction and load balancing[J].
IEEE Transactions on Power Delivery, 1989, 4(2):
1401-1407.

sz, PNEEEA, RO, S5 BB RE SR G e
IR R GK R GBS R[] 70 B ik
%, 2024, 44(1): 10-16.

SUN Liang, SUN Mengmeng, ZHAO Haimeng, et al.
Cooperative optimization of emergency repair and
dispatch for integrated energy system considering mobile
energy storage after ice disaster[J]. Electric Power
Automation Equipment, 2024, 44(1): 10-16.

TR, B RS UK R FL RSB AT XU PR A K 19X 2% AL £ 7
[D]. ME/RIEE: WAV Tk K%, 2014,

FENG Weiming. Operation risk assessment on power
grid in ice storm and network protection[D]. Harbin:
Harbin Institute of Technology, 2014.

G, T, B, S %8RG L
FEERUKOCAC IR BELD]. [ AL TAZ 4R, 2014, 34(34):
6101-6108.

HOU Yushen, WANG Xiuli, DUAN lJie, et al. Transmission
lines de-icing optimal scheduling considering system risk[J].
Proceedings of the CSEE, 2014, 34(34): 6101-6108.

S HER: 2024-08-02;

&EIHHR: 2024-10-23

EEEN:

ERH(1987—), F, @f4EH, Hd, a3, AR

F & AU N FAESTE 4] E-mail: bxli@neepu.edu.cn

& #01998—), 5, ML, ARG A AL

#iE; E-mail: gy15106595935@aliyun.com

Z’]‘ 7%7 (19807)7 %a T@':‘:a %ijig&%ﬁlﬁiﬁa zﬁ%

VRGP R RS Kty <Y A

(%h# Bl e



