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Multi-type Emergency Resource Optimization Strategy for Distribution Networks
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Abstract: In recent years, the increasing occurrence of extreme events has posed a serious threat to the safe and stable
operation of distribution networks (DNs), an urgent need to take effective measures to improve the resilience is on the
way. Meanwhile, the wide access of electric vehicles (EVs) and energy storage devices has provided new ideas for en-
hancing the emergency support and safeguard capability of DNs. For this reason, the maturity and superiority of EV
battery swapping technology are analyzed firstly in this paper, and a post-disaster power supply scheme using EV re-
placeable batteries as emergency sources is proposed. Secondly, a two-layer optimal configuration model of DN
multi-type emergency resources considering line reinforcement, mobile energy storage systems and EV replaceable bat-
teries is developed, in which the upper-layer model decides the number and capacity of the three emergency resources
targeting at minimizing overall investment during the programming period, and the lower-layer model determines the
scheduling plan of the above-mentioned emergency resources, as well as the gas turbines, distributed generators, and sta-
tionary energy storage systems that are already available in the DN, with the goal of minimizing the operation costs of the
system under disaster scenarios. Finally, a case study based on the improved IEEE 33-node system is carried out. The re-
sults show that the proposed strategy can fully utilize the complementary advantages of multi-type resources, and truly
improve the DN resilience while minimizing the financial investment.
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Table 2 Emergency resource allocation results by method
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Table 3 Comparison of system costs by different methods
FRARZET)) Tk T2 T3 Jivk 4
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Fig.3 The load restoration ratio of each typical scenario
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Diagram of the model solving process
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Topology of the improved IEEE 33-node system
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Fig.A3 Typical curves of DG power prediction
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Fig.A4 Typical curves of load power prediction
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Fig. A5 Topology of the system under Typical Scenario 6
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Table A1 Parameters required for the upper-layer model

BER) WETT) e R/ FAfir Lz FEdwl YRERME BRI

IR 5 _ .

v S pwacw % kvar kWh AT AT /A TR TR
2R — — — — 4x10° 500 30 — [1,3]
1 120 100 400 6.4x10° [0, 3]

MESSs 2 150 120 500 8x10° 1500 10 [0,2] [1,4]
3 180 150 650 1x10° [0, 1]
1 — — 75 1.2x10° [0, 6]

EV-RBs 2000 15 [0, 10]
2 — — 100 1.7x10° [0, 4]

£ A2 BEBISH

Table A2 Parameters of gas turbines

Gy EETE AUERAW  EDERkvar ARG KWhD | S EET A AU ERAW KDy ER/kvar A REUOTkWh)

1 7 192 150 0.68 2 14 120 90 0.6
3 16 96 70 0.66 4 21 72 60 0.7
5 25 192 120 0.72 6 30 132 100 0.64

# A3 DG BH
Table A3 Parameters of DGs

G EET A AL RAW T2 b B /kvar %'y EET A AL L RAW T bR /kvar
1 1 300 250 2 5 200 150
3 10 220 160 4 17 250 180
5 22 350 300 6 23 300 220
7 26 200 160 8 28 230 150

% A4 SESS 3|
Table A4 Parameters of SESSs

95 ERE A1 R/ kW T LB /kvar HiLE 25 B /KWh
1 24 300 180 1700
2 33 250 150 1020

F A5 SrEHEN
Table A5 Time share tariff

eSSl inp=g A/t kWh'!)
It 08:00—12:00, 17:00—21:00 1.2
7 12:00—17:00, 21:00—00:00 0.8
“ 00:00—08:00 0.3

R A6 T GCE IR R
Table A6 Typical disaster damage results

eIl WALk

15-16, 2-19, 30-31, 8-21, 12-22
15-16, 3-23, 23-24, 26-27, 30-31
1-2, 16-17, 27-28, 29-30, 30-31
1-2, 15-16, 3-23, 29-30, 25-29
1-2, 17-18, 27-28, 30-31, 25-29
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