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A distribution network planning approach considering mobile energy storage vehicles to
enhance system power supply reliability

JU Yuntao"?, ZHOU Weipeng', YU Zongmin®
(1. North China University of Technology, Beijing 100144, China; 2. Sichuan Energy Internet Research Institute
Tsinghua University, Chengdu 610213, China)

Abstract: Traditional distribution network planning usually first plans and then checks reliability. It is difficult to feed
back the reliability check results to effectively correct the grid planning scheme. Therefore, it is necessary to establish a
planning method considering the reliability of the distribution network. As the distribution network develops, mobile and
fixed energy storage are widely used. Through the optimal configuration of multiple types of energy storage, the power
supply of key loads can be maintained when faults occur, and the reliability of the urban distribution network can be
improved. Therefore, this paper first adopts an analytical expression method for a reliability index based on fault timing
logic. It embeds the reliability index constraint into the traditional distribution network planning model. Then, an
improved planning model is established by considering the fault timing logic of mobile energy storage vehicles and fixed
energy storage participating in the restoration of power supply in the operational constraints. The model realizes the
distribution network planning considering the influence of mobile and fixed energy storage on reliability. It can be solved
by a mixed integer linear programming solver. Finally, the effectiveness of the proposed method is proved by a 24-node
actual distribution network example.
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Fig. 2 Schematic diagram of the 24-node distribution network

planning example to be planned

R 1 BRRNERT S HE
Table 1 Node data for each planning stage

- F1IAME  FH2AMB HEIANR e
Fiui kW Hidar kW Bt /kW

1 4223 446.9 4715 5207
2 160.68 170.04 179.4 1981
3 325.48 344.44 363.4 4013
4 65.92 69.76 73.6 812
5 57.68 61.04 64.4 711
6 241.02 255.06 269.1 2971
7 255.44 270.32 285.2 3149
8 148.32 156.96 165.6 1828
9 234.84 248.52 2622 2895
10 321.36 340.08 358.8 3962
11 0 416.38 4393 4851
12 0 202.74 2139 2362
13 0 250.7 264.5 2921
14 0 2943 3105 3429
15 0 0 372.6 4114
16 0 0 496.8 5486
17 0 0 322 3556
18 0 0 483 5334
19 0 0 416.3 4597
20 0 0 288.96 3199
21 0 0 35.84 396
22 0 0 365.12 4042
23 0 0 0 0

24 0 0 0 0

8 3 PPk EAR 5 Fh Ak SRR, K
WA VESEU Mg 2 F13 3 Fios. Sk
N 0.1 R/(HE-km), PR EPEREE N 0.02 K/
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Table 2 Line type and parameters

LiURSS HIBLAQ/Kkm)  HPU(QKm)  AR/KVA T‘W
(7G/km)
LGJ-35 0.910 0.380 2940 3920
LGIJ-50 0.630 0.368 3810 5270
LGIJ-70 0.450 0.358 4760 6920
LGJ-95 0.330 0.342 5800 8890
LGJ-120 0.270 0.335 6580 10 680
#3 TERVSEEH
Table 3 Transformer type and parameters
- TH bk — $E’|‘/
WHEAW L% (JiTe/ &)
SF11-6300/110 7.4 10.5 6300 65
SF11-8000/110 9.6 10.5 8000 75
SF11-10000/110 10.6 10.5 10 000 95

TESRAAERAL 571 fur B EEAEL(EENS) I 25 18 3 Fh 7
K, 43Rl 2000 WAER] 70% 54 7K 5760 h/4F
) 83% 171 /K ~F LA K2 1000 h/AFE T 100% 17 i 7K ~F o
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Fig. 3 Results of three-phase planning for systems with

relaxed reliability requirements
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Table 4 Reliability index and cost of three planning

cycles of scenario |

Al SEMEFR AR HIANAY  F2AAM BE3IAAM
SAIDI/(h/4F) 0.485 1.246 2.556
SATFI/(IR/4E) 0.274 1.029 2.063

EENS/(MWh/4E) 2.260 5.534 13.624

SURAS T TG 8.729 10.730 11.354

Wi 2 WEBOHHTITTREEIR, RAEF
)45 o B (6] (SATDI) A 4 1 24 152 B 451 28 (SATFI) )
PR E N 0.78 WAERL 1.5 IR/AF, 25 B fa7 19
(R EEASE FEUR TR AT AR PR 2> BN 3 AR 3
W

TE 37 % TR FT 5 E E R T A5 30 (0 R R 25 R dn
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- 351455 Ha N [] (SATDI) A1 AE S 3445 H 3 R (SATFT) 73
AN 0.778 WAEFT 1.334 /4, RGEHEAEFERN
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Fig. 4 Results of three-phase planning for systems with more

stringent reliability requirements
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Table 5 Reliability index and cost of three planning

cycles of scenario 2

BEREE T 1AM FE2AEE E3IAH
SAIDI/(h/4F) 0.473 0.555 0.778
SAIFI/(IR/4F) 0.251 0.803 1.334
EENS/(MWh/4E) 2.260 2331 2.078
RURAS T TG 8.729 10.730 13.525

Wse 3: WHEIARE AT EERER, RAFE
7 ¥ 1% Wi I5F R] (SAIDI) £ & 45 4F °F 2 4% | 450 R
(SATFD I PR 4> A1 BN 0.5 WAEFT 1 /4, &
FF 1 AR BB R (CID) PRI ZE 6 Frs, FH ATk
AR IR T S AS B 45 Rl 5 Fow, B
Tr KRB EZRES .

KIS g SRR, NI EE SRS S

FIEEPEEOR, FRAESE 3 DARIBTBORTdE 1 MEAR ek
AHTIY 1 A&, IR AL 12 57013 206,
T 18 5 R1 19 Z AU A1 20 579 45 21 Z[ALHT
i3RI NI L, I R rh AL E 3 KA
4, BCHMEEARREE k. MR, ks
LRI B AER, i 3 MR RAMER T
A AN SRR SE N . 5 i R BB AR R B
HIRTEENE, 28 3 AR B AR G- T 215 B 1A) Dy
0.496 W4E, P15 BAIEN 0.891 R/4E, R4ttt
RLATSETEIL 2] 99.9%.
R 6 B3 MR ERET RSB ATE LR

Table 6 Maximum customer interruption duration for each

node in the third planning phase

h/A4E

CID CID | s  CID CID

Ril=t R P B I P _
bzl Bhr | W5 fEin Ei:Liy

0.542 7 1.425 13 0.625 19 0.671

1

2 0.801 8 1.707 14 0.625 20 0.471
3 0.625 9 1.925 15 0.866 21 0.474
4 0.862 10 0.742 16 0.866 22 0.519
5 1.425 11 0.525 17 0.780 23 —
6 1.012 12 0.525 18 0.625 24 —

AR H i — BRI S LR
— WIANNBRILE — %ZAM&IBJJ«U/M& 3 BOII s
-~ BRERER

QO i

B 5 EEMmENATEMERT RS 3 M ERARIER
Fig. 5 Results of three-phase planning of a system with

very stringent reliability requirements
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Fig. 6 CID of each node in the third cycle of Scenario 3
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Table 7 Reliability index and cost of three planning

cycles of Scenario 3

RERERiEN FELANEM O B2 F 3 A
SAIDI/(h/4F) 0.450 0.499 0.496
SATFI(YK/4E) 0.262 0.935 0.891
EENS/(MWh/4F) 2.148 1.637 2.646
BIRAS T 9.014 17.755 16.275

FHEEATEENE . S CID ZESRE w117 s BC & SES, 1]
PAPRUIEZ A Aar 5 AN SZ S s, Bl — e B i
MES A DA PR 5 4582 P i 5 5 1 1T 45 L P 67 A =7 i 2R
WAL W 15 MES FIIE 25 88 600 kWh, fie K
i ThE N 200 kW, FIESININIE AN 200 kW HI 7
faf SUHEHE 2.5 h, MES B AR T ECA N 1200
JG/kWh. SES BN 25 B 4% % AN 700 JG/kWh,
HAR R S PG EE IR, REREE
DR P W S B b Tt (A, HRSHRES
Yyse 3 M, BRI h S KR kAR
HEM Bk AR 2 mZETEE s, XFECRR
RIXE, ABRARSREAMERE, NAERE— MR BEE R
] EEMEFE R LA, SES 5 MES HIBLE . WRGHT1)
(A EFR A 0.4 WA, ER 6 AL E, Y
9 AT A 14 R AR B TR ERR A i E N
0.083 h/AEF1 0.075 WAE, SRIFIFIRIT Kl 7 Fs.

FRIRANER 8 For, 755 9 Fl 14 [t
ATEEME R SR A, BT DI A1 AL E SES, TE5S
3 AHERIFE I, 7T A — AR F s RE G 7 5
JE2S, fET5 8 515 9 Zal. Fi 17 554 18
Z A LU RS A 20 57 5 21 Z T 3 4R ER1E N
BRegLk, NBANRGEE 1 4 MES, AT 9. 14
HELE 1 5254 700 kWh A1 750 kWh ] SES. %
GRAET IS BN IR 0.3757 WAE, & g s 1)
R R (R 1] 8 BT, BT 9 Fl 14 2235 T

SES, FIT LAIX PN AN 2 DR A 2 4% e 1 45 H
PN S CID BN 0.

O Hftis mELR] — BRI A LR
IR — P2 BRI — W3R,
~~~~~~~ L2

[E7 %18 SES 5 MES BIMXILR
Fig. 7 Planning results considering SES and MES
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Table 8 Reliability index and cost of three planning

cycles of Scenario 4

A EEPEFRAR EUANFEM  E2ANEM EIAAM
SAIDI/(h/A4F) 0.450 0.499 0.376
SAIFI/(IR/4E) 0.262 0.935 0.891
EENS/(MWh/4E) 2.148 1.637 1.366
SURAS T TG0 9.014 17.755 55.276
1.25
1.00 |
& 0751
=)
a
5 050f
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2 4 6 8 10 12 14 16 18 20 22
T

8 7% 4 hE 3N EAHZTI S CID
Fig. 8 CID of each node in the third cycle of Scenario 4
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Fig. 9 Relation curve of reliability and economy
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