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Multi-objective planning of distribution network considering distributed energy storage and

electric vehicle charging network

KONG Shunfei, HU Zhijian, XIE Shiwei, ZHENG Yunfei

(School of Electrical Engineering and Automation, Wuhan University, Wuhan 430072, China)

Abstract: The rapid development of electric vehicles and wind-solar-storage technologies play a key role in the distribu-
tion network planning. Firstly, the charging demand of electric vehicles is analyzed according to the demand for the
car battery pack. Then. the electric vehicle load is calculated by considering the traffic flow provided by the charging
stations, and a multi-objective planning model of distribution networks conductive with energy storage optimization
strategy is proposed. In addition, a multi-objective function is constructed with the lowest planning cost, optimizing
distribution network voltage and the best satisfaction with traffic network. This model also conducts a fixed-capacity
location planning for the wind-solar-storage and charging stations in the network, and utilizes the improved NSGA-II
algorithm embedded with the NDX crossover operator to solve the problem. Finally, a 33-node power distribution
system coupled with a transportation network is taken as an example to verify the model and method. The simulation
results show that the proposed method can effectively improve the relevant indicators of distribution network planning
and enhance the overall planning benefits.
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T2 SCFE HL 0 T FH 14 28 1 25 3003 0 78 HL AT 40 3 o
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KA BT RE A 2 284 4>, 8 HFEX 70l
WOk 11086.1 kW « h, fRIXAH EV B FE
HLEN 30 kW « h, R E R IR AN BR I EN
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Table 4 Information on electric vehicles in a certain area

HATS #eb— T s dwE ER
Zm WU/ frapm b4 x/ el A/
km f&/km /A % /% L]

A 280 140 4 100. 0 100 36
S 200 100 3 71.4 100 28
H L 300 150 4 75.0 100 54
FAK 50 100 3 75.0 50 2032
HoAth 90 60 2 50.0 20 453
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Figure 3 Pareto front based on the three-dimensional space
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Table 5 Configuration result of DG nodes

. EEEE/ BEY O EEFE/ BEE
WG e WG o
MW ] MW % fitfE
4 1.7 N 11 1.7 N
21 0 X 15 1.8 N
25 1.4 N 20 0.2 N
27 2.0 J 31 2.0 N

F6 wHAEALBEANLER
Table 6 Planning result of EV charging station

A EEAE/MW || EaETE EEA /MW
3 0.24 19 0.18
6 0. 30 20 0.30
7 0.18 26 0.30
9 0.24 28 0.24
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Figure 4 Load timing characteristics of No. 19

before and after EV charging
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Figure 5 Load power before and after EV charging

during peak hours in spring
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Figure 6 Node voltage amplitude before and after EV

charging during peak hours in spring

ML S Hn] WL, 78 W 3h VR AR AT R By, 8
AR YT A0 BT ) SR A AT O B K, R
TR 6 MM T 35, A 9.26.28 Bk T L 2
¥ . 3K 8 AN AUTE HL T I v A 4y A 7R 4R I 1 AT
Ui o S 2 18I0 45 A S T T i 1 R S R

FEREL 6 1, 6.,9 7 &I 1Y R B R R L T
B 3~=18 IX 4 I I L B B R L 26,28 1Y A5 B fr
F10) DR 1 R ST 1 26~ 333X 4% S Y H T B
TR . FHIZ ST B 1 R B AR AR O PE A 2 B Ol
)RS0 K -, EV 78 L ET I PEAR (8 0. 082 4, %

JEFTH 7 5 A PEAS (R 0. 145 9, R T 77.1%,
T UL, 350 43 7 R, 671 £ 7 583 e U P B 2 2 T 4% i o
BR B s  BEACR G S KR
4.2.2 fERERAR 3 M

N5 RN ZE R B T AL 21, HoAfl o A%
AT LR R U 45 . 1% SCIT B 14 it B 10 Ak SR s LA 46
G QIR IR (SRR 11 EN O TR R AN S N A Y S e
20 R, oA REAL AL HT S B9 B AR QR 7 BR .

Pl 7 v i B 78 AR B R O E B R L TS
FL, 2 R TBCHRL T S g S I e i R s o 22
e % 22 SR A7 S it R SR W 8 A 70 A S 0 P 5 U8
M PR AR, IR T TR .
025w gt ot — e AR = A 558 B 6

= A" H2E | KE L AF
= 0.157 -
% ;! ;
= i
2 005t i
& A
0051 4
b v
~0.15}
0 6121824 6 121824 6 121824 6 1218 24

Yt %

B 7 .5 20 kRt ALET G 09 F A R AT ET Ao &
Figure 7 Equivalent load timing curve of No. 20

before and after energy storage optimization

KT FHAABERIEIFATIL
Table 7 Indicators comparison of equivalent load curve
. SR T / MW B
FT ER e —— - AR/ %
AT AL
W23 2% 0.229 6 0.0818  —64.37
H ]
PR ifE 2 0.057 8 0.017 8 —69. 20
W73 2% 0.285 6 0.086 8  —69.61
H% B
bR 0.078 2 0.0179  —77.11
W73 22 0.229 6 0.1075  —53.18
=
bR 2 0.058 8 0.0202  —65.65
W 23 2 5 R —36.
P 2% 0.177 5 0.113 1 36. 28
bR 2 0.053 6 0.023 3 —56.53

H 2% 7 B R AR AE Ak nl A, 3% o0 A 2N 6% B T B g
OV S R0 o7 W 28 25, 3 A8 1 T R i 9 Ak )
T ORHEVE T, HLZEA R385 T LA R B b R 0 7E R1
R 2 0 1 Kok 3 s s R K 2 AN

TEL U7 I A5 JEAERE T, 7 28 1 sl B LAy
1.306.1 JTRTTBAT AN 2 394.7 1 K£I0, % &
WIHREUG, BN 2 607.2 JTETT. T Mtk fiE
PRI E AL SR B 5 i R A IS I T it g BUAS 590. 74
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Figure 8 Nodes voltage amplitude before and after
energy storage optimization
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Table 8 Comparison of solution indicators under

different algorithms

SRS S AR SRARESIEL /b &R AR/ (100 $)
1558 Ae vk 28 13. 20 15. 236
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