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Fig.4 Time-space distribution of EV charging load
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Table 1 Optimal allocation results of three schemes
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Table 2 Total annual DG consumption and total annual

EV charging load results of three schemes

FE DGAEMIYNHEE / (MW-h)  EVAESIEHAR / (MW-h)

1 8391.27 4692.43
2 9137.53 4757.26
3 10237.81 4863.17
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Table 3 Comprehensive evaluation index

results of three schemes

KE  OF/JIL F,/kW  F,/JiJt F
1 1734.45 530.48 44.37 0.894
2 1908.41 506.93 4437 0.917
3 2051.83 286.32 51.58 0.942

122 3 AT 1, AHEL T DG R EV 58 L s 2l il &
J7 58 3 AR LR G R e 49 2 0 5 P e, il P AR BEA T
T R R SRS 5 R A 30 S0 A S W ] I B IR BV 4%
AZECH AR B phil o J5 53R 4 MR T
S T AR (B (B 20 A WL 50 3R D7 58 T i
TIEAT Y51 B AR (b 248D 70 A i 2 DL I 6.

1.00 (s
0.98 [ IE5
096 [ ;
fﬂi; 0.94
= 0.92
0.90 [ ¥
0.88 £ s
0 3 6 9 12 15 18 21 24 27 30 337
A,

Bs5 ARIWTREESS
Fig.5 Node voltage distribution of Scheme 3
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Fig.6 Node voltage curves of typical operation scene 1
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Table 4 Comprehensive evaluation index results

with different numbers of EV station

EV sErLyh

Kol / F,/Jiot F,/ kW F,/ JiJt
5 2051.83 286.32 51.58
6 2134.59 267.05 47.15
7 1970.46 259.77 43.90
8 1843.83 251.62 42.07
9 1794.25 248.97 37.12
10 1728.01 245.06 33.68
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PURTRS

Multi-objective optimal allocation of DG and EV charging station based on
space-time characteristics and demand response
LIU Lijunl‘z,WU Tongl,CHEN Xianda®,ZHENG Wendi'?,XU Qifeng’'
(1. College of Electrical Engineering and Automation,Fuzhou University, Fuzhou 350108, China;
2. Fujian Key Laboratory of New Energy Generation and Power Conversion,Fuzhou 350108, China;

3. Fuzhou Power Supply Company of State Grid Fujian Electric Power Co.,Ltd.,Fuzhou 350009, China)
Abstract: Aiming at the power consumption increase and voltage fluctuation problems caused by the large-
scale access of renewable DG (Distributed Generation) and EV(Electric Vehicle) to the distribution network,
a multi-objective coordinated and optimal allocation method of DG and EV charging station is proposed
based on space-time characteristics and demand response. By exiracting the topology structure of urban
road network and monitoring the traffic flow of road network,the OD(Origin-Destination) matrix is backward
deduced based on the traffic planning software TransCAD,and the trip probability matrix is constructed to
describe users’ trip characteristics. Based on the Monte Carlo method,the time-space distribution characteris-
tics of EV are simulated, the timing characteristics of EV, DG and conventional load are considered, and
typical wind-photovoltaic-load operation scenarios are constructed based on the improved K-means algorithm.
Taking both the grid side and the user side into account,a multi-objective joint allocation model of DG and
EV charging station is built with the goals of comprehensive benefit, system load fluctuation and charging
time cost,which is solved by using the improved particle swarm optimization algorithm. The simulation analy-
sis is carried out by combining the IEEE 33-bus distribution network and an urban main road network
model,and the results verify the validity and feasibility of the proposed model.

Key words: distributed power generation; electric vehicles; charging station; time-space distribution ; demand

response; OD matrix ; multi-objective optimal allocation
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Table Al Charging demand of different types of EVs

EV7H FIA7 5 B2 /km TR 1EhEAE

A% 350~500 R AN 2
W hRe 4 60~100 /R TAER

A 20~60 T/ RTE KL

& A2 TREIZEE EV S
Table A2 Battery parameters of different types of EVs
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Fig.A2 Initial trip location of EVs
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Fig.A3 Traveling time probability distribution of EVs
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Fig.A4 Topology structure of IEEE 33-bus distribution network system
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Table A3 Node correspondence between two networks

i FEL oA S RN HBH XHEH

A KUE HOHEAW Ui /kvar BTG T A RERAE/(MV-A) HEH/Q HT/Q
0 1 100 60 24 6.0 0.092 0.047
1 2 90 40 2 6.0 0.481 0.251
2 3 120 80 3 6.0 0.366 0.178
3 4 60 30 11 6.0 0.381 0.194
4 5 60 20 4 6.0 0.816 0.707
5 6 200 100 5 4.5 0.187 0.619
6 7 200 100 6 4.5 0.711 0.235
7 8 60 20 10 4.5 1.030 0.740
8 9 60 20 7 4.5 1.044 0.740
9 10 45 30 — 4.5 0.197 0.065
10 11 60 35 9 4.5 0.374 0.124
11 12 60 35 12 4.5 1.468 1.155
12 13 120 80 13 4.5 0.542 0.713
13 14 60 10 14 4.5 0.591 0.526
14 15 60 20 15 4.5 0.746 0.545
15 16 60 20 16 4.5 1.288 1.721
16 17 90 40 23 4.5 0.381 0.574
1 18 90 40 1 4.5 0.164 0.157
18 19 90 40 26 4.5 1.504 1.355
19 20 90 40 20 4.5 0.410 0.478
20 21 90 40 21 4.5 0.709 0.937
2 22 90 50 22 4.5 0.451 0.308
22 23 420 200 25 4.5 0.898 0.709
23 24 420 200 27 4.5 0.896 0.701
5 25 60 25 29 4.5 0.203 0.103
25 26 60 25 28 4.5 0.284 0.145
26 27 60 20 17 4.5 1.060 0.933
27 28 120 70 18 4.5 0.804 0.700
28 29 200 600 19 4.5 0.508 0.259
29 30 150 70 — 4.5 0.974 0.963
30 31 210 100 8 4.5 0.310 0.362
31 32 60 40 — 4.5 0.341 0.530
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Fig.A8 Distribution of EV charging stations under Scheme 3
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