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Fig.4 ERI results of distribution network
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Fig.5 Comprehensive risk assessment indicator

results with different EV capacities
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Comprehensive risk assessment of multiple types of electric vehicles connected to
distribution network based on principal component analysis method
WANG He',YU Zhongshu',LI Xiaojing’, BIAN Jing'
(1. Key Laboratory of Modern Power System Simulation and Control & Renewable Energy Technology,
Ministry of Education,Northeast Electric Power University,Jilin 132012, China;
2. State Grid Jilin Electric Power Co.,Ltd.,Changchun 130000, China)

Abstract: Aiming at the operational risks of safety and economy caused by the integration of new energy
sources and multiple types of EVs(Electric Vehicles) to distribution network,a comprehensive risk assessment
method of distribution network operation considering multiple risk factors is proposed. Firstly, the temporal
probability distribution models of wind-photovoltaic output and EVs are constructed,and the subjective initial
state-of-charge of multiple types of EVs is replaced by the daily mileage. Then,based on the complex network
theory, the time-series safety indexes such as voltage overlimit risk and branch power overload operation
risk are proposed, and the indexes of economic risk and network efficiency risk are established according
to the economic operation of distribution network. Furthermore,the risk assessment matrix for grid-connected
operation of EVs with different capacities is constructed, and the PCA(Principal Component Analysis)
method is used to reduce the dimensionality of risk assessment matrix and calculate the objective weight
coefficients, and the results are ranked by comprehensive risk assessment. Finally, taking the improved
IEEE 33-bus distribution system with wind power and photovoltaic power as an example,the validity of the
proposed risk indexes and the rationality of the comprehensive assessment method are analyzed, and the
PCA based comprehensive risk assessment method is compared with the traditional safety risk assessment
method. The results show that when the safety and economic factors are considered at the same time, the
operation risk within a certain range has a downward trend when using the proposed method, which has a
positive guiding significance for the planning of EV accommodative quantity in a certain region.

Key words:electric vehicles;risk assessment indexes;complex network;principal component analysis method;

comprehensive assessment;distribution network
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Fig.A1 Change curves of voltage and current in CC-CV charging mode
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Table A1 Parameter setting of EV battery
EV A R/(Ah)  FUEFRHEBER/A  BWMFEBRENY  mHEERKENV  BEKEEHKkm  RHEE%
BERE 200 20/150 316.8 345 400 90
NLH 600 100/200 540 597 250 90
L7 200 150 316.8 359 400 90
A% F 200 20 316.8 345 400 90
FT A2EV BipiFeH
Table A2 Driving characteristic parameters of EVs
EV 37# 78 LI B AT AR 7 LI ZI A 2R 43 A1 H AT 3 BLFEME 2R3 A5
i 10:00—16:30, N(14,1%),
NEE N (4.4,0.35%)
23:00 X H 05:30 N(23,12)
02:00—05:00, N(4,12),
R 2 N (5.1,0.35%)
11:30—14:30 N(13,12)
09:00—12:00, N@©,12),
PR 14:00—17:00, N(14,22), N (3.58,0.882)
19:00 £ H 07:00 N(19,22)
AT B 19:00 =X H 07:00 N(19,2%) N (3.58,0.89%)
23 24 25
-~ e
1 2 34 5 6 7 8 9 10 11 12 13 14 15 16 17 18
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Fig.A2 Topology structure of modified IEEE 33-bus system
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Table A3 Parameters in two-stage variable power charging process of EV battery in

CC-CV charging mode

E, K,

A B

R

1.0834 U, 0.05645 U, /C,

0.08496

60.0619/C,

0.01U,/C,
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Table A4 Capacity proportion of various types of EVs

EV A AR/ %
BE% 54
NIH 18
HAHLZE 18
A% F 10

#* A5 DG MIAESH
Table A5 Simulation parameters of DGs
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Fig.A3 Change curves of distribution parameters
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Fig.A4 Output curves of DGs
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Fig.AS Voltage out-of-limit risk of buses in distribution network
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Table A6 Standardized risk indicator results under different EV capacities

EV & &/MW F P AR R AR SCHR IR ELLR EPLR K3 224 AR GERG=ip 6
8.0 -1.342 -1.215 -1.758 -1.044 -1.234 -1.381
8.5 -1.098 -1.063 -1.417 -0.884 -1.181 -1.337
9.0 -1.032 -1.016 -0.827 -1.132 -1.072 -1.133
9.5 -1.015 -0.988 -0.763 -0.732 -1.005 -1.022
10.0 -0.856 -0.897 -0.581 -0.706 -0.911 -0.699
10.5 -0.659 -0.697 -0.473 -1.079 0.614 -0.568
11.0 -0.402 -0.441 -0.365 -0.729 -0.513 -0.226
115 0.253 0.119 -0.164 0.297 0.169 0.121
12.0 -0.081 -0.180 0.382 -0.101 0.056 0.165
12.5 0.155 0.169 0.440 -0.057 0.353 0.440
13.0 1.045 1.054 0.737 0.871 0.842 0.689
13.5 1.070 1.061 0.865 0.955 1.078 0.918
14.0 1.351 1323 1.093 1.251 1.289 1.056

®AT EFHEE
Table A7 Factor loading matrix

RSy PR R R XSS S I A ELLR EPLR PSR o EL o e AP
Y, 0.992 0.986 0.924 0.915 0.992 0.972
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