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Abstract: Planning and operation of distribution networks become increasingly challenging with the large-scale grid
connection of electric vehicles (EVs). Studying the orderly control and unified scheduling of EV charging and discharging
can facilitate peak load regulation assisted by the load of substantial EVs. In response to the distribution network overload
caused by the extensive grid-connection of EVs, a potential evaluation method for electric vehicle aggregation considering
subjective and objective response capabilities of the grid side and the user side is proposed. Then, EVs are classified by
the k-means clustering algorithm and contour coefficient method , which improves the efficiency of the model solving when
massive EVs are connected to the grid under the premise of sufficient operational fluidity of EVs. Finally, the weight set is
obtained by the comprehensive weighting method combining the analytic hierarchy process and entropy weight method ,
and the aggregation potential evaluation result of electric vehicle demand response is obtained by the rank-sum ratio(RSR)
comprehensive evaluation method. The simulation results validate the effectiveness and superiority of the proposed
evaluation method, providing a new approach for the unified scheduling of EVs, and having engineering value for ensuring
the safe and stable operation of the power grid.

Keywords: electric vehicle; power grid; peak load shaving; demand side response; quantitative evaluation; clustering

algorithm; analytic hierarchy process; entropy weight method ; RSR comprehensive evaluation method

0 2| (EBL IR N UV s DI N6 A RS d iIN ER I R R
% (Electric Vehicle, EV) 4375 20 g 58 45 0] b r 7]

B A R 0 TR AR LA ST SR N (BB R AR P I 22 0 67 e DR K T B T 3 A T
PEEBE IR . Hoh  EV B far i T AL IR

ES T % [ AR 34 H (61933005) AT R SRR FE T RE IR T SR e 0 A 4 e R
National Natural Science Foundation of China(61933005) HE KR Z 2] 2w BV 5 i SE

ik

© Editorial Department of Integrated Intelligent Energy. Thisis an open access article under the CC BY-NC-ND license.



D ;5-\/1‘;#& gﬁt'«l%\

% 45 %

P Tl 2 R RIS £V H2 A 5 | e F, o ™ i 17 i
[P BRI — o TR R LGSR RT3 T
QAT AR £V 57 1 3 2 YRR, i o ) B2 AR, B
RV B A, ik — 2B T BV kR FLI A 2
P= S G

Pl A A2 2 O ORSE VT ] 88 i g e L o
AR IR, 72 EV B ) 385 8 0 PEAG 7 T It 1 —
EWIE . CHk[5-6]7E EV A K (Vehicle to Grid,
V2G)HEHE N &Sy THEREEV i A P L7
HIAR A, S FUEAL EV 2 5 d A Dh s il 4t 1 4%
ARIEab . it —PaL EV X HL M A DA H &
SCHRLT7 MR T nl P8 R 1" A&, BB EV A &
18 P B AR AR TR H BB D AT P R AR AR R R
AL T EV R P AT EERE I PR A R . AR
filt b, SCHRL8 4 1 — i bRk 5 vl Bk 5 5K e oz v
RE AR PPAN AN SRR LAY . F 3R 2 FhITAG
T3 AN AN AT SRt L A 5 i, o )
oK, T RRAS A ey 1Y 28 S DA S IV Py T RS AR
B, AN, BrRs SRR H XS EV S8R AT A 198 S
FHABR, PR , A5 8 0 380l BIR o 5 7 i e, IR ) A
4545, VISEILEV SEHCRAT R AE , DT 52 7+
PEAR A HE

FLAD , 51 XHERE EV R G845 1A TT 5/
WE 5T A X B o SCHR [9-10] 3 1T 2 Ik 43 B i
(Analytic Hierarchy Process, AHP) FI A 1 5E 1
DU 2 AR bR 2 AL, 5 2 UGS R B 255 PR 7
ARG G, KPR FE 64 32 1A B 52 e i A 7 i A0 O e
TFA A, o SCHR L 11-13 143 B0 R A 45 fiee B 5
25 RN LG LA SR 255 PPN V2 2 37 T P T DA
BEAY  AH DL BRSP4 2R Y
FRUAE AR 255 FCE R AHP 19 % W1
A 9 VAR SS &, AT DL AIE 15 B A i [R]
FISHE I = 2 WL P 5 T

ASCAEC A IR F 48— Fh R %
WL 2 BE T3 1 BV 5508 1 PPk O ik R AR AR &R o
ZIAEREGEVS HSEMAGERHNZER
P e r R0 B T A P 3 T k-means 26
B EV A 2607 TELRIE EV s 4T sl ik
RUARE T, 2 T R BV $2 A BB R 1) SR fif 330%
iz F AHP 50 B2 A 55 1 255 IRA A 2 AL
4 S BRANLZR SN T A 2PN 25 2R

1 EVZ5RMANEHIESR

L ] IR T T 2R R EV 0L R fE
YRRV FTEV P 3 W00 7 3k 45 B A4 i, £ 7%
R RO 55 P P PRy o RS EV AR FERLAT

PEATHEAS] 70, 8 3 B 25 5 A A X BV R] I
WA T RATA

EV 25 A7 D i HE SR e Ay 3 B2 vt |
EV SRR EV FEHLEGFTEV F P 443843,
WE L R7R o BE AR i IR b 5 R P R 5E
HL 3 Z ] A A, AT DL SE3R EV A7 far 19 40 A =8 B
AR, 2 EV S 50 A R 0. BREH
— J7 T % BC A RO 2% 2 A S5 5K e (Demand
Response, DR) 55, 55— J5 AT EV &4t 7t i il 55,
6] (5 X5F 22 5 DR EV P 25 75 T 3 28 4 193
Jil 2l o BB EV ST B H 3 A FRAE B A RE
J1, W B EV 57 55 7 AL 2 A4 P 3 HL R SR O R
RIS, FTXEV A A SEHCR D 3R 31T 8 45 F N
ANTFIZERLRY BV G ] A [R] 59 78 R TR

BRI

m&%iT DR f5

H A A R AR

J J
HENAE | | mEaE sy | |FRSRBR
WRER | | SRER fiks
3 FE TR H T Y
‘ LR A L EV Fi /2
Ji P 7 ok

E1 EVZE5RMNAEHIIELR

Fig.1 Active power control framework with the participation
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Fig.2 Evaluation on electric vehicle aggregation potential

considering subjective and objective response capabilities
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Fig. 4 Evaluation on the EV response capability
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Fig. 5 Daily load of EVs
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Fig. 6 Grid connection and disconnection time of EVs
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Table 3 Calculated evaluation indicators of each group

EiEEan gzl REfAR 2 HEMR3
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R, (bR £ AH) 0.08 0.05 0.06
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T,/% 0.967 0.857 0.733
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Table 4 Standardized evaluation indicators of each group
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Ry, 0 1.000 0.283
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n(p) 0 1.000 0.710
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Table 5 Scores made by nine-scale scoring method from experts
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Table 6 Comprehensive scores of different groups
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