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Optimal time-of-use price model considering satisfaction degree
of electric vehicle owners
GAO Yajing',WANG Chen*, LU Mengkuo', LIANG Haifeng'
(1. State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,North China Electric
Power University, Baoding 071003, China;2. China Nuclear Power Engineering Co.,Ltd.,Shenzhen 518124 ,China)

Abstract: The random charging model and V2G(Vehicle to Grid) discharging model of EV (Electric Vehicle)
are analyzed and the demand response model of EV owners to price variation is built. An optimal TOU
(Time-Of-Use) price scheme is proposed to influence the charging / discharging behaviour of EV owners,
which balances between the profit of grid and the EV owners’ profit and satisfaction. Case verification shows
that,the optimal TOU price obtained from the proposed scheme guides effectively the EVs charging in valley
period and discharging in peak period,taking care of EV owners’ satisfaction while improving load curve.
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Fig.1 Simulation model of EV on-board charger
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Fig.2 AC-side voltage and current of
EV on-board charger
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Tab.1 Harmonic current ratios of an EV on-board charger
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Tab.2 Comparison of different order harmonic

currents between measurement and
national limit

WRVCEC FTRALEI R /A RORAVFRIOR /A

3 0.420 2.30
5 0.037 1.14
7 0.020 0.77
9 0.006 0.40
11 0.020 0.33
13 0.012 0.21
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Fig.3 Electrical model of single-phase transformer
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Fig.4 Equivalent model of single-phase transformer
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Fig.5 Model of three-phase residential distribution
network with EV on-board chargers
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Tab.3 Parameters of three-phase
distribution transformer

WUER I, KL =4 EE Ji i
(kV-A) BT/ %  Hii/% /AW /KW
500 4.0 1.0 0.96 5.10
800 45 0.8 1.40 7.50
1000 4.5 0.7 1.70 10.3
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Tab.4 Voltage and current distortions caused
by connecting EV on-board chargers to
three-phase system

ZE L 500 kV-A 800 kV-A 1 000 kV-A

Loy BIEEE VW RIRW WUOE IRE LU
WG BH/ D K/ U R/ % B/ % ER /%

1 2.69 10.69 1.97 10.66 1.58 10.52
2 5.19 10.70 3.79 10.73 3.12 10.80
3 7.47 10.84 5.55 10.79 4.56 10.73
4 9.63 10.87 7.22 10.81 5.92 10.77
5 11.66 1091 8.71 10.87 7.22 10.79
6 13.55 11.00 1034 1091 8.53 10.87
7 15.29 11.07  11.79  10.89 9.74 10.85
8 17.05 11.13 13.07 11.01 10.85 10.92
9 18.46  11.13 1439 11.02 1198 1097
10 1996  11.15 1569 11.10  13.08 10.97
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Fig.6 Variation of harmonic current ratios along with
number of EV on-board chargers(three-phase)

& 6 AT Bl 42k T B AL 5 B0 i, 45 UGl
WL SRR B i o 3 5 7 Ok R R
ZEMe IR M 11 .13 .17 .19 U3 & R I A Yk
FEARAE . M ARG BRI 35 YOl I EUE
A S Al v D B

HE—25 B % 4 BHiE vl e e A A 8 42
A HALWIEIE T |, Bl AR F#8 28 mfoK | H He I AR
FERAG, 7ESE 2.1 VT AR B i AR R AR
(e N R STt A NI R B A TR = S e o A
FEAR TR AR IR R 5] % 1) L R B AR R AIG L 45 A B R hw
#fE GB/T14549—9321 5 5% 4 $4ls nl 15 | Fc v 48 e
AR VPRI AR ER T AL L
PRI | 78 s 25 B2 2500 (A5 /N IDXCHE R Sk 2 AR i 2 38
FEEMLIG B Z A0 A T KA B RS I B AN R T
RGEMEZEREIBIT,

23 BEBBRZIEEDT

55 A e AR B, E TR R G A ) ik A
FEERAR B0 AT (5 PR O A 2 AR M) R R XTI — RO
B a RAN B 2 s d | & A st
PUAE A M 8 BT 22 /I DX N A (R B A T AL AR R

v o LR S BIRAIE 7R ST AL /N G = A
T3P 25 A (0 B AR A T i | T A 2 R AR AR
et PR B I it O T TR SR AR
FE HL N 2R BT A T R B R | ST A
FEHL LAY SR TG i RS RL AN 7 s | [V RE R T
D7 HL 28 W T A& 58 i fir ML 4

s BB EE S

B TR A%

7 REAFERFRNNNK ABERMNER
Fig.7 Model of single-phase residential distribution
network with EV on-board chargers
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Tab.5 Parameters of single-phase
distribution transformer

WoEs /K EE7 Bt 7 Sl i
(kV-A) BB/ % W/ % WFE/KkW BFE /KW
50 3.5 2.3 0.15 0.95
80 3.5 2.0 0.20 1.40
100 3.5 1.9 0.24 1.65
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Tab.6 Voltage and current distortions caused
by connecting EV on-board chargers to
single-phase system

- 50 kV-A 80 kV-A 100 kV-A
sy CRIEEE RLVEET RURES RRES RURET AR
AR G ER/ D R/ P B/ N ER/ D AER /P

1 10.07 4.30 6.77 4.67 5.56 4.66
2 17.87 4.02 12.38 4.24 10.40 431
3 23.97 3.66 17.22 4.00 14.67 4.14
4 28.94 3.37 21.52 3.78 18.34 3.98
5 33.09 3.16 24.95 3.57 21.61 3.73
6 36.62 2.93 28.17 3.40 24.57 3.04
7 39.65 2.81 30.96 3.29 27.35 3.50
8 42.32 2.66 33.48 3.17 29.62 3.38
9 44.64 2.51 35.73 2.97 31.84 3.17
10 46.72 2.37 37.84 2.92 33.81 3.09
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Fig.8 Variation of harmonic current ratios along with
number of EV on-board chargers(single-phase )
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Harmonics caused by connecting EV on-board chargers to
residential distribution network

WEI Dajun,SUN Bo,ZHANG Chenghui
(School of Control Science and Engineering,Shandong University,Ji’nan 250061, China)

Abstract: The characteristics of harmonics caused by connecting EV (Electric Vehicle) on-board chargers to

residential distribution network are analyzed. The models for simulating the connection of EV on-board

chargers to traditional three-phase and new single-phase distribution networks are built based on Simulink

platform and,combined with the analysis of distribution transformer impedance characteristics,the variation of

generated harmonics along with the number of connected EV chargers is compared between two distribution

models. Results show that,the harmonic current changes gently while the voltage distortion rate increases

significantly along with the increase of charging EV number for both models;with the same number,the

greater the distribution capacity is,the smaller the voltage distortion will be;the harmonic voltage distortion

of single-phase distribution is greater than that of three-phase distribution,with growth of 70 % above and

showing lower tolerance to harmonics.
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harmonic analysis;



	电力自动化设备1402.pdf

