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Multi-objective optimization charging strategy for plug-in electric vehicles based on time-of-use price

TONG Jingjing, WEN Junqiang, WANG Dan, ZHANG lJianhua, LIU Wenxia
(State Key Laboratory for Alternate Electrical Power System with Renewable Energy Sources,

North China Electric Power University, Beijing 102206, China)

Abstract: With the increase of plug-in electric vehicles (PEV), the uncontrolled charging of them may pose a wide
pressure on the operation of regional distribution network. In order to reduce adverse impacts of PEVs, an intelligent
charging strategy for a cluster of PEVs is proposed. Considering several constraints such as the charger’s maximum
charging power, a multi-objective optimization scheduling model is proposed with the objectives of minimizing the total
charging cost and minimizing load variance basing on time-of-use (TOU) price. The Non-dominated Sorting Genetic
Algorithm I (NSGA-II) is adopted to solve the optimization problem, and the MATLAB calculation results prove the
feasibility and effectiveness of the proposed strategy. Factors such as the number of PEVs, the TOU price and the length
of time-window are also analyzed to further study PEV charging load’s characteristics. Some operation advice is also
given based on the analysis above.
This work is supported by National High-tech R & D Program of China (863 Program) (No. 2011AA05A109).
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Fig. 1 Structure of centralized intelligent charging
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Fig. 2 Flowchart of calculation
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Table 1 Data of time-of-use electricity price
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Fig. 3 Daily load curve of power grid

3.2 AR EBRFRENMUERST

i i MatlabZi F K L0 4L, NSGA-IIH%
HSHORCE N PREECESO, S KIER k%200, A2
M08, BHF03. HINE R E K50, B
PEACET R DI B8, 494 HINSGA-TIFEJE i
BOdAT LA LN DA 2 ¥ Pareto i v -
700—
600F %
500} %
400}
300t oo
200t T,
100} o
0

Fe gk /oG

% g,

110 115 120 125 130 135 140 145 150 155
SRR KW
[ 4 NSGA-II i+ B &9 Pareto BIIE
Fig. 4 Pareto front computed by NSGA-II

NSGA-II-2: 1 #3 31| () Pareto i ¥ 43 A ¥4 4 H.
R, B TSV SRR S B AL
AT . ParetoRif ¥ 7 A B A FE BN TR 245 78 FEL A R
S ST AR 22 (BT T 28) X AN I S8 1) H A e 4L
AT R T F & IRl 8 ot 4 nT ANk 4 5 4
P bREZE MR, Fe i o & M AR, Rk e
FEACA I BE FL YR R 78 L ok, B I e L 2k
FHERARI, H 2] B2 CEARAN I BEE 1 By /s v
U, BRSO shPE, BB B ST bRt 2= .
AT I 7 H SR s X A [ B sl A 7 F A FE 1)



IS
12‘EIHEIH’ fr

ST I A I HL YA 2 H bRk e b SR - 21 -

R, AR5 500 1004 200 BN BT DT EL L
o B S & 100 4 R ER AT Z 5 DL
NI, FH RS T e SRR AR L)
RH W, FFEVIRE, BEAER AR
U TR VA — I AU DL K7
RIAT M, HARIEF] SOChae

400
=
<
5 300
=
2 200
Qe
<l
w100
}%

.0 e

0 2 4 6 8 10 12 14 16 18 20 22 24
t/h

400 ,
=
= 300
=
200
e
X100
Y

Y R I N e P O P

0 2 4 6 8 10 12 14 16 18 20 22 24

t/h

5 100 ME I ERZIEEZIEFRENES HE
Fig. 5 Charging power distribution diagram of 100

vehicles without and with control

A T A B 5 R R E s mT A AER T TR RE A R
FEWE e, AR T RSV ST AR, 2T
/N T RLBYAE G0 FUR R bt o T HLAS FRL SR
AR BV AR BEAE SEACIN T 0 BE, AT SE A
R v R S A S o

00 =R I RV A T 32 S A2
FEPIRRIE LT B EE B b, T S HOAE P Y A
B YA AT o B DU R e ZE M S L B
()t s T h B T I ) B e HE R v
SR, DAEGUE i PE AR RN SR A SR ] T S s
HmArE, g Rk 2.

*2 FESFBRNTEIERLIFEER

Table 2 Optimized scheduling results of electric vehicles

under time-of-use electricity price of charging
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Fig. 6 Optimization results of different value of m
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