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Smart charging strategy of large-scale electric vehicles based on adaptive genetic algorithm

ZHANG Cong', XU Xiao-hui®, SUN Hai-shun', ZHOU Xin'
(1. State Key Laboratory of Advanced Electromagnetic Engineering and Technology, Huazhong University of Science and
Technology, Wuhan 430074, China; 2. China Electric Power Research Institute, Beijing 100000, China)

Abstract: Electric vehicles connected to the grid exhibits strong uncertainty in time and space. Dumb charging of large-scale electric
vehicles might have adverse impacts on distribution system by causing much high peak load exceeding the supply limits of devices.
This paper proposes a model for smart charging control of electric vehicles, which takes smoothing the daily load profile as the
objective function and fully accounts the EV owner’s requirement. An adaptive genetic algorithm is applied for solving the model.
Using the IEEE 33-bus case as the test systems, scenarios of EVs integration are simulated by Monte Carlo stochastic methods. Smart
charging strategy is obtained using the proposed model and method. By comparing with the load profile under dumb charging, the
validity of the proposed model is proved.

Key words: Monte Carlo simulation; adaptive genetic algorithm; smart charging; electric vehicles; distribution networks
PESES: TMT1S SCHRFR IS : A XHHS:  1674-3415(2014)14-0019-06

0 == FLAS HLA4 T il S0 [0 60 7 i L i
= FROB ., AL A ot B 24 0 AR
BRI RIEREG ) B LS B AR TS DR AR Bkt B — R, 7%
TER R T LA REURPE e o s PRV TR b, EFR AN A T Al S 1 A
B PTG TR AR AR LT T, 350 48 0 B K K e A
FHSF A WEEEIE X, WIAETIZ0% AW, ik, TFR LR AL A

wEl, X E FL P S I DA BRI 78 FL P RIS, S
KBS WURBENLE P L e AR ARt il
HL, RO RN RSB . R A R SCHR[S- 6]$@”jJ\_L oI A BOR I 51, SEEL

e S TP A AN T AR . RN b, B BB A IR ) R A R R (M, Y
ﬁﬂﬁ%ﬁ%$%¢ﬁﬂﬁ%§%mﬁ&&ﬁm7
EEHE: BRQ AN RBETERALAR RS ST %ﬁfﬁﬁﬁ@%ﬁﬁ%%ﬁf”

(NY71-13-014) PR ) . SRR uﬁ%%%ﬁ¢ﬁﬂﬁf




220 - CE R R R EEL

it £ P Bl e /AN RCE AR H bR, WEST T e AR
MLV 4 7 F I s sk, (RS0 h BT KRR,
Bz e MSEHTE . SCER[813& H e /MR T 22 I
KA ] R EOR /S 3R = RN R H FRER S, %
b T =AY AR AL 2 AR S K, (RIS SR
ST AR A T2, RIS S X R R B))
R A G e v-Ril. SCER[9TEE . T —AN PATE
FoL 9 D453 5 /N S E AR IR PRV FE LA R, JF
R8T e s sk DA S R R IR B S A0 0. Sk
1015 T LAY 70 HL A A 34050 43 I FH 7o F
B\ PR HAR 2 AR r i, JEbas T
WP B s AR R o SR

AL UL AL 4 B e e T U0 %2,
gh G B B BV A R S e LR, B R
JI 78 HL R DA R L Y e A AR e s AT A R SR A A
DA R Dk 7 Ao 2 2 B/ A H bR, LT
AL R BNV A e 70 FO SR WS SR AR BCA R, JF
P& S N I A SO0 78 R RIEEAT T LA A
FEF e AR T3k, LU IBEE33 ML RS
ol 0 LRI T R e A R TE T A8 R o e LR
26T AT FEL P PRI

1 MELRIIETRBATHNEINER

ML VR E R AT IR FE IR,
FIOTRERE A YRR . AR . 7 FRR
AT FE i sems Ay i,

H BNV I Fth 2R TR U TR AT B e K
AR AR, b A R, VAT R
e, AR EARN G rUEARFEMER, B
MWMARESAME, — s, SHEIARE I
P BRI S FA K KIRZ &

Har e i F e . Polze i, 4l
T =P R A A DA R 7o L FL A B
KIS Ta) A X 3 AT PRI 7e v, — e 7S HL IS ]
h 8~10 h, iZAR A EEE XK EARH R (220 V) 4
A i s (EEAE TR R A A= 417),
AL AUE R B RAIG . ARV, TSR
PR 76 rpAR RS 7 R T P S etk B sl e
FEIRIR A B — Rl 7 By vk, H R ) 78 W i ) 2
10~30 min. 1245 3 ] DUPRHAF ST LR AN A2 5 (1)
FLREANS ) A, (DG R Rk iy, HUIE A K 7
FEL A o S o PRt T I S e P YR A
TALRR B Fe H ) H IR, A it B 0 2 T DATE
10 min Y 5Ef. 0T R RIS Hh, — R H
7o i TP Fe . AN T I e
DA AT 2 HEAE SRS N B3 AT, A AT 4o )

Wty 22, [FIFEA ROt T BE it e i AR R
SEAER,  HAH) T A AR . (H R
SRR R e, BB R, HEDR
HLIKIANE . ZHEES—

ML SN L ) /SR IR P AT O R A
R R 78 N (] R H R I AR
WA RO LG 78 U TR, AL Ha iR
LRI F gt SRR o0 el g P v ot A RROK
AR RN TR LE, e TSR
& MR AERNGE T e RSN TR, A S
SCHR[1313E - E /R BHR BER T AL ahy (% AT U )
Jiiks CLGHAE HBhi 4 7 LN [) A 25 I 1A

[FIEL, AN 78 HL sk, FLalv i B ok
L N I B B N P L o Y e AN L
MGk, e =M, BB Rs
—RIATIRDR A B 2 e AR T B
THhazer, AR, KRR e iR g
W HE R 2 (AR o 73 I FL i BUR S — o i
T LR, AR AE F (A I L Ay
Mt 51 AR I TS v 21— 5 IR A
B AE 7T FLI A FR A A P e HE L SV I S LT
X, SEBLRRM Y LIz T

2 REHAEEERBRMILHFRE

2.1 BfRERES

ARSI R B s vk R
KR AT AT B LU i sy (AR N %1 ¢
TR AR, LU S b2z e g P H
xRl

LR 2
mln\/?'2|:2(x;XPEVi)Xn+Roadt_Blvg:| (1)

t=1 L i=1

Kot v HEEERIG T AR K
e 1101 (1A e ML B /2076 P 5 7
Py, FER AR AE TS BTN, AW 5 g
SORFEHCE: B HLE (N e 3 L
RN, Whnew s b, Fe H S IR TR,
P IR A

avg

M=

1
Pavg :?Z|:

t=1

(xzi XPEVt)Xn +})loadt:| 2)

i=l1

2.1 HREH

(D HFP el R4 R

T AR B R IE B PR
AF:

(E-STSAPN



K IE, 5

BT B NOEAR AR AL FL Bl O e 78 L SRS T -21 -

SOC; <100 ?3)

tdz_l(xt" ><AT><PEW)><7]

0<80C!, - SOC!, <=0 x100 (4)

C
X soC), LRI IR R E; AT
TR K C R E A e
BUE R, 128 AU T LN TR AT AR, R
M EIFIN, sl A i i A DIk B e
1H.
A (S)g T 45N 21 L B 3 2 2

(x! xAT x.PEV[)xn <100 (5)

50C!,, =50C! +

X, soct,, TRz e+ 1 BB I LR B4R,

W x' =0, Msoc!, =soc’, LR 4uinZl

B AR, AR ETE T — N ZIA R A .
(2) AnEEI R R

X=0; £ <t<t (6)

e o N EAE IR, ASORGE 5
YT AR ZURIE N LR s £l FBhiR A2 B T
%0 %R A BT I MR A T AT
fEFe .
(3) i HURZ R
urt<u;<um™ (7)
A U FUT o158 j Bk B
PR
3 BEMEEEZ

WAL (GA) J&— RS AW S Bt
AR RN R Tk, W iE s, X, A&
TR, DML TR A Rk
T8 N BEAMAAE Ay e At H o SR ] BT A SR
FH T3 1A MR 2 RN S i, 220 T BE gk A it
FEFP I G N RRE, XESEma R R, o
HI S N Rt mit. BiENEHEELE (AGA) R
M AR IR E B IENAS RS i, LA
PEARFFAMA IR AL () 2 AR, B bR Sk sk
P Jaift. Wik AGA 5 GA 7EANEL—SL{ 1k i)
PR R I, AGA R PRI Sk 2 4 Ry i, A
I, SCACRIN H 38 Mg AL SR sy 44 e
78 L SRS

HIE N AT R PRI % P, nl UIE R
R CER

Pc:

Pcimax _Pcimin 1
Pcimax - T xGen ﬁt >ﬁtavg (8)

Pcfmax ﬁtl < ﬁtavg
R, P WK P WIS U
Ry Gen NHANEMIREG M R KA UEL

fit! Feon—IRAT X B FH PRI IE Y B ﬁl‘avg T
A IEAR AR IR I8 Y R P
P, =

Pm max _Pm min
Pmimin+ T x Gen ﬁt>ﬁtavg (9)

Pmimin ﬁt < ﬁtavg
Rif: P, o WIIEREE, P, WEAER
WER s Gen N 2 REARE M i KIRIEACR AL
Sit LR BTSSRI F ARG N I 1 o IS
AL I R
T4

b WIARACT AT RO,
AN MKINENL, Gen=0

i A

IR P
AR

AL 2

= H 0 Wikrand<Pe,

HWATAE SGE
v
VL Wiirand<Pm,
AT S 5

T FINTE T AL L AR
THERTERAME

1 BEREERZNEHEIREZE
Fig. 1 Operation flow chart of the adaptive genetic algorithm
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Fig. 2 IEEE 33-nodes distribution system
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Fig. 3 Daily load profile of the test system
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Table 1 Comparisons of system load level indexes
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