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Optimization scheduling strategy research on synergistic
utilization of electric vehicle batteries and wind power
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(1. Economic & Technology Research Institute, State Grid Shandong Electric Power Company, Jinan

250021, China; 2. Shanghai Key Laboratory of Power Station Automation Technology, School
of Mechatronics Engineering and Automation, Shanghai University, Shanghai 200072, China)

Abstract ; Aiming at the problem of how to collaborate between electric vehicle batteries and wind power to achieve the peak load shifting
of load curve, the optimization scheduling strategy of synergistic dispatch between electric vehicle batteries and wind power is mainly
investigated in this paper. Firstly, the synergistic dispatch model including electric vehicles, wind power and power load demand is
established, and three constraint conditions of the available time, the residual capacity of battery and the charge-discharge power are
proposed by considering the characteristics of transportation and power battery of electric vehicles. This optimization model is then solved
by the improved particle swarm optimization ( PSO) algorithm. Finally, the simulation experiments analyze the factors affecting the
synergistic optimization model by considering three kinds of wind power outputs including normal and peak-regulation and different wind
power penetration and the number of electric cars to participate in power grid interaction, and the effectiveness of the synergistic
optimization model to achieve of the peak load shifting is also confirmed.
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b, TR B S RE R 52 2 H 25 S, XU AR S — A
TG R T RE IR C 2 AE [E N AMG B st K Jig o o
Bl KU B G Tl 48 4 AR ) 2015 AR, 42
BEE AL REDR H i A I B R PRE TS e 8l A XU T F A 21 689 7 kW, Jih B2 I M 7 &

e F 459 .2017-09 Received Date: 2017-09
w FAIE L FF A ARRS T ST H (61633016, 61533010) . FHETTRMER A Z R4 H (14ZR1415300, 15JC1401900) ¥ B

1 5

T




- 502 - RIS R e R

3%

12 671 J3 kW, Byt ] U XUA, © 28 5 oy R [ fig U5 i) o 2
ARy o SR, Fh T XU ) BEBL 1] B R shik | v
R LA AR E b, T B B R A B X
WSRO P STy d s et i o S SN OF £ 91778

H AT, AR P 32 AL 1T HL ] 58 D B3R A
B4 WA 5 T8I K S8l R 1 P Bl VR 4 I R g feli 1 B
Sk 4 iR SR AR IR T AR 2 AR, KR
BRI I 7 H Fhvh 23 45 L I SRR Y b . DAL
25 R B YRR 7 L 95% B[R] PR ET AR b i RE 2
mm 4] ,Kempton #1 Letendre $& i T HL )75 4~ 5 . W H 5}
FH AR (vehicle to grid, V2G) , HiAZ .0 AR ST 2 Y K ik
BRI BN RE LBl g AR Ry oA A RERE e, DS
LR 0 5 FhL 0 A A UL ) B DT A ke L R A R
1, 3 A5 = ] PR RE IR 3h Ay i

JRUREL PR K Ji | T IS (At e Rt , T K o
FL SV 4 DR I STV D i AR 2RE L, DR, BT T J U,
55 V26 BB mlE B E M 5 R Y A AR B T A
NGB R T o SR L 11 ] i i — 2% p i 3l 42
FETCHR, 3 s 3 B T (8] BEATL A 14 DXk 3095 4 FE L
HL P2 T SR s SCBRL 12 J 42 8 1 W 3RS OB LAk 2
05 ST Bk AR RS 12 (PSO) JEAT SR A, (EZ AN
24 h A {2 T LSRG 38l TR A AT AR ; SC
BRLI3 T4 1 — o DXl Fl I Fi Sl 942 SE vl 5 XU R, 3 )
A R R, SR AT 7% B PR Bl VR AR TR 1 oK e I B g
BEAE Ay B PR R 5 SCHRL 14 ] BF98 1 IXUHS H 295 4 b )
AR v P XU 2 R T OS2, A3 BT T HL SR 4R R
FEHLBL A H R, H 2 &ﬁ%faﬂﬁﬁtﬂj} 6 T8 X 42240

BEJIMSZ R, LA BRI AR5 T KU 5 SR 4 m

PHA T, (H I Gk = TR AT HE H SR 242 S0 H I 1) SR
AT WU, 5 i 3R 4 R BIME A ISR .

T DR AR, H Bl R A R R S B A it e )
W SELAR (R, A SCE e, TR A S SN E S
JAUHE S T3 BRI A AR AL, B2 1 1 L SR 4R 1 a] (]
H R A 2 1 R SR TS R 3 Y R, AR S R Tk
PRI PERUE S PSO S0 HEAT SR Al , I I 2 56 56
UE T HL B4 XU H P[RR A 24, S B 1 6 £ £
LRI IAEALAS

2 RE—EHRESSHEMNEIHEER
B AR

A R Bt s 25 G KU R R AR
R, AR BT it 2k 1 07 22 pREE S/ N RO S T Al
(4 F bR eR B, SRS 4 B A L SR R 2 5 L R L B 2
FOORA 3 RTINS

2.1 BirEE
ARSI P 5 — H Y T8 0 fif il £, i J g
AT Z A — AR B R 1 d g A 24 AN LB,
HE— 27 A IR 18] B PN ) B 4] D38 XU 37 ke L I 6
HENAG-Z 5 B 3 DR AR B ARG 5 il 4R i 07
22 PR RUE fre \EW@J_UT H*TX@I

minF = z:(PI ad ZP Z Vi F: —Pav)z
(1)
P, =Py - Pyu — Pr.. (2)
24
,,,,, 2 ) /24
=1
24 N,
= 2 Z ") /24 (3)

P, = (Z PY)) /24
Jj=1

Aree FoR 24 AERIEE, P R gha, P o R
Ykmh®, P MR E S S ME R, Hrfy
RYIE () ER/RTE () M, N0 o K R4 2E,
Ny RN ERGE, P, EAWIIRAEE, Py,
&1 d WU E B IPREEIE, Py, & 1 d NHEZIAE
Z 5 MW ETEME SRR %Eﬁzjmimmu

B KRB — R R, ZP AJ Ak

Py TRV HR L B A — AN R B T Z%P;fy
A e v, PY (1) dEm AT Ak R .
minF = 2{(1’l l—P PLV—P ) 4)

PAEARAT T KB —R SR 42 5 B W B Sl B R A
{149 b R R, 132 2R 25 i R Bl 9 ST R L R A O 2l
T AR T HATAE AR
2.2 BIHRESESEMEHARSEY

HL SV BAT FE T L R S T AR 152 5 |
P B Bl AN T M 2 B — R A 2R . LB B S
T AT, O 2RO T A5 K,
BV LU HEH AR R B HRE LAARAS B ) i —Fh
S T H e 4 T A R A G R e, Bl )
FLYLAT (0 P 2 i, by 7 B KBRS KAl T 3 i, 46 2500
FETAHL ) LI AN D R AT A5, A, R L Bl ST
L0 HOR B 2R B e 7 il AR 9 B — 5 20K S
BRI R AR, I, B E S S5
P . 2l 32 3 1 20 R A 32 A 45 FL SR A A T ]
By 7 i Al AR AR TR

1) LR AR Al F ) 25

FURT T3l 1R 4 32 2R 2108 B, Bl 505 18



44

PSP Bl A S XU MR B0 A P SR 5 - 503 -

BRI O , I H— e b JER 8 k] > 7:00 ~8:00 Al
17:00 ~ 18:00, 7533 Wi 4> I ] B i SR A 2 5 LI
),

% &L BT 3l ) M RE RS XS HL I 97 i EAT HI
WRESELA WA ri I 0], 1L B3R AN T A S ] L e
(6, TR TR R A 0 o MR — A7 e 2 S0 ) L 730 e
W0 H B fp AT 45 1, 82 22:00 ~7:00 Sy 5 a] (4] 3l g L
AT FE AL, B A b AR 2S5 11:00 ~ 1400 J¢
18:00 ~22:00 Jy JH i iy W, B AR VR A T 28 43 L N
TR 5 FLAR IR () B e/ R Sl 7 45 R T L L

2) By A AT A R 2R

% RS SR B T A R AT AR 2O

SSOCmin = SSOC = SSOCmm (5)

Ssoc = Ssoc + Z{ AQ;‘/ (6)

KH: Sqpenn A EAFE B AT LA A B B 2R
LBV B, 5 SR L A, — X B AN T T i
faf FLAR 25 A9 20% , 57 I % BCHR b 47 FEIR S (state of
charge,SOC) ¥ 40% ;5 S, A —DHIW LR, BINK4 S
SN E S5 H I BT RS RAE, Seoe W16 BOIABUE
S s0cmin » S socmae T LT AT FELAR ST B HL M B B 1
AQ,; HHLBENAE i T j I B N Y A () F 2 o

3) S TR

1 T HL BV 42 30 7 H it 1Y) 5 v H R A 5 S B
220 V s = AH 380 V, At , 24 5 S BLRBLAE Fe R
TAB RN . 70 H L B AR 1, /3 T3CH F i e R AEL
Hear, Wi

{o <, <I,/3 7

0<1I,<2I,

FIE R G M Bl VR G A R 1Y T ROK fig i

15 kW, ] ;

-15<P, <15 (8)
L (5) FI(6) , ml 45
P < Py < Py (9)

Pjn = max( =15, =V, - 1,,/3)
Kb Ly AR ER R EUEE, [/ — 4800 1y 5 T R
HLB 22 0 R LTI ; 1, BN 4 @ i HL A s P
LB G ¢ TR I B FE (0 LA, TE (1) RoR K
(FE)HL; V, RonHL B % @ 7 B9 #0UE R (E, A R
220 V, =4H4 380 V,

{P,m = min(15,V,, - 21,) (109

3 ETMst TR A ALERNRERE

AT 1 AR A f 2l 9 4 R e S L2 57 T AR A
B ENEE S O N Sy E B ST AN AR X U F A RPN

3.1 PSO &%

PSOM T i B A AL 1 RO AL B R vk
ISk A 22 A 71§+ Kennedy I Eberhart 7£ 1995
AP IR TR SR AT R B AT o R BEST, B S 2 i A
IO AT B R, 3 R AR BRI ). PSO B
RIE SRl R 2Ry ok S B A, & — A 2 Tk ik
BT %

PSO V51 e Ar Fuv/F i i 1 Bl N 3 — 2R 1 )
ik, BRIN AR A R 7 B A0 L ke ) A g — >
VELE B AL, A o0 B RN 7 32 ( Fitness ) 3 T 48 45
FRVRLFRHAE , b il iy B2 1 i E b R, ol 25
JERREOHAAR 3, HE M IR Rkl it &, il ds B
i, A I SRR B BT, I 22 R AR B /N B 4
R TR 23 (R Bl N2 3, 38 o MR R AE Phest I
PHLAE Ghest BB ML B MMAMAE Phest 254k
ST 28 Py v A B A 3 0 (R A A B, AR AEL
Ghest JEF5 R b 1) BT R 15 2% 30 i 7 B e LAV o

RTE—A~ D AEry 48 R2s ar, fon AR 200
FHEX = (X, X, X,) JHH e i SRR N —A
D 4t X, = (X, , Xy, X)) " ARERSE § SRLTAE
D A4 27 () o i 7 IR IR ) — WP . R
A SR Ay 4 = N R o A R VA= . GID O D IVA BT VA5 3
fHo i DRTFMEE V, = (V,, Vo, V)" HAE
WA Pyo= (P, Py, Py) " B0 0 3 1A A 1
P, =(P, P, P,)" o FERFREACE R, i i
AR AB VAR AR ST A B s B A e, B

Uff;l = wvfd + clrt,in(ll (PI;J - x];d) + chile (gl;zz - xl;(l)

(11)

=+ (12)
K o HBERE; d = 1,2,-,D 51 = 1,2, ,n 3k
Y RETEARREL Vo R YR L ¢ Tl e, JRARTH
B AR A 2 -l I B o R, 2T
[0,1] XAl AYFEHLEL. Bk PSO 7=A: i) b ik 2 Bl ML IT:
BRI BT BR T T IR 48 %, (HE S T 7 1 8 R B ROR
IR, — e L5 A R R ) B DX ], R 7
D] [ = X X ] FEEEDCIR] [ =V, V] o
3.2 ETNEK#HM PSO &Hik

£ PSO B3k BV EAN H & — > RE AR BB - 4k 2k 5
R — A28, Shi % N el A PSO $ik,
A HrdE AR A (R IR R T R R R, BRI
WAHMTRREE, BT HREENRTER S 2R
RV, Shi 45 A $2 T — A AR B kY PSO 44
e, Bk b e 15 P AL EE (linear decreasing inertia weight,
LDIW) , R[i.

e (@ = Do)

Tma\( ( 13 )

a)(i) = Ogan ~



- 504 - RIS R e R

3%

KM w0 HPEMAE | w,,, R R
BN IR B EAL TR o S M ar kAR, T, A
REAUEL
3.3 BHRFESEBMENNAREGLE

SRR RHVESD S QU Nk 2 F L VAR
T X AT AR G A PR 5 1) BBk ;2)
T RRE: o (B AE S B K IR R R S i S A U
A RER A2 TR A 5, RIHAS SOR T BB 0k, e B
B NAREAT 15 B B UL i, e R BR BE (4 O B PSO
B RIUE. B TARERN R T 248 22
FARA, PR AR SR — R TS 2 B —
BYTHAT o3 AT o KT R FH B[R] 247 o 36 ok s (1) 3 of 1)
T SR 5 SRS 0 T BE AL AR BRL 007 ' AT PSO
RESAVE (0 F B A, MR AT 24 SR 55 10 ) IR 1) b o7 8 2 A5
FFE A0 AR 2, M 23 IR (13) L (15) #4718
o, A AR A, D)

P <SP <P, (14)

P = min(a * S/At, (Sspcmn — Ssoc1 )/ AL)
{ijin = —max(b * S/At, (Sypena — Ssoc_t ) /AL)
(15)

S = i Six (16)
o A R R LR L b A T R
S AT SR HL I R S, SOC-T g | — s ] B 45
T T L2 Ssocmn — Ssoc =0, 5N
Shy FEL T FEUCR S, B IR AE T, 7R R IR ) B PN (22:00 ~
7:00) IRES IR 5 Ar FoR—ANBFRIEL, S 1y
3.4 EikkfERE

PSO B SRR AR T .

1) i SEAR S BUAE , w1 IR AR 67 8

2) ARk o (1) 24 SR SR AR A T B BE R

3) MR (14) ~ (16) A H5c 1, i i i PR A2 75
L, DAL B 28 2 15 T B R B s e

4) MRYE B bR R, SR A B (5, IR e 5%
LT AR S5 7 B DB B T BB SR A

5)MRFE (1) A (12) SR BRI

6 ) KA T ) R A R a2 AR R S A A
AN H RV B, D)5 B s BB O B, I S
%®2),

7) EEHTAR 4 15 N R PR BT SRR R I A B, B
I8 SR T A A 19 S5 O L B DA B 3 A i A 1) A A
HiE .,

8) FIWTFPIE A AR UE AL AR TR 758 3 34 1) i
FRAEACUREL, 2 W 1 T3 i s e AT AL, DL
TN BEAE; A5 R B BR S )

‘max

4 BHISH

H T B UEASC TSR Ak HARBL Y, SR 545 Y B 7Y
F 670 af 50 S LR X T 2 P B3 4 I 8 06 2 )8 g AR
WHUR S KL 3 R T L DL R H Bh PR 7R B ) L 2R
25.6 kW - h/ & (B b B T S9%, ¥ 2 o— A3 4k)
W B R G R. 61 d rp 24 ASEE B, %
3 FpXCEAETE , T A SR SR R B R E S S W
H B XL FEGRTE 7 0 5 A 5 (] B 5SRO [) XU B i R
T BRSNSl R B R

R B 2 H A 2R A& 1 BioR . 3 FPXU & L
IR TR an & 2 fros, s JE ige— XU re ) 5 04
Pt SR AR A B 8] BB 5 1E R ie—— AR M g ey e A 7 oK
T VRS ) BB 5 5 R —— AU ) 4 KRR A TR
HH A B 2 TR R BB RN 5%

60 000
50 000

z

5 40000

a
30000
20000t

1 3 5 7 9 11 13 15 17 19 21 23
I %)

KL AR R 2 AT R

Fig.1 A typical summer daily load curve

2500

9 11 13 15 17 19 21 23
IR )
—o— i —m— EiE R

B2 3 Bl IR ) XU Z R 2R

Fig.2 Wind power curves of three wind power situations

BEXFLA B H AT XU SR SR DR 7R Sk R 4T
AT E . HHE RS K intel 2. 6 GHz, 16 Gbytes RAM,
Microsoft Windows 10, MATLAB 2014R, PSO th#fxZ%k
BB FELN B 20522 0 ¢, = ¢, = 2 s BUEAUESR
MRPERER AT UE N w0 = 0.9,0,,4 = 0.4 s RIE
IR T, 7710 000 Y 465 D B 24 4, LU KX 24
AN TE) B 5 A L i REORE R O 0.4 ROR AR UE— UG
B, BN 0:00 I 74 H v R Ay i 1 2R 8, o 20%
JE—UCGH B AR 5, 20% 2 HL T R A A A R AR B F



44

PSP Bl A S XU MR B0 A P SR 5 - 505 -

F2 T R DA [R1ER i 55 9 L 8l PR 4206 KUFRL ) B2 40 e ) Fn—
TE B R B A X AR TR KL I8 8 R A B4 g T A
D7 T HEA T BLSE B B IE
4.1 FEHEERWBINEETRBHZENEESN
eI 3 Rl AR XU & LB TE R S AR
LR NRAES S W Esh 17X e, 75 3 8h iR 4
Bt UL I 5 A B s 22 e . 7E 20% (10% (5%
SRR R KRGS R R ORI N IE R I 3 AR XL
W AT V2GR 485 SR LSRN I b bR I (o
1)20% XHLIB BT 5 SR AN IE IR G XA i
FIHY V2G 4SS 5 DL KA L H b e EGE 97 (8 4351
mE 3 ~5 k1 ~3 fim.

57000 [
52000 |
47000 |
E 42000 F
= 37000
32000
27000 |
R TR TR PR AT R TR
I %)
—— Hfguihsk —e— g2 100 /5%
—— 125055 —— 150 /5% 175 )74
—e— 200 /5%

K3 HEIE T B sl iR 4 B X 5 e
Fig.3 The impact of the number of electric vehicles

under the conventional situation

x1 ENBEET EVs HEEHX MK ERIEE
Table 1 The objective function values corresponding to

quantity grade of EVs under the conventional situation

EV ¥ (J780) 100 125 150 175 200
5.04x 4.71x 3.80x 3.68x 3.00x

iﬁﬁjﬁ{m 8 8 8 8 8
10 10 10 10 10
57000 -
52000
47 000
Z 42000
= 37000 f
32000
27 000
22000 T TS T s 15 17 19 21 23
i %)
—o— [ fifif sk —e— 2iE120% 100 J3 %%
—— 125 )57 —— 150 )7%# 175 )3 %#
—e—200 /7%

K4 ROMIGEEIE T RS B
Fig.4 The impact of the number of electric vehicles

under anti-peaking situation

x2 RIFEER EVs BEELEN T BERSRHE
Table 2 The objective function values corresponding

to quantity grade of EVs under anti-peaking situation

EV ¥ (J780) 100 125 150 175 200
1.08x 9.86x 8.98x 8.02x 7.77x

TR

10° 108 108 10® 108
57000
52000
47000 +
E 42000 }
gmooo-
32000 f
27000 |
2000 ST T 5 17 19 21 23
i %)
—o— PG fuf 2k —e— S 47 fur 1007 %%
—=— 125 )77 —e— 150 J%¥ 175}
—— 200 1%

Bl5  IEJRIEEE T RS o
Fig.5 The impact of the number of electric vehicles

under positive peaking situation

*3 EiFIEEE EVs IESRX MM ERIEE
Table 3 The objective function values corresponding to

quantity grade of EVs under positive peaking situation

EV $id () 100 125 150 175 200
. 3.06x 2.82x 2.43x 2.35x 2.16x
i 37 A

108 10® 108 10® 108
2)10% KHLBIBZRT 53 5 IR N IE PR XUF, HY

JIHY V26 LSS R LA B AR I B A e 05 1V 53 53]
e 6 ~8 FIk 4 ~6 PR,

55000
50 000 |
45000 f
z
ﬁ 40000 |
= 35000 F
30000 f
B0 T TG s 17 19 21 23
%)
—e— P gt g —— ffig & 100 )3 %3
—=— 125 3% —e— 150 /3% 175 )75
—— 200 5%

Bl6 HAUEIE TS o
Fig.6 The impact of the number of electric vehicles
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