% 0 6 # & B

Electric Power Automation Equipment

EISEELH
2015 % 4 A

1Lt L R IR B RIS 25 B XU i s i FL A 75 7

TR G RER2E K2 E F AR FEKRS
(1. A XF A5 ETEFR #Hd KV 410082,
2. B HT g b 8] i AR 310007;3. BRI @A E AR FZHEK TH &S 330006)

Vol.35 No.4
Apr. 2015

HE, RKAEELHAELFACLN LM ZAZFEFRBELSZFEETATEN A0, HTEEAAR
WHAFEABELTAN F R I MNLEIT KABEEHAER P AR EERFLHR, ZITHEELE R
HeY AR EZE AR RAEREAY L EEEAAER ATk R LETERAEREZRDANB A, H
LEAEMMEHES BB AR X, T EASAX LK E e EE R AR AR BB LA P L
W E R KA RS AR R ALR] P AL A JE R S B ARAL X 1) AR e K ALBE R A BB AR LX) A
KNI T Zaslavskii % 8 w43 69 2t NSGA- T #= YALMIP/CPLEX K ## 77 Xoaf L F & 12 22 4 5 i 47 2% 4K K %
BEAL, VA TEEE 30 7 5 A% A6 383 T P A AEAL AL 49 SE AR P A A RO

KB, wHAFE, Behsk, BREUBEHANN, RABAEDKA, Zaslavskii BH; £ B AFREKA, A

AL ik, EE
FESZES . TM 73;TM 727

0 518§

W6 LA BE IR Bk | AR A5 0 AL LR BT fE R
14 4 Ji& | WLl VRA 52 B BUR AR R X RE IR Ak 9 F
fi R, — 7, SR RAUBTE 78 R H
Wi FL O 22 4z AT 3 B FE TR IR 7 | WA A 22 i DR % o0 4t
B A ) R T 3 — D7 T H TR SR A )L Y
AP Ok T A 4 A S B e A
2 A R TR s 47 28 g S RSP

FIATH 354 RE TR 45 J7 2XnT 0 Dy 3 S SR
GRS W LR 2 VS L R LY B s W A
AR P B W 4 Bl P 5 TR v b AT 4R b S HL I
SR I 18 7877 3, ST bk G bR 7T 5 | AR ) R b A7 A 4
) s L A A R — BT AR L B P 52 1t vl 3
e, B S R BRI A L U E R B 2 A (0
2011 4F [ L W 2w MRS 75 i S Rl GG e 2 i T
“Her o e R E E AR M i R
JURE BRI AT, H AT R L Eh i TE L
oy 15 0 R A A B A9F 9T i FE B0 28 BT TR I B 5 e
vl 55 L BMR B AT IR T R,

SCHR[4 ]R8 A ol 8 W fee KA H b s 2
e ot 45 2 iz B YRR A S H8 v o e G T R R
A A DAY (ER 5 JE H A 4R T IR 25 (SO C)
225k, SCHR[3 BT 2 g s AR (D 78 46 H AL
AP IE i g — ok ) A Y 5 s 8
AT T o0 AT EESE T LAE T B B/ e B 67 A i gl

W B #3:2015-01-09

HE&WB . B F£A# L#42%F %3 8 (2013BAA0IBO1)
Project supported by the Scientific and Technical Supporting
Programs of China(2013BAA01BO01)

X ERERIRED . A

DOI: 10.16081/j.issn.1006-6047.2015.04.001

/N HARE 2 Br B AR {ELOR 25 A 10 ] O 2
W, SCHR[S JEE XS e Bl iR 4 FE ok | SR JH 08 40 O fi
J7 5 4 L 0 2% S| £ M [R) R A F, ol A T 0
(TR 5 B 0 I R Al #5290 70 vl oy 5 P I R R GB A T
SCHRT6 4 th T 3T B v 3l v 42 55 o 0000 ) S N 5 v
AR AL I 38 3 VR Sl 0 A oK e A5 B0 VR 42 1 552
I 78 L D)3 (H R 25 S8 PO 2 o, SCHR [ 7 8 57
T AL G2 RV EERE R IR T 38 VR SR
SRR AR SRR T s i sl (H R BR T AERE B, S
R [8 15t X FEHL AL, LA fir P sl die /oy B2 B AR
PAw R B2 2 B AR S T RUR AR
ER Y H A4 32 o HT AR R 52T L IR M
DAL AT A BT 5 SIS SE L TR

TESCHR [8 B LA b | A SO 1k — 20 19 oA
K XU 8] 3 A A R o T 46 v il S I F 9 B [
ISR IR s AR BE AL | 3t B R A R ST
RO, 7Y 4 H 5 D PR ) 22 AR U2 SR S
JHCH LAY f I 3] B 3R 23 i 22 HE B 4 15 SR
RARE L SEAUITEAHLL, ASCoTEan T .

a. LB UUZ I AR A 25 pE R ) M 2% 2R
F18 [ I 5 345 v, 3l 8 8 A0 40 ) 0

b. 745 L 5 F 6 B ] A XU A R A 1) KR A
L R PR APV G BT B SR sk
JERLTR | 52 B 5 T e S IO A4 1

c. VLUUZ 18 B2 B840 S AR FE | K5 S afl SR At 1) R AL
BEIR A B IR e P R ) R AL S ARt 2 B b
FL S [ AR R AR TG 45 B R vk L3 MILP (Miixed
Integer Linear Programming) [f] &, Jf- 1 Xf JE Ltk £
HbrAE 5] AT Zaslavskii WSS B IRTEALAL 71
P2 LT Pareto MY RCHE NSGA-TT 5%



(2) ® 0 8 & iR B

£35%

1 #rrE 3k 5 R 1 B9 35 YRR R AR SR 4G

1.1 WEAE#EK

Y A v ] A ) < 2 B ) BETOT AR S
SR AR AT R SR TR R B ey el )2
i PR 2R 0 VA B ALY [ 2 A FEL IR 5 8 rlL o 2 36
J1iH R R 2 A B B AR AR DGR A R X B
R T S AR S i A ST 3 H S S ) B 1
XL R 3 A S IR EE IO A R 5 A 3 R 1 A
wmE 1 R,

TR E 1
> Sk i
Eﬁiégggaiﬁmﬁﬁl<:>
TR
OB 1
T
FIRRE 2| 45 31 2 ke
TR il
R 1
T
Ei@ﬁi%giﬂaﬁmjaz<:$
TR n

<> fE B

B 1 #emuh 5 R E e R R R
Fig.1 Architecture of bi-level dispatch with

SN

coordination of BSS and grid

1.2 EHMAEENF

1T AL 2 54 7 CH P A 781 88 ) BF 5 22 SR A
2 MR BEEALE S 1 R H AT G S e AL R
W A5 BLRYHLA  AnSCRR[8-10] 52 2 Fh % i >
BTG5 B AL AR VR4 H AN ) B 78 i 7 oK 55
1 5 LA B E 2 BEFE L IR A Sk [ 11-12]
i TR S B I LS IR M S5 & AR T AT H ik T
DA ] B 8 R0 5L AL 5 2 i I B/ B 23 HL 3R
FA5 B AR IF A BAL ) BEA 4 8 {5 BRI
KA AR ST AL AT D Ty SR KON A Y A R
I AR K AT R A R A0 SR [ 14 AR B 5 1R 52
T R 4 3 R A ) R A 45 S (NHTS) |, 257 JE A
FF2 DD JRBE AT AL | S50 H Bl VA AE AR ORI B i 5E
R S [ R 67 £ 75 5K

LTI AR SORs 3 T 50 B R FUI A9 N-RT 77
VE ST 0 R L T A R T T R 48 e v e b R
AT TE AN 25 1 BRI 7 125 i 050K v 3R 42 FE 4
HL S0 A5 A R B AR 2 R A | 23545 R T AR
B 48 F vty 5 R R PR RIE AT B T SOR A R AR
KT B UUJZ S i gk i A A T 25 RER S 2 A
P Ko oA ok — Be I AR A IR 4245 B, IR s At fk ok

P4 B 24 BT I BE U R
2 ZHEENELMFEMBIEEER

2.1 LEREMIEEER

PR TR AR A8 B0 T O 2 e 5 —
PR AR G 2 B AN Ze A RS 8 F ol R TR 1 3
AT R IR BE R 25 R i R 1R R AT AU
Il St 970 A 90 Sl 0 U S LA I LAY TR DA
WIS | U Hfe v iz B AR B | PR AR SO
JE A Ll SR M g F AR, b2 R I 40 S LA e
o sk Ay 90 2l e /N R R R D 22 B/ g FLAR
AR 7 19 28 S 2 D 20 R A 31 R R 22 HARKEAY
2.1.1 BAF&H

(1) HL R B e sl fie /s

—— , .

H})l’n Fl— T(i)—l te%”(PL,t-'-ZéPz.[ Pav ) (1)
1y

P 3 e ge @

Horb 7 N S WO 2 8- b Ak
ik ) %7 11 fe/MEL, B) WO =min | WO ,zeZ} , W ST 2]
et vl 2 WAL R OB WoO={i<i<i+T",ze€
Z},Tv Rl 2 i 40 H 00 A B BE A BE 7O AR
FEEFE 2 11 W 45 BB BRI, P, oA ¢ B B EL R i
RO P, M o I Bl 2 AT R TE IRk
715 DACFRL O 35 BREL B | B T R R D 6 L RE S P,
Sk TO A B Y B 2R G5 34 6
(2) LT Z V8 B 22 B/
@nﬂ=§ﬂﬂ) (3)

i 1eWO (PN FIZ B sl 2 SChRIE LS RS
2 o P B ) ) e 2
2.12 #HREMH
(1) Z B BEAZ il i 20 oK
Pepi=Pinit Pep+ U, z\: U,.(Gcos 0,y .+ B,,sin 0, ,)

Q(}m,l = le,l + Um,,[ Z]\ Un,,[ ( Gmn Sin emn,,[ - an COS emn,,l)
nen,,

4)
Hrb te W P, M Qq,, 5390 R KL m 18 ¢ I Be it
AW DY M 3, Py, 1 Q,,, 23 518 717 45
m TE ¢ BFBEE A WA Dy faf M4 5 P, HEEA
T m BB L TR ¢ B BRI TR U, AT A m
TE ¢ BB R RAE N, M RE T RES G, M B,
G390 AT R T N R ) S RN R 6, M S min
T ¢ B BERO AR AR 22
(2) T A RZ R
Un<u, . <Uw (5)
Horp e WO, g F g 53590 5 8 om B HL B
TRR,



41 W2, e o M 25 L U 5 9 o, T (3
) A BEAL IR EE G CERVIE S

P, <P (6)

Heh rewo,p, o BFBEER IR | G P
R 1 R T LR

(4R T b FRRZH

PE <P, <P,

{Qz:;?,tsogn,,soaﬁzt ™

Horb e WO pas, Al P 5350y R F AL m B9A D

SRR 0w, A Qe 3 A E AL m B IS
kb FRR,
(5) 40 H 345 45 B B 1 IR B A O
- > PN, <P ,< X PYL,,« (8)

kel kel

Hrf e WO, HO={keN, |, <i}, BV Al 2 ZE8 1k
IR BT 1 W PR A 0 70 70 H 2 v B, B A A T
I B A\ 0 78 00, 2 R - R 4 I B T A T S T
HUGE B AR NV, il 2 SRR RS e, AR
ML 2z 55 b B TR 3 E b 0 T s A [R]
PSRN PN A3 ) Ry e Ll 2 B b ST CH A
SE T8 HL D AR R DR L, R o I B Ll 2
55k B ORI B EEORAS  HAE O 1 AUREEA
HAE R 0 FRFERIEA ;o J AT FH R B, BNERESCBR AT 72
R A b FROR Bl A 0 R R B i g 2 17
22 TE#HBIGEERE

T2 e AR A% A T R A T A R AR 2
B bR SR FERCR T o ) & A B R R S ST
Qe o O ol =3 i i UK [ B3 5
221 BAF&RIK

min =2 k;ﬂé,k,t—ﬂ,l 2 9

o e WO P, N o BB 2 5 b B RO
BRI AR

222 #HREH
(1) TR S

Xz,k,t+Yz,/{,t$1 (10)
1 cele,e ] Nwe

X.,,= A 11

ok |0 teWONLE 15 ,] (L
1 Sl WY

YW:I te 8,6 ] NWe (12)

0 teWI\[£5,,6,]
Hrb kel X, MY, J&T 0-1 7284 1,0, H0
Wl ol 2 55k B2 E LR b AR e
WON[ e300, ] BB B ¢ J@ THRFE & O wo T
(o5 08, AN B B

(2) FETHCH T R
PH —pYH =P, (13)

P <PYX.,.
2.k, ke e (14)
P?(/:rHLstN%CYzAI
Hrb 1e WP ke HO; PYL, o BB LG 2 55 & B 5T
T HL 2 A TR L T R PO, O e B BEIR L 2 O

(3)Hiit SOC 23R,
Sz,l-‘,l;_;. = S?,k
CHpC Ay PO Ay (15)
Sz,/f,l = Sz,k,lfl + T’ B‘("AU - nl)ﬁH BC

Hp 1eW?keH;80, M S, 4738 T ZE il 2
5k B ACR A E LT 4G SOC A ¢ B B IR
B ZI ) SOC ;™ 1 P 43 1] Ay 76 v R L ROR B
oAy L

(4)HL 3t B 5 BB 7 2R

A, =Ny,
{ C (16)
Az,I:Az,t—l + Cz,t—l _Dz,t—l
— Szkl J_Lsz‘k,lfl J
Cz,t_kez“lﬂ” L SU SL' ) <17)
N (18)

o 1e WO ke HO ;¢ 0 V8 BE A B B 00 B B 5 N, Ry 36
HLuh 2 A LB A €., o o B BE 70T 1 F o 4
D., F ¢ BB 2 TR AL, N o BFZI AT R
T Lt R R, S F S, 43 SOC b R L &
7 ) T BUE PR

(5) e TR 28R
(1+B)D.,<A., (19)
Ne.<A., (20)

Forr ee WO e i B2 A IR A I B 5 8 S il I FEL L
WK F AR B 32 B R R 0 5 22 T A4 B 755K [
I 2% 8 2 5 4k 35 T A 18 B2 SR S A e o A IE s B
4T 9 B2 JA] S0 A I B T P 49 v e it SR 7 8 B 4

CERIUE 6
(6) FEHHUIR A FE e B R
U..= ‘X:,k.[_Xz,k,t—l ‘ (21)
U..= > U.p <Nuv— 2 U. . (22)

Hr reWo, U, WFEHHREARE AL 8, U, MY
IO AR s TR) 7 11 P %) 8 FRL 2 728 W B, vy R TR
AR OB BRAE ; WO by 24 i 98 2 JR 30T 9 Bk £ A sk i) 7
Hwossint B ES, XQDATE R,
ULk,l?Xz,/c,t_Xz‘k,lfl
Uz,k.IBXz.k,t—l_Xz.k,t

3 KBITERRE

3.1 KFETE

AR A AR R e ELIRII 25 18 1 Ry %
B AT R MU P T 4t v 75 SR R A v o T R 33
iy R AT T A N RS DNl VE Y LE
YU i 8 ST PR S DA Ji T R ML TR 5 8 A e LA
RIS, ik = A SR A SR A T i | RS SCARFERUZ
P A 3K R R 5 2 Al vk L B ) A fi
D ARZAE 22 Bm AL PR R R R RS 5 R O

(23)



(4] ® 0 8 & iR B

£35%

¥l MIQP(Mixed Integer Quadratic Programming ) [/,
B3 0 %k AR SCH R ) R 2 R, kR R H
b oRBCSE o 26 MR AL DT B MIQP 0] 8 i — 25 54k
MILP [F] 8

XF 1R ARLE 2 B AR AL ]8R HIXT H b ok 48
ANECBATBR AN B R PR IR A NSGA- T 77 K A8
TR HAE BT Pareto BVAH  bE R T AL S ALY
B E B, AT 25 PR & 5 AR D0 AR A X A Y
Pareto fe L ff, X 1 )2 MIQP 0] 81| f AR BFEHLIE %
Tk (LR B | AR Bk DA M A Rk
S5 )T LA RAAE AR L LR R TR A MILP 1)
R, I ELXF e /N FRASE () 8 % AR A A v Jo 1
it AHIZ S Ty 56 T KR ARE [ 290 00 7T 8 5 | ke 4 5 R
ML) HE T A SE B TR A BB A R AR
AF CPLEX fF — R I O H & o KB 1k
) R RE 7, I O 7E R L 3 VR 45 A Ty 7 Tl v 428 1
AT T2 (R 0 HI B0

M T2 58 NSGA-TT F 2 STHk 7 T4k S Be HE P Fi
PR B st e 3 ) 5L ge it e B AR )
1 AJ AT I AT R I T B JRy B e I 20 AR SR
HERY NSCA-T 3% B Zaslavskii BSS5IA NSGA-TI,
& B4 SBX (Simulated Binary Crossover) 38 X 5 il
PM (Polynomial Mutation )78 555 7 18 % SC#ik [ 21 ]
FRE VR T ) 4 F0 R 3 I AR 4 R R R R TR
i [y VR AR A A28 2 0 48 R s (8] AR 4 e e g Atk
A HIE N AR RS B, DL IR H bR it A SR A T
ISR 218 o) RAEXERT, % TE 48 NSGA-TT &
AR Z A X R R Sk Y BGH R )

IR —F A ARSI L R g, B AR
W AR s A AE Bt B T AR R
XD AA M B i 7 PSR AFRRE . A2 5L Logistic TR T
WS 5 2 50 (0,0.2) U (0.8, 1) X Y, PRI AS SCR:
H Zaslavskii 1R 2 HIE T .

X=X, +v+aY,,;)mod(1)
Yii=cos(2mX,)+e”Y,
Horb o AR REL, 4 ©=400.,a=12.6695 .r=3 i,
X FYy s 90 AR L i TR G RR 1 200 X Il S 51 R
[0,1],Y WS E FIE[-115012,1.501 2], A SCH
ENAE IR IE Y 3 400 dh Ak R R OF 5 E SBX T B,
{EAT PM iy A H2)

AR SR SR A B0 0 e LA T iR, B
Pareto fift 145 H b pR BTG I 9 16 25 B2 T FH 2 P A5 M)
SRJE Bk KR AT

1 Fi<Fp

(24)

pi=| ke
anux — Fgmm

0 < Fi

Frin< Fi< F (25)

Horfr JFL w5 5SS 0 A Pareto B I95S ¢ A H AR bR
BE B HSRR I B df e Rl X8 N7 1) i A e 28 i
. ;wmf
WSS o (20)

iel {eP
EEOQﬂdY )

EaPIpImETY o
Hp 14 Pareto S5 ;P 0 Hbr R ECEE & Hox )
55 ¢ A BARRE AR A5 T A Pareto SR ZE HAR T 1Y
SR B 25 S /N T B % H A X B A0 A R SR T
YE /)N Sz IRk, I Pareto gy AR (=K
ZHRPEARRE( IR A G EZERE ), T
A IR A S A B Y 1Y

YALMIP ZE458 T H 2 {1 48 — ] 50 i A1
T T AL A B R AR SOR el
NSGA-T 5 PQ 43 fift i %t 1 J2 [m) Rt A7 >R A | R FH 3%
F MATLAB-YALMIP ##{F & ) CPLEX12.5 X} T
JZ A AT R AR
32 kfERiE

e L v 55 R R IR A 22 H AR SUZ R B RE
Rl 2 FiR,

(R AJE G 2800 2SR IR)
)

A 4 v il M 0 AT 4 R T SR B
o W Z0 A ) T 7 10 90 4% ) B gt v i 5K
v
SR AR A 48 T b A I B 2 A £
il A5 40 HL ot T R VA T R B S

)
FeJH NSGA-T1 K PQ 7 505 5K it
i S A5 40 HL o ORI R T

v
AR ] 5 A fh L O T R T O B
3 v 0 2R R 45 2R )2 9 BE TR 4 i 22 B/

KA YALMIP+CPLEX 2R fiff , i i
P, 3 45 0L TR S T
|

i il B AT %
O e il
¢ I B A R R

kMR
B 201

Ko @ i 2
N ¢ I BT R
T B e A B T T TR ] oot
N v 1 . ) o 7 fay I 3 e
i 020 I LR O 2 1 gééggéﬁ

!

K NSGA- T Ko PQ J3fif R fift | T
AR A 8 T3 I O IR, A
532 45 $ B 9 R R H e 1 W2

y

TR e % B0 98 70 D e B A T R, T

e 3 2 A R 5 R R 00 0 22 A

KA YALMIP+CPLEX 2K fiff i i
P, 3 45 S0 L R SO T
I

B2 Bl S5ENHENE BRENERERER
Fig.2 Flowchart of multi-objective bi-level dispatch
with coordination of BSS and grid



%48

5, A A5l il 5 v 0 DR 4 22 1 R UL S IR R VAR T e

3.3 EEFITINERE

LRI O AL G e DU AR R DA A
Ly ) R 6 T SN O e | X A R A
AR B A T ), AR SO 2 SCRR [ 15107 R
Mo TS ENOFATEH O 2 BT A 550
BC25 4% T 0E AR DU 4 A T ) 2 bR 0 S s o]
BT R | L HE 00 45 4 M B B I Rl S
HEy UG EGITAT at SUMAR AR MR £
DT AR SR ) 32 kA S AR T Y AR pR R
{H, TRESCPR I A 38 TR ] PC AR BE IR AT 3158 4%
A B RN FEAR T S FE N | S B S ] B2 2

4 HEISH

AR 5 A4 Bk & 2 H TEEE 30 15 4%
W3 22 G0 50 BT 96 T BT HRASE A0 K B30k A A 00k | o rlL
S35 EAETT A 6.9.22 .25 Fl 28 b FEA A i >R H
SR BT 2 7 g7 Y 25 K AL O S AR S B L
SCHR[8], AN — M 46 Fi sl 7 ik L 2 F 0 A 0
IR 7 kW, -2 58 32 kW -h, L3 SOC I |
TER2 51 90% F 10 % , FEAL LR 90 %,

BOE X RGAT 10* FH B4 & s ul ik
VA B 43 R 1000.,2000.2 5002500 FiT 2000
5 2% FH R LB e L SR 22 L (FRTRR A8 T LE ) R
0.9, 7] FH 46 L Fi sth B0 M ROl 0.2, I 0 LY 7E —
KN FERE L FEAS RO L 4 W, BUE Fei i 2%
Bom R s LT NHTS £l | >R H SCHR [ 24 130 L 3
REATH R G BLA 73 | 138 . i T 46 B Z1
MR M IEZS 43 A5, H A7 B HLRE AR A X B50IE 25 40 A, e e
FEUR I 2100 4 SOC M A km FEF &M H 7730 B2 T
AT BAR R RSBk [24 ], ¢, TUIR 22
fE +1 h,S, TR ZEAE +20%,

PEEE JE I S AR 11:00 2R H 11:00, A K — it
P, L2 KT )2 SHe vl ¢ i 2060 fe i ) % 01 ) R4
] R T s B 2] A 0 B ) R B G — 3 R XS A )
FIRH 11:00, WEREBLL 1 h ML, (L5t
NSGA-TI 1958 3R J2 A48 5 38 84 43 5l L 0.9 F1 0.1 F
FERUBL A 50, e BRI B4 100,

ARV E 4 PG TE XA L AT o0, 1%
JE 1. 787 Fe i B B3k 42 S (4 H it 37 B 7S
HERW, HE 2. LERHMH NSCGA-T I HES L
AR BE (AP IE ¥ i SR W 2 22 ), 1 3. L2 RA
2 NSGA- T & I 352 22 1Y SE PR A i L 1 T
4. I 2R H NSGA- T & 1 15 22 1 52 Br A Ak
BE L FES AU EARRECR 20 B R 4 FE IR
T H fi i AL ANl 3 s

M & 3 AT, TC T e LA T T &R G B A e
LB A WA A N TR (A 323 W T TR 2

300 1
280 -
260
240
220
200
180

160 L 1 1 ]
11:00  17:00  23:00 0500  11:00
(K H)

B fif /MW

s 2]
—— R, —=—1ETE 1, - 1HTE 2
—— 15 3, =—1IF 4

B3 4MERTRE RS
Fig.3 System load curve for four cases

AN T U LI O BOKE B AR R GE L R BN
ML A& AR T REL 4T, HF 2 Al
THIE 3 T RGMATAE 11.00—21:00 Z [0 H — & 1)
PR 2= W AE 21:00 2K H 02:00 Z [H R 2R/ %k H
02:00 W H 11:00 Z 8] Jo w2 | 3% 52 KA 78 755 HL -
I o0 L B VR R ™ AR e L T SR A A B FR A
TR 25 1Y 70 L TN AR AT | R 2 0 m Al T ROk
e HL T R EE R e HE T D AT R AE X2 S B
JICHL | R GE B T R L BRSO R B I T R A
L2, 2 G0 BRI R B AR VR R T R T W v
e S5 T RER B = A i i A R B e 750K
TIN5 2577 ke 1 26 3 shAR /N BRI, B U iR
2500 25 AR BRI B AR AL T B i e A il 2

T 3 FIEIE 4 XFHnl & 30, 2 b 2R A ele ik
NSGA- T F 3L AR 46 e 34 118 70 55 R 8 B2 B 2k 31 458
D 1 T W IR 2R 5 1T R ) NSGA- T 5L LAk e | 7
7 (R4 B Bt (23:00 2R H 06:00 Z [8]) | 78 HL 17 faf
5] Hb 3 A TR SRR 00T 45 B B S BUS A IR )
T —E WA ROR AR A VR BE T 1 S 5 A e i B
BRI, 3K S T NSCA- T FA A T JRy B e 84, i ede
HE NSGA-T i 51 ATRIE F i W R 4 38 AR 22
AR SEHLE] B T RS, B4 BT ETNEA
JEE A 26 B2 45 Bk BE AT FH S 460 %) HL S 4K i

10 1 11000
,“ Lo--o-0 Eﬂﬁ“
w2 6F Y, 1800 F
S . o
¥ o2r " [ [ 1600 2
R ooy I v &
@ -2t I]MM P 1400
ER -6 R 1200 =
AN =

-10 : L - 0

11:00  17:00  23:00  05:00  11:00

(KH)
I %1
« PR ITE, o LRI
-o-- T JH HL Yl £

B4 B3 PIREIE I TIERTRABBHE
Fig.4 Power and available batteries of BSS 1 in case 3



0 ® 0 8 & iR B

£35%

SR I 51 = W =l S N =3 -3
PR ZEAR /IS, 33X J2 R oA 36 FL 0 7E 11:00 — 21:00 155 U4 B
Bz ] g 48 oL 5 2R FR A8 HH PR 05 A2 | 38 R Sl (U —
LIRS NG RIS Nl N RS
IR S far 9 I UG 1T AE 22:00 2K H 06:00 K%
Bf B 2z [) 46 Fi sl ok 7 6 A2 IR H 8 FH PR LS o R
W B K PR B b A7 oK FE FE D R G | SR A ) AR

DA mT 0 2 48 e il A FH H b 4 o 15 S B
e oL R T T AR Ml 5 A B R TR
A W EEE— 25 W 5T A ] 45 FH FEL b 5 o X o F sl 5
RIER AR, 2R 1 5 T EAS TR &7l T 45 0F
TR

%1 ARSEELTETENIEROT L

Table 1 Comparison of evaluation indexes

for different equipped-needed ratios

/L LNZMERE F HL B AT 8D F
0.8 0.90 609.23
0.9 0.12 550.76
1.0 0.08 51045
1.1 0.08 510.45

I 1 AT, A8 75 FE AR JU) LT )2 R E i 22 A
S TATRT 5 Bl /N 5 24 R Tt A KT A U
e LT SR BRI T HEBE O A% 98 AR S 1 AR
(AN JE 2 LT FL ) | 25 8 1) 4 P il b b AR
e O B R 5 T Ay PR AIE FL 3l 545 RE A 4 B
Herf it HL A RE AR BRI, 4 75 LESOR B/ e 7
it LAY R 5 ASUA 8 FEL 3l TR ) LT D 6

5 #iE

B Xt B v A B 1) g AR R R R B 5 )
FOL A SRR T e L 3 U2 8 B A I 78 43 ) 4
HL T SR A S, 51 A TR ShAR AL AL | 52 80 78 i H 5K
PR, BT & J % 46 ri sl 5 r 0 B 98 ) £ H b BUZ
SR 70 0 H 9 R AR OIS TR A B R B
Sl [ 70 gt A0 Sk AR 26 v 22 B AR B R MILP (7] 8, Jf:
43 3 K FH LT Zaslavskii 1 7 B 5T A9 20 dE NSGA-1I
1 YALMIP/CPLEX 47 i 40K ## |, 5 5 >k H & ek
1 IEEE 30 77 &0 R Ge e 3iE T A A AL A0 5k (1)
PR i

LU ERRINAE I ) PRV Rty NS/ 0 o (= W R D
o 3E 4 8 A 46 B IR 55 A ) R ] 78 40 K 5 HR B TR
AR e N RE O LR e M SRR e A
o 1E— AL AR 5 1 o )

SE .

[1] PENG M,LIU L,JIANG C. A review on the economic dispatch
and risk management of the large-scale plug-in electric vehicles

(PHEVs)-penetrated power systems[J]. Renewable and Sustainable

Energy Reviews,2012(16):1508-1515.

(2] EBJU, BB, £ 50, 55, sl V2 7 i By 5 08 3 4 ) S
ZER ()], P ERPL T AR 42 ,2013,33(1) : 1-10.

WANG Xifan,SHAO Chengcheng, WANG Xiuli,et al. Survey of
electric vehicle charging load and dispatch control strategies[] ].
Proceedings of the CSEE,2013,33(1):1-10.

U7X F RS O I S 1 W e BB R L N R
EBSA P FERBITE [J]. R T AR #,2012,32(31): 1-10.
LUO Zhuowei,HU Zechun,SONG Yonghua,et al. Study on

charging load modeling and coordinated charging of electric ve-

—
(95}
—

hicles under battery swapping modes [J]. Proceedings of the
CSEE,2012,32(31):1-10.

(4] PMEI, ERR W R AF, T2 MO0 1 0 v 3l 970 4 46 v il e

R AEms [J]. B RS A 31k ,2014,38(1):1-7.
SUN Weiqing, WANG Chengmin,ZENG Pingliang,et al. An op-
timal charging discharging strategy for electric vehicle battery
swapping stations based on linear optimization[]J]. Automation of
Electric Power Systems,2014,38(1):1-7.

[5] ALIREZA Z,SHAHRAM J,PIERLUIGI S. Multi-objective scheduling
of electric vehicles in smart distribution[]J]. Energy Conversion
and Management,2014(79):43-53.

[6] LI Z,GUO Q,SUN H,et al. A new real-time smart-charging method
considering expected electric vehicle fleet connections[J]. IEEE
Transactions on Power Systems,2014,29(6):3114-3115.

(7] WSCA U, 22 A6, 55, T A 3G N8 S b 3 59 vk 1 i 3l

AR S U 2 BAREAE (7], MR 2012,36(11):
25-29.
TIAN Wengqi,HE Jinghan,JIANG Jiuchun,et al. Multi-objective
optimization of charging dispatching for electric vehicle battery
swapping station based on adaptive mutation particle swarm op-
timization[J]. Power System Technology,2012,36(11):25-29.

(8] Whilide, xR SCHRHE 55, T XUZ 0010 1 i 2l 7 42 70 i F

JESR ()], RS A BIME,2012,36(11):30-37.
YAO Weifeng,ZHAO Junhua, WEN Fushuan,et al. A charging
and discharging dispatching strategy for electric vehicles based
on bi-level optimization[J]. Automation of Electric Power Systems,
2012,36(11):30-37.

[9] YAO W,ZHAO J,WEN F,et al. A hierarchical decomposition ap-
proach for coordinated dispatch of plug-in electric vehicles[]].
IEEE Transactions on Power Systems,2013,28(3):2768-2778.

[10] B4 SCHmE % B 55, 8l P45 00 B ) 28 48 1 52 ) R

RS EERIIE) ). RS A 31 ,2011,35(14) :2-10.
ZHAO Junhua,WEN Fushuan, YANG Aimin,et al. Impacts of
electric vehicles on power systems as well as the associated
dispatching and control problem[]J]. Automation of Electric
Power Systems,2011,35(14):2-10.

[11] HE Y,VENKATESH B,GUAN L. Optimal scheduling for charging

and discharging of electric vehicles[J]. IEEE Transactions on

Smart Grid,2012,3(3):1095-1105.

GAN L,TOPCU U,LOW S. Optimal decentralized protocol for

electric vehicle charging[J]. IEEE Transactions on Power Systems,

2013,28(2):940-951.

[13] MARKEL T,KUSS M,DENHOLM P. Communication and control

[12

[}

of electric drive vehicles supporting renewal)les[(}}//Pr()(:eedings
of 2009 IEEE Vehicle Power and Propulsion Conference.
Dearborn ,MI, USA :IEEE, 2009 :27-34.



%48

5, 5 Al il 55 v 0 DR 4 22 1 R UL S IR R VAR T 0

[14] ROLINK J,REHTAHZ C. Large-scale modeling of grid connected
electric vehicles[J]. IEEE Transactions on Power Delivery,
2013,28(2):894-902.

ARG R, FIEESREEN 2 BirR Ry ]. P E
HLPL T #2244, 2013,33(10) : 137-144.

YE Chengjin, HUANG Minxiang. Multi-objective optimal power

—
—_
W

[}

flow considering transient stability[J ]. Proceedings of the CSEE,
2013,33(10):137-144.

£ LA I = I N S A S o i I K O ) R C N g I
SEms B ()], B RS A 1k, 2013,37(1):191-195.

SUN Xiaoming, WANG Wei,SU Su,et al. Coordinated charging
strategy for electric vehicles based on TOU price[J]. Auto-
mation of Electric Power Systems,2013,37(1):191-195.
BESSA R J,MATOS M A. Global against divided optimization
for the participation of an EV aggregator in the day-ahead

[16

[}

[17

[

electricity market:part Il numerical analysis[J]. Electric Power
System Research,2013,95:319-329.

DEB K,PRATAP A,AGARWAL S,et al. A fast and elitist
multi-objective genetic algorithm:NSGA-1I[J]. IEEE Transactions
on Evolutionary Computation,2002,6(2):182-197.

[18

i}

[21] FExd 5k 200, H TSR m 2 Airist e Bk )],
il 5 B3, 2011,26(9) :1391-1397.
WAGN Ruiqi,ZHANG Chenghui, LI Ke. Multi-objective genetic
algorithm based on improved chaotic optimization[J]. Control
and Decision,2011,26(9):1391-1397.
LOFBERG J. YALMIP:a toolbox for modeling and optimization
in MATLAB[C]//2004 IEEE International Symposium on Com-
puter Aided Control Systems Design. Taipei,China: [s.n.],2004:
284-289.
(23] 248 L4200, W — 5, 5. JETIMT B EDRF #E R AL 5k F PC
TR RIRAL[)]. B RS A 3h16,2010,34(19) :42-47.
LI Ying,JIANG Quanyuan,CAO Yijia,et al. Optimal reactive

power dispatch based on a parallel cooperative particle swarm

—
N
[3S)

[}

optimization algorithm and PC-cluster[J]. Automation of Electric
Power Systems,2010,34(19):42-47.

WAz e XOE B, ML sl A FE i D) 38 F R g i 2 Ay
W], BMEAR 2010,34(11):126-130.

TIAN Liting,SHI Shuanglong,JIA Zhuo. A statistical model for
charging power demand of electric vehicles[J]. Power System

Technology,2010,34(11):126-130.

(24

—

—
—_
=)

[}

bk TR 4 55, AR HE  AF. SR Mg HLAL AL In) Y UROEE S T B
A BRI CHEPF L ()], AL TR 244 ,2013,33
(1):99-108.

YANG Linfeng,JIAN Jinbao,ZHENG Haiyan,et al. A sub hy-

per-cube tight mixed integer programming extended cutting

1EEE .

(=

B—F(1969—), B, ¥ dhmA
R MEEHRZARTNT L LA T @OA
WA RRRAE IR Fakdsh AR R R
(E-mail : yjcao@hnu.edu.cn) ;

X %2k (1989—), B, #A bk A A+
BHRAE ERR T QA CNAE R EFE
W, ) R G R AR 2 A (E-mail ;512092021 @

hnu.edu.cn) .

plane method for unit commitment[]J]. Proceedings of the CSEE,
2013,33(1):99-108.
DOS L,COELHO S,ALOTTO P. Multiobjective electromagnetic

optimization based on a nondominated sorting genetic approach

—
353
(=]

[t}

with a chaotic crossover operator[J ]. IEEE Transactions on Magne-

tics,2008,44(6) :1078-1081.

Multi-objective bi-level real-time charging/discharging dispatch
with coordination of BSS and grid
CAO Yijia',LIU Yizhu',QUE Lingyan?,LU Min®,LI Yong',HUANG Xiaoqing',XIN Jianbo®
(1. College of Electrical and Information Engineering,Hunan University ,Changsha 410082, China;
2. Zhejiang Electric Power Company of State Grid Corporation of China,Hangzhou 310007, China;
3. Jiangxi Electric Power Research Institute of State Grid Corporation of China,Nanchang 330006, China)

Abstract: The disordered charging of numerous EVs(Electric Vehicles) may produce significant negative
impacts on the secure and economic operation of both grid and BSS(Battery Swapping Station). A multi-
objective bi-level optimization model of real-time charging/discharging dispatch with coordination of BSS
and grid is established,which considers the prediction of incoming EVs, the battery swapping needs of
customers and the operational constraints of grid and BBS. The upper-level model takes the minimum grid
load variation and the minimum dispatch deviation between two levels as its objectives and lets the upper-
level dispatch center determine the real-time charging/discharging schedule for every BSS,while the lower-
level model takes the response of every charging/discharging device to the schedule of upper-level
dispatch and the battery swapping needs of customers as its objectives and converts the large-scale mixed-
integer nonlinear programming into a nonlinear multi-objective programming and a large-scale MILP (Mixed
Integer Linear Programming). Improved NSGA-I based on Zaslavskii chaotic map and YALMIP/CPLEX
are employed to solve two models respectively. The TEEE 30-bus system is employed to demonstrate the
feasibility and efficiency of the proposed models.

Key words: electric vehicles; battery swapping stations; BSS to grid; charging and discharging receding
horizon optimization; Zaslavskii chaotic map; multi-objective bi-level optimization; models; optimization;

dispatch
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