F365F 108
2016 £ 10 A

S ARG RGBT

AAKBEDE A EHm2 % 42 SUGANTHAN P N°
(1. #MKRF A TRZR Td M 450001;2. PRIFR &FRELFR Td #M 450007;
3. BFERIKRF s wFIRFR HmIK 639798)

Vol.36 No.10
Oct. 2016

% 2 & % iR S

Electric Power Automation Equipment

WE. H R wshAENBE L AL E A RETRAOER MESLHAFENDESREELFHAEER ZAE
WA AERFEEHAFEGE ML (V2G) I ER A F AL B A AR E TS AR AR5
FHAZTEARBIG AHBRRAZARTAA P BFERGTRT , DESTEELHAEG AKX EATA, &It
—Fr R A Bt MOEA/D 89 HACRE KM ik FRBATIH 2RO AR E TR T HHIH LR 0

KA s RIS GE T ATAR IR AR A R o vk 0 A IR R A
KGR, BH A%, LA E; HARBEFAEL; MOEA/D; % BARfkiL

FESES. TM 73;U 469.72

0 5l

T REVR PRI IR e 77 | L 8752 EV (Electric
Vehicle )5 2] 1 £ FE EUF BB I AL A KRG’
W)z R, WERER L ETP SN R REET
2020 42030 4F A1 2050 4F, 5& [E 4 i L Bl
I H RS 53 A F 35% (519% Ml 62% ", T 4l
L B4 L R s UIR & 8 4wy R A il
K 1E 2020 4F R 500 TT 42,

LU R ) RGBT R SCHE R R, R
o Qb R HUBE B L B A e L BT A2 P AT R
KON GG R | B AR R R A 2 R R 1 R
U0 € 1 N e L = S B ) I R
E M BT  ) R A  BE R LA A - BBl V26
(Vehicle to Grid) B3 AL W 5 |, H A& % 0 78l
FLAT Ay ol 8] 88 i) R0 1 Ay — AN [i] el B ] BBk 2% 55 8 1Y)
ARG RG, X G G & T R 2 s &
£ 355 B DED (Dynamic Economic Dispatch )4 K 8
B PRSI AF K B 2 N A B T BB FE i 16-107

(7] BN it 5 ) %8 R, g Tl it i) 44 9 R 285K 1Y)
H 4 7™ 87 LA B 4 4 2 X6 B O i) LAY 4 282 G 1, 3R 45
PRI 2% 7 9] B2 [m) R e (9 b o7 7 R B HX WA 5
LB G T RE” BRI H B E AL, (H 2R LR
AW B AR, W b A g 25 28 T 8 B R 3 A B
Bi 23594 &£ DEED (Dynamic Economic Emission Dis-
patch) . AH T 45 58 59 16 B — ] JBE I B )y LA 28 5

i

s HH#1.2015-12-25; 18 B H#5.2016-08-24
EETH.BRARAXMFZEALTIHAB (61305080); 7 4 FHak
HX A RIR B (132102210521); 7 # 5 2B T A F AR E &
B (17A470006)

Project supported by the National Natural Science Foundation
of China(61305080),Scientific and Technological Projects of
Henan Province(132102210521) and Key Scientific and Tech-
nological Research Projects of Education Department of

Henan Province(17A470006)

XERFRIRAD . A

DOI: 10.16081/j.issn.1006-6047.2016.10.003

e L ME— H AR Y 22 55 4 5 DEED J& LR 2 H
b 2w B 4R s 2 WA AR LAk A LR IR A T
HIETEmS AR 255 % el a4 AT 3k & 52
TBCHR 5 SR V81 T A SR g S S 2 A
B, HATXE & 34 DEED R A T
SCHR[ 11 TR 73t S s E B AN 2
HARshAZTF I BERIAL JEEE T B3 I 2 H b 22 53 i
B SR A | B BRI PR 28 AR A8 80 v (A S 29 A A
HHBEBHE T4 FE R 5 SOk [ 12- 13 14
BORE 2R ] HE A 25 22 1 B 1) B Ak D A 22 S5k
AR B B TR) AL, 5 SR T OBUR R 21 K % 25 ) 3 19 3l
o3 BEAG S 2 7 5 SR e AELSUSE 58 r I ) AR M 4
T 1 8 L B4R V26 R B SCRR (14 - 15182 T
LR H IR UT SR N R 0 5 H bR e AR O R
F PSO S5 500 3R AT Fe A i 98 B2 5 58, AR N X v 3
TR W B AL S E N V26 M3 IR 4 i 5 A
A L A i YR T R TR AN A Y AT AR R
L vt 1 FE R L AR AE 5 SCHR [ 16 18 ST 1 3t S A AT
QR AE | H Tt SRR A O 1 22 H bR Bl 2R 42 O R R A
AL JFFFH NSGA- I 532K i, (H BR8P R AUAE S
IR Z PR B F b 2 —  JFRBIR A THE | Hr A 1
2N TG B v e A 2 P - A ) R H A D AR
T B8 R % 22 1O [] Iof 2 ARG 1 90T PRI AR B R M
BT UL B #r AR SO A 1 R SR A T
V26 AR T 2 His DEED #8812 H 7 fiE
i [7] o e 2 S8 1 26 T RS 825, FLZE R 1 24
WAL TR T S5 R AR R AT SR DL
A 28 R T Y TSR R B TR R R AR AT 2 H ARt
B R | Bt FoR G MOEA/D, B
IMOEA/D (Improved Multi-Objective Evolutionary Al-
gorithm based on Decomposition ) i It £k 1 B 5K fiff 77
., U7 ELSGE T S R AR 5 B LA ROR i 5



g£108 KM, 4 o B0 7R 4 B P ) 2R S 25 B VR ®
EIA RE HL B VR B SEAS T fig 2 2 R A E R AT

1 EHEMEREENERESEH DEED E#&

1.1 REEREE
(1) #RBLERH
ARG AR B AR R ECR T SRR e,

TN
FC=ZZ(ai+biPi,t+ciPi2,r) (D)
t=11=1

Horp 1 AR BEGN AEMALAN G5 P, N
WAL | FER B ¢ AT T a0 b, e, APLAL i Y
U EY (&

(2) T54HEik

ARG T5 Y SR HE L H bR o EnT R o0,

T N
Ey= Z 1 [az+ﬁzpi,l+')/5P,2,z+§iexp(€0zp,:,z)] (2)

t=11i=

Horp NN TN HE AL @ R R AR
1.2 WEWARES
(1) TR,
ERIE S S VS A Ly o

N
z})i,z+PDch,t=PD,t+PL,t+PCh,t t=1,2,---,T (3)
i=1

Horp Py, AHEBIRETERT B ¢ BT AT Py, N
LB R A AE R B ¢ DR B e Py, BB 0 I R G
et s P, B ¢ R, A SCR B R B R A
Ht s =t (4) s s,

N N

N
PL,t:Z Z«R.IBiij,t+2Pi.tBi0+B()() (4)
i=1j=1 ’ i=1

i=1j=

Horb B \Big F By A 45 250,
(2) MR RBEAR,
LB ISt RE Lt e B B ¢ AT AL i S, R

Si=S+mcPa, At - #Pmll,z At — Stips (5)
D

Horb memy S8R FE BRI Ar bR B I T [ B
Spap. LBV AEAERT BE ¢ A7 B0 B P R A A
St =ASL (6)
o AS Sy B B S 0 TSR R R L AT R
S ARAIE L ) 7 A s AT e A ORI R R i S,
T
Sin < S, < Sy (7)
FEr S S 2T A ML AL EE Y | RBR
(3) MRS B TIRAR
& [ R/ NG ) PR i T S N 4 B U
BUE R T
PChJ sPNCh
PD(:h,t sPNDch (8)
Forh | Pya, P, 23900 8 L Bl VR (0 0028 72 00 FRL 2
A ELA 7 H R A R A RS
(4) EERITTRAE,

Ko BB B AE— TR I A 9 A — T L
RLIEER | UV AT

T r
ZI«STﬂp.tzzlnCPCh.zAt_zl nlipDch,tAt 9)
t= t= t= D
(5) HMUALLALE 238
})i,minspi,tspi,max (10)

H P Py ST BUABLEA G I R ER
(6) HHHLAICHE LR
R,[“Pi,l—l_ URiAt $O
})i,t—l_R.[_DRiAtsO (11)
Hrp Uy Dy 53 5010 5 AL @ 19 T BRI o 5
(7) s HAH

N
zpi,max"'PDoh,tBPD.1+PL.1+PCh,t+SR,t (12)
i=1

Horr S, WE B 1 RGN e s A 77K,

2 HREBUKAR

2.1 KEBEEE

£ XF DEED A  SCHR [ 17 142 1 7 —Fp 2t T
MOEA/D 1) B K B s . 1% 5 i R FH 43 i 5 i
W2 B bR BT 2 B 8 B ) L Ao — e B i e H
B Ak 7 ) A ) 2 Ak 343 A 4 o 1 48 38 [F)
B X 4% F D E AT A 5 O B n A T M
O 2 o Kb B R b 4 ) R W | R 243 4 22 IR AR S
X S A WY B A RGE T, I YA TSR R Ik
SUREELS | BB B AE H b5 25 7] 20 4 39 5 1 Pareto
Sy N .

(1) s,

FIH Tchebycheff 43 fif 55 48 15 — & i L H
FRAE A [ B B ik R 7181,

min g°(x[A,z)= max {A,|fu(x) -z, |}
m=1,2,-- M 13)

s.t. xeS
Horr g AR5 LA 7 1808, M oy H AR R gt
B, T EED MR, M =2:f,(x) A5 m 4> B H b5
PRES ;o SRR A B 5 S Ol AT AT AR Y X =2,
VAR S R A=A, AT R AR
M, X F m=1,2, M, z,=min{ f,(x)| xeS|

M
H2A.=1,
m=1

(2) BB,

FEXSROBE IS i MK X (i=1,2, -+ ,N,,N, N
FlRE R ) ARG SR 408 b s B T TH A I 1
R [ g 17180 g S AR 1] 5 RGP B A 0T
1 H AR LRSI 180 B (i) = {iy, - il o
BEHLAILAR IR B (i) WIERE AR 7y ory B 15, L7y 7% 1y 7
ry 7 i SRR AT 22 4y AR AR AR y



® ® 0 8 & iR B

$£36%E

x BN 1-Cy
Horp F R Cy AR I S8
22 HEM#ESIH

LA DEED MR EL 4 2 Hirsh &
AR RO 2 i 2 e 18 ) PR N O T &
TR HL A DR 2R B ] A A AT e AR R W 2 B[R] Y
WA R R, I AR SCE Bk 7 ik i SEal kAT
TP O | DA ARAS T AR R A A ) R T

(1) PR,

FEAS SCRY R FE AR AL | e SR AR R R 45 A
B B B FAL 2 19 T DL R H Bl 7R 2R B Fe i L T
B OEEFIHE x KR .

x=[x'" x* - xN]T (15)

AR xS H A — AN T
Pl,l Pl,2 PI,T
Pz,l Pz,z Pz,'/'

X'+ Fy(xm—x")

(14)

: : : (16)
R\",l R\’,Z P\T
P,y P.o -+ Py
B (N+ D) xT 4, Hb P, =1,2, -,
T B B ¢ 19 70 550 HL T 356, 2 o 3 VR R AR i B B A
FRHAREN | P, =Py, ; T 24 B 8h 1R 4 78 1% 0 B Ak
FRCAARASEE P, = Poio

(2) Zussb s

MOEA/D & 112 %) J2& FH oK fif £ 0 24 AR Ak [ R
F T A A L A Rl AR S AN SR, R
AR A Z 2y o AT A B R i i TR R ) A G
AR SR BT sR B R TSR g ) Y B bR
ERRA AN - U AR el WA SN 0b:) R S B TNDSE S G (L
2 M 1) 28 SRR K] 1) 858 2 A B TG 24 SRR K] ) K i

RS ) S A R ALTE RF PR AR R+
HWATT R A G B AR H AR R R A —
FE RIME R AR SCHE Bk i o h — P e SR AR 1 1
P A 4 b BESRE | 1 Sex AE AR A

a. PR IR AT R R AR R MR X (9) M
FORTRI BERY V2G D)8 LA 2 H 1

b. 73R H B 75 4 Fe e D R S ah b AR A
3 (3) MUK T #E45A BF BE 8 ALAILAL H T, DLORIE &R
5 1) Ty A

Db 40 45 Ak 3 3 P e 3R P e SR A e B A 0
FRIYORSII R ZL R,

a. HIX AR SRR IR HARE R &0,
WA 9 /N T ok % T F e 1 BE o, 80H 8RB
IR B 5 KPR L B K LD 3R o, S HAT B b,

b. M4 T i A% g SR AR B B B K 0/n (n I
BrR s A WL B0 B B A DR AR | T AR Al AR

(i 7 bR B AT O AR B
c. BRI ET RS A2 3 A7 A R 29 A0 B ST T
AR S HPE R WSRO R G U R P i LA
7 WA A e B 4 B o U A R A PR A
DAL AF A AR AR B R UL 1

;

v A
[ 3R (9) 2 stb Rk ¢ | lk=k+1]

oot B E
BN V26 PR

@
1=0
|5 (3) 1 20k S ik 6 | I=1+1
N | ¥ o LA I)A,
T B a5 HLAL )
Y
=717 Al t=t+1
Y

B AHHEXARLERE
Fig.1 Flowchart of two-step equality
constraint processing

XF T AR R A Y R AR SCR IR
AL BT

a. B P SR ST T R R PLAH
PIESE SN 57 &S S DN N S ) Y R 3 8 s
Ab PR

b. 7555 2 2 o 1 2l 25 1 B aak A ik B e R A
UHUG AR FTREAS BN AT AT A | B3 10 0 K S figf 1) 25
ALY S, DA S F i ) 4% 4 it 24 R R E i 5
B R I RGN BRI RV (x), HT
AR,

=

g

P+ Py, —Pp,—P.,—Pa., |+

i=
T

. T
nCPCh,iAt+z lipnchJ,At
1 t=1

= 7]1_)

T
z STl'ip,l -
t=1 t

+

T

> [max(Sm—St,O)]+§T; [max(S,—Sm,0) ]+

>

1
t=1

N
max | Pyt Pt P, Su= 2 P Paan0 | | (17)
\ i=1

TR B 38 ) AR R P (o) LA FEAS B R EE H AR
PR f (x ) 5 R U S T R AR U
F(x)=f(x)+sV (x) (18)
Horp s T AR
R AR Z H AR R B i A S al B A
FHAE T30 bR B 2 R A B 7 32 S Ak A5 5




% 10 H

G A v B L R B 2 R 2 ®

HROX N A AT R B AT R B
23 KBIE
FIXEE LB ZER) DEED Rl R H IMOEA/D 11
KA RIT
(1) ZHOXHE
WHE B RS B R % & IMOEA/D 1 HAk
(2) #tate,
a. VIR ARE N, BGE 10 5 A TR
AN 7 A AR AR
b. EF XA AA xR 25 ] 5k 0 45 2 2
RO e R A AT B A R XA AR
AT R E BART R V() TEN
W H AR REE F(x') , i 2 IMOEA/D &% 8 z =
[z1,2,]", HHp Zp= 1n}in . [F,(x)](m=1,2);

W

=1,

c. AR g, BE,

(3) FHLEH

a. X RSN R 25 43 0 A0 2E BURT 4 14
y, Xy ST TR 0 S X MR FE X YR A 5
B EHBR R F(y), W z,>F,(y), W H 5% 40
{H z,=F,(y) .

b. XTEEBL B (i) WK x7, B Tehebycheff 1
PEFT M3 R g (ylATz) < g“(x [ A7 z) U
T AL g x =y, H F(x)=F(y),

(4) Zakift,

WA g, 55 TR RE, WA R AR5
BN, g =gt 1R FETE(3),

(5) Hi4s

s HARME B MR S Pareto S RIHT , I H
PR 4 T 0 e A A TP

3 BHISH

3.1 KRG H iR

ARICR A 10 LR G 17T V8 AR GT 8 B FE
24 h, ML S B0 fr 8 DL SCRik (19, RN IEAE
50000 L EhIR 4 B 25 58 24 kW -h (LA Nissan
Leaf 17, & 100 km #EHL 15 kW +h,

s HL B V3 TR AR R R B B R ) far RS
SOC (State Of Charge )% 100% , 3T H.7E 07:00 LA}
17:00 FFER A9 1 h WATREAE B R PR (3 50 k),
LAY ]S4 0] 2 5 e R R R EE R T O Y AR AR
SOC. PR il B & 52 7 13 i Ty 3R BIR il 35915 5 b L9 (H
1) 20 % , 3B 1 78 B AR R 0.85, &R G e
e g% P SR U 45 sk B AT (LAY 10 %
3.2 HERWIE

S, M ARIE IMOEA /D K fif 45 5 () B 52 mf
15, RV B NSGA- TN 330 06 K i iz ] BE A AU | D) a4y

XFH ., IMOEA/D 9 R O 100, 2R3k H R
20, R ECH 5000 K, e K 57 51H 107,10, 51 &
s W 100, HAASEC S Sk (17 14 1F] . NSGA-TI
M X AR AR 4T H 0.9 .0.2, 58 X AR
BT 10 53 A7 75 B 20, HR AR SCIAS A B 29 31 4b
AL, BB AR 5 2% A0 R Bl 5 AR SR R —
B, 2 PSR Pareto Fe P T AN B AL #4359

DL 2 fEk 1,
2.54%10°
o 2
~ ‘-. pe
i i i
= 2.48%10°
= B~
2.42%10° : e
2.8x10° 2.9%10° 3.0%10° 3.1x10°
V5 G HE L/ 1b

o IMOEA /D, *NSGA-II
2 Pareto s EHETIA LR

Fig.2 Comparison of Pareto optimal fronts

x 1 RWBARAFTHEILER
Table 1 Comparison of extreme solutions
and best compromise solutions

Iy ik H 5 PRELR /8 TS U HERL /1b
25 et 2.4252x%10° 3.0772x10°

IMOEA /D W8 s 2.5308x%10° 2.8425x10°
e AT i 24635x10°  2.9080x10°

EZ NS N 2.4697x10° 2.9652x10°

NSGA-1I B AR 2.5055%10° 2.8962x10°
s AT i 2.4832x10° 29115x10°

A OE ARG SR AT WL BT 2 2 H AR R, AT
FEAR 2 AT B H A R B 5 O A 4 % A A0 A, BT A%
Z W Pareto %ﬁ]ﬁ?o FB it N A E AT REs
M e 2 5 e I B st S BR AR AR R 5 I 2 25 AN % &
15 Y S HE IO /0N T 0 B P B e pE O S8 B, I A
HEIERRLEE oA . L AE £ B bR R) 8RR ) 2
DEED B8 36 J5 I | % 58 5> ¥2 4 Pareto ¢ fIC fif 45 T
WEMER  HEAFZES T HMHER, #H1TR =
LIRSS

[ s H P 2 m] DL 2 08 B ) A8 0 52 4 e
&5 1 NSGA- T 5375 AR BE 4R 15 50 38 19 e A v i
M Z T, A3 IMOEA /D 15 2] 1 f5 8 A i v [l 3
UL AR O A Halad # 1 AT A NSGA-TI
BB H R R LR, 2 4 FIMOEA/D
R A i e A B A AT TR i, BT LA R SCSRVE BE O 42 0F
S0 AN ERIEE OB H A ) A0 AR B2 MR A5 R Y
RSB oo iR TiZE s

SR I UE R BE T R B E B 3R 2 45 IMOEA/D
AP e BRSNS B 3 WS T ORE &
T HL B R GE  FE I D) R SOC (B R BE 1 #EOR
01:00—02:00 , HABAK IS HE )



D R % 36 %
% 2 IMOEA /D KIS AL s i
Table 2 Best compromise solutions of IMOEA /D
B WAL T /MW FHCE B, s
ML 1 Hlel2 #HLE 3 Hldla Hldls Hldle HLA7 MLl Hldlo #Hld 10 TE/MW MW MW
1 151.79 136.46 140.76 135.23 19593 159.72 130.00 120.00 79.32 54.86 238.76 29.30 1036
2 152.19 142.05 154.17 168.92 22133 159.64 130.00 119.61 79.29 54.64 239.07 32.77 1110
3 162.16 163.46 173.56 178.23 241.87 159.99 129.86 11999 79.99 54.99 169.19 36.92 1258
4 160.56 173.52 187.46 192.88 242.68 159.53 129.34 11944 79.47 54.25 54.43 38.69 1406
5 179.50 193.00 213.18 222.14 243.00 160.00 130.00 120.00 80.00 55.00 71.84 44.01 1480
6 203.38 219.10 23797 231.49 24273 159.39 12998 11995 79.88  54.32 1.13 49.03 1628
7 211.42 240.68 258.39 257.33 243.00 160.00 130.00 120.00 80.00 55.00 — 53.84 1702
8 246.83 259.28 267.31 277.74 24242 159.64 129.61 119.51 79.16 54.48 0.63 59.35 1776
9 299.27 290.22 309.12 299.59 24295 15991 129.92 11996 79.97 54.90 -8.40 70.22 1924
10 313.69 327.48 329.57 299.93 24298 159.98 12996 11998 79.98 5497 -39.48 75.98 2022
11 307.63 311.52 32270 298.57 243.00 160.00 130.00 11998 80.00 54.99 -151.16 73.56 2106
12 31647 328.23 333.11 299.87 242.85 159.59 12995 11994 7996 54.99 -161.54 76.50 2150
13 31828 31244 319.73 299.67 242.89 159.99 129.81 120.00 79.88 54.94 -108.74 74.37 2072
14 287.01 297.75 31148 298.69 24298 159.98 130.00 11997 79.95 54.84 -11.28 69.92 1924
15  231.69 259.93 281.10 271.99 243.00 160.00 130.00 120.00 80.00 55.00 -2.26 58.98 1776
16 190.41 196.39 22272 22998 24297 15996 129.96 11999 79.97 54.85 27.35 45.85 1554
17 167.15 170.45 197.58 197.17 24279 159.82 129.93 11997 79.96 5495 39.77 1480
18 20838 215.95 24834 23997 243.00 160.00 130.00 120.00 80.00 54.98 22.28 50.34 1628
19 241.50 261.40 27694 270.75 24273 159.86 129.71 119.75 79.64 54.76 1.67 59.38 1776
20 29534 323.22 326.63 299.84 24281 15993 12994 119.95 79.92 5487 -13.38 73.82 1972
21 269.58 288.73 310.60 296.46 243.00 160.00 130.00 120.00 80.00 55.00 -38.23 67.60 1924
22 198.70 214.14 232.10 247.49 243.00 160.00 130.00 120.00 80.00 55.00 3.39 49.06 1628
23 158.15 163.13 178.73 201.79 240.39 160.00 130.00 120.00 80.00 54.87 117.07 37.99 1332
24 15849 163.18 170.22 178.72 240.11 159.73 129.93 119.89 79.74 54.50 234.10 36.42 1184
300 ZEA K 3(a) (b)), L BITR 44 22:00 2K H 06:00 ,
2 200 SEAR AN T A RS | LU I AT % 3 R AR
AN
s 100 "m “ % 07:00 H & B SOC 15 E] 100% ;07:00 — 08:00 4-4
= - e
ER ! www*“wq FrRLAER bR BRMECR  SOC A1 BT T [ 08:00 —
= N N N
@ 100 15:00 A £ oy 19 =5 0 0, e iRy iR 1 2150 MW, i (IR
—200 0 25 A 1776 MW, 15 LTI | WL 2 37042 2R AR A T B R
ﬁ& & VLR LK LA T, SOC 722 T i T
(@) FHR 17:00—18:00 % ERIT R K, A 007E 16:00 2E47 50
100 B, ,SOC A Fr L FF; 1 20:00 & 21:00 & 4 [8] 1) 171 fuf
80 g AR RS HE SOC A E] R, AR
¥ 60 J& TETR 18] 5 fof (IR 23 Bh 40 8 L L Bk H AT
[ 3
S 40 3.3 REGIE
20 (1) A58 BT
0 1 1 1 1 Il

F1 L 3 AT RUFE 40 s gk A e D0 3 b A X 10 Y

I} Bz

(b) i HURES
| —& Rt 2 — B R, 3 — R A o i
3 AEBHBHRERMBERLIL
Fig.3 Comparison of EV charge/discharge
power among different solutions

FL Bl P4 ST T LA LB L P R AR

R EAPARE Xk 1 # ML Z 8] #4171
S, S EUR AR

SRR,

ok

YHY

LKk 1)
/—{'—jh
B2 s Y SR HE i Y 22

TEUL b TAEM SRS T | o0 PR A6 I T 45 78 i A5
YRR JE T3, o B LA T 3 s AT sh B A B 4 0%
WERFFE

g 1. TR EEARS,

Y5t 2.50000 FH SR ERARSG R EHEZ
P il 7 e 200, X 7T HL IS ) DA BR 5 | B R 395 4
TE 18:00 B XS5 H G 7o, 25 2 K 07:00 & ZK 045
[ S (i o 1 0T = T s [ o
50 000 5 H 875 42 75 L RE 375 MW - h,

Y5t 3:50000 fHE SR EZANRG KA
BEM V26 B,

LR 3 s s 1 R 2R DEED



% 10 H

G A v B L R B 2 R (91]

WE, HE 2 Mg FRhiis 2S5, A s
FBR A SCI IMOEA /D #EA7 3R g, LA LRl %
RKELL B HADSECS 3.2 TR FF—50, FR T
TEIE R T O TR 3 50T A9 A% s A7 AN 3T AP A ) i
i s 2 4300 DL 3R 3 FIIA 4,

%3 FEBEHNHRHE

Table 3 Extreme solutions of different scenarios

758 ER7N BRELRH /8 S SR/ 1b
| ZoEil 2.4365x10° 3.1373x10°
Whifmit  2.5317x10° 2.9256x10°
5 St 2.4653x10° 3.1990%10°
Whifft  2.5609x10° 2.9863x% 10°
3 ZPE At 2.4252x10° 3.0772x10°
Wit 2.5308x10° 2.8425%10°
2200
=
N 1800
= 1400
ey
&
1000 :
0 5 10 15 20 25
i B

Gl 2, -3
B 4 TE %S G
Fig.4 Load curves of different scenarios
XF Eb DA b i 17 0 Fn B e il 4R A L BTR AR
5 2 W E I Fe i X A B M A FIC s 3h
KBNS 1, R G009 5 BRRE % RN B f 5
e HE A3 534 T $28 800 F1 6 070 1b, RI UL Hi Bh
TR AR TR G e AT B AR v TS e HE g, (R
P — P FE RS R X % e Ak A R IR A 3 A
Bl e AR 2 T S IR B R i [
B, 3 s T B far 3G K B T AE 18:00 2R H 07:00,
ARG — 3 WA AE R (B TR A 19 7% (8] 1 faf i U
WIS BN T RGN R R B RSl 4
40 2R H B9 45k 7 5 3 Y Al B2 V26 #%
AR H i Rt 2 R S5 A 1 e HE R T B 3
1 A T $11300 F1 8310 1b, Frbh M HF
Yyse 2 W) — s m R X SR T R B 1 4 BB S R
77 2 1 HAT Y XL R 5 e | A i U R 67 Ay
GEfR TR AL K T Be A RO D B B R
G S RHE R, B & 3 i v
22:00 Z¥X H 06:00, 5 AT 5 T 7E 08:00— 15:00,
R R SR TR G RE M L0 A 22 R EE
35.89%, T fif It 2 84.85% ., 3 135t iy HAK 17 i
FEMEFRAR LR 4,
(2) IR Bl VR 2 R ) ] BE A 5
A GE AN T L Bl 7RG e N RILBRXT 2R 4 o 4
FLR) AR SO S SRR [ 20 %8 XUER 1) A B RE B

x4 G EREARRT L

Table 4 Comparison of load characteristic indexes

oy WREF % R/ %
1 51.81 77.22
2 50.47 77.95
3 35.89 84.85
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Table 5 Extreme solutions of different penetrations

BIRE BER/ 47 AL 15 G
B/ % wH /% HEW /b
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WM 2.5226x10° 2.8699x 10°
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40000 8.93 T X X
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Fig.5 Curve of best fuel cost vs. penetration
= 2.87x10°
=
=
L 285x10°
&
Jiing 2.83x10° L L L L ! '
447 6.0 893 11.16 1340 15.63 17.86
HBIEBER /%
Bo &MEHHMBIRSEXRNTLES

Fig.6 Curve of best pollution emission vs. penetration
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Dynamic environmental and economic dispatch of power system with EVs
ZHU Yongsheng'?, WANG Jie',QU Boyang®,LI Jian*, SUGANTHAN P N?
(1. School of Electrical Engineering,Zhengzhou University ,Zhengzhou 450001 ,China;
2. School of Electronic and Information Engineering,Zhongyuan University of Technology,Zhengzhou 450007, China;
3. School of Electrical and Electronic Engineering, Nanyang Technological University,Singapore 639798)

Abstract: A dynamic environmental and economic dispatch model including EVs(Electric Vehicles) is con-
structed to cope with the challenge brought by the large-scale EV application to the power dispatch,which
takes the V2G(Vehicle to Grid) power and the conventional generator outputs of each dispatch period as the
decision variables,takes the total fuel cost and the pollution emission as the optimization objectives,and
dynamically manages the charging/discharging behaviour of EVs to meet the demands of system energy and
user travel. An improved MOEA/D is designed to solve the optimal dispatch model and a strategy based on
the penalty function is proposed to dynamically process the constraints of decision variables in two steps.
The rationality and effectiveness of the proposed model and method are verified by the simulative results of
a test system.
Key words: electric power systems; electric vehicles; dynamic environmental and economic dispatch;
MOEA/D; multi-objective optimization
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Optimal EV charging station siting and sizing based on

urban traffic network information
ZHAO Shuqiang, Ll Zhiwei, DANG Lei
(School of Electrical and Electronic Engineering,North China Electric Power University, Baoding 071003, China)
Abstract: An analysis method based on two-step search is given for planning the site and size of EV
(Electric Vehicle) charging station,for which,an optimal mathematical model is proposed. The optimal
allocation of EV charging stations is obtained based on the information of urban roads,the Voronoi diagram
is applied to divide the service areas for EV charging stations,and the size of each station is designed
according to its charging load. Case analysis verifies the effectiveness and practicability of the proposed
method.
Key words: electric vehicles; charging station; cluster analysis; set covering; charging station siting;

charging station sizing; optimization
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