Vol.43 No.6
Jun. 2023

$£43%5 FoH
2023 F£ 6 B

% 9 & % ¢ L B

Electric Power Automation Equipment

He T V2G BRI b i v B H P 52 S

WEEL B ML E KL H RS
(1. B em Ry TEINE TS, @ RA 610500;2. HH B RS LA ISR, W KmAE 610031;
3. B admkF WA EFR, W RAH 610500)

WEMACHAFHREHE RTERATHCHAFLETEAIG N, AT RHAFAR(V26)EHK,F
BN A AR ) R AR A M B R B S B Sl B T B R B R R AT, R 2K R R AR K 8 )
i, AR R BT R Atk At R MR A F RGN SRR ECERAFRE, ELT BIAF K
WAL IR AE TSR R S A S R IR P R A ERE R EF R FAEA AR LIRS B
IR AR A R AT R BAR K A B AR, B AR E kel it dr & F kAT KM, R T A T V2 H Ry 4
W A ARAC R, B BIE AR IR T PR O iR G T AT WA R AL | T A Rk B 3R E KL BN T

W, 6 Ak R R R T AR AT Y B

KR R T W A S V2GR AR B i B b R

RE 5SS :U469.72; TM761

0 5l

L B 7R 45 B B R A RRAE I, R SR 1) ¢
JE RS AR OB AR T B BRI VR 4k T = H R R
LX) , 2 2030 4F , 2T L B 44418 3] 60~65 JTH0
HL 875 45 A M (vehicle to grid, V2G) B ARAE A #5
ST, AR SRS 2 TR I & S 3T V26 RN
R R L B VR AR A RE BT I, R SAy HL Y
PR b 2 B T DRI T L B R G L T SR A
S B REVR 2 5 H I R U B S A BeAS 1 L AR
PO ] Al PR R B B R G R AT, S B2
wrizfr . HRrEIRE AL PSR MM, B
W V26 HOR T B B SR A R AR N e 7 SR AT
SRR, 20204F 4 A AR A0 R 2R TR E B UCK V26
Fo LB B 5 A S A R DA A B AR 55 TH 7 A
AL DL R i e 1 P Bl VR A AR A Sy Al B 08 1 Bk T
FEL O {3t o 5L T A, AR S0 RN I Al By R U
JHF 38T R 00 2 Hi, 0 fr ) pE LR S, R4 Y T — R
FET V26 BRI T H I £ L R A SR

Xof Tt H R A SR, 7 S i K R B RO R Y
RGN I F R ) RE IR S5 44 e A= el s AR Y
— O S ARG VR T L B R R TR .
HRL3 IR HIZARBR AR | i 2ok G H P 3R 5 PR 5 2 L IX
B b 5 SCER (4 75 1853 =X HL IER A% BE 1Y) BR U 3
AE T S T & A SRR M 0 far AV R Y 22 B
[i1] B3 e I 3 A S AR fifi 3 A KRR TR B3 2 St
Y5 B #A:2022-05-09; 1€ [5] H #§ : 2022-09-13
TE£% H AR B #5:2022-11-07
ELITH v A0 % 3 B (2020YFSY0037)

Project supported by Sichuan Science and Technology Plan
Project(2020YFSY0037)

XERFRERS: A

DOI:10.16081/j.epae.202210024

LIRS T A s SCHRLS Dxt oA X PR EE 22T /9 B
7 IV 2 R IR AT 22 YR () R el AR S i ik &
LU s SCRRE6 i T4z i 2 5 s i T AR i
HEL 9 B A RECRRII A2 S ] B A 28 47 AR E A, LA
P 7 6058 BE IR R F A D 3L A2 HL IR, 4 0
PR s

AR SR T L FL P A ) A R TR
L R S ) L DL 0 e B £ Al ol M ) 2 R
WL B A SR IR A Bl —E i T, ELTRE
WA AR IR D SRR, O R R K R
M 2232 B 9 DR A RABEHLIER . EA 5
OIBIRFERE B B SR I A K A e - SCRR (7
iy T et Gl NG SR AR S D E i A B
(A R PR S SR, 7 I rL R A2 a R PP DB 1 0
E5] P SN i U U ER SR I G A DR PS TN /R SN (R 6]
FAEH BT RE A DL s SCHR L8 JH i sl v vt
PAFE e o ol 10 A AR B 2 5 I i, K
57 OO A8 e A ri vl ) 7 B 1T, R T 1R A
557, ELE AR vy &), 3 SR 2 A R e S R e S v
BE, A A T4 SCRRI9 MR B AL 2 5
e 5 S B AR A (EARES T R B RA A 7, L Bl
NSRRI  BERBE IR B, A S 4
uhJ5 — BAL THE ERE , 2 5 AR E 23 H A &
A=A —E R B AR

TSk BB, AR A RS
V26 10 H JE 3l B B S IR R LR SR T —
P RS2 SR o S, PG I — 3 L P AT L R T
AR B B, BRI (3t P K O e 220 I 4 A S A
JFHCHR B BB T B K A] SRR Y A R A
e SRR 2k S i SR AT AT o S 0R



5] ® 0 & % L %

%43 %

AT AR LUK, $ B ey R L R AR R L
PR F SR A IR BB AE T 28 v R sk
NIRRT A i ey s N SR N T SR L i)
fap AR LA R Fe /N E B, ST R FE R R F DR A3
Bc 7 AR AR AR TR | 3 SR FH 38t A% B 1ok A ol o fit £ 55
B AT R Bl A5 LI e T P SR 1 )
SERIAT I, BE TR A A FL SR AR

ARSI HRE TR ] A R R S A B — s [ 5 4 71
Tap PR S ASE L 7 5/ T A rL R 2 | [ s} Bk T 7T
ot B Sl X DA %) [ A8, S ELAT B A R . ()
AF 38 T R L 7R 4 Y B RO e ] N AR E , L
R EM AT N BA — 0 R A AT
PSR I A AT RE IR & F AT HE R R
AR SO SZ Z71T KRR ARSI /),
N H A AN A2 0k ZREHLERZ i B3 . LA 395
R TAEW AR, H BAH T, BOAR ORI I8 H
YRR DI

MR AU B BE VAR R LK) , T 2025
AEIR E R RE IR G A A iR B 2091
TR ) A 0 A ) SR R K B BRI T AR Ok
2030 4F ¥ 1 BT RSk 19 12 Rk ) Hh3E - #2030
AR R A0S T BRI R R E] 50 %
AL UL, A FL SR R AR S R L, R
FL TR it K A3 A 3R T 45 A S T, 33X R AR ST R
WEPRHE TS . ARSCF S INA AT AR & Kt fL 3l
TRZE IR T R O A4 R K 2 AT 9 A S S

1 BIRESEN ARBEETME

T4, 3T Ey IR AT SR B 0 22 A0 A B i o R 5
B LT AR AT T O AR AL A
W SR AT A A I 20 TG 0, IR Bt Sl
FIOU A5 2] H Bl 95 5 A 45 15 200 1) oy B R 285 (state of
charge,SOC)'ﬁ?ﬁﬁi%’ﬁ?&?o P 5 s 221 B — X daf Ay
R FEL Y L B VR AR AR S RO O T X FL U 1%
SR TR 25 1 RO X S H Bl VR SRR R A]
CER(IESS g
L1 BEHREHITITAEE

rh 26 [E 22 3 5K 5 A (national household travel
survey , NHTS) B 4a I SCiik [ 12 ] H (94805 5 ikl A,
FL IR DR I ) R 22 R [ B 2] 1 %o 5T
O3 AT BYRRAE , AR 3R B ek 800 i =X (1) A=t
(2) 7R

e
o/ 2m ! 20
(4,-24-p,)’

exp|: ;
o2 207}

} 0<t,<u,+12
f(tl ):

] w+12<r,<24

(1)

1 { (t,+24-p, )
exp

o, 2T 2073

j| 0<t,<u,—12
f(tz )=

_ 2
(t2=t) } - 12<1,<24

(2)
s £(e) HHBNVR L ¢, I 2 H S 1 M 5 B R
s f (0y) 4 HL B VR AR o, B 220 3% [0 10 ARE 56 285 32 oI
oo, G A Bl R A R R M e s 2 A B (E B
#, 1,=924,0,=3.16; p, .o, 7l L BIRE AR
iR E A 2 A B2, w,=17.6,0,=3.4,
A3 BIARYE O Ak (2) X H B8R 4 0 & i
2 AR [T ZIHEA TN, SR J5 FH 3 I IR ] R 1 4
77 B RSO P Bl VR G AR BT T 45 b 2 RIS RS
sl M4 NHTS B e i 8l , sk AT B
Hirl 3k 625 BMET X TAEX #2E X FE32 X
W X HAB X, 2B X B 1 —6 Fon . T DR
A FEE 0 B AR SR R p, R -

Pt Puiz2 *°° Puis
= pt,‘Z,l P:,.z,z o pt,.2,6 (3)
Piet Pure2 7 DPues

Kip, . (myn=1,2,-++,6) Kt B Z B 8h75 4 H X
Wom % s B X3 n R, H O<p, .. <1. HilEp, 1)
R—AT0 R Z N 1, TE BSR4 AT B — I %1
W RS I, AT ARG B SR R — KP4 B
Z AT A4S XA AR

T FIRWESY, EE T LSRG AT AT N e
AN SRR (1) A= (2) 1 5 340 el sh 7R 42 H
ATES B, AR e AR 4 X (3) o L sl iR A AT B vp
T — W) Z20) (%) BT A 1, FH 45 15 20 L 3095 24 1 T 7 b A
WHEIEEW BT . RS R P R E
HLIX N ngy SR SR G A T4 0 IR as g s
24xn,, Y FEN, = (4) Fos o

1 1 1
P1‘1 PI,Z Pl‘n,:\
1 1 1
_ Py Pyy e Pz,n,\
e ) (4)
Pl Pl e Pl
24,1 1242 24, nyy

P (1=1,2, 0, 2450i=1,2, -+, ny ) Wt 255
B GE PTAk B IXH
1.2 EBIhiREMSOCEE

L S VA R AT AT R T LAAR 2 HE B ZE TR 4
A 22 0 45 o LR, A B LA RS OO, B L SR
22 ) FE L RN AT DAAR B AR A5 B2 SOC, A8
JI A W Bl VR 4 AE B R AT T B SOC 3424 100 % , A
B 48 70 5 H R A 2 M) e St 2 S S — b
AT 4 8 L SR A L M O FH 5 A . St



5 6 A

BEE 25 T VG HAR AT v 1o R A g @

SRR AN 1 BR o
St TS

L 1 1 i

0 Y Y, 100% SOC

B REERERFER RN
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Fig.2 Relationship curves between load-loss cost and

load-loss duration of various loads
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Power supply restoration strategy of urban power grid based on V2G technology
HU Siyang',LIAO Kai’, YANG Jianwei’,LI Bo’, YANG Wei’
(1. Engineering Training Center,Southwest Petroleum University, Chengdu 6105003
2. School of Electrical Engineering,Southwest Jiaotong University, Chengdu 610031, China;

3. School of Electrical Engineering and Information,Southwest Petroleum University ,Chengdu 610500, China)
Abstract: With the extensive promotion of electric vehicles(EVs),the total capacity of EVs in urban power
erid is gradually increasing. Based on the vehicle to grid(V2G) technology and considering the discharging
capacity of EVs,the EVs can be used as the auxiliary power supply to cooperate with emergency power
supply vehicle to quickly recover the power loss load, which can effectively reduce the load-loss cost, has
good flexibility and can reduce the configuration cost of traditional emergency energy such as emergency
energy storage, emergency power supply vehicle,and so on. The discharging model of EVs is established to
evaluate the power supply level of EV batteries. Taking the importance and capacity of the outage load as
the basis of limited power distribution,a power supply restoration optimization strategy based on V2G tech-
nology is proposed with the goal of minimizing the load-loss cost, which is solved by the combination of
genetic algorithm and improved whale algorithm. The simulative results of the example verify the feasibility
and superiority of the proposed method, which can provide a new idea for the research on power supply
restoration strategy of urban power grid after large-scale EV access in the future.

Key words:urban power grid;electric vehicles; V2G technology;power supply restoration;optimal decision
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Table C1 Parameters of electric vehicles

R b /(KW h)  JBCRIRAW A BFEH/(KW-h)

Jki% EUS 53.66 6 0.13
L i e5 60 6 0.15
W ¥ EV 52 58 0.13
L e 7T 53.22 7.6 0.15

R eis 52.5 6.2 0.13
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Fig.C3  Output power of equivalent power source in different regions
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Table C2 Importance parameters of regional load
fifar KA & & & fifar KA & & & Fidar KA & & &
fEEX I 1 0| KE@HE%EX) o 1 2| WEMHX) 2 3 2
ERGUMIX) 5 2 4 | SEBCAEX) 1 4 1 | FEEEX) 1 3 1

RO BANTHARBAGEE
Table C3 Typical load capacity for each type of load

JUAY G A 25 /MW SR A A Bt 75 /MW
WL K55 SR X AR X (2 X) 10.122 B (LEX) 17.5
AR P K i B (WA X /4 A8 X)) 42 FEX(EFEEX) 10
P 11K 25 4 76 = B (e Atk 35.5
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Table C4 Increase rate of load-loss cost for each type of load
2 HLA5 2K 38 3/ 6 - (min-kW)']

Bifaf FE 7 - - -
0~Imin 1~20min 20~60min
fEEKX 0.028 0.075 0.096
% Bt 537.300 35.263 9.557
R 12.073 0.511 0.732
Bk 12.073 0.511 0.732
i E 9.995 1.406 1.656
S 9.995 1.406 1.656
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Table C5 Distribution results of equivalent power sources for power supply restoration to lost load

e oz | il sl il s | bl sl | b sl ) bl sl ) bl b | bl 2

Wiel  fam | WA T ) T S | TTE REE | Wl SR | TR BAEE ) Wl ST | TRl S
1 Ls 6 Li 11 Li 16 Li 21 L; 26 Li 31 Li 36 L,
2 Li 7 Ls 12 Ls 17 L, 22 L; 27 L, 32 Ls 37 Li
3 Ls 8 L, 13 Li 18 Ls 23 L, 28 L, 33 L, 38 Li
4 L, 9 Ls 14 L, 19 Ls 24 L, 29 L, 34 Li 39 La
5 Ls 10 Ls 15 Li 20 Ls 25 Ls 30 L, 35 Ls
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Fig.C4 Distribution results of equivalent power sources for power supply restoration to lost loads
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Table C6 Distribution results of supplementary power supply for emergency power supply vehicles

e 2 | EEE TH | Mt SZHE | ftEE ZE | giEE TH | tBE ZH | teE 28 | tEE 2R
55 A 1 5 A 1o 55 B g 5 A 1 5 i | 75 A 1o 5 i | 75 B fii
1 L, 9 Ls 17 Ls 25 L 3 L 41 Ls 49 Ls 57 Ls
2 L 10 Ls 18 Ls 26 L 34 L, 4 Ls 50 Ls 58 Ls
3 L, 1 L, 19 Ls 27 L 35 Ls 43 Ls 51 L 59 Ls
4 L, 12 L, 20 L 28 L, 36 L 44 Ls 52 Li 60 Ls
5 L, 13 L, 21 L 29 L 37 Ls 45 Ls 53 Ls 61 Ls
6 Ls 14 L 2 L, 30 L, 38 L 46 Ls 54 Ls 62 Ls
7 Ls 15 L, 23 L 31 L, 39 L, 47 Ls 55 Ls
8 L 16 Ls 24 L 3 L, 40 L, 48 Ls 56 Ls
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Fig.C5 Comparison of load-loss cost
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