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Research on system framework of plug—in electric vehicles integrated
into electric power system

GONG Chang-wu, ZHANG You-bing, WENG Guo—qing
(College of Information Engineering, Zhejiang University of Technology, Hangzhou 310023, China)

Abstract: In order to solve the problems of energy supply shortages brought by the popularization of electric vehicles (EVs) and
impacts on electric power system integration, the vehicle—to—grid (V2G) technology was applied to the smart grid. Firstly, the concept
and state—of—the—art research of V2G were reviewed briefly. Then, several models for EVs connected with the grid realized in China
were discussed. Meanwhile, a framework that EVs integrated into the grid through the microgrids under the environment of Chinese
future smart grid was proposed. All the players involved in both these processes, as well as their activities, were described from two
different domains : the grid technical operation and the electricity markets economic. Finally, the key technology and technical direction
to be researched were pointed out. The results indicate that, the V2G technology and its system framework can make full use of the
vehicle’s energy storage system to have a two—way interaction with the grid, support the large sized application of renewable energy,
improve the efficiency and stability of power system, and have certain practical significance for speeding up the adoption of EVs.

Key words: plug—in electric vehicles(EVs);multi—-microgrids;vehicle—to—grid(V2G) ;renewable energy sources;smart grid

0 2 = PNEREE S E’JIEEE/J?,LELEZ%I*E{HHFJJE’JE%
JEDA, BE VSR AN PR 75 G ROA T SR OC E

2022, TOlL AR BIE TP RAH AL AREI  7EREIRT R FRBEIRAP M REIGHEAY BRI F 5 ?ﬁ
ARG —0 N REMEWCE RS WREREEEE SRR ERTIR SR AR (V26) HAR T 7Tz
T, 2020 4 U5 423k iR 5 W A ka2 w0 RIS R R SR AR oA U R T 4 B
BB O IRARRIRIHAE R 2R = UAHON 2, DA M B A A KA I Mis 1T, 5K

Y5 B #A:2012-03-28

E&TH: HEARFFERESFEIIH (50777057) ; Wil A KRB H 4 0 5T B3 H (Z1110893) 5 Wi VL4 M AR BR324 ¥E B 1 H
(LY12E07005)

PEE R 3R (1984-) , 55 VIV FIRA , 2GR AR rl I 231 20 A BOAR S 2l 7 A A5 7 T DFE. E—mail : gchangwu189802@
163.com

BIEBRRA KA S, B, 20, W+ 0. E-mail : youbingzhang@zjut.edu.cn


http://www.a-pdf.com/?product-split-demo

- 962 - HL )

T B $294

W 5 hy 34 o 580 R AR AT Xk L R G R
RE IR AEE 0] B e B A R 2 — o TURL W I (TR
T, B — o el 70 £ o0 ol Fb U5 % i e ] 4
APLRSE") 2 T E N AN 5 Y 5ol PR
BREE S /NI XURE | K BH R A5 AT F AR 3 A 2 H U
(Distributed Generation, DG) $2 {1t ELA WAL A
R AL G W B 25 6 el = AU R

AR BV B TAT 55 S, B a5 i S R
()R R, 25 R IR Bt 8 B2 i AT B O 4 4 i 55
5 T R (4 TR AE, R S b AT o i 28 3 38 L 3
ZEANEL B AP AH SR RAEZE AT O 5T

AWEFE NI A B R B EVs A S8R s 17
B, REAE V26 B A 22 RE IR 4 HL T I 3R SR 454 4k
w2 HL 2l VR 4 5 4 RN T 37 0 A7 AL A5 7 TR AT 03
Bt o WEFE NS FIRRAE i B 25 i SR 42 se L i
Tt B HR B 2 22, v [ B H I ) R R R,
W42 R FE UM AR A B RO Mis T4 ke 5.

1 V2G Mt & M i 58 Btk

i R VR F R R R R Sl R O —
A3 A 2 RE B R B R I R 45 67 T S H P R, S
B AL P D30l SR V26 SR IS
AR, MR T F i 90 AR H 38 ERRh AR R
2% (University of Delaware) Willett Kempton (4% fl H. 5
YE# Letendre B3 PEHBAE 1, 76 35 [ fo 7 SV 30T T AN
AR T BT A 1 X — &, IR kAT 1R
ABFFET

T V26 BB RN B 8 HL R AIF 5T A0 Y R
Z—, 51 T RER L Z A ) Tl S A AR 2 K
FINEER T AHSETT I BIDTTE R, SE R H A R W
(hnrhA it R 2 3D A AR Dy TR T T
V2GWF5E , FHELE V26 AW BT R & 5 das 4k
SR g A PR 0 4 S HEATIIE T, RPN AT
507N BFST EV Bl ) RE IR A B BK Sl BT R OG
AP35 L g L TR K 1 (A EV D 300 ) 3 748
) LA TR AT SR 2 R EV AR SE
TR A R V26 B BIVA A N FH A HL ) RS 52
i 43 AF 7 BV A AT ke, P e 251 A K% v, g A B
55 Canall =5 el &5 11D e R BE L RO ERIE T V2G 1Y
SEBAPHT " VG REAL IR Bl VG i
AR SRR A .

2 EREEV AMZEHY

2.1 EV AMENA IR
EV )™ X Eal 430 3 25 . | b o 317K 4 (battery

electric vehicle, BEV) &G W 3K % (hybrid electric
vehicle, HEV ) FIZ Rt iR 35 75 ZE (fuel cell electric
vehicle, FCEV) , A58 T ik EVs F 2 247l 104 5
245 5 v 0 97 F 3% e ) A R UL SR 4 PEVs 201
X EEIEBEV S HEV) o BT84 PEV X TR HL M
Hei e — MR/ IR EC T, 5 ZA PEV AGERET)
REAN 28 DI REAH B A U R , AL 24> PEVS JE I
(AR 2 SRR S A B, X PEV [ v o 42 {4
iR g5 i HArRES LR RE 1 (R V2G TR KR/N) 5
PEV fe 283 R M PEV 25 V26 IF il LA 00 H
MR A G, A WTE TAERI, 48 R ZHPEVs
TE—RH190% LA 1 1 Inf 1] 2 A0 IR SRS 1, Rt
WF5EE AT LK PEV DU RE BT 20H A R A7 52
PERE, UM PEV #E)3  ,

HAT, E A PEV H AL 24 LU P72
—Fh DL R3] P (Vehicle to Home, V2H ) 8 44 2]
#4572 (Vehicle to Building,VZB)%$—$%ﬁﬁﬁT§A,
BAPARRE LAZE =7 A= R A 7 (Aggregator ) ZH 2 (4247
5 ORHL W Z (8] v ] R, 17 5 AR R 2 g A ) 5 —
2 VR RHE XTE A S 423 e e AR R, g
U A [ A& 1 7R o

ff H@i@f

ﬁ%ﬁj’ﬂsﬁm (@
‘ S

B SR S R R

SRR PEVs U U4 & B2 A L HL TR 4
PN Z TS PEVs 32 A HL R A] LU LU R

(DA 1 KA (ERA RS E CW R KL L)
BETF R Bl VR R B A 5 T e T A L T, SR R e T
ol 5 R B9 i F 7 X, Ot B I e K e R R At R
%

(2) B2 /NS R (KW 20 5 MW 2%) 4EBE R 3
TRZELH U A T 20 A P I T FR A [ A D) AT A
H, PP AE IR 55 5

(3) #X3: HL B IRZE PR B — /N i (kW 4]
DU N3 AR EC R R, S [ RS Bl e
55 o

TEBLSE AT, I A SR i A i U A7 7, A 1Y
PR A BR , A B ATE B, S Ak iz
T BORIAEE B RS SE R R g, 1T R




5 814

GLAs R H i T PEV M S BT, F5 B BRI
IR 18 B A i, ELIS AT AN e TR, B 42
1l e S L BOME , By LA 1A FR s X AR 3,
T 1 5 K B 2 EAR X 5 B AR BN Y R T
SRS — TR BEAS B . AR A SCHR[ 20 ] i ) ) Al g 222
P AR A 2, RO LAERE PEVs ZE 401 (7
ol XA 2 g e R X 45 3 T kA 7 4 v T8 L AR
B AT A r R RE HL AR REN K R 2 o
22  {PEVZHIEXBEHMMNEN

5 PEVs B S SR ZE A8 A0 1] 2 B 7R ™ i
R IE FAR O TR IFEAT, 9 TAXT RGEME A
P 54 1 )k 22 B R L, IO PR IR I T A A AR Bt
M T A o XL DG A5 P AR RE IR R A is 4T, A i
14 Ty 3 2 B2 00 PN PR B AT, SRR AR AR L™ R
b rL b A5 R A I 2 A7 R R IR R
I RHEERI AT . PEVS I ARG , 238 o e,
T, S T s AR G 1 A AL L A B 3 R, PEVs B
SRR AN A F I 67 A R AR IR AT TR o B AR
POAF S R R SR T — A, I S TR e 22 2 45t
25 AR IC L R AR 34, AT S B ) AR 5 A A
ER IR S e 47 8

% M

TP R

RO P L

W sy O e6E €<—>aks

i nawx }IM s

K2 S s R A B B 2

3 ABER L BT

PEV 432 A\ H W) 280 548 2 AL H5 : PEV (FH P |
PEV ST A4 il A0 TR R oo
31 HB3RE

K2, PEV B B FISC i At 772X, 520
Wd IR 1) A I 58S 20 1 v TR DR 5 It I ) R B0 9 4 O B
NG AN 3 s, FEAUHE L TR A 3h )
LR GRS R %%(Energy Storage Management Sys-
tem, ESMS) % , & BT AT it i CAN BT 15

H1 T 78 i HL il AN AT RE SR k2% B PEVs FEL AR T
HUA V26 R L RE A4 FIE A5 1 PEV T80 % 42 305E
LA . ENEV SO EAR AR AL, SR

KR, A U IR A MR R HESLF 5 - 963 -
< I —
R ,—wiﬁm
oc H Oz &[0
IE] it Nl it 5%
X5 ohs :
OBCEV Rt sy EDCANBE P EEL P ENS
@)ﬁ)ﬁ*ﬁ%ﬁ

R CIERR Nk PRI S 2 /TR At o

2 430 W) Y BB 7 L 2 B (Off-board Bi-directional
Charger for Electric Vehicles, OBCEV)##/) PEV 7¢ .
RO LR E . T8 SR A R T R EERAE L )
2 B S, UM P s AN R £ i b JaE R E
S AR s R s A A U e T LT
Pl LA AC/DC R HEATHEH o S 81, F - n] Lhad
ok A2 R A T AR Al bt 42 ) B e 2 o U A feT T G
2 GPRS“ILREFE ] "PEV's | S A ) 2 T g R L A L 5
LA BAR B R HA T i 95 AR R X S i S
B & Mas A PIRSHATIOE
3.2 PEVREHH

N7 PEV A R SR A58 5 SEAE Tk X
S A DX ECRR Ml 37 i 450 A5 A A R 78 e
HoAdt v iz B GRS A i BURF R4S HIE R L S
RHUFTE , FELAERAR 37

Fe R i Rt T B AL HE - OBCEV R RE L 4 |
PEV ufi45 2240 | 45 22 48 SOH AR B it 55, Hor
OBCEV il id Bl 7 B4R I ESMS RS FZTE R, 58
JCFE L AR AT 20 5 B B L AR ¥ 7E OB-
CEV I+, Al i ZigBee . Wi—Fi , B, 728 2 % = 5l Hi4H
Al AE G AT BUE @ I, T T R
S HLANY AR HLAE B S b R G AT AR IR
TR B AF . S RGN TORE LA K A
A M1 OBCEV SE itz 178l b PEVs B84 P i
ZECEE | ] i Internet . 3G/4G 2538 15 P 28 ] 1 X 958
il O R K DL AR B IO 3 ok B S0 E ] e
F54 . HIE H By FE2 0 1D iR i o
Bt A5 1 TR 7, B2 B A BRI A A I 4
il FREEE RS
33 R ARG 5 R R d

R ORI S AL S 1k
IHLAE , L35 TR EMS 5 806 R 5 5 45 R 58 (SCA-
DA) &5 S8 R85 Al 5 M4 iy EE T, 5t
A3 5 PEVs K HL R 2 [a] (9 #8735 B i Al 55
P N -t R i =R e N e G R =
A BN X 3 P 221 PEV M i oy, 57 52 X 35
DAL B35 H At fol 0 R 15 4 17 Al 55 78 ) Wi £ Bl 55



- 964 - HL )

T B $294

HGE TR 25t v] >R FH A 13 {5 FBorn i =0 Se it
4 B AL

Bifi 5 L ) T S A A TR A O, L ) A Bk G
B GARE 2 W T8, 5 PEVs B9 Z 64/ 7] 45 Ry al v 87

ffaf ' S 5 e g, S 54 M8 04 Bh iR
S5l ) e, /AR 3R ), LT S HEZR Qn &l 4 Fir s

BN T rad -~ T > 4,
() X S
- | EEM??%JEP@ | %@%
AZ 7

< v v v v X
wmpe | [ | [ EmeEn |, [ Eaem
il [ dan [ dae [ BRS R

7y

AR

@ y  |osms]y ?L
%% ...... %%

K4 V26 iigHESY

—MAEHL T, & PEVs 1Y 22 5 32 258 & R H
ROz, th T HEA A C R H i RS, U REAH X
U2 Sy H I R T M B 67 A i oK, AR S T g 67
W25 RGER TR A6 bR
5 F O ) O 2T T AT R W B T A ] L R A AR
LA o IITES: S L g TSl v B A B
Fe I A C RS AR R] P g A o (RICHAB DG H
JIASAS I, 0] e 57 AR 55 245 1 19 14 4 A0 R T i
REAS A I OB AR, DL R £ X PEVS 3RS
A Ko TERUN S5l B S S A 2 AR T3 )
Z: 55 A W B AT A B A FRAR KT, T S 4
T KRR PEVs A 25 58 S5 2 TAH DG 8 T TR B
W AR A AR PEVS 2 5354 M 1 T 375
SRAMAE B, ] LARCR R4 St Jr 58

H1 T PEV H2 A SR 52 5 0 1 o8 HI 3R 5l 2
B/ 23 TP Al R IR e A RE 5 4l ok 4t
FE, 5 2 PEV I P M & AR A E S 5. [
IF, S PEVs A R0 AR |, 75 5 i G o0 42 1] rpocs R
BUE Y 2 BF RO AR 51 H P 2 5T R R 4
FHER, G nT LA a) 2825 51 I BIRSLAR T P 25 T HeL b O
FSGYEHR AF TR TS AHIE W A7 TR E T
—E IS T) IF: 09 1) ] PR R BBCRR B AR 51T, 4 22 RO BT A
AR 55

AT 20T 5 2591 M8 PEVs 5 HARZS
TR (AN 1D A | F 2 S AR | i H by
HLIRZS (State of Charge, SOC) IS — ¥R AT 38 T 75 e /)N
SOC 55 ) Jil 4014l S ik 20 fd o 2 ] s, e, T8 2
HhC DU FRL T 3 v 2 AT R R — B IR 3 H IR 2

TR EMS K 328 #— 28 S 2 5 3N 45 1T PEVs, 38 i
HAE RGUR BTG O 4 BB T Y 2
e D A A (PRUEHEEAS 2R AR 22 B — AT
o RATHE ) PEVs SN P H AL DG Fififf gk # 4t [
Ti] 54 ) PR S A AR b AR 42 il v DU 5[] B (35
R ARTE PEVs A5 2% o 25 r I PRI ICASE 1k o ol 1o 3
HRL ol 1O 25 A R IR R0 o P, L P o s LA
2P0 7E F AT v W AL A T AR 116 % 3R A I 55 1 A £
il e SR —sE Sl X T F IR PEVS, f#M
Pl rpos ] ) HAR S IR & 20 . M K
PEVs 75 =AW sl AR e 55 1 3 BBl N 2E AT 78 ik
H JIR 55 I, A R s ] v S HAB RE PRI A 55 R 2
(] R A i AH BB AR T AL A T e A il 4 B

5 ZERIE

PEVs i i V26 AR LR AN B AR 192
MR , RE % 45 1 Hi A e o A 32 308 BE V5 e B ]
R, SIEIYLRE ) RN AE A R BB UR R Ge ikl S B, ik
1B PN B B[] A P T 1 i s e dpe fI A , S gt
WS — R BE R W . FEBLTE 50T ARHESE M H i
E A B —S8 8 &, X PEVs 32 AU I 5 K e,
W R AF B AT MR RHEQHEAT TIPS
Wi, o T T RIS, T2 2 0 i TR A
(BT, W PEV 3l 1 BRI AL \PEV 422 DT BRIES E
PEV & REVEE 545 H PEV Fo i sl & 5 5 4k \PEV
I W32 A7 03 bR o A RS 0 1 E & PEVs TR T 3%
TR AR 5 i T o DL TAERR
%,

22 3k (References) :

(1] ERES BUKER. iR EH B LML JEnt: MUl H R
#t,2010.

[2] KEMPTON W, TOMIC J. Electric vehicles as a new power
source for electric utilities [J]. Transportation Research
(Part D) : Transport and Environment, 1997, 2 (3) .
157-175.

(3] #Ha R, KA I, S 1 PR, Aol I O T 4 il SR s g 0t 5 [0 .
HLHL THE,2010,27(2) : 14-16.

[4] KEMPTON W, KUBO T. Electric—drive vehicles for peak
power in Japan[]J]. Energy Policy,2000,28(1):9-18.

[5] KEMPTON W, TOMIC J. Vehicle—to—grid power fundamen-
tals: calculating capacity and net revenue [J]. Journal of
Power Sources,2005,144(1):268-279.

[6] KEMPTON W, TOMIC J. V2g power implementation: from
stabilizing the grid to supporting large—scale renewable en-
ergy [J]. Journal of Power Sources, 2005, 144 (1) :
280-294.



5 814

FRK, 45 A U SO A R R AR 5T

- 965 -

[7]

TOMIC J,KEMPTON W. Using fleets of electric—drive vehi-

3917-3926.

cles for grid support[ﬂ. Journal of Power Sources, 2007, [16] PILLAT J R, BAK-JENSEN B. Integration of vehi-
168(2) : 459-468. cle—to—grid in the Western Danish power system[]]. IEEE
[8] LUKIC S M, CAO J, BANSAL R C, et al. Energy storage Transactions on Sustainable Energy,2011,2(1):12-19.
systems for automotive applications [J]. IEEE Transac- [17] GUILLE C,GROSS G. A conceptual framework for the vehi-
tions on Industrial Electronics,2008,55(6) :2258-2267. cle—to—grid (v2g) implementation[ ] ]. Energy Policy, 2009,
[9] KHALIGH A,LI Z H. Battery, Ultracapacitor, fuel cell, and 37(11):4379-4390.
hybrid energy storage systems for electric, hybrid electric, [18] MUSIO M, LOMBARDI P, DAMIANO A. Vehicles to grid
fuel cell, and plug—in hybrid electric vehicles: state of the (V2¢) concept applied to a virtual power plant structure
art [J] IEEE Transactions on Vehicular Technology, [C]// Proceedings of 2010 XIX International Conference
2010,59(6) :2806-2814. on Electrical Machines(ICEM). Rome: [s.n.],2010:1-6.
[10] ORTUZAR M,MORENO J, DIXON J. Uliracapacitor-based [19] TURTON H, MOURA F. Vehicle-to—grid systems for sus-
auxiliary energy system for an electric vehicle: implementa- tainable development: an integrated energy analysis [J].
tion and evaluation[J]. IEEE Transactions on Industrial Technological Forecasting and Social Change, 2008, 75
Electronics,2007,54(4) :2147-2156. (8):1091-1108.
[11] MADAWALA U K, THRIMAWITHANA D J. Current [20] FEZEME, ZRRR, S 45 KOR E R BIMECR S
sourced bi—directional inductive power transfer system [J]. E RS T ). B RS A sk, 2010,34(1) : 64-68.
IET Power Electronics,2011,4(4):471-480. [21] PECAS LOPES J A, POLENZ S A, MOREIRA C L, et al.
[12] SEKYUNG H,SOOHEE H, SEZAKI K. Development of an Identification of control and management strategies for LV
optimal vehicle—to—grid aggregator for frequency regulation unbalanced microgrids with plugged—in electric vehicles
[J]. IEEE Transactions on Smart Grid, 2010, 1 (1) : [J]. Electric Power Systems Research, 2010, 80 (8) :
65-72. 898-906.
[13] CLEMENTI-NYNS K, HAESEN E, DRIESEN J. The im-  [22] #h ol #ibiie, # — K. ORI PR G AE A Xk
pact of vehicle-to—grid on the distribution grid [J]. Elec- B P S () ], LB TRE, 2005,22(8) : 55-60.
tric Power Systems Research,2011,81(1):185-192. [23] ZHANG Y B, CHENG S J. A novel multicarrier signal
[14] GREEN R C, WANG L F, ALAM M. The impact of transmission system over multipath channel of low—voltage
plug=in hybrid electric vehicles on distribution networks: a power line [J]. IEEE Transactions on Power Delivery,
review and outlook[]]. Renewable and Sustainable Ener- 2004,19(4):1668-1672.
gy Reviews,2011,15(1):544-553. (24] % 0,95, 8 —5, %, LTI ENE R T i i
[15] DYKE K J, SCHOFIELD N, BARNES M. The impact of AN E MRS W A PEAG A AY [T ], i ) RGP S 1]
transport electrification on electrical networks [J]. IEEE 2009,37(16) :1-6.
Transactions on Industrial Electronics, 2010, 57 (12) : [ Lo Y
(L% 928 1)
[4] CUI Su-xia, WANG Yong-hui, FLOWLER J E. Motion esti- BB DR 5 B TR B, 2004.
mation and compensation in the redundant—wavelet domain [8] FEMRA. JEA/ NI HE TR D & W 3 T 7 B 2 b
using triangle meshes[J]. Signal Processing: Image Com- HERE D L ik 0l Sk R A= FRAEBE , 2002.
munication,2006,21(7) : 586-598. (9] V&SI, WU B/ NI AR 1 53 A A B K fin T3k R T 3 Bk iR
[S1 T . JHHE. SETHRT 7 R0 TUA Haar /NEE S 5 JHEBFELD | D AR BRI 5 AR B
B FF 8By ). HAHLELIT, 2007,27(1) : 59-64. 2005.
(6] RESC, BN, X+ &, 45, T ROR SR Y 12 3 A Mo [10] BRI e, i 25 3R B 51 AT 285/ N g I EE AT 58 -5 10

[7]

SR THIFTLT ). AP TR, 2011,37(3) :281-283.
Bt il B A N A R RS A T A 1 S (D .

[D]. B M i TR KD TR , 2007.
[k ]



