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V2G: Vehicle-to-GridDa>t T+

Tomic & Kempton, ZEV Symposium (2006)%#mEE
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[FE] [GW] [GW] [—1]
I95X 2922 438 50 8.85
KA 4465 670 58 11.49
AFX1)X 2845 427 40 10.81
> NE3 19100 2865 417 6.86
HAX 5444 817 113 7.23

Kempton, W. and A. Dhanju, “Electric Vehicles with V2G: Storage for Large—Scale Wind Power”
Windtech International 2 (2), pp 18-21 (March 2006)D XA AN —RXZ=NE-fRE
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AUTO CHARGE CONTROLLER

NEXT TRIP
ALWAYS MAINTAIN
ENOUGH CHARGE
FOR DISTANCE NEEDED TIME CF CHARGED
FOR NEXT TRIP NEXT TRIP ENOUGH FOR
Never Sell
100 mibes 100 miles ST |
CIHOUR MILES
o miles ) miles = - d
NOTE: CHARGE MILEAGE 1S
. . ESTIMATED. "“EI:FI:HI'IIEIEE
10 miles 10 miles “Fﬂiﬂllmﬁ
2 miles 2 miles
1 mile 1 mile
# CHARGING
COST SINCE LAST RESET m <1 DISCHARGING
A : Kempton and Letendse, 1997 T

INEGATIVE NOICATES CREDT <7} SELLING ELECTRICITY

M.Hori JHIF-8 (08.03.10) 13



PHEVIZ KA E N Et@E (V2G)
RO REL. SEMERICET AR5

1. BAREARFERICEITORFRIEEICHT ARBEEIR (T
o) —H—ER)BIUFERFOENHIE

RF. B, ENRHICKDENRDNRAERNR DIRES

2 AN KBRELLOLEHERESCENRMIHHIARE
P

HHZAUIHIZE B AN REDRE
3. B THUEDNMIRENRRICE L EBFEICHT HH

Y250 AN EKEBARTICLAEEEFI B D #&ET

M.Hori JHIF-8 (08.03.10)

14



BEENMEBENRAE~NODENRBET—EX

T2TAVNAT)yFEIGEDEBHERNTEARMAIIRETEELE
hRt@ Y —ERELT, RFEREBENTOII 70T —H—ERX 1OHD
ERERZISLUITESFIREDIGE A0S LURITH IS T NEHEY—
EXDERELTOFAL ., KE T - REFSNL TS,

> TS —H—EX: (Ancillary service) [ERE-BEHEFOEE
FORMEIBFORFOLEERY—ER

> BIREFE: (Regulation) X i8N CHEFRFERFDERREEIC
WO TRETHIREICILT HEHDME

> BB F{E7: (Spinning Reserve) ZADBRMFBWMZFIIRL., R
HHL. RRE ARG CEIEZTOTHY ., RBRICHETEIENT]
BELRENSDEMMNAE

M.Hori JHIF-8 (08.03.10) 15



REEREM)

10FERIRBEERADLEE
(LLERA A—D)

310

290

IPHEV

270

250 7 =& [CEV
== HEV

== PHEV
8- iPHEV

230

210

190

170

150
0 2 4 6 8 10

REFH(F)

T ZBERER . E1AKmELT. FHEIT/NI—2FEH. EAEITI0N
()PHEVEith 10KWH x 35 FH/KWH., A1), 130A /L. EH10A/KWH, EHRL@E3IHF A/ 4E
ICEV: T VE HEV: N TJYYRHE PHEV: 7554 \A4J1)yR&E_iPHEV: B HRLER TS5 10 \4T)yKrRE
M.Hori JHIF-8 (08.03.10) 16




BEENSDEANB~DV2G(ENREE) DAFHESR

BFEA: 2007410H248

BT DU DC-ERIRIILF—EHEHEES
SME: ERIRILXF—HHNEZEES(FER-F
B-AAvD) . BASHORKRGERFRE. TLR

EARM: PIMCREREI13M +DC.OEN R -
8 FHEAISO) f

g @JE : %E:;_T_\, g E}JE”eBOX" (AC Propulsion*idﬁ—g‘ _. .r » -
’\_Xiliﬂébﬂ’ﬂd)Scmm H ZF’G(ibB)

AL PIMDITT AL IR—H VR EL T, ol

RN DBEERESICEYNSENRBADTULS Source: EVWORLD NEWSWIRE: Electric Car
U —'U'—I:Z* Answers the ‘Call of the Grid’ October 2007

x 725 —-H—E X (Ancillary service) : &
B -EEMBFLERMOLREERAY—EXR

M.Hori JHIF-8 (08.03.10) 17



PJM as Part of the Eastern

L
—KEY STATISTICS
Interconnection PJM member companies 400
-Millions of people served a1
-Peak load in megawatis 144,796
-MWs of generating capacity 164,634
- -Miles of transmission lines 06,070
e _ T "% 9. -GWh of annual energy 728,000
rd i & “»"  _Generation sources 1,271
6,038 -Square miles of territory 164,260
s i | T ; -Area served 13 states + DC
s substations &, :
; &

= 26% of generation in
Eastemn Interconnection

» 3% of load n

Linited States Eastem Interoonnaction

« 19% of fransmission assets
in Eastern Intercannection

« 19% of US. GDP produced in PJM

15
Source: W.Kempton "Vehicle to Grid Power" Briefing for FERC, October 2007
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AC Propulsion Onboard Charger Is Bidirectional

Power can flow
to or from AT 260 v
- 50 - 860 H=
vehicle 0_s0A

- Stand-alone or grid-tied
» Unity power factor
= Sine wave current draw
« GFl compatible

Source: W.Kempton "Vehicle to Grid Power" Briefing for FERC, October 2007 AL SRR SN
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Vehicle to Grid

Arrows indicate direction of power flow

Source: W.Kempton "Vehicle to Grid Power" Briefing for FERC, October 2007
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V2H Vehicle—to-Home ffg;*’ L¥—-IR—TAVMGE
V2Mm Vehicle-to-Micro Grid | R - HUgiZG L&/ MR R LD ER
V2w Vehicle-to-Wind Power | BIAIRERMENDER
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