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*\/2G ppwer for Ancillary Services

 What are Ancillary Services

e Cost andRevenue Calculations

o Sampé results of 2 actual EDV fleet cases
e Potential for Seattle Gitight Fleet

« Sumnary and Conclusions
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Ancillary Services
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e Maintain grid relability

e Balance $8pply and Denand

e Supporttransmission of kectric power

* AS requrements 5-10% of the systewad



Providing Ancillary Services

Grid Operators requireilities to self-
provide A/S

Competilve A/S markets (ISO i@ons)

In Pacific NW— Case 1
Will draw from other market experiences



Ancillary Services

e Regulation: On-line generabin synchroraed to the gd
to keep frequency analtage steady.Energyis
Increased/decreased insta(xt2-3 min) via
automatiageneration controAGC)

o Spinnig Reserves: Additiongenerating @pacity
synchrorued withsystem to respondl& min n case of

fallures.

 Payments consiof:
Capaciy price ($/MW-h+ Energy pice ($MWh)



Utility EDV Fleets
for Regulation

UTILITY EDV FLEETS

o Utility EDV fleets already exist (battery EDV)
 Have a predictable sedule

« Utilities are familiar with A/S

REGULATION and SPINNING RESERVES

« High valie energy markis
 Compatibé with batteryeDVs




Cost and Revenue
Regulation

rReg = (pcont *Pe tplug) t (pel *Pe 1:plug * Rd-c)

CReg = (Cen *Pet * Rd-c) t Cac

plug

P.ont  CONtract price for regulation ($/kW-h )

P power capacity (kW)

toug  @vailability of vehicles as fraction of  day

R,. energy dispatched as proportion  of contracted pow er
Pel mark et selling price of electricity ($/kWh)

C cost to produ ce energy ($/kWh)

C annualized capital cost for V2G ($)
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Cost and Revenue
Spinning Reserves

rSpin = (pcont *Pe tplug) t (pel *Pe 1:plug)

CSpin = (Cen *Pe tplug ) + Cac

P.ont  CONtract price for regulation ($/kW-h )

P power capacity (kW)

toug  @vailability of vehicles as fraction of  day

R,. energy dispatched as proportion  of contracted pow er
Pel mark et selling price of electricity ($/kWh)

C cost to produ ce energy ($/kWh)

C annualized capital cost for V2G ($)
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Power Capacity

Spinning Reserves Regulation
0 d,+d U
%s_ dn rb%Pr]inv Pline: 15 kW
Prehicie = -~ 240V, 50 amp
disp

Pine—pPower capacity linekiV)

P ericle— POWer capacity ehicles KW)
dy — distancelriven (ni)

d., —range bufer (mi)

Ny« — efficiency ehicle (mi/kWh)
N, — efficiency inerter

tyisp— time dispatchech)



Energy Cost

c, = "¢ ¢, cd:Cbat:(ES'Cb)+(C'°t')

" Noec Er  Lc-EseDoD

E.—energy stored on-boarkM/h)

c, —cost of battery replacement ($/kWh)
¢, — cost of labor ($/h)

t, — labor for battery replacement (h)
DoD — depth of discharge allowed

L. — battery life in cycles

Nees — €fficiency grid-battery-grid



Three Fleet Cases

New York Station Cars — 100
Think City

CA Utility Fleet — 252 RAV4 BV

Seattle CityLight — 250 Toyota
Scion EDV




Fleet Case A
100 New York Station Cars

 For regulation services
B« Upgrade cost for V2G aluded
N ¢ P.=6.2kwW
_ tyug=23h
= * C,=0.05%kWhgc,,=0.16 $/kWh

#d + NYISO Regulation Capadty price
| Deory = 27.5 $/IMW-h  ( 2003)



Calculated Profits

Case A
In 2003
FLEET _
Cost Revenue | Net Profit
POWER kW
620 $99500 | $311,700 | $ 212,200




Fleet Case B
Utility EDV Fleet

A - For regulatin services
« Upgrade costs for V2Galuded
* Pio =15 kW
o ¢ =17 h
g8 ¢ Cy = 0.05 $/kWhg,,,= 0.15 $/kWh

e CAISO Regulation @pacityprice ( 2003)
Reg,  Roner=19.5 $/MW-h
Regioun  Rontr= 20.3 $/MW-h




Calculated Profits

Case B
In 2003
FLEET
POWER kW Cost Revenue | Net Profit
@15 kW
3,780 $380,000 |$1,039,000| $659,000




Seattle City Light
Potential Fleet

For spinmg reserves

V2G ready !

Pretine =15 kW

thug=16h

Co = 0.05 $/kWhg, = 0.22 $/kWh

Spinnirg Reserves Capacityipe
Poont = 7-39 $/MW-h (2005)



Spinning Reserves Potentialdfts
Seattle City Light Flee

In 2003
FLEET _
Cost Revenue Net Profit
POWER kW
@ 15 kW
3,750 $17000 | $165500 | $148,500




Regulation Profits Could be Higher

Spinning Regulation
Markets Reserves ($/MW-h)
($/MW-h)
NY ISO 5.3 27.5
CA ISO 7.1 19.5
Pacific NW
(Seattle) 7.4 ?




Summary

3 fleet case analyses irffdrent markets show sigicant
economic poterdl for V2G providingA/S
— Fleet d 100 smallEDVsin NY
Revenue of $200,000
— Fleet d 250EDVsin CA
- Revenue of $660,000
— Fleet d 250EDVsin Seatle
Revenue of $150,000

Importantparameters:
— market value of AS
— kW capaciy of vehiclesand electrcal connections
— kWh capacity ¢ vehicle bdtery



Conclusions
for Fleets

e EDVsare promising sources of grid power

e V2G has gh market value for regulation servic
and spining reserves

o Utllity fleets can be early adopters of V2G
technology



Conclusions for V2G

 V2Gprovides dink between the electric
power system and Jacle fleets

* V2G Introduces the dual uséwehicles —
for transportation iad power genetion

* Benefits —clean transportation (no G
and clean source @lectric pover
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