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Outline

@ V26 terms and concept

@ Three types of vehicles for V26

@ Selling to existing electric markets (now)
@ Backing up 50% wind power

@ A transition strategy

@ Possible policies and a vision ...



Terminology

@ V26G: Flow of power from Vehicle to Grid
@ Electric Drive Vehicle for V26, one of:
@ Battery (e.g. 30 kWh Li-Ion)
o Fuel Cell (e.g. 3 kg H5)

@ Plug-in Hybrid (e.g. 50 km local range on
batteries, long distance on fuel)

@ Ancillary services: Short-term power needed
to balance generation and load



Vehicle to Grid

Arrows indicate direction of power flow



How Much Power?

Australia UK USA

Electric
Capacity (W) 45 80 811
Light vehicles
(10°) 13 22 176
Vehicle GW
(iF olechric el ThE TBE 330 2640

@ 15 kW each)



Revolution in Battery
Technology

@ Today's automotive starter batteries: Lead-
acid

@ RAV4 EV (and Toyota Prius hybrid battery):
Nickel Metal-hydride

@ New batteries based on Lithium, Li-ion or Li-
polymer: 5x lighter for same energy!

@ These advances make possible large battery
storage for vehicles.
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So, what can you do with
these batteries?



Electric-drive vehicles,
from global car
companies (OEMs) and
smaller shops
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Toyota Scion conversion by AC Propulsion

| Base | Premum [0
AC Induction Motor 75 kW 130 kW YV PROPULSION

Veh|cle Weight 2570 Ib 2850 Ib "We plan to manufacture safety-
L0 R VAR cortified electric vehicle conversions
A leration 0-60 :
ceeleration Sec Sec and sell them to retail and fleet

Bat[ary Type " Lilon customers. The .conversmns will be
Battery capacity | 20 kWh 35 kWh based on the Scion xA and xB, the

Charging Plug-in-anywhere new sport compact vehicles built by
Fast charge in 2 hrs

V2G capable Toyota...

AC, full power

Scion xB

Compact Utility Yehicla

The base model will Spacious, comfortable,
outperform the RAV4 EV and e ——
is expected to sell for about
the same price. Currently in o

production at about 1/month. : Compact Sport Wagon

Fun, useful, nimbls, roomy,

www.acpropulsion.com ) effcient



http://www.acpropulsion.com
http://www.acpropulsion.com

PERFORMAMCE

ENGIMEERING

S5TYLING | MORE

Introducing the Tesla Roadster:
* 100% electric
* 0 to 60 in about 4 seconds
135 mpg equivalent
250 miles per charge
about 1¢ per mile*

i R ¥




< - . Chasss  ® Motor . Pew

Our minimalist design philosophy encourages multiple uses for each
component and fanatical attention to weight, which helps to maximize
energy use, efficiency, and performance.



m Overviaw m B Chassls " Motor = PEM

The Energy Storage System (ESS) - comprised of several thousand consumer-grade
lithium-ion cells - is the heart of the Tesla Roadster. Battery conditions are
continuously monitored and fed to the Vehicle Management System (WVMS),
allowing for precise tracking of battery history, performance, and available energy.



B Chvarviaw | ESS B Chassis " PEM

The Tesla motor weighs less than 70 pounds yet produces horsepower equivalent to
a much heavier internal combustion engine. And unlike a gasoline engine, Tesla's
electric motor doesn't sacrifice mileage for performance.



m Chiarviaw [

ESS ® Chassis " Motor ® FEM

The Power Electranics Module (PEM) contains high voltage electronics that
control the motor and allow for integrated battery charging. The motor and

PEM have been designed as a tightly integrated system that delivers up to
185 kW of motor output.



Li-lon - Battery
(Saft 14,4kWh/
340V/17Modul)

(VARTA 4,2kWh/
105V/84Z¢llen)

Diesel tank 90|
(All - wheel Sprinter)

4th vehicle
*» Gas PHEV

+ 3,88t/3550 mm
* Li lon battery




Plug-in Hybrid Vehicle: DaimlerChrysler Sprinter (cont.)

acuum pump Transmission cross bar and bearing
(MES-DEA 12V/0,5bar in (OBERAIGNER, adaptation
2s) All - wheel Sprinter)

Cardan shaft

(optimized)

NAG1 (W5A380)

OM 611 DE 22 LA

PM Synchronous motor
(MCM B0KkW/270 Nm) (SACHS 91kW Peak/275 Nm




Fuel Cell Vehicle: Honda FCX

Used Fuel Recirculates

Air = Water Yapor
Flow Field Plate | T— Flow Field Plate
Gas Diffusion Electrode (Anode) Gas Diffusion Electrede (Cathode)
Catalyst Catalyst

Proton Exchange Membrane



But... no OEMs currently offer
inexpensive EDVs, and only smaller
companies have V26 built in.

What markets could introduce V26,
and push down production cost for
later use as wind backup?



Power markets

@ Baseload: Steady, round-the clock supply.

@ Peak load: 2-5 hours per day, on extreme
weather days (sold on "energy market").

@ Ancillary services, "regulation”, "operating
reserves”, "contingency" etc.

@ Backup for wind/solar (not a separate
market, but important re: policy).



Ancillary Service --
Regulation

@ Very fast response, short duration

@ Batteries can serve this market better
(faster response) than current electric
generators

@ About $10 - $15 B/year US market

@ Markets in most OECD countries



Available vehicle power

pifde

- vehicle

P available power from V26 (kW)

vehicle

Es stored energy (kWh)

d J distance driven since fill up (km or mi)
drb range buffer required by driver (km or mi1)
N o vehicle efficiency (km/kWh or mi/kWh)

fhecs efficiency of DC to AC inverter (dimensionless)

t i time the energy 1s dispatched (hours)



Cost

»

) pe

¢

y | + ¢ ;
]{“E’HZY
B, $/kWh to produce electricity (or £, € etfc)
e purchased energy cost ($/fuel unit)
N, conversion efficiency (kWh/fuel unit)

c; costof equipment degradation (wear) due to the
extra use for V26, in $/kWh of delivered electricity



Annual net revenue

(Net per car’, based on CA elec. markets)
AUS$*> £ $US
Battery/regulation 3350 1360 2554

FC/Contingency 286 116 218

FC/Peak 380 154 290

* Currency change from $US, 1/05.
T Net after all V26 costs; based on mass production vehicle cost.



Saturating high-value markets

Australia USA
Elec’rr(ig\%/cspaci’ry 45 811
VZGAv/eShié'gf) for 40 (0.3%)* 2640 (1.5%)
Annuczl1 gée)venue AU$ 28* US$ 2600

* FCAS only, reactive power may be 2x more.



Conclusions on (current)
markets

@ Opportunity for revenue to V26 battery or
hybrid/battery vehicles

@ This revenue could help start the V26
industry

@ High-value FCAS markets saturated by 0.3%
of fleet, 40,000 vehicles

@ What about wind backup?



Wind power

@ Cheap and abundant

@ Large fluctuations, uncorrelated with load,
many zero hours

@ Conventional view: Wind limited to 20% of
generation mix

@ QOur evidence: With V26 and dispersed
windfarms, >50% can be met at low cost



Solving the wind-stability problem

@ Interconnected arrays 600-1000 km distant
yield normal, not Rayleigh, distribution, thus,

less storage needed (Archer and Jacobson
2003)

@ V26 at b - 40% of the fleet covers
remaining gaps, yielding firm wind capacity
(Kempton and Tomic, 2005)



Distributed & Connected Wind
Sites Reduce Storage Need
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Number of events

100 -

=)

V2G meets remaining storage
needs of wind

Pl rar g e s SR |

0] 2,5 50 7.3 100 125 | S

Shortfall as % of capacity

from: Kempton and Tomic, 2005 (preprint)



Tncremental costs

@ Approx $500 on-board for 50 Amp @ 240,
12 kW, 7 kWh spin, OR

@ Approx $500 on-board + $1500 home re-
wiring for 15 kW, and 7 kWh for spin

@ Power cost $500/12 kW = $42/kW
@ Storage cost $500/7 kWh = $71/kWh



Transition path

1. Build and test prototypes (done)

2.
3.

Strategically picked demonstration sites

First 3, then 10, then 300 vehicles, selling
A/S regulation to PTM

OEMs commitment; production 100,000+
per year, LC cost parity with petrol

Replace large fractions (e.g. half) of ICE
fleet and of fossil electric generation






Example policies

@ Early: Subsidize demonstration projects
@ Create markets for ZEVs and/or V26

@ Fleet of state or department specified to be
V26G-capable



Example Policies (cont.)

@ Incentives for investment for in-country
manufacturing

@ Local policies, e.g.: Parking in prime areas
limited to, or incentivised for, V26.

@ Announce purchase incentives/requirements
for V2G-capable vehicles

@ For wind, upgrade transmission between
sites



Vision

@ One-half of electric energy from wind

@ One-half vehicle fleet is electric drive:
battery plus hybrid (less likely fuel cell)

@ Electricity supply is steady and highly
reliable; vehicles without petrol

® CO2-free electricity with CO2-free
transportation: an unexpected and dramatic

synergy



