Fuel-Cell-Hybrid Vehicle (FCHV)
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The oil import problem.

The solution: renewable energy and alternative fuels
(hydrogen, alcohols).

Hydrogen production, distribution and storage

Higher energy-conversion efficiency and greener
technology with the use of fuel cells (FC).

Development efforts (car industry)
FCHV safety issues

FCHYV niche market.

PEM FC cost analysis.

Market penetration of FCHVs



The Impact of Fuel Cells

Fuel Cells could have a great positive
effect on Western society

They would reduce

 Dependence on oil import

e Pollution

Disadvantages

e Currently cost prohibitive

 Require a new hydrogen infrastructure 3



Basic Operation of a PEM Fuel Cell

Individual Fuel Cell

Hiarogen _ o o Chemical Reaction
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Possible EV System Configurations: which is the best?

o
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Hydrogen production and supply

BMaking hydrogen and supplying it to fuel cell vehicles
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On-Board H; Storage Alternatives

Short-term Goal: 3 kg H> (215 km)

Technology
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Storage System
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On-Board H; Storage Alternatives

Long-term Goal: 7 kg H, (700 km)

Technology

Storage System
Volume

1

Storage System
Weight
[kg]

Technology
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Electric Vehicle FC system, 2007
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The Toyota Fuel — Cell - Hybrid — Vehicle (FCHV)

| Weight 1880kg, 5 passengers, 155km/h, Cruising range 330km

Battery - NIMH 21 kW
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TOYOTA We're gaining on the ultimate eco-car,
FCHV® but we still have a long way to go.

TOYOTA FCHV takes to the road

r High-pressure
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by Japan's Ministry of Land, Infrastructure and Transport, making It avallable for i : " Each tank stores hydrogsn at 35MPa
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TOYOTA FCHV Main Specifications

limited marketing. On December 2, 2002, Toyota began Imited marketing with the dellvery
aof two TOYOTA FCHYS In tha LS. (University of Callfornia, Irvine and Davls campuses) and
four In Japan (Cabinet Secretariat; Ministry of Econormy, Trade and Industry;
Ministry of Land, Infrastructurs and Transport; Ministry of the Environment).
Dellvery to corporate purchasers and local governmeants began In August 2003,
Based on the FCHV-4 prototype, which accumulated over 130,000 Kllometers
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¢{- Honda FCX Clarity - Fuel Cell Evolution - Official Web Site - Windows Internet Explorer

mm—— Honda FCHV (Lithium ion battery)

Proton Exchange Membrane Fuel Cell (PEMFC), Power Output 100kW,

Size (liters)57, Welgkht (Ibs) 148, 288V Lithium ion battery, Driving Range 280 KM
,Fuel Capacity / Ta Pressure 4.1 kg Hydrogen @ 5000psi

Fuel Cell Evolution '
A true testament to Honda’s pioneering
spirit, the evolution of the FCX Clarity is

a story filled with determination and brave,
creative solutions.

Honda has come out ahead by putting the first dedicated platform hydrogen
fuel cell vehicles on the road and intc customers’ hands. A true testament to
Honda’'s pioneering spirit, the evolution of the FCX Clarity is a story filled with
determination and brave, creative solutions to seemingly insurmountable obstacles.
And it's all driven by Honda's sense of responsibility to pursue clean energy
sources that promise bluer skies for our children.
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/= Kia to present Borrego FCEV in L.A. - [2009 Kia Borrego] - MotorAuthority - Car news, reviews, - Windows Internet Explorer

Kia - new Borrego FCHV

* A 115-kW fuel cell system

* A lithium-ion battery in a hybrid-drive system (offers a zero starting capability down to -
30°C).

 Maximum speed of 100 mph

» Traveling range of 315 miles.

* The company plans to deploy a small fleet of the fuel cell Borregos on roadways during

2010.

Kia to present Borrego FCEV in L.A.

POSTED FRINOV 14 2008 3:19 AM BY JEREMY WEBER
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GM HydroGen 4 FCEV

Passed 400,000 miles of testing in the U.S. (where its known as the
ChevroletEqguinoxFuel Cell), capable of 0-62mph in around 12 seconds,
has a top speed of 100 mph and a range of around 200 miles.

GM HydroGen4 fuel cell vehicle to begin European testing [

Image 1 of 7 | Next »
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Mercedes' BlueZERO Hydrogen Concept

* The BlueZERO F-CELL (fuel cell) has arange of 400 km
on one tank of Hydrogen and 100 km on the 17.5-kWh
lithium ion battery.

It is a"concept" cars and no plans for production have

14
been announced so far.



Safety issues
o If a collision occurs, sensors in the TOYOTA FCHV’s front, rear and sides detect
iImpact and instantly shut the valves on the high-pressure hydrogen tanks.
» For additional safety, the valves are also closed if leakage is detected by any of
the hydrogen sensors placed at multiple locations within the vehicle,
 The high pressure hydrogen tanks are designed for maximum safety to avoid

rupture even if the vehicle suffers a rear-end collision.

I Components related to hydrogen ®)) Collision sensor
[ Components related to high-voltage electricity ®)) Hydrogen sensor

Power control unit
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Overall efficiency of cars (well to wheel)

Overall efficiency (%) | —
{well-to-wheel> i

Fuel efficiency (%)" X

{well-to-tank>

Vehicle efficiency (%)"

{tank-to-wheel>

#1 Well-to-tank: Efficiency with which the fuel is obtained, processed, stored and transported to the vehicle's tank,

#2 Tank-to-wheel: Efficiency with which the fuel in the vehicle’s tank is consumed and converted into vehicle motion at the wheels,

16.54%11.69 in
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HOverall (well-to-wheel) efficiency of the TOYOTA FCHV

Fuel efficiency
{well-to-tank>

Vehicle efficiency

{tank-to-wheel>

Overall efficiency «well-to-wheel> (%)

(%) (%) 10 20 30 40
Gasoline vehicle 16 14%
88 L
Prius 37 32%
(Gasoline HV)
FCV 33 22%
{compressed hydrogen) 58*3 S
29%  4(-45¢
TOYOTAFCHV | From gas 50 With hybrid
control
FCHV (target) 70 60 3 x Gasoline vehicle =

B In the Japanese 10-15 test cycle, Toyota in-house testing
#3 Efficiency if hydrogen is produced from natural gas

o on H, (from electrolyzer)
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Done

Niche FCHYV transportation applications:

UMYV and all electric airplanes

Scooters, motorbikes and bicycles (Beijing as a sample)
APUs

Material handling (fast charge)

Fuel cell trains

Mobility assistance vehicles

Figure 6: (left) SFC Smart Fuel Cell scooter and (right) Intelligent Energy/Suzuki Crosscage bike
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Balance of Plant 78 63 Air
Water management (enthalpy 14 10 Management
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Thermal management 25 5 Thermal Management
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Air management (CEM, motor 15 20 i
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Fuel management (H, blower, 5 7 yT—
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6% Stack
Power density? (W,/L) 878 650 ' 43%
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Management
; ) ) . . . 18% Water B
; Does not include packing factor, which would lower volumetric power density. Thermal Management
_/5 2 Based on stack net power output of 80 kW, and not on the gross power output of 86.5 kW Management ggcr/
U]
T 2%
Ta (( ’n‘x JS/D0362/06102008/DOE AMR 2008.ppt 17 =

7 start

& FC and batteries cour...

cmE

& 2009 “rm0D e o

Inbox - Microsaft Out, ..

EZ Microsoft PowerPaink ...

Tiax EY PEM FC 2008 ...

EM

& MR 1551 P




The cost problem of PEM FC - Stack

Results Baseline System  Fuel Cell Slack Cost Breakdown

Platinum and the electrolyte membrane are the major contributors to the
stack cost.

Yr 2001 Fuel Cell Stack Cost Breakdown Yr 2001 MEA Cost Breakdown
(Stack Cost: $181/KW) (MEA Cost: $152/kW)

End Flates
18 Packaging Gas Diflusion Layer

1% 2%

Gaskets

EU
Sipolar Intercannect
] Membrane
Bipolar Coolant i Arade
B% 23%
&
-

Cathodea
26%

180 grams Pt (0.8 magscm?) for 0.8V @ 250 mWi'cm?

MEA
B

"Basis: 50 K&e nat, 500,000 unitziyr. Mot comglete without assumgtions.
While power density determines the actual amount of material in the
system. Parasitic power losses further increase size and cost.
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($/kW) Cost Cost! Cost!2 (3 et power » )
Assembly
Stack 67 31 31 9%
Misc
Water .
Management 8 2.8 3.3 5%
Thermal
Management 4 27 28 Fuel Masrlzgement
Air
Management 14 7.9 8.9
Fuel Stack
0,
Management 4 34 3.8 Air Management 4% i
Miscellaneous 7 3.1 3.1 15%
Assembly 4 55 5.5
Total 108 57 59 Thermal
Management Water
T High-volume manufactured cost based on a 80 kW net power 594
PEMFC system. Does not represent how costs would scale with Management
power (kKW). 6%

2 Assumes 15% markup to the automotive OEM for BOP components

BOP component costs represent ~ 46% of the PEMFC system cost in
Z 2007,
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Results BOP Economies of Scale

[

At ‘Iow production volumes (100 units/year), the pilot plant scenario yields
the lowest BOP cost of $340/kW, while at high volumes (= 80,000

N

© units/year), the full-scaled scenario yields the lowest BOP cost of $26/kW.
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*Mi1d-size HEV car Market Potential vs. Price

Percentage Over Conventional Price
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Commercialization of fuel cell vehicles and

hydrogen stations to commence in 2015 (FCCJ) :
July 4, 2008 -

Under the leadership of major member companies on its board of directors, the Fuel Cell had
Commercialization Conference of Japan®™ (FCCJ, President: Taizo Nishimuro, Advisor to the Board
Toshiba Corp.) held repeated consultations on scenarios for full scale commercialization of FCVs and
development of hydrogen stations, beginning in late 2006. These have finally led to an agreement on
a timeline and the requirements for commercialization of FCVs and hydrogen stations in 2015.

Commercialization Scenario

Contribute to diversify
energy sources and reduce
COz emissions

Period of accelerated
station bullding

Determine specifications of
retail stations
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Summary

Most large auto manufacturers are developing FCHV
(billion dollars per year).

Hydrogen cost will be at least twice that of gasoline.
Thus FCHYV efficiency must be twice higher (as
expected).

FC system cost must be reduced to about $50/kW
(20% higher than that of ICE; major cost items are
the membrane and the catalysts)

Durability must exceed 5000 hours (twice that of
today).

The FC system size and weight (including fuel tanks)
must equal (or be closed to) that of gasoline car
(seems possible).

FCHYV safety (including the battery) must be
demonstrated.

Early commercialization is expected to start at 2016,
full commercialization at 202x. 26



Thank you all for your attention!
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Cost and performance Issues

ICE cost is $40/kW, FCs must meet this cost.

In order to meet it membrane cost must be
$30/m2 or less (today $600) and platinum
catalyst loading must be about 0.1 mg/cm?
(or $5/kW), today it is 0.5 mg/cm?=.

Hydrogen cost will be at least twice that of
gasoline. Thus FC efficiency must be twice
higher.

ICEs delivers about 1kW/I, the FC system
must meet this value (it is about 0.7kW/I).

29



