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Outline

e Ford Technology — EV, H2ICE, FCEV
e Ford Focus FCEV - Experience to date
 Iceland as a Proving Ground

* Prospects for a Hydrogen Future
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Ford EV Technology

1992 - 1993 Ford Ecostar

1998 - 2000 Ford Ranger
and Postal Program

} 2001 Th!nk city

2002 Think neighbor
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Ford H2ICE Technolog

2.3L Supercharged 14

2003 — NAIAS Model U 2003 - H2ICE Focus

2004 — H2ICE Generator
(Generac)

2005 — H2ICE Hybrid Bus
(Designline)

2004 — H2ICE Hybrid Bus (ISE)
2004 — H2ICE Rotary
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Ford Model U - Hydrogen ICE

Bob Natkin, Group Leader Hydrogen Internal Combustion Engine
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H, ICE-HEV Powertrain Generation 11

2.3L 4 cylinder

engine HEV
: Controller
Dual fuel rails |
and H, injectors
Throttle-
by-wire

Dual-stage
Intercoolers
(not shown)

300-volt

Supercharger electric motor
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Presenter
Presentation Notes
Production on the supercharged V10 hydrogen internal combustion engine (or H2ICE) began in July.  We are selling this engine to fleet customers and have installed H2ICE engines in a fleet of  E450 buses.  The buses will be driven by customers across the United States to gather valuable data on how these engines will perform under real-world scenarios.




Unique H2ICE Hardware

Fuel Rail Assemblies

-Greater Volume

Intake Manifold
-Purpose Designed

Fuel Injectors
-Designed for H2

Spark Plug
-Iridium tipped

Ignition Coil
-High energy

Valves/Seats
-Premium material

Supercharger/Intercooler
-3300cc Twin Screw
-Water-to-air intercooler

PCV System

-External oll
separator

FEAD
-Supercharger
-2nd alternator

Head Gasket
-Rated for 100 bar

Damper

-Tuned for H2
combustion

Piston/Rod/Rings

arcR' @AV aRIdEd Engindering

-L ow ash content

-Extra corrosion
infBRH 23, 2008

New oil formulation




Ford FCEV - Experience to date
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Ford Fuel Cell Vehicle Technology
P-2000 FCEV
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2005 Focus Fuel Cell Vehicle

 Ford Focus 4 Door

e Curb Mass: 1600 kg (3520 Ibs)

* Fuel Cell: Ballard Mark 902 FC STACK
 Power: 68kW (87hp)

 Powertrain: Integrated AC Induction
 Hybridized — 216 volt Battery Pack

e Series Regenerative Braking

 City = 48 Mi/Kg H, (49 MPG gas equivalent)
e Hwy = 53 Mi/Kg H, (54 MPG gas equivalent)
 Range: 200 mi/320 km

 Max speed: 80+ mph/128+ kph

e Fuel: 5000 psi Compressed Hydrogen

 Emissions: Zero
e Cold Start Capability >2 C
e Operational Capability: =15 Cupto50C
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Hydrogen Storage
Tank — 5000 psi / 4kg
(Dynetek)

FCV Architecture - Key Subsystems

High Voltage
Battery
216 Volts — 1.2 kw-hr
(Sanyo)
DC to DC Converter
HV to 12V

HVEC
Bi-Directional

Fuel Cell

: System Module
902 FC STACK (Ballard Nabern)

(Ballard VVancouver)

Series Regen Brake Controller

Dual Loop Cooling e -~ %
H.T. - FCS R ——
L.T. — Converters & Motors

Integrated Powertrain (IPT)
(Ballard Dearborn)
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Ballard Fuel Cell Engine

Air Compressor/expander & e-
motor drive system

Air/H2 Humidifiers

DI Water storage & Injection
System

H2 pressure regulation and
recirc system

4 row stack
110 cell/row
80 kW gross power

Cell Voltage Monitor
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Presenter
Presentation Notes
Here is the Ballard fuel cell engine that powers the Focus.
This is a great example of technical collaboration by Automotive Industry Giants and Canadian Industry.
This is what Ballard brings to the Ballard-DCX-Ford fuel cell alliance.
This is an example of a sustainable powertrain.


TDV2 Iin LA Auto Show

2006 L.A. Auto Show: Ford Explorer Fuel Cell
;- = 'E-_ % = S

Ford is debuting what looks like a standard Explorer SUV in L.A. this week,
but it actually packs a hydrogen powertrain; a tank of the alternative fuel
can take the Explorer 350 miles on a single fill-up.

The fuel cell prototype is partially funded by the U.S. Department of Energy
in order to show a viable alternative to petroleum. We'd have to assume
the government wouldn't want to invest in any hydrogen infrastructure
without seeing some real working samples on the road.

The fuel cell Explorer has been tested over more than 17,000 miles, and
traveled 1,556 miles in @ 24-hour period. Ford will also launch its next-
generation Escape and Escape Hybrid compact SUVs tonight at midnight.
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TDV7 - Ford Edge with HYSERIES Drive

@ Research & Advanced Engineering April 23, 2008



207 mph (330 kph)
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 Tord

Iceland as a Proving Ground
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Ford Corporate Testing Procedures

Vehicles Robustness and Durability Testing

Sault Ste Marie Brake Testing -18 C Cobblestone Roads 90° Moving Barrier Impact
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Focus FCV Demonstration
e 3 years

e 30 vehicles (18 in DOE)

| » 750,000 miles
¢ * 150 participants

3 * 9 fueling locations

* 95% up time
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Ford Focus FCEV Vehicle Locations
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« 32 FCV in operation worldwide (US, Canada & Germany)

« 27 Vehicles Delivered to 7 Customer locations

» 18 Vehicles in the DOE-funded Demonstration Fleet

* 5 Engineering vehicles used between Dearborn and Sacramento

®
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‘ Canada

J’ Fuel Cells Canada~

THE VANCOUVER FUEL CELL VEHICLE PROGRAM

BRITISH
COLUMBIA

NHA Annual Hydrogen Conference 2006
Long Beach, California



Berlin CEP
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And Now, Iceland
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Iceland has a Plan

1. Hydrogen fuel cell bus demonstration: ECTOS

Demonstration
Programme

~ Grodudl introduction
into pasienter car FTels

S - Demonstration
T — T Programme
g T

—

2003
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Iceland has Hydrogen Infrastructure

April 2003
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Iceland has Experience
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Iceland has Technical and Scientific
Contributions

Available online atwww.sciencedirect.com
oumal of

Production

www elievierc omi ocatefclepro

G e

ELSEVIER Joumnal of Cleaner Froduction (4 (2006) 51—64

Implementing the hydrogen economy

. b,& . b
Maria H. Maack *™*, Jon Bjom Skulason
* University of Ieelind, Teeland
" eelandic New Energy, Borpariun 37, 615 Reykjawk, Feeland

Roveived 71 At Ni: sovoptad § May 204
Available online 11 July X035

Abstrac
In the leelandic community the use of renewzble energy and the 2sts with = clean domestic fuel that most people refer to as the
ruel of the fiture have become the points of focus. In Reykjavk this future has arfved. Hydrogen is used corrently as the energy
carrier within the public transportation system and is electrolyzed from wate with hydroelestric power and keaves the system zs
water azin.
i "
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The US DOE, Ford and INE add another
FCV to the Iceland Fleet

X
@ Research & Advanced Engineering April 23, 2008 28



Fleet Data Collection
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Entire Fleet

Entire Fleet
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DOE Vehicles

DOE Fleet
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Highlights from Fleet Customer Survey

Excellent 107

How would
you rate the
vehicle's
performance?
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Highlights from Fleet Customer Survey

_ W 2006
Extremely Easy 10
0- m 2007
8- o
7_
How eas
cay 6-/
was It to v
5_
fuel the N
vehicle? N
2-?
1_
Extremely Difficult 0-

52 respondents in 2007
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The Hydrogen Future Bookends
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Conclusions with Respect to a
Sustainable Energy Future

A sustainable energy future must be based on
energy from renewable sources and energy efficiency

Hydrogen must be fabricated from renewable electricity
By laws of physics much energy is needed (and lost) for
producing, packaging, distributing, storing and using hydrogen:
(Losses about 50% for gaseous hydrogen and 75% for electricity from fuel cells)

Hydrogen cannot compete with its own energy source:

Therefore, a global “Hydrogen Economy” has no future!

In fact, the hasty implementation of a Hydrogen Economy may
block the establishment of a sustainable energy future
based on electricity from renewable sources

35

Ulf Bossel, Ph.D., October 2004

@ Research & Advanced Engineering April 23, 2008



ol abla onlina st wwwscancedimct.com

II:IEH:!@HI-EI:'I“ SOLJ’\R
et ENERGY

LB ILE Selar Energy 78 (2005) 5476480

www elavier. comfbe catelsol e

Wind energy and the hydrogen economy—review
of the technology
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Abstract

The hydrogen cconomy & an inevitablk energy system of the future where the available energy zources (preferably
the remewa ble ones) will be used to gencrate hydrogen and clectricity as energy carners, which are capable of satisfying
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Periodic Table

Atomic masses in parenthases are those of the most stable or commaon isotope.

Conclusion: hydrogen and carbon are the only important elements in
transportation fuels.
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Wheel-to-Wells Findings

Electricity would be the ideal transportation fuel.
— Lowest CO, impact with today’s generation mix.
— Distribution infrastructure is already in place.

— But ... on-board storage — meaning range - and recharge time are
unacceptable

Hydrogen (for fuel cells) from natural gas is the best chemical fuel.
— But ... Depends on limited fossil fuel resource
— On-board storage remains a major challenge
— No existing retail infrastructure
— Fuel cell systems are much more expensive than ICE

Hydrocarbon from fossil petroleum is the poorest fuel on a CO,
basis.

— But ... is the most practical in the vehicle
— Retail distribution and infrastructure are in place

— Efficiency improvements continue to be made (HEV, PI-HEV, S-HEV)

Research & Advanced Engineering April 23, 2008
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Science, Technology and Energy for our Future

DOE Hydrogen Plan
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Can It be done?

A

T
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Should 1t be done?

With the following clear trends:
e $117/barrel Qil
 Emerging world economies (China, India, etc.)
e Global environmental concerns
e Energy security concerns

Something must be done!

]
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Wil 1t be done?

Can Durability, Freeze-start, and other technical
performance attributes be achieved?

Can On-Board Hydrogen Storage be achieved?

Can Hydrogen Fuel Supply & Infrastructure be
Installed?

Can Codes and Standards be agreed?

Can Affordability be achieved?
— simplified system design

— reduced material cost

— mass production

Research & Advanced Engineering April 23, 2008 43



The World is N(j:ITRLinning ut of Energy

But it /s running out of...

* Cheap oll

* Environmental capacity
» Tolerance for inequity
* Money for better options

 Time for a smooth transition

 Leadership to do what is required
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Ford’s Portfolio Approach
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Path to CO,-neutral Transportation

Decrease Energy Consumption

A t — - Engine Efficiency
3| S - Hybridization
) a - Vehicle Actions
x| o
s | 3
o) 7))
s | 2 Increase Non-Carbon Fuels:
g S Renewable -Electricity
o | S HC Fuel -Hydrogen
ol
> S Non-Fossil Carbon

= y - Ethanol

_ - Biodiesel
Time - Butanol ...

What realistic combinations of fuels and vehicle technologies can
drive net CO, emission from light-duty transportation to zero?
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Presenter
Presentation Notes
In this picture of the future of transportation, eventually all light-duty vehicles will be hybrids, the question is, "What is the engine beyond the gas verses diesel choice?"
The question of what is the engine leads us to the possibly more important question, "What is the fuel?" which in-turn brings us to sustainability.
In our drive to a sustainable transportation economy, we must close the gap between the availability of renewable fuels and the needs of an ever-growing fleet of consuming vehicles.  The path to a CO2-neutral society (Figure 7) may require 'clean' fuel sources, such as hydrogen and electricity.  To be 'clean', these must be generated from non-fossil sources including nuclear, wind, solar, etc., or from fossil hydrocarbon with carbon sequestration.

As noted earlier, hybridization alone significantly reduces fuel consumption, and fuel needs can be further reduced by addition of the plug-in feature.  By reducing the need for transportation fuel to a fraction of the needs of the "conventional" fleet, hybrids are likely be critical to making carbon-neutral transportation a reality.


Integrated Gasification Combined Cycle

FutureGen's Integrated Technologies
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Fuel Cell Vehicles
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Ford Fuel Cell Technology
In Iceland
April, 2008
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