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Supply Chain & Market
Characteristics




A Global Supply Chain

If basic materials
form the letters

& functionally interdependent
components form the words

then the system developers
write the text

H*SO", CN,H

Ni-Cr LIAIO, NiO

NiZr

YSZ

La-Cr

Bi-polar plates/ Interconnects

Cells

Electrodes Electrolytes MEAs

Insulation Seals

Stack & System design

Subsystems integration

Product applications / OEM interface
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‘ Simplified Fuel Cell Supply Chain

I First Tier I I Second Tier I I Intermediary I I OEMs I I End Markets I

. N | systems |
Plates Inverters; Converters Power Conditioners ! Development J'
Portable
MEAs; Cells;
Electrodes Humidifiers Stacks
Fuel Cell Systems Traction
Heat exchangers;
Electrolytes Reactors: Filters Fuel Processors
Stationary
Piping; Tanks; Filters;
Catalysts Sensors & controls Balance of Plant
Downstream Upstream Systems
Components Components Sub-Systems Integration Systems
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Fuel Cell System

Applications

Consumer &
Military
Electronics

Transport
Markets

Residential
CHP

Commercial
CHP

Industrial
CHP
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‘ Market Characteristics

Drivers

Price Drivers

Demonstrations

Products

Margins

Automotive

Environment
Energy Security

Regulation

Cars
& Buses

Homogeneous

Low

Stationary

Environment
Energy Security

Regulation

Residential
& Commercial

Homogeneous

Medium

Portable

Consumer Electronics
Digital Battlefield

Innovation

Largely Invisible

Highly Heterogeneous

High
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Drivers
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Drivers and Hurdles
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‘ Global Warming

Global Emissions and Atmospheric Concentration of CO, since 1790
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Insurance Evaluation

B “Global warming impacts could cost $300 billion annually by 2050”
Source: Munich Re

B “The carbon emissions trading market could grow to between $75bn
and $145bn annually”

Source: Swiss Re

B “The renewables market is worth trillions of dollars — the biggest market
In history.”
Source: UK Chartered Insurance Institute research report, ‘Climate
Change and Insurance’
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Local Emissions: fuel cells versus heat engines
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Source: Verband der Industriellen Energie- und Kraftwirtschaft e. V. (VIK) Bericht Nummer 214
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Developing World Electricity Demand

Growth in Electricity Demand 1997 - 2020 | @ China

M India
300% 0 Lat America & Mexico
250% - O Other Asia+ Middle East
200% B Rest of World
0
[ Africa
(0) _
150% B World Total
100% O Western Europe
50% - H Japan
0% B Eastern Europe + FSU
0

O U.S. & Canada

¢+ China’s generating base will rise by around 270% over the period, almost 10
times greater than North America

¢ Yet China’s 2020 per-capita base of just 643kW will be less than one fifth of the
North American per capita base
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Chinese Oil Consumption as a % of US

30%
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Energy Insecurity:
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| Fuel Cell Efficiency Versus Heat Engines

Efficiency (in %)
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‘ The Inexorable Rise of Hydrogen

Global Primary Energy Consumption:
Ratio of Hydrogen to Carbon
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Sample Projects &
Demonstrations




Fuel Cell Vehicles Built

FC Engine FC-Battery Hybrid Total
OEM No of Units No of Units Units
DaimlerChrysler 7 2 9
General Motors 6 1 7
Honda 5 0 5
Ford 4 0 4
Hyundai 2 0 2
Nissan 2 0 2
Toyota 1 4 5
Mazda 1 1 2
Renault 1 1 2
Suzuki 1 0 1
Volkswagen 1 0 1
Daihatsu 0 2 2
Fiat 0 1 1
Mitsubishi 0 1 1
Total 31 13 44
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California

Members of the California Fuel Cell Partnership:

JArcata

: Ballard Power Systems, International Fuel Cells, XCELLSIS
Eureka *Redding

Chico North, . paradise DaimlerChrysler, Ford, General Motors, Honda, Hyundai, Nissan,
Toyota, Volkswagen,
*Ukiah sLinda
5'"".“"; -Sacramento BP, ExxonMobil, Shell, Texaco
«Mapa
sLodi
San [Jpnciaco California Environmental Protection Agency, Air Resources Board,

San Jose «Turlock
SantaCruz  .Los Banos
Fresno®

Visaliae il U.S. Department of Energy, U.S. Department of Transportation

emm sRidgecrest
+«Bakersfield

«Santa Maria «Barstow

Santa Barbara
]‘hnu:md Oaks
sLos Angeles
sSanta Ana
*Laguna Beach

California Energy Commission, South Coast AQMD

SanDiego g Centro

50 fuel cell cars and 20 fuel From 2003 the ‘Zero Emissions

cell buses will be distributed Mandate’, requiring 10% of all

and tested across the state vehicles offered for sale to have zero
between 2000 — 2003. exhaust emissions takes effect.
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‘ European Bus Demonstrations

Reykjavik

@ -

Amsterdam

London

Luxembourg

Porto

Hamburg | :

i
Madrid

Stockholm | -

E R
N Barcelong\“

Each of thelO cities
will operate 3 fuel
cell powered buses
in revenue service
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‘ US DoD PAFC Demonstrations

‘Wesl Point, HY

Filtshurgh, PA Environmental Excellence Albany, NY
Johnstown, PA

Anchorage, AK

Fort Richardson .i ! B11th Airdift Wing Hational befense Center for Watervliet Arsenal .5, Military Academy

Westover ARB
Chicopee, MA

NAS Fallon o asath Aurlift Wing
Fallon, HV E Minneapolis, MN [~ U.5. Army Soldier Systems
¥ Center, Hatick, MA
Vandenberg AFB l
Lompoc, CA Haval Station Hewport
! : Hewport, Ri
Hellis AFE Kirfland AFB Pine llﬂ’f Arsenal
\ .| LasVegas, NV Albuguergue, HM White Hall, AR Subase New Lendon
Groton, CT
Eewards AFB, CA Little Rock AFB
L Jacksonville, AR Ficalinny Arsenal
CBC Port Hueneme +* Diower, H)
Fort Hueneme, CA
Barksdale AFB
U.5. Haval Academy
e * .
MCE Camp Pendleton * * Annapalis, MD
Oceanside, CA —
Hawval Hospital Fort Bliss Hewport News, Vi
Twentynine Palms, Ch - Waval Hospital
WS Jacksonville
Davis-Monthan AFE || Fort Huachuca Laughlin AF6 || Maval Oceanographic Office | | Jacksonville, FL
Tucson, AZ Sierra Vista, AZ Del Rio, TX Stennis Space Center, M5
KEY: m PC25A Site @ PC25B Site PC25C Site

Between 1994 and 1997 30 PAFC were installed at U.S. Department of Defense bases
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US DoD Residential Fuel Cell Demonstrations

Geiger Field
Spokane, WA

‘Watervliet Arsenal
‘Watervliet, NY

Patuxent River MAS
Fatuxent River, MD

Ft. Bragg
Fort Bragg, NC

Ft. Jackson
Columbia, §C

Barksdale AFB
Bossier City, LA

Brooks AFE
San Antonio, TX

Total Sites: 9
Total Units: 21
Total kWe: 93.5

Fuel: 17 Natural Gas
3 Propane
1 Hydrogen
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‘ US Civilian Fuel Cell Demonstrations
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German Stationary Fuel Cell Demonstrations:

‘.
b
2 PAFC :
150 PEMFC
155 SOFC!
1 PEMFC
26 PEMFC
6 PAFC
5 MCFC ,E, 1 MCFC
4 SOFC! I
3 PAFC
INLAND-
1PAFC +——"
1 PEMFC
1 PAFC
3 MCFC
55 SOFC
1 MCFC

1 Includes one 300Kw, combined cycle unit
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UNDP-GEF Developing Countries $60m Fuel
Cell Bus Programme

Technology transfer to combat greenhouse gas emissions

Country Ministry Responsible City FC Buses
Brazil (Ministry of Mines and Energy) Séao Paulo Eight
Mexico  (Secretary of Transport of Mexico City Govt.) Mexico City Ten
Egypt (Environmental Affairs Agency) Cairo Eight
India (Ministry of Non-Conventional Energy Sources) Delhi Eight
China (Ministry of Science & Technology) Beijing Six
China (Ministry of Science & Technology) Shanghai Six

1995 Stage 1 2000 Stage 2 2007 Stage 3

(Preparation) (Demonstration)

(Commercialisation)

Sources: www.gefweb.org, www.undp.org/gef
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Financial Support & the Gartner
Hype-Cycle




State & Corporate Financial Support

Government’s annual fuel cell spend:

Region Spend® Per Capita
- Japan $220m $1.74
- U.S. $210m $0.81
- European $ 60m $0.19
- Total $490m $0.69

‘Entrenched’ industries reportedly embracing fuel cells:

- Major auto manufacturers have fuel cell engine programmes
- Oil majors devoting resources to hydrogen infrastructure
- Utilities pursuing fuel cell demonstration programmes

Corporate expenditure
- Annual industry spend up to $3bn
- Auto industry alone has invested $4.5bn to-date

@) Sources: Fuel Cells 2000; US Dept of Energy; Japanese Fuel Cell Development Information Centre; European Commission
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‘ The Gartner Hype-Cycle

Visibility
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Conclusions

The unfolding fuel Cell industry is:
Inherently knowledge-based
Barriers to entry are significant

vVVv Il

It is supported by a number of drivers including:
The threat of global warming

Pollution legislation

Demand for (clean) energy in the developing world
Demand for premium energy in the first world

An increasing awareness of energy security

VVVVY R

Government-supported large-scale demonstration projects are underway

Billions of dollars have been invested in the technology by both
Various governments and
A range of industries including the automotive, power and chemical sectors

VvVl

B The correction in prices makes the sector attractive to specialist venture
capitalists
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