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Fuel Cell Supply Chain &
European Fuel Cell Industry
Structure




 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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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

La-Cr NiZr YSZ

Bi-polar plates/ Interconnects

Electrodes

Electrolytes MEAs Cells

Insulation Seals

Stack & System design

Subsystems integration

Product applications / OEM interface
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‘ Distribution of the European Fuel Cell Industry*

Germany,; 31%

ROE; 8%

Finland; 2%

UK; 19%

Austria; 2%

Norway; 3%
Swiss; 3%
Sweden; 3%

Belgium; 4%

ltaly; 7%

Holland; 6%
Spain; 6% France; 6%

*Source: Core Technology Ventures LLP.
Data refer to number of European entities
developing fuel cell related hardware but
excludes well capitalised & quoted companies
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‘ Corrected Company Valuations:
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Drivers
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Drivers and Hurdles
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Developing World Electricity Demand
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¢ 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

- CORE TECHNOLOGY WENTURES LLP




Energy Insecurity:
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Local Emissions: fuel cells Vs heat engines
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Source: Verband der Industriellen Energie- und Kraftwirtschaft e. V. (VIK) Bericht Nummer 214

@ core TECHNOLOGY VENTURES LLP



‘ Global Warming

Global Emissions and Atmospheric Concentration of CO, since 1790
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‘ European

Environment

- Green House Gasses
- Pollutants

Social Cohesion

- Local employment

Policy Drivers: Squaring the circle

“The overall objective of the EU energy policy is to help
ensure security of energy supplies for European
citizens and businesses at competitive prices and in an
environmentally compatible way”.

Source: European Union Energy Outlook to 2020, p9, DGTREN, Nov 1999.

“The Union has today set itself a new strategic goal
for the next decade: to become the most competitive
and dynamic knowledge-based economy in the world,
capable of sustainable economic growth with more
and better jobs and greater social cohesion”.

Source: Presidency Conclusions, Lisbon European Council 23/24 March 2000.

Energy

- Security
- Sustainability

Competition

- Technology
- Employment
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Sample Projects &
Demonstrations




US

Fuel Cel

Demonstrations:

Alaska Units Power Washington Units Power North Dakota Units Power Minnesota Units Power Michigan Units Power New York Units Power
PAFC 8 1600 PEMFC 2 8 PAFC 1 200 PAFC 2 400 PEMFC 2 10 PEMFC 229 1815
SOFC 1 250 PAFC 1 200 PAFC 3 600 PAFC 32 6400
MCFC 1 1000 Nebraska |Units Power MCFC 2 500
PAFG 6 1200 — o - | — . Total 263 8751
Montana Units Power P'E”h;’;: q‘s °W§’ Pg‘v'l‘Fsg vania ';'5 i"’zv‘;r
Unknown Units Power PEMFC 1 5 ; ; .
X Wyoming Units Power PAFC 1 200 PAFC 6 1200
Locations PEMFC 1 45
PEMFC 157 558 Massachusetts Units Power
PAFC 17 3400 A PEMFC 5 1000
MCFC 1 250 \ D v Indiana Units Power MCEC 1 250
.lﬁ'. HT PEMFC 1 250 -
HN MCFC 1 2000
HE Rhode Island Units Power
Oregon Units Power sD - PAFC 2 400
PEMFC 3 15 ——p» QR D Wil v g
PAFC 1 200 WY NH . :
v il ) Connecticut Units Power
ME 1A MA PAFC 15 3000
v P, = wE MCFC 1 250
% R SOFC 1 25
Nevada Units Power | . 3 [fif IL ] OH CTe—— Total 17 3275
PAFC 2 400 1)) | WY \N]
A KS MO L 55
EY I|||'|l| % DE New Jersey Units Power
D PAFC 4 800
California Units Power L A MCFC 2 500
PEMFC 26 98 oK AR TH I'-I-I:‘ . \
PAFC 20 4000 AT [ ﬂ o
MCFC 5 3000 M5 GA SC w;mh N .l‘:-. Maryland Units Power
SOFC 6 245 PEMFC 2 9
Total 57 7343 ™ A AL MCFC 1 200
LA North Carolina Units Power
A 1 PEMFC 3 33 Virginia Units Power
Arizona Units Power I\PII/E\:';_:CC:Z 21 42%%
PAFC 2 400 . .
New Mexico Units Power Georgia Units Power
PAFC 2 400 PEMFC 1 5
) TEXAS Units Power
Colorado Units Power PEMFC 3 9 Mississippi Units Power
PEMFC 2 10 PAFC 4 300 PAFC 1 200
Louisiana Units Power Florida Units Power )
Hawaii ~ Units Power Arkansas Units Power PEMFC 1 5 AFC 1 10 Alabama Units Power
PEMFC 1 5 PAFC 2 400 PAFC 1 200 PAFC 1 200 MCFC 1 250
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‘ Continental Europe Fuel Cell Demonstrations:

Norway Units Power
SOFC 1 250

Sweden Units Power
PEMFC 1 4
SOFC 2 10

Germany Units Power
PEMFC 11 536
PAFC 22 4250
MCFC 10 2500
SOFC 10 2018
Total 75 9304

Netherlands Units Power
SOFC 1 125

Belgium Units Power
PEMFC 1 250

France Units Power
PEMFC 7 31

Spain Units Power
MCFC 1 100

v

JE‘ i
3 oo
. . * g e
Switzerland Units Power ‘h\_;, o1 =
PEMFEC 1 250 ltaly Units Power i R

SOFC 4 4 PAFCe 6 1200 4
MCFC 1 100 Erry | i g
SOFC 1 300 S
Total 8 1600
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‘ German Stationary Fuel Cell Demonstrations:

Schleswig Holstein Units Power @ i
PAFC 3 600 . L ul

Hamburg Units Power
PEMFC 1 3
PAFC 2 400

Brandenburg Units Power
PAFC 1 200

Niedersachsen Units Power
SOFC 211 460

NIEDERSACHSEN Berlin Units Power
PEMFC 1 250

Nordrheinwestfalen Units Power
PEMFC 4 264 Sachsen-Anhalt Units Power
PAFC 5 1000

PAFC 1 200
MCFC 5 1250 MCEC 1 250
SOFC 44 442
Total 58 2956

Sachsen Units Power
PEMFC 2 8
PAFC 5 1000
SOFC 16 16

Hessen Units Power
PAFC 2 400

Rheinlandpfalz Units Power Vieshai
PEMFC 1 3 | » p :
Mainz

SOFC 60 60

Bayern Units Power
PAFC 1 250
MCFC 4 1000

Saarland Units Power
PAFC 1 200

Baden-Wirttemberg Units Power
PEMFC 1 5
SOFC 41 1040
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State & Corporate Support




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

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

Existence of a Quoted Sector in North America
- A pure fuel cell quoted sector exists in North American

- North American fuel cell companies have raised >$1.5bn via both primary
and secondary offerings

- US investors have exposure to North American fuel cell companies

In contrast there is no European quoted sector
- Restricting fund managers access to fuel cell companies
- Limited venture capital available

@ Sources: Fuel Cells 2000; US Dept of Energy; Japanese Fuel Cell Development Information Centre; European Commission
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Conclusions

% The emerging fuel cell supply chain is inherently knowledge based with significant barriers
to entry

<+ The severe correction in company valuations makes the emerging European fuel cell
industry ripe for a focused and a specialised venture capitalist VC

% The industry is supported by a number of powerful drivers including:

Demand for economic growth in the developing world and the demand for premium energy in
industrialised countries

An increasing awareness of the precariousness of energy supplies
Global warming and ever tightening emissions legislation

<+ Fuel cells are a natural complement to renewable energy sources. European policy has
created the largest wind industry in the world. The next logical step would be to extend
this vision to incorporate fuel cells

% Large-scale demonstration projects are underway, particularly in the US and Germany

< The potential size of the fuel cell industry is massive, implying huge investment
requirements and corresponding job opportunities
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