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A Supply Chain

If basic materials
form the letters

And components
form the words

Then systems developers
write the text

H*SO", CN,H

LIAIO, NiO

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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' 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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Major Fuel Cell Components Suppliers

N America  Control Public/ Europe Control Public/
Private Private

Engelhard Subsidiary Public Advanced Ceramics-Ltd Subsidiary Private
E-Tek Subsidiary Private Freudenberg Subsidiary Private
GraphTech Subsidiary. - Public Heraeus Subsidiary Private
Zoltek Subsidiary Public HT Ceramix Core Private
Schunk Subsidiary Private

Unitec Ceramics Subsidiary Public

Johnson Mat. Subsidiary Public

Morgan FC. Subsidiary Public

Porvair Subsidiary Public

SGL Carbon Subsidiary Public

Sud Chemie Subsidiary Public

UCM Subsidiary. © = Public

Du Pont Subsidiary Public FumaTech Subsidiary Public

W L Gore Subsidiary Private Solvay Subsidiary Public

Ticona Subsidiary Public

Vitrex Subsidiary Rublic

Europe is not short of suppliers, but ...

Key:
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Independent Fuel Cell Systems Developers

North America.

Acumentrics
Astris Energi Inc
Ballard Power
ECD

Energy Visions
Fuel Cell Energy
Global Thermo
Hydrogenics
Millennium Cell
Nuvera

Plug Power
Proton Energy

Market Capitalisation

Qwner

Private
Public
Public
Public
Public
Public
Public
Public
Public
Private
Public
Public

Market Market

Cap. ($m)* Europe Owner Cap.
n.a. H-Tec Private 0
n.a Helion Gowvt. 0

1,581 Intelligent Energy Private 0

223 Nedstack Private 0

3 Proton Motor Private 0

340 P21 Private 0

78

213

54
n.a.

286

77

$2,855 Market Capitalisation ZERO

... is light on developers
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‘ Distribution of the European Fuel Cell Industry:
Sample data

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, a subset of our database, refer to number of
European entities developing fuel cell related
hardware but excludes well-capitalised & quoted
companies
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European Systems and Components: sample data

Systems Developers PEMFC Systems Developers

MCFC
AFC 9%

inland Swiss

Denmark 30 3% 3%

0,
Spain7 %

7%

Germany
30%

PEMFC

48%
DMFC .
rance
14%
10%
Sweden
UK.
10%
20% 27%
SOFC Systems Developers Components
Norway
1
ireland Greece
Swiss 1% 1%
Finland 8% Germany
a% UK 27%

taly

8%

oreay Holland
8% 8%
Sweden
8% Germany
Denmark 15% Swiss 23%
15%

10%

*Source:  Core  Technology  Ventures  LLP.
Data, a subset of our database, refer to number of
European entities developing fuel cell related
hardware but excludes well-capitalised & quoted
companies
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Stationary Fuel Cell
Product:;
Installed Capacity




US

Fuel Cell

Demonstrations: 40MW Stationary

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 — : : : Total 263 8751
Montana Units. Power lllinois  Units Power Pennsylvania Units Power
Unknown Units Power PEMFC 1 5 ; f RENEC i g REMEC 2 2
X Wyoming Units Power o PAFC 1 200 PAFC 6 1200
Locations p C 1 45
PEMFC 157 558 W T Massachusetts Units Power
PAFC 17 3400 TH PEMFC 5 1000
MCFC 1 250 Indiana Units Power MCEC 1 250
m PEMFC 1 250
QiR o Wi MCFC 1 2000 .
1 MY, HH Rhode Island Units Power
Oregon Units Power -1 i o - PAFC 2 400
PEMFC 3 15 —> hE "‘x
PAFC 1 200 P, o ""u - :
v L H HJ Connecticut Units Power
MY uT O l IN \NET PAFC 15 3000
K5 MO Wy #—a ., I} MCFC 1 250
ey
] K.f "I"A |I DE SOFC 1 25
Nevada Units Power | «—— | Total 17 3275
PAFC 2 400 (]
CA A oK ™ NC .
AR New Jersey Units Power
AZ NM 5C D PAFC 4 800
California Units Power | 5 M5 A KMCFC 2 500
PEMFC 26 98 AL
PAFC 20 4000 R ﬂ‘
MCEC 5 3000 Maryland Units Power
SOFC 6 245 3 PEMFC 2 9
Total 57 7343 A MCFC 1 200
VM North Carolina Units Power
A 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 PAEC 4 800 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

Note: Data refer to plant installed over the last 10

years and planned over the next 18 months
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European Map: 12MW Stationary, 27 Buses

Norway Units Power
SOFC 1 250
Share of Euro Industry 3%

Finland
Share of Euro Industry 2%

Netherlands Units Power
SOFC 1 125
Cute 3

Share of Euro Industry 6%

Sweden Units Power

PEMFC 1 4
SOFC 2 10
Cute 3

Share of Euro Industry 3%

U.K Units Power Germany Units Power
PAFC 1 250 PEMFC 11 536
Cute 3

PAFC 22 4250
MCFC 10 2500
SOFC 10 2018

Share of Euro Industry 19%

1 Total 75 9304
- Cute 6
Austria Share of Euro Industry 31%

Belgium Units Power
PEMFC 1 250
Share of Euro Industry 4%

Share of Euro Industry 2%

Switzerland Units Power
PEMFC 1 250
SOFC 4 4
Share of Euro Industry 3%

France Units Power
PEMFC 7 31
Share of Euro Industry 6%

Portugal Units Power
Cute 3 Italy Units Power -
PAFC 6 1200 o

MCFC 1 100 *
. . SOFC 1 300
Spain Units Power ,
1 100 ' Total 8 1600 {] PR

MCFC
Share of Euro Industry 7%

Cute 6 -
Share of Euro Industry 6% = ¥ &
L'bourg Units Power By 1
Cute 3
Note: Stationary data refer to plant installed over the last Source: Share of EU Industry Core Technology Ventures LLP

10 years and planned over the next 18 months . CORE TECHNOLOGY VENTURES LLP S0 clide 7 above



‘ German Stationary Fuel Cell Demonstrations:

Schleswig Holstein Units Power @ i
PAFC 3 600 g 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 Mieshaden
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

Note: Data refer to plant installed over the last 10
years and planned over the next 18 months

German Total 9.3MW B orascinimiimeris NRW Total: 3MW



UK Stationary Fuel Cell Demonstrations:

- 1 PAFC
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Country Score Sheet

Installed Share of Share of Country
Capacity Installed Euro Commitment
(kW) Capacity Industry Index

Germany 9,304 76.4% 31% 2.5
Italy 1,600 13.1% 7% 1.9
Norway 250 2.1% 3% 0.7
Switzerland 250 2.1% 3% 0.7
Belgium 250 2.1% 4% 0.5
Netherlands 125 1.0% 6% 0.2
Spain 100 0.8% 6% 0.1
U. K. 250 2.1% 19% 0.1
France 31 0.3% 6% 0.0
Sweden 14 0.1% 3% 0.0
Finland 0 0.0% 2% 0.0
Austria 0 0.0% 2% 0.0
Total Europe 12,174 100.0% 92.0%

- CORE TECHNOLOGY WENTURES LLP



European Policy & Finance:
Equity and Research

“Large increases in cost with questionable increase in
performance can be tolerated only for race horses and
fancy spouses.” Lord Kelvin (1824 — 1907)
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‘ European Policy Drivers: Squaring the circle

“The overall objective of the EU energy policy is to help
: : Energy

ensure security of energy supplies for European

citizens and businesses at competitive prices and in an

environmentally compatible way”.

Environment

- Green House Gasses - Security

- Pollutants _ - Sustainability
Source: European Union Energy Outlook to 2020, p9, DGTREN, Nov 1999.

“The Union has today set itself a new strategic goal

Regional Policy for the next decade: to become the most competitive Competition
and dynamic knowledge-based economy in the world,
- Social Cohesion capable of sustainable economic growth with more - Technology
- Local Employment and better jobs and greater social cohesion”. - Employment

Source: Presidency Conclusions, Lisbon European Council 23/24 March 2000.
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Company Valuations: Using the Gartner Hype Cycle

Visibil Ity Peak of inflated
A Expectations

500 Sept. 1999 — Sept, 18, 2003
Plateau of

0 Productivity
400 —>
350

Trough of Gartner
300 o HypE'CyCIG

Disillusionment

250

Slope of

200
Enlightenment

150

100

50

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Technology Time
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Access to Capital: A blot on the European landscape

Source of Funds:

The Balance Sheet
Debt Equity
Subsidised Bank Issue Public Private
Loans Debt Bonds
Start-up companies are essentially limited to
seed and early-stage equity financing.
Owing to a shortage of private finance and the Stock Vent.ure Busmelss
skills and disciplines financiers bring to seed Markets Capital Angels
and early-stage companies European fuel cell  _ _ _ _ _ _ _. S S
companies are financially disadvantaged | Pre-production/ | | Early-stage/ @ | Seed/ '
relative to US companies. | Stock market i 2" round | seed-corn
listing | funding i | funding

This renders capital allowances and research
grants inappropriate for many of Europe’s
seed and early-stage companies
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EU Non-Nuclear Energy Research (NNE) Funding

(1973-2001)

In spite of policy statements regarding the environment, energy security, technology and social cohesion,
NNE research funding in € terms is flat and as a proportion of total EU research funding is falling *

—a— NNE Research Budget (Left-hand Scale)
—e— NNE as % of Total Research Budget (Right-hand Scale)

€300 40%

n
c
2
=
o
—
=]
L

0%

€0
1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

*: Graph, Core Technology Ventures: Data Source EU Programmes from; http://dbs.cordis.lu/search/de/simple/DE _PROG simple.html
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Conclusions

% The structure of a fuel cell industry is taking shape
- Europe is short on systems but long on materials and components
- Germany and the UK dominate in terms of independent fuel cell ‘entities’

% Product is in place, but cannot be described as commercial
- Interms of installed plant the US is clearly ahead of Europe
- Germany is clearly ahead within Europe, both in players and installed capacity

- But Germany it is led by the its States, principally by North Rhine Westphalia, and not the national
government

- The UK is a clear anomaly with a significant number of players and a clear absence of installed plant
% A multiplicity of mutually reinforcing policy drivers exist, but lack credibility despite major statements

% Fuel Cell company valuations are more realistic

- European seed and early-stage players, which are largely invisible, have extremely limited access to
private finance

- Europe lacks a quoted fuel cell sector which creates problems for non-specialist venture capitalists
- This lack of private finance leaves many companies significantly under-capitalised
- Inturn this renders capital and research allowances useless for most independent fuel cell companies

% European funding is inadequate both in terms of research and equity financing
- Yet Europe is teeming with independent fuel cell players
- Company valuations are more realistic and thus present attractive opportunities
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