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COLLINS  STEWART

The following is a basic introduction to PolyFuel and its technology, written with investors in mind, who
have no previous knowledge of fuel cells.

PolyFuel, a specialist materials company, has made a central breakthrough in a key enabling component for
fuel cells. The company's technology is vital to the development of commercially viable, small, lightweight
fuel cells aimed at the portable electronics market (laptops and mobile phones as well as various industrial
applications). Batteries have proven to be an inadequate power source for the extended runtimes desired in
modern consumer portable electronics. PolyFuel's breakthrough will allow fuel cell power supplies to meet
this consumer demand. 

Most of the major consumer electronics manufacturers, including the world's three leading battery
manufacturers, are all working on portable, Direct Methanol Fuel Cells (DMFCs). Several have publicly
announced their intention to introduce products powered by DMFCs in the next two to three years. The
majority of the world's Original Equipment Manufacturers (OEMs) in the laptop and mobile phone markets
are currently working with PolyFuel.

What is a fuel cell?
A fuel cell is similar to a battery in that it converts chemical energy into electrical energy directly, cleanly
and efficiently. However, unlike batteries, the chemical energy in a fuel cell is stored separately in a fuel
cartridge. Fuel cells thus do not require hours to recharge; instead a new fuel cartridge instantly
replenishes the fuel supply and thereby, allows continuous operation. 

Why methanol?
Methanol is widely considered to be the most suitable fuel for fuel cell powered portable electronics. This
fact is due to a combination of its high energy content (energy density), storability, relative safety,
transportability as a liquid fuel, availability and the relative ease with which the methanol molecule can
be broken down to yield its energy.

Where does PolyFuel fit in?
PolyFuel has developed and is commercialising a breakthrough new membrane material for the DMFC.
The membrane, which helps to separate the reacting molecules, and conduct ions within the fuel cell in
order to generate the electricity, has the appearance of a clear plastic film or acetate. The material is very
hard to replicate, relatively cheap to produce and already commands a high selling price.

Why is this membrane so important?
Positioned at the heart of the fuel cell, the membrane is key to the performance of the total system.
PolyFuel's membrane is so significant because it has overcome technical barriers that have thus far
hindered the commercial development of DMFC technology. This has prompted a large number of
consumer electronics companies to engage with PolyFuel. One OEM who had previously considered the
technology unworkable elected to pursue the development of DMFCs based on PolyFuel's breakthrough
membrane material.
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Batteries cannot keep
pace with portable 

electronic devices and 
their applications 

PolyFuel has ‘… the 
leading membrane in the 

portable fuel cell markets’
Japanese OEM

A large and growing market 

High gross margins 

Negligible competition 

Significant management experience 

COLLINS  STEWART

2 June 2005

Executive Summary

Batteries cannot meet the demands placed on them by users of today’s mobile
phones and laptop computers – they have failed to keep pace with the
revolution in portable consumer electronics devices. Worse, batteries are
constraining the consumer electronics industry’s efforts to develop advanced
wireless products. While the amount of energy a battery is capable of storing
is growing at around 8% pa, mobile device power consumption is expanding
at three times that rate.  

The severity of these problems has led the majority of consumer electronics
and battery manufacturers to aggressively pursue fuel cells as a critical
solution. Most are pursuing Direct Methanol Fuel Cells (DMFC) owing to
their significantly higher energy content and system simplicity. This affords
greater runtime, instant ‘rechargeability’ and ultimately, mains independence.

PolyFuel, a specialist materials company, has made a major breakthrough in
fuel cell membrane design, which is accelerating the commercial reality of
fuel cell powered portable devices. As a consequence the company is
currently working with 15 of the world’s leading fuel cell system developers,
including ten of the major consumer electronics manufacturers (“OEMs”),
three of which are leading lithium-ion battery manufacturers. Collectively
they represent a significant proportion of the global sales of personal portable
electronic devices.

To date, 13 of the 15 leading portable fuel cell system developers have tested
or are in the process of testing PolyFuel’s membrane. Of the 13, eight have
completed their evaluation testing and all eight have moved on to purchase
PolyFuel’s DMFC membrane.

Fujitsu, NEC, Sanyo and Toshiba have publicly announced their intention to
introduce portable products powered by DMFCs in the next two to three
years. While Bic, Duracell and Tokai (the largest Japanese lighter
manufacturer) are developing the necessary fuel cartridges.

The portable device market amounted to approximately 894m units in 2004.
This segment of the electronics market is projected to grow at a CAGR of
12% from approximately 1,020m units sold in 2005 to almost 1,790m units
in 2010 (Frost & Sullivan, September 2004). Several of the large consumer
electronics firms are predicting that DMFC powered devices will achieve
10%-30% adoption rates within this market by 2010.

As might be expected of a specialist materials company, 80% gross margins
are forecast. 

Competition to PolyFuel’s hydrocarbon DMFC membrane is limited. Its
performance compared to the long-established, standard fluorocarbon
membrane is significant (over 30% more superior). Other developers of
alternatives to fluorocarbon DMFC membranes and non-DMFC technologies
destined for the portable market are unproven, early stage, and as yet have
little or no OEM endorsement.

The management team has 27 years of fuel cell experience. In addition
current PolyFuel staff have 140 years of specific fuel cell experience.



Breakeven in 2008 

The proposed market 
cap is twice that of a less

developed peer and equal
to monies invested
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PolyFuel’s intellectual property is highly protected. The knowledge lends
itself to patent protection (22 are pending). Trade secrets are easily
maintained, thanks to the compartmentalised design and build process.
Demonstration time cannot be short-circuited, enhancing the value of long-
term strategic partnerships. This provides the company with a minimum lead-
time of 12 to 18 months.

We have assumed that the company’s membrane sales accelerate following
methanol’s regulatory approval in 2007 and product launches in 2007 and
2008. The company is expected to break even in Q4 of 2008, with an
annualised sales run rate of $18m. Thereafter, operating expenses remain
relatively stable while sales benefit from the forecast increase in adoption
rates of portable fuel cell powered laptops and mobile handsets. Our numbers
do not take into consideration sales into other consumer or industrial product
areas and have placed no value on the recently launched automotive fuel cell
membrane.

The proposed IPO fund raising of £12m and pre IPO valuation of £22.5m
($40m) will result in a market capitalisation of £34.5m (c.$60m). This
compares to a DCF valuation of $221m. UK quoted peers who are: targeting
the same market, are at an earlier stage in development, have unproven
membrane technology and no customer traction are currently enjoying
market capitalisations approximately twice the anticipated PolyFuel level at
flotation.

To date $40m of capital has been invested in the business, whilst the last
valuation established, over a year ago, was $30m.
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The Market Need

Mobile device power consumption, which is directly related to personal
portable energy demand, continues to outstrip the ability of battery
technologies to store and deliver energy. According to recent research by the
Boston Consulting Group (BCG), mobile device power consumption is
forecast to expand some three times faster than the growth in battery energy
storage capacity. The constraints this phenomenon, referred to as the ‘runtime
gap’, is placing on the development of consumer electronics can be seen in
the following Chart, which shows the growth of power demand and supply,
setting 2001 at an index level of 100.

The Runtime Gap

Source: Boston Consulting/Economist 6 Jan 2005 “The real energy crisis”

The amount of energy that batteries can store (their energy density) is
growing by approximately 8% per year. However, mobile-device power
consumption is growing at more than three times this rate, as backlit colour
screens, high-speed wireless networks and more powerful microprocessors
draw ever-larger amounts of power. Full motion video, audio downloading
and high speed data offered by next generation 3G handsets come at the cost
of battery life of less than one hour, something that is frustrating consumers.

Despite continuous progress in laptops in the last decade, limited battery
runtime has been a feature that has not changed significantly. Given the
increased availability of wireless connectivity hotspots, the growing trend
among a significant number of laptop users is for their mobile computing
devices to be capable of use “anywhere-anytime”. It is estimated that
wireless technology increases the power consumption of computing devices
by between 20% and 50%, making the problem of limited battery runtime
even more critical.

This limitation is preventing consumers from fully exploiting the capabilities
of both laptop and advanced generation cellular technology. No new battery
chemistries are expected to reach the market to solve this problem in the
foreseeable future. Indeed according to the battery companies and industry
analysts, it is highly unlikely that batteries are capable of matching such a
demand profile.
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Specific examples of the impact which the runtime gap is having can be seen
in Japan and Korea, where 3G handsets and services have been widely
introduced and the inconvenience of limited runtimes is most acute. Battery
recharging kiosks are available for a $2 to $4 fee in cinemas and public
places. In addition to this cost, the inconvenience of waiting for up to one
hour for a recharge must also be considered. In shops there are racks of
primary battery boosters available for $5 to $15 to enable users to recharge
their mobile phones. Sales of these disposable boosters in Japan are c.300k
pa, growing at a rate of approximately 10% per month in Japan. This
phenomenon can also be seen in the UK through the recent introduction of
battery recharging kiosks in England.

The Market Size

As mentioned earlier the consumer, industrial and military markets for
portable devices amounted to approximately 894m units in 2004. These
segments of the electronics market are projected to grow at a CAGR of 12%
from approximately 1,020m units sold in 2005 to almost 1,790m units in
2010 (Frost & Sullivan, September 2004).

The largest constituent of this market are mobile handset sales which reached
600m units in 2004 and is forecast to grow to anywhere between 800m and
1,000m by 2010.

The laptop market offers similar opportunities. In 2004, approximately 50m
units were sold. With the continuing trend towards mobility, laptop sales are
forecast to grow to 70m units in 2010.

The Fuel Cell Solution

In response to this consumer demand, the majority of consumer electronics
manufacturers including NEC, Toshiba, Sanyo, Fujitsu, IBM, Hitachi and
Samsung are actively developing fuel cell solutions which would give
consumers the capability of continuous, full power, off-grid use of their
portable devices. Customers will be able to refuel their fuel cell powered
devices with a disposable, recyclable methanol fuel cartridge, potentially
similar in size and appearance to an ink cartridge for a fountain pen, or a
disposable butane lighter, and available in standard form factors the same
way that batteries are available today. Each of the companies referred to
above has announced their intention to introduce portable products powered
by Direct Methanol Fuel Cells (DMFCs) within the next three years.
PolyFuel is working with most of the leading portable fuel cell systems
developers and aims to establish the PolyFuel membrane as the preferred
portable fuel cell membrane technology.

Independent research and several of the major consumer electronics
manufacturers are forecasting adoption rates for fuel cell power supplies for
laptops and mobile phones at between 10% and 30% of the overall market.
With 600m mobile phones and 50m laptops sold in 2004, even small
adoption rates in these large and rapidly growing markets will lead to a
significant demand for fuel cells and therefore, fuel cell membrane, in the
coming years.
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Fuel Cell Technology

Fuel cells, like batteries, are electrochemical devices that convert chemical
energy to electrical energy directly, cleanly and efficiently. However, unlike
batteries, fuel cells do not require hours to recharge. Instead, a fuel cell can
be instantly recharged with a fuel cartridge – replenishing its energy supply.

The optimum end product solution will incorporate a hybrid design, with a
small battery for start up and peak power spikes and the fuel cell designed to
provide the average device power demand. In other words, hybridisation
maximises the higher cycling capacity of batteries and the superior energy
density of fuel cells. As a result today's leading battery companies do not see
the DMFC as a pure competitor and internal DMFC developments will not
result in cannibalisation of existing product lines. Consequently Samsung,
Sanyo, and Sony, three of the world's leading battery companies, are all
actively engaged in DMFC development programs.

The Fuel – Why Methanol?

Methanol (CH3OH) is widely accepted as the best fuel choice for portable
fuel cell applications. Methanol is a liquid at room temperature and can be
easily stored in small, light, inexpensive containers or cartridges. Methanol
has very high energy density (10 times that of lithium ion), is relatively safe,
easy to use and low in cost (at approximately $0.10 to $0.20 per litre).
Millions of tonnes of methanol are produced annually from natural gas for
uses as varied as an ingredient in antifreeze in windscreen washer fluid,
fondue fuel and as a convenient source of hydrogen for numerous industrial
applications. The regulatory process for methanol fuel cartridges is well
advanced at the government, industry and international regulatory levels. 

A portable fuel cell could, theoretically, also use hydrogen as a fuel.
Hydrogen however is difficult to store and transport because it is a gas at
normal temperatures and pressures. The storage containers for hydrogen fuel
are too heavy, bulky and expensive for portable applications. 

Other fuels are also being considered for portable work, including ethanol,
formic acid and sodium borohydride. These fuels are further behind methanol
in the regulatory approval process and certain of them have regulatory and
other technical challenges that will make it more difficult to achieve
widespread adoption as a fuel for portable fuel cell applications. To date,
there are over 60 organisations worldwide (including most of the major
electronics OEMs and three of the world’s leading lithium ion battery
manufacturers) working on methanol and DMFC technology for portable
applications. In total, there are approximately 15 organisations working on all
of the other fuels and technologies combined.
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Direct Methanol Fuel Cells

Source: PolyFuel

A DMFC (see diagram above) has a fuel side, referred to as the “anode”, and
an air side, referred to as the “cathode”, separated by the fuel cell membrane.
On the fuel side, the methanol fuel (CH3OH) is combined with water (H2O)
and, when introduced to a precious metal catalyst at the membrane interface,
forms six hydrogen protons (H+), six electrons (e-), and one carbon dioxide
molecule (CO2). The hydrogen protons (H+) are conducted through the fuel
cell membrane, the electrons (e-) are conducted around the electrical circuit
to perform the end user function and carbon dioxide (CO2) is exhausted to the
atmosphere. On the air side, the hydrogen protons (H+) arriving through the
fuel cell membrane and the electrons (e-) arriving through the work circuit,
combine with oxygen from the air (O2) to form water (H2O). This water is
then either evaporated into the air supply stream and exhausted from the fuel
cell or recovered and fed back into the fuel stream to support the methanol
reaction. Key to the process is the fuel cell’s membrane that converts the air
and fuel into power. 
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fuel cell membrane determines
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says Dr. Robert F. Savinell, Dean 
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The Fuel Cell Membrane

The membrane is the heart of the fuel cell, and its characteristics determine
the overall performance, cost, size and efficiency of a fuel cell power supply
system. The key parameters are:

1. Proton conductivity – How efficiently the membrane conducts the
hydrogen protons;

2. Electrical isolation – How well it separates electrons between anode and
cathode, forcing them around the load circuit; and 

3. Reactant separation – How well it separates the reactants on the fuel side
from the reactants on the air side. Specifically, there are two key aspects
of reactant separation that are important for DMFCs:

Methanol cross-over – How much methanol the membrane allows to
cross over from the fuel side of the fuel cell, where it can generate
power, to the air side where it causes problems and inefficiencies; and
Water flux – How much water the membrane allows to move across
from the fuel side to the air side.

The Longstanding Hurdle

For the last 40 years, DuPont has been the dominant fuel cell membrane
supplier with its Nafion™ branded membrane. Nafion was originally
developed in the 1960s, and is based on fluorocarbon polymers. 

Unfortunately for DuPont and DMFC system developers alike, the Nafion
membrane does not function very well as a reactant separator in a DMFC
environment. For the past several years, DMFC developers have been
hampered by the phenomenon that a significant amount of the methanol fuel
passes from the fuel side of the Nafion membrane through to the air side
without generating any power. This effect is referred to in the industry as
“methanol cross-over”.

In addition, system developers have also suffered from the fact that Nafion
allows a substantial amount of water to cross from the fuel side of the fuel
cell, where it is required to support the methanol fuel reaction, to the air side
of the fuel cell, where it restricts the oxygen from reacting with the hydrogen
proton. The effect is known as water flux, and is also sometimes referred to
as Electro-Osmotic Drag. 

The third issue is chemical stability. Fluorocarbon membranes are not stable
in methanol, the consequence of which is the opening up of the polymer
structure, exacerbating methanol crossover and water flux. In addition this
can lead to the breakdown and reduction of the cells operating lifetime. One
solution is low methanol concentrations. This however subjects the system to
freezing at temperatures below -2ºC rendering it inoperable.

The net effect of methanol cross-over, water flux and poor chemical stability
is to diminish, or even obviate the advantages DMFC systems offer over
incumbent battery technologies. Consequently, the Nafion fluorocarbon
membrane is not well suited to DMFC applications. 
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The PolyFuel Solution

To address these failings, PolyFuel engineered several new families of
membranes based upon hydrocarbon as opposed to fluorocarbon polymers,
which PolyFuel has found to be intrinsically stronger and better performing.
The PolyFuel DMFC membrane was engineered specifically to have high
performance, low methanol cross-over, low water flux and high methanol
tolerance. These attributes are meeting many of the DMFC system
developers’ outstanding requirements, and is thereby accelerating the
commercial launch of DMFC powered portable electronic devices.

Low Methanol Cross-over

PolyFuel’s DMFC Membrane has approximately 1/3 of the methanol cross-
over of existing technology. Reducing the amount of methanol that migrates
across the membrane from the anode side to the cathode side, achieves the
following:
1. It extends runtime, and reduces the size of the fuel cartridge, thereby

reducing system size, weight and cost; and
2. It reduces oxidation on the cathode catalyst, which, in turn:

reduces heat load, allowing for a smaller heat exchanger, reducing
system size, weight and cost;
reduces water production from combustion, allowing for a smaller
water recovery system, reducing system size, weight and cost; and
allows for reduced cathode precious metal catalyst loading, thereby
further reducing system cost.

PolyFuel Methanol Cross-Over Comparison

Source: PolyFuel
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Low Water Flux

The PolyFuel DMFC Membrane has approximately ½ the water flux when
compared to alternative fluorocarbon membranes. Reducing the amount of
water that is transported from the anode to the cathode achieves the
following:
1. decreases the amount of water which must be recovered and fed back to

the fuel circuit, reducing system size, weight and cost; 
2. increases system robustness by reducing the amount of water on the

cathode, allowing oxygen molecules to reach the catalyst; and
3. reduces the amount of airflow required to evaporate the excess water on

the cathode, thereby reducing the system parasitic load, and allowing for
reduced stack and system size, weight, cost, and noise level.

PolyFuel Water Flux Comparison

Source: PolyFuel

High Methanol Stability

The inherently high methanol stability of the PolyFuel DMFC Membrane
allows a system to:
1. Be stored and started at sub freezing temperatures.
2. Tolerate wider fluctuations in methanol concentration, thereby placing

less demands on the system design.

The table below shows the typical advantages of PolyFuel’s DMFC
membrane from a system developer’s perspective:

EOD Coeff 1.1

EOD Coeff 2.5

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0 100 200 300 400
Current Density mA/cm2

Water Flux
( g/cm2/hr )

Nafion 117 PolyFuel

System Design 
Parameter 

PolyFuel 
Advantage 

Advantage Derived From 

Membrane  30-35% less Lower parasitic load 
Catalyst loading 30-35% less Lower parasitic load 
Stack size 30-35% less Lower parasitic load 
Waste heat 30-35% less Lower methanol cross-over 
Water recovery 55-60% less Lower water flux, lower methanol  

cross-over 
Cathode water produced 55-60% less Lower water flux, lower methanol  

cross-over 
Air flow 30-35% less Lower water flux, lower methanol  

cross-over 
Runtime  30-35% more Lower methanol cross-over, lower water flux, 

lower parasitic load 



COLLINS  STEWART

June 2005 11

The net effects of these benefits, taken together when compared to alternative
systems:

Overall system size ⇒⇒ ~1/3 Smaller
Overall system weight ⇒⇒ ~1/3 Lighter
Overall system cost ⇒⇒ ~1/3 Cost reduction 
System noise level ⇒⇒ Quieter

The PolyFuel DMFC Membrane, unveiled in 2003, is the key enabling
technology allowing portable power supply developers to design systems that
have higher energy density than any competing power supply system for
extended runtimes. 

Indeed, one leading Japanese consumer electronics OEM confirmed that
PolyFuel’s product was, ‘by a large margin, the leading membrane in the
portable fuel cell market’. This OEM further qualified PolyFuel’s
breakthrough as the reason it had initiated its DMFC fuel cell program, the
commercial result of which is expected to culminate in the launch of a fuel
cell powered laptop power supply within the next two to three years.

Company History

In 1999, PolyFuel was spun out of one of the world’s leading contract
research institutes, SRI International (“SRI”, formerly the Stanford Research
Institute), with the aim of commercialising hydrocarbon membranes for fuel
cells that had been developed with over 14 years of applied research at SRI.

The potential of the newly established company’s technology was recognised
by one of the top US technology venture capital firms, Mayfield, which led
the Company’s initial financing round of $6m in 2000. 

Following the successful prototyping of a fully integrated DMFC power
supply for a cell phone in 2001, Mayfield participated in a follow-on
investment when PolyFuel raised a further $15.65m in 2002 from a number
of professional investors. This round was led by Ventures West, one of the
largest venture funds in Canada, with significant fuel cell investing
experience, and included Intel Capital, Intel Corporation’s strategic
investment arm, and venture capitalists Chrysalix and Technology Partners,
thus significantly extending its support networks. Chrysalix is a fuel cell
focused venture capital fund with the backing of BASF, Ballard, BOC,
Boeing, Mitsubishi and Shell.

2002 also saw the arrival of Jim Balcom, a technology start-up specialist, as
PolyFuel’s CEO. He had previously worked for four years in fuel cell
development, engineering and manufacturing management positions at
Ballard Power Systems, a $500m NASDAQ quoted developer of fuel cell
systems (Ballard). 

Jim subsequently employed a seasoned management team with extensive fuel
cell and polymer development expertise (see below).
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In early 2003, PolyFuel announced a breakthrough in its hydrocarbon
membrane technology that solved fundamental problems associated with the
DMFC technology being pursued by most of the world’s leading consumer
electronics manufacturers. In the same year, the company, in collaboration
with Intel Corp, developed a fuel cell powered laptop prototype for a next
generation tablet PC and commenced negotiations with six leading DMFC
system developers. This has subsequently led to relationships, ranging from
joint projects and testing, to membrane product sales, with 15 of the world’s
leading DMFC developers, most of which are major consumer electronics
OEMs.

In May 2004, PolyFuel’s existing shareholders approved and participated in
an $18.4m equity fundraising. The deal was led by venture capital firms
Conduit Ventures Limited (UK) and CDP Capital (Canada) and included
Hotung Venture Partners (Taiwan) and KTB Ventures (Korea), as well as two
Asian industrial investors active in fuel cell development, namely, BiNext
(Korea) the venture capital arm of the Daesung Energy Group and Yasuda
Enterprise Development (Japan). These latter investors Asian provide
PolyFuel additional access to the all important Japanese, and Korean
consumer electronics industries. In addition to this private funding, PolyFuel
was also awarded a $3m grant by the US Department of Energy (DoE) to
develop a next generation fuel cell system and membrane for a laptop PC.
This specific three-year programme is estimated to cost $6.3m.

On the technical front, the company announced that it had succeeded in a
further membrane breakthrough, this time in a hydrogen membrane
specifically designed for automotive use. This membrane technology has
been evaluated by some of the world’s largest automotive OEMs, and has led
to further discussions regarding the continued development of the
technology. Furthermore, the company also recently announced a new “hot
bondable” version of its DMFC membrane that will enable customers to use
existing manufacturing techniques to fabricate advanced fuel cells using this
membrane.

In 2004, PolyFuel extended its direct engagement with the consumer
electronics industry securing product sales with eight leading DMFC
developers, and collaborating in the testing of its proprietary DMFC
membrane with a further five. In recognition of the company’s technical
achievements the World Economic Forum named PolyFuel one of its
“Technology Pioneers” for 2005.

Management

As noted above, the management team, is made up of skilled executives from
within the fuel cell industry. Prior to joining PolyFuel these individuals
boasted a combined 27 years of experience in fuel cell technical and product
development, manufacturing, and strategic alliance building. The following
graph outlines the structure and responsibilities of the senior management
team.
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Company Structure

The strength of the company’s fuel cell capability is further highlighted by
the fact that non-senior management add a further 51 years of prior direct fuel
cell experience. Further, seven of the eight members of the research
department hold PhD’s directly relevant to fuel cells. Today, PolyFuel
management and staff boast collective direct fuel cell experience of some 140
years. In addition, PolyFuel’s employees have a combined 117 man-years of
directly related manufacturing experience.

To maximise the probability of commercial success, the management has
built an international team of independent advisors and non-executives with
expertise covering all aspects of fuel cell technology development, marketing
and finance, adding significantly more fuel cell, specialty materials, sales and
marketing, operations, technology development and financial experience.

The following section gives an overview of the previous experience of
PolyFuel’s senior managers.

Jim Balcom, (46) President and CEO
Jim Balcom joined PolyFuel in August 2002 from the fuel cell VC specialist,
Chrysalix, where he was Entrepreneur-in-Residence. Previously, he spent
four years with Ballard in senior fuel cell development engineering and fuel
cell manufacturing management positions. Between leaving Ballard and
joining Chrysalix, Jim spent four years in various executive positions with
Sonigistix, a technology start-up developing and commercialising a flat panel
speaker technology, ultimately becoming President and CEO. Jim negotiated
the sale of Sonigistix to Eastech, one of the audio industry’s largest
manufacturers. He combines a Systems Design Engineering Degree from the
University of Waterloo, with an MBA from Harvard.

Rick Cooper, (44) VP Business Development
Rick Cooper joined PolyFuel in November 2002. He is responsible for sales,
marketing and other external relationships for PolyFuel. Previously, Rick was
CEO of the U.S. division of Xcellsis, a Ballard-Daimler-Ford JV, where he
built a world class fuel cell product development team of 150 people and
associated facilities. Rick made a key contribution to Xellsis’ valuation of
more than $400m at the time of its acquisition by Ballard in 2001. He was a
member of the California Fuel Cell Partnership steering committee. In
addition, he has product development experience in the test equipment
industry and battery R&D experience with Ballard starting in the early 1980s.
Rick is a registered Professional Engineer in California and has degrees in
both chemistry and mechanical engineering from the British Columbia
Institute of Technology and CalPoly San Luis Obispo.
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Henry Voss, (46) VP Engineering
Henry Voss joined PolyFuel in March 2003. Previously, Henry spent 13 years
with Ballard Power Systems, most recently as Director, System Integration
responsible for the next generation automotive fuel cell stack design. In his
previous role as Director, Portable Power Products, Henry initiated and led
Ballard’s efforts developing portable fuel cell stacks and systems,
culminating in production release of the Nexa 1kW system, a hydrogen
system certified by UL for indoor applications. He holds over twenty U.S.
patents in PEM fuel cell technology. Henry earned a masters degree in
mechanical engineering, with a thesis in adaptive control systems, from the
University of British Columbia.

Mark Campion, (49) Chief Financial Officer
Mark Campion joined PolyFuel in April 2003, after completing the sale of
Atomic Tangerine, another SRI spin-out company. Mark has more than 20
years of experience across a broad range of financial and operational
disciplines, including public and private financing, treasury, corporate
operations, information technology, planning and budgeting, credit and risk
management, accounting and taxation, human resources and corporate
administration. He has held senior-level positions with a number of public
and private companies, including Atomic Tangerine, Trans Ocean, GRI
International, Activision, and KPMG. Mark received a B.S. in business from
the University of California at Berkeley and is a graduate of the Harvard
Business School’s Advanced Executive Management Program. He is a
Certified Public Accountant.

Sales and Marketing

The Company’s revenue model is predicated on direct sales of its membranes
via two primary channels.

The following chart and subsequent discussion illustrates PolyFuel’s position
in the DMFC supply chain, its relation to its prospective and current sales
channels, which include sales to OEMs (primarily Asian consumer
electronics companies) and Membrane Electrode Assembly (MEA)
manufacturers (multinational chemical and precious metal catalyst
companies). The schematic does not portray any specific relationships, but
rather generic links that exist functionally between components, sub-systems
and final markets, including the role of the channel partners (MEA
manufacturers) and how they supply companies that want to buy a higher
level fuel cell subassembly incorporating the membrane. 
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DMFC Supply Chain & PolyFuel Marketing Channels:

Source: PolyFuel

The DMFC methanol fuel supply chain is represented by methanol fuel
producers, the largest of which is Methanex while companies, such as Bic,
Gillette/Duracell and Tokai (Japan’s largest lighter manufacturer) are
developing the necessary fuel cartridges.

Marketing

PolyFuel’s direct sales model has the benefit of limited marketing and
distribution expenses. In particular, PolyFuel will not incur any significant
advertising costs to promote its product. Its marketing efforts are focussed
primarily on increased brand awareness through exhibiting and presenting at
industry trade shows and conferences. 

Customers

PolyFuel aims to establish its membrane as the standard for the DMFC
portable power market. In doing so, it has identified and formed working
relationships with 15 of the leading fuel cell system developers, including 10
of the major consumer electronics manufacturers (“OEMs”), three of which
are also leading lithium ion battery manufacturers.

These companies represent a significant proportion of global sales of
personal portable electronic devices, and some of the leading independent
developers working in military and recreational markets.

The chart below details the stages of PolyFuel’s customer acquisition strategy
and its current status. 
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Customer Acquisition: Profile and Method 

Source: PolyFuel

Of the leading MEA manufacturers including DuPont, 3M, Gore, Johnson
Matthey and Asahi Glass, only one (Dupont) is currently supplying
commercial MEAs to the portable fuel cell market. It is our understanding
that certain of these companies have not entered the market because of their
previous inability to access a suitable fuel cell membrane. PolyFuel is
addressing this need and is currently in discussions with several of the
leading MEA manufacturers.

The Sales Process

As can be seen above, following initial contact, a meeting explaining the
advantages of PolyFuel’s membrane with supporting data is held. Stage II is
the signing of two-way non-disclosure agreements in order to facilitate the
transfer of detailed information regarding the prospective client’s membrane
requirements and to ensure that PolyFuel’s membrane will not be reverse
engineered. During the next step, PolyFuel supplies customer-specific
samples of its membranes for testing in the prospective clients labs. The
results are subsequently clarified by both sides. The whole process is
designed to enable customer verification of PolyFuel’s claims and lead to
sales. The process typically takes six to nine months from contact to sales.

As part of its strategy regarding direct membrane sales to Japanese consumer
electronics OEM customers, PolyFuel has retained the services of Denda
Associates, K.K. for certain key accounts. The founder of Denda Associates,
Nobuyuki (Norm) Denda, was the former chairman of Intel’s Japanese
subsidiary, Intel K.K.

The net result is that to date, 13 of the 15 leading portable fuel cell system
developers have tested or are in the process of testing PolyFuel’s membrane.
Of the 13, eight have completed their evaluation testing and all eight have
moved on to purchase PolyFuel’s DMFC membrane. In 2004, this amounted
to c.$255,000 in revenue from sales of fuel cell membrane to these OEMs
and fuel cell system developers.

We know of no other independent fuel cell membrane manufacturer in this
position.
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Manufacturing

PolyFuel is currently in the process of pre-qualifying contract manufacturers
to ensure that it has adequate capacity ahead of the product launches
indicated by OEMs over the next few years.

The prospective membrane manufacturing partners are large multi-hundred
million dollar manufacturers of polymer films for various non-fuel cell
industrial and commercial applications. The quotes provided support
PolyFuel’s plans for a membrane product with sufficiently low cost structure
to allow gross margins of at least 80% (see Financial Analysis for more
detail). Further, these companies also have established quality systems and
familiarity with producing high volume products for consumer electronics
companies. One prospective membrane manufacturing partner has already
conducted an initial trial manufacture of PolyFuel’s membrane on one of its
high volume production lines. 

Research & Development

PolyFuel will continue development of its leading DMFC membrane through
to commercial launch, including the further development and commercial
release of its hot bondable version of this membrane. This will involve
qualification of high volume manufacturing processes at contract
manufacturers, including process parameter tolerance studies, production
rate tests, with extensive statistical qualification of the resultant product. This
will be done as part of PolyFuel’s ISO 9000 quality implementation
programme, which is currently in process. This is a prerequisite for PolyFuel
to be qualified as a supplier to the consumer electronics OEMs. 

While the current DMFC membrane may be sufficient for the first wave of
commercial products, PolyFuel believes that continued improvement is the
only assurance of lasting corporate viability. New membranes with enhanced
properties are planned, with technology development of an advanced
membrane already underway for the first of these, with an anticipated target
launch date in 2008.

To support system designers the Company has formed a product engineering
group in Vancouver, Canada with a mandate to develop reference designs that
provide for the greatest benefit from the unique features of the PolyFuel
DMFC Membrane. It is the Company’s intention to license this and other
Company IP to assist customers and alliance partners.

While PolyFuel remains focused on the portable electronics market, the
company is well placed to enter the much larger, but also commercially much
later, automotive market. To this end, PolyFuel has already recorded a major
technical breakthrough in a hydrogen membrane specifically designed for
this market. Indeed, PolyFuel’s automotive membranes have already been
evaluated by several of the world’s largest auto manufacturers and are
currently undergoing further tests with these OEMs. PolyFuel plans to
finance the majority of the remaining development of its hydrogen membrane
through strategic partnerships with auto companies, at least until it has
positive cashflow from its DMFC business.
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Technology Defence

The membrane production process used by PolyFuel consists of several
distinct processing steps. These utilise well-known, long-established
techniques, including the polymerisation of monomers (i.e. the conversion of
relatively small, simple molecules into long chains), membrane casting, and
post membrane treatment. One of the benefits of having distinct processes
steps is that it facilitates the compartmentalisation of PolyFuel’s propriety
technology and provides a higher degree of IP protection. 

PolyFuel has considerable intellectual property embodied in its patent
applications and trade secrets. PolyFuel’s patent application portfolio
provides comprehensive protection in the critical aspects of its fuel cell
technology, encompassing fundamental composition of matter patents on its
polymer membranes. In addition, PolyFuel has trade secrets related to
membrane manufacturing processes and trade secrets and patent applications
relating to catalyst application techniques. Patent lawyers Dorsey and
Whitney have independently validated the strength of these patent
applications.

To date, the company has filed 22 U.S. and international patents covering 19
distinct inventions. The majority of these are expected to issue between 2005
and 2007. 

PolyFuel has a highly experienced and innovative team of scientists and
engineers who continue to generate patent disclosures on fuel cell polymers,
fuel cell membranes, catalyst application, electrode structures, and various
fuel cell system reference designs. 

Barriers to Entry

On considering the investment merits of fuel cells it is important to recognise
that this is a technology characterised by at least three significant barriers to
entry. The initial investment risk will not be exaggerated by the massive entry
of ‘me-too’ companies as commercialisation takes off, principally owing to
the fact that: 

1. The nature of the knowledge invested in the technology lends itself to
patent protection.

2. The knowledge required to design and build fuel cell systems and their
components lends itself to being easily compartmentalised and hence, it
is relatively easy to maintain trade secrets.

3. Demonstration time cannot be short-circuited, enhancing the value of
long-term strategic partnerships.



COLLINS  STEWART

June 2005 19

Competition

Competition to PolyFuel’s hydrocarbon DMFC membrane business can
potentially originate from four distinct sources:

1. The long-established, standard fluorocarbon membranes, primarily
represented by DuPont’s Nafion product; 

2. Other developers of alternatives to fluorocarbon DMFC membranes,
primarily represented by independent companies;  

3. Developers of non-DMFC technologies for the consumer portable
markets, also mainly represented by independent entities; and

4. Advanced battery technology

1.   Fluorocarbon-based Membranes
The primary competition to PolyFuel comes from the most dominant fuel cell
membrane developer, DuPont, which has had a DMFC membrane
development program underway for several years. The program appears to be
centred on its fluorocarbon chemistry, which as previously discussed, has
thus far failed to address the central problems of reactant separation and
chemical stability, particularly in the presence of methanol. As noted, these
phenomena have presented significant hurdles to the commercialisation of
DMFC technology. 

The resonance PolyFuel’s product has found within the consumer electronics
industry, among independent DMFC system developers and the multi-
national MEA producers, and the collaborations this has led to, strongly
suggests that fluorocarbon membranes may not so much represent
competition to PolyFuel, as PolyFuel represents a knock-out punch for
fluorocarbon membranes in DMFC applications.

2.  Fluorocarbon-Alternative Membrane Developers
When accounting for potential competition from other developers of
alternatives to fluorocarbon membranes, it is important to consider only those
companies that are looking to supply membranes to the consumer electronics
OEMs, MEA producers and stack and systems developers. 

Several membrane developers have emerged in recent years, the majority of
which are targeting stationary and/or automotive markets. Nevertheless,
some appear to have membrane technology suitable for DMFC applications. 

PEMEAS, which was spun out from Celanese (Germany) in April 2004,
has hydrocarbon membranes designed for natural gas reformer-based
stationary applications and for DMFC systems. Unveiled last year, its
DMFC membrane also offers cheaper manufacturing costs than Nafion,
but, according to publicly available data show ‘only’ a 20% cross over
improvement to Nafion. This is an early stage technology with no
published durability data.

ITM, AIM listed and a pre-revenue spin-out from Surrey University, is
developing radiation treated polymer membranes for fuel cells and
electrolysers. ITM, which if successful will also be capable of producing
low cost membranes, is targeting all major markets. We are not aware of
any alliances with, or sales to, any portable electronics OEMs or stack
developers. 
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In Japan several companies have declared an active R&D interest in
DMFC membranes, including Toyobo, Nitto Denko, Tokuyama, Toa
Gosei, and Toray. Of these companies Toray has formed academic
research alliances, while Tokuyama has released data showing
membranes with high conductivity and low methanol permeation, but
importantly, not in a single membrane.

3.  Alternative Fuel Cell Technology Developers
In addition to DMFC, there are various fuel cell technologies being pursued
for portable power markets. 

One category of alternative fuel cells is high temperature fuel cells. These
include the micro-reformer type that convert methanol into hydrogen at
temperatures around 270°C which can then be fed into a hydrogen fuel cell.
These require a water-methanol mixture in the fuel cartridge which reduces
the energy density by about one-third.  Solid oxide systems can utilize a
variety of fuels directly owing to their very high temperature operation which
is typically over 700°C. However, these technologies remain very much at
the developmental stage, and there are considerable challenges associated
with their inherent high temperature operation in portable devices. The
research in these areas is being led by research institutes such as Lawrence
Livermore and Pacific Northwest National Labs in the US.

Flowing electrolyte systems rely on a separate chemical circulating in an
additional liquid flow loop to perform the same function as the solid
membrane in DMFC systems. Two small start-up companies are pursuing
flowing electrolyte systems namely, Neah Power of the US, which employs
sulphuric acid as an electrolyte along with nitric acid which is supplied
together with the methanol fuel, and Medis Technologies, of the US and
Israel, which uses strong caustic, potassium hydroxide as the liquid
electrolyte. Of the two, Medis appears the most advanced, though it should
be pointed out that Medis is a system developer, competing with the
consumer electronics giants. Medis appears to be strongly focused on
military applications, where it competes with other, mainly DMFC system
developers such as MTI Micro Fuel Cells, Smart Fuel Cells, Protonex and
Ball Aerospace. 

Direct ethanol fuel cells are being pursued by Acta in Italy. The strong carbon
– carbon bond in ethanol makes it much harder to produce electricity at low
temperatures relative to methanol. Their research seems to be at a very early
developmental stage and there is no evidence of customer traction.

Others are pursuing fuel cells that work on hydrogen stored as a chemical
hydride such as sodium borohydride or in metal hydrides. Yet another
developer is pursing a fuel cell that works on formic acid. Regulations for
such fuels are expected to be much harder to establish than for methanol and
are at least two or more years behind the methanol regulatory process. Metal
hydrides have low energy density relative to methanol. Both sodium
borohydride and formic acid are corrosive. These technologies are all at an
early stage relative to DMFC. 

Overall, there are 60 or more organisations that are actively involved in
DMFC development, while there are approximately 15 organisations
working on all of these alternative fuel cell technologies combined.
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4.  Advanced Battery Technology
No commercially viable battery technology is foreseen that will satisfy the
ever increasing demand for longer run times in portable electronic devices.
The battery industry’s own forecasts of 5-10% pa improvements for lithium
ion batteries are simply not sufficient.

While fluorocarbon membranes have dominated DMFC fuel cell research for
more than 20 years, this technology stands to be supplanted owing to its
inability to separate the reactants adequately and its low methanol tolerance:
Hence the research activities in pursuit of an alternative. 

PolyFuel will undoubtedly meet competition from alternative membrane and
non-DMFC technologies in the field of consumer electronics at some point.
Indeed, it is inconceivable that the portable electronics industry would allow
itself to be captured by a single supplier. However, we are not aware of any
type of competitor to PolyFuel with the combination of:

1. The number of development and sales relationships with leading battery
companies and portable electronics OEMs;

2. The strength of product and supply chain focus;
3. A management team with considerable prior fuel cell industry expertise;

and
4. The list of quality and supportive long-term financial and industrial

investors.

PolyFuel has built a solid platform, which maximises its potential to become
one of, if not the leading supplier of DMFC membranes directly to the OEM
customer and indirectly via the MEA manufacturers. 

Without doubt, PolyFuel’s hydrocarbon membrane appears to enjoy a
leadership position within technologies challenging the incumbent
fluorocarbon membrane. Further, it also appears to have created an
unprecedented position within the consumer electronics industry, particularly
with the Asian OEMs. Rather than pose a threat to the OEM developers,
PolyFuel has made allies of these developers in their attempts to overcome
the runtime constraints their products face. We know of no other company in
the consumer portable fuel cell sector that has so fully engaged this industry.

Methanol and Regulations

Despite the fact that methanol is transported by millions of people on a daily
basis in cars as windscreen wash, methanol cannot currently be used in fuel
cells in the passenger cabin on an aircraft. The solution to this issue is being
dealt with both nationally and internationally.

In December 2004, the United Nations Committee of Experts (the UN
Committee) on the Transport of Dangerous Goods voted in favour of
establishing UN Model Regulations for methanol and methanol containing
cartridges for fuel cells. These regulations address packaging, shipping, and
handling for such cartridges such that they can be shipped internationally as
cargo. This favourable vote resulted from a concerted effort by US and
Japanese federal agencies that are the actual experts on the UN Committee,
together with industry representatives. In the US, the federal agency is the US
Department of Transportation (US DoT). 
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The industry representatives included consumer electronics OEMs with
DMFC development programs, other DMFC developers, and prospective
methanol cartridge suppliers (e.g. Bic, Duracell, and Tokai), who worked
collectively with their trade associations, the US Fuel Cell Council and the
Japan Electrical Manufacturers Association. This represents a significant step
towards establishing worldwide regulations allowing for the storage,
transportation, and use of DMFCs and methanol fuel cartridges. 

The next step in the regulatory process is to obtain exemption from the
International Civil Aviation Organisation (ICAO) general rule that no
hazardous materials may be in the passenger compartment of aircraft. Such
exemptions are in place for perfume, liquor, cosmetics and personal
electronic equipment using lithium ion batteries. The portable fuel cell
developers around the world are working closely with the International
Electro-technical Commission (IEC) and Underwriters Laboratory (UL) to
develop and publish standards for safety and performance of fuel cell power
supplies that will be used in support of the October 2005 ICAO vote.
Assuming a favourable outcome from the vote, ICAO Technical Instructions
will be published, which ultimately are implemented by the International Air
Transportation Authority (IATA) whose airline members publish IATA
Dangerous Goods Regulations for day-to-day use within the airline industry.
The IATA Regulations are not legally binding. Each county establishes its
own binding Regulations. In the US this is done by the US DoT which has
led and proposed the UN model regulations and has announced its intention
to submit an exemption to ICAO in October 2005 for a vote. If this ICAO
vote is positive, the IATA and National Regulations will have effective dates
of January 2007.

In its April 26, 2005 white paper, Micro Fuel Cell Transportation
Regulations, The Regulatory Process, the US Fuel Cell Council cites the two
most recent implementations of UN Model Regulations as support for the
above two year timeline (December 2004 UN vote to January 2007
implementation). In those recent cases the December 2000 and December
2002 UN Model Regulations were implemented worldwide in January of
2003 and 2005, respectively. 

At the national level it is possible to receive exemptions on a case by case
basis in advance of the formal international process outlined above. By way
of example, in 2003 PolyFuel received confirmation from the US DoT that a
solution of 24% methanol in water is exempt from existing hazardous
materials regulations. This enabled the use and aircraft transport of a cell
phone that used a prototype DMFC power supply the company had
developed. Such exemptions could be useful if a developer plans to test-
market products regionally in advance of the broader international
regulations.  Certain of the Japanese consumer electronics manufacturers
have indicated that they intend to pursue such a regional regulatory
exemption strategy in addition to their international efforts, in order to
support their early commercial product launch plans, expected in 2006.

The weight of industrial might behind methanol, which includes the world’s
largest methanol producer, Methanex, together with the moves by national
and international authorities, lends support to the argument that regulation
will not prove to be a significant barrier to the commercial introduction of
direct methanol powered devices.
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On this note it is sometimes argued, that, from a regulatory point of view,
ethanol use in portable devices is preferred to methanol. However, it is
important to remember that it is standard practice to denature ethanol i.e.
render it toxic, to prevent it from being drunk. In doing so, this exposes it to
transport regulations.

Financial Analysis

At relatively low global or regional fuel cell adoption rates PolyFuel will
begin generating significant profits. Here we establish the facts on which that
statement is based.

Global sales of portable electronic equipment reached approximately c.894m
units in 2004. Approximately 50m of these were laptops and 600m were
mobile phones. Opinion varies as to the growth of these markets. Recent data
suggests laptops are growing at 28% to 35% year-on-year, significantly
exceeding growth in desktop sales. As detailed below we have taken a
conservative stance on market forecasts, assuming in this case that laptop and
mobile handset sales grow annually at c.8% and 6%, respectively.

Portable Equipment Market

Source: Various

The note thus far has established; (i) the shortcomings of existing portable
power, (ii) the advantages of the fuel cell solution and (iii) the critical nature
of PolyFuel’s components in making this a reality. What is left to deduce is
when will fuel cells enter the portable market, how large will their
penetration be and how many of them will be DMFC fuel cells using
PolyFuel membranes?

Three inputs underpin our forecasts:
1. The uptake of comparable technologies;
2. Market statements from leading manufacturers; and 
3. Third Party research.

1a. The incumbent lithium ion battery was introduced in 1992 and now
represents 50% of all batteries in the portable device market (the total
rechargeable battery market now stands at c.$5bn). A lithium ion battery
has 1.5x to 2x the power of its nickel metal hydride predecessor thanks
to its increased energy density. Device runtime barely increased when the
technology was introduced since devices quickly evolved to consume the
additional power. The trend of new applications consuming increasing
power is continuing but there is no new commercially viable battery
chemistry under development.

2004 2010
Total devices 894m 1790m
Mobile Phones 600m 804m
Laptops 50m 75m
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The successful introduction of the lithium ion battery did not involve changes
in user behaviour (other than the (temporarily) longer run times, consumers
were largely unaware of the move) nor the requirement for a new fuel supply
market, unlike the introduction of a DMFC fuel cell. However the scale of
performance improvement, the ease of use and the level of consumer demand
are greater than with the previous battery technology upgrade. Device
companies currently claim a two-fold increase in laptop and mobile handset
runtime thanks to DMFC technology, whilst niche application runtimes could
see improvement by up to ten times.

Demand for power, as illustrated by the BCG study (page 4), is at far greater
levels than it was in 1992 and is set to rapidly increase. Supply push will also
be a significant factor in the take up of DMFC as a consequence of the scale
and vested interest of the involved parties. For example:

Mobile Network Providers – More minutes of runtime, equals more
application usage, equals an increase in Average Revenue Per User
(ARPU), the holy grail of the carriers. Both music and TV are considered
to be “killer apps” for cell phones and portable fuel cells;
Consumer Electronic Companies – The Japanese and Korean OEMs are
a considerable force; most have put their attention to developing DMFC
powered portable devices; and,
Disposable lighter and battery manufacturers – Bic, Duracell and
Japanese lighter manufacturing giant Tokai have all committed to
producing a methanol fuel cartridge; testament to the compelling nature
of the fuel cell proposition and adding more momentum to the take up of
the technology. These players will no doubt adopt a razor/razor blade
model, subsidising the fuel system in order to satisfy recurring demand
for the fuel. Costing pennies to manufacture and selling for dollars, the
refuel cartridges represent a lucrative market. 

1b. The major difference in comparing the take up of a new battery
technology to a fuel cell solution is the requirement for a fuel cell user to
prepay to recharge the device when mains power is not available. In Asia,
there is already the precedent for mobile phone users paying to recharge.
Over 27,000 recharge kiosks exist throughout Japan, Korea, and
Singapore enabling users to recharge a mobile battery at a cost of c.$2+$4
per charge. More significantly a disposable cell phone charger market has
emerged over the last two years. Based on alkaline battery technology,
the widely available devices provide 1 to 2 full charges to a mobile phone
battery. The devices sell for between $5 and $15, a far greater amount
than the likely retail price of a methanol cartridge, which is estimated at
between 50¢ and $5. Japanese retailers claim that unit sales of the charger
currently stand at approximately 25,000 a month, growing at a monthly
rate of 10%. 

2. Fujitsu, Hitachi, IBM, NEC, LG, Samsung, Sanyo, Sharp, Sony and
Toshiba are all working on DMFC systems. These companies account for
a dominant share of the global portable device market. Several have
publicly committed to introducing portable products powered by DMFCs
in the next two to three years. Several of these consumer electronics firms
are predicting 10%-30% adoption rates for such devices by 2010. A
percentage supported by the dominance of the early adopting business
user in the wireless market. As an example business laptop sales in 2004
exceeded 60% of the total market sales of laptops.
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3. A number of research documents have been published regarding the
arrival and growth of the fuel cell powered mobile electronic device. We
reviewed 4 of the most recognised reports:

Allied Business Intelligence (ABI) Research – Micro Fuel Cells - 2004
Darnell – Fuel Cells for Portable Power – 2003
Frost and Sullivan – Micro Fuel Cells – 2004
Yano Research Institute – 2003

Of these four reports we have based our forecasts on the ABI assumptions.
We’ve taken an average of the scenarios defined in this research, which
represent the lowest of the public projections for both the general market and
fuel cell adoption rates. The table below outlines these adoption rates.

Portable Fuel Cell Device Adoption Rate

Compared to similar technology introductions and the statements by the
device companies that they expect DMFC adoption rates to reach 10% to
30% of the market by 2010, these penetration rates are trivial.

PolyFuel’s Market Share

Most major OEMs are pursuing DMFC technology to solve the runtime gap.
PolyFuel has the best DMFC membrane technology available in the market
today with strong IP protection. PolyFuel is therefore set to secure a
dominant market position in this space for the next few years, at a minimum.

PolyFuel has identified 15 leading DMFC developers, of which 10 are major
consumer electronic companies. 13 of the 15 are either testing PolyFuel’s
membrane or have completed their evaluation tests. Of the eight that have
completed evaluation tests, all eight are now buying PolyFuel’s membrane.

We can compare the experience of Dupont and Gore. Both developed
specialist polymers that constituted a major breakthrough in their fields and
both have dominated their markets for a prolonged period. In the 1960s,
Dupont developed Nafion, a flourocarbon membrane. This membrane has
held close to 100% of the fuel cell market for the past 40 years. Despite
coming off patent some 25 years ago, competitors have only entered the
market in the last five years. Even with the presence of competitors; Nafion
still generates several millions of dollars of revenue selling into the fuel cell
market alone, which today is based primarily on R&D program volumes.

In another specialty materials example, Gore developed Gore-Tex™, a
breakthrough membrane for outdoor active wear that is both waterproof and
breathable. Years after the expiry of its patent protection, the Gore-Tex
membrane continues to enjoy an unassailable position in rainwear with
enviable margins, a reported 90% market share and $1.6bn in global sales. 

The combination of an industry enabling technology, strong patent
protection, a strong brand and excellent marketing and technical support has
allowed these two organisations to sustain very attractive market share
positions in their respective membrane materials.  

2007 2008 2009 2010
0.01% 0.08% 0.26% 1.24%
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By assuming PolyFuel maintains a 50% share of the market we have allowed
for the possible entrance of other membrane developers as yet unidentified,
the introduction of an alternative fuel cell technology and/or the failure of a
major PolyFuel client to release a successful product.

Source: Collins Stewart

PolyFuel’s strategy is based on focused marketing to the consumer device
companies and to MEA manufacturers, the majority of whom are located in
Japan and Korea. They in turn will market their products throughout the
world. It is neither our nor the company’s concern as to where their
membrane finishes up, but the feasibility of sales into regions is worth
considering.

Our PolyFuel sales forecast, as supported by ABI’s research, is spilt more or
less equally across the three key regions. This assumes a much higher
adoption rate in the smaller Asian market. For example, of the laptops sold in
2008, 1.21% are anticipated to be PolyFuel enabled in Asia, versus 0.4% in
North America and 0.4% in Europe.

This forecast is supported by the runtime problem being more visible today
in Asia. With greater technology advancement, early adoption and long
periods of device use without mains access, the need for more personal power
is at its most pronounced in countries like Korea and Japan. With Europe’s
3G adoption rates expected to reach Japan’s current level of 36% by 2008,
the need will be just as great here when portable fuel cell devices are
launched.

The device markets are sufficiently large and require penetration rates so low
to meet our forecast for cashflow breakeven, that one region and one
application alone could feasibly support our entire sales forecast. Taking
notebook sales in Japan as an example in order to reach our 2008 laptop sales
target, 300,000 units would have to be sold in the most likely year for fuel
cell commercial traction. The laptop market in Japan amounts to c.10m units
a year, of these over 60% are anticipated to be for business use - those with
the most pressing need for greater wireless runtime. Only 5% of business
users would have to buy this product in Japan in 2008 to meet our global sales
target. Three of PolyFuel’s major clients would have to sell DMFC power
supplies to 10% of their annual customers in the region to meet these
numbers. This doesn’t represent a big leap of faith, given the strong public
commitment to fuel cell powered portable devices by several major consumer
electronics companies. 
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Source: Collins Stewart

In US dollar terms, sales relating to mobile handsets and laptops are roughly
equivalent. Three times the amount of membrane is used in a laptop DMFC
power supply compared to a cell phone, however, the global market volume
of handsets is roughly ten times that of laptops. Our forecasts assume
similarly small percentage adoption rates of each market, with the higher
handset unit sales balanced by the smaller amount of membrane required per
handset. The net result is roughly similar dollar volumes into each market.

Pricing

Currently, PolyFuel is able to sell its membrane for several thousand dollars
per m2 in prototype volumes. Our model assumes that in commercial
production the membrane is sold on a competing price to the significant
incumbent. On this basis the selling price in the model starts at $800/m2, the
current approximate price of the competing Nafion membrane.

It is worth noting that due to our review of the significant knock-on system
cost savings from using the PolyFuel membrane, we believe DuPont could
actually give its membrane away and DMFC system customers could build
less expensive (not to mention smaller) systems with PolyFuel selling its
membrane at $800/m2. 

Once the market has launched, we have assumed a steady decrease in pricing
power over the forecast period in order  to reflect the risk of competitive and
customer pressures. Notwithstanding this, in our model PolyFuel becomes
cashflow positive early into the commercial sales cycle.

Manufacturing Cost/Gross Margins

Like traditional polymer businesses, the input costs are low resulting in the
material being relatively inexpensive to make. The cost of manufacture could
fall to $30/m2 based on commercial production volumes. We assume
$100/m2 in our forecasts. Even with such conservative assumptions, the
company, with competitive pricing, would still generate gross margins of
80%. These margins are in line with what we understand are achieved in
similar specialty materials businesses. These high quality margins are one of
the highlights of this investment opportunity.

PolyFuel Forecast Sales by Device
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Sales and Marketing Costs

With sales focussed on the OEMs with whom PolyFuel now has a working
relationship, the company’s sales and marketing expenditures are relatively
modest. It is forecast to increase by c.20% pa reaching $3.6m by 2008. This
reflects the addition of sales staff alongside the current Japanese agents, more
technical staff to work with clients during testing and development and
greater spend on brand recognition (public relations, trade shows and trade
marketing).

The company has had a large number of approaches from niche, portable fuel
cell device manufacturers, whom, to date, they have not had the resources to
support. They anticipate initiating a number of these second tier relationships
after the close of this financing.

Research & Development Costs

R&D spend of $6.2m growing to $7.4m reflects ongoing DMFC membrane
research, development and commercial supply activities, the Company’s $3m
Department of Energy (DoE) project (see History, page 12), as well as further
work on the automotive hydrogen membrane.

Funding

PolyFuel reaches the end of June 2005 with c.£3.5m of cash in the bank;
enough resource to operate for ten months, assuming a £350k per month cash
burn. The company proposes to raise £12m as part of an initial public
offering, sufficient funding to trade through to Q2 2008. During this time
additional government funding, JV investment partners, bank debt and other
non dilutive funding will be sort, taking the company through to the end of
2008 and cashflow break even.

If insufficient funding is raised through these channels and a secondary
equity funding is required, we anticipate the company will be returning to the
market after 24 months of significant milestone delivery (design wins, public
confirmation of relationships, regulatory change and early commercial
product launches).

2005 2006 2007 2008 2009
Expenses

R&D (excl DoE) 3,280,504 4,788,289 6,820,379 7,347,505 7,922,505

DoE 2,927,920 2,964,029 549,185 0 0

Total Operations 6,208,424 7,752,318 7,369,564 7,347,505 7,922,505

Source: Collins Stewart



Profit & Loss account

COLLINS  STEWART

June 2005 29

Financial Forecasts

Year Ended 31 December 2005 2006 2007 2008 2009

Revenue
Product Sales 107,125$      443,554$        2,908,290$   12,072,916$  34,731,325$   
Government Programs 1,385,423     1,402,509       259,862        -                 -                  
Other Revenue 1,129,150     2,105,352       1,668,084     1,725,531      1,827,728       
Total Revenue 2,621,698     3,951,415       4,836,236     13,798,447    36,559,054     

Cost of Goods and Services 2,967,801     3,042,338       957,952        1,986,267      6,893,350       

Gross Profit (346,103)       909,077          3,878,283     11,812,180    29,665,704     
Margin % - 23.0% 80.2% 85.6% 81.1%

Operating Expenses
Research & Development 3,895,609     4,939,819       6,820,379     7,347,505      7,922,505       
Sales & Marketing 1,844,939     2,274,276       3,043,363     3,649,474      4,450,034       
General & Administrative 2,795,164     1,669,750       2,940,755     3,329,535      3,481,876       
Total Operating Expenses 8,535,713     8,883,844       12,804,497   14,326,514    15,854,416     

Operating Profit (8,881,815)    (7,974,767)     (8,926,214)    (2,514,334)     13,811,288     

Other Income/(Expense)
Interest Income/(Expense) 74,870          180,894          95,676          7,663             6,519              
Other (7,500)           (10,000)          -                -                 -                  
Total Other Income/(Expense) 67,370          170,894          95,676          7,663             6,519              

Profit before Tax (8,814,446)    (7,803,872)     (8,830,538)    (2,506,671)     13,817,806     

Tax -                -                 -                -                 -                  

Profit after Tax (8,814,446)$  (7,803,872)$   (8,830,538)$  (2,506,671)$   13,817,806$   
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Valuation

PolyFuel has established a pre new money valuation of £22.5m ($40m).
Following a total cash raising of £12m, the company’s market capitalisation
will be roughly 3x the 2010 anticipated operating cashflow, two years after
commercial product launch.

Discounted Cashflow Model

Assuming a 20% discount that reflects the difficulty in forecasting the timing
and level of cashflow generation over the next 10 years and a terminal value
of 4 x 2014 free cashflow, our DCF valuation gives a market capitalisation of
$221m for PolyFuel. The table below details the cashflow forecasts used and
outlines the variance in DCF valuation with a range of discount rates. 

Forecast Cashflow from Operations
2005 ($) 2006 2007 2008 2009

(7,676,382) (7,777,984) (8,707,761) (4,710,384) 7,384,243

2010 2011 2012 2013 2014
21,195,099 45,970,357 128,691,987 161,407,443 171,803,960

Year Ended 31 December 2005 2006 2007 2008 2009

Cashflow from Operations
Net Income/(Loss) (8,814,446)    (7,803,872)     (8,830,538)    (2,506,671)     13,817,806     
Depreciation & Amortization 987,191        520,011          409,389        431,463         439,669          
Other Assets (59,932)         (67,532)          (76,097)         (85,748)          (96,623)           
Accounts Receivable (97,042)         (545,227)        (587,015)       (2,705,177)     (6,778,606)      
Inventory (4,056)           (16,164)          (78,117)         (361,332)        (992,375)         
Accounts Payable 202,323        2,237              301,943        312,535         707,322          
Accrued Payroll & Related Benefits 46,151          61,080            72,136          113,793         184,787          
Other Liabilities 63,429          71,474            80,538          90,753           102,262          
Cash Provided/(Used) by Operations (7,676,382)    (7,777,994)     (8,707,761)    (4,710,384)     7,384,243       

Cashflow from Investing Activities
(Purchase)/Sale of Short-term Investments -                -                 -                -                 -                  
Purchase of Property, Plant & Equipment (670,250)       (783,500)        (237,925)       (207,900)        (203,500)         
Cash Used in Investing Activities (670,250)       (783,500)        (237,925)       (207,900)        (203,500)         

Cashflow from Financing Activities
Issuance of Equity Securities, net 19,000,000   -                 -                -                 -                  
Debt/Lease Obligations, net (675,999)       (439,966)        (21,994)         (192,287)        0                     
Cash from Financing Activities 18,324,001   (439,966)        (21,994)         (192,287)        0                     

Increase/(Decrease) in Cash 9,977,369     (9,001,460)     (8,967,680)    (5,110,571)     7,180,743       

Cash, Beginning of Period 10,967,475   20,944,844     11,943,384   2,975,704      (2,134,867)      

Cash, End of Period 20,944,844   11,943,384     2,975,704     (2,134,867)     5,045,876       
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Net Present Values

Peer Group Comparators

As the Competition section has highlighted, there are a limited number of
membrane developers targeting the same space as PolyFuel. As a
consequence there are very few comparable quoted peers. Most membrane
developers or specialist polymer businesses are divisions within much larger
conglomerates.

Fuel Cell Membrane Developers – The closest quoted comparator is UK
listed ITM Power (see page 19). The membrane developer has yet to provide
proof of a working product and we are not aware of any alliances with, or
sales to, any portable electronics OEMs or stack developers. Current market
capitalisation of ITM stands at £66m, almost double that proposed for
PolyFuel at float.

Polymer companies – There are a number of independent specialist material
companies whose business model is comparable to PolyFuel. Both Victrex
and Dyson develop and manufacture chemically based advanced materials -
selling their polymers into established and prospective niche markets at high
margins. Victrex which generates CFROI of 17% and enjoys gross margins
of c.55%, trades on 4x prospective sales and 16x earnings. While Dyson,
with a similar profile, is rated at 2x prospective sales and 20x earnings. 

Additionally there are many other fuel cell companies, which are either much
larger or are focussed on fuel cell systems, rather than key enabling materials
technology. These include Ballard Power Systems, Plug Power, Medis
Technologies, MTI, Millennium Cell, Fuel Cell Energy etc.

Money Invested

Since being spun out of SRI in 1999, $40m has been invested in the company
and $3m is committed over the next years through a government programme.
Today’s pre new money valuation is equal to the capital invested to date. 

NPV Discount Rate $m
5% 2,900
10% 1,000
15% 465
20% 221
25% 142
30% 85
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Last Funding

The last VC round of funding was completed in May 2004, with the raising
of $18.4m of capital. The companies post money valuation at this time was
approximately $30m. The 30% uplift in this valuation over the last year
reflects:

1. A 50% increase in the Company’s working OEM relationships;
2. The completion of successful testing with eight major customers

resulting in follow-on orders from each;
3. The achievement of a developmental breakthrough in the launch of a “hot

bondable” version of the DMFC membrane to increase the
manufacturability options for PolyFuel’s customers; and

4. Further public commitments from three additional, major consumer
electronic companies to release a DMFC powered portable device by
2007/2008.

5. The achievement of developmental breakthroughs in hydrogen
membrane technology for automotive applications;
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Core Technology Ventures

Core Technology Ventures Services (CTV) has been employed as an
independent market expert, whose contribution to the preceding analysis has
been on a purely technical basis.

The consultants are not FSA regulated and as a consequence do not make
financial recommendations or PolyFuel specific financial forecasts. These
are the sole responsibility of Collins Stewart within this research note.

Biography

CTV is a market expert in the field of Hydrogen & fuel cells (H2&FC). It
provides bespoke consulting services to industry, finance and government
stakeholders in the Hydrogen Economy Technologies Sector. Since its
founding it 2001, CTV has built a substantial network of H2&FC sector
relationships. 

It is a Panel Member of the European Commission’s Hydrogen & Fuel Cells
Finance Panel (www.hfpeurope.org) and has acted as an Expert Evaluator on
the H2&FC market to the European Commission. CTV is also a founding and
supervisory board member of leading fuel cell industry association – Fuel
Cells Europe (www.fuelcelleurope.com).

CTV’s Founding Partners, Phil Doran and Simon Robeson, and Associates
have direct experience of investment banking at both the international and
smaller specialist ends of the spectrum and have provided expert opinion and
assistance to developers seeking both public and private funding and to the
financial community requiring expert opinion and access to industry leading
developers.

CTV retains a specialist Advisory Group which plays a pivotal role in
extending its networks and technical competence. Further information is
available on Core Technology ventures at www.coretecventures.com.
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