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1. The invention

1.1 Historic account

A lot of hope is placed on fuel cells as an alternative source of energy, but
only few firms have actually succeeded in developing viable solutions and
introducing them onto the market. Inventor Dr. Manfred Stefener can be
credited to be the first who developed and commercialised a specific fuel
cell (direct methanol fuel cell or DMFC) for portable use. The firm he
founded, SFC, not only became the technology and market leader in this
segment, but has also remained the sole supplier of such fuel cells.

Dr. Manfred Stefener recounts the beginning of his fuel cell engagement as follows:

“The subject of energy and energy creation has always been my
childhood”s dream, which led to my choice to study chemical
engineering. It was in 1993, during my studies, that | got to work on fuel
cells in the course of a seminar paper. | was really fascinated by the
technology and decided to continue working on fuel cells after
graduation. Eventually, | obtained a job at the University of Duisburg,
which worked on micro-FCs that used hydrogen as fuel. After this
engagement, | decided to write a PhD thesis on fuel cells and was
accepted to the Technical University in Munich. At the Technical
University in Munich, Prof. Stimming”s institute studied direct
methanol-based fuel cells (DMFC). | was intrigued by the possible
applications of combining the two research tracks, i.e. micro-fuel cells
running with direct methanol as fuel.” (Manfred Stefener)

Dr. Stefener embarked on his PhD thesis in 1997, at a time where the dot.com bubble
was building up. The technology hype created then also radiated into the developing
fuel cell industry, and there were forecasts that “...by 2000 huge fleets of cars run by
fuel cells would hit the market.” Manfred Stefener anticipated that these forecasts
were grossly exaggerated. Nonetheless, he took on to analyse what could be
realistically achieved with the technology then at hand or developable within a
reasonable timeframe. Questions that needed answers where, amongst others, what
one could do with micro fuel cells — which provide 1,000 times less power than an
engine typically used in a car -, or how such fuel cells could be economically and safely
operated (methanol was readily available, but there were a number of issues with
respect to the handling (see also below)).

Different types of applications have different power requirements, and powering
everyday electronic devices was one possible field of application for micro fuel cells.
Some possible uses, e.g. in the portable area for auxiliary power units (APUSs), in
addition required dealing with varying power levels, such as the ability to provide
rather low levels of powers over extended periods of time, but at the same time also
the ability to cope with peaks when more energy is needed. “The considerations led to
the idea to mate two different technologies”, explains Manfred Stefener, “...by
combining a battery (for the peak demand) and a fuel cell (for the constant long-
term low power consumption) we figured it would be possible to meet such power
requirement specifications.” Eventually, this combination turned out to be one key
technological component of the later sold fuel cell systems.

The PhD thesis was strongly focused on basic scientific problems, which had
advantages and disadvantages. On the negative side, the topic of actually supplying
electronic devices with energy was too application-focused and could not be
elaborated in the thesis. On the positive side, however, having to deal with
fundamental issues helped create in-depth know-how and understanding of the basics
of the technology, which turned to be also critical for the development of the later sold
fuel cells. Stefan Wegener decided to address the application-related issues in his free
time, which eventually lead to a first patent in the late 1990s.

Presenting the (economic) value of patents nominated for the European Inventor Award 2012 3



At that point, and for developing a business, a business plan competition in Munich
proved to be essential for further commercialisation. Dr. Stefener submitted a
business plan to the competition and eventually won it. During and following the
competition, Dr. Stefener was able to establish contact with investors who agreed to
fund a new start-up. Consequently, Smart Fuel Cells (SFC) was set up in February,
2000:

“At first, it was just me. I hired the first employee at the end of July. By
the end of 2000 we were a company of five people, by the end of 2001
we had 15 employees.” (Manfred Stefener)

A critical success factor was the support received for his research at university and,
separately, for starting up the business. At the university, he was given plenty of time
to work on his PhD (which he still need to finish after he founded SFC) and related
topics. The university had a very good infrastructure, which was also of help for
solving the various problems. On the business side, there was plenty of support such
as in the form of discussion rounds, consulting, networking events or discussions with
patent attorneys following the business plan event, and “....given what | have learned
I am more than happy today to act as business angel myself or provide the same type
of advice back to young entrepreneurs.” Interestingly, the university was back then
not that supportive when start-ups were formed, but this attitude has changed since
then.

SFC Energy used innovation and R&D support programmes, such as the predecessor
programmes to what is now the ‘Central innovation programme for SMEs (Zentrales
Innovationsprogramm Mittelstand)” and some other support schemes offered at
Federal or Bavarian level (mostly in the domain of consulting services). Also today,
with his new firm elcomax, Dr. Stefener applies for support programmes, such as the
‘SIGNO KMU Patentaktion’, a programme that supports SMEs in Germany with their
patenting activities. Using the various support schemes resulted in faster product
development and faster growth, according to Dr. Stefener.

The time at SFC Energy after its foundation proved to be a challenging but also
rewarding one:

e A critical success factor was first the formation of a competent, interdisciplinary
team which sticked together, which was achieved.

e There were challenges that were not directly related to technology, one example
being the aforementioned handling of methanol. German regulations classify
methanol as a hazardous substance, so it cannot be provided ‘as is’ to customers.
Lengthy authorisation procedures for customers involving considerable
paperwork would have been, however, a barrier for the take-up of the new
technology. For this regulation-related issue, Dr. Stefener and his team eventually
found a technological solution. SFC developed a special type of methanol cartridge
with a closure system that would only open if inserted into a compatible SFC fuel
cell. The cartridge with the methanol was hereafter classified as a rather harmless
product.

e There were of course also numerous technical problems to be solved. One such
issue was what was called methanol crossover. Methanol crossover describes a
phenomenon were the fuel (methanol) would pass through the membrane which
separates the anode and the cathode in the fuel cell. This has negative effects on
the cathode (to which the methanol diffuses), it triggers development of heat and
eventually also ‘leakage’ of fuel (amongst others). The SFC team solved the
problem by improving the electrodes and by optimising the operating parameters
within the fuel cells. A disadvantage — the creation of heat — was eventually turned
also into an advantage, as controlled methanol crossover could be used to have the
fuel cell operate under colder environmental conditions.

Despite of these problems, success in terms of market introduction came rather
quickly. At the end of 2001, the firm showed the first products on trade fairs. In 2002,

4 Presenting the (economic) value of patents nominated for the European Inventor Award 2012



these products were the systems were tested in the field. In 2003, the first DMFC fuel
cell was actually sold. In 2007, the firm went public. By January 2011, SFC had sold
already some 20,000 DMFC fuel cells. SFC is still considered not only the leading, but
the sole commercial manufacturer of low temperature DMFC fuel cells. And while the
original idea of producing such fuel cells for electronics equipment did not work out to
the point of a market introduction, there are other portable uses of the fuel cell SFC
addresses with its products (see below).

Dr. Stefener himself quit the management board of SFC in 2005 and became member
of the supervisory board of the firm. He took some time off after 2006 to look for new
ideas, and eventually founded a new start-up in the fuel cell industry called ‘elcomax’.
The goal of this new start-up is, amongst others, a new production methodology for
fuel cells that requires less platinum (making production cheaper) and increases
power output and durability. Eventually, the goal is to produce improved fuel cells for
stationary power supply.

For fuel cells as stationary power supply in family houses, Dr. Stefener founded
another firm called ‘Elcore’ as a subsidiary of elcomax in 2007.! According to Dr.
Stefener, the technology is already in the transition phase to serial production. The
first customers are going to obtain their fuel cells for their homes in 2012. Elcore has
some 60 employees. Both Elcomax and Elcore collaborate closely with SFC Energy.

1.2 Technological features and major benefits

Dr. Stefener points to the fact that ‘fuel cells’ is a very generic term like ‘battery’, “...of
which there are also different types ranging from the small batteries used in clocks to
battery banks employed in industry which are to guarantee uninterrupted supply of
energy, as well as different working principles”. Nonetheless, a common working
principle of all fuel cells is that they “...transform chemical energy into electrical
energy directly, with no intermediate steps, no moving parts and with no significant
loss in energy, making it a particularly efficient source of power.”2

The DMFC fuel cells of SFC energy are sold under the brand ‘EFOY’: “At the heart of
every EFOY fuel cell is the stack. The stack actually consists of several cells: an
anode, a cathode and a membrane that acts as an electrolyte, separating the anode
and the cathode from each other. Positively charged electrical particles (protons) can
permeate the membrane. Methanol and water are introduced on the anode side
while ambient oxygen enters the cathode side. H+ ions, free electrons and carbon
dioxide arise on the anode side. The protons can permeate the membrane while the
electrons have to travel an electrical circuit over to the cathode side, thereby
producing electrical current. H+ ions and water vapor arise on the cathode side,
making EFOY fuel cells an...environmentally friendly way to generate electricity...
EFOY fuel cells work in tandem with a battery in nearly every application...SFC’s
hybrid approach is the common denominator among all fuel-cell products,
regardless of how they are employed.

The major benefits of DMFC fuel cells in general are (especially if compared to
batteries):3

*  Very long running time (subject to the fact that sufficient methanol is available)
e Autonomy from power grids
* Low weight in relation to capacity

* Recharging is a matter of seconds

1 Website Elcore, http://www.elcore2400.com/unternehmen/meilensteine.html
2 Website SFC Energy, http://www.sfc.com/en/sfc-fuel-cells-technology.html

3 http://www.dmfc.com/
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* Low noise operation
¢ Environmental friendliness

The one big disadvantage of DMFCs is that this type of fuel cells can only produce low
power levels. In SFCs solutions, this characteristic is partly countered by combining
the fuel cell with a battery for peak power consumption.

While SFC is the sole manufacturer of DMFC fuel cells and market leader, it should be
noted that there are other competing technologies depending on the required
performance characteristics, such as solar cells, batteries, thermo-electric generators
(in the oil and gas industry).

2. The market

2.1.1 The firm and its offerings

SFC products are marketed under the brands of EFOY, EmilyCube or Jenny and serve
the following market segments:

e The leisure/recreational market: This market segment is addressed by the EFOY
Comfort Fuel cell that is available for three power ratings (40 W, 72W and 105W
maximum power). The EFOY Comfort cell can be installed on boats, in a vacation
home or in mobile homes/caravans/recreational vehicles. This market segment
was the first for which SFC produced fuel cells.

e Industry: In industry, SFC fuel cells can be used as off-grid power sources e,.g, for
road weather stations, speed cameras, stationary CCTV cameras or for powering
environmental sensing stations. The key products are fuel cells form the ‘EFOY
Pro series’. The industry segment is very diversified. Industry and leisure
constitute the main market segments served by SFC.

*  Mobility: SFC fuels cells can be used as auxiliary power source in electrical
vehicles (fuel cell type COMA4EYV) or for special uses in specifically adapted vehicles
(e.g., mobile video surveillance, by combining two EFOY Pro cells.

» Defence: Its off-grid capability, low noise and low temperature profile operations
allow usage also in the military, e.g. as (additional) power source for vehicles,
camouflaged power source in the wild or as portable power source for soldier
equipment (such as GPS, radios or laptop equipment). The key products are the
‘Emily’ fuel cell, the ‘Emilycube 2500’ and the very small ‘Jenny 600S’ fuel cell
(weight: 1.7 kg).

SFC was renamed in July 2010 from SFC Smart Fuel Cell AG to SFC Energy AG.4 The
name change reflects a change in strategy where the firm offers complete systems for
energy production based on its fuel cell technology, and not just the fuel cells
themselves.

The firm has sold more than 20,000 fuel cells since it has been set up. It made a
turnover of €15.4 million in 2011 (+15.7% compared to 2010).5 However, it has not
reached break even yet (which is expected by 2012). The main markets are Germany
and Europe. SFC Energy AG had 190 employees by the end of 2011 (+96% compared
to 2010). The drastic increase of the number of employees over the past two years is
due to the firm taking over Dutch PBF Group B.V. (a manufacturer of special

4 sFC Energy, Annual report 2010, http://www.investor-
sfc.de/de/downloads/SFC_GB2010_D_2503_sicher.pdf

5SFC Annual Report 2012, http://www.investor-
sfc.de/de/downloads/SFC_GB2011_D_2903_sicher_b.pdf
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electronics components for the control and management of power delivery) in the
forth quarter of 2011. The broader business model and the acquisition of PBF are,
according to SFC, an important factor for stabilising the firm”s market position and
making it less dependent of changing demand in the leisure sector or a low visibility in
the defence sector.

2.1.2 Overall market

Market research firm PIKE RESEARCH predicts the global market for portable fuel
cells to reach U.S.$ 2.3 Bio. by 20166 which would correspond, according to industry
sources?, to a 10-fold increase in just five years. The same industry sources quote
government forecasting figures concerning employment opportunities ranging from
677,000 to 3 million jobs in this technology sector.

A study by SBI Energy research indicates that the U.S. and Japan are currently the
largest markets.8 Another PIKE Research report on portable fuel predicts that “...after
the U.S. federal government stimulus money is exhausted, the Western Europe
market is expected to equal and surpass North America.” The report continues to
state that there “...is no one killer app for fuel cells. Instead, there are dozens of niche
applications that have an increasing need for the clean, reliable power that fuel cells
can provide...over the next several years, fuel cell manufacturers must tailor their
offerings to serve the specific requirements of a multitude of consumer and industrial
products.”®

However, contrary to the general market assessment, SFC”s major markets are, as
stated, in Europe. It seems that the demand for lower power fuel cells is significantly
higher than in the U.S., where potential customers seem to require higher power
outputs from fuel cells than their European counterparts. For Dr. Stefener, Europe is
clearly leading the field technologically, as most successful fuel cell firms are located in
Europe. Dr. Stefener estimates that the industry employs several thousand people in
Germany, and globally some 15,000 to 20,000 persons “...who make a living from
fuel cells”.

This estimates do not include suppliers, which would likely double the figures. Dr.
Stefener also estimates that there are around 20 firms world-wide which either offer
tangible products or are close to serial production, and some several hundred which
are in development phases. In fact, SFC is mentioned as one of 21 key industry players
in PIKE research reports, not the least due to the fact that SFC has been technology
leader and single manufacturer of fuel cells based on DMFC technology.

3. The role of patents and Intellectual Property Rights (IPR)

3.1 Motives and benefits of patenting and employed IPR strategy

According to Dr. Stefener, one of the prime factors behind the strong technological
and market position of SFC is its Intellectual Property. The IPR strategy of the firm
was developed in collaboration with an external patent attorney:

“The external patent attorney trained us on the right sequence of the
various patent applications (i.e., when to apply for which patent), the

6 pike Research (2010), Portable Fuel Cell Market to Reach $2.3 Billion by 2016, Newsroom, January 20,
2010, http://www.pikeresearch.com/newsroom/portable-fuel-cell-market-to-reach-2-3-billion-by-2016

7 FCHEA (2010): FACT Sheet Portable Fuel Cell Power,
http://www.fchea.org/core/import/PDFs/Portable%20Fact%20Sheet.pdf, as of Dec 3, 2011.

8 http://seekingalpha.com/instablog/332962-sustainablebusiness-com/95914-fuel-cell-market-to-reach-1-
2b-by-2014

9 Website SFC Energy, http://www.sfc.com/en/sfc-fuel-cells-technology.html
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patent basics, the elements of an IPR strategy, basically how to handle
know-how...this was extremely helpful and crucial” (Dr. Stefener)

The IPR strategy of SFC relies on a combination of patent protection, trade secrets and
brand building/trademark usage, all of which embodied in an innovation leadership
strategy where the firm tries to stay ahead of the competition all time with follow-up
innovations. The patents have the purpose to secure the basic know-how of he firm.
The strong patent protection is one of the two reasons why there are still no
competitors to SFC, according to Dr. Stefener. There are some half a dozen patents
that can be considered ‘strong’, difficult to patent around and hence block competitors.
Other patents protect certain aspects of the products and are therefore also of
considerable value. The second reason for the unique market position is the
complementary and conscious usage of trade secrets, i.e. confidential business and
technical information of commercial value. Such information can, for example, refer to
expertise on how to operate fuel cells.

The IPR strategy also comprises training of staff on how to deal with critical
information (e.g., what to say at presentations and what not), the usage of non-
disclosure agreements where appropriate or the regular monitoring of patent
databases for the surveillance of competitor activities. The latter is also important for
ensuring that the firm itself is not infringing other company”s intellectual property.

In terms of geographical outreach, the firm tries to seek patent protection in those
countries where it intends to sell its products. This includes Europe, Canada, Japan,
Korea and, as of lately, also China. Licensing has been not much of an issue at the time
SFC was set up, also because there have not been that many relevant patents in the
technology field. With an increasing number of firms wanting to enter the market, this
has changed to some degree. There are now more patented technologies, and it is
likely that in the future licenses have to be taken out at least occasionally to cover
certain aspects of a newly developed product. For SFC, there has been so far only one
instance where the firm was in negotiations in the U.S. to license a technology in.
However, the patent protecting the U.S. invention was discontinued following some
opposition claim from another third party.

Monitoring IP infringements is yet another part of the IP strategy. The firm has
defined certain attention threshold levels, after which it takes first action against
possible infringers. Once the firm finds out that a competitor has demonstrated a
working prototype that might infringe SFC”s IP, the firm gets in touch with the
potential infringer and informs it of the IP situation. However, as no competing DMFC
fuel cell system has been so far actually sold in the market, the need for further action
was limited.

Taken together, Dr. Stefener believes the patent system to be successful. The value of
the firm”s IP lies very much in the portfolio of the available patents (and trademarks),
which means that the value of the portfolio is more than the sum of its constituting
parts. For Dr. Stefener “..maintaining a significant patent portfolio might cost
something, but if someone wants to build a growing business such as SFC, these
expenditures should be considered a fundamental investment.”

3.2 Patent statistics and patenting trends

The nominated patent was applied for in 2002 and granted in 2008. It is also in force
in the U.S. Manfred Stefener has been named as inventor in 15 patent applications.
The companies SFC and elcomax he founded, account, together, for 37 additional
patent applications. Of these total of 52 patent applications, 44 were applied at the
EPO, of which till now 18 have been granted. For 37 patents, the harmonised
worldwide application procedure PCT was used. The majority of the patent
applications were performed in 2002.
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A search for the terms ‘DMFC’ and ‘portable’ (including synonyms) in the patent
databases reveals that of the 52 patents, 15 deal with DMFC technology and two
specifically with portable DMFC solutions.

Globally, there have been 3,470 patents applied for on the DMFC technology.
Application numbers rose considerably in the timeframe of 2000 to 2005 and reached
their maximum with 531 patent applications in 2005. After 2005, one can observe a
continuous decrease of patent filing activity. In 2009 there were only 208 patent
applications referring to DMFC.

Around 11% of all DMFC patent applications relate to “portable” uses. In between
2002 and 2007, there have been on average 48 patent applications on “portable
DMFC” technology. The leading applicants are Samsung (with 50 patent applications),
Toshiba (with 23 patent applications) and BIC (France) with 20 applications. Early
applications (in between 2001 and 2003) came especially from Creavis Technology &
Innovation (8 patent applications) and Toshiba (6 applications). Within Europe, the
leading applicants are BIC, followed by Creavis Technology & Innovation and
Fraunhofer.

We interpret the first increasing and then decreasing number of patent applications in
the field that that the market readiness of the DMFC fuel cell technology is, overall,
not fully developed.!! Against this backdrop, SFC”s achievement of actually
introducing DMFC fuel cells onto the market cannot be weighed high enough as an
achievement in that field.

4. Conclusions

The invention can be considered valuable both in commercial and societal
(environmental) terms. And while SFC Energy has yet to become profitable, the
technology is in commercialisation and the market and technology leadership position
(SFC being the sole commercial supplier of DMFC fuel cells) has to be acknowledged.
The growing importance of the field is reflected, amongst others, also in the
developing patent landscape.

Dr. Stefener attributes the success so far to a number of factors, namely the intense
and in-depth research activity (both at university and within the firm), the formation
of a well working interdisciplinary team, a strong IP portfolio and professional IP
management, available government support and support by the business sector
(business angels) for start-ups, and the need to collaborate on certain aspects of the
developments with competent partners:

Dr. Stefener, upon asked what he would advise new inventors to think most about,
said: “My concluding advice is that researchers and entrepreneurs should work in
detail on the technology they are developing and to become absolute experts in the
field.... this is the prerequisite to get close to patentability, and it provides credibility
to those investing or supporting a start-up....and one thing should also not be
forgotten, to find good and trustworthy collaboration partners.”

10 The search for ‘DMFC’ and its synonyms spanned the title, abstract and claim section as well as the key
content section of the patent specifications; in case of ,portable’ and its synonyms the search covered title,
abstract and claims.

11 with emerging technologies, one can observe a typical pattern. In the beginning, there is a surge in patent
filing activity up until the point were most/all basic patents of the technology have been applied for.
Following this, one can observe a decline in patent filing activity once it turns out that there are still a
number of problems to be solved to make a technology a market success, and while there is research on
solving such problems. Once market introduction occurs on a wider scale, one can see again a surge in
patent filing activities. This time, however, the focus in not so much on the basic patents. Rather, the
patents are focussed on application areas, i.e. they solve various problems in different application-specific
contexts.
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