





AVAVA V3REDER

INTELLECTUAL PROPERTY LAW
ATLANTA e PHILADELPHIA e SEATTLE

About the Authors

David Bailey is co-chair of Woodcock’s Cleantech group and has close to
twenty years experience counseling clients on intellectual property matters.
He concentrates his practice on patent portfolio development, patent
licensing, and patent litigation. Mr. Bailey was part of the Woodcock trial
team representing Microsoft Corporation in the AT&T Corp. v. Microsoft
Corp. case, which was successfully decided in Microsoft’s favor by the
Supreme Court.

Mr. Bailey received his B.S. in Chemical Engineering, with honors,

from Pennsylvania State University in 1985, and graduated in 1990 from
Villanova Law School with cum laude honors where he was a member of
the Moot Court Board.

David can be reached at bailey @woodcock.com or (215) 564-8967

Rubén Muiioz’s cleantech acumen is the result of varied academic and
professional experience. Prior to joining Woodcock, he spent five and a
half years at Ford Motor Company’s Scientific Research Lab in Dearborn,
Michigan, where he focused on the development of stratified-charge
direct-injection gasoline engines. His work in this area includes several
publications and the development of the “Vortex-Induced Stratified Charge
Combustion Engine,” an invention for which he holds U.S. Patent No.
6,725,828. At Woodcock, Ruben focuses primarily on patent litigation. He
holds a bachelor of science degree in chemical engineering and a master of
science degree in mechanical engineering from Louisiana State University.

He is a graduate of the University of Pennsylvania Law School and holds a
certificate in Business and Public Policy from the Wharton School.

Rubén can be reached at rmunoz@woodcock.com or (215) 564-1572




ENE— @000 Bes

Cleantech Patent Forecast

WIND ANALYSIS & FORECAST

WOODCOCK o0

AVAV WASHBURN 0

INTELLECTUAL PROPERTY LAW
ATLANTA * PHILADELPHIA » SEATTLE

595

400 429

300 — BB}

L 245

200

PATENTS GRANTED

Forecast | As alternative energy sources take center stage in the
global economy, several attorneys from Woodcock Washburn’s
Cleantech Group have leveraged their scientific and patent expertise
to take a closer look at recent developments in five key cleantech
sectors. The study, which is primarily aimed at predicting the patent SOLALE ARELTSIS & FOLEEA0T
landscape in the coming years, focused on hybrid-electric, fuel cell, 10
biofuels, solar, and wind technologies. At the heart of this study is
a proprietary algorithm, which uses as input the number of patents
issued—and the number of patent applications published—in a
particular cleantech sector, as well as factors such as pendency and
allowance rate at the United States Patent and Trademark Office.
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In conducting their study, the authors compiled data for thousands of
issued patents and published applications, which were selected based, LIRS LIRS CHACLIHEA
in part, on keyword searches. In addition, the authors relied on the o
most recent edition of the International Patent Classification (IPC)
published by the World Intellectual Property Organization (WIPO)
to supplement their keyword searches. The authors believe that this
combined approach results in the most reliable and comprehensive
method for collecting patent data in a given area of technology.
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Because market forces are in continuous flux' and new technologies
arise constantly,” the analysis tools used in generating this forecast HYBRID-ELECTRIC ANALYSIS & FORECAST
were designed with the flexibility necessary to incorporate ever- 150 135
changing conditions into the projections. This means that input
parameters are constantly being evaluated for their continued validity
and are adjusted as mandated by real-world factors. Woodcock’s
Cleantech Group intends to publish the “Cleantech Patent Forecast”

once a year in the third quarter.
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1 See, e.g., “Ill Winds Blow for Clean Energy: Cheap, and Abundant, Natural Gas Diminishes Alternative Projects’ Ap-
peal,” The Wall Street Journal, July 9, 2009, discussing the effect of greater supply and weaker demand for natural-gas on
present and future investments in wind technologies. But see, “Vestas Says Wind-Project Demand Is on Rise,” The Wall FUEL CELL ANALYSIS & FORECAST
Street Journal, August 19, 2009 discussing the start of an unfreeze in the wind energy sector.

1000

2 See, e.g., “Wood Pellets Catch Fire as Renewable Energy Source,” The Wall Street Journal, July 7, 2009, discussing a gos 31 on2
source of energy not traditionally associated with clean energy technologies. See also, “Biofuel Bet Aims to Harvest Fish 800
That Feed on Algae,” The Wall Street Journal, Aug. 18, 2009 discussing the use of algae from “dead zones” in the Gulf of
Mexico as a potential biofuel.
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Wind | Wind energy can be characterized as a mature cleantech field. Even though the total number of patents in
this sector pales in comparison to cleantech sectors such as hybrid-electric or fuel cells, wind technology has been in

existence for several decades.

Despite being a mature technical field, the authors predict that patent filings in the wind energy sector will continue

to grow at a steady rate over the next four years. The number of patents granted will more than double between 2009
and 2012, from 245 to close to 600. From 2005 though 2008, General Electric Co. and German entrepreneur Aloys
Wobben—managing director of Enercon, Germany’s top wind-turbine supplier—built impressive patent portfolios. GE,
for example, is the number two worldwide manufacturer (by megawatts supplied) of wind turbines, only surpassed by
Denmark’s Vestas Wind Systems. And with wind products ranging from mechanical devices to advanced electronics,
the authors predict that GE’s strong presence in this sector will continue for the foreseeable future.

Notably, however, several other companies are making strides. Starting in the 2005-2006 time frame, three other
European companies, Germany’s Repower Systems AG, Denmark’s Nordex AG, and Spain’s Gamesa Corporacion
Tecnologica, significantly increased their wind energy patent filings in the United States. These three companies are

leading European manufacturers
of wind turbines and appear to be
expanding their patent portfolios
to position themselves as major
global suppliers of wind energy
products.

It has been predicted that of

all the cleantech sectors, the
wind sector will be one of the
hardest hit by the current global
recession. See “Ill Winds: HSBC
Expects Wind Power Market

to Decline in 2009,” The Wall
Street Journal, March 9, 2009).
Though it might be inferred that
this negative outlook will result
in a reduction of patent filings for
this sector in the coming years,
it is also axiomatic that when
competition intensifies, so does
innovation. Based on patent data
available to date, the steady rate
of growth in the patent portfolios
of wind energy companies that
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the authors predict is likely sustainable despite the current economic conditions.
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Solar | The authors predict a bright future for the Solar Energy field. This industry sector will

likely generate significantly higher levels of patents in the coming years. As reflected in the Solar

Energy Forecast chart, the number of patents to be issued in the U.S. is expected to take off from about

360 patents in 2008 to well over 900 patents in 2012. Thus, the solar energy market is set for a precipitous
rise in the number of issued U.S. patents over the next several years, and reflects a market that is planning to
come of age in the near future.

The future leaders in the industry include those concentrating on the development and manufacturing of highly
efficient solar cells. For example, the authors foresee Sanyo Electric as a leader in obtaining U.S. patents in the
coming years; Sanyo is well known for the development of the HIT solar cells, which have some of the highest
energy conversion efficiencies for crystalline silicon-type solar cells. Also, Applied Materials is expected to
obtain significant U.S. patents; Applied Materials has recently completed several acquisitions in the solar
industry and is a leading manufacturer of solar equipment, including crystalline silicon photovoltaic cells.
Finally, Hon Hai Precision Industries has recently filed numerous U.S. patent applications and is expected

to be a major recipient of U.S. patents by 2011; Hon Hai is one of Taiwan’s biggest manufacturing
conglomerates, and its entry
into the solar field is by way
of Tatung and its thin film
solar cell technology.

SOLAR ANALYSIS & FORECAST

1000 —
As reflected in the Solar e
Energy Forecast chart, from o 800
. w
2005-2008 only Boeing —
=z
and Canon, and to a lesser < 00 675
extent, Sharp, have obtained $
a significant U.S. patent " 538
portfolio in the solar energy ; 400 [
field. To date, the industry i 379
is better categorized as one =
where many participants AL
have obtained a few U.S.
patents. As reflected by 0 1 1 1 —
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growth in this industry YEAR
there will be new dominant , - >
Canqn (22) Boeing (11) Canon (11)  Sunpower Corp. (5) _ Boe!ng Cabot CorF. Guardian Ir\dus. Sanyo.EIectric
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Reveo Inc. (4) Mario Rabinowitz (5) Boeing (5) Osram Opto (4) Daystar Techs. Guardian Indus. Konarka Techs.  Hon Hai Precision
Konarka Techs. (4) United Techs. (4) Nakata Josuke (5) Konarka Techs. (4) Canon Samsung BP Corp.  Applied Materials
Aerospace Corp. (3) Osram Opto (4) GE (4) Boeing (3) Sumitomo Wiring Nanosolar Inc. Industrial Techs. Sunpower Corp.
Osram Opto (3) Citizen Watch Co. (4) World Factory Inc. (3) Thales (3) Sharp Sharp Regents of Univ. of Cal. Solfocus Inc.
Nippon Sheet Glass (3) Schott AG (3)  Tyco Electronics (3) Sony Corp. (3) Sanyo Electric Palo Alto Research Sunmodular Inc. Emcore Corp.
Bae Systems Inf. (3) Nanosys Inc. (3)  Sunpower Corp. (3) Kyocera Corp. (3) Advent Solar ~ Semiconductor Energy GE DuPont
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Biofuels | Historically, investment and public interest in biofuels have been directly proportional to the price
of oil. When crude oil hit a peak of $146 per barrel in July of 2008, biofuels—and in particular ethanol—became
a topic of interest in the United States. Based on the number of patents granted and on the number of patent
applications filed in recent years, the biofuels cleantech sector, has all the characteristics of a nascent field. As
shown in the Biofuels Forecast chart, to date, there are no clearly dominant players with well established biofuel
patent portfolios. However, based on the number of patents projected to be issued from 2009 through 2012, the
biofuels sector seems to be entering a significant growth phase.

For the year 2009, the authors predict that some 189 biofuel patents will be issued. This represents a 100%
increase when compared to the year 2005. The 2009 number is likely to almost triple by 2012 when
approximately 530 biofuel patents are expected to be granted. Notably, the biofuels cleantech sector is not
dominated by a handful of companies or institutions, and instead, patent filings come from a very broad and
diverse group. Biofuel patent holders and filers range from oil companies such as ConocoPhillips, Exxon
Mobil, Chevron and Shell to suppliers of industrial equipment and electronic devices such as Siemens and
Bosch.

In terms of what can BIOFUELS ANALYSIS & FORECAST
be expected in the near
future, General Electric 600 —
and Novozymes (a unit of
Denmark’s Novo Nordisk 500 530
Foundation) are expected e
to become significant ; 400 —
contributors to the < 389
. . oc
development of biofuels in R
the next four years. GE is v
. . . - 290
focusing primarily on the z
. w —
development of technologies B 200 189
that allow turbines to run on E
biofuels while Novozymes 100
focuses on enzymes
necessary for the production 0
v proc 2005 2006 2007 2008 2009 2010 2011 2012
of cellulosic ethanol, i.e.,
ethanol produced from plant YEAR )
Cell Walls as Opposed tO ConocoPhillips (12)  ConocoPhillips (14) Exxon (7) Exxon (11) GE GE GE Range Fuels Inc.
Ch Ger Internat. C Phill G Ir ) N S SDI Co. Chi N
plant sugars or starches. TS K O RV SRR e emora e Nevorymer ot
GE (3) UOP LLC (2) Gillette Co. (2) Novozyme (3) GS Yuasa Corp.  Siemens Power Gen. Monsanto Endicott Biofuels Il
UOP LLC (2) Univ. of Cal. (2) Synfuels Internat. (2) ~ Cal. Inst. of Tech. (3) Clariant GMBH Searete LLC Umicore AG Samsung SDI Co.
Univ. of Cal. (2) The BOC Group (2) Schlumberger (2) Michigan State U (3) Hitachi LG Chem, Ltd. Novus Energy Lignol Innovations
The Lubrizol Corp. (2) ~ Syntroleum Corp. (2) Samsung SDI (2) Midwest Research (2) ConocoPhillips Canon Univ. of Texas Michigan State U
Shell Oil (2) Shell Oil (2) Novozymes (2)  Lenlo Chem. Inc. (2) Suntory Limited ~ UOP LLC | BP Corp. Primafuel Inc.

Copyright 2009 Woodcock Washburn LLP. All Rights Reserved.
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Hybrid-Electric | As to be expected, the hybrid-electric patent sector is dominated by the major automotive
manufacturers and their suppliers who seek to protect their positions in the fuel-efficient auto industry niche. For
example, as reflected in the Hybrid Forecast chart, from 2005 to 2008, the major patent recipients include Honda,
Ford, GM, Toyota, and Nissan. Auto parts suppliers are also prominent on the list, including Denso and Hitachi.
Denso supplies high output control units that boost battery voltage and also battery cooling systems that are used
in Toyota’s Lexus LS600 models. Hitachi develops lithium-ion batteries for GM.

With respect to the future, as reflected in the Hybrid Forecast chart, the authors predict that Toyota will
obtain the most issued U.S. patents in the hybrid-electric field through 2012. Toyota’s strategy to accumulate
a strong patent portfolio to protect its fuel-saving technology has recently been reported by the Wall Street
Journal (See “Toyota Builds Thicket of Patents Around Hybrid To Block Competitors,” The Wall Street
Journal, July 1, 2009). Ford is also expected to continue to be a dominant player, but its patent filings

reflect a significant drop-off in issued patents starting in 2012. In contrast, GM and Honda are expected

to increase their portfolio of

issued patents through 2012.

HYBRID-ELECTRIC ANALYSIS & FORECAST
Overall, the hybrid-electric

market is still exhibiting 1500 —

strong growth as reflected 1,460
in the expected number of

U.S. patents to be issued. 2 1,221

In 2008, the authors totaled

approximately 750 patents in 900 937

the sector, but that number

PATENTS GRANTED

is expected to essentially 775
double to about 1450 patents 600 [~
by the year 2012. These
data reflect that the hybrid- 300 -
electric market has yet to
fully mature.
0 | A | ]
2005 2006 2007 2008 2009 2010 2011 2012
YEAR
y
Ford (68, Toyota (73) Toyota Toyota GM Toyota
Honda (58] GM (51) Denso Ford Toyota GM

Toyota (55; Ford (50) Nissan Nissan Ford Denso

)
)
)
) i Nissan (33 Honda Hitachi Denso Honda
)
)
)
)

Nissan (35,
Shell (33

GM (27, Ford Honda Nissan Hitachi
Honda (20] Hitachi Denso Honda Nissan
Hitachi (19) Caterpillar Panasonic Hitachi Hyundai
Denso (16 Matsushita GM Samsung Sanyo

Hyundai (12) Fuji GE Panasonic

Denso (25
Hitachi (20;

Copyright 2009 Woodcock Washburn LLP. All Rights Reserved.
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Fuel Cell | The future for the fuel cell patent sector can be characterized as being split between the major
automotive manufacturers and major Japanese manufacturers concerned with developing DMFCs (direct
methanol fuel cells).

For example, as reflected in the Fuel Cell Forecast chart, from 2009 to 2012, the authors predict that the major
patent recipients will include Honda, GM, Toyota, and Nissan on the automotive front, and Samsung and Toshiba
on the DMFC front. The clear strategy for companies in the automotive industry is to accumulate a strong patent
portfolio to protect their fuel-saving technology as recently reported by the Wall Street Journal (See “Toyota Builds
Thicket of Patents Around Hybrid To Block Competitors,” The Wall Street Journal, July 1, 2009). Honda was found
to be high on the list from 2005-2008, and is expected to remain very competitive for issuing patents in the sector
through 2012. GM has also received numerous patents in this area in the past, but its patent filings are dropping off
somewhat as reflected by its lower than usual anticipated patents to be issued in 2012. Toyota, who also has a strong
presence in the Hybrid patent field, has in the past been a leader in this area and is expected to remain so through
2012.

On the DMEFC side, two
major players — Toshiba and

Samsung — have emerged as FUEL CELL ANALYSIS & FORECAST
predicted dominant players
in the future. Toshiba is 1000 [~
devetl)opllill% (I:)MFIC.S fgr = 931 912
noteboo C app ications A 800 847
and for use in cell phones. =
Samsung has reported z
: <
developing DMFCs for « 600
military use to power military o
. . w
electronics for short periods = 400
of time. =
-
. . <
Another significant player e 200
in the fuel cell market in the
future is Canon, the camera 0
manufacturer. Canon is 2005 2006 2007 2008 2009 2010 2011 2012
developing fuel cells to be <A
used in its cameras. y
GM (53 Honda (54) Honda (56) ) Honda GM Samsung Honda
onda londa issan n msun
Overall. the fuel cell market Batird (07 UTC et gg; Nissan 223) Matsuahita 'éii e Sa::u:; Toy?):: ohion
k ’ R UTC.FueI (PX) Ni55§|1 27) Tqu(aﬂs) Nissan (21) Toyota Tgyota Hcl)nda To.yota
is a relatively mature one that WD WD 0D smang( o Canon Canon Ganon
. Toyota (12 Delphi (21) Delphi (12) HP (12) Matushita Toshiba Bloom Energy GM
1S expected to show moderate Delphi(12)  Plug Power (15) 3M(10) - UltraCell Corp. G Toshiba -

growth (on the order of 15-
20%) throu gh 2012. Copyright 2009 Woodcock Washburn LLP. All Rights Reserved.
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ATLANTA PHILADELPHIA SEATTLE
1180 Peachtree Street, NE Cira Centre, 12th Floor 999 Third Avenue, Suite 3600
Suite 1800 2929 Arch Street Seattle, WA 98104-4023
Atlanta, GA 30309-0163 Philadelphia, PA 19104-2891 206.332.1380 * Fax: 206.624.7317
404.459.0050 * Fax: 404.459.5734 215.568.3100 ° Fax: 215.568.3439

www.woodcock.com ¢ A Limited Liability Partnership

ABOUT WOODCOCK WASHBURN LLP

Woodcock Washburn LLP, with offices in Atlanta, Philadelphia, and Seattle, has specialized in intellectual property law since 1946. Rated as one of the
top IP law firms in the United States by IP Law & Business, the Firm was also named the top intellectual property firm in Pennsylvania by Chambers
USA. The firm’s lawyers and scientific advisors provide national and international clients with a full range of services that include litigation, patent
procurement, IP strategies, trademarks & copyrights, licensing, standards & open source software across a wide range of industries and
technologies. For more information please visit: http://www.woodcock.com.

The opinions expressed herein are those of the authors and do not necessarily reflect the views of Woodcock Washburn LLP.
Please be advised that our firm represents many clients. Therefore, although we would like the opportunity to represent you, your
interests might conflict with one of our client’s interests. Thus, please do NOT send us any confidential or privileged information
unless Woodcock Washburn has previously agreed to represent you or to accept the confidential information.

We do NOT want to see anything confidential or privileged information until after a mutual decision has been made that we will
represent you or that we are agreeable to receiving any such information. Any decision by you to send Woodcock Washburn
unsolicited information prior to such an agreement shall constitute your waiver of any potential right to object to Woodcock
Washburn’s representation of its then or future clients on the basis of Woodcock Washburn having received that information.






