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The CLEAN ENERGY PATENT GROWTH INDEX (CEPGI), published quarterly by
the Cleantech Group at Heslin Rothenberg Farley & tVIBSC. provides an indication of
the trend of innovative activity in the Clean Energy sector from 2002 to the prékent.
CEPGI also ranks the leaders among Clean EnerBptent Owners, along with the
Countries and the U.S. States which receive the nfest @nergy patents.

The granting of patents by the United States Patent and Trademark Office (PTO) is often
cited as a measure of the inventive activity and evidence of the effectiveness of research
& development investments. Patents are congid&rée such an indicator, because to

be awarded a patent, it requires not only the efforts of inventors to develop new and non
obvious innovations but also successful handling by patent counsel to shepherd a patent
application through the PTO. Thus, t@nting of a patent is an indicator that efforts at
innovation have been successful and that an innovation had enough perceived value to
justify the time and expense in procuring the patent.

The CEPGI (shown below annually) tracks the granting of U.@ngafor the following
subcomponents: Solar, Wind, Hybrid/electric vehicles, Fuel Cells, Hydroelectric,
Tidal/wave, Geothermal, Biomass/biofuels and other clean renewable energy.

CLEAN ENERGY PATENT GROWTH INDEX BY YEAR
2002 - 200

U.S. patents for cleaenergy technologies in 2010 were at an atiet high, up a
remarkable 756 patenfalmost 170 percengver 2009 with a value of 1881This is the

largest year to year jump since we began tracking clean energy patents by over three
times the previous year to year differencehis compares to a 3fiercent increase
generally for all patents from 2009 to 201@hich was the best showing ever for patents
generally. Clean energy innovation is ck#afar outpacing technology igeneral.



As depicted in the below breakdown of the CEPGI by itscsubpments, patents in fuel
cells and wind were each up ovdty seven percent over 2008olar patents were up an
astounding 134 percent while hybrid/electrehicles were up sixty perceritdal energy
and biomass/biofuel energy patents were up twentyt edgid forty one percent,
respectiely, at fourteen patents eadhydroelectric patents were gixteenpatens, an
over five hundred percenincrease.Geothermal patents was the only sector that
decreased at five less patents than 2009, a fifty percergase All of the technology
sectors, except geothermal, were at all timgh&in 2010, surpassing all previous
records.
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Fuel cell patents continued to dwarf the other components of the Clean Energy Patent
Growth Index in 2010 witl®96 patentsalmaost three times the number of patents of

nearest competitor solé363). After being one patent apart in a virtual tie in 2009, solar
soared ahead of wind patents in 2010 by almost 120 patents despite wind itself being up
89 mtents over the prior yeaPatents in hybrid/electric vehicles were at their highest

level ever(at 168) up over 20 patents as compared to the nigkielst total reached in

2002. Biomass/biofuel and hydroelectric patents were also both at record (€8el9)

in 2010.Tidal patnts almost doubled from 26 to 40.



The top patent owners since 2002 are shown below, ranked relative to total number of
patents, and also annotated to show the particular totals for the last three years:
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Over seven hundred entities contributedtiie record total of clean energy pateimts
2010. The top clean energy patent holders in 2010 were dominated by automobile
companies which ocpied six of the top ten spot&M took the annual clean energy
patent crown from last year's wier HondaSamsug jumped to second place, largely on
the strength of its fuel cell patents, overtaking Honda and Toyota relative to 2009.
Toyotaincreased its annual total B9 patents to get fourth place while Giereased by
thirty to place in fifth Nissan (6th), Far (8th) and Hyundai (@) rounded out the
automobilecompetitors for 2010GE placed fifth predominantly on the strength of its
wind patents which wasever twicethe number of patents of its nearest wind patent
competitorin 201Q Vestas Wind System&arasonic came in'7in 2010to tie its 2009
showing on the strength of its fuel cell patents and exceeded the 29 patents from 2009 by
five patents, after having had only 6 in all the prior ye&tgachi roundedut the top 10

with 23 patents which were gunominantly m the fuel cell and wind areaSanon, far and
away the solar photovoltaic patent leasiece 2002missed the top ten with a'1place
showingin 2010 at 15 patents.

As depicted below in the Fuel Cell patent owner breakdown, Honda stayleel top as

all time leader but fell to third place in 2010 (2010 totals indicated in orange). GM took
top honors in fuel cells beating out Samsung by 10 patents and Honda in 2010 by 18
patents. Toyota followed with almost half the number of patamt20i10 as GM.
Panasonic had 34 patents and was in fifth place in 2010. Car compdis&sn and
Hyundai, came nextldatech maker of backup power fuel cell systentgd X patents

in 2010 finishing eighth. United Technologies added 13 patents & 265n overall
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fourth place finish edging out Samsung overall by about that amount. Delphi was tenth
rounding out the automobile contribution in 2010. Six of the top ten fuel cell patent
grantees were automobile entities. The other fuel cell grameésl 0 were Plug Power

and Matsushita. Plug power maintained its eighth place spot overall despite #s slow
patent accrual rate in the last few yeafBying for 11" place in 2010 were Canon,
Toshiba and Bloom Energy with 12 patents. There were ldllsother entities with at

least 5 fuel cell patents in 2010 including heavyweights Sanyo, Delphi, GE, Honeywell,
Daimler, 3M and Samsung.
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As indicated above, GE is the all time wind patent leader and again dominated the wind
field in 2010 doublg the number of wind patents by second place winner Vestas which
had 19 more patents than the previous year and vaulted over longtime second place
holder Aloys Wobben, the owner of Enercon GmbH of Germany. The other grahtees
wind patents in 2010 werled by Nordex Energy (16), which camefourth in 2010 and
overall. Mitsubishi was fifth separated by one patent from the holders of a tie for sixth,
wind component maker|.M Glasfiber, and Hitachi. Moshe Meller and Robert
Vanderhye weraext with a ie for 8" place while Repower again placed in the top ten in
2010tying with  Gamesa ané&nvision at3 patents. A tie for two patents included
Clipper Windpower, Genedics, afide others.

As depicted below, Canon continues to lead the other soklemtpatners since 2@0but

was an also ran in 2018pplied Materials in eighth place overall as depicted took the
2010 solar crowrover Sunpower by three patenBu Pont and Emcore tied for third

with ten patents while Konarka and Sharp tied with nineothAer tie existed in seventh
place with Boeing, Sanyo and Solopower at six patents. Twin Creeks tied with Fu Zhun
Precision Industry and Foxconn to round out the top ten in solar energy patents in 2010.
Forty five other entities had at least two solatepss in 2010 including Honda, Canon,
Miasole, Mario Rabinowitz, GM, and GE.
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Honda continues to lead hybrid/electric vehicle patents overall sincea®0fzpicted

below, but GM led in 2010 at 22 pping Toyotaby onepatent and~ordby two. Nissan,

Tesla andHyundaifollowed with 15, 12 an@p at ent s respecti vely. Te
added to its debut of four patents in 2009. Honda and ISE tied for seventh place at six

patents while Mitsubishi had five patents in ninth place and Chrysler res thr

Hybrid/electric vehicle patents in tenth place. Eight other entities had two patents in

2010 in this sector includingia Motors Denso and Consolidated Edismsishown in the

below figure.

6



Honoa MoTor Co., LTD.

FORD GLOBAL

TopP 10

HYBRID/ELECTRIC VEHICLE
- PATENT ASSIGNEES
S 2002-2010

DENS
HITACHI, LTD.

TESLA MOTORS, INC,

Also, although not depicted above, Ocean Power Techmsamgintinues to lead in the
Tidal sector since 2002 picking @patens in 2010 and has a total of4lsince 2002.
Independent Natural Resourcasd Leonardo Gasendudso each picked up 2 patents
while 33 other entities had patents in this dasa year In hydroelectric patent§Steven
Deangeleshad two patents in 2010 while Verdant Power and 15 other entiagsone
each

Three geothermal patentgere granted in2010 to individual inventorsKalex, LLC
continues to lead in geothermal patents @®rall since 2002espite not having any
patents in 2002010 GE and Nuovo Pignone S.p.Aare the next closest at 3 total
geothermal patents.

In the biofuel/biomass area, the Research Foundation of State University of New York
continues to lead overallhile accruing no patents in 20, followed by DephiFifty nine
different entities had patents in thisearin 2010. Rockwell AutomatiprRecarbon,
Chevron, and Atomic Energy Coundilstitute of Nuclear Energy each had two patents
while the rest had one.

As depicted below relative to the top universitytgoé owners, we have found that
Stanford University (with Honda) topped all others in 2010 with 7 patehtle the
University of California continues to outpace second place California Institute of
Technology dating to 2002In 2010, Penn State Research (5) follov8¢ainfordand the
University of California came in third with four clean energy pateiitse University of
lllinois had three while the University of Central Florida and Bowling Greeh the.

The rest of the almost 50 institutions had one patent each.
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Geographically, U.S. patent owners and inventors had slightly less than the rest of the
world in the number of U.S. patents granted in the Clean Energy field over the period
20022010with 49 percent of the granted U.S. patents as depicted below.
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Patent applicants from Japan7(Bercent) and Germany (8 percemigre issued the
second and third largest number of U.S. patents since 2002. Canada and South Korea
followed as depied above. As depicted below in the line chart, Japan, Korea and the
US appear to be on an upward trajectory with the US taking a huge leap in 2010 after
being on a slight uptrend from thiene tracking began until 2008outh Korea surpassed
Canala in 2008 and Germany in 201@Germany trendslightly upwardly while the
others are holding steady and the number of Canadian cleagy guetents slightly
decreasinglLooking at 2010 in more detail, Denmark (33) and Frg@& fall between
Canada (24) and Taan (40) as depicted in the cha@hina made a showing at 15 clean
energy patents which far surpas#sdorevious high of 6 in 200%reatBritain followed

with 13 patents while Israahd Switzerland had nine clean energy patents in 2010.
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Michigan leads the other U.S. states in the Clean Energy area since 2002 at 23 percent of

the US clean energy patents largely based on the fuel cell and hybrid electric vehicle
activities of the car manufacturers. California is next at 17 percent while New ¥ atk i

12 percent based | argely on GE6s wind pate
Connecticut has 6 percent with most being fuel cell patents to UTC. Texas, lllinois,
Massachusetts, Florida and New Jersey follow.
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As depicted in the line charGalifornia overtook Michigan as the leading US state for
clean energy patents in 2010 despitege increases from both statdsover 90 patents
each.New York also had a big jump of 40tpats over the prior yeaBmallerincreases

were found for lllinois, Connecticut and Texas while Masassets declined by two
patents.Connecticut and Massachussets tied at 30 in 2010 while Ohio (25) and Penn
sylvania (tying Texas at 24) wereno6t far
having over 20 clean ergy patents in 2010. Others had big increases including Oregon
up 10, Virginia up 13Delaware up 12, and New Mexico up 14.

If instead oflooking atindividual countries versus the U.S. as a whole, we look at the top

US states individually (i.eseparately from the US as a whole) and foreign countries in
2010, Japan led the field with 459 patents followed by California at 207 hs$alf of

the Japanese totdVlichigan was in third (192) followed by Kea at 162 clean energy
patents.Germany vas next with 133 in fifth placend New York was in sixth at00.
Denmar k had | ess t han h aHild lllinoig hadN3 wateMt® r k 0 s
France came in ninth at 33 while Connecticut Massachusettied for tenth place

among clean energy ggraphic areas at 30 clean energy patents.
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