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ABSTRACT

It is well known that fossil fuels are the basistloé global energy market. The
amount of these non-renewable fuels is diminishiqgdly, and the world must find
alternative sources of fuels, and ways to make tfeamible, in order to boost global
energy matrix in the next decades. Besides, theidlat use of these fuels is harming
the environment and causing several problems, asiglfobal warming, elevation of sea
levels and changes in entire ecosystems. Therafemewable fuels come in handy to
solve those problems. Biofuels, such as biodiesel athanol, are fuels derived
somehow from biomass. Biodiesel is produced throtigé transesterfication of
vegetable oils (products of grain processing) athé@rel through the fermentation of
sugars, such as sucrose, by microorganisms. Br@hina, India and Russia are
expected to be amongst the 6 most industrializedtci@s in the world by 2050. As big
consumers of fossil fuels, they must be ahead eptioduction of biofuels, so they do
not need to depend on importing fossil fuels toticare growing. To measure the
technological development of those countries, pabteformation was used. Patents
filed by the 4 countries in both ethanol and bisdlgelated technologies were searched
in the Derwent Innovation Index database, and aedlyindividually, so that it was
possible to define the state of development of eacimtry. China dominates filings in
both technologies, with 76% of filings in biodies&ld 74% in ethanol. Brazil comes in
second place in biodiesel related technologies 4% and Russia stays is the second
best for ethanol related inventions, with 16%, ewkaugh Brazil has the biggest
capacity of biodiesel and ethanol production. Tduenario is explained by the major
investments China has been making in Research &lbpment of new technologies

and the lack of culture from Brazilian companiegarding protecting its inventions.



Keywords: Biofuel. Biodiesel. Bioethanol. PatentsBRIC. Innovation. Sustainable

Technologies.
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1. INTRODUCTION
1.1. Objectives

The present study aims to compare the technologiffalits made on the
production of biofuels, mainly biodiesel and ethaihy the countries that integrate the

BRIC group (Brazil, Russia, India and China).

The chosen indicator to establish the technologwaVvelopment of these
countries is the number of patents filed on relatexhs to the numerous technological
routes, specifically the ones using biotechnoldbgt refer to biofuel’s production. The
present study limits to the scientific-technologieaeas related to everything that
involves the process of production bioethanol aldibsel. Therefore, the patents will
be filtered by the keywords on their abstracts @hes, the countries where the priority
has been requested first (Brazil, Russia, India @htha) and the countries where the

patent has been filed.

From this study, it will be possible to identifyy bhe analysis of the patent
applications made by inquiry in research institied companies from those countries,

on their national patent offices (Brazil, Chinagisand Russia):

- The evolution of the technological developmenteath country in the area,

with the passing years;
- The mains applicants on each country;
- The fields and technological routes that areistlichost by each country;
- Who maintains the lead on the referred technekgi

1.1 Justifications
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The growing demand for renewable fuels brings @rtbed to study the efforts
that have been made on the development of new aéadias. The emerging countries
have been increasing their fuel consumption andwvitrey about the limited amount of
fossil fuels brings up the need to rethink energg. UFor this reason, the present study
was limited to the BRIC group (Brazil, Russia, laind China). Besides, they are on a
similar scientific-technological maturity, have angch of social problems, but have
considerably strong industries, big consumer mankas$t natural resources and large
territories.

Hence, the present study is justified, and aimsshow an overview of

technologies concerning biodiesel and ethanol lthatbeen subject of patent, and that

have been developed in the countries that compesBRIC group.
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2. BIBLIOGRAPHIC REVIEW

It is well known that fossil fuels, mainly oil bakeform the basis of the global
energy matrix, especially for transportation uses laeat generation. However, with the
amount of available oil decreasing quickly, the afidity of prices, the political
instability at the producing region environmentaeblgems caused by its unsustainable
usage, the demand for alternatives fuels has groworder to diversify this matrix. In
this context, several kinds of alternative fuelvéh@merged, among which, biofuels

stand out. Biofuels are those fuels derived, ines@ray, from biomass.

In 2006, biofuels represented about 1,8% of thé dged for transportation in
the world, mainly due to its use in European caaatand developing countries, such as
Brazil. Ethanol had its production tripled from 20@® 2007 reaching 52 billion liters,
while biodiesel production expanded from 1 billitm about 11 billion liters, on the
same period. This growth was motivated by the mseeof the ethanol amending in
gasoline fuel and the share of biodiesel in thesaliéuel. USA (ethanol from corn),
Brazil (ethanol from sugar cane) and the EuropeaiotJ(biodiesel from rapeseed) lead
the production of transport biofuels. China is alstreasing its production of biofuels

constantly (DEMIRBAS, 2009; UNEP, 2009).

In 2010, investment in renewable energy reache@11$billion, as increase of
32% when comparing with 2009. Developing countryestments in biofuel projects
exceeded those of developed countries. Almost 3%laifal road transport fuels in
2010 were liquid biofuels. Regarding ethanol, Bramd USA together represented
88% of the global production, being the USA the ldisrleading ethanol exporter,

overcoming Brazil (REN21, 2011; UNEP, 2011).

So, it is expected that those investments mayituminventions that may reach

the market anytime.
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2.1.Patents as Source of Information

Patents are a relevant source of information abthigorts of technologies. On
its content, is included important information abmventive step processes, location of
emerging technologies, inventive networks, emergiaghnologies, among others.
When combined with other data, they provide basrsaf broad analysis of various
dimensions of innovations, as the role of intellatt property of economical
performance, entrepreneurship and on search fonemtions in the science and
technology development. As many others, these amolis have advantages and
disadvantages, and reflect several stages of thevation process (OECD, 2009;

TRIPS, 1994).

From 2002 and 2008, almost 3,000 biofuel relatedmia were published, with
a considerable growth in the last two years ofréferred period. In 2007, the number
of biofuel patents (1,045) was more than the coebitotal of solar power (555) and
wind power (282) patents published in that yeasuhsing that biofuel, solar power and
wind power are the leading renewable energy tecymes, then, in 2007, biofuel
patents, more specifically biodiesel, clearly doatenrenewable energy (in terms of
sheer numbers). It is expected that legislatioratigd to climate change will continue
influencing biofuel patents. In 2022 at least 1Bidn gallons of USA transportation
fuel will have to be cellulosic biofuel. Also, 21lllmn gallons of USA transportation
fuel will have to be derived from sources othemth@ditional ethanol biofuel (JAMIS

and JOSHI, 2008).

Analyzing a patent document, either product or esscpatent, it must be taken
into consideration the 4 mains requirements to ghanting of protection of an
invention: novelty, inventiveness, industrial apption and sufficient descriptiveness

(TRIPS, 1994).
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Thinking about the novelty and inventiveness, iteisdent that most patent
documents will contain the newest information relgay a specific technology. It is
definitive state of the art material. When theymia fulfill those requirements, they are
not granted. The industrial application requirementls us to the conclusion that most
patents has relevant information to be used ingtréks, regardless if they are granted,
because, either way, that information will remairnpublic domain, aiding someone to

solve a technical problem the invention was supposeolve.

With respect to sufficient descriptiveness, we hetiee amount of information.
A patent document must have sufficient and compietermation, in order that a
person skilled in the art is able to carry out itiheention properly. It is in this concept
that we rely to identify the importance of patentdments as source of technological

information (TRIPS, 1994).

2.2.Biofuels
2.2.1. Biodiesel

The chemical reaction of a vegetable oil with asphbl (methanol or ethanol,
for instance) will result in an ester (methyl dnyd{ depending on the alcohol used), that
is called biodiesel. Since ethanol already is wigelbduced in Brazil and USA, ethyl
ester would be the most interesting option, but oencially it is easier to find methyl
ester. The use of biodiesel is limited to blendath diesel oil, up to now, what already
helps reducing air pollutant emissions. Using lesdl helps to restrain the increase of
the greenhouse effect, and may reach strong reshkts used in a large global scale.
Biodiesel is not aggressive to the environmentiargda renewable source of energy. It

does not carry the same drawbacks that fossil e|such as high market prices and
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negative impact on the environment (UNEP, 2009; EG¥, PEREIRA and SIMOES,

2011).
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lllustration 1 — A diagram of a biodiesel productim process.
Font: Ozarks New Energy (2011)

Biodiesel has a lot of advantages, such as thecitgp@ reduce the carbon
emissions, adds more job opportunities, reducesdled of use and import fossil fuels,
and increases vegetable oil supplies, which wdupe its costs. It is one of the most
environmentally friendly, from the fuels availabtethe market, carrying the potential
to reduce up to 80% the G0fe cycle (SAMBODO, 2009; MWKHILEFA, SIGAA and

SAIDURB, 2011).

Biodiesel current global production is of aboutHillion liters and is expected
to grow up to 24 billion liters, until 2017, sineelot of countries will increase the
minimum amount of blending on diesel fuels (IEA, 020 EBTP, 2011

http://www.biofuelstp.eu/global_overview.html#prod)
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2.2.2. Ethanol

The potential of ethanol as alternative fuel hasught to itself worldwide
attention. Among the advantages of using etharend#d with gasoline or alone, are
lower quantities of emissions of carbon mono oxim&pgen oxides and hydrocarbon
after combustion. Even the blended one reduces teosssions, since ethanol acts as

oxidizing agent (TAKAHASHI et al, 2000; BADGER, 2POMIELENZ, 2001).

The process for production ethanol from sugar cdads with the pretreatment
of the sugar cane. This process consists on thewanof organic material and
shredding the cane into smaller pieces. After finscess, the feedstock is fed and
milled to extract juice and separate it from theechagasse, which is a fiber residue of
the process. A great part of the bagasse os commdseellulosic material, which can
be used to produce second generation ethanolalsasused as feedstock for boilers, to
produce low-cost energy, which supply electricitydasteam for the process. The
milling process aims, mainly, to extract sucroserfrthe cane. The cane juice is, then,
filtered, chemically treated and pasteurized. Dmirthe filtration process, vinasse,
another sub-product of the process, is produced. Aégxt step is evaporation of the
juice, in order to increase its concentration ajasu Following this step, we reach the
crystallization of the syrup, by boiling or coolingghat leads to a mixture of clear
crystals with molasses, with high sugar concemingti Molasses are removed by
centrifugation, after which is pretreated with pasization and addition of lime. This
process will sterilize the molasse, leaving it read be fermented. Sugars are then
fermented into ethanol by yeasts, during the fetatem step, that can vary from 4 to
12 hours. The resulting wine is centrifuged, tookes the yeast. Then, the alcohol in

the fermented wine is distillated, using differboiling points, to separate it from other
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materials. The obtained product is hydrated eth@@BIEETS et al, 2006; KUMAR et

al, 2009).

2.3.BRIC (Brazil, Russia, India and China)

The idea of BRIC was first formulated by Jim O’Nédihe chief economist of
Goldman Sachs, in 2001. In 2006, the concept gatletb a group, incorporated in the
external policies of Brazil, Russia, India and Ghifthe economical power of BRIC is
considerable. For instance, between 2003 and 20074 countries represented 65% of
the expansion of the worldwide GNP, which alreadgroomes USA and EU. In 2003
the BRIC represented about 9% of the world GrossoNal Product (GNP), and, in
2009, 14%. Up to 2006, the BRIC were not gathemneal mechanism that allowed their
linkage, what changed after the Chancellor Meetifighe 4 countries. This was the
first step in order to Brazil, Russia, India andr@hstarted working together (BRAZIL,
2011 http://www.itamaraty.gov.br/temas/mecanisnmisriregionais/agrupamento-

brics).

For the next 50 years, if things go right, the BRKZonomies could be larger
than the G6, in US dollar terms. In 2050, BrazilsBia, India and China will be part of
the G6, making company to USA and Japan, the @mhaming members of the current

scenario. (GOLDMAN SACHS GROUP, 2003)

The current scenario predicts that China is goiog be the leader in
manufactured goods, India in services, and Brazd Russia are going to be very
important suppliers of the raw materials for theesttwo importing countries. One of
the effects already felt by the market is the taet the BRIC nations have overtaken

USA in global energy industry. The suppliers fronistgroup have taken more than
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30% of the energy supply market. PetroChina, Gampteetrobras and India’s Oil &
Natural Gas Corp are some examples of companid¢satkashifting the market. An
important concern regarding the rise of Brazil, asindia and China is that as those
countries grow, they need more and more oil forgnsupply. In a scenario where the
world supply seems to have peaked, we could seeggoing up in a near future.
China and India are using lots of their coal ressrwhich emit even more G@han oil
consumption. This scenario can bring catastropbesrin sea level and abrupt changes
in global climate, as said by many climatologigike focus on developing alternative
energy sources is necessary. China is alreadytingeis lots of them, such as wind,
biofuels and hydroelectric, in order to increaserénewable energy capacity to 10% in

2020 qttp://www.power-technology.com/features/featuref, £011; BEEDIE, 2007)

2.3.1. Brazil's Situation

Over the next 50 years, Brazil's GNP growth raterages 3.6%. The size of
Brazil's economy is predicted to overtake Italy 2925, France by 2031 and UK and

Germany by 2036GOLDMAN SACHS GROUP, 2003).

In 2008, Brazilian government invested in Researwuth Development, including
taxes exemption and direct grants, about 1.1%sd&DP, what means more than R$ 5

billion (PACHECO, 2010; WORLD BANK, 2011).

Brazil is commercializing ethanol for over 75 yearbe history starts in 1934
with the application of ethanol as additive to dio In 1975, the Brazilian Military
Government launched the “Pro-Alcool” Program, whittended to reduce dependence
on oil imports, after the oil shocks of the ear7@’s. This Program lasted until 1989,

when the Military Government ended, and it was lrgest fossil fuel substitution
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program in the world. After the program endedeft Brazil with an outstanding infra-
structure on handling ethanol and a distributiotwoek that ethanol all over the
country. Furthermore, it left Brazil with the lagjeand mostly developed sugarcane
industry in the world. Ethanol industry was boosggghin with the emergence of the
flex cars in 2003, which could be fueled with bethanol and gasoline. Also, there are
several governmental initiatives to promote botiaebl and biodiesel production, such

as tax incentives and credit lines for building naants (BARROS, 2010).

Brazil's production of ethanol is over 28 billiortd liters, with an average
annual growth rate of almost 10%. The main feedistoged by Brazil to produce
ethanol is sugar cane. Brazil’'s production nomicegbacity of biodiesel is almost 6
billion liters, and the real production reached Biion liters in 2010. Soybean olil is
the most used raw material to produce biodieseh almost 80% of the total produced

(ANP, 2011).

2.3.2. China’s Situation

China’s GDP growth rate is expected to fall to 592020. By 2045, growth is
expected to slow to down to around 3.5%. Even g imvestment rates, a large labor
force and steady convergence would mean that Ghithdoecome the world’s largest

economy by 2041 (GOLDMAN SACHS GROUP, 2003).

China spent, in 2004, 1.4% of its GDP in Reseamth Bevelopment, what
meant more than U$ 30 billion of investments. Tivare planning to reach over U$

115 billion in 2019 (ESCALATING R & D, 2006; WORLBANK, 2011).

China produced in 2006 over one million tons offiéds, staying behind Brazil

and USA, only. Although ethanol production is rexgle — about 2 billion liters in 2010,
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mainly from corn (80%), wheat and rice (20%) — lésel production reached over 3
billion litters. The primary feedstock for ethammbduction in China is wheat and corn.
The main feedstock for biodiesel production is uséchen oil, residues from vegetable
oil crushers and jatropha oil ( WEYWEHAEUSER et2007; SCOTT and JUNYANG,

2011).

2.3.3. India’s Situation

India’s growth rate is expected to remain abovedifing the next 50 years, in
unlike its BRIC companions. India’'s GDP overcom@alds one by 2032. It is also
expected that the population of India will contintee grow throughout the next 50
years, what leads to the conclusion that it hagpttential to raise its US dollar income
per capita in 2050 to 35 times current levels.l,Stidia’s income per capita will be

significantly low (GOLDMAN SACHS GROUP, 2003).

India invests about 0.8% of its GDP in research degtelopment, but is
planning to increase this expenditure to about 2%ORLD BANK, 2011,

http://www.deccanherald.com/content/45452/indigeascientific-rampd-spend.html).

Biodiesel in India will, most likely, be produceding jatropha oil, as feedstock.
Production of biodiesel in India is not yet comnigllg significant and up to now it was
not demonstrated as economically viable biofuelse Tack of sufficient jatropha seeds
to produce biodiesel is likely to frustrate the govment's plan to blend 20% of
biodiesel with conventional diesel up to 2012. Aligh, there are not many information
regarding production of biodiesel in India, sinbe tommercial production is not yet

organized, some estimates say that it ranges amgwietween 100 and 200 million
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liters each year, but with no commercial feaspi(RRADEY, 2011; GONSALVES,

2006).

Ethanol in India is mainly produced by the ferméntaof sugar cane molasses,
since their strategy remains on using non-fooduess to produce biofuels. Also, the
production of advanced ethanol is in its nascersphwhat is a consequence of its
research & development program. The recent progluc@pacity is over 4 billion liters
per year, and it looks sufficient to supply theloral demand until 2017. Government’s
goal presently is to blend 5% of ethanol in petidlie consumer market for ethanol in
India is mainly for non-fuel usage, but the impduds fuel ethanol has been growing
recently (http://lwww.deccanherald.com/content/43tika-raise-scientific-rampd-

spend.html; ARADEY, 2011).

Research and development activities are focusinghendevelopment of new
technologies for production of advanced biofuetsrfrwood biomass, agricultural and
forest waste, municipal solid waste conversion, raalgae and photosynthetic

organisms (ARADEY, 2011).

2.3.4. Russia’s Situation

Russia’s growth projections are interfered by iguydation, which is recently
shrinking. However, Russia is expect to achieveesgneat results on the next decades
and by 2050, the country’s GDP per capita is exquetd be the highest in the BRIC
group, and comparable to the G6. Russia’s econoragtakes Italy in 2018, France in

2024, UK in 2027 and Germany in 2028 (GOLDMAN SACBRO0UP, 2003).

Russia expends 1.04% of its GDP in research aneélgawent (WORLD

BANK, 2011).
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As Russia is one of the world's largest produces exporters of fossil fuels
biofuels don't receive special attention by the eggoment. However, commitments
under the Kyoto Protocol and interest in exportiafuels could turn Russia to biofuels

industry development (SMITH and MURAN, 2009).

Russia does not produce ethanol for fuel applicatitowever, there are many
distilleries capable of producing ethanol for othedustries, with a total capacity of 1
billion liters. Yet, there are 2 fuel ethanol pkninder construction, and another dozen
planned. Russia could use any of its grains praolucparticularly wheat, barley, and
corn, since it is a great exporter of these iteiHmwyever, increasing grain prices may
difficult bioethanol production in Russia. Alternagly, Russia could use other sources
such as sugar beet molasses. Besides, Russiargasstaurces of cellulosic biomass
from its large wood-processing industry. Russiamegoment has not yet decided the

most efficient type of biofuels to be produced éx68MITH and MURAN, 2009).

The same thing happens to biodiesel. There is nemurelevant production in
Russia, but a number of companies are interestdubiiding biodiesel plants, with
rapeseed as the main feedstock. Biodiesel prodircdRlussia are also intended for

export markets in the EU (ROTHKOPH, 2007).
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3. METHODOLOGY
3.1. Search for patents

To retrieve biodiesel and ethanol related patated fn countries of the BRIC

group, a patent search was performed, using theafimilg method:
a) Selection of the databases used,;
b) Construction of the search strategy for each tecigyo
c) Narrow the results found on b), in order to redometaminations;

d) Find how many patents were filed in Brazil, Rusiidja and China, and

who (name of the applicant and country of origited then;

e) Make an evolution curve of the filings of those guas, from 1963 to

2011;

f) List the patent applicants, and its country of iorign each selected

country;

g) Classify each patent found in specific areas rdldte biodiesel and

ethanol technologies.

For both biodiesel and ethanol searches, the dsgabsed was the same, the

Derwent Innovation Index (DlI).

3.1.1. Search for Biodiesel Patents

In order to find only patents related to biodigsehnologies, a keyword search
on the Derwent database was performed. The stratsgy to do it was to search every
patent that has on its abstract at least one dbtleving terms: biodiesel, fame, “alkyl

ester” and “fatty acid methyl ester”, using the Bam operator OR between the terms,
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and the Boolean operator AND inside the compogtens, and the wildcard * after
each word. So, the strategy used in the advan@dlssection of Derwent Innovation

Index was

TS=(biodiesel* or fame or (alkyl* and ester*) or (&tty* and acid* and

methyl* and ester*))

where TS means that we are searching for the taftes the equal sign in the
Title or the Abstract of the patents. The time sfmarthis search was from 01/01/1963

to 09/11/2011.

Doing that, the DIl database retrieved 3688 patéwoinm several areas, as listed

in the table 1:

Derwent Subject Area Number of Patents
Engineering 2906
Chemistry 2788
Energy & fuels 1989
Instruments & instrumentation 1059
Polymer science * 680
Biotechnology & applied microbiology 558
Transportation 280
Agriculture 271
Pharmacology & pharmacy * 235
Food science & technology 223
Computer science * 199
Construction & building technology * 122
Imaging science & photographic technology * 101
Materials science * 94
Communication * 91
Water resources 82
Metallurgy & metallurgical engineering * 59
General & internal medicine * 56
Sport sciences * 51
Optics * 39
Mining & mineral processing * 24
Nuclear science & technology * 1
Public, environmental & occupational health * 1
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Table 1 - Subject areas of the biodiesel patentstreeved from the Derwent Patent database, using
keyword advanced search, as only filter. * Marked eeas are unrelated do any biodiesel technology.

As can be noticed from the table 1, there are skweibject areas unrelated to
any biodiesel technology. This happens becausedarch results are contaminated. In
order to improve this search, the patents belongingndesired subject areas were
excluded. The undesired areas, for this study @m&gowere Pharmacology &
Pharmacy, Computer Science, Construction & Buildlieghnology, Imaging Science
& Photographic Technology, Materials Science, Comication, Metallurgy &
Metallurgical Engineering, General & Internal Madi, Sport Sciences, Optics,
Mining & Mineral Processing, Nuclear Science & Tealogy. Excluding then from the

search, the number of patents retrieved went dova748.

Each one of these patents has at least one IPC asgteiated. Aiming to
improve the search and to observe which areas are developed, according to these

criteria, those codes are shown in the graphiebvh
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Graphic 1 — Main IPC subclasses from the biodiesglatents retrieved from DI, using the strategy
explained above.

Each IPC subclasses represents a technology dielelxposed on the table 2.

IPC Technology Field

AOLH New plants of processes for obtaining them; Plaptaduction by tissue
culture techniques

A23D Edible oils or fats, e.g. margarines, shorigsj cooking oils

BO1D Separation

BOLJ Chemical or physical processes, e.g. catalysifidathemistry; Their
relevant apparatus

B09B Disposal of solid waste

Cco7B General methods of organic chemistry; Appartterefore
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)

&)

Cco7C Acyclic or carbocyclic compounds
Cracking hydrocarbon oils; Production of liquid hydarbon mixtures, e.g. by
destructive hydrogenation, oligomerisation, polyiretion; Recovery of
C10G : ) : . : )
hydrocarbon oils from oil-shale, oil-sand, or gasefning mixtures mainly
consisting of hydrocarbons; reforming of NAPHTHA|jdral waste
Fuels not otherwise provided for; Natural gas; 8gtit natural gas obtained
C10L | by processes not covered by subclasses C10G oK;Ciduefied petroleum
gas; Use of additives to fuels of fires; Firelligrs
Lubricating compositions; Use of chemical substareither alone or as
C10M S : ) T "
lubricating ingredients in a lubricating compositio
Producing, e.g. by pressing raw materials or byaetibn from waste
C11B | materials, refining or preserving fats, fatty sases, e.g. lanolin, fatty oils
waxes; Essential oils; Perfumes
c11C Fatty acids from fats, oils or waxes; Candles; Faits or fatty acids by
chemical modification of fats, oils, or fatty acidistained therefrom
ciam Apparatus for enzymology or microbiology
Micro-organisms or enzymes; Compositions thereadpRgating, preserving
C12N | or maintaining micro-organisms; Mutation or genetngineering; Culture
media
Fermentation or enzyme-using processes to synthagigsired chemical
C12P compound or composition or to separate optical exsrfrom a racemic
mixture
C12R Indexing scheme associated with subclasses C12QOLE12S, relating t(
micro-organisms
Processes using enzymes or micro-organisms t@tieseparate or purify
C12S | pre-existing compound or composition; processasgusinzymes or micro-
organisms to treat textiles or to clean solid ssefaof materials
FO2D Controlling combustion engines
Supplying combustion engines in general with cortiblesmixtures or
FO2M :
constituents thereof
GO1IN Investigating or analyzing materials by determiniingir chemical or physica

=

properties

Table 2 - Biodiesel patent's IPC subclasses, anitechnology focus.
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After that, the same strategy was used to Brailin& India and Russia,
individually. For that, the search was narroweditd only the patents that had on its
number the codes BR, PI, BRPI, MU, BRMU (Brazil@atents), CN (Chinese patents),
IN (Indian patents), RU and SU (Russian and Sopagents). Therefore, 4 search

strategies were developed, as described below

TS=(biodiesel* or fame or (alkyl* and ester*) or (&tty* and acid* and

methyl* and ester*)) AND PN=(BR* or PI* or BRPI* or MU* or BRMU?*)

to find patents filed in Brazil;

TS=(biodiesel* or fame or (alkyl* and ester*) or (&tty* and acid* and

methyl* and ester*)) AND PN=(CN*)

to find patents filed in China;

TS=(biodiesel* or fame or (alkyl* and ester*) or (dtty* and acid* and

methyl* and ester*)) AND PN=(IN*)

to find patents filed in India;

TS=(biodiesel* or fame or (alkyl* and ester*) or (&tty* and acid* and

methyl* and ester*)) AND PN=(RU* or SU%*)

to find patents filed in Russia or Soviet Union.

Thereafter, each patent retrieved this way hatitiés abstract and bibliographic
information (Patent Number, Inventors, Applican®C, Priority Number and Cited
Patents) saved to a local database. Sorting theteats by applicant, it was possible to
define, not only who the applicants in each coumtgre, but also their countries of
origin. This was an important step to define thsifian of each country on biodiesel

related technologies on Brazil, China, India andg$ta
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The next step was to find the evolution of BRIC otée last 5 decades. In order
to do it, the same strategy described before wad us10 different time spans (1963 —
1970; 1971 — 1975; 1976 — 1980; 1981 — 1985; 198®30; 1991 — 1995; 1996 —
2000; 2001 — 2005; 2006 — 2010; 2011). Since tHeobly has patents from after 1963,

that was the inferior limit of the timeframe.

Finally, each patent’s title and abstract were raad afterwards classified in

one of the technological characteristics, listethmtable 3.

Inventions using Enzymatic process

Inventions using Microalgae

Inventions using Bacteria

Inventions using Fungi

Inventions using Yeast

Inventions using GMO (Genetically Modified Organis)

Table 3 — Technological characteristics in which t& biodiesel patents retrieved from the search
were classified.

It still must have to be considered that one patantbe classified on more than
one category. For instance, an invention can useetgally modified yeast to
accumulate oil and a recombinant lipase to perfibrencatalysis of this oil, what would

put the invention in 3 categories (Enzymatic prec&®ast and GMO).

With all these data in hands, it was possible tdopen several comparisons

between the technological development of BRICntnes, such as:
- Evolution of patent filings through the years;
- Distribution of patent filings inside the BRIC,;

- Position of the BRIC group in the world,;
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- Position of the BRIC group as residents and noideass

applicants;

- Role of national and international companies on BRIC's

technological development;
- Participation of non-residents on patent filings;

- See how much those countries use biotechnologyrdduce

biodiesel.

3.1.2. Ethanol Patents Filter

In order to find only patents related to ethanathteologies — function,
production or application as fuel, only - a keywaehrch on the Derwent Innovation
Index was performed. The strategy used thereuntotaaearch every patent that has
on its abstract at least one of the following terethanol, “ethyl alcohol”, bioethanol
AND one of the terms fuel, energy, biofuels, reneambust, cinder, motor, using the
Boolean operator OR between the terms, and theeBoobperator AND inside the
composite terms, and the wildcard * after each w@&d, the strategy used in the
advanced search section of Derwent Innovation Intiesetrieve ethanol related patents

was

TS=(ethanol* or (ethyl* and alcohol*) or bioethanol and (fuel* or energy*

or biofuels* or renew* or combust* or cinder* or motor*))

where TS means that we are searching for the taftes the equal sign in the
Title or the Abstract of the patents. The time sfmarthis search was from 01/01/1963

to 09/11/2011.
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listed in the table 4:
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Derwent Subject Area

Number of Patents

Chemistry 19187
Engineering 12955
Polymer Science * 9960
Energy & Fuels 7355
Instruments & Instrumentation 6859
Pharmacology & Pharmacy * 3016
Imaging Science & Photographic Technology * 2922
Transportation 2632
Biotechnology & Applied Microbiology 2441
Materials Science * 1810
Food Science & Technology 960
Metallurgy & Metallurgical Engineering * 888
Agriculture 817
Computer Science * 795
General & Internal Medicine * 453
Water Resources 411
Optics * 220
Communication * 211
Nuclear Science & Technology 84
Construction & Building Technology * 67
Mining & Mineral Processing * a7
Public, Environmental & Occupational Health * 27
Sport Sciences * 12

Table 4 - Subject areas of the ethanol related patés retrieved from the Derwent Patent database,
using keyword advanced search, as only filter. * Miked areas are unrelated do any ethanol

technology.

As can be noticed from table 4, there are seveigest areas unrelated to any

ethanol fuel technology. This happens becausedlels results are yet contaminated.
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In order to improve this search, every patent bglonto an undesired subject area is
excluded. The undesired areas, for this study @@&fo0 are Polymer Science,
Pharmacology & Pharmacy, Imaging Science & PhotfdgaTechnology, Materials
Science, General & Internal Medicine, Computer &me Metallurgy & Metallurgical
Engineering, Optics, Communication, ConstructionB&ilding Technology, Nuclear
Science & Technology, Mining & Mineral Processirgport Sciences and Public,
Environmental & Occupational Health. Excluding thfeom the search, the number of

patents left were 6975.

Each one of these patents has at least one IPCassdeiated, as shown in the

table 4.
IPC Technology Field
New plants or processes for obtaining them; pleptaduction by tissue
AO1H culture techniques
Feeding-stuffs specially adapted for animals; mgshgpecially adapted fof
A23K * production thereof
Foods, foodstuffs, or non-alcoholic beveragescowered by subclasses
a21d or a23b-a23j; their preparation or treatmeigt, cooking, modificatior
of nutritive qualities, physical treatment; presgion of foods or foodstuffs,
A23L * in general
A61K * Preparations for medical, dental, or toilet purgose
Chemical means for extinguishing fires; processesnaking harmful
chemical substances harmless, or less harmfulfegtiag a chemical
change; composition of materials for coveringslotteng for protecting
against harmful chemical agents; composition ofemialis for transparent
parts of gas-masks, respirators, breathing bagslarets; composition of
A62D * chemical materials for use in breathing apparatus
BO1D Separation
BO1F Mixing, e.g. dissolving, emulsifying, dispergi
Chemical or physical processes, e.g. catalysigidathemistry; their
B01J relevant apparatus
BO5D * | Processes for applying liquids or other fluent matg to surfaces, in general
BO9B Disposal of solid waste
Nano-structures formed by manipulation of individatms, molecules, o
limited collections of atoms or molecules as disetits; manufacture or
B82B * treatment thereof
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coiB * Non-metallic elements; compounds thereof
Compounds of the metals beryllium, magnesium, atium, calcium,
CO1F * strontium, barium, radium, thorium, or of the raath metals
CO1G * Compounds containing metals not covered by subetas31d or cO1f
CO2F Treatment of water, waste water, sewageudgsl
Lime; magnesia; slag; cements; compositions theeegf mortars, concretp
or like building materials; artificial stone; ceras; refractories; treatment of
C04B * natural stone
Organic fertilisers not covered by subclasses c08bc, e.g. fertilisers fronp
CO5F * waste or refuse
Explosive or thermic compositions; manufacture eb&ruse of single
coeB * substances as explosives
Means for generating smoke or mist; gas-attack citipns; generation of
Co6D * gas for blasting or propulsion (chemical part)
Cc07B General methods of organic chemistry; appardierefore
Co7C Acyclic or carbocyclic compounds
CO7D * Heterocyclic compounds
Acyclic, carbocyclic, or heterocyclic compounds @oning elements othe
than carbon, hydrogen, halogen, oxygen, nitrogaifyrs selenium, or
CO7F * tellurium
CO7H * Sugars; derivatives thereof; nucleosides; nuclestiducleic acids
CO7K * Peptides
C08B * Polysaccharides; derivatives thereof
Organic dyes or closely-related compounds for pcodudyes; mordants;
C09B * lakes
Materials for applications not otherwise provided fapplications of
CO9K materials not otherwise provided for
Cracking hydrocarbon oils; production of liquid hgdarbon mixtures, e.g
by destructive hydrogenation, oligomerisation, podyisation; recovery of
hydrocarbon oils from oil-shale, oil-sand, or gasefning mixtures mainly
C10G consisting of hydrocarbons; reforming of naphthaeral waxes
Production of producer gas, water-gas, synthesisrgan solid carbonaceouis
C10J * | material, or mixtures containing these gases; catting air or other gases$
Purifying or modifying the chemical compositionadfmbustible gases
C10K * containing carbon monoxide
Fuels not otherwise provided for; natural gas; lsgti¢ natural gas obtainefd
by processes not covered by subclasses c10g d; lajiefied petroleum
C10L gas; use of additives to fuels or fires; firealbigrs
Lubricating compositions; use of chemical substargther alone or as
C10M * lubricating ingredients in a lubricating compositio
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UJ

C10N * Indexing scheme associated with subclass C10M
Producing, e.g. by pressing raw materials or byagetibn from waste
materials, refining or preserving fats, fatty sabnses, e.g. lanolin, fatty oil
CliB* or waxes; essential oils; perfumes
Fatty acids from fats, oils or waxes; candles;, faiis or fatty acids by
CliC* chemical modification of fats, oils, or fatty acidstained therefrom

CliD*

Detergent compositions; use of single substancdstasgents; soap or sogp-
making; resin soaps; recovery of glycerol

Cla2C*

Brewing of beer

Cl2F *

Recovery of by-products of fermented solutions;aflering of, or denatured,
alcohol

Cla2G*

Wine; other alcoholic beverages; preparation thfereo

Cl2H *

—

Pasteurisation, sterilisation, preservation, peetiion, clarification, ageing ¢
alcoholic beverages or removal of alcohol therefrom

Ciz2M

Apparatus for enzymology or microbiology

Micro-organisms or enzymes; compositions thereadpagating, preserving,
or maintaining micro-organisms; mutation or genefigineering; culture

C12N media
Fermentation or enzyme-using processes to syn&hasiesired chemical
compound or composition or to separate optical exgrnfrom a racemic
Cl2P mixture
Indexing scheme associated with subclasses claparl@l2s, relating to
C12R micro-organisms
Saccharides, other than sucrose, obtained frommalatources or by
C13K hydrolysis of naturally occurring di-, oligo- or lgyeaccharides
Electrolytic or electrophoretic processes for thedpiction of compounds dr
C25B * non- metals; apparatus therefor
Single-crystal growth; unidirectional solidificatiaf eutectic material or
unidirectional demixing of eutectoid material; refig by zone-melting of
material; production of a homogeneous polycrystallinaterial with defined
structure; single crystals or homogeneous polyahysé material with
defined structure; after-treatment of single crigstet a homogeneous
C30B * polycrystalline material with defined structurepapatus therefore
Gas-flow silencers or exhaust apparatus for mastonengines in general;
FO1N * gas-flow silencers or exhaust apparatus for intezambustion engines
FO2B * Internal-combustion piston engines; combustion eegin general
FO2D Controlling combustion engines
Supplying combustion engines in general with cortiblesmixtures or
FO2M * constituents thereof
F23D * Burners
Other domestic stoves or ranges; details of domegives or ranges, of
F24C * general application
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Investigating or analysing materials by determirtimgir chemical or
GO1IN physical properties

Cables; conductors; insulators; selection of malkefor their conductive,
HO1B * insulating, or dielectric properties

Semiconductor devices; electric solid state devi#therwise provided
HO1L * for

Processes or means, e.g. batteries, for the dioestersion of chemical

HO1M * energy into electrical energy
HO5B * Electric heating; electric lighting not otherwiseyided for

Table 5 — IPC subclasses retrieved on the first keyord advanced search on ethanol production
related patents. * Marked IPC are unrelated do anyethanol technology.

There are several IPC subclasses unrelated to adth@oduction and its
function, usage or application as fuel. To elimintte contaminants from this search,
the unrelated subclasses were also excluded frenmretbults. The subclasses left are

shown on the table 5.

IPC Technology Field
New plants or processes for obtaining them; pleptaduction by tissue

AO1H culture techniques
BO1D Separation
BO1F Mixing, e.g. dissolving, emulsifying, dispeargi

Chemical or physical processes, e.g. catalysigidathemistry; their
B01J relevant apparatus
B09B Disposal of solid waste
CO2F Treatment of water, waste water, sewageudgsl
C07B General methods of organic chemistry; apparterefore
Co7C Acyclic or carbocyclic compounds

Materials for applications not otherwise provided fapplications of
CO9K materials not otherwise provided for

Cracking hydrocarbon oils; production of liquid hgdarbon mixtures, e.g
by destructive hydrogenation, oligomerisation, podyisation; recovery of
hydrocarbon oils from oil-shale, oil-sand, or gasefning mixtures mainly
C10G consisting of hydrocarbons; reforming of naphthaeral waxes

[®X

Fuels not otherwise provided for; natural gas; Isgtit natural gas obtaine
by processes not covered by subclasses c10g d«; lgjuefied petroleum
C10L gas; use of additives to fuels or fires; firealbiers

Ccliam Apparatus for enzymology or microbiology
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Micro-organisms or enzymes; compositions thereadpagating, preservinJ;,
or maintaining micro-organisms; mutation or genefigineering; culture
C12N media

Fermentation or enzyme-using processes to syn&hasiesired chemical
compound or composition or to separate optical exgrnfrom a racemic
Cl12P mixture

Measuring or testing processes involving enzymesioro-organisms;
compositions or test papers therefor; processpseplaring such
compositions; condition-responsive control in mimodogical or

C12Q enzymological processes
Indexing scheme associated with subclasses clagarl@l2s, relating to

Cl12R micro-organisms

Saccharides, other than sucrose, obtained frommalatources or by
C13K hydrolysis of naturally occurring di-, oligo- or lgyeaccharides
FO2D Controlling combustion engines

Investigating or analysing materials by determirtimgir chemical or
GO1IN physical properties

Table 6 - IPC subclasses retrieved on the first keyord advanced search on ethanol production
related patents, without unrelated ICP subclasses.

Hereafter, the same strategy was used to BrazilpaChHndia and Russia,
individually. For such, the search was narrowedirtd only the patents that had on its
number the codes BR, PI, BRPI, MU, BRMU (Brazil@atents), CN (Chinese patents),
IN (Indian patents), RU and SU (Russian and Sqgwaénts).Thus, 4 search strategies

were developed, as described below

TS=(ethanol* or (ethyl* and alcohol*) or bioethanot and (fuel* or energy*
or biofuels* or renew* or combust* or cinder* or motor*)) AND PN=(BR* or PI*

or BRPI* or MU* or BRMU¥*)
to find patents filed in Brazil;

TS=(ethanol* or (ethyl* and alcohol*) or bioethanol and (fuel* or energy*

or biofuels* or renew* or combust* or cinder* or motor*)) AND PN=(CN¥*)

to find patents filed in China;
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TS=(ethanol* or (ethyl* and alcohol*) or bioethanol and (fuel* or energy*

or biofuels* or renew* or combust* or cinder* or motor*)) AND PN=(IN*)
to find patents filed in India;

TS=(ethanol* or (ethyl* and alcohol*) or bioethanol and (fuel* or energy*

or biofuels* or renew* or combust* or cinder* or motor*)) AND PN=(RU* or SU?*)
to find patents filed in Russia or Soviet Union.

Then, each one of the retrieved patents had iés abstract and bibliographic
information (Patent Number, Inventors, Applican®C, Priority Number and Cited
Patents) saved to a local database. Sorting theteats by applicant, it was possible to
define, not only who the applicants in each coumtgre, but also their countries of
origin. This was an important step to define thaifpan of each country on ethanol

related technologies on Brazil, China, India andg$ta

The next step was to find the evolution of BRIC rothee last 5 decades. So, the
same strategy described before was used in 1Cehtféime spans (1963 — 1970; 1971
— 1975; 1976 — 1980; 1981 — 1985; 1986 — 1990; 199995; 1996 — 2000; 2001 —
2005; 2006 — 2010; 2011). Since the DIl only hasmis from after 1963, that was the

inferior limit of the timeframe.

Finally, each patent’s title and abstract were raad afterwards classified in

one of the technological characteristics, listethmtable .

Inventions using Enzymatic process

Inventions using Sugar Cane as primary raw material

Inventions using Corn as primary raw material
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Inventions using GMO (Genetically Modified Organis)

Inventions related to Second or Third Generatidragol

Table 7 - Technological characteristics in which th ethanol patents retrieved from the search were
classified.

It is important to point that one patent can bessified on more than one
category. For instance, an invention can use gmitimodified yeast with better
yields of ethanol production to ferment glucosenfroellulose hydrolyzed in the pre-
treatment of the raw materials, which would put itheention on 3 different categories

(enzymatic process, GMO and Second Generation &fhan

With all these data in hands, it was possible tdopen several comparisons

between the technological developments of BRICistdes, such as:
- Evolution of patent filings through the years;
- Distribution of patent filings inside the BRIC,;
- Position of the BRIC group in the world;

- Position of the BRIC group as residents and noideass

applicants;

- Role of national and international companies on BRIC's

technological development;
- Participation of non-residents on patent filings;

- See how much those countries use biotechnologyrdduce

biodiesel.

3.2.Search for Scientific Publications
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To do a comparison between the countries of BRiGeims of development in
both ethanol and biodiesel related technologiesyas used, besides the number of
patents each country has been filing, the numbescihtific articles they have been

publishing.
3.2.1. Biodiesel

Basically, the same strategy used for the patesmicBewas used here. So, the
strategy terms used to find Biodiesel scientifiblpations on the Web Of Scienc¥

database, was the following:

TS=(biodiesel* or fame or (alkyl* and ester*) or (dtty* and acid* and

methyl* and ester*)) AND PN=(BR* or PI* or BRPI* or MU* or BRMU?*)
to find patents filed in Brazil;

TS=(biodiesel* or fame or (alkyl* and ester*) or (&tty* and acid* and

methyl* and ester*)) AND PN=(CN*)
to find patents filed in China;

TS=(biodiesel* or fame or (alkyl* and ester*) or (&tty* and acid* and

methyl* and ester*)) AND PN=(IN*)
to find patents filed in India;

TS=(biodiesel* or fame or (alkyl* and ester*) or (&tty* and acid* and

methyl* and ester*)) AND PN=(RU* or SU%*)
to find patents filed in Russia or Soviet Union.
This was performed for the same time spans usebdeobiodiesel patent search.

3.2.2. Ethanol
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Basically, the same strategy used for the patesmicBewas used here. So, the
strategy terms used to find Ethanol, as fuel, sdierpublications on the Web Of

Science® database, was the following:

TS=(ethanol* or (ethyl* and alcohol*) or bioethanol and (fuel* or energy*
or biofuels* or renew* or combust* or cinder* or motor*)) AND PN=(BR* or PI*

or BRPI* or MU* or BRMU¥*)
to find patents filed in Brazil;

TS=(ethanol* or (ethyl* and alcohol*) or bioethanol and (fuel* or energy*

or biofuels* or renew* or combust* or cinder* or motor*)) AND PN=(CN¥*)
to find patents filed in China;

TS=(ethanol* or (ethyl* and alcohol*) or bioethanol and (fuel* or energy*

or biofuels* or renew* or combust* or cinder* or motor*)) AND PN=(IN*)
to find patents filed in India;

TS=(ethanol* or (ethyl* and alcohol*) or bioethanol and (fuel* or energy*

or biofuels* or renew* or combust* or cinder* or motor*)) AND PN=(RU* or SU?*)
to find patents filed in Russia or Soviet Union.

This was performed for the same time spans use¢beoethanol patent search.
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4. RESULTS AND DISCUSSION
4.1.Biodiesel

Initially it is going to be presented the numbegtrieved from the analysis of
biodiesel patents and scientific publications, iiata the situation of each country

individually and a general overview.
4.1.1. Scientific Publications

The retrieval of scientific publications made usthg methodology presented in
the chapter 3.2, returned us a total of 13456 ¢ohjed which 769 were Brazilian, 1094
were Chinese, 729 were Indian and 166 were Russi@no, the BRIC group was
responsible for more than 20% of all scientific jiedtions on the world, from 1963 to

2011, as shown in the graphic 2.

Comparison between Publications from BRIC and
the Rest of the World

@ BRIC m Rest of the World

Graphic 2 —Role of the BRIC group in the scientifiqgpublications made in the world, from 1963 —
2011. We can see by this graphic that the BRIC grquis responsible for more than 20% of the total
scientific publications in the world, in regard ofbiodiesel advances.
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From the graphic 3, it can be noticed that, deshi#deadership of China, Brazil
(29%), China (39%) and India (26%) are balancedtlm® advances in biodiesel
technology, when taking in consideration the numdfescientific publications on the

area. Russia (6%) still lags behind the other congpe of the BRIC group.

Distribution of Biodiesel Scientific Publications
inside the BRIC group

6%

39%

@ Brazil m China O India O Russia

Graphic 3 — Role of each BRIC country on publishingarticles related to advances in Biodiesel. It is
possible to notice from this graphic that, excludig Russia, the remaining countries are balanced on
this criteria, even though the leadership of Chinas considerable.

Graphic 4 presents the evolution of those pubbecetifrom 1963 — 2011. It is
well evident that the scientific publications orethrea started to grow in the mid
1990’s, when the search for alternative sourcdaafbecame more important. There is
another inflexion point at the beginning of the®2dentury, representing that the
biodiesel technology became one of the main foéukeonowadays research priorities.
Also, the number of scientific publications made2bil1 alone is almost as big as the

number from 2006 to 2010.
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Evolution of Biodiesel scientific publications
(ISI) made by BRIC (1963 - 2011)

700 -
600
500 +
400 ~
300
200 -
100 -

Number of Sci. Pub.

O T T T T [ I I I I

63-70 71-75 76-80 81-85 86-90 91-95 96-00 2001- 2006- 2011
05 10

—— Brazil — China —— India —— Russia

Graphic 4 — The evolution of Biodiesel scientific pblications made by BRIC started growing in the
mid 1990's, reaching an inflexion point at the begining of the years 2000, and show a strong
tendency on continue growth in 2011. Also, It is Esible to see that Brazil, China and India
developed together in all those years. Russia stad well on the mid 90’s and stayed behind on the
beginning of the years 2000.

It is also noticeable that Russia started develppigether with its companions,

but stayed behind from 2000 ahead.
4.1.2. Patents

The search for patents, as described on the chayitdr, retrieved 2753 patents
filed in the world, in which, in Brazil were fileti86, in China 973, in India 196 and in
Russia 62. Hence, the BRIC group received 1417i8sedl patent filings, from 1963 to
2011. Those filings were not necessarily made bidemt applicants, so these numbers
still does not represent the advances the citechtdes are making in biodiesel
technology. In graphic 5, we can see that Chinaanesnas the most searched country,
inside the BRIC group, for patent filings. It witle possible to see afterwards if this
number is coherent with the patent filings madeCyna and the other 3 countries of

BRIC.
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Distribution of Biodiesel Patent Filings inside the
BRIC

140 P 13%

69%

o Brazil m China O India O Russia

Graphic 5 — The distribution of patent filings in the BRIC group show us that China has more
patent filings than the other 3 countries combined.

Graphic 6 shows how the number of patents filethénBRIC group grew since
1963 until nowadays. As it happened with the sdienpublications, the number
remained steady until the mid 90's and reachedhflexion point at the beginning of
the years 2000. However, Brazil and India did dbfv China’s development the same
way they did, regarding scientific publications. &hit comes to patents, China grew
almost 13 times from 2005 ahead in comparisonagtriod before, while Brazil, India
and Russia showed much lesser growth rates aathe period (Brazil — almost 4 times

more; India — about 7 times more; Russia — almashés more).
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Evolution of Biodiesel patent applications made
by BRIC (1963 - 2011)

N
% 1000
= 800 -
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63-70 71-75 76-80 81-85 86-90 91-95 96-00 2001- 2006-
2005 2010
Years
— Brazil — China India — Russia

Graphic 6 — The evolution of biodiesel patent filigs made by BRIC is similar to the scientific
publication’s evolution, except for the China’s paticipation. It developed way more than its
companions from 2005 ahead, reaching almost 5 timesore patents than India, which comes in
second place.

It is necessary to point out that those numbersemted before are only for
filing of patents on the national Patent and TraaémOffices (PTOs) from Brazil,
China, India and Russia. An important data, thgbassible to see afterwards, is the
proportion between resident and non-resident flingn each of these PTOs.
Considering this data, the graphic 7 is able tonshocomparison of filing of patents
made by the BRIC countries together and the oneterbg the rest of the world. The

number (29%) is a little higher than the one fotordscientific publications.
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Comparison of Biodiesel Patents Filed by BRIC
Countries and Countries From the Rest of the

World

@ Rest of World m BRIC

Graphic 7 — Comparing the patent filings made by tke BRIC countries and countries from the rest
of the world, we can see that BRIC plays an importat role on biodiesel technological development,
with almost 30% of all patents filed in the world.

Excluding the non-residents applicants from thelteghe distribution of patent
filings inside the BRIC group changes a lot, as barseeing in the graphic 8. China
increases its leadership, while Brazil overcomedrathd takes the second place. As can

be noticed, India has a similar technological depelent with Russia, while Brazil

stands on a different level between then and China.
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Distribution of Biodiesel BRIC patent filings by
residents in their countries of origin

4%

5%

76%

@ Brazil m China O India O Russia

Graphic 8 — The distribution of patent filings from BRIC countries, excluding non-resident filings,
presents us a new scenario, in which China extends leadership and Brazil takes over the second
place that belong to India, when we consider the meresident filings.

The next pages it will be discussed the situatioeach country individually.
4.1.2.1.Brazil

In order to measure the technological developmérrazil, using patents as
reference, it must be considered that a lot ofrgatéled in the Brazil's PTO are not
from Brazil. Therefore, the graphic 9 shows thentoas that appears most on patent
filings in Brazil's PTO. A total of 11 countrieddd at least one biodiesel related patent.

Those countries are listed on table 8.

Country of Origin Number of Patents
Austria 1
Belgium 3
Brazil 122

Cayman Island 1
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Denmark 1
France 2
Germany 19
Hungary 1
india 2
Ireland 3
Italy 5
Japan 1
Netherlands 2
Sweden 1
Switzerland 1
USA 61

Table 8 — Countries with at least one patent filingn Brazilian PTO. The participation of Brazil and

USA here is clearly dominant.

Number of Biodiesel patents filed in Brazil, sorted by
country of origin
140 1 122
£ 120 1
c
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Graphic 9 — By this graphic we can see the leaderighof Brazil, and the countries that has at least 2

patent applications in Brazil.

Analyzing the graphic 9 and table 8, it is notideathat patents filed in Brazil

are mostly

made by resident applicants. In facizBian applicants alone filed more
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patents than all applicants from other countridege graphic 10 shows that in percentage

numbers.

Distribution of Biodiesel patents filed between
Residents and Non-Residents in Brazil

46%
54%

@ Residents m Non-Residents

Graphic 10 — Brazilian resident applicants dominatepatent filings in their own country.

That is a clear evidence of, at least an efforth&f Brazilian technological
development in the area, since Brazil is also darsd as one of the biggest markets
for biofuels. Thus, it was expected that Brazil Wohave been chosen as priority for
companies that develop new technologies in thia. &espite that fact, Brazil still leads

the filings in its own market.

Another important evidence of Brazilian technol@idevelopment is that from
the 10 biggest applicants, 6 are from Brazil, ideig the leader PETROBRAS. Unites
States of America has 2 representatives, a Ger@miathya Belgium company completes

the list, as shown on the graphic 11.
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10 biggest Biodiesel patent applicants in Brazil
14
12
%) 12 4
c
a 10 -
© 8
[a 8 -
©
© ® 4 4 4
= 4 - 3 3 3 3 3
>
2z A REERN R
O T T T T T T T T
A ) 0\ A 2\ ) ) 0\ A
f & L L Ry ¥y D
& & O @ & °
& QS Q S ) & <&
Q O N NN P o
& © S AN
\2@}' & @ Q(b' O
S ™ 2
Q <
v .\'Z)'
S &
S e
<& v

Graphic 11 - From the 10 biggest patent applicants Brazil, only 4 are non-Brazilians.

PETROBRAS is leader with a fair advantage from Rohmand Haas, from USA. Another important

fact we can see on this graphic is that 4 Braziliaapplicants are Universities and only two are
companies, in which one is private and one is puloli

It is interesting to notice that only one Braziliprivate company appears on the

list shown on graphic 11, Ouro Fino SA. While Pbtes is a Brazilian state oil

company,

Unicamp,

UFPR and UFRJ are public unitessiand Associacao

Paranaense de Cultura is the legal representdtive @atholic University of Parand, a

Brazilian private university. This shows that evémough Brazil develops new

technologies related to biodiesel, it is not fullgepared to fuel the market with its

products, since universities only aim to transéahnologies to the productive sector,

not being able to produce and sell any sort of pctsd

Regarding the use of biotechnology in the developgnud biodiesel related

technologies, the graphic 12 shows that Brazil dsusing in two different areas:
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enzymatic catalysis of the transesterification amdroalgae fermentation, to produce
oils. It is also possible to see that Brazil does aevelop much technology regarding

Genetically Modified Organisms, to produce Biodlese

Brazil's Biodiesel Patents using Biotechnology

14, 13

Number of Patents
(@)}
(6)]

Enzyme Microalgae Bacteria Yeast Fungi GMO

Graphic 12 — Brazil is highly interested in using bbtechnology to perform enzymatic catalysis of
oils, as we can see on this graphic. Also, the usemicroalgae fermentation to produce oils in a
more sustainable way is of utter interest for Bradi However, the use of GMOs is not a priority for
Brazil up to this moment.

4.1.2.2.China

As Brazil, China is considered as a great markebiodiesel, since it is one of
the biggest economies in the world, nowadays. {Se,important to take a look at the
non-residents patent applicants numbers, befores @@y conclusion about China’s
development. Graphic 13 shows the countries thpeas most on patent filings in

Chinese PTO.
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Number of Biodiesel patents filed in China, sorted
by country of origin
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Graphic 13 — By this graphic it is easy to see ho@hina leads biodiesel patent filings in its own
country. USA comes in second place, but with lesken one third of its main rival. Brazil, India and
Russia does not appear on the top 10 applicants.

A total of 26 countries filed at least one biodlestated patent. Those countries

are listed on table 9.

Country of Origin Number of Patents
Australia 8
Austria 2
Belgium 7
Brazil 5
Canada 9
China 605
Denmark 9
Finland 5
France 13
Germany 35
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Hungary 2
India 1
Ireland 7
Israel 9
ltaly 11
Japan 11
Malaysia 3
Netherlands 10
New Zeland 1
Poland 3
South Korea 1
Spain 1
Sweden 2
Switzerland 5
United Kingdom 10
USA 198

Table 9 — Every country that has at least one patémpplication in China’s PTO. China and USA
are responsible for more than 80% of the total filngs.

Analyzing the graphic 13 and table 9, it is possiol see that most of the patents
in China are filed by resident applicants. In fachinese applicants alone filed almost
twice more patents than all applicants from otlemtries together. Graphic 14 shows

that in percentage numbers.
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Distribution of Biodiesel patents filed between
Residents and Non-Residents in China

38%

62%

o Residents m Non-Residents

Graphic 14 —Chinese resident applicants dominate pent filings in their own country.

With this numbers it is quite clear that China it only a big market for
biodiesel, but also an important supplier of neehi®logies in the area. The fact that
they have more than 3 times more patent applicattban USA in their own PTO

shows their sovereignty in protecting biodiesehtesiogies nationally.

Another important evidence of Chinese technologialelopment is that from
the 10 biggest applicants, 8 are Chinese. Unitee$bf America has 2 representatives

only, as shown on the graphic 15.
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10 biggest Biodiesel patent applicants in China
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Graphic 15 - 8 Chinese companies are among the 1i@pest applicants in China. However 7 of
them are universities. USA is represented by two nitinational companies, that appear also in the
Brazilian scenario.

As Brazil, China has more universities developimggdlesel technologies. From
the 8 Chinese companies shown by the graphic 1§, @re is not a university. So,
China still has to make these technologies to miaistry, transforming its enormous

potential into capacity of production.

Regarding to the use of biotechnology in the dgwelent of biodiesel related
technologies, graphic 16 shows that China has #asifocus than Brazil. It is obvious
that China has more impressive absolute numbetselatively to its total numbers, the

development is quite similar.
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China's Biodiesel Patents using Biotechnology
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Graphic 16 — China is highly interested in using lbtechnology to perform enzymatic catalysis of
oils, as we can see on this graphic. Also, the usemicroalgae fermentation to produce oils in a
more sustainable way is of utter interest for China

4.1.2.3.India

Differently from Brazil and China, India does neadt patent filings in its own
country. USA has the leadership in that country sexkral other countries have at least

one filing there. Graphic 17 shows this data priyper
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Number of Biodiesel patent filed in India, sorted
by country of origin
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Graphic 17 — USA is the country that filed more bidiesel patents in India, up to now. India comes
in second place, reaching the worst result among ¢nBRIC countries, in regarding the proportion
between residents and non-residents filings.

This numbers define India as a potential marketbiodiesel, since a lot of
international companies seek protection for theahhologies there. Still, India shows
modest numbers in their own country, demonstrattiag they are not taking biodiesel
as a priority, currently. To confirm this thesisaphic 18 shows a comparison amongst
the number of patents filed in India by residentsl aon-residents. As seen, non-

residents filed almost 4 times more patents thaideats in India
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Distribution of Biodiesel patents filed between
Residents and Non-Residents in India

O Residents B Non-residents

Graphic 18 — The comparison of biodiesel patent fitlgs from residents and non-residents in India,
highlights that it assumes the role of a consumer anket, only.

As expected, only 2 of the biggest 10 applicangsliadian. This country shows
the more diverse origin of applicants, among BRIG&mbers. From the top 10
applicants, 2 are residents, 3 are from USA, lelgiBm, 1 is from Denmark, 1 is

French, 1 is Brazilian and 1 is German.
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10 biggest Biodiesel patents applicants in India
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Graphic 19 — Main companies that seek protection fatheir inventions on biodiesel, in India. The
resident country only have 2 companies on the toplapplicants, what evince their less than
average development in the area.

It is interesting to point out that Brazil appefmsthe first time as a significant
non-resident applicant inside BRIC, as well as PEBRAS, the Brazilian State Oil

Company.

As Brazil and China, India is prioritizing enzyntatiatalysis of oils, to produce
biodiesel, concerning the use of biotechnologicald in the area. The country does not
have any expressive numbers in using biotechndimggroducing biodiesel, what was

expected, considering their overall numbers, asohstnated in graphic 20.
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India's Biodiesel Patents using Biotechnology
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Graphic 20 — Biotechnology use in Indian biodiesgdatents is reduced, due to its lack of priority in
protecting biodiesel related inventions.

4.1.2.4 Russia

To analyze Russia’s number, it is fundamental tmember that the country
was, until 1989, a socialist republic, called Sowaion, which gathered several other
countries. Besides, the Russian Federation is nemlmer from the World Trade
Organization or signatory of the TRIPS agreemehus] the exceptions and limitations
for granting patents do not, necessarily, follow same rule as Brazil, China and India,
for instance.

Nevertheless, as signatory of the Paris Union Catime, they must grant
national treatment to foreign applications anddwllthe same basic requirements of
novelty, inventive step and industrial applicatianen analyzing inventions. Regarding
to national inventions, the applicant must submibithe State before filing the patent.
If the Russian government asserts that the inventioist keep as a state secret, the
applicant can not file the patent. So, it is pdssifo define Russia’s potential as a
market by the number of patent filings from foreags but it is not that effective to

construe their technological development, due ésé¢Himitations. Also, it was expected
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that Russia would have more modest numbers, dits teell known capacity of fossil

fuels production. So, biofuels do not receive paitr interest from the government.
From the graphic 21, it is possible to see thatsRwuand former Soviet Union

leads patent fillings in biodiesel. The lack of fgaiion from other countries leads us to

one possible conclusion: Russia is not consideredmportant consumer market for

biodiesel.
Number of Biodiesel patents filed in Russia or
Soviet Union, sorted by country of origin
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Graphic 21 — The lack of protection of inventions elated to biodiesel in Russia, leads to the
conclusion that the country is not considered as pority market for biodiesel.

The same thing happens with the main applicaniRussia. According to the
graphic 22, only 3 companies have more than 2 pditings in Russia or Soviet

Union, being 2 of them foreigners. Individual int@rs play an important role on filling

patents in Russia or Soviet Union.
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5 biggest Biodiesel patents filed in Russia or

Soviet Union
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Graphic 22 — From the 5 biggest applicants of pates in Russian Federation or Soviet Union, only 3
are companies, being 2 foreigners. This is anothéact that corroborates Russia’s position as a non-

attractive market for biodiesel.

Considering the low number of national patent §érdue to State’s policy, the

distribution of resident and non-resident applisantRussia is similar to the one found

in Brazil. However, these numbers do not lead eoghme conclusions as before, since

Russia is not being considered as a potential mévkéiodiesel new technologies.
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Distribution of Biodiesel patents filed between
Residents and Non-Residents in Russia or Soviet
Union

56%

@ Residents m Non-Residents

Graphic 23 — Even though residents play a bigger te in patent filings in Russia, we can not imply
that the country is well developed, due to its lowabsolute numbers.

Russia does not have expressive numbers in biatkwdwn application for
biodiesel production, what was expected, considerineir overall numbers, as

demonstrated in graphic 24.

Russia's Biodiesel Patents using Biotechnology
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Graphic 24 — Biotechnology use in Russian protectédventions. The numbers are not significant.
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4.1.2.5.Biotechnology overview

In the radar graphic 25, it is very clear that Ghis dominating every Field of

biotechnology usage to produce biodiesel. This &nhy because of its absolute

numbers
Enzyme
GMO Microalgae
Fungi Bacteria
Yeast
—— Brazil = China India Russia
100 +
) J\ 1
Enzyme Mlcroalgae Bacteria Yeast Fungi
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4.2. Ethanol

On the next pages, the numbers retrieved from tiadysis of ethanol patents
and scientific publications are going to be shodetailing the specific situation of
Brazil, China, India and Russia, individually. Aast, a general overview of the

biotechnology use to improve ethanol developmegbiag to be presented.
4.2.1. Scientific Publications

The retrieval of scientific publications made usthg methodology presented in
the chapter 3.2, returned a total of 17016 pubbeoat of which 971 are Brazilian, 2021
are Chinese, 868 are Indian and 328 are Russiam.BRIC group is responsible for
almost one quarter of every scientific publicatiorthe world, from 1963 to 2011, as

shown in the graphic 25.

Comparison between Publications from BRIC and
the Rest of the World

O BRIC m Rest of the World

Graphic 25 —Parallel between scientific publicatios made by BRIC and other countries. BRIC is
responsible for almost one quarter of every scierfic publication on ethanol, in the world.

It is noticeable that Brazil (23%) and India (21&6¢ balanced on the advances

in ethanol, when taking into account scientific lixagions in the area. China (48%) has
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almost more than the other 3 countries togetheat\wwhows a solid leadership on the
area. Russia (8%) does not measure to any ofatsrpanions, as expected. Those data

are well marked on the graphic 26, below.

Distribution of Ethanol Scientific Publications
inside the BRIC group

8%

48%

@ Brazil m China O India O Russia

Graphic 26 — Contribution of each BRIC country on publishing articles, related to advances in
ethanol. China has a solid leadership on this item.

Graphic 27 shows how those publications grew fr@631— 2011. The first
publications on the area appeared on the middteeofl980’s. Publications from the 4
countries grew together until the end of the 199@ken Russia stayed steady until
nowadays. On the beginning of the years 2000, Cieaahed an inflexion point and

grew more than Brazil and India, which grew alntbstsame thing up to now.
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Evolution of Ethanol scientific publications (I1SI)
made by BRIC (1963 - 2011)
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Graphic 27 — The evolution of ethanol related scidific publications by BRIC, from 1963 to 2011.
Brazil and India grew similarly, while China reached a bump in the beginning of the last decade,
and Russia became stable in the last 10 years.

4.2.2. Patents

The search for patents, as described on the chayitdr, retrieved 4647 patents
filed in the world, in which, in Brazil were file@55, in China 1161, in India 144 and in
Russia 193. Hence, the BRIC group received 175%&nethinventions seeking
protection by patent, from the year 1963 to 2011osE filings were not entirely made
by national applicants, so these numbers still dussrepresent the advances these
countries are making in ethanol related technotodie graphic 28, it can be seeing that
China is the country, inside the BRIC group, tlesieived most patent filings. Now it is
possible to see afterwards if this number is caftenath the patent filings made by

China and the other 3 countries of BRIC.
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Distribution of Ethanol Patent Applications inside
the BRIC

15%

66%

@ Brazil m China 0O India O Russia

Graphic 28 — Distribution of ethanol patents in theBRIC group show that China has more filings
than the other 3 countries combined.

Graphic 29 shows the evolution of patents filingsBrazil, China, India and
Russia since 1963. The numbers of patents greverdiifly than the number of
scientific publications. Brazil shows the biggesbwth from 1976 to 1986, due to its
program called “Pro-Alcool”, developed during thditary government, and disabled
in the end of the 1980’s. China, India and Russ@ted receiving patent filings
regarding ethanol related technologies, after 19@%n the flex car was invented.
Brazil started to grow again in the same periodweler, China developed more than

Brazil, India and Russia since the end of the 1990’
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Evolution of Ethanol patent applications made by
BRIC (1963 - 2011)
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Graphic 29 — Evolution of ethanol patent filings byBRIC. Brazil had a considerable growth from
1975 to 1986. After that, all 4 countries only shoad any growth in the mid 1990’s. China took the
leadership in the late 1990's.

It is necessary to point out that those numbersemted before are only for
filing of patents on the national Patent and TraaémOffices (PTOs) from Brazil,
China, India and Russia. An important data that banseeing afterwards, is the
proportion between resident and non-resident flingn each of these PTOs.
Considering this data, the graphic 30 is able twash comparison of patents filings
made by the BRIC countries together and the oneterbg the rest of the world. The
number (38%) is higher than the one found for gsdienpublications. This was
expected, since from the top 3 producers of ethanthe world 2 are part of BRIC

(Brazil — 2% and China —"9).
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Comparison of Ethanol Patent Applied by BRIC
Countries and other countries

38%

62%

@ BRIC m Rest of World

Graphic 30 — Comparing the patent filings made byhe BRIC countries and countries from the rest
of the world, we can see that BRIC plays an importat role on ethanol technological development,
with almost 40% of all patents filed in the world.

Excluding the non-residents applicants from thelteghe distribution of patent
filings inside the BRIC group changes a lot, as barseeing in the graphic 31. China
increases its leadership, while Russia overcomegilBand takes the second place. As
can be noticed, India has a similar technologiealetbpment with Brazil, while Russia

stands on a different level between then and China.
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Distribution of Ethanol BRIC patent filings by
residents in their countries of origin

16% 7%

74%

o Brazil m China O India 0O Russia

Graphic 31 — The distribution of patent filings from BRIC countries, excluding non-resident filings,
presents us a new scenario, in which China extends leadership and Russia takes over the second
place that belong to Brazil, when we consider theam-resident filings.

Now it is possible to take a look at the situatddreach country individually.
4.2.2.1.Brazil

In order to measure the technological developmérdrazil, using patents as
reference, it must be considered that a lot ofrgatiled in the Brazilian’s PTO are not
from Brazil. Therefore, the graphic 32 shows thantdes that appears most on patent
filings in Brazilian’s PTO. A total of 19 countrieded at least one ethanol related

patent. Those countries are listed on table 10.

Country of Origin Number of Patents
Australia 9
Austria 1
Brazil 68
Canada 2
China 2
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Congo 1
Denmark 1
France 7
Germany 33
India 1
Ireland 5
Italy 2
Japan 20
Netherlands 6
South Korea 1
Soviet Union 1
Sweden 7
United Kingdom 11
USA 77

Table 10 - Countries with at least one patent filig in Brazilian PTO. Brazil and USA are the
leaders of filings, but Germany and Japan deserves be mentioned as important applicants.

Number of Ethanol patents filed in Brazil, sorted
by country of origin
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Graphic 32 — By this graphic we can see the leaddrip of USA, the biggest producer of ethanol in
the world, and the remaining countries that has ateast 2 patent applications in Brazil.
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Analyzing the graphic 32 and table 9, it is notldeahat patents filed in Brazil
are mostly made by non-resident applicants. Grafficshow us that in percentage

numbers.

Distribution of Ethanol patents filed between
Residents and Non-Residents in Brazil

O Residents m Non-Residents

Graphic 33 — Non-resident applicants dominate paterfilings in Brazil.

The participation of the USA is explicable, sinde tcountry is the biggest
producer of ethanol in the world, and Brazil is arighe biggest consumer markets of

this product. But it was expected better numbaemnfBrazilian companies.

Another important evidence of Brazil's importance a market, but not as a
developer of new technologies, is that from the bl§gest applicants, only 2 are

Brazilians, including the sub-leader PETROBRAS.
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10 biggest Ethanol patent applicants in Brazil
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Graphic 34 - From the 10 biggest patent applicants Brazil, only 2 are Brazilians.

Regarding to the use of biotechnology in the dgualent of ethanol related
technologies, graphic 35 shows that Brazil is fowgisn two different areas: second
generation ethanol and use of sugar cane as cathooe. It is also possible to see that

Brazil does not develop much technology regardiegégcally Modified Organisms.
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Brazil's Ethanol Patents using Biotechnology
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Graphic 35 — Brazil is focusing on using sugar canas carbon source, as expected, and is developing
new technologies for producing second generationtetnol, which is more sustainable.

4.2.2.2.China

As Brazil, China is considered as a great marketdnewable fuels, since it is
one of the biggest economies in the world, nowad3ygs it is important to take a look
at the non-residents patent applicants numbergrdedraw any conclusion about
China’s development. Graphic 36 shows the countilies appears most on patent

filings in Chinese PTO.
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Number of Ethanol patents filed in China, sorted

by country of origin
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Graphic 36 — By this graphic it is easy to see ho@hina leads ethanol patent filings in its own
country. USA comes in second place. Brazil appeaon the top 10 applicants.

A total of 21 countries filed at least one biodlestated patent. Those countries

are listed on table 11.

Country of Origin Number of Patents
Australia 8
Brazil 8
Canada 8
China 710
Denmark 23
Finland 2
France 5
Germany 40
India 7
Ireland 5
Italy 3
Japan 35




Netherlands 27
New Zeland 2
Norway 1
South Korea 3
Sweden 6
Switzerland 11
Taiwan 1
United Kingdom 7
USA 249

Table 11 — Countries that has at least one patenpplication in China’s PTO.
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Analyzing the graphic 36 and table 11, it is pogsito see that most of the

patents in China are filed by resident applicaimdact, Chinese applicants alone filed

more patents than all applicants from other coeasttogether. Graphic 37 shows that in

percentage numbers.

Distribution of Ethanol patents filed between
Residents and Non-Residents in China

39%

61%

O Residents m Non-Residents

Graphic 37 —Chinese resident applicants dominate pant filings in their own country.

With this numbers it is quite clear that China Bt mnly a big market for

ethanol, but also an important supplier of new netbgies in the area. The fact that
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they have more patent applications than USA inrthn PTO shows their sovereignty

in protecting ethanol technologies nationally.

Another evidence of Chinese technological develogme that from the 10
biggest applicants, 6 are Chinese. Unites Statefdnoérica has 3 representatives;

Germany and Denmark have 1 each, as shown ondbgigr38.

10 biggest Ethanol patent applicants in China
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Graphic 38 - 6 Chinese companies are among the 1@fest applicants in China. 4 of them are
universities. USA is represented by three companies

China has more universities developing ethanolneldgies, than industries.
From the 6 Chinese companies shown by the graghiordy two are not universities.
So, it China still needs to make an effort to tfanshis new technologies from the
universities to the industries, in order to inceedbeir volume of production and

effectiveness.
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Regarding the use of biotechnology in the develogntd ethanol related
technologies, the graphic 39 shows that China h&imgar focus than Brazil, with the
difference that there are lots of inventions thaé worn as main carbon source for
producing ethanol. It is obvious that China hasemaorpressive absolute numbers, but

relatively to its total numbers, the developmerguge similar.

China's Ethanol Patents using Biotechnology
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Graphic 39 — China is developing new technologieggarding second generation ethanol. Also, it is
filing patents using sugar cane and corn as main daon source, differently from Brazil, that focus
on sugar cane.

4.2.2.3.India

India does not lead patent filings in its own coynUSA has the leadership in
that country, with 2 times more than resident aggpion, and several other countries

have at least one filing there. Graphic 40 showsdhta.
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Number of Ethanol patents filed in India, sorted by
country of origin
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Graphic 40 — USA is the country that filed more bidiesel patents in India, up to now.

This numbers define India as a potential market dtivanol, since a lot of

international companies seek protection for theahhologies there. Still, India shows
modest numbers in their own country, demonstratiad) they are not taking ethanol as
a priority, currently. To confirm this thesis, ghap 41 shows a comparison amongst the

number of patents filed in India by residents and-residents. As seen, non-residents

filed 4 times more patents than residents in India
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Distribution of Ethanol patents filed between
Residents and Non-Residents in Brazil

o Residents m Non-Residents

Graphic 41 — The comparison of ethanol patent filigs from residents and non-residents in India,
highlights that it assumes the role of a consumer anket, only.

As expected, only 2 of the biggest 10 applicargsladian. From the top 10
applicants, 2 are residents, 3 are from USA, Zdrara Denmark, 1 is Danish and 1 is

Japanese.
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10 biggest Ethanol patent applicants in India
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Graphic 42 — Main companies that seek protection faheir inventions on ethanol related
technologies, in India. The resident country only Ave 2 companies on the top 10 applicants, what
evince their less than average development in theea.

India has very modest numbers, concerning the Us®tchnology to produce
ethanol. Within these numbers, they are using asrmain source of carbon and

working on second generation ethanol, as prioaisygdlemonstrated in graphic 43.
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India's Ethanol Patents using Biotechnology
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Graphic 43 — Biotechnology use in Indian ethanol gants is reduced, due to its low development in
the ethanol industry, up to now.

4.2.2.4 Russia

Taking in consideration everything said on the ¢biag.1.2.4, from the graphic
21, it is possible to see that Russia and formefiesdJnion leads patent fillings in
ethanol in their own country. The lack of protentioom other countries leads us to the

conclusion that Russia is not considered an impbdansumer market for ethanol.
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Number of Ethanol patents filed in Russia or
Soviet Union, sorted by country of origin
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Graphic 44 — The lack of protection of inventions elated to ethanol in Russia, leads to the
conclusion that the country is not considered as jority market for biodiesel. However, they have
some expressive numbers on resident patent filingslost of them are related to the automotive
industry.

The same thing happens with the main applicaniRussia. According to the
graphic 45, only 3 companies have more than 2 pdiings in Russia or Soviet

Union, being 2 of them foreigners. Individual int@s play an important role on filling

patents in Russia or Soviet Union.
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10 biggest Ethanol patent applicants in
Russia or Soviet Union
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Graphic 45 — From the 10 biggest applicants of patgs in Russian Federation or Soviet Union, only
2 are non-residents.

The distribution of resident and non-resident aggpits in Russia is quite
peculiar, since there are very few non-residenpdieiions. Since Russia is not being
considered as a potential market for ethanol neWwn@logies, it can be considered that
the country was being prepared to enter the mafetethanol, mainly in the
automotive sector, back in the 1980’s. The indystgwever, did not evolve as

expected.
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Distribution of Ethanol patents filed between
Residents and Non-Residents in Russia or Soviet
Union
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Graphic 46 — Even though residents play a bigger te in patent filings in Russia, we can not imply
that the country is well developed, since the majdty of patents were filed in the 1980’s.

Russia does not have expressive numbers in biatkadwn application for
ethanol production, what was expected, considehnyg prioritized the automotive and

fossil fuels industry, instead of the biotechnol@gy bioenergy industries.

Russia's Ethanol Patents using Biotechnology
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Graphic 47 — Biotechnology use in Russian protectadventions. The numbers are not significant.
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4.2.2.5.Biotechnology overview

From the graphic 48, it is very clear that Chinad@ninating every Field of
biotechnology usage to produce biodiesel. Brazlydver, comes close on the use of
sugar cane as mains carbon source, since this ederial is very abundant in Brazilian

territory.
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Graphic 48 — Comparison between the uses of biotemblogy to develop new ethanol related
inventions, by the countries of BRIC.
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5. CONCLUSIONS
5.1.Biodiesel

Analyzing the results it is possible to see thazdy China and India represent
big consumer markets for biodiesel, considering tigh number of non-resident
applicants on these countries. Russia, due tange Iproduction of fossil fuels, stays out

of this list.

These results were expected, since China and bahanot rely on its fossil
fuel's production, and are extremely dependent t3nuse, nowadays, being big
exporters of this kind of energy. However, they cam keep using fossil fuels, as the
prices are very volatile, the global productioraiseady reaching its peak and they are
not environment friendly. So, they must search &dernative sources, such as
biodiesel. Brazil is in a more comfortable positionce it is exporter of fossil fuels and
invests in alternative fuels for almost 40 yeassd@ from the fact that the country holds
one of the biggest arable areas in the world, wirats possible the production of grains
for oil use, without prejudice to its food usageskles that, Brazil also appears as a big
market for those kinds of fuels, since lots of doi@s sees the country as a big supplier
of biodiesel in the near future. So, they intentrémsfer those technologies to Brazilian

companies, so that they can profit more with exgimmns.

Regarding development of new technologies in beeljeit can be concluded
that only China and Brazil are making efforts imtecting inventions regarding this
biofuels, as they are responsible for 91% of alepes filed by BRIC. China is clearly
in advantage here, once it is responsible for 76%etotal filings of patents by BRIC.
This scenario can be explained by the expendittmese countries are making in
Research and Development each year. AccordingedMbrld Bank, Brazil expends

more than R$ 5 billion each year, while China exjsamore than U$ 30 billion: a huge
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difference. Yet, Brazilian production is bigger th@hinese. That can be explained by
the fact that Brazil is taking biodiesel producties a priority for its research and
development efforts, as said by the USDA, on itsfig2l Annual Report. So, they are
able to produce more, even with less cutting edghrtologies. India and Russia does

not have any considerable numbers of biodieselymtozh.

Regarding the use of biotechnology for applicationbiodiesel technologies, it
Is possible to see a trend on the development of teehnologies for enzymatic
catalysis of oil transesterification, mainly usiligases, and for use of microalgae to

produce oil, to be used as feedstock, in a moraisable way.
5.2. Ethanol

Analyzing the number of patents filed in Brazil, i@d and India by non-
residents, it can be concluded that those coundémeseing considered big consumer
markets for this biofuels, as it happens with bésdi. Likewise, Russia does not call

much interest to international companies.

China appears as the country that has more filingbe area, even though its
ethanol production for fuel uses is not the best dinis happens because China invests
a lot more in Research & Development than Bramntlid and Russia. But, recently,
government has been cut some investments in newspiar ethanol production, since
the food pricing is rising up due to the use ofnctw produce ethanol, according to

Scott and Junyang (2011).

Brazil commercialize ethanol since the 1970’s, $@se incentive programs to
research & development of advanced ethanol anteisécond biggest producer of the
biofuels in the world. In theory, the country shibdlave more impressive numbers.

However, Cornachione (2011) says that Brazilian games do not have the habit to
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protect their inventions with patents. According Mercadante (2011), Brazilian
scientists have to start protecting its inventidmeugh the patent system. Valor-online
(2002) says that the main problem is the lack obwedge from Brazilian

entrepreneurs on the importance of the protectmigngention by the patent system.

Russia appears with some interesting numbers ianpdilings for ethanol
technologies, due to its automotive industry. lat,f&Russia does not have capacity to

produce ethanol commercially, yet, according totSrand Muran (2009).
5.3. Final conclusions

An interesting fact that called our attention isittiBrazil seems to be more
interested in publishing its advances in biofuddant protecting them. That can be
explained by the fact that most of technologiesettgyed in Brazil are made in
Universities, which can not have industrial purmseo, some researchers find more
interesting to publish their results than protéen. This fact is changing since 2004,
with the Brazilian Innovation Law, that facilitateatie transfer of technologies from

Universities to Industries.

Furthermore, it appears that Brazil, China anddrate being considered as big
markets for biofuels production and commercial@matiHowever, only China is making
vast efforts to protect their technologies in tiheaa Brazil has impressive numbers of
production capacity, but does not evolve in pratgchewer technologies, especially
for ethanol, what can cause problems in the futitiis. unlikely to say that Brazil does
not innovate in the area, since it has considemabiabers of scientific publications. It
iIs more probable that this fact is due to the neghmologies being developed mainly
inside the universities, as Brazilian industriesrd have the habit to use the patent
system. India seems to be at the beginning of dpusl new technologies on biofuels,

while Russia has nothing but the potential to do it
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6. FURTHER STUDIES
As suggestions for further studies it is planned to

- perform studies on other renewable energy sousteh as wind and hydraulic

energy;

- extend this study to USA and EU and South Afrita,cover the most

important economies in the world;

- perform studies on fossil fuels, to draw a paitdietween the development of

fossil fuels and biofuels since its appearanceoteadays;

- make a more detailed study on biotechnology ttmfsroduce biofuels.
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