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Abstract

Brazilian ethanol has been used as biofuel sired #70s, and currently is replacing approximately
40% of the gasoline that would be otherwise congliméhe country. Domestic demand for Brazilian
ethanol is increasing as well as its exports sihediofuels are being promoted by governments
around the world as an alternative to fossil fuethis context, the main objective of this pajseta

do a descriptive and exploratory analysis of thezBian ethanol production system and the potential
of biofuels in Brazil. We overview the recent deghents in the ethanol industry with regard to
ethanol technologies in Brazil (including new véds, transgenic varieties, cellulosic technology),
and the role of the Brazilian Agricultural Resea@itrporation (EMBRAPA) research in this area. We
examine the government promoting policies and tingdacts on land use such as the increase across
time and

space in sugar cane area planted in the stateodP&ulo, Parana, Minas Gerais, Goias and Mato
Grosso do Sul (the main producers) and its conseggefor other crops in these producing areas and

for food security.

Key words: biofuels, ethanol, technology, land use.



The Brazilian ethanol industry: an overview of itsproduction, technology, location, land use, regulédns,
and future prospects

1. Emergence of Biofuels

The technological process to produce ethanol hes keown for a century. However, the incentives to
commercially produce the fuel took place startimghie 1970’s. That was the time of the first oisisr (Fig.1),
and high oil prices along with low sugar pricesvisted both the political and economic reasonsstitoulate the
develop of the ethanol industry in Brazil and ia thnited States. In 1974, the U.S. Congress sttotedrk on
legislation to promote ethanol (Runge & Senaued,720in 1975, the Brazilian National Ethanol Pragra
(“Programa Nacional do Alcool, Proalcool”) was deeh In the former case, the main feedstock is,cmd in

the latter it is sugarcane.
<Figure 1>

While in the U.S. ethanol production and consunmmptim not increase substantially from 1970’s to@89in
Brazil, production increased from 0.60 billiori,im 1975/76, to 11.9 billion fin 1985(Figure 2). This increase
was a consequence of the Proalcool program thatidedincentives to alcohol producers, such as
agricultural and industrial financing, product aisgfion guaranteed by the Sugar and Alcohol Ingitu
(Instituto do Aculcar e do Alcool - IAARNd incentives to consumers through guaranteaingaximum selling
price equivalent to 66% of gasoline prices, andeksing taxes that affected consumers (Morae$)200
However, in 1986, oil prices started to declingd #re Brazilian government was not able to mainitaisupport
to the sector, loans for increasing capacity waspsnded and an increase in international sugaegshifted
the incentives toward declining production of ethldn Brazil. During this time ethanol disappeafesim the gas
stations and this led to a deterioration of consuwoafidence in the Proalcool program (Matsuokal e22009).

<Figure 2>

A second worldwide resurgence of ethanol intei@sk place in the mid 2000’s. Economic and politidévers
were obviously important, since rapid growth ingices was occurring (Fig.1). Additionally, biofsevere
held in high regard, as they were renewable, amsxhibited large energy efficiencies and haddosts,
such as the sugarcane in Brazil, thus offeringearcenergy alternative for the reduction of greesb@as

emissions from transport (Mueller & Martha, 201Ngw policies were then put in place to encouragéubis



production globally. In the case of Brazil, in peutar, a technology breakthrough — the developraent
spread of flex-fuels light vehicles starting 200®as especially important. It allows the vehiclevark with
ethanol mixtures from 0 to 100% and was a majasaedoosting the resurgence interest for the inglisthe

country. As a result, in 2010, 86% of new light-adds sold were flex fuel (Anfavea, 2011).

However, some concerns regarding biofuels arosadri2000’s. On the one hand, the fuel versus faalzhte
sustained that biofuel production was impactingiféeed prices and hence could jeopardize food ggcur
especially in poor countries that depend heaviljoma imports. On the other hand, negative enviremtzl

issues associated with biofuel production, maielgited to indirect land use changes, were raised.

The indirect land-use effect would result firsttgrh the displacement of an agricultural activityligfuels
crops and then those displaced activities woulahterdly be reallocated to the agricultural fronfeessuring
native vegetation. According to La Rovere et 01(D), the area used to increase sugarcane prodieto
mainly replaced pasture lands, without harminglstignd production. Marginal lands and degradedypas
areas would be interesting areas to accommodatxffansion of food and biofuel area with low ennimzntal
costs. This would be a win-win situation in thabdéfeed and biofuel production would be increasétiout
the need of further deforestation at the same linveproductivity agricultural areas, mainly pasturaould be

replaced by more efficient uses (Martha, 2008).

The increase in agricultural production can beedd through the expansion of the cultivated ales,
increase in productivity or, more frequently, a timation of both. A major concern in Brazil and@dm, is the
possibility of expanding future biofuel productitmough mainly, and if possible, exclusively, yigjains. In
this context we will review policies and technolegjiand the literature to observe what are thedyitmspects
of biofuels in Brazil and its consequences arotnedvworld.

The objective of this study is to assess the imBeatil’s

fuels policies
possible environmental and land policies
new technology based on public and private research

On

production of ethanol and prices, production aaderof major commodities in Brazil and
prices, production and trade for the rest of theldyancluding poor developing countries.

The paper is structured as follows. In sectione2describe some of the major current governmemtipsland



potential policies — both fuel policies and envimental/land use policies - that influence biofuslduction in
Brazil. In section 3 we look at some of technatagichanges that could be expected in the nextaeve
decades which could affect the productivity of etilgoroduction as well as the elasticity of sulgitin
between ethanol and gasoline in Brazil. Sectista#s with a description of previous studies tteate looked
at the impact of biofuel on Brazil and the worldeTsecond part of the section describes our apiprarat how
we will assess the policies and technological megmwe describe in 3. Section 5 presents thésesfwur
simulations which show the impact of these policiegprices and production in Brazil and on the diorl
Section 6 presents the implications of our stutlie®razilian scientists and policy makers andviarid
markets.

2. Description of policies and technologies fotlganol and biodiesel in Brazil

Since the beginning of the XX century Brazilian govment has supported the ethanol industry, through
creating institutions such as Instituto do Acticdoéilcool (IAA), through launching the Proalcoabgram,
which was important to the development of the itigrishrough investing in research by Instituto
Agronémico de Campinas (IAC) and FAPESP (Sao Pstale Research foundation) and by Planalsucar a
federal government program that was created in 1971 with a particular focus on the development of new
sugarcane varieties. Government’s current role is different and smatiempared to the past (Martines-filho et
al. , 2006), in the next section we will review therent policies that are in place, followed bygiew of the

government and private research funding.

2.1. Ethanol policies
Blending mandate
Since 1993 the ethanol blend to gasoline is allotweghange within the 20-25% range depending orthanol
market. As an example of how the mandate has changecent years, from 2003 to 2006 the blending
remained as 25%, however, ethanol shortages and pgeces in March 2006 caused the governmerglexithe
mandate to 20%. By the end of 2006 the governnmen¢ased the blend to 23% and in June 2007 restdred
25%. In 2010, a rainy season and a decrease in saiga crushing caused a shortage of ethanol aadessilt
the government decreased the ethanol blend to 20#n the crop season started, in May 2010, the 25%

mandate was reestablished.

Taxes incentives and import tariff



In addition to the ethanol mandate, there are sasmcentives through CIDEombustiveiand PIS/COFINS.
CIDE CombustiveigContribution for Intervention in Economic Domaior fuels) is a contribution levied on the
import and sale of oil and gas-related producthiting ethanol. According to the law, the tax coléal should be
used for three purposes: to pay subsidies on poicgansportation of ethanol, natural gas, oil #vedr derivates;
to finance environmental projects related to od gas industries; and to finance infrastructurgyms for
transportation. Even though CIDE is also appl@dthanol, since May 2004 it has been fixed at gelaraes,
2006). For gasoline, CIDE is charged on producedsiaporters and its value changed through timeOp¢ it
was set at R$ 0.28/liter, in May 2008 changed t@R8/liter, to prevent the increase in oil pritcede transferred
to consumers. In June 2009, the value increasB& @ 23/liter, in February 2010, with the reductairethanol
content in the gasoline blend, CIDE was reduceR&d®.15/liter to avoid an increase in gasolinegwicince
May 2010 CIDE was restored to R$ 0.23/liter, whitlhe first week of April 2011, using gasolineqas in
Brasilia, is equivalent to an 8% tax (Secretarfahe Federal Revenue of Brazil, 2011a).
PIS/COFINS (Contribution to the Social IntegratPrmgram/Contribution for Financing Social Securfgderal
taxes are charged together. For gasoline, a cuiveifated assessment of 9.25% is charged to theufaaturer
upon sale to distributors. For ethanol, a contidyuvalue of R$ 0.12/liter is charged for PIS/COBIKR$
0.048/liter on producers and R$ 0.072/liter onrilistors) (Secretariat of the Federal Revenue azBr2011b).
ICMS is a State tax for services and goods cirmrafor ethanol ICMS varies from 12% to 30% withgin
states charging 25%. For gasoline ICMS varies 28% to 31%. The state of Sdo Paulo has a 12%amate f
ethanol and 25% for gasoline, which makes ethatmi@mically competitive with gasoline compared tioeo
states. As a comparison, Table 1 shows tax difteebetween gasoline and ethanol in S&o Paulofst2609.

Table 1 - Gasoline and Ethanol Prices and Tax280® — Sado Paulo state

GasolineC (%) Ethano (%)
Consumer price 2.384 1.33¢
ICMS 0.59¢ 25% 0.1603: 12%
CIDE 0.20%&* 8.6% 0 0%
PIS/COFIN¢ 0.2205: 9.25% 0.1Z 8,9%
Total Taxe 1.0215: 42.85% 0.2803: 20.€8%

Source: ANP 2010.
* CIDE for gasoline was equivalent to R$0.18/litentil June 2009 and then changed to R$ 0.15/liter.



used an average of both numbers.

Another incentive to the ethanol sector is thatlBetax, applied whenever a new car is purchaked.lower
for ethanol fueled cars than for gasoline fuelets.cdable 1 shows the differences of taxes that aisy
according to the power of the engine.

<Table 1>

For the 2009/2010 season a subsidy for sugarcamerfs.and cooperatives from the Northeast wasnpplisice
to compensate for the difference in costs of pridodifference between the Northeast and the ®astrand
South regions. Ministers of Agriculture and Finaestablished that Northeast sugarcane farmers and
cooperatives would receive R$ 5.00 per ton of stagee sold between August 1, 2009 and July 31, 201&.
limit was 10,000 tons per farmer or cooperative tedNational Company of Food Supply (CONAB) was
responsible for the payments to producers.

Even though there was a 20% import tariff appl@dthanol imports, in April 2010, The Brazilian @fitzer of
Foreign Trade (CAMEX) passed a Resolution thatiakted the tariff from April 2010 to December 20The
Brazilian Sugar Cane Industry Association - UNICAlgomed this resolution, because they believevitiis
strengthen the discussion about opening other gnk®inly the U.S ., which is important to expainel use of
ethanol in the world and to transform it into aeryy commodity (UNICA, 2010). Besides, in periodattsugar
prices are high and Brazilian producers are ugieg sugarcane to produce sugar, such as in 2QICAJcan
import ethanol from the US to protect against siges.

Petrobras Pricing

Consumer gasoline prices (called gasoline “C”) delpen the following five components: gasoline “Alqes,
which is the gasoline that Petrobras sells to eeinanhydrous ethanol prices that have to be bteimdo
gasoline, distribution costs, and taxes (Petrol2@%1). In the case of Petrobras gasoline “A” pid¢ithey do
not adjust prices every time that there are chaimgegernational oil prices, as a matter of fde tast time that
they adjusted prices was in 2009. According toféinial press note, prices are adjusted whenegsraes in
international markets reach a certain (stable)lJékie government wants to avoid transferring tharsterm
volatility of oil prices in international markets Brazilian consumers. Through this pricing policgy believe

that in the long run prices are still coordinatdthwey international competitors and Brazilian somer is



protected from extreme volatility of the internaidd derivatives market, which reflects often gedjuwall
conflicts, weather and others (Portal Brasil, 2011)
Figure??? Shows a comparison between Petrobras e US golf prices.

Figure ??? — Gasoline Prices (R$/liter)
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SourceTendéncias Consultancy (2009).

Once Petrobras has fixed the price of gasoline fdrket forces (costs of ethanol production, partstion,
demand, etc. ) plus taxes determine the pricethahel and gasoline C.

Credit

The National Bank for Social and Economic Developn{BNDES) is the main government institution that
provides credit lines to fund renewable energy $tiveents. There are specific programs such as FINAME
is exclusively for financing the agriculture sedimibuy new machinery and equipment; FINEM is usechrry
out projects for implementing, expanding and moiérg; MODERFROTA is used to acquire agricultural
tractors and related implements and harvesters; ERNDAQ is used to finance the purchase of capitabdgo
FUNTEC is used to support technological developragatinnovation in strategic areas, PROINFA is used
finance power generation from alternative sourB&DES created a program called PASS, which is ditcre
line of R$ 2.4 billion at a 9 percent/year intenede to create ethanol stocks. As a comparisdnieTashows
2010 interest rates for firms and consumers iniBraz

<Table 2>

Institutior Interest Rate for a R$ 50,000.00 Investr

BNDES 8.73%




Caixa Econbmica Fede 12.01¥%

Banco do Bras 12.55%

Source: FIESP - Sdo Paulo State Industries Federati

In March 2011 BNDES and FINEP, which is an insitmtfrom the Ministry of Science and Technologyttha
finances research and projects, signed a techrocgleration agreement for implementing a Plan tupSa
Technological Innovation in the Sugar and Ethanduktries (PAISS). This new program will have skl R$
1 billion to lend to private firms or to governmeasearch institutes research for the period ZMK¥. The
main goal is to promote projects that intend toeligy, produce and commercialize new technologiethfo
industrial processing of biomass from sugarcareétitanol. There are three thematic lines in thogiam:

2nd generation Bioethanol; new sugarcane prodinctisiding development from sugarcane biomass by
biotechnological processes; and gasification, wittphasis on technologies, equipment, processes and
catalysts. Depending on the case the governmepbsigould be a loan, research grant, or economic
subvention. (BNDE-PAISS, 2011).

The agreement between BNDES and FINEP for theioreaf PAISS also aims to stimulate the productién
higher added value products, which can be obtdnoed sugarcane biomass, for example, higher ermrgtent
of fuels (diesel, gasoline, jet fuel) or even intediate chemicals with multiple industrial applioas. Figure 3
shows the amount of BNDES investments in the setfgmnol industry since 2004.

<Figure 3>

In February 2011, the Brazilian President Dilma s&sef met with the Ministers of Agriculture, Econcsrand
Energy and required a National Plan for the SugdrEthanol Sector in order to give incentives wéase
investments in the sector and to increase the ptaufuof ethanol. The Ministry of Agriculture saié had been
holding meetings with all the sugarcane supplyrch@inong them leading companies in the industry -
Copersucar, Cosan, Bunge and Louis Dreyfus Comimasditand they identified the interruption of intreents
between 2008 and 2009 as the bottleneck that créaecurrent ethanol supply shortage. At that tittme sector
came from two years of low prices for sugar ancduedhand was one of the hardest hit by the woikicrAs a
result, projects to build new plants have beenesuded or abandoned and recent investments havellveeted
to expand the supply of sugar, whose prices arbitieest in 30 years.

Environment

A Federal environmental law approved in 1998 eithbt a gradual elimination of burning the sugagcstraw

in areas with slopes less than 12% where mechamizatpossible and mechanization will become mtogla



by 2018. The federal legislation did not have asdcite for areas with more than 12% slope. In 280840
Paulo state law was approved and it was deterntivady 2021 sugarcane burning will be prohibitedrieas
where mechanization is possible (slopes lower 1t28) and by 2031 sugarcane burning will be probin
areas where mechanization is not possible (slopgéghthan 12%). This law also determined speeifeas
where sugarcane burning is categorically prohilsiech as one kilometer of the perimeter of urbaasrl100
meters from the boundary of electric power are@snéters around the boundaries of preserved ateasity

five meters around the boundaries of telecommuioicat stations areas, fifteen meters along thedaries of

energy transmission and distribution lines, fiftemeters along the boundary of railways and fedardlstate
highways areas. In 2007, the Sdo Paulo State Gmest and UNICA signed an Agricultural and
environmental Protocol for the sugar/ethanol ingutat anticipates to 2014 the end of sugarcaneitoy with
slopes lower than 12% and to 2017 for hilly arém2008, the Minas Gerais State Government and
SIAMIG/SINDACUCAR (Sugar and Energy Industries Asstion and Union) also signed an elimination
intention of burning sugarcane in the ethanol/ssgator and they compromise to end the sugarcamingloy
2014.

Besides the burning legislation, there are alsalegigns and the need of an environmental liceasethanol
distilleries, sugar plants and units of productidispirits before they start to operate.

Some environmentalists outside of Brazil seemeathat Brazil should not allow the expansion ofssugne
production onto new lands or onto current crop $asdd pastures because of its direct or indiregaanon
land use and GHG emissions. The government’s nsgpio these concerns has been to restrict sugarcan
production to certain regions where they will h#img@ted or no impact on GHG emissions and biodiitgrs

In 2009, President Lula approved a Decree to cdrai@uigarcane Agro-Ecological Zoning (known as 'ZAE
Cana' in Portuguese) in order to establish rulethivsustainable expansion of sugarcane harvestirgggar
and ethanol production in Brazil. The zoning deiaes the most suitable areas as well as the mpsbaiate
period of the year for planting to avoid losses ttuereather adversities. To make the mapping ohttmnal
territory, the following guidelines were set: axgibn of areas with native vegetation; exclusioarefas for
cultivation in the Amazon and Pantanal biomes,iarttle Upper Paraguay River Basin; identificatidmmas
with agricultural potential without need of fultigation; identification of areas with slope bel@®%%; respect

for food security and prioritization of degradedas or pasture (Sugarcane Agro-Ecological Zonifg9p As



a result of the rules, it is possible to use orfly@ of Brazilian lands to plant sugarcane, the 0825% of the
territory is not suitable. These rules will be usgdinancial agents to provide credit to the seffagure 4).
<Figure 4>

2.2.Biodiesel policies

The Brazilian National Biodiesel Production Program

In July 2003 the Brazilian President created, thhoa Presidential Decree, an interministerial waglgroup to
study the possibility of using biodiesel as anraliéive energy fuel. As a result, in 2004, theZBi@n National
Biodiesel Production and Use Program - PNPB waatedewith the main objective of promoting the sinstiale
production and use of biodiesel focusing in sdciglusion and regional development. To create eympémt and
income for family farmers in rural areas, the Minisof Agrarian Development created a “Social Feelmp” for
producers buying raw material from family agricu#tubusiness. Through this certification, biodigselducers
are able to benefit from lower federal taxes, whiahy according to region and crops In order totgetsocial
fuel stamp, biofuels producers are required toduaynimum amount of raw materials that will vargading to
the region. In the Center-West and North regiory thust buy at least 15% of raw materials from fami
farmers. In the Northeast, South and Southeastrtiusy buy at least 30% of its raw materials fromifg

farmers.

After getting the social stamp the tax exemptiothalso change according to the region and accgrttirthe
raw material as described in the following Tabl®&8tice that biodiesel producers that buy from PRGN
farmers get a bigger benefit. PRONAF is the Nafiémagram for Family Farmers to provide rural ctettiis
program includes 15 classifications (and interatgs will be different) that vary according to int® gender,
age, farm activity, purpose of credit and locatidowever, to qualify for this program farmers hawdulfill at
least the following criteria: i) family workers wita maximum of two hired workers; ii) family incorhetween
R$6,000.00 and R$ 110,000.00 iii) the size of Hrenfand should not exceed four “fiscal modules” andhey

need to live in the land property or nearby.

<Table 3>

Besides the reduction of PIS/PASEP, a contributiothe social integration program, and COFINS, a

contribution for financing social security, the Uredrialized Products Tax - IPI, which is the tapléd on all



industrialized products, is zero for biodiesel.

When the National Agency for Petroleum, Gas andugis - ANP issued regulations regarding biodiesel
specifications and regulations to organize the petide sector, there was uncertainty about whettecountry
industry would or not be able to develop the préidmccapacity and processing of raw material totrttee
demand generated by the regulation. The origifadale established that: in 2005 a 2% biodiesetiadd
would be optional, in 2008, a 2% biodiesel additiayuld be mandatory and finally, in 2013, a 5% edl
addition would be mandatory. However, the biodiasglistry was able to respond and the original daleewas
changed, in July of 2008, a 3% biodiesel additiebame mandatory, in July of 2009, a 4% biodiedditian
became mandatory and, in January 2010, a 5% b@&ldiddition became mandatory, as a result the a&gual
was entirely applied three years before schedule.

According to a recent research from Getulio Vafgasndation (FGV, 2010), the biodiesel industrtil is
expansion, which will allow more biodiesel prodoatiand a possible increase in the mandate blered. Th
production capacity is currently approximately illion m®, exceeding the demand generated by B5 and very
close to the projected demand for a possible BHDit - and there is an expectation to increaskduwith the
implementation of projects currently in progreskisiresearch also presented the benefits of theidBeuel
Stamp” program for family farmers. Currently, 20%@&b biodiesel produced comes from family farmensd
90% this volume produced used soybeans. They dstintiaat when considering only the biodiesel sogbea
complex, 1.6 million jobs were created. Soybeastiisthe main raw material used for biodiesel pratibn,
responsible for 78% of the production, beef talloatton oil and others participations are 16%, 3 3%,
respectively. Further, they believe that diversifyraw materials use, for example by using perénniaps,
would result in more employment, income and wouwtpwith regional development. Many oilseeds such a
cotton, oil palm, castor beans, peanuts, sunflommong others, have potential for the productiobiodliesel,

however, the challenge is to be able to develdprtelogies to produce them.
Biodiesel in the Amazon

Besides the prospect of producing biofuels frorfedint oilseeds, and the possibility of family fans to
increase their income through biofuels product@rgther important expectation was to be able tdyre
biodiesel for energy sustainability in the legal @&man area (this area includes forest and cerriaoes).

According to the Amazon State PNPB program, “tloduision of Amazonas State in the PNPB means that we



can strive for the dream of self-sustainable enprgguction in our state’s 61 hinterland towns ejrccording
to the state version of the Program, each townldhmoduce enough power to supply its own need@eg(onal

and State Initiatives — Biodiesel National Progfamduction Program).

A study by Andrade and Miccolis (2010) analysesegoment and private sector strategic policies dkasghe
different perspectives on the obstacles and adgastaf implementing biofuels policies in the Amazdhe
authors agree that there is potential for biodipsatiuction in the Amazon, however, they consitiat social
and environmental safeguards have to be put ireplEte main concerns are: contracts between fdarityers
and biodiesel producers that do not allow interphog species, which might affect food securitytfoe
population; to ensure that crop system establisksukcially for the case of palm oil, will use catgrd areas and
that they will be implemented preserving biodivetshmong the raw materials used for biodiesel patidn, oil
palm is considered as the main alternative dutstow production costs, high potential for cregtiobs and
income and possibility of using degraded areds.gbssible to use other palm species for biofuedipction but

they still require research,

Finally, it is important to highlight that eventime Amazon soybean is the main raw material fodibiel
production; this shows that the challenge is togmatugh incentives in place to encourage the usthef crops

for biodiesel production.

3. Government and private funding of research

In the last decade there have been major invessnirehiofuels research and development by the Baazi
government. One recent article in Science (Regal2@10) estimates that total biofuel research tazilan
governments has grown by some 500% during thedae@stde and now totals about $90 million per year
(Science 2010) A more recent estimate by Dr.MaBuasheridge head of CTBE is that R&D expenditureldou
be $150 million on biofuel (Personal communicatfargust 2010)

3.1. Plant Breeding and Biotechnology

The government of Brazil and state governments baes involved in sugarcane research and breeifing s
well before World War Il. The Institute of Agrongmat Campinas (IAC) financed by the State of Sadda
was responsible for many sugarcane varieties theg developed and grown before and after World Nvar

(Furtado et al., 2011).



In 1970 the government of Brazil established Pkurdr, a federal financed sugarcane breeding progiathe
Instituto do Acucar e do Alcool (IAA). When ProAlglovas started it supported the IAA breeding protgaln
1990 the IAA research program was dismantled. Pedcientists and facilities were distributed tvee
federal universities and renamed Ridesa (Redeulnitersitaria Para O Desenvolvimento Do Setor
Sucroalcooleiro). Since then two more universitiage been added plus several experiment statiotigeon
Cerrado. More than half of the sugarcane aregpleasted with Ridesa varieties in 2007 (Ridesa wepsi
The other major sugarcane breeding program is mtr€ede Tecnologia Canavieira (CTC) which is funbgd
the sugar and ethanol mills. The varieties thaf theveloped cover most of the area that is notreavby
Ridesa varieties.

FAPESP funded a major effort to sequence the estigarcane genome starting in 1999 and then sgaport
functional genomics research to understand thetigdesis of yield, pest resistance and responstnbate
change. Then in 2008 they financed the Reseawgyrdn on Bioenergy (BIOEN) which includes a major
component on sugarcane, including plant improveraedtfarming.

Sugarcane yields are likely to continue to growthig near future because of major public and private
investments have been made on sugarcane. Privaéelbifirms have made many new investments in blofu
R&D recently. The first private firms outside of CTo conduct research on sugarcane breeding atetbio
were CanaVialis and Alellyx which were develope@@®2 and 2003 by university faculty members wha ha
worked at the Federal University of San Carlos antthe University of Campinas on sugarcane breealim
sugarcane biotechnology. They were both fundeithéwenture capital arm of Votorantim Group. Afteat
most major multinational biotech firms have madessantial investments in sugarcane breeding and
biotechnology. Monsanto made a major investmestigarcane R&D by buying CanaVialis and Alellyx for
$290 million (Monsanto, 2008). Together, these $itmad been spending $32 million on sugarcane R&D in
2008 (BNDES & CGEE, 2008, p.165). Syngenta has kbelaborating with the Queensland Institute of
Technology (Australia), the Agronomy Institute ar@pinas in Sao Paulo, Brazil, and several other
organizations to develop technologies for cellda@thanol from sugarcane (Syngenta, 2007). In 2BASF
also made a commitment to work on more efficieahphg technologies and improving sugarcane yiatub
drought tolerance in Brazil (BASF, 2009).

Other parts of the public sector have also increéseir investments in research recently. Ridesxpanding

its research program. EMBRAPA launched a majorewgagy research program in 2008 and opened a new



branch called EMBRAPA Agroenergy, which long-mesearch agenda, for the period 2008-2023, includes

three main objectives: to develop production systand raw materials with superior characteristicgte

production of energy; to study zoning and evaluatbenvironmental, economic and social impactsiraino
identify competitive and sustainable areas for poirty bioenergy; and to develop bioenergy techrietognd
production systems to be used in degraded areaslfgdd, 2010).

The research agenda for the period 2008-2011 hamiin focuses; one is the development of new teolies
of energy (ethanol from cellulose, products of @éinery, hydrogen). Specifically there are threet®ns of this
research, which are: to find the enzymatic pathfeagthanol from lignocellulosic materials; to irptigate
enzymes, fungi, bacteria and catalysts for energglyction; and R&D focusing on the concept of kaéinery.
The second focus of the research agenda is théogewent of technologies using by-products and tesd
more specifically, the use of meals, glycerin &drgducts of biodiesel production; the use of byducts from
the charcoal industry for the production of biafeasgrs and biopesticides; and the use of residnelsby-
products from the 1st and 2nd generation ethamalymtion processes.

When looking specifically at sugarcane/ethanolasse currently there are around 100 scientisten feight
Embrapa R&D centers, two universities and one R&Riiute, working to develop GMO’s for tolerancel an
resistance to biotic and abiotic stress; investigabiological fixation of nitrogen and modelingggiuction
systems. Moreover, other 75 scientists are wortordevelop technologies for a sustainable prodnaifo
sugarcane for ethanol production in the state of&ande do Sul. There are also around 75 sciemtmtking
for a project from Embrapa’s Cerrado Center thasdo identify different sources of biomass, amthregn
residues such as bagasse, tips and sugarcanefsirgwgducing ethanol from lignocellulosic matésia

3.2. Conversion technology

In the past the technology to convert sugarcarestitanol has mainly come from the private se&agarmills
have been able to increase their productivity, @dgroducts such as electricity, and reduce ttusts of
production by buying improved equipment from firmgch as NG Metallrgica and Dedini IndUstrias desBls
addition NG provides new equipment for generatiegtecity from bagasse which is becoming an imaoirt
new byproduct of sugar and ethanol productionaddition CTC does a considerable amount of work on
conversion technology and the logistics of sugagcangar and ethanol production that have had arrimpact

on the efficiency of the industry. The sugar aticheol mills themselves have achieved considedfildencies



by increasing the size of their mills to obtain ramies of scale.

The government supported industry investments yonewv technology through the Proalcool program rama
through BNDES but did not invest much in reseacctidvelop these technologies until recently. Scesearch
by the public sector has contributed to more edffiticonversion technology. For example, reseaych b
University of Sao Paulo at Piracicaba is the bfasi§ermentec’s choice of yeasts to replace thetmkeast
that was the original yeast used in fermentatiosucfose to ethanol. Since 2001 FAPESP has fun@i€da@d
Dedini to develop more efficient conversion proesss

In recent years BioEN, CBTE and EMBRAPA have alt&d investing in research to improve the efficieof
conversion technology and produce byproducts. kamgle BioEN has jointly financed research projeith
companies such as Dedini on improved processitmtdogy for first and second generation biofuels,
BRASKEM on green polymers, and Oxiteno on processeilulosic materials.

3.3. Impact of Research

The impact of the sugarcane and conversion techpoksearch over the last 30 years has been tedser
efficiency dramatically and reduce the cost of pi@dg ethanol (see Figurg. & shows that both feedstock
(sugarcane) and the cost of producing ethanol sogarcane have declined.
<Figure 5>
The next figure (Figure 6) breaks down the reductio cost of sugarcane production into its major
components. Since 1975 costs declined due to ipedeyields (declining land cost), big reductionsdil
preparation costs, reductions crop maintenancéi¢jukss, fertilizers) and harvesting and transpmia
<Figure 6>
The cost of ethanol production (excluding the adshe feedstock) has declined because of reduxstd €or
capital and reducing variable input costs (FigyreReduced investment costs were largely duedaauies of
scale but more efficient equipment also playede fithe decline in operational costs was due tmfacuch as
improved factory management, more efficient yeastse efficient machinery, etc...
<Figure 7>

3.4. Cellulosic ethanol
Much of the new government money in biofuels hanlfecused on second generation cellulose baségelso

made from bagasse. The federal government in 88tEblished the Bioethanol Science and Technology



Center (CTBE) a $40 million facility in Campinasad&Paulo state. The plan is to have 170 scieists
technicians by 2013. Its focus will be on cellutolsiofuel and they are hoping for an annual bud§&30
million/year for next five years.
FAPESP’s BIOEN program funds 4 major programgdiditon to sugarcane improvement:
1. Biorefinery technologies and alcohol chemistry
2. Ethanol applications for motor vehicles, motgele engines and fuel cells
3. Ethanol industrial technologies
4. The economics of ethanol, ethanol productionthadenvironment, social impacts, the new agricelaf
food AND energy.
The private sector is also making major new invesitisiin biofuel production capacity and in improved
conversion technology. Shell in their joint ventwigh Cosan is expected to bring in its in-houseeech and
the research of its smaller partners Codexis ageiniowhich are among the leaders in research oreciimy
biomass to biofuel. BP,which bought 50% of TraepBioEnergia SA in 2008 and Companhia Nacional de
Acucar e Alcool, or CNAA in 2011 will provide aceet the research on cellulosic biofuel from theigy
Biosciences Institute at U.C.Berkeley, U. of lllisoand Livermore National Laboratories, whiclusded by
BP.
Most experts in this field still feel that therelivide little impact of cellulosic biofuel before ailnt 2012 because
that is how long it takes for industry build pijgdants, improve them and build the next set ontplaand finally
go commercial in a really big way,

3.5. Drop In Biofuels — Sucrose to Diesel and Gasw
The newest startup biofuel companies are focusieq tesearch on developing processes that wiledn
sucrose or biomass into “drop-in biofuel,” also wmoas green gasoline or green diesel (in Bra@&l¢alled

Canadiesel because it is made from sugarcane).e Toaspanies use engineered yeasts and bacteradace

biofuel that are chemically identical to gasolinedisel and therefore do not require blending ¥a#sil fuels.
Several of leaders in this field — Amyris, Codexisd Gevo - have just gone public and report $82omin
R&D spending for 2009.

Recent discussions with scholars involved in thergyn Biosciences Institute at Berkeley who know the

companies in this field suggests that the technyalgeady to be implemented by about 2013 in oneare



pilot industrial scale plants. Then as they leaomfthis plant, in another 4 years build a numbig¢hese plants
and start to have a significant impact on the petido of diesel and ethanol starting around 2017.

3.6. Expansion of the sugarcane area into the Cera
In the early 1970s EMBRAPA research on the managenfeCerrado soils made them suitable for growing
crops, first benefitted soybeans and corn but nagyacane is starting to benefit from this knowledget
moves into the cerrado. EMBRAPA at its Cerradoaed®center and Ridesa are now doing researcheitt se
appropriate sugarcane varieties and managemeticpsafor the cerrado.
Historical data shows the expansion of sugarcatigeicerrado biome, and according to previous studi
(Nassar et al., 2008; Mueller and Martha, 2008)tarttie Brazilian Ministry of Agriculture, Liveste@nd Food
Supply (MAPA Agribusiness Projections, 2010), SaalB, Parana and the Center-West cerrados wiliraost
to be the most important regions for sugarcanévetilon.
Observing the share of the states in the Braziraduction from 1996 to 2009 (Table 4), eight Statere
responsible for around 90% of the Brazilian sugaeazultivated area: S&o Paulo, Minas Gerais, Bafanias,
Alagoas, Pernambuco, Mato Grosso do Sul and Mateger Table 4 shows the state participation in the
Brazilian sugarcane cultivated area. First, ilésucthat S&o Paulo is responsible for more th#frohthe
sugarcane planted area during all the period i@tbby Parana and Minas Gerais states. Secontlydhstates
in the Northeast, Alagoas and Pernambuco, are asnggits participation. Looking at the changeutticated
area between 1996 and 2006, Goias, Mato Grossaoldm8 Minas Gerais, in the cerrado biome, presithie
biggest change increasing by 344.3%, 248.4% andi¥%89%espectively Given that ethanol plants mustlbse
to sugarcane plantations is expected that mosteoéxpansion will be in the cerrado area.

<Table 4>



3.7.Vehicle Technology
Part of the Proalcool program was to encouragele¢irelopment of cars that could replace gasolink alitohol.
Their major success was the development of 100&haloehicles. The key technologies were develdped
scientists at the Brazilian Aerospace Instituteat produced the first 100% alcohol vehicle in 19 8ost other
firms started building them. Figure 8 shows tlse and fall of pure alcohol vehicles. Their fallswa
caused by a rapid decline in production of alcamohe late 1980s when oil was cheap and sugar was
expensive.
In the 1990s when prices became more favorabletf@nol production again, the sugar and ethanalking
started to push both the auto manufacturers anstéibe to encourage flexfuel cars that could ruamnmixture
of ethanol and gasoline. The Brazilian branch afjikti Marelli, the auto parts makers owned by, Fiat
invested $10 million over 3 years in late 1990dewelop flexfuel vehicle (Tromboni et al.,.2008gveral other
parts companies also invested in developing sirtéleiinology and brought it to Brazil. Ford, Volkgyea and
Fiat also did research in Brazil to develop flekietes. These investments started to pay off ir320ibh the
sale and rapid adoption of flexfuel vehicles. Nawnost all major car companies sell flexfuel wids in Brazil
and they are dominating the new car market.
<Figure 8>
BIOEN is currently working with the industry to encrage the private sector to invest in increadiegftel
efficiency of flexfuel vehicles. They feel that mamultinationals have pressed ahead with fuetiefficy of
gasoline engines but not of vehicles which burot @1 ethanol.

4. Future Prospects
4.1 Previous studies
There are several studies that simulate scenandabé future of biofuels in the world and its cegsences for
prices, production, land use and trade. We wiliewna few then and focus and report their resot8fazilian
sugarcane based ethanol production in order teadse possibilities for sugarcane and ethanolsingin

Brazil

Fernandez-Cornejet al (2008) use a general equilibrium model, undextavteconomic policy, and two

technological scenarios, to examine the medium {8005) change in global welfare due to ethanotipetion.



They also estimate the changes in yield and ethaoduction based on corn and sugarcane. The $@si@ario,
which is the moderate increase in productivity sciEn assumes that U.S. producers will produceratdib
billion gallons per year of corn based ethanol eetithe Revised Renewable Fuels Standard. Brazilian
producers will produce to meet the national engtgy published by the Brazilian government. Theoedc

scenario assumes additional productivity gainsfith Brazil and U.S.

Looking at the basic scenario prices and producgsnlts, they found that the 120% increase inreage
based ethanol would lead to a 53% increase in sagarproduction, sugarcane would increase by 24%,
sugarcane land use increased by 52%, while sugalzsed ethanol prices decreased by 20% . “High”
productivity had virtually no impact on land usepoices in this model. The high productivity scemawhere
Brazilian additional productivity comes from an@sed 10% increase in productivity gains, the 120étaase
in sugarcane based ethanol led to a 55% increagearcane production, sugar or sugarcane pricesased

by 24%, sugarcane land use increased by 51% wiglreane based ethanol decreased by 20%.

Hertelet al. (2008) developed a special version of the Globat&rAnalysis Project (GTAP) that was
augmented by including the possibility of substitntbetween biofuels and petroleum products anithdyding
the land use module that disaggregates land uk@ Agro-Ecological Zones (AEZ). Through these 1&A&
possible to capture the potential for real comjaetibetween alternative land uses because theg sbaimon
climate, precipitation and moisture conditions.

They use a historical period from 2001 to 2006¢ldate their model and then they analyze the insgpaicthe
biofuels boom on commodity markets for the 2006820ériod. There are three scenarios, one that zmly
only the impact of U.S. biofuels program (15 bifligallons of ethanol by 2015), a second that aralgmly the
impact of EU biofuels (6.25% renewable fuel us€6%5) program and a third that includes both pedici
Results for Brazil are a 9.3% increase in sugarpaoguction due to U.S. policies and a 20.5% irezaa
oilseeds output due to EU policies. When lookintaatl use changes, they found that the increaseps for
biofuels production come from pastureland and coroiakforest lands. They estimate an 11% decline in
pastureland in Brazil, while they estimate thatitue Canada, and Africa will have large percen@eglines in
commercial forestry.

Elobeid and Tokgoz (2008) use an internationalregsheultimarket world model to examine the impawfts).S.



tariff and tax credit removal on U.S. and Brazivd scenarios are analyzed, the first one consmdysthe
tariff removal and the second considers both tariff tax credit removal. The impact on Brazilha first
scenario is a 9.1% increase in production and aiéd#éase in exports. Higher ethanol prices ina¢has use
of sugarcane to produce ethanol by 4.9% and dextbashare of Brazilian sugarcane used to proslugar.
As a result, there is a 1.8% increase on sugadvgoites.

When both tariffs and tax credits are removed, ddBnestic prices increase by 16.5%, which is sméikmn
in the first scenario. U.S. imports increase by%3Ih this scenario, results for Brazil are als@ben, ethanol
production increases by 6.3%, exports by 44% aadliare of sugarcane in ethanol production incsdage

3.4%.

The OECD-FAO agricultural outlook 2007-2018 regodluded projections for supply, demand, trade pnicks
of ethanol and biodiesel. The agricultural outlimkased on the Aglink partial equilibrium modehely
assumed high oil prices and continued public sugpobiofuel in the U.S. and Europe as the maiweds of
biofuels production. In their projections, ethapabduction reaches 125 billion litters in 2017, @¥his twice the
guantity produced in 2007. World ethanol pricesulthde around US$ 52-53 per hectoliter and tradelshoe
almost 10 billion liters by

2017. Most of the ethanol trade will happen fromaBirto U.S. and EU. For biodiesel, they expectbiflibn
liters production by 2017, and biodiesel pricethimrange of USD 104-106 per hectoliter. Intermatio
biodiesel trade will occur mainly from Indonesialdvlalaysia to EU countries.

Fabiosa et al. (2010) use the FAPRI multimarkettirsommodity international model to assess thea# of
biofuels production on land allocations. They cdesitwo scenarios, in the first one there is a If¥ease in
U.S. ethanol demand, while in the second scenbei@tis a 5% increase ethanol demand in Brazih&lthe
EU and India. In the first scenario projects tihat increase in U.S. corn prices induce signifi¢amd
allocations changes. The price effects influeneentbrld prices and land allocation in Argentina &ndzil. If
the U.S. removed ethanol import tariffs, Brazilg@oducers would increase their ethanol productioméet
U.S. demand.

In the second scenario, the effect of ethanol esiparis felt mainly in Brazil through impact on sugane and
sugar. Brazilian sugarcane area increases sulahaatd sugar production falls because sugar potoatu

competes with ethanol. They conclude that glotfeces of biofuels expansion on land are smallen tha



increases in local demand and on the local ethiadaktries. The U.S. ethanol expansion causege land
reallocation in the U.S. between soybean and edhniie in Latin America there was a grain oil seed
reallocation. Authors were surprised by the smialbal land effect of the Brazilian ethanol expansio

In almost all of these studies, Brazil is the passéesidual producer of ethanol, sugar, and soyhe@mly
one of these studies (Fernandez-Cornejo) allowarfgrimpact of technical change in Brazilian (o)US
agriculture and in that case the assumed prodtyctigis virtually no impact. The rest assume thep and
ethanol production technology will remain constangjrow according to past trends . All of the migd
except Fernandez-Cornejo, which sets productiogldefrom the goals of the Brazilian governmentlU&tand
European policy determine Brazilian production.nB@f the studies attempt to model the impact eiziian

policies on Brazilian ethanol and agriculture onvaorld prices.

4.1 Our Approach
In this paper we assume that the Brazilian ethimglistry production is determined by the biofudiges of the
U.S. and Europe as they work through internatiomaikets. We look at the effects of different ralbgies
scenarios on Brazilian ethanol production and sugéces of ethanol and sugar, and land usendthar set of
scenarios we look at the impact of possible lamdpadicies and government policies and taxes oaligesand
ethanol prices.
The model used for the simulations is a modifiesiom of GTAP-6, which is extended to allow enecgpital
substitution relationship as in the GTAP-E (enemygdel by Burniaux and Truong (2002). In additithg model
accounts for the substitution between biofuelsfasdil fuels. To introduce this substitution a eesCES function
between biofuels (bioethanol and biodiesel) andofeim products is incorporated into the strucafrf6 TAP-E,
an approach also used by Birur et al. (2007) anteHet al. (2008).
The GTAP 6 model contains 57 sectors, among theref@2@sent agricultural and processed food sddtmwever,
some of the sectors are aggregated, for exammesegrains and oilseeds, and in order to getfconm coarse
grains and soybeans from oilseeds we use the pno§pditcom developed by Horridge (2005) and traal@a drom
United Nations Commodity Trade Statistics Datal{tb¢COMTRADE). Besides, we created four new indastri
sectors for the production of activities associatétl biofuels, which are: sugar ethanol, maizeaatif, soybean
diesel and rapeseed diesel.
The model also considers the effects of the pracluaf byproducts such as dried distilled graind aoluble

(DDGS) and biodiesel by-products (BDBP) that aneegated when there is biofuel production. In otdeto that



it changed the output structure, from single totirautput, and used a constant elasticity of tramaf(CET)
function, which allows for optimization of outpuétwveen biofuel and its byproducts. Because thedolypts are
produced at an almost fixed share of their cornedjpy biofuel products, the elasticities in the Ciigfiction are
given small values such as in Taheriopur et al0820in addition, the model also considers the ttuition
between biofuel byproducts and other feed. To ceflds substitution, two levels of CES functioms ancluded in
the model. In the first level the substitutions ag@arious feedstuffs in livestock production dieveed, in the
second level, the substitution among DDGs and &R, and processed feed are also introduced imtizl.
Another modification in the model is the land alition. In the standard version of GTAP, differgmtets of land
are used as imperfect substitutes for each otbearetver, all uses have the same degree of subbilitytawith

this standard land structure is difficult to captdifferences in substitutability that will arid&e use in our model
a similar land structure as in Banse (2008), whidbws for different degrees of substitutability @amg the
cultivated land for different crops. Specificaltyour model, the land use allocation structurgested by adding,
to the standard GTAP model, a three-level CET wmlestieicture that considers the different degrees of
substitutability among different use types.

In conclusion, our model includes some featureb sigc a disaggregation of coarse grain and oilseetrs in the
GTAP database to extract corn and soybean, regphgtan introduction of four new industrial secpthe
possibility of substitution between biofuels anddib fuels; a different approach for modeling latidcation; the
introduction of a multi-output structure; and thubstitution between biofuel byproducts and othedfmputs for
livestock production. All those modifications petraibetter assessment of the impacts of biofuelsldpment on
agriculture and the rest of the economy.

Scenarios

In order to build our simulations scenarios firgt use historical data from the Brazilian statistioseau and
calculate the geometric growth rate of sugarcaeld yietween 1996 and 2006 census. During the s yeriod
the geometric growth rate was equivalent to 1.04%sypar; from this number we construct a consergattenario
(alternative 1), which would imply half of the hisical yield annual growth rate, 0.50%, and a map&mistic
scenario (alternative 2), which would be doublehistorical rate and equivalent to a 2% yield ahiguawth rate.
Besides considering feedstock productivity, we @alilo consider conversion technology improvemehégs, will

be our third scenario. Based on the study by varitdall Bake et al. (2009) we will consider a 10%phovement

in conversion ratio (alternative 3). In alternativecenario, we allow a 0.52% land expansion, wtiésenumber is



a growth of rate calculation of land use accordin§AO (Bruinsma, 2010) s. In alternative 5 scemasie allow a
gradual increase in substitution elasticity betwgasoline and ethanol from 3 to 10 and in alteveddi scenario
we allow a double increase in petrol prices. Finailalternative scenario 7 we combine the prevelternatives
(5 and 6).
5. Conclusion
This study is an overview of Brazilian biofuels ip@s, technologies and research, and future stionkof
biofuels demand that might affect the Brazilianfbéds industry. We examine the policies in plabe: blend
mandate and gasoline and ethanol pricing, taxestauit incentives. This year there was a shortdgghanol
and prices increased. As a result the governmembiiking on another national plan to give more s to
increase investments and production. The governaisatapproved a federal environmental law that
established a gradual elimination of burning thgascane straw and approved a Decree that determitesdifor
the expansion of sugarcane land use (SugarcaneEagogical Zoning known as ZAE Cana). Sugarcand la
use is monitored by the National Institute for SpResearch (INPE) through a project that is calladasat that

maps sugarcane crop are using remote sensingtedtaiges.

In the case of biodiesel the government is alsergincentives for mills that buy raw materials fréamily
farmers, soybean is still the main raw materiabuse biodiesel production, but many oilseeds saglgotton,
oil palm, castor beans, peanuts, sunflower amdomgretave potential for the production of biodidmelthe
challenge is to develop technologies to producetfighere is also an opportunity to produce bioditeen
perennial species in the Amazon, however, it ieggary to put social and environmental safeguargiace as
well as instruments for government monitoring. Béseél technologies and production in Brazil ari fati from

the ethanol ones, it will require more time, indegd and regulations.

Both federal and state governments have made nmaj@stments in sugarcane breeding since the fiéiof
the XX century. The main government institutionspensible for research are the Institute of Agroyain
Campinas, Instituto do Agucar e do Alccol (latewiéts closed and scientists were distributed torséaderal
universities in network called RIDESA), more recEMBRAPA also started an agroenergy program. The
private sector also has made many new investnmiBasides CTC, funded by sugar and ethanol millsaCan
Viallis and Alellyx are working in sugarcane breggland biotechnology. For the conversion of sugj@dnto

ethanol the private sector has been the main regperor the development of new technologies, rireeshand



logistics, Brazilian government supported this areanly through credit. The results of over 30 geair
research are an increase in efficiency and cosctimh of both feedstock and producing ethanolkifigl with
scientists and researchers in the area they methi@iis still room for improvement in the firstroggration
biofuels. But even with this perception new goveentrmoney has been allocated to second generailotose
based biofuels made from bagasse. The privaterde@tso making new investments in biofuel progret
capacity and in improved conversion technology. d@cently companies are also focusing on devajopin
processes that will convert sucrose or biomass‘drap-in-biofuel” but recently discussions withnedars
suggests that the technology will be ready to h@lémented by about 2013 and it will start to makpacts on

production around 2017.

Looking at future prospects through simulationsifrihe literature, there is expectation of incraadgrazilian
ethanol production, which depending on the sceraribtimeline, varies from a 9.3% increase in potidn
(Hertel et al, 2008) to a 53% increase (Fernandan&jo et al., 2008). With the recent increasedliprices, the
Japanese nuclear accident, there is an expectatibhiofuels will continue to develop as an al&tive and
there is an expectation in increase in productiotié world and in Brazil.

For Brazil, ethanol and food crop production arpastunities for the industry and the agriculturett®r without
necessarily increasing land and/or destroying faed biodiversity. Based on ethanol technolodies were
developed and based on continuous research indhstry there is still room for increase in ethanol
productivity. Even though there is land availaldeificreasing crops and biofuels production in Brétzere is
also room for increase in certain crops and sugarpaoductivity, this will varies depending on Beazilian
region and that exactly this possibility that weuleblike to explore. As a next step, we intendrieeistigate
further and using a CGE model we will ask how Brazisugarcane yields historical average and tibice
average, will impact agricultural prices (ethamallisive) and land-use allocation among crop adtives in

major countries in the world.
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Tables and Figures

Table 1 - IPI rates for cars - 2010

Cylinder Ethanol or  Ethanol or Flex Fuel
flex fuel

1000cc 3 7

Up to 2000cc 7.5 13

Over 2000cc 18 25

Source: Federal Decree 6.809/2009.

Table 2 - Brazilian Central Bank: Corporations @r&perations Used as Reference for Interest rate
% per year
Period Hot Discount Discount of Working Guaranteed Purchase Vendor

money of trade promissory capital accounts of goods
bills Notes

2009

Dec 53,2 36,0 52,1 27,9 76,9 18,1 16,6
2010

Jan 51,4 36,8 50,1 30,1 80,9 19,4 16,1
Feb 52,8 38,2 51,9 29,1 79,6 18,8 14,7
Mar 48,3 36,9 51,3 28,8 81,8 16,8 14,3
Apr 44,1 38,0 45,0 28,5 81,4 18,9 15,4
May 51,0 38,5 42,4 29,3 81,2 18,9 16,2
Jun 48,8 38,4 42,3 28,5 85,0 17,9 16,4
Jul 46,7 41,1 42,8 29,9 91,8 17,2 17,0
Aug 47,0 42,8 42,5 30,2 92,7 17,3 17,3
Sep 50,2 42,0 52,6 29,4 93,2 17,4 17,9
Oct 43,4 43,0 62,6 30,6 91,1 17,9 18,7
Nov 39,1 41,1 54,2 28,2 96,5 18,8 17,3
Dec* 46,1 39,1 53,6 27,3 95,7 17,0 16,5
2011

Jan* 42,2 42,0 52,3 29,3 101,4 17,2 18,7
Feb* 44.8 44,5 58,1 30,5 101,2 18,0 17,8

Source: Brazilian Central Bank.



Table 3 - Reduction of federal taxes by region

North, Northeest Certer- PRONAF PRONAF
(castor and palm West, farmers of farmers of North,
oil) South and all regions  Northeast and
Southeast Semi-arid (all
raw materials)
Redudion of 77.50% 73.57% 89.6% 100%
PIS/PASEP
and COFINS
Source: Federal Decree 5297/94.
Table 4 - Brazilian states share of sugarcanevaéid area
States 19964 1997 1994 1999 200(q 2001 2002 2003 2004 2004 200€ 2007 200¢ 2009
Sdo Paulo 51.61 50.1] 50.79 51.3f 50.92 51.11 51.12 52.4( 52.4( 53.05 54.7( 54.90 55.31 55.82
Minas Gerais 5.12 5.72 5.53 5.63 6.0q 5.88 5.34 5.64 5.94 6.00 6.75 7.0] 7.43 8.17
Parana 5.9¢ 6.15 6.15 6.80 6.7 6.73 6.89 6.95 7.09 6.96 6.77 7.60 7.24 6.80
Goias 2.44 2.36 2.85 2.98 2.85 2.59 3.9] 3.12 3.13 3.44 3.72 3.92 5.07 5.99
Alagoas 8.95 9.2€¢ 9.15 9.09 9.47 9.1] 8.4] 7.73 7.5] 7.00 6.29 5.8(¢ 5.29 4,94
Pernambuco 9.7 9.72 8.77 7.18 7.37 7.88 7.53 6.68 6.45 6.33 5.27 5.03 4.91] 4.02
Mato Grosso do Sul 1.70 1.68 1.72 1.89 2.03 1.98 2.15 2.24 2.32 2.35 2.39 2.7 3.08 3.27
Mato Grosso 2.45 2.74 2.7 2.97 2.77 3.32 3.39 3.6 3.67 3.54 3.16 3.09 2.67 2.74

Source: PAM/IBGE.



Figure Z— BNDEES Disbursement for the sugar andethano sector
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Figure 2 — Ethanol Production in the US and Brazil

Ethanol Production

45
40
35
30
25
20
15
10
5
0

Millions Cubic Meters

19751977 197919811983 19851987 1989 1991 1993 1995 19972089 2003 2005 2007 200¢
=@—Brazil =l=USA

Source: Ministry of Agriculture, Livestock and Fo8dpply (MAPA) and the U.S. Energy Information
Administration (EIA — Table 10.3).



Figure = — BNDES Disbirsement for the sugar andethan
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Figure 4 - Sugarcane zonning
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Figure £ — Contribution of feedstock caosts to total ethanol prodiction costs
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Figure 6 — Trends in the costs of sugarcane pramuct
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Figure 7 — Trerdsin the cosi of ethenol production
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Figure 8 - Sales of ethanol and flex fuel vehicles
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