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ABSTRACT

Ethanol has been recently of great interes worldwide due to two main ressons. Firg, it is a
vidble dterndive to oil products used in light vehides which price has been subdantidly
rased in the last years. In second place because ethanadl is a renewable source of energy and as
such, mitigates the emisson of greenhouse gases. Although Brazil is losng its leadership of
ethanol production for the United States, it is internationdly recognized as the leading country
to deveop its ethanol production from biomass Differently from the American sysem which
relies on corn as principd rav mateid, Brazilian ethanol is produced from sugarcane. The
Brazilian route shows up as much more competitive and much less pollution contributor then
the American one. The objective of this work is to analyze the leading aspects of the Brazilian
Innovation Sysem built around the sugarcane industry. The Brazilian success in terms of
ugarcane cannot be undersood just as based in a naturd comparative advantage, but as a
result of accumulation of efforts which ended in a pogtive trgectory of technologicd leamning,
rdying, mogly, in incrementd innovaions Tha process had, as inflection point, the
ProAlcohol Program, launched dfter the firgt il crigs in 1973. From that Program on, the agro
industry dated the diffuson of innovations making possble costant increases  of
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productivity and cost reduction on its production. The technologicd advance brought benefit
to both the dcohol and sugar production; Brazil became the world leader sugar producer. This
work is based on the agpproach of nationd sysems of innovation, according to which the
innoveive peformance of a given country, region or even a sector, canot be learned by
focusng on the efforts and performance of the companies done. Innovation results from the
interaction of players from different inditutiond naure To andyze the inditutiond
arangements as the bads to the innovative process, this work will dudy the Brazilian efforts
on R&D, policdes and innovation drategies of man players regarding the country’s innovation
sysem in the sugarcane sector, induding sugar and ethanol mills, indudrid goods suppliers,
public and private research inditutions and governmenta agencies. Given the need to intengfy
the productive and technological effort to meet the new perspectives of expangon for ethanol
production, important changes are to be done in the exiding inditutiona arangement, where
the State needs to have a more active podtion. This need is being manifested with more darity
recently, given the posshility of launching a new ethanol program. It is dso daed the need
for the sugarcane sector to make a technologica and productive legp, cdling the atention for a
bigger engagement of the public players for financing and coordinating the innovation efforts
for the sector.

1) Introduction

Recently, ethanol produced from biomass has been cdling the atention worldwide due to two
man reasons Frg of dl, it is a viable dterndive to subditute oil products used in light duty
fleet vehicles, which prices has risen ggnificantly in the last years. Secondly, because ethanol

isarenewable energy source and as such, mitigates greenhouse emission effects.

Although Brazl is second in ethanol production, after the United States (F. O. Licht. 2007), it
hes rased internaiondly as the country that has developed the most producing ethanol from
biomass. Differently that the American system, based in corn as its raw materid, Brazlian
ethanol is produced from sugarcane, mog of times associated with sugar production. Brazlian
route is more competitive and less polluted in terms of generating greenhouse gases that the
American one.
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The objective of this aticdle is to andyze the man characteridics of the Brazilian innovation
sysem which was sructured around the sugarcane agroindustry. The Brazilian success in
terms of sugarcane cannot be understood as just a naurd compardive advantage, but as the
result of a virtuous trgectory of technologica learning drongly based in  incrementa
innovaions. Tha process had, as an inflection point, the Nationd Program for Alcohol —
Prodcool — launched in 1975 dter the fird ol cises From this Program, Brazlian agro
indusry darted a virtuous path of innovation-diffuson, making possble congant increases of
productivity and lowering production cogts, both in agriculturd and indudrid aess. Bendfits
from technological advances reflected in ethanol and sugar production; Brazil became the firgt
world sugar producer.

This work is bassd on the goproach of nationd sysems of innovation (Lundvadl, 1992
Freeman, 1987; Neson, 1993). According to this gpproach, the innovative performance of a
country, region or even a given sector cannot be cgptured just from viewing the efforts and the
performance of companies individualy.

Innovation is a process that results from the interaction of players from the same or different
inditutional nature. To andyze the inditutiond arangement tha supports the innovation
process, this work surveyed the informaion on P&D, policies and innovation drategies of
principd players of the Brazlian innovation sysem in the sugarcane sector (mills of sugar and
ethanol, capitd goods suppliers, research inditutes — private and public, and government

agencies).

This dudy is divided in three parts. Chapter one refers to a background of the sector system of
innovation, basad on the exiding literature. The second one brings a description of efforts,
drategies and peformance of the principd players of this sysem based on information from
the players and secondary sources. In the third chepter we reflect upon the interactive
dynamism of the main components of that system.

2) Origins of the Sectoral Innovation System

Sugarcane was the firs commercid crop of the Portuguese colony. During the 16" and 17"
Centuries, the Northeast region of Brazil became the more important producer and world
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exporter of raw sugar based in the plantation economy based on dave labor brought from
Africa Although that was a prosperous economy, the linkeges for the region were dways
limited. In the midde of the 17" Century the Netherlanders left the Brazilian Northesst,
bringing dong the sugarcane crop to the Caribbean. As a consequence, the Brazilian sugar
economy receded. Rapidly, new economies emerged in the British, Spanish and French
colonies in the Caribbean bassd on lage plantaions thus competing with the Brazlian
Northeast, displacing its hegemony as sugar producer. As a consequence, the Northeast region
darted a secular stagnation process (Furtado, C. 2001).

The Brazilian production sysem of sugar will suffer a marasmus snce then, keeping its
economy a a soond line exporter. Changes in that sysem with low productive dynamism
will occur only from the 1929 crigs, when Federd Government, emerged from the Revolution
of 1930, will hdp the wek sugar agro indudry economy by dlocating resources to buy
resarve sock and credting the Inditute of Sugar and Alcohol — IAA, in 1933, The expanding
internal market, due to indudridization, turns to be the naturd subgtitute for the externd one.
It is the same period that the use of dcohol mixed to gasoline dats. The difficulties with the
trangportation of sugar, produced in the region lying dong the coast, were intendfied during
the Second War promoted the consolidetion of the sugar indudtry in Seo Paulo, located in the
Southeest region. Here, this industry emerges more dynamic, based in modern production
techniques, surrounded by an indudtrid complex which produces indudrid equipment and by
dgnificant research inditutions as the Agronomic Inditute of Campines (IAC) and the
Agronomic School of Fracicaba (EsAq).

The Feded Government will try, &ter the war and through the IAA, to adminidrate the
exiging conflict between the wesken Northeest region and the ascending one in the Southeedt,
separating quotas and defining the production for each region of the country viewing specific
makets, ending with the following arangement: the sugar produced in Seo Paulo will sidfy
the Brazilian Center-South market, wheress the Northeest will keep the more profitable
externd market (Szmrecsanyi, T.; Ramas, P. 2006).

The internationa market for sugar recovers again from the Sixties and the Brazilian Federd
Government darts, through the 1AA, dats in 1971 the program of rationdization of the sugar
agro industry and the nationda program of sugarcane improvement, the Planasucar.
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The Brazlian sugar supply grows dgnificantly during the firg haf of the Seventies pushed by
exports. However, sugar prices sarted to fdl from the second part of that decade. At the same
time the country faced the oil criss. Federd Government takes a set of measures to figure the
problems caused by the excessve oil dependence, imported over 80% and which price had
risen four times in 1973. One of the government initigtives is to assocdiae the potentid of
expanson of the sugarcane indudry with the given opportunity caused by the oil crids by
launching the Nationd Ethanol Program, the Prodcoal, in 1975.

This Progran had the objective to subdtitute the internd gasoline consumption by the ethanol
produced from biomass The ideg initidly, was to devdop more than one crop, such as
cassava, but it was sugarcane that soon became the crop with larger potentid. To boost ethanol
production, Government provided capitd, to negdive interest rates, for the building or
expanding sugar mills which incorporated annexed units to didillate the doohd. The
production will be multiplied by five, from 664 thousand n? in the 1976/77 harvest season to
37 million m® in the 1980/81 harvest one. Soon the country’s production of anhydrous ethanol
will be enough to be mixed to gasoline in the proportion of 15 to 20%.

After this fird phase, Federd Government will gart, because of the success in producing
ethanol and the second oil criss in 1979, a second invesment cyde and multiply by three the
interna  production until 1985. This time ehano will be used done in vehides spedcidly
manufactured for its use. The emerging of a new merket for dedicated ethanol vehicles was
possble only because the Program relied on governmentd fisca ad for buying new vehices
and controlled prices pledging ethanol profit when compared to gasoline Government induced
Petrobras — the Brazlian Oil Compay — and didributors to create the needed systems for
dorage, trangportation and didribution of hydrated ethanol to be used pure in light vehidles.
This st of measures, plus financing ads for new didilleries guaranteed thet, in a period of
five years, production of ethanol exceeded the god of 10 million m® established, reaching 11,5
million n? in 1985 and leading the country to a rapidly growth of its fleet fuded by hydrated
ethanol.

The success of the Prodcool hid important difficulties such as the necessty of high
Governmenta subsdies to the sugarcane agro-industry in order to assure the expanson of its
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productive complex. The return of the democracy and the expanding economic criSs puts an
end to the capacity of the Brazilian Government to dlocate sgnificant cgpitd flows into new
economic activities consdered as priorities The aggravatiing component of this Stuetion is the
20 cdled ol counter shock, in the middle of the Eighties when ail prices fdl worldwide. Soon
the fdlen of internationd prices will have an effect in the internd market for the derivates of
ol and gasoline The red price for acohol, dependent on the gasoline rae, follows the
tendency of drop in prices and, & the same time, subddized ad flows for new didilleries

cease.

The dabilization of dcohol production from the Eighties creastes an explosve Studion.
Ethanol interna supply, stagnated, is not capable of satisfying an increesng demand based on
controlled prices and subgdies to sdes for dcohd cars The result is biofud shortage for find
consumer a the end of the Eighties putting the Program into a loss of its credibility. In the
beginning of the next decade, Brazil imported ethanal to supply itsinterna demand.

The shortage ethanol crisis and the extinction of the IAA, executed by the Collor Government
in 1990, mark the end of the Prodcool and the beginning of a new sage. Cars fudled by pure
ethanol, which represented 90% of sdes of Brazlian light duty fleet in the Eighties dedined
tremendoudy. Equilibrium of nesr 12 million m® per year is established between supply and
demand and it lagts through the Nineties The rdaivey undable Stuation counts with two
eements. The firs one is the recovery of the internd market for automobiles lead by the 1000
cc fuded with gasoline mixed with anhydrous ethanol. On the other way, sdes of new cars
fuded with pure ethanol keep up very low not dlowing fleet's replacement. During a certan
period these two phenomenon compensate each other; the drop in the consumption of hydrated
ethanol or pure ethanol (AEHC) is counterbdanced by the use of anhydrous ethanol (AEAC)
(Figure 1). Though, & the end of the Nineties, the quantities of old vehicles fuded by pure
ethanol being scrapped surpasses the production of new ones putting into risk the digribution
infragtructure created during the second phase of the Prodcool, of over 25 thousand fud

gations.
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Fgure 1. Evolution of Light Het Vehides Fuded with Pure Ethanol (AEHC) and Ethanol
Consumption in Brazl (1980-2006)

The important issue to observe is tha the rddive feebleness of the ethanol market opposes the
dynamism of the sugarcane industry which kept its productive expanson though out the
decade (Figure 2) (Furtado, A.T.; Scandiffio, M.L.G.,, 2006). That dynamism is given to the
expanson of the sugar market guided by the exports Between 1992 and 1999, Brazl
multiplies per five its sugar exports becoming the world exporter leeder. In 2004, the country
represents 36.2% of sugar world exports. This great performance on exports is directly related
to the dynamism of the sugarcane agro indudry which produces in mills annexed with
didilleries having the option to dternate the production of sugar or ethanol, according with
the opportunities of expangon offered by those two markets.



600.% 80
AT c
™
500.000 / T 30.000 S
= 400.000 /A/A\Z Sl §
el . -
S) e N
s / T 20000 %
& 300.000 1 3
@ [}
% = g T 15000 £
S 200.000 : 0=0— g =
a ” ®"  Ethanol T 10000 =
: g
100.000 -M T 5000 8
i
74175 78/79 82/83 86/87 90/91 94/95 98/99 02/03 06/07
Fgure 2 Evolution of Brazlian production of sugarcane, sugar and ethanol (2974/75 to

2006/07)

The ethanol market is growing agan, recently, because of the progressve rase on internd
prices for oil products. The reduction on price of hydrated ethanol when compared to gasoline
made more advantageous the buying of ethanol fuded vehides Even though, consumers thet
had bad memories of the ethanol shortage in the internd market, besdes the uncertainties of
maintenance of prices would be more advantageous compared with gesoline rates’, were
reticent in buying new ethanol cars.

The solution came in 2003 with the introduction of the flexible fuel vehicles (FFV), which can
use any proportion of ethanol or gasoline in the same tank. This way, option is given to the
consumer who can choose depending on maket’s fud price and avalability. FFV cars sdes
success soon reflected on hydrated ethanol  production, which increesed accordingly (Figure
1). The production of hydrated ethanol hed fell to less than 5 million nT in the beginning of
this decade, then reaching 8.1 million n? in the harvest season of 2005/06 (Figure 3). Keeping
the rhythm, the harvest 2006/07 produced 9.8 million m® of hydrated ethandl. Even though,
this leve is inferior to the one regigered in the Ningies, when production of hydrated ethandl
resched near 11 million m®, and mantained the anud volume in goproximately 10 million n?
during the first eight years of that decade.

Neverthdess, that recovering in the interna consumption, together with the growth on exports
of ethanol, were enough to creste a dight shortage of the biofud in the last period between

* Estimated equilibrium price ethanol/gasoline is 70%.
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haves seasons To minimize that insufficdency, Government decided to reduce ethanol mix in
gasoline from 25% to 20%.

Supply of ethanol in Brazil is recovering and surpassed, in 2007, its higoricd levd of the
middle Nineties pushed by atractive internd prices for the biofud and growing exports
perspectives. There are many mills being built or expanded, mogt of them producing both
sugar and ethanol. Investments must increase the country’s processing sugarcane capecities of

aound 420 million tons in 2007, in 80 million tons more meking posshble to expand ethandl
aupply in 4.4 million n.
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3) Leading playersin the Brazilian Sugar cane Agro-Industry Innovation System

The expanson of the sugarcane production was badcdly supported by the expanson in the
dae of Séo Paulo. The sectord innovaion sysem for sugarcane production tended to expand
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more dynamicdly in the riches region of the country. And the dynamism of the Sdo Paulo
region was basad in the conjunction of severd factors from which one can detach the abundant
good qudity natural resources, better transport and energy infradructure, nearness to the
country’s biggest market and, above this dl, the insartion into a regiona system of innovation
which converge producers, capitd good manufecturers, research inditutes and universties.
This sysem made possble that the region experimented gradua increases in the Sugarcane
productivity from cultivetions developed in this same region.

For this reason, the Brazilian innovaion sysem for the sugarcane agroindudry is essentidly
from S80 Paulo. This region is the one supporting and sudaning practicaly dl the rdevant
inditutions that act dynamicdly in that sysem. The origindity of the sugarcane innovetion
system in Sao Paulo is the supremacy of private research over the public one, dthough it was
not aways like this, contrary to the rest of the agro indudtry.

Brazilian agriculturd research is predominantly financed by the public sector. A sSudy
conducted by Embrapa (Beintema, N. M.; Avila A. F. D.; Padey, P. G. 2001) estimated that
Federd research inditutions (moslly Embrapa) as well as the date ones and universties are
regponsble for 8%% of the Brazilian research efforts on agriculture and catle-rasng. This
does not seem to be the gdtuation for the sugarcane sector. The more important sugarcane
ressarch center, the Centro de Tecnologia Canaviera-CTC, is a private inditution. Federd
Government has had a timid action in this are, modly after Plandsucar was cosed, as a
conssquence of the extinction of the IAA, in the beginning of the Collor Government.
Pandsucar had activities regarding genetic improvement in severd Brazilian dates Those
activities were partidly maintained with the support of the private sector.

Following, there are the leeder players of the Sao Paulo innovation system.

The “Ingituto Agronémico de Campinas’ (IAC) and “Escola Superior de Agricultura
Luizde Queroz’ (Esalq)

The Agronomicd Inditute of Campinas (IAC), established in the 19 Century, was initidly
crested to support the coffee cultivation in the date of Sdo Paulo. It was only from the
Twenties of the last Century, when sugarcane crop commenced its expanson in Sdo Paulo,
tha fird needs for research emerged. In 1924 agriculturd production in the State was

10
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threatened by fast dissemination of the mosaic disease, a plague that attacked sugarcane crops.
The fighting to tha plague demanded the devdopment of new varigties, more resgant. The
Sugarcane experimental daion of the Superior Agriculturd School Luiz de Queroz (EsAq),
located in Piracicaba, inner the Sfo Paulo date, was created by State Government and had
soon a rapid success (Mariotoni, M. 2004). In the Thirties, the experimentd dation was
transferred to the IAC.

From then on, IAC assumed the leadership of the development process for new varieties and
modernization of the sugarcane crop within the dae Although IAA counted with more
dations in other dates of the country, the S0 Paulo sugarcane agro indudry became very
dynamic and surpasses, for the firg time, the Sate of Pernambuco in the production of suger,
during the Fifties The favorable dtuation of IAC begins to change from the Sixties on, when
State Government of Sdo Paulo drops the capitd flows for the Inditute, getting word in the
next decades.

The Agriculturd Inditute of Campinas, IAC, will recover its paticipaion only from the
second decade of the Nineties with the launching of Procana, an improvement genetic program
from IAC. That program will redructure the research activities of the IAC in new bases.
There was a decentrdization of the program, which now acted in more experimenta dation,
and with contribution of the private sector. The program has become an important success, not
only for the launching of new vaidies but manly for its capacity of introducing new
agricultura methods for the sugarcane crop for its associated mills The IAC program costs R$
2 million per year and it is financed 60% by the private sector (Hasegawa, M. 2005).

The National Program for Sugar cane | mprovement (Planalsucar)

In 1972, Pandsucar (Programa Naciond de Mehoramento da Cana-de-Aclcar) established
its headquarter in Piracicaba. This progran emerged as intent of improving sugarcane
productivity through out the country. In Sdo Paulo, the progran had 5 experimenta dations
Nevertheless, the contribution of the program was directed to public interest research and low
economic return for the State. The research a Plandsucar explored the dominium of genetic
improvement and extended to the indudrid process aea The advances dlowed the
introduction of technologies for recyding the vinesse, essentid issue for the environmenta

11
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vigbility of Prodcool. Even though, the contribution of the program wes limited introducing
new varieties of sugarcanein the date of So Paulo (Bdlik, W., 1985).

Mandsucar played and important roll in other dates of the country to accommodate the
modern usages for the sugarcane crop. The program opened 30 dations through out the
country, 14 in the Center-South regions. Its contribution was dso very important to improve
sugarcane productivity in the Northeest States There were more experimenta dations in the
date of Alagoas (Northeast) than in S&o Paulo.

Pandsucar was dismantled right after the extinction of IAA, in 1990. Its activities were
incorporated by Ridesa

The Inter Universty Network for the Development of the Sugar-Ethanol Sector (Ridesa)

Ridesa (Rede Interuniversitaia para 0 Desenvolvimento do Setor Sucro-dcoolero) is formed
by Federd universties and it is a company crested with the purpose of incorporating the
activities of the extinguished Plandsucar, by giving continuity to the devdopment of
researches viewing the sugarcane genetic improvement. The network was agreed and sgned
by seven Feded Univeasties (UFPR, UFSCa, UFV, UFRRJ UFSE, UFAL and UFRPE)
located in the same areas where former Planalsucar was. Technical gaff was absorbed from
Pandsucar and infragtructure from head-quaters and coordinator branches from the
experimental  dations. With the support of a dgnificant pat of the Suga-ethanol Sector,
through covenant, the network darted its functions in 1991, teking advantage of the daff
cgpacity and the regionad bases of the extinguished program, to which were joined professors

from the universities.

Ridesa counts with 31 experimenta dations to development its research; those ddions ae
drategicadly located in seven dates of Brazil, where sugarcane has important expression.
Besdes those experimenta dations, the network develops dso research within the campus of
the seven Fedeard univerdties, in different graduate courses, mainly for master and doctorate

levels
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Ridesa continued the Genetic Improvement Program for Sugarcane (Programa de
Mdhoramento Genético da Canade-agicar  (PMGCA), which gill uses the code RB to
identify its cultivations the PMGCA rdessed 65 vaieties Ridesss as a company,
accanplished dgnificant success developing varigties and competed with the program from
Copersucar in the rdease of sugarcane varieties. Those RB varidties are regpongble for 57%
of cultivated sugarcane area in the country. Resources for the program are limited and come

bascaly from privete initiative.

The Center of Technology for Sugarcane (CTC)

Copersucar (Centrd  Cooperativa de Produtores de Aclicar do Edado de Sfo Paulo) was
cregted in 1959 as the fuson result of two regiond co-operatives. That co-operative expanded
rapidly, participating with 51% of the sugar market share in the country (Marictoni, M. 2004).
That coopedive fdt no interex from IAA to promote genetic improvement programs.
Pursuing a change in that Stuation because it did not help the locd agro industry Copersucar
invited, in 1968, the Hawaian geneticis Dr. Mangdsdorf to dructure a program for genetic
improvement. This was the bags for the creetion of the Research Center Copersucar.

The Copersucar Center of Technology (CTC) was created in 1970 in Piracicaba It darted,
initidly, competing with the IAA experimentd dations, which had more favorable conditions
than CTC. Rapidly, technicd asigance for the associaed mills will become an important
revenue for the Center. This expeience on mills maintenance will define the Center's

important roll as an improvement leader in the processes for the indudtria area.

The cgpitd goods industry had a low technologica capability during the period before the
Prodcool. When invesments of dgnificant amounts were made deriving the Program, the
incorporated technology in the equipments was obsolete. The function of CTC was badcdly
to introduce incrementa innovations that dlowed improve the efficiency of the extraction and
fermentation processes from sugar syrup. Those incrementd innovations were decisve to
increese the levd of sugar extraction, which increased from 92%, before the Prodcoodl, to 96%
in the middle of the Eighties (Mariotoni, M. 2004).

During the Eighties the new varigties program will dat to yidd good results The varieties
used in the state of Sdo Paulo that had come from other dates of Brazil and from Argentina

13
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darted to be subgtituted by the ones devedloped by CTC. From then on, CTC varieties became
predominant both in the Sdo Paulo sate and the country scenarios.

In spite of the great success accomplished by CTC, Copersucar faced growing financid
problems mosly due to srong fluctuation on commodity prices in the internationd market.
CTC asociates were reticent in financing the Center. As a consequence, the number of
associates, more that 70 mills during the prosperous period of the Co-operative, fel to less that
40 a the end of the Nindies The technologies developed by the CTC, dthough were
extremdy important to assure the sector profit and condant increese on productivity, were
essly agppropriated by the non-cooperates. Copersucar ended on dissolving the CTC, which
became the Center of Sugarcane Technology, in 2005.

The CTC (Center of Sugarcane Technology) is an inditution that counts with a budget of 45
million Reais (Brazilian currency) and 107 researchers.

The capital good industry —the Dedini case

The cgpitd good industry associated to the sugarcane agro-industry emerged basicaly within
the sate of S0 Paulo. The principad manufecturer is Dedini SA., a joint-sock company,
which is dso the leader supplier for indudrid equipment to mills and didilleries Inddled in
Fracicaba, Dedini darted its activities in the Twenties, atending the mantenance demand
from the exiging mills With the ocountry’'s growing indudridization process from the
Thirties, Dedini dated to produce complete equipments, a the beginning, they were smdl
sugar mills and afterwards, modern mills. The public propety technology practicdly did not
change until the Prodcool was launched.

The growing demand for technologica innovations induced by the quaified demand form the
S50 Paulo Agro indudry lead Dedini to change its technologicad profile Snce 1980 until May
of 2007, Dedini placed 60 patent or utility models to INF, the Brazilian Nationd Inditute for
Indugtrial  Property. A quantitetive andyss of those deposts dlows edablishing that patent
activity was very intense during the Eighties or during the Prodcool period, but it suffered a
drong dedine through out the Ningties Only in the beginning of this decade patent activity
will restart (Table 1).
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Table 1: Dedini’s Patent depositsfor Invention and Utility Modelsto INPI

1980-1989 1990-1999 2000-2006
Patent 27 7 1
Utility Modds 11 3 1

Source: INPI (2007)

Dedini was supported by Fapesp (Fundacdo de Amparo a Pesquisa do Estado de Séo Paulo), a
Foundation that supports research in the state of Sao Paulo, to indudridize, in a pilot plat, the
hydrolyss process from sugarcane bagasse. That process represents an important opportunity
for Brazil to develop the hydrolysis technology for the production of ethanal.

CanaVialisand Aldlyx

In 2003, the investment fund from Votorantim Ventures decided to inves 25 million Reas to
crete a hiotechnology company, named CanaVidis The company was formed by a
researchers group from the Federd Universty of Sdo Carlos with large experience in genetic
improvement for sugarcane. Those researchers shared the program of genetic improvement of
Plandsucar during the Seventies and now formed this company with the defined objective of
moving from the traditiond modd of sugarcane genetic improvement to a new one based on
biotechnology. Aldlyx is respongble for the biotechnology activities, and is dso supported by
the VVotorantim Fund.

CanaVidis counts with two experimenta dations, one located in the dae of Séo Paulo and
the other in Paang and a crossng and seedling producing dation in Alagoss. This
infrastructure was a Plandsucar legacy. The company has sgned contracts with 34 mills, from
those, dmog a hdf bedongs to Grupo Cosan, the large sugar-cane group in Brazil. CanaVidis
activities are hdd in an aea of 5935 thousand hectares, producing 54 million tons of
sugarcane, which is equivaent to a production of 5.2 million tons of sugar or 1.8 million n? of
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ethandl)®. CanaVidis improvement program is consdered, nowadays, the largest program in
the world with 1.5 million plantules a year obtaned from hybrid seeds produced in its own
crossing dtation located in Macei§, capitd of Alagoas.

Aldlyx is a company dedicaed gpecificdly to genetic research. Supported by Fundo
Votorantim; its research goes beyond sugarcane, incdluding orange and eucdypt. In partnership
with CanaVidis, Aldlyx research new vaieties which ae deveoped with the use of
biotechnology. According to Vaor Economico Journd, the two companies invest annudly
near US$ 40 million. The god is to use the genetic engineering to develop varieties with better
productivity index, more ressant to droughts and to plagues. The Aldlyx researchers team
counts with 110 professonds, from which 22 hold aPh.D. and 17 are Magter’ s degree.

Supporting Agencies (Organisms)

Since the extinction of the IAA there has been a dgnificant reduction in the support from
public agencies for sugar cane R&D. The Sectors Funds (Fundos Setorias) were created from
1999 to supply some needs emerged as a consequence of neo liberdism reforms that partialy
desroyed the Brazilian innovation sysem. However, none of those Funds would act
specificaly in the sugarcane arena. A survey made on the Prossiga® database, which contains
dl projects on the Prossga base reveds tha orly 81 of them or 0.5% answers to keyword
“sugarcane’. (Table 2).

> Valor Econdmico Journal . Edition dated 6/9/2006.
® Prossiga: Brazilian database Program of Information for Science, Technology and Innovation Management.
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Table 2: Projects of Sectors Funds (1999-2006)

— Keyword: Keyword: A
biomass sugar cane
CT — Energ 46 14 1661
CT — Agronegécio 5 6 1295
CT — Hidro 4 21 1776
CT —Petro 2 7 2932
CT —Infra 1
CT —Vedee Amardo 1 3
CT —Transversas 1 7 1.376
CT —Info 1 9 2.769
CT - Biotecnologia 3 21
CT —Salide 7 1137
CT —Minerd 26
CT — Trangporte 67
CT —Amazonia 61
CT — Aerondutico 51
CT — Espacid 33
CT — Funttel 4 3
CT — Aquavi&io 7
Total 61 81 14.779

Source: basad on Prossiga data, extracted in 22/12/2006.

On the other hand, Fapesp has shown great concern with the sugarcane sector and supported
the Genome Cane project, as a pat of the genome program This project began in 1998 and
has dready identified 50 thousand cane genes. It is a remarkable example of mohbilization of
public resources with intense paticipaion of Universties and Public Inditutes in  the
execution of guided basic research. It is possble that strong corrdaion exists between the
amounts of capitd Fapesp dlotted and the competitiveness of the Sugar and Ethanol Sector in
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S0 Pallo. Fgpep programs ae important initisives and ae behind the Aldlyx and
CanaVidis enterprises in the biotechnology arena.

4) The Interactive Dynamism of the Sugar cane Agro Idustry Innovation System

Payers of the innovaion sysem in the sugar agroindudry had shown an important cgpecity
of interacting. However, those initiatives had occurred gpat from the Government ones or the
public ones, contrary to the rest of the agriculture where public research prevalls. The presence
of the private sector is a centrd aspect of the exiding interaction in the sugarcane system,
which occurs both for the prodems solving dde as for the financing and executing the

research one.

The firg form of interaction condsted in a co-operation among the CTC researches in terms of
indudtria  processes and the capitad goods indudtry after the Prodcool. The pressure roll and
Donndly shutter technologies (millsone feeder) were tranderred and adapted by CTC and
then sent to capitd goods manufacturers in Brazil. Those technologies dlowed an important
improvement in the extraction of the sugarcane juice.

As CTC consolidated as an important center for generating technologica knowledge for the
sector, there was a growing paticipaion of other players in the innovation process. As an
exanple of CTC importance, one can mention the devdopment of the biopolymeric
technology, in the Nineties, in cooperation with the Inditute of Technologicd Research, the
IPT from the State of S&o Paulo. The CTC was dso very important for the cooperation in the
agronomic reseerch fidd. The Cane Program from IAC has collaboration with CTC in the
fidd of devdopment of new varigties and uses the experimentd doation of this Center to
accomplish the crossing of new seedlings.

Ridesa, the company that inherit the Pandsucar program, illudrates the intense interaction
that exists between the agronomic research produced by the Universties and the productive
sector, which sponsors, sgnificantly, the program. The same engagement from the productive
sector can be noticed in the Programa Cana from IAC, which has the support of privae
intigives, manly the program patnes mills but dso rawv materid producers and co
operatives, to finances research activities.
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The kind of sysem condituted after the decline of the State intervention in the sector, has a
leading presence of the private sector regarding the research financing and in the application
of new technologies This sygsem has demondrated a remarkable productive dynamism which
alowed the sugarcane crop to expand regularly whether for the production of sugar or ethanal.

Until recently, the sector's productive evolution was marked by the remaning dements of the
productive bads formed during the State period, above dl, thanks to the Prodcool. The
interactive dynamic, condituted between the private sector and the acting inditutions before
the public programs, adlowed that competences were not put to scrgp. On the contrary, there
was a reorganization of the public agronomic research that incressed its cgpacity to solve
problems and trander technology to the productive sector. Although, this interactive dynamic
is asociated only to an incrementd innovetive dynamic. Thus, it is not cgpable of facing the
emerging technologica chdlenges of the bioethanal.

Demands from the internd market and export expectaions st a bigger chdlerge. The externd
market itsdf has an enormous potentid for expanson. If Brazil hgppens to subditute 5% of
the world demand of gasoline by ethanol, within twenty years this means tha the country
would need to multiply by four its sugarcane production. Still, the needed area and cane
production to meet this god could be reduced with the introduction of new technologies The
productive legp for sugarcane production that Brazil foresees will demand a disruption within
the technologica path that guided the evolution of the sugar and ethanol agro-industry.

Fapesp has answered pogtively to this need, sponsoring projects on disupted technologies
combining public research with the privete one. Besdes the cane network above mentioned,
Fapesp financed the indudridizaion, in pilot scde, for the process of rgpid acdd hydrolyss,
paent from Dedini. This proect is a patnership between the CTC and Dedini within the
Fapesp PITE projects, which darted in 2002. More recently Fapesp consolidated its leadership
in the coordination of technologica innovation efforts for the sugarcane sector, pursuing the
implementation of a program viewing the devdopment of the cane technology and its by-
products. As a fird initiative for this program, Fgpesp and Oxiteno (a chemicd products
company) launched a cdling for research projects for both acid and enzyméic hydrolyss. The
projects, to be executed by research inditutions from the sate of S Paulo will be financed
by Fgpep and Oxiteno, following the edablished principles of the PITE program from
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Fgpesp. A second initigtive was launched with Dedini in the purpose to develop the acid
hydroliss technology or new technologies, the dectricity production from sSugar-cane
byproducts, energy efficiency in the indudrid process, and efficency gains in the didillaion
and fermentation processes. The Dedini-Fepesp wil dedinate 100 millions reds in a 50/50
share, for a5 years period to finance Industry-University research partnerships.

More recently Fapesp launched the Bioen program for promoting ethanol technologies The
progran has 5 man isuues. The fird one is to promote genetic improvement of sugar-cane
vaidies. The second one is the ethanol production process. The third is the use of ethanal in
ca engines. The fourth is the research in biorefineries and dcohol chemigry, and the fifth is
on the socid and environmenta impects of the bicenergy fuds. The public cdl amounts 38
millions reds hdf from Fgpesp, and the other hdf from Federd Agencies manly CNPQ
(Nationa Research Council) and Pronex, from the Ministry of Science and Technology.

5) Final comments

The sectord system of innovation for the sugarcane agro industry was formed centered in the
SSo Paulo region, when production of sugarcane leadership was progressvely transferred from
the Northeast region to this sate. The Federd Government was prominent in the development
of the sector's economic activity through the IAA and the Prodcool production and prices
controls . The modernization of the sugar and ethanol units was extensvely supported by the
IAA resources and the Prodcool mobilized a volume of investments without precedent, with
interest rates subsdized for the sector.

Regarding research, the Plandsucar was an important sep to create a research base for the
sector, besdes to modernize the agriculturd practices. Before this, IAC had a remarkable roll
in the devedlopment of agronomic reseerch in Séo Paulo. The crigs of this modd, cryddlized
with the extinction of the 1AA, did not represent the disarticulation of that sysem. On the
contrary, the sectord sysem of innovation responded dynamicdly, increesng the expenditure
and the paticipation of the private sector in the execution of the R&D. This mgor engagement
increased the efficiency and interactivity in the innovation sysem. However, this is congdent
with the technologicd path supported on incrementd innovations, which was successful to
increase productivity and production, backed on the existing technological base.
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The chdlenges that ae being placed due to the expanson perspectives for the ethanol
production are much bigger. The displacement of sugarcane production to other dates but Séo
Paulo, the leadership of dcohol production over sugar and, above dl, the need to increasse
even more the productivity of the sugarcane productive sysem place technologicd chdlenges
that canot be me from initigtives supported just by the financid resources from private
players. Even because lady, the private sector has sufered some weskness due to the undue
gopropriction of the investment results (gans) manifeted in the CTC sepaation from
Copersucar.

This new dage of the sugarcane agro indudry innovation sysem is responsble for retaking
the leadership of the public sector, both for financing and coordinating the efforts, to guarantee
the execution of the targets in medium and long term productive expandon. The date of S&o
Paulo is assuming this roll though Fgpesp. Even though, given the nationd dimenson of the
chdlenge being placed, the Federd Government should be engaged in a more incisve way
with a technologicd program centered in the expanson of the ethanol production to give a
broader previghility to the leading players on which they could converge to take ther
enterprises decisons.
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