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SUGARCANE BIOENERGY IN BRAZIL:

SUSTAINABILITY, REDUCED EMISSIONS AND ENERGY SECURITY

In 2007, sugarcane ethanol provided 16.3% of
the energy for ground transportation (excluding
railways) and 37.6% of the overall energy supplied
via liquid fuel for Otto cycle engines in Brazil. This
last figure was 51% in 1988.

In addition to the energy extracted and stored
in ethanol, burning the sugarcane bagasse is used
to generate heat for the mill. Bagasse has been
increasingly used as raw material for generating
electricity resold to distributors. In 2007, the total
energy generated from sugarcane in Brazil reached
15.9% of all the energy generated in the country;
this figure makes sugarcane the second major
energy source in Brazil, second to petroleum and
above hydroelectricity.

On top of having the world’s lowest production
costs, ethanol from sugarcane produced in Brazil
has another important advantage: in the country’s
Center-South region, one unit of fossil energy is
used for each 8-9 units of energy produced from
sugarcane ethanol. Reduced carbon emissions are
another benefit from sugarcane ethanol: for each
cubic meter of sugarcane ethanol used as fuel,
there is a reduction of 2.1 to 2.4 tons of CO, issued
to the atmosphere.

Sugarcane landed in Brazil in 1532. In the
“Brazilian model”, sugar and ethanol are jointly
produced, which has brought some technical ben-
efits and a noticeable increase in the competitive-
ness of both products in the international market.
Approximately 50% of the saccharose produced in
Brazil from sugarcane is used for producing sugar;
the other half being used to produce ethanol. In-
dustrial and academic R&D helped to continuously
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increase ethanol productivity, especially during the
past 33 years, at a rate of 3.2% per year. Increased
productivity made possible to reduce the planted
area by a factor of 2.6.

In 2007, the area planted with sugarcane for
producing ethanol was 3.4 MHa, corresponding
to 1% of the total cultivable area in Brazil. 63%
of the ethanol produced in Brazil comes from the
Sao Paulo state, which has the highest productiv-
ity, beyond 7,000 liters per hectare. Most of the
expansion is taking place in the Center-West region
of the country, in degraded grazing lands.

The world interest in biofuels, especially since
2004, created important opportunities for Brazil,
while it also posed great challenges. It is worth not-
ing that the world market for gasoline in 2002 was
1.17 trillion liters, so to supply a 10% demand of
this energy it would be necessary to produce about
150 billion liters of ethanol fuel. This is equivalent
to 10 times the Brazilian production.

Since 1975, with the start of the Proalcool
Program, Brazil had been developing the use of
biofuels, practically without any competition (and
also without much interest from the rest of the
world). High petroleum prices prevailing until
2008 and the growing attention to hazards from
greenhouse gas emissions changed this comfort-
able, almost monopolistic, situation. On one hand,
scientific breakthroughs led decision-makers in the
US and Europe to believe that it will be possible to
produce biofuels in an economically viable way by
processing cellulose, using hydrolysis and/or gas-
ification techniques. The price of petroleum, that
reached US$ 120 per barrel in mid-2008 (though



XXVIII

it dropped since the beginning of the current
economic world crisis) helped to strengthen this
conviction, favorable to the feasibility of cellulosic
ethanol. On the other hand, from the IPCC Scien-
tific Report, published in 2008, stating that global
warming has solid scientific grounds, it is therefore
essential to take action to reduce the emission of
greenhouse gases.

Since the Proalcool launch, Brazil had been
the great, and practically the sole actor in this field.
The scenario has changed: today, more developed
countries decided to adopt the use of biofuels and
they are investing into making this goal feasible,
in terms of financial and corporate resources, as
well as a significant part of their R&D capabilities.
From 2007 on, Brazil lost its world’s leadership in
the production of ethanol to the United States.
The American ethanol production is based on corn,
which is less efficient than sugarcane in several
aspects. The speed of technological advance tends
to increase and the likely breakthroughs may result
in significant changes, either positive or negative,
for Brazil.

Simultaneously, in the new scenario, the
likely increase of the world production of biofuels
brought two relevant issues to the debate. The
first is the increase being perceived as a potential
competition factor for cultivable areas, which
would raise the cost of food. Second, issues related
to the sustainability of biofuel production were
emphasized, especially those connected to studies
on the Life Cycle Analysis.

All these recent changes stress the importance
of research for acquiring new knowledge in the
bioenergy area. Furthermore, they highlight the
need for the research on biofuels in Brazil to shift
level, from a relatively comfortable situation where
external competition was virtually nonexistent into
one where competition now includes the major
scientific powers on this planet.

To face these challenges, action is required
from the various parties involved in national sci-
ence and technology policies. Fapesp, watchful on
this subject, has been running debates since 2005
among the Sdo Paulo state research community
about bioenergy research. The approval of the
project Guidelines for Public Policies for the Sug-

Sugarcane Bioethanol

arcane Agriculture in the Sdo Paulo State, led by
Prof. Luis Augusto Barbosa Cortez, from Unicamp,
within the Fapesp Research Program in Public
Policies, was an important step in this direction.

The studies and the conclusions developed
in this project are introduced herein. The job
involved 18 workshops on specific themes and
mobilized over 500 researchers.

The scientific and technological research
agenda that came from this encompassing and sys-
tematic study shows the importance of studies as-
sociated to the sustainability of energy production
from sugarcane. It also shows how possibilities for
improved efficiency and productivity may result
from scientific breakthroughs and the relevance
of the interconnection between these challenges.

It is essential that Brazil and the Sdo Paulo
state take the necessary steps to intensify R&D
activity in universities, institutes and companies
regarding the issues covered herein. Brazil’s lead-
ership position in the use of bioenergy depends on
that, especially when scientific progress points to a
second generation of biofuels, based on processing
sugars extracted from the cellulose in the biomass.
For this purpose, Fapesp announced in 2008 its
Research Program on Bioenergy, Fapesp’s Bioen.

The Fapesp Research Program on Bioenergy,
Bioen, aims at articulating R&D in this area, using
academic and industrial laboratories and, in doing
so, to expand and apply the knowledge in the fields
related to ethanol production in Brazil. The Fapesp
Research Program on Ethanol has a solid center
to support academic research related to the ex-
ploration of these themes. It is expected that such
exploratory activities generate new knowledge and
qualify the necessary scientists and other profes-
sionals for advancing the industrial capabilities in
ethanol-related technologies.

Additionally, the Fapesp Research Program on
Ethanol establishes partnerships with industry for
co-financing cooperative R&D activities between
industrial and academic laboratories in universi-
ties and research institutes. For each of these
collaborations, details and themes are specified
according to the interest of private partners and
in accordance to Fapesp’s commitment to promote
research in the Sdo Paulo state. Other research
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agencies from the federal government and other
states were invited to participate in Fapesp’s re-
search program on ethanol: CNPq has already
approved a co-financing regime, with significant
resources from Pronex, which was used in the
calls published in 2008. The Minas Gerais Research
Support Foundation (Fundacdo de Amparo a
Pesquisa de Minas Gerais — Fapemig) has already
approved a cooperation agreement with Fapesp for
co-financing R&D, for the collaboration between
researchers from both states.
Fapesp’s Bioen comprises five major divisions:
a) Sugarcane plant science and technology,
including genomics, improvement and
technologies for growing and harvesting
sugarcane.
b) Industrial ethanol production technologies.

XXIX

¢) Ethanol applications for vehicles: Otto
cycle engines and fuel cells.

d) Biorefinery technologies.

e) Overarching themes: social and economical
impacts, environmental studies and land
usage.

The first calls for research proposals were
published by Fapesp in 2007 and 2008, jointly
representing R$ 89 million in investments for the
next four years. New calls will be issued this year.

Professor Cortez’s and his team’s work, pre-
sented herein, is a rich contribution from Fapesp’s
Bioen for the R&D development of bioenergy in
Brazil. We hope it will stimulate the research com-
munity to continue searching for new scientific
and technological challenges and that it means a
milestone in overcoming them.






The book Ethanol: Research and Develop-
ment is the result of a project carried out between
August 2006 and March 2009 entitled “Guidelines
for Public Policy for Scientific and Technological
Research on Bioenergy in the State of Sdo Paulo”
(http://www.apta.sp.gov.br/cana/) also known as
PPP Ethanol Project. It was funded by the Sao
Paulo State Research Foundation — Fapesp.

The Fapesp PPP Ethanol Project also worked
closely with the Sdo Paulo Technology Agribusi-
ness Agency — APTA, which includes institutions
such as IAC, IEA and Ital). In addition, the follow-
ing institutions were also involved in the project:

e (Centro de Ciéncia e Tecnologia do Bioeta-

nol — CTBE

¢ (Centro de Referéncia de Biomassa — Cenbio

¢ Centro de Tecnologia Canavieira — CTC

e Dedini S/A Industrias de Base

e Embrapa Brasileira Agropecuaria — Em-

brapa

e Instituto de Pesquisas Tecnoldgicas — IPT

e [Universidade Estadual Paulista — Unesp

e [Universidade Estadual de Campinas — Uni-

camp

e Universidade Federal de Sao Carlos — UFSCar

e Universidade de Sao Paulo — USP

Contributors to this book include researchers
and experts from a variety of areas ranging from
policy, sustainability, or specific technological de-
velopments in the sugar-ethanol sector in Brazil.

There were 18 technology workshops cov-
ering a wide range of institutions and topics, as
illustrated in Table 1. The objectives were to as-
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sess and develop scenarios for the development of
proposals for RD&D and to propose strategies and
policies for the sugar-ethanol sector.

The technology workshops covered the entire
production chain from sugarcane to the end use of
ethanol. The meetings were aimed at developing
guidelines, by identifying the bottlenecks in the
industry, spread across areas and expertise, inte-
grating all the participating team. This included
the encouragement of other experts not directly
participating in the project and representatives of
the production chain, in order to assess the poten-
tial for sustainability and growth of the industry
and how to meet the demands of society.

These workshops allowed the authors of this
book to develop indicators and measure the per-
formance, make assessments, analyze the results
and identify bottlenecks of the whole supply
chain of the sugarcane ethanol sector. The book
is, therefore, a collection of documents obtained
through the workshops and papers of experts who
took part in the project.

It is the hope that will help the policy-makers
to define guidelines and strategies for the de-
velopment of public policies for the sugarcane
and ethanol industry. The research undertaken
by this project should allow the development of
research policies to improve the current produc-
tion chain to the desired sustainable development
path. To that extent, the Bioen Fapesp Program
is a good example to stimulate research efforts
and training of human resources in bioenergy.
The Bioen-Fapesp Program, in addition of con-
stituting a strong core of basic research, has also
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TABLET  Technological Workshops conducted by the Fapesp PPP Ethanol project.

Sugarcane Bioethanol

Topic Responsible Institution Date
Ethanol Production EEL/USP 10 Nov. 2006
Cane Harvest, Transport, and Trash Recovery Feagri/Unicamp 29 Nov. 2006
Hydrolysis IPT 11 Dec. 2006
Sustainability IEA/APTA 14 June 2007
Genetic Improvement and Biotechnology IAC/APTA 28 June 2007
Biomass Production and Agricultural Modeling Esalg/USP 17 July 2007
Sugarcane Pests Esalq/USP 14 Aug. 2007
Energy Cane FEQ/Unicamp 05 Oct. 2007
Vinasse FCA/Unesp 10 Oct. 2007
Cogeneration FEM/Unicamp 23 Jan. 2008
BTL (Biomass To Liquids) IPT 26 Fev. 2008
Environmental Aspects Cenbio/Cetesb 16 Apr. 2008
Sector Evolution Impacts APTA/CATI 16 May 2008
Production of Ethanol: Quality of the Raw Material EEL/USP 30 May 2008
Sugar-Ethanol Sector Agricultural Management CTC 02 Oct. 2008
Use of Water in the Production of Sugarcane Ethanol FEM/Unicamp 24 Nov. 2008
!:;::JEE??;:;W233_::1;0maﬁ0n in the Sugarcane Ethanol Embrapa Instrumentac¢des 28 Nov. 2008
Photosynthesis Fapesp 18 Fev. 2009

industrial partnerships such as Dedini, Braskem
and Oxiteno.

The involvement of the staff of APTA, universi-
ties and private sector, will enable the adoption of
policies aimed at maintaining and improving the
competitiveness of the sugar and ethanol industry
in Brazil.

This book is divided into 5 parts, each one
under the responsibility of a respective organizer:

e Public Policy Strategies for Ethanol in Bra-

zil (Luis Augusto Barbosa Cortez).

e Sustainability of Biofuels Production and

Consumption (Arnaldo Walter).

e A New Model for Sugarcane Mechanization
System (Paulo Sérgio Graziano Magalhaes
and Oscar A. Braunbeck).

e A New Model for Industrial Production and
Final Uses of Ethanol (Antonio Bonomi).

e Technological Roadmapping for Sugarcane
Ethanol (André Tosi Furtado and Rodrigo
Lima Verde Leal).

At the end of the project, a workshop was
organised to assess the main findings and how
to develop a Public Policy Guidelines for Ethanol
production (should also say sugarcane).
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Since the 1970s energy crisis and concern with
the environment, energy efficiency was intensified
and expanded, and interest on renewable en-
ergy sources which can contribute to reduce CO,
emissions, intensified considerably. The Brazilian
Agenda 21 and The Kyoto Protocol promoted
further training, education, technical-scientific
knowledge, and the substitution of fossil fuels for
sustainable renewable energy sources.

This concern has grown significantly world-
wide in recent years and countries such as the
USA, which consumes roughly 40% of the world’s
gasoline (around 560 billion liters in 2008), is also
adopting policies to reduce foreign energy depen-
dence and the promotion of renewable energy.

Therefore, because global environmental
concern (greenhouse gas emission reduction)
or because the need to reduce foreign energy
dependence, Brazilian ethanol, which overall is
environmentally highly positive when compared
to other options, represents a great opportunity
for Brazil today and in the coming decades.

ETHANOL: A STRATEGIC PRODUCT
FOR BRAZIL

Brazil is world’s largest producer of sugarcane,
ethanol, and sugar, with 572.7 million tons of cane
harvested, 27.7 billion liters of ethanol, and 31.1
million tons of sugar. Sugarcane is produced in
101 countries, although the largest eight produc-
ers present about %-world production (FAOSTAT,
2008); accordance to the same source in 2007
Brazil accounted for 33% of such production.

INTRODUCTION

Luis Augusto Barbosa Cortez

Brazil’'s leadership in this sector was achieved
thanks to significant reductions in production
costs, mainly after Proalcool — Brazilian National
Ethanol Program was launched in 1975, due pro-
ductivity and efficiency gains, both agricultural
and industrial, as illustrated in Figure 1.

For example, total recoverable sugars (TRS)
increased from about 109 kg/ton sugarcane in the
1974/75 harvest to 144 kg/ton sugarcane in the
2004/05 harvest. In Central and South Brazil, es-
pecially in the State of Sdo Paulo, the gains have
been even greater. For example, between 1975
and 2000, sugarcane production increased 33%,
saccharose content by 8% while fermentation
efficiency reached 14%, and 130% in overall pro-
ductivity. Such improvement has resulted in the
South Center producing 5,900 liters/ethanol/ha
compared to 2,000 liters/ha in 1975; and production
costs roughly US$ 0.20/liter. The state of Sdo Paulo,
thanks to its competitiveness, accounts for about
60% of domestic sugarcane and alcohol production.

Brazil’s worldwide leadership and competitive-
ness cannot be guaranteed in medium and long
term because countries such as Australia and
Thailand have also sugar production costs similar,
or even lower, than Brazil, while they have consid-
erable potential for sugarcane expansion. As for
ethanol, many developed countries are investing
heavily in ethanol production from lignocellulosic
materials, using different routes [hydrolysis and
gasification routes (Fischer-Tropsch and other)],
aiming to achieve productions costs similar to
Brazil’s current costs, in the medium term. The
USA position is very important as is it the world’s
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largest producer and consumer of ethanol, with
almost 30-billion liters produced in 2008 alone. In
addition, the potential home market is about 60 bil-
lion ethanol liters annually, just with 10% ethanol
mixture with gasoline. Investments and RD&D on
such scale can be expected to lead to production
in large scale and increased competitiveness that
will impact the global market.

Concerning Central South Brazil, ethanol
production costs are, on average, 65-68% raw
material (sugarcane), 20-25% industrial process
and the remains administrative expenses (sugar
mill management, supplies, marketing etc.). This
industrial efficiency gain has already led to conven-
tional sugar and alcohol technology production to
a high maturity level. However, the main gains are
still in agricultural and investment, mainly genetic
improvement on sugarcane and farming practices,
must be prioritized by focusing RD&D resources.
This does not means ignoring the industrial as
there are still potential gains e.g. juice treatment,
fermentation and distillation, surplus electric en-
ergy production; by-products, reduction of water
consumption, energy and environmental impacts,
among others.

Source: GOLDEMBERG, NIGRO and COELHO (2008).

Sugarcane is increasingly being seen as an
energy source, in addition to as a food source.
However, this far from being achieved since less
than 30% of its original primary energy is con-
verted into useful secondary energy (alcohol
and electric power). This is new perspective for
sugarcane since the potential for improvements
is quite large e.g. some estimates indicate that
agro-industrial productivity could increase from
current 6,000 liters/ha/yr to at least 14,000 liters/
ha/yr within 20 years.

Within the next 20 years, global demand for
alcohol fuel could reach hundreds of billions of
liters (e.g. some 200 billion liter per year would
be needed to replace just 10% of the gasoline con-
sumed worldwide in 2025). If Brazil provides half
of this demand, it would mean more than US$ 30
billion/year in exports at today’s price. This could
more than double if one takes into account other
sectors such as chemistry (ethanol chemistry), or
the electricity generation.

The development of this sector in the last
twenty years and growth perspective for the next
years requires a very different position as has
been the case so far (MACEDO, 2005b). In the
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case of the Brazilian sugarcane sector, the growing
opportunities and sustainable development will
increase our understanding on man’s interactions
with the environment and its social consequences,
resulting from policy and economic actions in an
interrelated world; this will increase the produc-
tive chain and competitiveness.

PERSPECTIVES OF ETHANOL
PRODUCTION EXPANSION

The developed countries are increasingly
searching for alternatives to oil and Brazil offers
considerable advantages when it comes to sugar-
cane and ethanol production. However, to keep
up with increasing the competitiveness, requires
investing in research, human resource, and infra-
structure. Brazil has excellent conditions when it
comes to land availability, climate, or technology
to produce ethanol in large scale. This will require
more investment in RD&D from government and
private initiative e.g. investment in new distilleries
and alcohol pipelines, enabling producing and
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transport of ethanol to demand markets such as
the EU and USA.

Industrial countries search for biofuels is the
combination of various factors, but finding alterna-
tives to oil is an overriding one. Oil is a commodity
physically located in politically unstable regions,
and is also the main responsible for greenhouse
gas emission. The combination of supply and de-
mand problems together with the environmental
implications is forcing many developed countries
to search for new strategies that include greater
consumption of biofuels.

Brazil is the world largest producer of ethanol
from sugarcane. This is due to the lower produc-
tion costs of sugarcane and ethanol. Currently,
Brazil accounts for ¢.40% of the world supply of
ethanol fuel and this trend will continue in the near
future; this consolidate Brazil as a world leader as
ethanol exporter.

As can be observed in the Figure 2, Brazil’s
ethanol production has been strongly associated
to sugar production. This combination has favored
the competitiveness of both sugar and ethanol pro-
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FIGURE2 Evolution of the production of sugarcane, ethanol and sugar in Brazil (1975-2008).
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duction thanks to the flexibility it offered. In the
last 30 years, with exception of the 2" phase of the
Proalcool (1979-1985) when several autonomous
distilleries were installed, ethanol production was
in almost all production units associated to sucrose
content. Unlikely many other sugar producers,
Brazil uses cane juice and B molasses to produce
ethanol, and this allows to produce a better quality
and lower cost product than most competitors.

This model is known as “Brazilian model,” and
in this sense the expansion of ethanol production
would be dependent on sugar production expan-
sion. What happens is that today c. 50% of sucrose
goes to ethanol and 50% to sugar. This percent-
age tends to increase driven by the rapid raise of
flex-fuel vehicles (e.g. this represented 90% of
the domestic market in 2008, circa 3 million of
new vehicles).

Thus, a rapid ethanol production expansion in
Brazil would need to overcome the sugar-ethanol
production “shift” as the world demand for ethanol
will be greater than sugar. For example, global de-
mand for sugar tends to follow population growth
(2-3% annually), but in many industrial countries
there is a decline as people becomes more health-
conscious, and other alternatives emerge.

Public Policy Strategies for Ethanol in Brazil

Therefore, this ethanol expansion is very
quickly, it will have to be in independent distill-
eries (e.g. 100% ethanol distilleries). This could
largely be avoided if ethanol could be produced
from sugarcane bagasse via hydrolysis in large
commercial scale.

Such ethanol expansion shift has other con-
sequences that go beyond the technological ques-
tion. For example, in most cases those who control
ethanol production are traditional mills owners
that produce sugar and ethanol. This model has
been very successful up to now, and also due to
support from various governmental agencies, ve-
hicles manufactures etc. However, this successful
model was aimed primarily to the home market.
The national consumer went through several crisis
and changes e.g. changing fuel prices, technical
difficulties with alcohol car etc. Over 30 years of
learning, the consumer was often let down but
eventually has been rewarded with a viable green
ethanol fuel and flex-fuel vehicles (see Figure 3).

The future of ethanol fuel should not be re-
stricted to the home market, even there is a further
flex-fuel vehicles expansion in the next years.
Ethanol production in Brazil needs to keep pace
with the international market where there major
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opportunities, even it ix currently a protective
market. The need to address climate change and
reduce fossil fuel dependency will push the biofuel
market development. Brazil is in a unique position
to take advantage of these emerging opportunities.

One of the major difficulties is to channel
much larger investments in sugarcane and etha-
nol research. It is necessary to create a sartorial
fund ensuring investments in such area, i.e. what
happen to oil, if the country is to maintain its
leadership in this field. It would also be very im-
portant that such investment in research is done
in a coordinated way with the private sector to
ensure the quality of the results in reducing costs
and increasing competitiveness.

To better understand of the expansion poten-
tial of ethanol production, the Nucleo Interdis-
ciplinar de Planejamento Energético — Nipe
(Interdisciplinary Center of Energy Planning —
Nipe) of Unicamp, carried out a series of studies
(phase 1, 2, and 3) with Centro de Gestdo de Es-
tudos Estratégicos — CGEE (Center for Strategic
Studies and Management in Science, Technology
and Innovation), with the purpose to analyze the
impacts of a large expansion of ethanol production,
to meet Brazilian and world markets. The study,
coordinated by Professor Rogério Cerqueira Leite,
one project investigated what would be necessary
and the macro-economic impacts of substituting
5% and 10% of the worldwide gasoline consumed
in 2025. The study shows that Brazil must take
seriously the opportunity ethanol fuel offers. It
seems also clear that this would require a coordi-
nated action between the government and private
initiative to define the necessary actions.

In 2005 a Nipe study projected that in 2010 the
ethanol market will be c. 80 billion liters. The major
markets were Europe and the USA, followed by Ja-
pan. In Brazil, there are currently 50 new distilleries
in construction and a further 50 in a planning stage.
It is highly important to plan this new expansion
phase leads to greater and improve benefits such
good quality jobs, more social benefits, economic
development, better sugarcane verities etc.

Environmentally, there are benefits from using
ethanol fuel rather than gasoline. Among the ben-
efits, perhaps the most important, is the reduction
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of greenhouse gas emission significantly, mainly
the carbon dioxide (CO,). It is also important to
emphasize that the NIPE research group is also
carrying out other studies on sustainability of sug-
arcane ethanol production in a large scale; involv-
ing socio-economic and environmental questions
and the possible integration to produce sugarcane
with existing production systems (see Figure 4).

An important outcome of this large study has
been the creation of the Brazilian Bioethanol Sci-
ence and Technology National Research Labora-
tory — CTBE of the Ministry of Science and Tech-
nology — MCT. The newly created Center will be
focusing basically in three main themes considered
decisive for bioethanol future: 1) development of
agriculture for sugarcane with minimum impacts;
2) hydrolysis technology; and 3) sustainability of
ethanol production.

OFFICIAL PROGRAMS SUPPORTING
BRAZILIAN SUGARCANE AND
ETHANOL

These consist of the following. The Federal
Government, through the Ministry of Agriculture,
Livestock and Supply — MAPA (2005), Ministry of
Science and Technology — MCT, Ministry of Mines
and Energy — MME, and Ministry of Development,
Industry and Foreign Trade — MIDIC, who have
produced the Guidelines of Agrienergy Policy
2006-11. This is a reference document for the
Brazilian strategy aiming to articulate and channel
actions by the various ministries involved. In ad-
dition, there are other governmental agencies in-
volved such as Embrapa Agroenergia (http://www.
cnpae.embrapa.br/) and the Centro de Gestdo
e Estudos Estratégicos — CGEE, as the above
mentioned study.

Also, the State of Sdo Paulo government cre-
ated the Comissdo de Bioenergia — Sdo Paulo
Bioenergy Commission, coordinated by Profes-
sor José Goldemberg, to define the state strategy
(GOLDEMBERG et al., 2008). For example this
Commission identified the main opportunities
and barriers for alcohol-sugarcane sector and its
relations with electricity generation, logistic and
research areas.



8 Public Policy Strategies for Ethanol in Brazil

Em High

=1 Good

[ Average
Il Inadequate

1 Amazon Basin
Pantanal
Atlantic Forest

[ Preservation Areas

B Areas with slope
above 12%

= High

= Good

[ Average
B |nadequate

=1 Amazon Basin
Pantanal
Atlantic Forest

[ Preservation Areas

- Areas with slope
above 12%

Source: LEITE, R. C. C etal., 2005.
Areas excluded from the study: green: Amazon and Pantanal, dark green: preservation dreas, brown: slope >12%.
Areas included in the study: blue: high productivity, orange: good, yellow: world average, red: inadequate.

FIGURE4 Sugarcane Production Capacity in Brazil; at left side without irrigation and at right side with survival irrigation.



Introduction

90

80

70

60 -

50

40

30

20

Domestic energy suplly (10 tep)

Oil and derivates

Hydraulic and eletricity
Firewood and charcoal

Sugarcane derivates

Others Cec

Source: MME, 2008 (Year Base 2007).

FIGURES5 Internal offer of energy in Brazil (1970-2008).

Energy sources evolution
(renewable and non renewable) 1970 - 2030

I
60.0 | \ Non-renewable sources

70.0 -

50.0

400 Renewable sources

30.0

\
\
|

20.0 - !
\

10.0 - |

|

0.0 Consolidated data until 2007 (MME)
. | | |

Outlook for 2030 (EPE)
| | 1
1970 1980 1990 2000 2010 2020 2030

Year

= Renewable sources Non-renewable sources

Source: Own production from MME and EPE data, 2008.

FIGURE6 Energy source growing, renewable and non-renewable, from 1970 to 2030.

Obs.: The percentages of energy (renewables or non-renewables), from 1970 to 2007 are real values obtained from the
Balanc¢o Energético Nacional — BEN, Chapter 1, Table 1.12b, from Ministry of Mines and Energy — MME website. The values
expected for the source contribution in 2030 are estimates provided by the Empresa de Pesquisa Energética — EPE, available

in the document entitled Plano Nacional de Energia 2030.




10

According to the Brazilian National Energy
Balance from MME (2008), Brazil produced
45.9% of renewable energy in 2007, of which
14.9% is hydro, 15.8% was from sugarcane, 12%
from wood and charcoal, and others, 3.2%, from
other renewable sources. The Brazilian industry,
woodfuels provide 7.4% and sugarcane bagasse for
19.7% of the energy needs (see Figure 4).

However, as illustrated in Figure 5, the non-
renewable sources are gaining in percentage while
renewables are slightly declining.

Current international interest in biofuels
is one of the major driver in the expansion for
sugarcane expansion in Brazil in general and in
the State of Sdo Paulo in particular e.g. there was
a 6.5% extension in land area, 5.4% increase in
production that led to 255 million tons of cane
(CASER et al., 2005).

Public Policy Strategies for Ethanol in Brazil

The State of Sdo Paulo is also a leader in many
other agricultural products and has the country
largest agribusiness. For example, the Sate is
responsible for 1/3 agro industrial GDP of Brazil
representing 22% from ICMS collected. It has more
than 190 thousand km? of agricultural land in ad-
dition to pasturage, and forests economically ac-
tive. Sao Paulo is also the world second sugarcane
and orange juice producer, and the fourth coffee
producer. The agricultural activity in the State of
Sao Paulo employs 973,000 people. The sugarcane
sector, worth R$ 7.7 billion, is second after animal
products (meat, milk, and eggs), worth R$ 8.3
(TSUNECHIRO, 2004).

In 2007/2008 harvest, sugarcane occupied 5.23
million of hectare in Sao Paulo producing 367.2
million of tons of cane (IEA, 2008). Figure 7 shows
sugarcane location areas in 2008/2009 harvest in
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the municipalities of the State of Sdo Paulo, while
Figure 8 represents the density of the sugarcane
area by municipality. This means a demand of
247,000 jobs in agricultural activity, (based on 7.01
jobs per 100 hectares (VEIGA FILHO, 2003), or
23% of the working population in the Sao Paulo’s
agriculture in 2004, or 1.058 million of people
(BAPTISTELLA et al., 2005).

Commemorative 30 years of Proalcool: Etha-
nol Combustivel — Balango e Perspectivas,
a study was carried out by UNICAMP (NIPE/
UNICAMP, 2005), to assess its performance and
to develop further Brazil full potential. It seems
that energy from sugarcane can form the base of
a national development project.

R&D BACKGROUND OF BRAZIL
SUGARCANE AND ETHANOL

Sugarcane has been cultivated in Brazil for
almost for 5 centuries. Although is first introduced

in the State of Sdo Paulo', it was in the Northeast
where sugarcane took roots, primarily in the States
of Pernambuco and Paraiba, mainly for exports to
Europe. The production model in this period was
based on small agricultural and industrial pro-
duction, although the early centuries there were
thousands of small family mills.

With the process of agro industrial modern-
ization at the end of the XIX century conducted
by Portugal until 1870, there was a revolution in
production increasing the number of sugarcane
suppliers and consenting production in largest
mils, (EINSENBERG, 1977).

With the coffee crisis in 1929, the sugarcane
started to expand in the State of Sdo Paulo based
in big properties and large industries. With this
new model, more concentrated, it was possible to

! The introduction of sugarcane in Brazil was made by Martin
Afonso de Souza in 1530.
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apply new technology and management practices
that allowed that the State of Sdo Paulo to gain in
competitiveness. As a result between 1930 and
1970, Pernambuco responsible for almost 40% of
sugar production, dropped to 20%, while Sao Paulo
increased its production from 10% to almost 50%.

Another important element was advances
connected to the coffee crisis (disease that at-
tacks plants) at the beginning of the 1920s. The
State of Sdo Paulo, as the first state affected by
the disease, created the Estacdo Experimenital
de Cana de Piracicaba — EECP (Experimental
Station of Sugarcane of Piracicaba) to select va-
rieties more resistant to the disease (OLIVER E
SZMRECSANYI, 2003). In 1935 was set up the IAC
that witnessed a considerable expansion of the
variety program and later coordinated a network
of industries, improved extension services and
provided technology to the Sao Paulo’s industries.

In 1969 the Federal Government created the
Plano Nacional de Melhoramento da Cana-de-
Acucar — Plansalsucar (National Plan for Sug-
arcane Improvement), managed by the Instituto
do Acucar e do Alcohol —IAA (Sugar and Alcohol
Institute) with a wide experimental network aimed
at the production of new varieties of sugarcane.

In 1970 the private sector created the Centro
de Tecnologia COPERSUCAR — CTC (COPER-
SUCAR Technology Center) in Piracicaba, State
of Sdo Paulo. The creation of the CTC (currently
Sugarcane Technology Center), and the implemen-
tation of a program of genetic improvements, al-
lowed important advances in the productive chain
of sugarcane, including agricultural engineering
and industrial technologies.

With the extinction of IAA in the 1980s, fol-
lowed by PLANALSUCAR, was created the Rede
Interuniversitaria para o Desenvolvimento do
Setor Sucroalcooleiro —RIDESA (Inter-university
network for the Development of the Sugarcane
Alcohol Industry), consisting of seven federal uni-
versities, is currently responsible for near 50% of
new varieties of existing sugarcane in the country.
A new initiative, Canavialis, a private company
created by scientists in 2003, is targeting the
production of new varieties based on the genome
sequencing of the sugarcane.

Public Policy Strategies for Ethanol in Brazil

Finally, another important factor in developing
sugarcane alcohol industry in Sdo Paulo was the
creation of companies such as Dedini, Zanini, and
Codistil which, starting from a small base turned
into big suppliers of equipment and technological
innovation. Such companies were very techno-
logically innovative and were able to provide mills
and distilleries during the expansion phases of
Proalcool.

Thus, the competitiveness of the sugarcane
alcohol industry, mainly in Sado Paulo, was not
achieved by chance or recently, but rather the re-
sult of a deliberate investment policy to overcome
the many difficulties facing the industry.

THE FUTURE OF ETHANOL AND
BRAZILIAN NEEDS

As stated above, the Brazilian problem today
is not to mitigate the greenhouse gases or increase
the offer of fuel for the Otto cycle?. Rather, it can
be stated that a lot of the gasoline is not used,;
besides ethanol, Brazil also uses, be it incorrectly,
GNV (compressed natural gas), in the transport
sector. As with diesel, biodiesel is being tried as a
replacement but this is far from being economically
attractive. To replace diesel by ethanol is techni-
cally possible and the Professor Moreira discusses
this subject in one of the book chapters, although
has its restrictions.

Another question is why sugarcane fiber is not
used for the generation of electricity? This subject
deserves particular emphasis in this book. Given the
difficulties iN Brazil in obtaining approval for new
large scale hydroelectric power plants in Amazonia,
where there are the largest remaining Brazilian po-
tential, it is difficult to understand why cogeneration
from sugarcane bagasse is not given greater promi-
nence. For example, the latest attempt to build a
dam in the Amazon provoked a considerable debate
and political difficulties, involving various ministries
and the National Congress. Various studies have
showed the potential benefits of using biomass and

2 The need to mitigate GHG is, above all, an international
agenda. In Brazil, possibly, the best way to reduce emissions
is by eliminating forest burning in the North Region.
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that demonstration studies should be financially
supported immediately to:

e Develop and establish efficient routs for
the recuperation, preparation and clean-
ing of sugarcane tops and leaves for use to
generate electric power.

e Employ higher-pressure boilers (at first up
to 80 bar) to establish and consolidate a
better use of the full sugarcane potential.

e Develop modern technologies for low im-
pact mechanization, and generate electric-
ity by gasification.

This is area where Brazil has a great potential
since the country will need a lot decentralized
low cost electric power (especially in SE, CE, and
NE) which would help to internalize the national
economic development.

Finally, it is important to highlight that be-
sides liquid fuels and electric power, there is
also the possibility to convert sugarcane or its
fiber (bagasse and straw) into feedstock for the
petrochemical industry. Examples are products
obtained from pyrolysis such as gas, bio-oil, and
charcoal. This will allow the diversification of the
sugarcane/ethanol sector. It is an option that opens
up a lot of new opportunities both the domestic
and international market. In all cases, however,
research needs to be carried to enable:

e A new and more sustainable agricultural

model.

e Full use of the sugarcane resources.

e New industrial models that allow in addi-

tion to ethanol generate more electricity
and inputs to the petrochemical industry.

THE NEED TO FINANCE RESEARCH IN
SUGARCANE-ETHANOL INDUSTRY

The production and use of ethanol fuel from
biomass is a multidisciplinary subject. From devel-
opment of new cane varieties through industrial
process and the final use, research into the so-
called sugarcane alcohol industry has wider impli-
cations in all fields. Research may include areas at
the frontiers of knowledge such as genome, new
materials, nanotechnology, automation, environ-
mental medicine, as well as more traditional areas,
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directly connected to the manufacture process,
e.g. agriculture and engineering,.

The advance of knowledge on sugarcane-
ethanol has depended primarily on governmental
institutions (research institutes and universities),
and less so on the private sector (mainly in the
Centro de Tecnologia Canavieira — CTC and
Dedint) efforts. There are research areas in which
the private sector will more susceptible to funding,
e.g. the development of the sugarcane varieties!,
software to optimization transport or a change
in the milling, aiming to improve the extraction
index. It can also be stated that a significative
portion of resources that the sector invests in
research is already aimed to this kind of short to
medium-term development.

However, either by the need to reduce costs rais-
es productivity or by sustainability indicators, there
is an urgent need to finance more basic research and
take higher long-term research risks, which is already
growing. Such research should aim to:

e obtain higher agricultural and industrial

productivity gain;

e optimize the use of inputs and resources,

especially fossils;

e reduce the volume of waste;

e greater emphasis in the development of

emerging technologies;

e assure the means to acquire renewable

energy sources.

Thus, it should be expected that the govern-
ment bodies responsible for promoting research
will act more decisively in the financing basic
research. The current situation in the sugarcane-
ethanol sector, demand greater understanding of
basic scientific knowledge of an interdisciplinary
nature, and this it is fundamental that more fund-
ing is allocated to basic research.

Basic research is fundamentally important
to support the technological development in the
sector of which the development of enzymatic
catalysts and its relation to hydrolysis technology
which may allow increasing significantly ethanol
production without the need to increase sugarcane
planting area while demanding fewer inputs in
production, is a good example.
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However, there are also several other areas
where basic research is needed in the sugarcane-
ethanol sector. The transition from an oil-based
economy into a biomass-based economy (e.g. sug-
arcane) requires fundamental research in produc-
tion, conversion or final use. A further important
point to notice is the high investment risk since
generally it is less attractive to the productive
sector given the low rate of investment return, nor-
mally inherent to this kind of research. Currently
Brazil in going through a technological transition
in the sugarcane alcohol industry; up to now, the
increase in productivity has been achieved primar-
ily by the improvement of known technologies,
reduction of costs by a process of learning by
doing. However, this current technological basis
must change. The so-called “Brazilian model” of
producing sugar and ethanol as co-products must
give way to a new paradigm of ethanol production
and full use of whole sugarcane dissociated from
the sugar production.

The change of an industry traditionally pro-
ducing sugar and ethanol must include the produc-
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tion of new products such as ethanol-chemistry,
will be only possible through massive investment
in basic research.

If Brazil aims is to increase significantly sug-
arcane energy production, taking advantage of the
opportunity presented today, important techno-
logical transformations will be needed. To develop
new technologies, an important knowledge base
will be needed, chiefly in basic sciences, which
could create the conditions for the development
of greater applied research.

However, it is important to highlight Pro-
grama Fapesp de Pesquisas em Cana-Ethanol
— BIOEN (Fapesp Program of Sugarcane-ethanol
Research), which finance research that would not
be financed by the private sector.
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THE BRAZILIAN STRATEGY FOR BIOETHANOL

The first intervention in the production of
ethanol in Brazil was already in the early twentieth
century with the 2% addition of ethanol into the
gasoline. During these early decades, however,
there was no concern with environmental impacts,
including greenhouse gases. The main objective
was national self-sufficiency/security in relation to
fuels that were previously imported. The reason for
this initiative was simply to create a buffer for the
sugar sector, which absorbed excess production
of sugar by converting it into ethanol. Although
this percentage had grown slowly, even before
the advent of the National Alcohol Program (Pro-
Alcohol), a clear strategic only came to interfere
later on. With the steep increase in international
prices of oil dependency in Brazil, which was at the
time of more than 80%, has become an excessive
economic burden.

Concomitantly with the reversal of national
policy for the oil that previously intended to pro-
tect our crude oil reserves for the future, turned
interested to seek an increase in domestic pro-
duction, was then deployed the National Alcohol
Program. With the beginning of the Pro-Alcohol
increased to 10% the participation of ethanol in
gasoline and passenger car engine with ethanol
were encouraged. However, at that time the only
strategic concern was to reduce national depen-
dence on oil.

Although some scientists knew the green-
house effect since the nineteenth century, even in
the academic world there was no perception of the

Rogerio Cezar de Cerqueira Leite

importance of CO, emissions to the atmosphere.
Nor was it taken into account any other conse-
quence of an ecological nature of the use of fossil
fuels or organic. More recently some steps taken
by the government during the Fernando Henrique
Cardoso and Luiz Ignacio Lula da Silva, may be
considered as embryos of a future strategy. At first,
initiatives related to the progressive reduction of
open burning, early preferential financing of effi-
cient production systems in particular with respect
the cogeneration and better use of bagasse. Brazil
has also sought to promote ethanol production in
other countries with the aim of reducing the aver-
sion to dependence on Brazilian ethanol, shown
prematurely by future possible importers.

Although quite shy, the Ministry of Science
and Technology has supported studies and inte-
grated planning to increase production of ethanol.
They have also been supported by studies on the
full use of the cane, including the creation of a
research center of bioethanol. Simultaneously, sev-
eral aspects of sustainability have also been sup-
ported by the Ministry of Science and Technology.

Although the Government’s attitude has been,
with respect to ethanol production, mainly of a
“laissez-faire”, the studies conducted by the MCT
has had consequences in the private sector and
one of them is the perception that logistics is
essential for production, not only economic and
energy efficient, but also socially and ecologically
positive. The concept of “clusters” came to be
central to this perspective.
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CLUSTER

The cluster concept is quite simple and follows
from the fact that the transportation of ethanol is
much cheaper using pipeline than by any other
means of transport. However, this is true, of course,
for large volumes. These two conditions require
the clustering of plants around a collection point of
ethanol. To make the ethanol economically viable is
therefore necessary a minimum number of plants
forming a “cluster”. This would have the added
advantage of being also socially beneficial, since ac-
cording to the mentioned project, the cluster would
contain about 200,000 inhabitants, which would
facilitate the implementation of a socially important
infra-structure composing a number of schools of
all levels to universities and hospitals, and recre-
ation. From the point of view of sustainability the
cluster is highly desirable as it would reduce energy
costs and contain the expansion of sugarcane cul-
tivation in areas previously considered.

The project in question has also proposed a
specific zoning for the production that take into
account the distribution of wealth in the country,
the preservation of important ecological succes-
sion and the implementation of investment that
would be suitable for the country.

This study also provides for the elimination
of manual harvesting and consequently the burn-
ing, which are certainly extremely damaging to
the environment. Also included is the production
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of electric energy cogeneration and adoption of
high-pressure boilers for better use of bagasse. In
parallel with this project has also prepared a study
on the optimum use of bagasse and straw (trash)
by hydrolysis, also under the aegis of the Ministry
of Science and Technology. The same group from
Unicamp, in collaboration with various universities
and research centers in Brazil, has been studying
measures to improve productivity in the Northeast
and Rio de Janeiro, now considered in decline.

However, all this does not means that Brazil
has established a strategy or even on to the fuel
ethanol and the main reason for this is that unlike
what is happening in other areas of energy, the
production of ethanol refers to the various minis-
tries. Initially the Agriculture because sugarcane is
a crop, the Ministry of Mines and Energy because
fuel ethanol is an energy, the Ministry of Develop-
ment, Industry and Foreign Trade because it is an
industrial product, the Ministries of Economy and
Planning for may soon become a commodity and
so on. This caused the federal government to take
a disastrous decision by deciding to centralize the
studies in the Office of the President who does not
have the necessary expertise. It is a ministry that
works in the Policy Sector and is overwhelmed
with a multitude of tasks. This excessive central-
ization and obvious technical inadequacy prevent
any attempt at elaboration and adoption of a stra-
tegic or even a single development plan for the
ethanol industry.

CORTEZ, L. A. B.; GRIFFIN, W. M.; LEAL, M. R. L. V;;
LEITE, R. C. C.; SCANDIFFIO, M. I. G. Can Brazil
replace 5% of the 2025 gasoline world demand with
ethanol? Energy 34 (2009), 655-661.



3

THE STATE OF SAO PAULO

STRATEGY FOR FUEL ETHANOL

The strategy of the State of Sdo Paulo for
the expansion of ethanol production is based on
a sustainable expansion with low environmental
and social impacts. The main components of this
strategy are:

1. Improve the efficiency of 1% generation
technology presently in use. It is estimated
that the average productivity over the next
10 years will increase by nearly 30%.

2. Increase cogeneration of electricity using
bagasse from sugarcane.

3. Phase out manual harvesting of sugarcane
and accelerate mechanization in areas with
slopes less than 12%.

4. Guide the expansion of the cultivated area
of sugarcane — which currently stands at
4.34 million hectares — to degraded pas-
tures of which there are about 10 million
hectares only in the State of Sdo Paulo.

5. Promote the construction of pipelines to
reduce the cost of transporting ethanol
from producing regions to major consumer
centers and ports for export.

6. Ecological-economic zoning — EEZ and
creation of new conservation areas.

7. Introduction of advanced 2™ generation
technologies for the production of ethanol.

8. Promote the development of alcoolchemistry.

We discuss below in some detail the pro-
posed measures, some of which are already being
implemented.

José Goldemberg

IMPROVING THE EFFICIENCY OF 1°7
GENERATION TECHNOLOGY

Currently the production of ethanol from sug-
arcane in Brazil is based solely on “1%* generation
technology” in which the sucrose is fermented.
This sucrose, however, represents only 1/3 of the
energy content of sugarcane as shown in Figure 1.

Bagasse is used to produce heat and electric-
ity required for production of ethanol, creating an
additional surplus electricity that can be feed into
to the grid.

The use of bagasse for this dual purpose is the
reason why the energy balance of ethanol produc-
tion from sugarcane is highly positive, since no
fossil fuels are used in except those that are em-
bedded in the fertilizers and pesticides in addition
to the diesel oil used (in agricultural equipment) in
the transport of cane from the feeds to the distill-
ery. The energy balance in ethanol production, i.e.
the ratio of energy contained in a given volume of
ethanol to the fossil energy used in its preparation,
is 8-10:1. In the United States energy balance for
the production of ethanol from corn is only 1.3:1.

The productivity in the production of ethanol
in the country has grown enormously in the last
29 years, at an average rate of 3.77% per year.
(Figure 2).

This is due to improvements in the agricultural
stage by selecting the best strains as well as other
gains in other stages of the process:

e Increase in recoverable sugar: 1.45% per

year.
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e [Extraction of sugar: 0.3% per year.

¢ Increase the volume of sugarcane: 0.73%
per year.

e Improvements in fermentation: 0.3% per
year.

Figure 3 shows the agro-industrial produc-
tivity of a sample of 116 plants in Central-South
Brazil, whose average value is 8,000 to 8,500 liters
of ethanol per hectare. There are other plants with
lower and higher productivities. The challenge that
the State of Sao Paulo is facing at the moment is
to increase the productivity of less efficient plants.

Productivity in the production of ethanol (liters/ha/year).

It is believed that there are still gains to be
achieved in the next 10 years:
12% in the volume of cane;
6.4% in recoverable sugar;
6.2% in the fermentation process; and
2% in the extraction of sugar.

The efficiency of existing plants is shown in
Table 1.

It is estimated that “state of the art” distilleries
would cost about 20% more than the “new” distilleries.

The main potential gains may occur in the
following areas:
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TABLE1  Overall efficiency of ethanol distilleries.

Current distilleries

75%

New distilleries

81%

“State-of-the-Art” distilleries

88%

e Fermentation: current may rise 85% to 92%

e Extraction: current may rise 97.5% to
98.6%

e Digtillation and dehydration: current may
rise 99% to 99.7%

INCREASE THE COGENERATION OF
ELECTRICITY PRODUCTION

In the past the boilers used to produce steam
for the sugar processing and evaporation of fer-
mented cane mash were of low efficiency (typically
20 bar). The amounts of bagasse found in a distillery
are immense and the use of inefficient boilers was
justified by the need to incinerate the bagasse which
left in the fields gave rise to environmental prob-
lems. With the gradual implementation of mechani-

cal harvesting of sugarcane the amount of biomass
available for cogeneration has increased even more.

Steps taken by the Secretaria do Meio Am-
bietne of Sdo Paulo led the BNDES to develop
mechanisms that encourage plant owners to up-
grade their boilers, creating a differential in inter-
est rates of BNDES for more efficient cogeneration
equipment for electricity and steam production.

A problem to be solved is the interconnection
with the utility companies that distribute electric-
ity. Possibility splitting the generation of electricity
from the production of sugar and ethanol, exempt-
ing from taxes the exchange of energy and bagasse
between the two companies.

The Department of Energy of the State of Sdo
Paulo is working on the planning of interconnec-
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tions, to create transmission subsystems serving
various distilleries thus reducing its costs.

The ethanol plants in operation today are pro-
viding the electricity grid with about 1,000 average
megawatts, which complements the hydroelectric
generation in the Southeast in the “dry season”
(April-November) which is when the ethanol
plants are operating at full steam. This power could
be increased fourfold if all the plants in the state
were modernized and the period in which electric-
ity is produced (6 months) could be extended with
the use of cane trash.

GRADUAL ELIMINATION OF
MANUAL HARVESTING

The burning of the cane before harvesting
is an ancient practice to facilitate cutting and
eliminate animals such as poisonous spiders and
snakes. But the burning can damage the tissue of
sugarcane, increasing the risk of disease in the
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cane, causing the destruction of organic matter
and damaging the soil structure due to lack of
moisture increasing the risk of soil erosion.

The open fires also result in risks to the elec-
tricity lines, railroads, highways and forest re-
serves and cause undesirable air emissions such
as CO, CH,, non-methane organic compounds and
particulate matter. The burning of sugarcane is
also responsible for the increase in tropospheric
ozone concentration in areas where it occurs.

For these reasons, for years attempts were
made to introduce mechanized harvesting, which
finally became a reality with the approval of the
Sao Paulo State Law n. 11241/2002. What the
law has established was a timetable for the in-
troduction of mechanized harvesting as shown in
Figure 4.

In practice mechanical cutting is occurring
faster than anticipated in the Law. In 2007 more
than 40% of sugarcane was cut by machines and
by 2009 this percentage exceeded 50%.

Elimination of sugarcane burning
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FIGURE4 Evolution of mechanized harvesting for sugarcane.
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In 2007 the Secretaria do Meio Ambiente and
UNICA signed a voluntary agreement with the goal
of rewarding good practices in the field of sugar-
cane. About 145 distilleries (89% of plants estab-
lished in the State of Sdo Paulo) agreed to bring
forward the timetable for the complete elimination
of manual cutting for 2014 in areas with scopes
of less than 12% and by 2019 for higher scopes.
The same protocol was also signed by Orplana,
association representing 13,000 small sugarcane
suppliers, in March 2008 committing the whole
chain with the elimination of burning.

It is, therefore, a problem being solved in the
State of Sdo Paulo.
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THE EXPANSION OF SUGARCANE IN
THE STATE OF SAO PAULO

Figure 5 shows the evolution of the area de-
voted to sugarcane in Sao Paulo since 1990.

The areas used to food production decreased
very little, since the expansion of sugarcane is
occurring mainly in pasture land. Moreover, sugar-
cane yields have increased thanks to the selection
of better and more resistant cane varieties and
better adapted to different climatic conditions.

The number of ethanol plants and expansion
plans for the State of Sdo Paulo are shown in
Table 2 and indicate that there was an increase of

TABLE2  Evolution of sugarcane crop and sugar and ethanol Mills in the State of Sao Paulo.
Harvest 2005/2006 | Harvest 2006/2007 | Harvest 2007/2008 | Harvest 2008/2009
Number of mills 154 166 177 190
New mills 4 12 11 13
Prc?d.uctlon of sugarcane 243 264 296 340
(million tons)

* Estimative by UNICA.
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Evolution of area occupied by sugarcane in the State of Sdo Paulo.
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about 30% in the last two years in the State. The
Secretaria do Meio Ambeitne — which licenses the
construction of new ethanol plants — is required
to comply with environmental legislation in all the
new ventures.

THE CONSTRUCTION OF ETHANOL
PIPELINES

The transport of ethanol from production areas
to major consumption centers (mainly the metro-
politan area of Sdo Paulo) and export through the
port of Santos — which requires about 500,000 truck
trips per year — ends up increasing by 20% the cost
of products delivered or in the port of Santos.

With the anticipated increase in production
and exports of ethanol this problem will get worse,
making it imperative to build ethanol pipelines
from the region of Ribeirao Preto, Sdo Paulo (and
Santos), or from the new agricultural frontiers.

The TRANSPETRO and a private group or-
ganized by UNICA have conducted studies and
proposals for the construction of one or more
pipelines, using in part the Tieté-Parand waterway.

Two Protocols have been signed with the
Sao Paulo State Department of Transport with
TRANSPETRO and UNICA for studies on ethanol
pipelines in order to find a form of collective ac-
tion, to make the project viable. It is important
to allow the use of the waterway, the connection
between the waterway and Paulinia and the easy
access of the pipeline, to remove the truck traffic
from roads of Sao Paulo.

One factor that delays the implementation of
these agreements is the fact that groups who wish
to build the pipeline how required long-term supply
commitments from ethanol plant owners to enable
the return on their investments. As the transactions
in this sector are usually made on the spot market
these conditions are difficult to achieve.

ECOLOGICAL-ECONOMIC ZONING
AND THE CREATION OF NEW
CONSERVATION UNITS

The first agricultural zoning of Sao Paulo
State was made in 1974 and complemented in
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1977, when remote sensing satellites were not
available there were only meteorological stations
in the state, against the current 450. Moreover,
at the time the socio-environmental aspects were
not considered. The new reality of reducing the
cost of remote sensing resulted in improvement
in weather monitoring, providing information on
weather conditions, water availability in the soil,
the likelihood of disease, drought and hail.

As a result agricultural zoning studies will be
conducted, through coordinated action by the Sao
Paulo State Department of Agriculture, so that pat-
terns of land use, climate and risk conditions are
incorporated as important instruments of public
policy decision support to agribusiness and the
expansion of sugarcane crops.

In addition to that it was proposed, the cre-
ation of 14 new protected areas in the state, total-
ing approximately 90,000 hectares, which were
identified by the BIOTA FAPESP project as pri-
orities for the conservation of biodiversity of both
flora and fauna in the regions of were sugarcane
is expanding,.

INTRODUCTION OF 2"° GENERATION
TECHNOLOGIES

“2nd generation technologies” are identified
as “disruptive” because they could leads to a new
level production of bioethanol. The most important
“2nd generation technologies” are:

1. Gasification of biomass, which could deliv-
ers suitable fuel for efficient generation of
electricity and/or the synthesis of liquid
fuels (biorefineries). Expectations for the
commercial viability of such projects are
between 2015 and 2025, but there are a few
pilot units being listed around the world
there is the need for further research ef-
forts in this area.

2. Acid hydrolysis and enzymatic hydrolysis
or the combined acid/enzyme process,
which allows the conversion of cellulose
into sugars and from there, the produc-
tion of ethanol and other products. It is
expected that the first units will be operat-
ing commercially between 2010 and 2020.



The State of Sdo Paulo Strategy for Fuel Ethanol

There are major efforts in research and
technological development in this sector
in Europe, the United States and Asia.

3. Genetically modified varieties of sugarcane,
which could significantly increase produc-
tivity. From the mapping of the genome
of sugarcane in Brazil there are several
research groups working with dozens of
transforms varieties. One expects of gains
in yield from greater disease resistance,
precocity, sucrose, total biomass etc. Just
as an example, increasing the sucrose con-
tent of 13.5% to 14.5%, —feasible in a short
period of time — would produce the same
amount of sugar and ethanol in an area of
300,000 hectares smaller or increase pro-
duction ethanol in Sdo Paulo State nearly
2 billion liters. It is difficult to estimate the
time required for implementation of these
efforts because it is not just a technical
problem. The release of these new variet-
ies (even for field testing) depends on ap-
proval from federal agencies. The groups
working in the area are both private (CTC,
Allelyx) and public research institutions.

STIMULATING ALCOOLCHEMISTRY

Increased production of sugarcane in the
Sao Paulo State leads naturally to the possibility
of the production of chemicals (monomers and
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polymers) from renewable raw materials derived
from sugars, ethanol, biomass, glycerol and other
by-products of the production of biofuels.

An example of the interest that exist in this
area is the agreement between FAPESP and
BRASKEN which aims to invest 50 million reais
(US$ 1 =R$ 1.75 at the end of 2009) in numerous
studies in this area. Examples of are as follows:

e Development of routes for obtaining eth-
ylene, propylene, butene-1, hexene-1 and
octene-1 from renewable raw materials.

e Production of synthesis gas from the gas-
ification of glycerol.

¢ Production of propanol from synthesis gas.

e Production of biopolymers in plants, bac-
teria and fungi.

e (Catalysts and kinetics of hydroformylation
of ethylene production of n-propanol.

e (atalysts and kinetics of dehydration of
alcohols to olefins.

FINAL CONSIDERATIONS

The expansion of ethanol production from
sugarcane in the State of Sdo Paulo is occurring
at a rapid pace to meet growing domestic demand
and eventually to overseas demand. The strategies
adopted by the State Government intended are
aimed to prevent this expansion with insurmount-
able bottlenecks of various types and, negative
social and environmental consequences.

spectivas, barreiras e propostas. Sdo Paulo: Imprensa
Oficial do Estado de Sao Paulo, 2008. 152 p.
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CHALLENGES IN RESEARCH, DEVELOPMENT, AND
INNOVATION IN BIOFUELS IN BRAZIL

Lucia Carvalho Pinto de Melo and Marcelo Khaled Poppe

Three quarters of the world’s energy consump-
tion is represented by fossil fuels. They are respon-
sible for a great deal of local pollution, and for most
of the emission of greenhouse gases (GHG) on the
planet. The scale in which they have been used will
quickly, lead to their rarefaction; considering that
global energy consumption should grow, as result
of progress in various areas undergoing develop-
ment. Industrialized countries were not successful
in reducing energy consumption without compro-
mising quality of life, in spite of knowing that this
can and should be done. The present challenge is
to promote the use of renewable energy sources,
and to increase the efficiency in energy generation
and usage in an unprecedented scale. Sugarcane
bioethanol, and other biofuels that may be devel-
oped in a sustainable way, could contribute signifi-
cantly to this end. . However, this will require an
unprecedented global research effort.

In Brazil, the sugarcane agro-industry has
been transforming itself into an energy agro-
industry, replacing fossil fuels and opening the
possibility to be, in the near future, an important
source of renewable materials (plastics and chemi-
cal products). Its participation in the national
energy matrix has been growing, currently repre-
senting about 15% of the total energy consumed
in the country, comprising both bioethanol for
transportation, and bagasse for electric, thermal,
and mechanical power generation. Better use of
sugarcane waste and efficient co-generation may
significantly increase electricity power genera-
tion. And the development of new processes for

obtaining bioethanol from bagasse and trash, can
increase power generation by up to 40%, using the
same quantity of sugarcane.

The Brazilian experience demonstrates that
sugarcane bioethanol represents an actual pos-
sibility for reliably supplying part of the world’s
fuel market. Significant progresses in domestic
and international research, development, and in-
novation capabilities will determine the success
of such endeavor.

However, it is necessary to consider that inno-
vation is a complex process, not exclusively limited
to the research and development dimension. This
point is very relevant to discussions in terms of
domestic and global outlook regarding biofuels
expansion, as innovation processes assume inter-
action among the various players and segments
of the society that make up what is usually called
the “innovation environment”. This encompasses
universities and research centers, and definitely
industriey; however, it also covers other aspects
such as regulatory benchmarks and domestic and
international rules. It is a socio-technical process
by nature, which must be considered in all its vari-
ous dimensions to develop with the required vigor.

Historically, Brazilian breakthroughs in biofu-
els research are obvious: productivity gains in all
production steps, either agricultural or industrial,
or even environmental controls, are evident. Bio-
ethanol and bioelectricity production and distribu-
tion costs were reduced by advances in technology
and management, in addition to investments in
infrastructure. Nowadays, producing bioethanol



28

and bioelectricity in the most efficient plants is
competitive with all other sources of fuel produc-
tion and electric power generation.

At the same time, Brazil is still a very uneven
country, though all of the recent indexes show
improvement, and this unbalance is also reflected
on employment quality and production capacity,
which require special attention to reach levels
capable of ensuring competitiveness and sustain-
ability of biofuels in the domestic and international
energy commodity markets.

The widespread adoption of the most efficient
and available technologies may further reduce
costs, and this holds considerable potential us-
ing technologies that are still being developed,
including precision agriculture, new transporta-
tion systems, genetic improvement, and improved
industrial processes.

Therefore, it is necessary to face the chal-
lenge of improving the whole production chain
as well as the value chain associated to biofuels
production. The research and development theme
is challenging, pervades all links in the chain, and
should consider not only the amassed knowledge
and previously incorporated, visible innovations;
it also has to consider the potential of new trans-
forming technologies that may have impact on
various links in the chain, such as biotechnology,
new materials transformation technologies, and
nanotechnology. Such technologies create oppor-
tunities at every step of bioenergy generation, and
must be exploited.

Brazil stands out from other sugarcane pro-
ducing countries for the progress it has achieved in
sugarcane biotechnology, having non-commercial
transgenic varieties since the 1990s. In 2003, Bra-
zilian laboratories completed theidentification of
40,000 sugarcane genes, and dozens of research
teams are working on the functional genoma; their
data being used in genetic improvement experi-
mental programs, which should bring commercial
results in the next few years. Furthermore, a
growing number of sugarcane varieties are used in
Brazil, providing considerable assurance regarding
the resistance to exogen diseases and predators.
Over 500 sugarcane varieties have been mapped,
and 50 of them are currently in commercial use.
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The 20 leading varieties make up 80% of the
harvested area; however, no single variety covers
more than 13% of the area.

Water catchment for use in the industrial
process has decreased substantially, as well as the
quantity of fertilizer used is reduced in comparison
to other countries and cultures. Nutrient recycling
has been improved by ferti-irrigation, and by the
use of production process waste, which has in-
creased considerably.

The use of sugarcane bioethanol as fuel for
vehicles, either jointly with or replacing gasoline,
contributes substantially to the improvement of
air quality in urban areas, and to reduce GHG
emissions; in addition sugarcane culture can also
be employed for recovering degraded agricultural
soils, in deforested areas, or in areas underused by
extensive animal breeding.

In Brazil it was possible to responsibly expand
the biofuels production area, at the same time
freeing important agricultural areas which, were
it not for the productivity gains attained, would
have been used much more intensively in terms
of requirement for such production. A consider-
able part of the Brazilian territory is adequate for
agricultural production, preserving forests and
biological diversity. Sugarcane culture expansion
has occurred mostly in extensive grazing lands and
degraded areas.

This issue of extension and adequacy of land,
climate, and soil has been well researched, as dem-
onstrated by the works carried out by CGEE!, also
in partnership with the Interdisciplinary Centre for
Energy Planning of the Campinas State University
— (Nucleo Interdisciplinar de Planejamento Energé-
tico — Nipe/Unicamp), coordinated by Professor Ro-
gério Cerqueira Leite. It is also worth highlighting
works developed by Embrapa and other public and
private institutions, which examined complementa-
rity and synergy in the production of food, energy,

I “Biocombustiveis” study, published in the NAE section
#2 (NAE, 2005); Studies in partnership with Nipe/Unicamp
between 2005 and 2008, published in “Bioetanol combustivel:
uma oportunidade para o Brasil” (CGEE, 2009); Study
“Bioetanol de cana-de-acucar: energia para o desenvolvimento
sustentavel” (BNDES, 2008).



Challenges in Research, Development, and Innovation in Biofuels in Brazil 29

and materials in Brazil. Contrary to the perception
of many who see as a conflict in land usage, stud-
ies have confirmed the availability of this input,
with soils and climate favorable for considerable
growth in sugarcane production, which opens an
opportunity to create a Brazilian strategic agenda,
also in partnership with other countries situated in
the humid tropical regions of the planet.

Doubtlessly, one extremely important aspect
for Brazil is to have been able to consolidate its
position as a major player based on a strongly
rooted sugarcane bioethanol production. By means
of knowledge accumulated over the years, as
well as actual indicators of growing productivity,
Brazil’s privileged condition has been reaffirmed.
The aforementioned studies draw attention to the
Brazilian competitive advantages, such as the issue
of Brazilian sugarcane bioethanol yield compared
to European beets, American corn, Thai cassava,
or wheat in the European Union, as well as sug-
arcane in India.

Indeed, the Brazilian agro-business has dem-
onstrated an expressive productivity increase from
the 1970 to the present, which has not been ex-
hausted yet, having a significant potential for fur-
ther growth. In terms of energy balance, another
competitive edge, Brazilian sugarcane bioethanol
has currently comparative advantage, compared to
all other biofuel cultures: a ratio of almost 10 to 1
renewable energy units produced for each unit of
fossil energy consumed in its production.

Thus, Brazil presently also holds a leadership
position in utilization and knowledge dissemina-
tion. There is a remarkable collection of know-how
in universities, companies, and qualified human
resources. Additionally, there is now in Brazil
an important effort towards incorporating new
knowledge and enhancing innovation throughout
the whole bioethanol production chain. Equally
important are the available fostering instruments,
adequate for supporting the various stages of in-
novation, from basic research and technology de-
velopment to direct support devices for innovation
in companies, such as economic subsidies enabled
by the Law of Innovation.

This new environment has favored the devel-
opment of innovation cycles in companies, also for

building corporate excellence centers, either alone
or in partnerships, focusing on issues that are pre-
competitive by nature, and that may render the
breakthroughs the world needs in the sustainable
production of liquid biofuels for transportation.

It is important to point out that some of the
experience accumulated in Brazil could be shared
with other countries. For instance, in terms of
competence and qualification for the production
of sugarcane varieties, programs like Ridesa’s- a
successful cross-institutional university network
for research and development, currently organized
all over Brazil, and actually a university-industry
partnership- is allowing the development and
utilization of new sugarcane varieties in regions
where traditional production behooves gains in
efficiency, or in regions deemed promising for
expanding production.

Embrapa, together with Ridesa, plays an
important role, with chances of obtaining short-
term results in expanding overseas a sugarcane
variety research and development agenda, in the
same way as done in Brazil for regions with lower
productivity with traditional varieties. This type
of experience can easily be shared with other
countries by integrating programs of the National
Scientific and Technological Development Coun-
cil of the Ministry of Science and Technology
(CNPg/MCT), such as ProSul and ProAfrica, and
of the Ministry of Foreign Affairs (Ministério das
Relacodes Exteriores) — ProRenova; as well as
through partnerships with multilateral organiza-
tions, such as ECLAC (Economic Commission for
Latin America and the Caribbean), IADB (Inter-
American Development Bank), CAF (Corporacién
Andina de Fomento), relative to Latin American
and Caribbean countries, and UN-ECA (United Na-
tions Economic Commission for Africa) as well as
regional UN offices for food and agriculture — FAQO.

Regarding countries that, unlike Brazil, do
not have yet explicit and policies for biofuels,
especially those having both a natural inclination
and a competitive advantage in terms of sugarcane
(cultivated in over 130 countries) production
and use, joint efforts should be made to promote
greater cooperation around relevant knowledge.
The reason is that though bioenergetic routes
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may be envisioned (and they are extremely impor-
tant), as well as the implementation of advanced
technology in each step of the production chain,
there are some issues that are not being treated
with the required priority. This includes the strong
dependence on technology that even Brazil has to
face e.g. fertilizer options, extremely important to
render bioethanol more renewable than it is cur-
rently the case. Credit should be given here to the
endeavors by Embrapa and other research institu-
tions in developing alternatives for these inputs,
which are at one end of the chain, and should be
strengthened.

Many Latin American and Caribbean coun-
tries, like Brazil, may obviously exceed by far their
own needs in bioethanol from sugarcane produc-
tion, and may become important players in the
global biofuels market. Surplus production can
certainly be exported to Europe, North America,
and other countries, as it has been done in Brazil,
whose bioethanol exports surpassed five billion
liters in 2008 over 40% increase in relation to the
previous year. This is a global scenario that creates
opportunities for countries located on the humid
tropics, particularly Brazil and its neighbors in
Latin America and the Caribbean.

However, Brazil a relevant player in the in-
ternational biofuels arena, must pay attention to
the next steps to be taken, considering the world
scenario. If other countries actually adopt diver-
sification strategies in the use of liquid fuels, with
environmental concerns related to GHG emissions
and air quality in urban centers, Brazil will be the
leading player in terms of sugarcane bioethanol
production capacity, as its global demand has been
growing.

Yet another segment to be considered, in
terms of international cooperation, concerns ex-
periments at the development stage, by companies
that are introducing more radical technological
innovations in new processes and products. Such
companies may find qualified partners in Brazil, in
universities, research centers, and other compa-
nies, so that they may complete the development
of such products and processes, reaching new
levels much sooner, towards the next-generation
bioethanol. Indeed, Brazil now has outstanding ca-
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pabilities to attract international research centers
and foreign companies for them to carry out, with
Brazilian partners, all the development steps, in
an environment where basic inputs production is
complete; there is also qualified personnel avail-
able to develop new technologies.

In terms of an international cooperation agen-
da, different guidelines may be foreseen regarding
the developing and industrialized countries, how-
ever they cannot clearly preclude, in both cases,
some kind of cooperation that Brazil already keeps,
but which needs to be strengthened in qualifying
human resources. This should take place by means
of existing — or to be created — graduate programs,
on subjects related to the borderline between
knowledge on biofuels and all the knowledge chain
around them.

In this context, the public-private partnership
is fundamental for the innovation process to take
place with overflowing intensity, necessary for the
development process. This comprises setting up
networks with institutions and researchers, the
development of cooperative projects, implementa-
tion of strategic alliances, and assembling strategic
R&D agendas. It is a challenging process, with
many difficulties to be overcome, but certainly
very important to be implemented in Brazil.

The challenge in research nowadays is huge,
and organizing a research agenda is much more
complex than it was a few decades ago. The cur-
rent scenario is different, not only in Brazil, but
worldwide. The generation of knowledge, and the
speed this knowledge is taken in by society and
industry, the dimensions society today demands
that be built in a decision-making process relative
to strategies to be adopted, or, meaningfully, the
investments to be made, put into the building of
research, development, and innovation agendas,
variables not yet properly perceived or embedded
in corporate and public policy decision-making
processes.

Thinking and planning a research agenda as-
sumes a wider and more diversified view of the
dimensions associated to it. Furthermore, the
way in which this research effort will be organized
must be responsive to the identified challenges.
This response is no longer provided by scattered



Challenges in Research, Development, and Innovation in Biofuels in Brazil 31

action of people or restricted research groups,
but by sharing knowledge through collaboration
networks in a competitive environment.

In Brazil, the concept of a research agenda
must consider the t extent to which it really cre-
ates opportunities, causes problems, and how it
intends to solve them. Considering the country’s
vast territory and soil and climate diversity, spe-
cific research agendas are needed for each one of
these areas. Research agendas for different kinds
of institutions in bioethanol production are also
required. Most likely production plants in Sao
Paulo and Minas Gerais have their relationships
with sugarcane suppliers structured in a different
way than their counterparts in the more traditional
regions in the Northeast, and in the northern part
of the Rio de Janeiro state.

The sugar and alcohol production from bio-
mass, extraction under pressure, fermentation,
distillation, and production are issues well settled
in Brazil for many years, which were doubtlessly
reinvigorated by Proalcool, leading to the learn-
ing and knowledge available as of today. The new
technological routes, the agendas that are being
developed today for the future production of next-
generation biofuels and new production processes,
show the dimension that this issue will present,
considering production from cellulosic biomass.

Cellulosic biomass utilization is an intense
worldwide race, enlarged by mastery of this spe-
cific niche. So this niche, where the enzymatic
hydrolysis issues and other variations are found,
is driving a worldwide research agenda. Brazil has
competence in several of the dimensions involved,
but not in all of them as yet, nor does the country
has the strong investment in research required to
take the lead in this game. The existence of some
qualified excellence research groups providing im-
portant results is great news as well as a necessary
condition; however it does not suffice to advance
on this level at the required speed to ensure that
Brazil finds, in time and at an affordable cost, an
exclusively Brazilian solution for this issue.

The technology route, from the primary input
production stage y through the final step of the
energy vector, the dimension of technologies of-
fered, the technology intake, the efficient water

usage, are all issues to be dealt with in a research
and innovation agenda for bioethanol. What are
the implications and relationships between the
different uses of land for producing food, materi-
als, and energy? What answers are being given to
this question? What are the needs in studying the
water usage issue? And the issues related to plant
nutrients? What are the issues with fertilizer avail-
ability? If, for instance, there are fertilizers avail-
able only for producing food nowadays, what are
the options? What if we are overly dependent on
imported fertilizers? Finally, what is the Brazilian
capacity to overcome some of, or all, these chal-
lenges? All these elements must be considered.
Yet there is the dimension regarding new knowl-
edge areas, which bring information specific to
bioethanol, such as biotechnology, and even the
development of social and economic policies, upon
encompassing these dimensions.

In the conversion phase, that involves elec-
tricity or multiple generation, there are several
research and development items that behoove
some attention. In the first generation, as it is
usually named, there are, for example, combustion
processes, most of them are already well under-
stood. In the next biofuels generation, including
enzymes, catalysis, gasification, pyrolysis and
other technologies, it is obvious that the required
infrastructures are differentiated, complex, requir-
ing immediate technological servicing capacity.

There is also a false dilemma between the first
and the next biofuels generations.

There is room for improvement in every step,
and challenges ranking from incorporating some
technologies to the capital goods industry itself
(e.g. intelligent machines, machines embodying
new production methods) to environmental issues
and rules established in a global scenario..

Finally, regarding the final use of energy
vectors, it is necessary to examine not only the
research issue, but also production scale and its
possible integration with others.

This big and complex picture helps to illus-
trate the dimension of the problem in defining a
research, development, and innovation agenda
for bioethanol. Various groups have been study-
ing and working with the CGEE to define and
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select an initial agenda that could be shown as
the priority for research on bioethanol, covering
from conventional genetics improvement issue to
genetic engineering; production models and in-
frastructure, technological routes, biotechnology,
precision agriculture; mechanized harvesting, and
all their subdivisions, among others.

As we saw, the points to be considered are
many: fermentation, distillation,management;
the water and energy issue, how surplus energy
generation capacity can be increased, how to
integrate electricity distribution networks, and
how to optimize this system in order that ethanol
production can be part of an energy vector, that
can be used as a fuel or diverted to feed the electric
power distribution network. All this is possible, the
technology is already available, but still requires
further research to become a commercial reality.

The issue of mechanized harvesting without
damaging the soil or the plant, for instance, is a
challenge requiring the use of knowledge in robot-
ics, sophisticated instrumentation, and thinking of
a new mechanization concept and its relationship
with the soil and the plant.

As mentioned before, there is also the bagasse
hydrolysis and gasification issue, and high bagasse
content sugarcane, known as energy cane. The
integration of such innovation leads to the idea
that when Brazil fully masters the know how for
the full utilization of sugarcane, it will be primarily
about chemical sugarcane, rather than bioethanol-
bioethanol will become just another product.

Therefore, innovation cycles must be ob-
served, and the chemical and thermochemical
routes that may be taken varied. On the other
hand, all this process also assumes the rapid evolu-
tion in cultural, political, and social discussions on
the use of bioenergy and its implications.

It should be clear that there is still a lot of room
in Brazil to reduce costs, to improve production
sustainability, and to incorporate new technologies
and incremental innovations in production, which
may keep Brazil competitive for some time, in
some market niches and under certain conditions.
It is possible to establish a competitive margin with
petroleum around a certain price range, or have
a margin with the exchange relationships within
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a certain system; however, this is definitely not
enough if Brazil wants to be a competitive global
player.

Controlling new technology generations will
require a more daunting agenda. It will be neces-
sary to integrate synergically and intensively the
domestic efforts, in the public and the private sec-
tors. This support and involvement of both sectors
will be of utmost importance to ensure that exist-
ing initiatives — and the new ones — are at the edge
of scientific knowledge; like a new paradigm that
guides and contributes to the production process,
in terms of new technological routes such as the
aforesaid biotechnology and nanotechnology. The
bioethanol chain is strongly tied up to these agen-
das, as it is associated with biotechnology, nano-
technology, the use of advanced materials, and the
intensive use of information and communication
technologies. In other words, it is no longer pos-
sible to think that the bioethanol issue is restricted
to the chemical or mechanical engineering depart-
ments, which know all about unit operations. Not
any longer, a system vision is required.

Within this context, the Brazilian Bioethanol
Science and Technology Laboratory (CTBE) was
set up in Campinas, in the state of Sdo Paulo, to
carry out basic research and technological innova-
tion, both internally and in strategic partnerships,
representing a major investment by the Brazilian
federal government in science and technology
linked to sugarcane bioethanol. Through this cen-
ter, the expected result is to aggregate the Brazil-
ian scientific efforts to make feasible a renewable
source of energy that merges high productivity with
optimum raw material usage with sustainability.

A research, development, and innovation
agenda for the bioethanol chain must consider the
advantages and challenges for Brazil in this area.
The advantages are remarkable: the availability of
land, lack of competition with food production, and
the considerable know-how. It is noticeable that
Brazil’s know-how on the whole bioethanol pro-
duction chain finds no match in any other country.

On the other hand, there are threats that the
nation will face, and should be alert. It begins with
the technology control issue. Who will control
some of the key technologies in the future? Who
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will have ownership of this knowledge? Who will
have resources to invest in acquiring such propri-
etary domain? And who will have the capacity to
follow all the advances in scientific knowledge,
to include them with the required intensity and
speed, throughout the whole production chain?

Another important threat is to acknowledge
the degree of competition in this trade. The en-
ergy industry, be it biofuels or any other source
of energy, is a big business, which requires work-
ing with different parameters. If Brazil acts as an
international player, the competition business
game includes variables like industrial property
and marketing devices about which academic sec-
tor still has the greatest learning needs. It is still
necessary to learn how to deal with this business
dimension in the academic environment, which is
a considerable challenge.

Obviously, the possible repercussions of the
current financial crises should not be disregarded,
as it may reduce investments, redirect strategies,
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CLIMBING MOUNT TERAWATT

INTRODUCTION

In this book, the reader will find an extensive
and rather complete compendium on the scientific,
technical, social and economic challenges and
opportunities for Brazilian sugarcane bioethanol,
written by experts on the subject. This chapter,
by a non-expert, is aimed at those readers who
may still be asking themselves, but why sugarcane
bioethanol? But, first, let us learn about Mount
Terawatt.

It is no use searching in the old school Atlas
or in Google Earth. Mount Terawatt (or simply
TW) does not correspond to any geographical or
geological landmark on the surface of our planet. It
may still come to grace some mountain in a yet to
be discovered planet, like those being discovered
every day now, in which a small fraction of Mankind
may seek refuge and a new start, far away from our
old rock, eons from now. Mount Terawatt, for the
moment, is simply one trillion (ten to the power
twelve, one million million) Watts, a convenient
unit to measure the amount of energy used by hu-
mans every second, because otherwise we would
have to use very large numbers. (One Watt equals
one joule per second, roughly one thousandth of a
BTU per second.)

The 6.6 billion human beings use about 15 TW,
i.e., on average, per person, 2,300 Watts (2.3 kW).
This is about the power used by a large domestic
electric oven, or, in poorer countries, a very good
electric shower. Power, like wealth, is very uneven-
ly distributed in the world. So, averages are almost
meaningless. The average (North) American uses
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10 kW — but she is also a fiction — while a poor
African will use no more than a few tens of Watts.
Mount Terawatt is important for us because it is tall
— the amount of power it represents is too much
for us to have a simple intuitive representation of
it — and because we use fossil fuels to climb it. As
is well known, about 80% of all power generated
in the world comes from fossil fuels.

It is not easy to generate 1 TW of electrical
power or liquid fuels. One TW of electricity re-
quires the generating power of 1,000 “standard”
nuclear power plants. So, if we took today the
decision to generate 1 TW of nuclear electricity by
2050, aiming at replacing coal fueled power plants
and avoiding CO, emissions, we would have to
open a new nuclear power plant every three days
for 40 years! After all this, we would, sadly, find out
that there is not enough uranium to fuel them for
very long, but because the reasonably accessible
uranium supplies in the world are rather small.

One TW of ethanol is equivalent to the con-
sumption of 1.4 trillion liters in a year (370 billion
gallons a year) or, if you like to think in 3D, a cube
with a 11.2 km (7 miles) edge. This is roughly 65
times the Brazilian bioethanol output in 2008 and
a bit less than that of the US output. To generate
1 TW of bioethanol by 2050, the Brazilian output
would have to grow at an average annual com-
pound rate of 11%, that is, to double every six
and a half years. This is not an impossible goal to
achieve, as this book shows, but it is a huge chal-
lenge. Climbing Mount Terawatt is not easy.

But the race to reach the summit of Mount
Terawatt with carbon neutral or even carbon nega-
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tive power sources is on. Many believe, like the
editors and authors of this book that the survival
of our type of civilization and life style depends
upon the success of this climb.

TWO DISTINCT LIFE FORMS

Two distinct life forms share the Earth: one
natural, of which our species is part, and one artifi-
cial, created by us and without which we no longer
know how to live. Using the term “life” here is a
bit strong, because we normally associated it with
organisms capable of reproduction and evolution.
It is true that most of our machines do not share
these potentialities with our pet dog, but this is
not an essential limitation of the techno-industrial
world. There are machines/organisms that already
today straddle the gap between natural and arti-
ficial. What is a genetically modified organisms if
not a machine capable of reproduction and evolu-
tion? Where is the essential difference between
extracting a piece of iron ore from the ground and
processing it into a ship, and extracting a piece of
a gene from an organism, combining it with a piece
of a gene from another and producing a third one?
The processes, results, or risks may be very dif-
ferent, but it is the same scientific-technological-
industrial view that governs these manipulations.
The separation between natural and artificial is
becoming smaller and smaller in our civilization
and may have to disappear altogether, if we are
to survive as a species on this planet. The natural
world can no longer accommodate the demands
of our insane and invasive species.

The point of this argument, however, is that
the inhabitants of the artificial world share with us,
humans, one fundamental characteristic: they only
function thanks to a continuous flow of energy. In
other words: they only function if they are well fed.

A normal adult requires about 2,500 kcal of
energy per day. This translates into approximately
120 Watts. Assuming that all the 6.6 billion human
beings fall into the “well fed” category (if only!),
they would use 0.8 TW of power to feed themselves.
In this number, we are not taking into account
the many other TW’s needed to produce, process,
preserve, transport, distribute, and prepare our
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food, nor the power needed to deal with the waste
products resulting from all these processes. In
comparison, the inhabitants of the parallel artificial
world require 15 TW of power, that is, about 20
times the human demand. The slaves eat more than
the masters, but, then, they work harder.

When we talk about the competition between
food and bioenergy, we are talking about the com-
petition between humans and machines for energy.
This is a very unequal competition, because the
machines need much more than we do. Maybe,
one day, they will take over and put us on a very
strict diet.

A SINGLE SOURCE OF ENERGY AND
ITS CONSEQUENCES

In the natural world, there is only one source
of power: the Sun. (We are excluding some minor
sources of power, which, although extremely inter-
esting from a fundamental point of view, do seem
to be of no practical importance for the moment
being.) Plants and other organisms capable of
photosynthesis, which transform electromagnetic
into chemical energy, directly use this power. All
the rest of us, natural or artificial heterotrophs,
live mostly off photosynthesis.

The solar power incident at the top of the
atmosphere is of the order of 170,000 TW, that
is, more then 10,000 times the present needs
of our machines. Only about 70% of this power
(120,000 TW) reaches the surface of the Earth,
the remainder being reflected back to outer space.
On the solid portion of the surface, the amount is
about 40,000 TW. Still an ample quantity of power
compared with our needs. However, this power can
only be metabolized by photosynthetic organisms.
So, we are in the same position as the Ancient
Mariner, dying of thirst (for power) in an ocean (of
power). One tenth of a percent of the solar power
incident on land would be more than enough to
satisfy the present and foreseeable needs of Man-
kind. This book tries to teach us ways in which we
may drink from this ocean of power by harnessing
the photosynthetic good will of plants.

Undoubtedly, machines capable of converting
heat into work (and work into electricity) are the
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great discovery of Mankind. The proper feeding of
these machines depends, at the present moment,
on the existence of immense reservoir of solar
power metabolized and stored under the form
of reduced carbon atoms (carbon atoms with a
lot of chemical energy to spare, usually by being
bound to hydrogen atoms). Coal, oil, and natural
gas are the fossilized remnants of photosynthetic
organisms that lived tens to hundreds of millions
of years ago, and that now feed our machines. As
we do not like to eat this sort of deteriorated food,
there is no competition between them and us. And
that is good. But, there is a price to be paid for this
convenience. Eighty percent (12 TW) of the power
used by them in 2008 came from fossil fuels, which
once consumed by our heat machines become low
grade compounds of reduced carbon, mostly CO,
that increasingly litter the industrial civilization
atmosphere. Although an essential ingredient in
the photosynthetic synthesis of new biomass, the
natural world cannot transform all of this CO, back
into reduced forms of carbon as fast as the artificial
world breathes it out. As it accumulates in the at-
mosphere, it leads to more and more scientific and
diplomatic meetings, to more and more concerned
statements by governments, and more and more
announcements of oil discoveries by oil companies.
But very little meaningful actions, such as those
which this book proposes to alleviate the risks of
major climate changes.

A phenomenon similar to the one just de-
scribed already happened on our planet. Until
photosynthesis came along, organisms that drew
their energy from chemical sources and lived
without oxygen inhabited the natural world. Pho-
tosynthesis, on the other hand, has as a metabolic
by product a potentially toxic gas: oxygen. As the
concentration of oxygen in the atmosphere grew,
the new life forms slowly smothered the old ones,
which had to retreat to places like municipal solid
waste disposal sites. Today, artificial organisms,
with our complicity, are busily changing the com-
position of the atmosphere, but try as they might,
CO, concentrations will never reach the propor-
tions of present day O, concentrations, because
there is not enough fossil fuel at their disposal.
But they can do a lot of damage, if increasing
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temperatures lead to the release of vast quantities
of methane stored in colder parts of the planet.

The fact is that we can no longer envisage life
without machines, but also, it is becoming more
difficult to envisage the continued use of fossil
fuel fed machines. So, it is a matter of utmost
urgency to find a healthier diet for them. This is
where bioenergy, rather biomass energy, comes
in. Instead of using fossil reduced carbon, biomass
energy aims at providing us with plentiful freshly
reduced carbon, whose return to the atmosphere
as oxidized carbon will not alter the overall con-
centration of CO,. Let us take a brief look at the
two major energy vectors that feed our machines:
electricity and fuels.

ELECTRICITY

Electricity generation is responsible for one
third of the energy emissions of CO,. Instead of
being generated by fossil energies, mainly coal,
electricity can be generated by hydro, nuclear,
wind, solar, wave, and biomass energy. All of which
can have a lesser impact on emissions of green-
house gases. With all these different alternatives,
why persist with coal and other fossil sources? In
the first place, because coal is cheap (not taking
into account the cost of cleaning up afterwards),
eagsily available in the countries that most need
it, and the technology for burning coal efficiently
is available. In the second place, because there
are limitations for the other choices: available re-
sources, expensive technologies, or intrinsic to the
source, such as low power density or intermittency
that can make the climbing of mount Terawatt
rather challenging.

To begin with, we can exclude geothermal and
wave resources. They are too local and limited to
have a global impact. Next, wind and solar suffer
because of their intermittency — the wind does not
always blow in the right direction with the right in-
tensity and the Sun does not always shine. So, the
utilization factor (ratio of average power actually
generated over the installed generating capacity)
of these sources tends to be low. It can be better
for wind than for solar, something to be kept in
mind! But, no country can depend on its electricity
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exclusively on such sources. Anyway, the Achilles’
heel of electricity is storage. Unlike liquid fuels that
we can put into a tank and withdraw on a need to
use basis, electricity has to be used as it is gener-
ated. There are schemes for storing electricity, but
either they are cumbersome and inefficient or only
work for minute quantities, in relation to actual
needs. Whoever solves the problem of storing a
TWh of electricity shall inherit the Earth.

The projections for 2030 indicate a worldwide
need for 33,000 TWh of electricity. This means
some 20 TW of generating capacity based on wind
farms, which would occupy about 3.3 million sq.
km. (1.27 sq. mi.), at a cost of 40 trillion dollars
for the generators alone. But, we would also need
a vast intelligent grid capable of mining the neces-
sary power among all the generators, switching
from one site to another quickly, depending on the
local wind conditions. Similar considerations apply
to solar electricity, be it photovoltaic or thermal. We
are left with nuclear, hydro, and biomass electricity.

Nuclear has the great advantage of a large
utilization factor (larger than 80%) to supply base
loads. But, it has the disadvantages of nuclear
waste that needs to be stored for centuries. To
supply the same 33,000 TWh, in 2030, with mod-
ern day and foreseeable technologies, we would
need 4,700 new nuclear plants, that is, a new one
every three days, for 40 years! The known uranium
resources could feed these plants for a couple of
decades, at best, much less than their operational
lifetimes. It is true that the technology can change
and that the challenges of dealing with nuclear
wastes can be tackled successfully, but this is very
unlikely to happen soon. Electricity from nuclear
fusion is the first cousin of electricity from nuclear
fission. It has the advantage of abundant fuel sup-
plies (it uses basically hydrogen nuclei and H is the
most abundant chemical element in the Universe),
but the technology is simply not there. Even the
most ardent supporters of fusion, recognize that it
will not be able to make an appreciable contribu-
tion to the world supply of electricity before the
22 century. And, the skeptics do not believe that
it will happen even then.

Hydropower is clean, based on an established
technology, can supply base load electricity, but...
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the resources are not enough. At most, we can
count on 2 to 3 TW worldwide, enough to sup-
ply 7,000 to 10,000 TWh; far from the projected
demand. In addition, lately ecologists have been
fiercely opposing new hydroelectricity projects on
the grounds of protecting biodiversity and the local
environment. Between the little critters and the
human species, they wisely settle for the former.
In the long run, it is a safe bet.

Biomass is a nice option to supply carbon
neutral base load electricity. To generate 33,000
TWh of electricity, we will require something of the
order of 100,000 TWh of thermal power. Assum-
ing 10 GJ/ton for biomass, this implies 36 billion
tons of biomass per year. Taking sugarcane as an
example, at 80 tons per hectare and 7.5 GJ per ton,
we would need 600 million hectares or 6 million
km? (2.3 million sq. mi.) of sugarcane plantations
around the world. This is roughly a hundred times
the present cultivated area in Brazil. This number
is only approximate, it may be smaller or larger
depending on the assumed energy densities and
productivities, but it gives us a fair estimate of the
area needed for generating 33,000 TWh of electric-
ity from biomass in 2030. This is a very schematic
reasoning, though, as the countries that will most
consume electricity are also countries that have
most severe restrictions to produce biomass (think
China and India). But, for a country like Brazil,
there would be no real difficulties to have all of its
energy coming from renewable sources, provided
Petrobras could live with that.

Electricity is expensive from the energetic
point of view, and the electric car, a very bad
solution (which does not mean that it will not be
a popular success). None of the existing carbon
neutral or carbon free alternatives for electricity
generation can push out fossil fueled electricity in
the near future. Local, cleaner, solutions are always
very welcome. But, climbing mount Terawatt is not
an easy task. The numbers shown are not going
to be altered by small is beautiful, however. They
might even get worse, as they depend only on the
laws of thermodynamics and the availability of
primary energy resources.

In spite of these somewhat gloomy numbers,
there is still hope for fossil fuels. Let us capture
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and sequester, for many centuries, the final meta-
bolic waste from our machines: oxidized carbon.
But here, also, there are some “minor” difficulties.
These technologies can only be employed for large
fixed installations, not for the transportation sec-
tor, which contributes with a quarter of the total
energy emissions. Unfortunately, these technolo-
gies are far from the deployment stage. Demon-
strations plants for a million tons a year exist, but
we need to sequester several billion tons a year.
Storage for many centuries is an open question.
Not to mention the overall costs.

FUELS

Liquid fuels move Mankind. In 2005, 144 EJ of
oil (exajoules; 1 exajoule is equivalent to roughly
one Quad — one quadrillion BTU) were used by the
transport sector. This represents 60% of all the
oil consumed in that year. In annualized power,
4.6 TW out of the total 15.3 TW of primary power,
were used to move people and goods around. In
2007, non-fossil fuels contributed mere 1 EJ to the
same tasks. Thus, we can say, supported by solid
statistics, that the living are more and more moved
by fossils. A notion of much wider application than
merely to the transport sector, unfortunately.

With 60% of all the oil, and with 40% of en-
ergy emissions being due to this primary source,
the transport sector was responsible for 24% of
the 27 billion tons of CO, emitted in 2005. That
is the price of our material and psychological
dependency on mobility. Until the 2008 financial
crisis, the demand from transport sector was
projected to grow at 1.56% a year until 2030. As it
seems that this crisis has not affected the largest
developing countries so badly, we will keep the
projection. Growth is good. But, 50% of this growth
is expected to come from fossil fuels, leading to
an increase in emissions. Emissions are bad. Fifty
percent? Is the glass half full or half empty? The
other half of the growth will come from biofuels,
the largest contribution being from bioethanol, a
little from biodiesel, reaching something of the
order of 5 EJ in 2030. This book is a contribution to
getting these projections out of the paper (sorry)
and into the market. Hopefully, even increasing
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more substantially the contribution from biofuels
to the transport sector.

The 10% solution, a relatively modest proposal
being examined in this book, is the energy equivalent
concentration of bioethanol in gasoline that could
be adopted worldwide in order to reduce slightly
gasoline consumption and emissions by 2030.

The volumetric energy density of ethanol is
roughly 2/3 that of gasoline. Hence, 10% of gaso-
line energy corresponds to about 14.3% in ethanol
volume. In 2007, the United States consumed 540
billion liters of gasoline. Globally, we can estimate
for the same year a consumption of about 2.2
trillion liters. The 10% solution would require, in
2007, 318 billion liters of ethanol, compared to the
world production of 50 billion liters. In 2030, if the
projected world economy growth materializes, the
10% solution would require 430 billion liters of
ethanol. A productivity of 7,000 liters per hectare,
currently achieved by the Brazilian producers,
leads us to an estimate of 61.4 million hectares
(614.000 km?) of land needed for feedstock pro-
duction. If, as expected, improvements in current
processes and new technologies result in a 10,000
liters per hectare productivity in the future, then
43 million hectares of land (430.000 km?) would
be sufficient for the 10% solution. This shows how
critical productivity is to reduce land use. A 100%
solution, which is not being contemplated, would
require as much land as the one needed to supply
global electricity demand exclusively from biomass
(a solution which is also not being contemplated).

According to data from IEA World Energy
Outlook 2008, it is possible to estimate that to
increase the world production capacity of biofuels
by 1 GJ it is necessary to invest US$ 60. Hence,
to increase production of bioethanol from 50 to
430 billion liters, at 22 MJ/liter, US$ 500 billion
would be required. This investment, spread over
a period of 20 years, would mean US$ 25 billion/
year. A small number as far as worldwide energy
investments are concerned.

According to FAO (United Nations Food and
Agriculture Organization), Brazil has about 550
million hectares (Mha) of potential agricultural
land, of which 300 Mha are classified as “without
major restrictions”. That is, there are no major
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social or environmental restrictions on the use of
this land for agriculture, as well as there is enough
water for cultivation. In 2005, the cultivated area
in Brazil was a mere 58 Mha, of which about 6 Mha
dedicated to sugarcane (roughly half of this area
for bioethanol production, the remainder for other
products, mainly sugar). Hence, the 10% solution
looks perfectly feasible in terms of available land
and investments. The production of 430 billion
liters of bioethanol would occupy about 14% of the
area considered “without major restrictions”, not
considering further improvements in agricultural
and industrial productivities. This means 9.5 EJ
of biofuels to replace gasoline consumption. Or, in
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power terms, 300 GW. It is not a huge amount, but
it brings us one third up Mount Terawatt.

FINAL CONSIDERATIONS

The real challenges for bioenergy, as we tried
to show briefly above, are not the numbers. They
are social perceptions and the environment: sus-
tainability, effective reduction of greenhouse
gases, and the perceived competition with food
production. This book looks into all of these
aspects, in the hope of contributing to making
modern bioenergy a realistic option for a cleaner
world energy matrix in the near future.
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ENVIRONMENTAL (LOCAL AND GLOBAL IMPACT)
AND ENERGY ISSUES ON SUGARCANE EXPANSION AND
LAND OCCUPATION IN THE SAO PAULO STATE

INTRODUCTION

Agribusiness land management is in the cur-
rent agenda. All scientific, social, economic, and
environmental matters related to expanding etha-
nol production in the Sdo Paulo state border on
land issues. For Brazilian society and abroad,
such issues linked to the agricultural use of the
land dominate the debate on the expansion of
agro-energy and the production of biofuels. Sci-
entific knowledge is yet insufficient due to the
considerable time-space dynamics of sugarcane in
the Sao Paulo state, and the diversity of existing
agro-environmental situations. Among the issues
connected to the sugarcane territorial expansion,
there are the following;:

e What are the impacts of the sugarcane
space-time dynamics on the overall agri-
cultural production in the Sao Paulo state?

e Does sugarcane expansion induce a re-
duction in food (grain or meat) producing
areas?

e What are the impacts of this sugarcane
dynamics on areas with natural vegetation?
Does it favor or reduce them?

e (Could change in the sugarcane production
systems technology profile (elimination of
burning, innovative waste management,
electric power co-generation etc.) lead to
a retraction in sugarcane areas in certain
territorial circumstances?

The results from some studies on the time-
space dynamics of land occupation and use in
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the Sdo Paulo state have brought some relevant
information; yet, they are still insufficient to span
the whole breadth of this issue and its resulting
impacts. However, focusing research only in sug-
arcane areas land use monitoring is not enough.
Research should cover all types and classes of land
use. To monitor land occupation and use, and its
time-space dynamics, emphasizing sugarcane,
research has to develop and use methodological
tools based on geographic information systems,
remote sensing and modeling.

This chapter, based on research of the ex-
pansion of sugarcane land in the Northeastern
region of the Sdo Paulo state, provides pointers
on the subjects, methods, and scientific proce-
dures to be developed mostly to supply the need
for knowledge in this process’ dynamics, capable
of supporting agricultural land management and
investments in infrastructure. The text also points
out the most urgent research results, which public
or private policy decision-makers need to bestow
improved sustainability to the land ordinance
of the Sao Paulo state, due to the expansion of
agro-energy.

A HISTORIC SUMMARY OF
SUGARCANE AND LAND USAGE

Initially, Sdo Paulo lost its importance in this
scenario. In 1590, there were six sugarcane mills in
Rio de Janeiro. In 1600, sugarcane occupied some
6,600 hectares. In 1728, the number of sugarcane
mills rose to 32, and, in 1797, they were 120. Rio
de Janeiro city toponymy still recalls this cycle,
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with places named Engenho Novo, Engenho de
Dentro, Usina da Tijuca, Engenho Velho, Engenho
da Rainha, Engenho da Pedra etc.; “Engenho” be-
ing the Portuguese word for “sugar mill”. Brazil
increased its exports, and in 1700 it shipped 19,000
tons per year; after some oscillations, this figure
reached 24,000 tons in 1800.

Circumstantiated scientific studies observed
that, during the Portuguese domain period, the
average cultivated area per year was 9,000 hect-
ares, reaching a maximum of 16,000 hectares
at the outset of the Empire. In a maximalist
scenario, the total deforestation for sugar pro-
duction over more than 220 years, at the time of
Independence, was close to 140,000 hectares. If
compared to the extension of the Atlantic For-
est, deforestation caused by sugarcane during a
period of over 200 years by its population, can
be considered negligible!. Currently, in one year
alone, Brazil produces much more sugarcane than
it did throughout the whole period of colonization
by the Portuguese?.

After the introduction of the Alcohol Fuel
program in the 1970s, sugarcane gained new
territorial dynamics in Sdo Paulo, expanding its
area in both traditional cultivation areas in, for
example, Piracicaba and Ribeirdo Preto, as well
as in regions further West, such as the Assis area,
occupying mostly cerrado lands dedicated to
animal breeding, and seasonal cultures, having
varied impacts?.

In the 1970s, a crew from Terrafoto S.A., a
land study and airborne survey connected to the
Sao Paulo state government, taking into account
restrictions of remote probing and geographic
information systems existing at that time, made
breakthrough surveys on this issue. They mapped
land usage in a great deal of the Sao Paulo state,
emphasizing sugarcane on two dates: early 1960s,

! CASTRO, C. F. A. Gestao florestal no Brasil Colénia. Bra-
silia: UnB, 2002.

2 In 2008, sugarcane production reached almost 500 million
tons in the Sao Paulo state.

3 PAMPLONA, C. Proalcool: impacto em termos técnicos —
econdmicos e sociais do programa no Brasil. Belo Horizonte:
SOPRAL, 1984. 93p.
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based on air photos and later, the updated situa-
tion in the late 1970s, based on different surveys*.

When Terrafoto S.A. was privatized in 1980°,
this work was discontinued, as it was interesting
for public policies, but not for air survey private
activities. Public institutions did not require such
services either. Nowadays, access to this data is
difficult for reasons linked to Terrafoto’s records
destination, and the very geo-processing technol-
ogy employed at that time.

Nowadays, the sugarcane industry maintains,
by means of Unido da Industria de Cana-de-Acu-
car — Unica (Sugarcane Industry Union), keeps
an exclusive monitoring of areas planted with
sugarcane (Canasat) in cooperation with Funcate
and Inpe®. Figures from the 2007-2008 harvest
season indicate the constantly growing area and
sugarcane harvest in the Center-South region,
which represents 86% of the domestic produc-
tion. There was 414 million tons of sugarcane,
compared to 366 million in the previous harvest
season: a 13% growth. It is estimated that 29
new mills will start operating in the region, being
13 of them in the Sao Paulo state, which implies
another increase in cultivated area and produc-
tion, around 10%".

THE CASE OF THE NORTHEASTERN
REGION OF SAO PAULO STATE

The Northeastern region of the Sao Paulo state
is an example of Brazilian agribusiness territo-
rial development, being the national productivity
leader in the major agricultural segments, mostly
based in sugarcane expansion. Its Gross Internal
Product, above USD 25 billion, is higher than Uru-

4 SERRA FILHO R.; CAVALLI A. C.; GUILLAUMON JR. Le-
vantamento da cobertura natural e do reflorestamento no
Estado de Sao Paulo — Boletim Técnico do Instituto Florestal,
1974.

5 Available at: <http://www.al.sp.gov.br/staticfi le/integra_
ddilei/decreto/1980/decreto%20n.15.471,%20de%2007.08.1
980.htm>.

6 Available at: <http://www.dsr.inpe.br/canasat/>.

" Producdo em crescimento. Agroanalysis, Sao Paulo, FGV,
vol. 28, abril 2008.
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guay’s, and its per capita income is twice as much
as Argentina’s®,

A study of land usage and land management
carried out by Embrapa Monitoramento por Sa-
télite (satellite monitoring) covered 125 munici-
palities, approximately 51,725 km?, and 20.83%
of the Sao Paulo state (Figure 1)°. Town, regional
and trade leaderships seek participation in public
policies for land, and need updated information on
agricultural land usage and spatial dynamics cov-
erage, which, in partnership with the project “Di-
agnostico Ambiental da Agricultura no Estado
de Sdo Paulo: bases para um desenvolvimento
rural sustentdvel — Ecoagri/ Fapesp”? and the

8 ELIAS, D. Globalizacao e agricultura: a regiao de Ribeirdo
Preto/SP. Sao Paulo: Edusp, 2003.

9 Available at: <http:/www.cnpm.embrapa.br/publica/down
—load/newsdownload/artigos_resumos%20anais%_20eventos/
apc_44cbesrsober06_gestaoterrnesp_mir.pdf>.

10 Available at: <http://ecoagri.cnptia.embrapa.br/indexphp>.

support of Abag-RP!' (Brazilian Agribusiness As-
sociation of the Ribeirdo Preto Area), structured
an agribusiness land management system for this
region.

Materials and key data used as grounds for
usage mapping and land coverage work were im-
ages from satellites LANDSAT 7-ETM+, LANDSAT
5-TM, and the vector file with the municipal grid
from Instituto Brasileiro de Geografia e Estatistica
—IBGE (Brazilian Institute of Geography and Sta-
tistics) (1999). Ortho-rectified aerial photos, on
a 1:30,000 scale from 2001, and images from the
satellites Cbers and Spot were used as support
information. The main software packages used
were Erdas Imagine and ArcGIS.

The land use and coverage map was initial-
ly obtained for 2003. Image interpretation was
done on a 1:180,000 scale for representation
in 1:250,000, considering 25 ha as the smallest

11 Available at: <http://www.abagrp.com.br/>.
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charted element. The same process was used for
the 1988 mapping. The resulting key includes the
following land usage and coverage categories:
sugarcane, fruit, coffee, rubber, yearly cultures
(corn, soy, peanuts, beans, rice), yearly cultures
on irrigation pivots, pastures, natural and riparian
vegetation remnants, urban areas, mining areas,
and other uses/coverage (open soil, exposed rock
etc.), and water bodies (lakes, rivers, dams etc.)!2.

Tables and charts on the land usage and
coverage dynamics were obtained by crossing
(intercept) of the 1998 and 2003 usage and cover-
age maps using geo-processing techniques. Data
obtained were entered on a Geographic Informa-
tion System, together with other information
plans, such as: municipal division, hydrography,
topography, basins etc.

A database containing agronomic, social, eco-
nomic, and environmental data was built for each
type of vegetation coverage mapped in the region
from various information sources, and field sur-
veys with farmers and technical support agencies.
Each variable in this database may be spatialized
within the region, and was used to structure other
composite variables.

THE REGIONAL AGRICULTURAL
DYNAMICS BETWEEN 1988 AND 2003

Land usage and coverage maps, obtained for
1988 and 2002/2003 are represented in a summa-
rized form in Figures 2 and 3. The original maps
are in a 1:250,000 scale and complete data may be
found at CRISCUOLO et al., 2006,

From the intercepts by geo-processing of the
maps obtained for each period it was possible to
analyze the land usage and coverage dynamics for
each category. Table 1 presents, in a cross-refer-
enced way and summarized by usage and coverage

12 DI GREGORIO, A.; JANSEN, L. J. M. Land Cover Classifica-
tion System (LCCS): Classification Concepts and User Manual.
Rome: Food and agriculture organization of the United Na-
tions, 2000. 179p.

13 CRISCUOLO C.; QUARTAROLI, C. F.; MIRANDA, E. E;
GUIMARAES, M. Dinamica de uso e cobertura das terras na
regido nordeste do Estado de Sdo Paulo. Campinas: Embrapa
Monitoramento por Satélite, 2006. 70 p., il. (Documentos, 46).
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category, the quantitative changes occurred in the
area studied between 1988 and 2002/2003.

Table 1 summarizes each category’s summa-
rized quantitative data for each category mapped
for 1988 and 2003.

From the intercepts by geo-processing of the
maps obtained for each period it was possible to
analyze the land usage and coverage dynamics for
each category. Table 2 presents, in a cross-refer-
enced way and summarized by usage and coverage
category, the quantitative changes occurred in the
area studied between 1988 and 2003.

SUGARCANE RETRACTION,
PERMANENCE, AND EXPANSION

After the land usage and coverage maps in
1988 and 2003 were concluded, it was possible
to make space and time analysis of the dynamics
in the past 15 years, especially in the rural area.
The time analysis of land usage and coverage
pointed out the expansion of sugarcane, mostly
over grazing lands and yearly cultures, like in
other studies!*.

In 1988, sugarcane occupied 1,085,668 ha of
the Northeastern region of the Sdo Paulo state
(21%), being concentrated around the central axis
of the area studied, including the whole municipal-
ity of Ribeirdo Preto as core area. In 2003, the area
covered with sugarcane was 2,293,301 ha, which
represented a leap from 21% to 44% of the area
studied (Table 1).

One of the interesting features of a land man-
agement tool for agribusiness, based on the spatial
knowledge of land usage and coverage, is in its
capability of considering what took place in every
hectare of sugarcane between 1988 and 2003. The
figure shows sugarcane retraction, permanence,
and expansion areas. Digital charting treatment of
this information allows the quantification of sugar-
cane permanence area between the two periods:
989,523 ha, i.e., from the present 2,293,301 ha,

4 COELHO S. T.; LORA, B. A.; MONTEIRO, M. B. C. A. A
expansao da cultura canavieira no Estado de Sao Paulo. USP.
Sao Paulo: Cenbio. Available at: <http:/www.cenbio.org.br/pt/
downloads/papers/expcana.pdf>.
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TABLET  Quantificaion of land coverage in 1988 and 2003.
1988 2002/2003
Category/class 4,126,120 79.77 4,089,374 79.06
Pasture 1,410,688 27.27 798,956 15.45
Sugarcane 1,085,668 20.99 2,293,301 44.34
Annual crop 910,852 17.61 229,455 4.44
Fruit crop 488,657 9.45 519,739 10.05
Planted forest 136,137 2.63 135,783 2.63
Annual crop - irrigated 26,388 0.51 48,566 0.94
Rubber trees 175 0.00 4,761 0.09
Coffee 67,554 1.31 58,823 1.14
Antropic areas 93,915 1.82 126,217 2.44
Urban areas 89,818 1.74 118,898 2.30
Others 3,221 0.006 6,416 0.12
Mining areas 876 0.02 903 0.02
Natural vegetation 875,022 16.92 876,431 16.94
Rainforest 532,503 10.29 544,091 10.52
Remaining natural vegetation 342,519 6.62 332,340 6.43
Water bodies 77,446 1.50 80,480 1.56
Water bodies 77,446 1.50 80,480 1.56
Total 5,172,503 100.00 5,172,503 100.00
TABLE2  Land usage and coverage dynamics in the Northeastern region of the Sao Paulo state, by analysis categories
(numbers in ha).
2002/2003
aﬁgrli;, l:::::k vel\;aett::?clm Antropicareas | Water bodies Total (1988)
fl\\?:sig'ctf reand |4 015,964 76,092 30,701 3,363 4,126,119
% \';'j;‘e‘;z'ﬁon 70,745 795,125 2,032 7,121 875,023
Antropic areas 527 100 93,195 94 93,915
Water bodies 2,139 5114 290 69,902 77,446
Total (2002/2003) 4,089,374 876,431 126,217 80,480 5,172,503
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only 989,523 ha were sugarcane in 1988. This
indicates that in other areas there was either
retraction or expansion of the culture, as shown
on Figure 4.

Retraction of this activity took place on 96,145
ha, and the land management system allows to
identify major cultures that replaced sugarcane in
these places: 40,113 ha were occupied with fruit;
14,729 ha with grazing land; and 11,058 ha with
yearly cultures. The remaining area, around 30,254
ha, was occupied by various cultures (coffee, rub-
ber, and silviculture), by restoring riparian forests,
and other uses (dams, urbanization etc.).

The sugarcane expansion area was 1,303,778
ha, mostly over 596,345 ha of yearly cultures,
474743 ha of grazing lands; and 157,680 ha of fruit
cultures. Knowing the socio-economic indicators
of each one of these cultures, it is possible to as-
sess the impacts of this land usage and coverage
dynamics, in terms of employment, income and
levied taxes.

EVALUATION OF SOCIAL,
ECONOMICAL, AND TERRITORIAL
IMPACTS

This agribusiness land management system
allowed following the land usage and coverage dy-
namics in each section of that region. Contrary to
census and numerical data, it is possible to know,
in a circumstantiated manner, which cultures were
replaced in the sugarcane expansion, or which
replaced sugarcane where there was a retraction.
The system calculated this dynamic for each cat-
egory and land usage class. Having such informa-
tion for the whole Sao Paulo state would be highly
relevant to monitor what is actually taking place,
and its environmental and socio-economic impacts.

To illustrate, here are the evolutions of some
socio-economical indicators, such as direct em-
ployment, though the land management system
also has data on indirect, induced, and total jobs in
each of the productive chains. Likewise, only direct
taxes levied will be presented to illustrate, though
there is also information on indirect, induced, and
total taxes in each of the Northeastern region of
the Sdo Paulo State productive chains. Figures for

gross income are based on the best prices obtained
in the region in 2003. Results obtained and com-
mented are presented next.

Gross income

Culture replacements, both for sugarcane
retraction and expansion, were duly computed,
thanks to the land management system. In the case
of areas where there was a retraction of sugarcane,
being replaced by other cultures (78,333 ha), the
current use generates about R$ 223 million in gross
income, against a potential income — if sugarcane
had been maintained in these places — of about
R$ 219 million.

This represents a gain in gross income in these
sugarcane retraction areas of about R$ 34 million.
Agronomical and environmental reasons also ex-
plain such changes, and justify the rationale for
this spatial evolution.

In the case of sugarcane expansion, this ad-
ditional area (1,266,681 ha) generates a potential
gross income of about R$ 3.5 billion against a
theoretical gross income — had the previous us-
ages been maintained — of around R$ 2.1 billion.
This represents a gain, in terms of gross income,
of about R$ 1.5 billion, i.e, an average gain of
R$ 1,161/ha in comparison to the other uses.

Considering the positive and negative com-
pensations in terms of gross income in the area
currently occupied by sugarcane in the Northeast-
ern region of the Sdo Paulo state, there was a gain
of around R$ 1.5 billion.

Direct employment

In the case of areas where there was a retrac-
tion of sugarcane, and its replacement with other
cultures (78,333 ha), the land management system
estimated that the current use of the land gener-
ates around 10,825 direct jobs, against a potential
of —if the sugarcane had been maintained in these
places — of about 5,483. This represents a gain in
direct jobs, in these areas of sugarcane retraction,
of around 5,342. Job qualification, the resulting
income profile etc. are not the same, but the data
indicates such evolution.
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In the case of sugarcane expansion, this ad-
ditional 1,266,681 ha area generates a direct jobs
potential of about 88,668 against the theoretical
—if the previous usages had been maintained — of
around 115,484. This represents a loss in direct
jobs of about 26,817. Globally, with this whole
picture of change in land usage, there was a net
loss of 21,475 jobs.

On the other hand, studies by Federacgao das
Industrias do Estado de Sao Paulo — Fiesp (Sao
Paulo State Federation of Industries) show that
the sugar-alcohol industry sector was responsible —
until April — for about 80% of the vacancies opened
by the Sdo Paulo state industry in 2008. From the
127,000 vacancies opened in the first four months,
slightly over 94,000 of them were in sugarcane
mills or plantations'®.

Direct taxes

In the case of areas where there was a retrac-
tion by sugarcane, and its replacement by other
cultures (78,333 ha), the current land usage and
coverage represent a total of about R$ 6.7 million
in direct taxes, against a potential — if the sugar-
cane had been maintained there — of about R$ 7.8
million. This means a loss in direct tax revenue of
around R$ 1.2 million.

In the case of sugarcane expansion, this ad-
ditional area of 1,266,681 ha generates potential
direct taxes of around R$ 127.5 million against a
theoretical direct levy — had the previous usages
been maintained — of around R$ 65.6 million. This
represents a gain in direct taxes levy of about
R$ 61.9 million. Here too, as in the case of jobs,
sugarcane favors local taxes, and not their concen-
tration in remote agricultural products processing
hubs. Overall, with this scenario of change in the
usage of land, there was a net gain in taxes levied
of around R$ 60.7 million.

FINAL CONSIDERATIONS

The sugarcane expansion, the land usage
and occupation in the Sao Paulo state present

15> Available at: <http:/www1.folha.uol.com.br/folha/dinheiro/
ult91u402320.shtml>.
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unprecedented dynamics'é. The scientific, social,
economic, and environmental themes linked to the
expanded production of ethanol require inexistent
or insufficient land information. Considering the
weight of these land issues — for both Brazilian
and international society — connected to the ag-
ricultural use of land, new methods and research
should be driven to enlarge the actual knowledge
on the space-time dynamics of agro-energy and
fuel production in the Sao Paulo state.

This chapter, upon having dealt with this sub-
Jject, introduced the example of a new agribusiness
land management system, structured by Embrapa
Monitoramento por Satélite (satellite monitoring)
for 125 municipalities located in the Northeastern
region of the Sdo Paulo state, in partnership with
several institutions, with support from Fapesp
and Abag/RP (Brazilian Agribusiness Association
of the Ribeirdo Preto Area). From the method-
ological standpoint, the land management system
articulated three modules: land use and coverage;
agronomical, social, and economical database; and
the geographic information system.

Land mapping, usage, and coverage are re-
markable tools to follow land changes in agricul-
ture, and their methods behoove improvements.
The dynamics observed in the last 15 years in the
Northeastern region continues to occur in the
Sao Paulo state. Every agricultural year there are
changes in the spatial division of activities, and
the satellite images provide a systematic record
of these realities. From the satellite images to the
final cartographic product there is a whole series of
data gathering and processing, both in laboratory
and in the field, which requires new surveys and
operational resources.

From the conceptual standpoint, technicians
and researchers always keep a double denomination:
land use and coverage, or land use and occupation.
In practice, this poses an actual difficulty due to

16 CAMARGO A. M. M. P. DE; CASER D. V.; CAMARGO F. P.
DE; OLIVETTE M. P. DE A.; SACHS R. C. C.; TORQUATO
S. A. Dindmica e tendéncia da expansdo da cana-de-a¢ticar
sobre as demais atividades agropecudrias, Estado de Sao
Paulo, 2001-2006. Informacdes Econdémicas, vol. 33, n. 3,
Sao Paulo: IEA, 2008. Available at: <(http://www.iea.sp.gov.
br/out/publicar/ieant.php)>.
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farming systems’ nature and dynamics. In the case
of fruit production, for instance, land usage and oc-
cupation or coverage, are equivalent. In the case of
sugarcane, this no longer happens. In a certain area,
1,000 ha may be covered or occupied by sugarcane;
however, yearly a little less than 20% of this culture
will be reformed, probably with yearly cultures
(peanut, soy etc.). In other words, occupation is by
sugarcane, but the use, in that year, will be by yearly
cultures. Depending on the manager’s objectives,
cartographic data may be reclassified, getting closer
to the use of the land, getting the information nearer
the themes of production systems, technology levels,
short-term fluctuations etc. However they may be
reclassified towards the sense of land occupation,
or coverage, reflecting more accurately the mid-
range issues, production structures, and the higher
determinants of the agribusiness.

From this standpoint, considering sugarcane
alone in terms of occupation or coverage, the area
in the Northeastern region of the Sao Paulo state
in 2003 was about 51%. If the sugarcane planta-
tion retrofit indexes are applied, this figure drops
to 44%, and a considerable part of this difference
may be credited to yearly cultures. New research
efforts should accurately evaluate the grain pro-
duction actually occurring within sugarcane areas.

In all natural resources mapping, scale creates
the phenomenon. Land usage and coverage map-
ping in a region will not provide the same qualita-
tive and quantitative result if a different scale is
used. The 1:250,000 scale has offered Sao Paulo
state agribusiness managers an adequate compro-
mise in terms of cost/benefit, between accuracy and
the required speed in obtaining results for regional
studies of this nature. However more and newer
research studies may also deepen this dimension.

Finally, among the issues connected to sugar-
cane territory expansion, several questions trouble
public policy makers, and various segments of our
society await answers from research:

What are the key changes in land use and
occupation by water basins and govern-
mental districts caused by sugarcane in the
Sao Paulo state?

What are the regions and towns in the
Sao Paulo state that were most affected
by the current sugarcane area expansion
dynamics?

What are the indirect impacts of this land
occupation dynamics, and in the use of land
in other regions in the Sao Paulo state that
are unsuited for sugarcane?

To what extent does sugarcane expansion
compete with food production, and if so in
what dimension, and in which towns and
regions?

What are the regions in the Sao Paulo state
where sugarcane expansion competes with
citrus cultures and energy forests?

In which regions does sugarcane spacial
dynamics lead to a reduction in the number
of cattle?

What has been the connection between re-
duced grazing lands and cattle head count?
Does sugarcane expansion cause deforesta-
tion, thus compromising the preservation
of natural vegetation, or does it favor — by
exclusive mechanization of flat areas — the
recovery of permanent preservation areas?
What are the water basins most affected
by sugarcane expansion, and what are the
likely positive and negative impacts on
water resources?

What gains and threats do sugarcane ex-
pansion presents to the Guarani aquifer?
What are the regions where sugarcane
burning has had seen the greatest increase,
decrease, or remained stable?

To what extent can city and state laws
favor or restrict agricultural land usage by
sugarcane?
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EVOLUTION OF THE SUGARCANE INDUSTRY

INTRODUCTION

The evolution of the sugarcane fields in the
Sao Paulo State in the 2000s shows an annual
growth of 10.3% in products volume over the last
eight years, demonstrating a significant investment
in this industry. As far as products are concerned,
sugar had a yearly growth of 10.3%, the same rate
as ethanol! This was not by mere coincidence, as
this analysis will show. Among the ethanol prod-
ucts, the anhydrous (which is a gasoline additive)
grew 4.2% per year, and the hydrated (car fuel)
increased 16% per year. This difference in growth
is directly related to the breakthrough caused by
the launch of flex-fuel (ethanol/gasoline) cars, in
view of the impressive acceptance of this product
in the Brazilian market. Between 2005 and 2008,
forty new plants focusing on the production of
hydrated ethanol were installed in the Sao Paulo
state. The sugarcane products mix in this state var-
ied around 50% throughout this period, exceptions
made to 2007 (47%) and 2008 (42% ). The figures
show a trend toward increasing ethanol in the mix.
However, it is something to be observed in the next
Sao Paulo state harvest seasons, with a potential
period (over the next two years) of higher prices
for sugar and, very likely, a new reversion toward
ethanol. This will happen until the time when it
becomes a global commodity, eliminating these
sugar-ethanol shifts.

This reality opens an important outlook for
analysis and R&D to be done in the socio-economic
and agro-industrial fields, always from the stance

IN THE SAO PAULO STATE

Luiz Carlos Corréa de Carvalho

of sustainability and added value. The greenfields
expansion has been showing internal return rates
from such projects in Sao Paulo between 13% and
15%, depending on internal competitiveness (pro-
ductivity/costs) of the projects, their technology,
handling and logistics.

The effect on the whole industry production
chain displays investments and expansions before
the agro-industrial production, in the fuel distribu-
tion, in the co-generation of electric power and in
the automotive chain.

THE SAO PAULO STATE SUGARCANE
FIELDS (PLANTATIONS WOULD BE
BETTER)

The Sao Paulo state, responsible for 69% of
the sugarcane milling in the Center-South Re-
gion, was divided in six large areas, as shown on
Figure 1.

To show the evolution of the Sdo Paulo state
sugarcane fields, an attempt was made to use the
TRS (Total Recoverable Sugars) index, which
represents the end products placed in domestic
and foreign markets, as shown on Table 1 below.

The two columns on Table 1 show the fantastic
growth of the sugarcane fields and their products
in the new expansion area in the Western Sao Pau-
lo state (Aracatuba) area which, in a seven-year
period grew its weight in Sdo Paulo by 6%; on the
other hand, the traditional regions of Piracicaba,
Ribeirdo Preto and Jau lost their relative weight;
Assis remained stable; and only Catanduva grew,
in an impressive way.
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{ S Areas
1) Ribeirao Preto
N 2) Jau
MINAS GERAIS \ 3) Catanduva
MAD GTRSSU S b 4) Assis
5) Aracatuba
6) Piracicaba
FIGURE1 Regions from Sdo Paulo State used in the present analysis.
TABLE1  Growth in the great areas defined in the Sao Paulo state - TRS*.
Annual growth rate Weight in the total
Areas
(2000/2001 - 2007/2008) TRSs offered (%)
(%) - ATR 2007/2008 2000/2001
Assis 10.87 8.62 8.31
Aragatuba 18.19 15.39 9.49
Catanduva 17.52 18.93 12.14
Jau 6.83 12.27 15.34
Piracicaba 7.19 12.87 15.71
Ribeirdo Preto 7.17 31.91 39.01
Séo Paulo 10.29 100.0 100.0

* TRS -Total Recoverable Sugars.

Source: Producers database - production; Unica; compilation Canaplan.
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GRAPH1  S&o Paulo: sugarcane production per region.

TABLE2  Evolution of offer of sugarcane products - Sdo Paulo state.

Sugar (million metric tons) Ethanol (billion liters)
Areas/Harvest Annual Anhydrous Hydrated
2000/2001 | 2007/2008 Annual Annual
rate (%) | 2000/2001 | 2007/2008 2000/2001 | 2007/2008
rate (%) rate (%)
Assis 0.79 1.68 11.38 0.60 0.70 2.23 0.39 1.29 18.64
Aracatuba 0.55 235 23.05 0.77 1.34 8.24 0.72 2.87 21.84
Catanduva 1.26 3.88 1743 0.61 1.33 11.78 0.74 2.85 21.24
Jau 1.64 2.66 7.15 1.03 0.97 (0.85) 0.62 1.60 14.50
Piracicaba 1.95 3.01 6.40 0.92 1.03 1.63 0.51 1.44 15.98
Ribeirdo Preto 3.87 6.37 7.38 249 3.22 3.74 2.01 4.00 10.33
Sao Paulo 10.06 19.95 10.27 6.43 8.59 4.22 4.98 14.05 15.97
Ethanol (billion liters)
Areas/Harvest
2000/01 2007/08 Annual rate (%)

Assis 1.00 1.99 10.33

Aracatuba 1.49 4.21 16.00

Catanduva 1.35 4.19 17.56

Jau 1.66 257 6.44

Piracicaba 1.43 247 8.12

Ribeirdo Preto 4.50 7.22 6.99

Sao Paulo 11.41 22.65 10.29
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GRAPH2  S&o Paulo: sugar production per area.
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GRAPH3  S3ao Paulo: alcohol production per area.

On every new harvest since 2000, it is possible It is interesting to notice the logic in the
to see the actual growth of each of the featured  growth of sugarcane products in the state, the
areas, as shown on Graph 1. relevant differences being shown on Table 2.
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A few interesting facts may be observed from
Table 2 about the options for products growth
among the various areas in the Sao Paulo state.
While the traditional sugar areas of Ribeirao Preto,
Jau and Piracicaba grew around 7% per year in
sugar and ethanol, the Aracatuba and Catanduva
areas showed considerably higher rates. In the ear-
ly 2000s, Aracatuba had a small sugar production
that increased more than four times, the ethanol
offer increasing threefold; Catanduva, on its turn,
increased both products threefold.

The sugar and ethanol offers are shown on
Graphs 2 and 3.

The weight of the Aracatuba area in the etha-
nol offer is evidenced in this recent evolution of
the Sdo Paulo state.

Basically the increased products offer in the
industry was accomplished by expanding the exist-
ing units. In most cases, growth took place in two
stages, as it may be observed:

e Until 2003/2004 with the crises that re-
sulted from ethanol-only fueled cars, when
investments were focused on sugar and
anhydrous ethanol.

e After 2004, shift to hydrated ethanol, most-
ly from the reality of flex-fuel cars and their
amazing growth.

It was precisely from the new reality of the
domestic market growth for hydrated ethanol, as
well as the outlook for sugar and the potential rep-
resented by the growing international market for
ethanol, added to the worldwide priority to fight
global warming and the beginning of the astound-
ing rise in oil prices, that new investments in sug-
arcane began to take place at considerable speed.

TABLE3  Evolution of greenfields in the Sdo Paulo state - 2005
to 2008.
Year Number of units
2005 03
2006 13
2007 1
2008 13
Total 40

Source: Database - UDOP; compilation Canaplan.
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The quantity of new units (greenfields) imple-
mented in the Sdo Paulo state from 2004 on is
shown on Table 3.

It is interesting to note that — differently from
what some might imagine — there were also invest-
ment only for sugar, sugar and ethanol and, as a
majority, only for the production of ethanol, many
of them also aiming at selling surplus electricity.
In the recently closed 2008/2009 harvest season,
13 new units began the harvest milling 8.72 mil-
lion tons of sugarcane, 368,000 metric tons of
sugar, and 533 million liters of ethanol (76% for
hydrated).

Examining the mix (different products ob-
tained for each ton of sugarcane processed), it is
noticeable that for the period under study (harvest
seasons 2000/2001 through 2007/2008) in Sao
Paulo began and ended with 46.9% for sugar. The
maximum for sugar was 52.2%, as well as there
is a clearly visible drop in the offer of anhydrous
ethanol (from 29.94% to 20.17%) and the increase
in hydrated ethanol (from 23.21% to 32.99%) in
Sao Paulo. Nevertheless, the mix for alcohol went
from 53.15% to 53.16%!

This simple analysis allows us to observe that,
among the states in the Center-South Region,
Sao Paulo keeps, in fact, a “sugar” pattern. Even
so, it is known that the 2008/2009 harvest season
showed 61% for alcohol in the mix, after two years
with ethanol prices better than those for sugar, as
shown on Graph 4.

On Graph 4, it may be observed that — except
in the new Aracatuba sugarcane expansion area
— the other areas use, in average, above 50% of
milled sugarcane to produce sugar.

TRENDS IN PRODUCTION EXPANSION IN
SAO PAULO, PRODUCTS, TECHNOLOGY
AND PRODUCTION SCALE

Overall, the stages of the sugarcane agro-
industry in Sdo Paulo, since the Proalcool (1970s)
are initial investment in ethanol, followed by the
implementation of a sugar plant, and later, the
co-generation of electric power. In the late 1990s,
plummeting hydrated ethanol sales led to sugar;
with the increased sales of flex-fuel cars and better
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GRAPH4  S&o Paulo: sugar mix per area.

prices for hydrated ethanol, the expansion toward
ethanol and electric power took place. It is worth
noting that there were investments focused on
exporting ethanol.

The continued positive growth of the Brazil-
ian GNP began to raise some clear concern over a
potential electric power crisis, due to the scarce
investments to increase the offer to face the
demand growth. The possibilities of expanding
electric power supply by means of co-generation
in the sugarcane industry became part of the
governmental program for this purpose: Proinfa.
The expansion of sugarcane fields in Sao Paulo
would allow, in addition to ethanol, a considerable
increase in the offer of electric power during the
dry season, supplementing hydroelectric power.
The fact is that, based on the success of increas-
ing the sugarcane offer, its products became the
second most important source of primary energy,
after oil products.

The analysis of the facts and the reality of
improved infrastructure and logistics conditions
in Sdo Paulo state ports — both for sugar and etha-
nol — will take producers, as a trend, to seek plant
flexibility and, in future development, to diversify

and add value to the products and sub-products
of the sugarcane industry.

A few areas in the state are still capable of
further expansion of sugarcane fields. These areas,
mostly in the West of Sdo Paulo state and located
between the Tieté and Paranapanema rivers, show
this capability. Likewise for the mentioned areas,
other areas should also display a likely clustering
effect, with acquisitions and mergers, seeking a
larger agro-industrial scale. As a trend, this has
already been taking place, and may occur signifi-
cantly faster in the next five years, post-crisis.

From the technological standpoint, the Sao
Paulo state displays relevant variation in produc-
tivity, due to soil and climate diversity, resulting in
different productive potentials, for which manage-
rial efficiency and the use of proper technology
will be essential.

In the 2008/2009 harvest, the final productiv-
ity results measured in TPH (metric tons of sac-
charose per hectare), dedicated to the production
of sugar and ethanol, show the Greater Catanduva
area as the most productive, followed by Piraci-
caba, Assis, Jau, Ribeirdo Preto and Aracatuba.
The Mato Grosso do Sul state stands between the



Evolution of the Sugarcane Industry in the Séo Paulo State

59

146 10 11 12 13 14
[
MG TPH
l °
Catanduva
14.4 -
n MT
[
@ GO |
S 1424 MS
S
= 14,17
e Aracatuba SP=
® ° . ® Assis
Ribeirao Preto| 12U ® =
14.0 PR
°
Piracicaba
138 ‘ ‘ ‘ ‘ — ‘ ‘
65 70 75 80 85 920 95 100 105
tc/ha
Note: TPH = ton pol/ha
TCH = ton cane/ha
Pol % Cane = % of saccharose in cane
Source: Canaplan.
GRAPHS5  Productivity x cane quality — harvest 2008/09 — Central-South - until December.
TABLE4  Agricultural productivity - t/ha — Sdo Paulo and Center/South Region (up to Dec. 2008).
15 cut Ratoons Average
number
Areas Year Average
vear/ | inda | 2cut | 39cut | 4"cut | 5%cut | Others of cuts
Winter (index)
half
North (Ribeirdo Preto) 96.9 113.7 954 84.6 75.6 714 75.2 87.3 3.32
Central (Jau) 101.1 126.9 100.7 83.1 79.5 67.9 80.5 91.0 3.44
Northwest (Catanduva) 116.8 126.5 103.5 90.1 77.6 69.7 78.4 98.4 2.86
Southwest (Assis) 97.0 1224 100.1 90.4 75.8 74.1 73.7 91.8 3.35
West (Aragatuba) 102.4 106.4 90.5 774 67.5 64.0 70.8 84.2 3.13
Southeast (Piracicaba) 103.6 1315 101.7 88.1 79.2 73.0 77.9 93.7 3.21
Sao Paulo 102.4 120.1 98.6 85.6 76.2 70.0 76.0 90.9 3.18
Center-South 101.5 115.9 94.7 82.7 744 68.0 73.0 87.8 3.20

Source: Canaplan.
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TABLE 5 Pol (%) cane — PC - 2008/2009 harvest.

Areas Mar. Apr. May | June July Aug. Sep. Oct. Nov. Dec. Acc.
North (Ribeirdo Preto) - 1064 | 11.59 | 12.87 14.47 15.09 1587 | 1538 | 14.06 | 13.38 | 14.07
Central (Jau) - 11.62 12.14 12.98 14.12 14.95 15.55 15.21 14.34 13.94 14.05
Northwest (Catanduva) - 1150 | 1226 | 13.34 | 1455 15.26 16.04 | 1564 | 1459 | 14.08 | 14.48
Southwest (Assis) - 1258 | 12.72 13.31 14.01 14.41 15.07 | 1533 13.89 - 14.07
West (Aracatuba) 11.54 | 11.20 | 1236 | 12.85 14.18 15.01 15.59 1536 | 14.33 13.60 | 14.08
Southeast (Piracicaba) - 11.60 | 1266 | 12.99 13.94 | 14.53 15.07 | 1477 | 1413 13.55 13.92
Séo Paulo 11.54 | 1136 | 12.15 13.03 14.28 14.97 15.65 15.31 1428 | 13.72 14.13
Center-South 1146 | 11.42 12.19 13.09 14.32 15.06 15.71 15.31 14.18 13.51 14.17

Source: Canaplan.

TABLE6 TSR -2008/2009 harvest (December 2008).

Areas TSR (kg/ton sugarcane)
North (Ribeirdo Preto) 138.9
Central (Jau) 138.9
Northwest (Catanduva) 1433
Southwest (Assis) 1393
West (Aracatuba) 139.5
Southeast (Piracicaba) 137.4
Séo Paulo 139.7

Source: Canaplan.
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first two, while the Parana state is between Assis
and Jau, as shown on Graph 5.

Upon separating the agricultural productivity
aspect, some areas become noticeable for their
results below the Sdo Paulo state average, in this
case partially explained by a meteorological event
in the year (Ribeirdo Preto) and, in the case of Ara-
catuba, by actually higher water deficits in some
months of the year, as shown on Table 4.

Considering the raw material quality, mea-
sured by pol % cane (saccharose), most areas
are below the Sao Paulo state average, due to the
outstanding performance of the Catanduva area:

However, considering industrial efficiency,
TSR (total sugars recovered) results are lower
than in the preceding years for each area in the
state, for the 2008/2009 harvest in December 2008,
as shown on Table 6.

Another relevant measurement (fiber % cane)
also reflects regional differences, and will be an
important source of energy, either as electricity
or raw material (bagasse and trash) for producing
cellulose ethanol.

FINAL CONSIDERATIONS

Sugarcane fields development in the Sao Paulo
state, in view of productivity and logistic issues,
tends to seek, among other aspects, scale, diversity
and added value. If the industrial flexibility logic
came to be for reasons including even the unbal-
anced growth of market opportunities and their
price volatility cycles shifting between sugar and
ethanol, the new order of competitiveness calls
for focus, investments in technology and a vision
of the agro-industry as a bio-refinery.

If the internal return on investment in stan-
dard ethanol and electric power projects is around
13-15% in the Sao Paulo state, only added value
and agro-industrial efficiency will be able to im-
prove this financial return.

The most relevant issues involve the search
for more productive kinds of sugarcane, either for
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sugar or for power, resistant or tolerant to the ma-
jor diseases and pests and responsive to drought
and irrigation.

On the other hand, the planting mechanization
process will tend to follow the one in harvesting,
with precision agriculture, and using not only the
stalks, but the tips and trash as well.

Biorefineries will be the delivery point of high
agricultural yield, focusing on biotechnology and
chemistry, adding value to the business.

The effect of these sugarcane fields on the lo-
cal society and environment, under the logic of the
production chain as a whole, should be measured
more accurately. Certification of the products
achieved will benefit exporters.

Carbon credits will be more valuable, as well
as a source of funds and industry awards.

Efforts in R&D should be backed by essential
investments in communication and industry image,
in addition to pilot plants and fields for demon-
strating new technology.

Major efforts in R&D would be:

a. High-yield varieties intended mostly for
producing sugar and ethanol, but also for
electricity or cellulose ethanol. Such ef-
fort shall encompass not only traditional
breeds, but also GMOs, both for resistance/
tolerance and for irrigation.

b. Efforts concentrated on natural enemies
for pest control and biomass-originated
herbicides.

c. Technically improved irrigation.

d. Planting and harvesting mechanization, ex-
ploiting all the biomass from the sugarcane.

e. Large-scale and lower-cost efficient
transportation.

f. Biorefineries with value-adding processes,
both in biotechnology and chemistry, in-
cluding the conversion of carbohydrates
into green hydrocarbons, and the use of
by-products.

g. Intelligent investments in logistics and port
infrastructure.
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THE ROLE OF THE STATE OF SAO PAULO RESEARCH
CENTERS ON BIOENERGY TECHNOLOGICAL INOVATION

INTRODUCTION

Generation and transference of scientific
knowledge are strategic elements for a sustainable
development of agribusiness in the state of Sao
Paulo. State government invests money through
agencies such as Apta — Agéncia Paulista de Tec-
nologia do Agronegdécio — Sao Paulo Agribusiness
Technology Agency, in order to amplify the com-
petitive leadership of our state.

Sao Paulo is leader on bioenergy production
in Brazil, and most of industries aiming bioenergy
production are settled in the state. It is responsible
for more than 60% of Brazilian ethanol production
and represents around 30% of the state energetic
matrix. In addition:

e S3io Paulo is responsible for 1/3 of Brazil-
ian agribusiness and for almost 30% of
exportations. Foreign sales of agribusiness
products have reached a total of US$ 14.47
billions dollars in the year of 2008 (DIARIO
OFICIAL, 2008).

e Farming and cattle raising production of
Sao Paulo state in 2008 was nearly R$ 37.7
billions, which corresponds to an increase
up to 11.6% in comparison with 2007, al-
ready discounting inflation (IEA, 2009).

e Sdo Paulo’s agriculture bears the greatest
yield indexes: 2.3 fold the national average.

e Most part of the technological development
on bioenergetic area takes place in public
and private institutions of the state.

e Formal training in undergraduation and
graduation courses in agro sciences in this
state reaches the highest national levels.

Orlando Melo de Castro

e Each R$ 1.00 invested in agriculture and
cattle research returns between R$ 10.00
and R$ 15.00 in values of the agricultural
production, in the period from 1960 to
2000.

e Bioenergy contributes for the improve-
ment of Sdo Paulo environment. State
environmental legislation concerning to the
bioenergetic issue is the most modern and
efficient among all Brazilian states.

e Agribusiness and familiar agriculture, on
their economic, social and environmental
dimensions, go on together in Sao Paulo,
generating incomes and employments as
well as promoting a regional development.

Sao Paulo’s public policies aim to attend,
through diffusion and popularization of science,
the insertion of poor populations and also the
increase of agriculture yield, as well as keeping
State’s leadership in the main productive chains
of agribusiness. Policy for science, technology and
innovation adopted by Apta are consonant with
the public policies from Sao Paulo’s Department
of Agriculture and Food Supply.

Regional development is considered determi-
nant for the enlargement of the State’s economy.
Thus, Apta is participant of the importance that
science and technology represent nowadays in
the process of regional development. Science and
generation of technology are considered by Apta
as social inclusion factors and, consequently, ex-
tension activities of knowledge and spread of new
technologies are also considered major aims.
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Capacity-building is another prior issue to
Apta. It is intended, through the capacitance
of agents, to collaborate with the generation of
incomes and rural employment; gather value to
products; collaborate with the adoption of new
technologies and also help on the divulgation of
the institutional mission for the society.

A new concept was recently introduced in Sao
Paulo’s public policies for the agricultural sector.
Add to the generation of incomes, employment and
social inclusion, certified quality or traceability is
currently essential for the attendance of external
market and also to ensure better life quality.

New opportunities and challenges are raised
every day. The production of bioenergy and high-
ly-productive biomass respecting the bases of
sustainability, added to the avoidance of competi-
tion with food production, as well as preserving
environments and forest areas, in a way that it is
possible to generate jobs, incomes, social inclu-
sion and regional development are major aims to
be accomplished by Apta in the following years.

APTA’S INSTITUTIONAL MISSION

Apta’s mission is “To generate, adapt and
transfer scientific and technological knowledge
for agribusiness, aiming for the social-economic
development and environmental balance”.

This mission is performed by the Research
Institutes belonging to the Department of Agricul-
ture and Food Supply in the State of Sao Paulo.
Apta composing units are: Instituto Agronémico
—IAC, head office in Campinas; Instituto Bil6gico
— IB, Instituto de Economia Agricola — IEA and
Instituto de Pesca — IP, all established in Sao
Paulo; Instituto de Zootecnia — IZ located in Nova
Odessa; Instituto de Tecnologia de Alimentos —
Ital, seat in Campinas and also 15 Regional Poles
of Technological Development, which action areas
comprises several regions of the state. In addition
to the head offices, which are also experimental
farms, poles encompass other Research and De-
velopment Units, in a total of 34 Research Units
(Experimental stations).

Regional poles reinforce Apta its strategi-
cally-distributed structure throughout the state,
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counting with scientific researchers in regions
of agronomic frontier and/or close to productive
chains which they are integrated in. Add to the
programmatic action of Research Institutes (IAC,
IEA, ITAL, IZ, IP e IB), the structure found in the
Regional Poles confers strategic and competitive
advantages ahead other Research Institutes in
the State.

Generation of knowledge and technology is
concerned to the adding of all actions, procedures
and achievements used in a systematic way, linked
to the basic knowledge or to applied science.

Transference of know-how and technology
consists of actions that aim the dissemination and
adoption of technologies. Traditionally, Research
Institutes make public their research works in
scientific and technical reports. Apta has many
well-known scientific periodic magazines, which
are under responsibility of the Institutes such as:
Revista Bragantia, o Agronoémico, Informacoes
Econoémicas, O Biolégico, Boletim de Industria
Animal, Boletim do Instituto de Pesca and Brazil-
wan Journal of Food Technology.

Other major actions for spreading technology
is the organization of events, such as Field days,
technical seminaries, among others, Apta also
plays arole in capacitating people, through gradu-
ate courses (MSc at IAC, IP, IB & IZ and Ph.D at
IAC), as well as organizing annually many short or
long courses and trainings.

In the process of transference of knowledge, it
is also relevant the production of strategic goods
and specialized services that comprises goods and
services derived from knowledge generated during
the research process.

APTA AND THE RESEARCH,
DEVELOPMENT AND INNOVATION
STRATEGIC PROGRAMS

Apta joins government actions (public poli-
cies) with institutional goals. Within this perspec-
tive, it was defined for the Pluri-annual Plan, which
is the government’s instrument to the budget
management and financial liberation, five great
Strategic Programs for the period of 2008-2011.
Programs were conceived aiming to orientate
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RD&D for themes considered as priority in the
present and future agricultural research scenario.
This organization propitiates management mecha-
nisms that facilitate programmatic actions of the
Agency. Moreover, it is expected to create a more
competitive environment in the sense of broaden-
ing the capacity of capturing resources and strait-
ening Apta’s relations with strategic partnerships.

Different productive chains are inserted in one
or more strategic programs, e.g., research projects
of sugarcane productive chain may be inserted
in bioenergy programs, products and process
strategic for agribusiness or even environmental
sustainability.

Strategic programs defined for Apta are:
bioenergy;
environmental sustainability;
organization of rural and peri-urban areas;
food safetys;
products and processes strategic for
agribusiness.

Ot W o

To attend the strategic programs, Apta counts
on with state budget resources, complemented
with incentives from state, national and interna-
tional founding agencies and also from private
initiative. It also keeps scientific collaboration with
other institutes, universities, private initiative, and
agriculturalists, among others.

Apta counts within its dependency of around
20.000 ha of useful area belonging to the Research

Institutes, encompassed among poles and some
specialized centers under the supervision of the
Research Institutes located in Campinas, Jun-
diai, Cordeirépolis, Nova Odessa, Ribeirdo Preto,
Sertdozinho, among others. The sum of all these
research units confers Apta its great capillarity in
the State and the possibility to execute projects
in an experimental network, in which one sole
experiment may simultaneously be performed
in different edapho-climatic conditions. These
aspects consist in incomparable advantages to
agronomic research.

Apta Institutes are organized in Research
Centers. There are 35 Research Centers, com-
prised through 6 Institutes. These centers may be
thematic or product-specialized, generating and
developing most part of the agronomic research of
the Institution and, many times, they coordinate
or participate in the research performed in the
Regional Poles.

Apta counts on its staff board with 2,491
employees, among researchers, administrative as-
sistants or research support assistants, as shown
in Table 1.

Scientific qualification of Apta research team
is considered high. Around 42% of the technical
board has already reached academic titles such as
PhD or post-doctoral positions. Table 2 shows the
percent distribution regarding the academic titles
of Apta research team.

TABLE1  Apta staff board.

Institute Number or researchers Num:::pt;:;::isstant Total
IAC 203 361 564
IB 126 116 242
IP 72 94 166
IEA 73 69 142
ITAL 96 108 204
V4 60 166 226
Regional poles 213 734 947
Total 843 1,648 2,491
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TABLE2  Percent distribution of Apta’s research team aca-
demic titles.
Researchers %
PhD and post-doctorates 42
MSc 40
BSc 18
Total 100

Major aspects that characterize Apta are:

e Solid Institutes, reference in the history of
national agronomic research.

e Well-distributed infrastructure within the
state of Sdo Paulo, that enables the assis-
tance of regional demands and the forma-
tion of research networks, good capillarity.

e Technical board highly qualified.

e Diversified agenda of RD&I and multidisci-

plinary.

Some issues either limit or impair many RD&I
actions in the Apta ambit and consist, therefore,
in aspects to have efforts concentrated on them
within the following years:

e Budget and financial resources are not

always sufficient.

¢ Need for modernization of the infrastructure.

e Motivation, training and professional up-
dating for technical and support board.

e Replacement of the support and admin-
istrative staff board, modernization and
creation of new careers, e.g., professionals
in the area of communication, informatics,
administrative management, among others.

e New juridical model that ensures more ad-
ministrative autonomy and self-management
of the technological and physical patrimony.

Efforts must be made in order to broaden
competence in research, development and inno-
vation; also in the modernization of management,
potentialization of opportunities for resources
acquisition, improvement of the relationship with
the productive sector and finally in transferring
technology to the productive sector.
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APTA AND BIOENERGY

Within the macro program bioenergy, Apta
intends to found, generate research and suggest
state actions for the various aspects of bioen-
ergy, comprehending scientific and technological
studies, in the areas of plant yield, biomass and
residues application and even aspects concerning
environmental, social and economic impacts.

Current portfolio in bioenergy projects is
composed of 90 research projects comprising the
following areas:

e Phytotechny, new cultivars, value aggrega-
tion, evaluation and use of wastes in oilseed
plants.

e Phytotechny, new cultivars, value aggrega-
tion, evaluation and use of wastes in starch
plants (manioc for ethanol).

e Phytotechny, new cultivars, value aggre-
gation, evaluation and use of wastes in
sugarcane for ethanol.

¢ Biofuels and agricultural engines functioning.

e Kconomic evaluations, production costs,
competitiveness, food safety.

TABLE3  Number of researchers directly involved in bioenergy

studies and Apta units where they develop research.

. Number of
Units
researchers

IAC - Centro de cana-de-actcar — 16
Sugarcane Center
IAC - Centro de ecofisiologia - 4
Ecophysiology Center
IAC - Centro de solos - Soils Center 3
IAC - Centro de irrigagao e drenagem — )
Irrigation and Drainage Center
Polo - Piracicaba 4
Polo - Jau 5
Polo — Votuporanga 2
Polo - Colina 4
Polo - Ribeirdo Preto 5
ITAL 13
Instituto bioldgico - Biological Institute 7
Total 65
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TABLE4  Number of researchers directly involved in bioenergy
studies and their major area of actuation.
Areas of actuation resez:)cfhers
Value aggregation and food engineer 9
Biochemistry, ecophysiology and plant 5
physiology
Biotechnology and molecular biology 3
Climatology 1
Biological control of pests 2
Biological control of diseases 3
Pests and diseases control — Phytossanity 6
Conservation, conservationist practices, 3
direct planting
Production costs 1
Phytotechny and plant yield 8
Irrigation and drainage 2
Weed management 2
Genetic breeding 6
Plant mineral nutrition and soil fertility 5
Agro environmental planning 1
Wastes, sustainability and environmental 4
issues
Zootecny — animal nutrition with biomass 4
production wastes
Total 65

Research on the bioenergetic area is per-
formed by several Apta units and involves hitherto
65 researchers.

Apta develops research in genetic breeding
and phytotechny for biomass yield aiming energy
production within the following productive chains:
sugarcane, manioc and other starch plants, peanut,
soybean, castor oil plant and physic nut.

TAC leads one of the three sugarcane breeding
programs in Brazil, performing activities in eleven
Brazilian states, yet Mexico, Angola and other
South American countries. This fact has allowed
high adaptability of IAC’s sugarcane cultivars to
different edapho-climatic conditions.

Tables 3 and 4 relate the researches direct-
ly involved with the bioenergetic issue, Apta

units where they can be found and main topics
discussed.

EXAMPLES OF PROJETS -
BIOENERGY APTA

IAC sugarcane program

The Agronomic Institute (Instituto Agrondémi-
co, IAC) initiated sugarcane research in 1892, with
the Austrian scientist Franz Wilhelm Dafert, who
was hired to establish an Imperial Station in 1887,
with an essay of 42 noble cane cultivars in two
cultivation conditions. In the 19207s, a mosaic virus
crisis stimulated the creation of genetic breeding
programs through the introduction of imported
cultivars and their adaptation to the environment.
Thus, IAC genetic breeding program started in
1933 along with the creation of the former Secao
de Cana-de-actcar (Sugarcane Section), moti-
vated by the mosaic virus crisis. In the following
decades, IAC has developed many researches on
phytotechny, which lead to the use of fertilizers,
spacing and candidate cultivars to be adopted for
Sao Paulo conditions.

However, from 1970 to 1990, its action was
drastically reduced by being considered not es-
sential for the state, since Copersucar program
activities were just beginning (current CTC and
former Planalsucar). In the year of 1992 IAC Sugar-
cane Program was reestablished, and in 2005 IAC
Sugarcane Center was created, settled in the city
of Ribeirao Preto, Sdo Paulo state. Main research
line of this center is genetic breeding, aiming for
the development of sugarcane cultivars adapted to
different environments. IAC Sugarcane Program
is virtually managed by a configured network, in-
volving a multidisciplinary research among many
Research Centers and State Universities. In the
last 10 years, IAC Sugarcane Program has released
17 cultivars develop under the concepts of regional
selection exploitation of the particularities of the
different production environments mainly within
the state of Sao Paulo.

Add to the release of new cultivars, IAC has
provided important advances in phytotechny. As
an example, the qualification of production envi-
ronments, a concept widely used by breeding pro-
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gram in which the parameters developed by IAC,
are currently adopted either by other research
groups or producers. Project Ambicana aims the
characterization of production environments us-
ing pedology and phytotechny criteria, as well as
promoting the socialization of such knowledge,
capacitating specialists through training for this
aim. Benefit of the project reaches over one million
of hectare of Brazil's Center-South region.

This way, pest and nematode management is
deeply based on research developed by IAC, which
lead to the setting of an integrated management
program of some of the most important pests in
the Center-South region of the country. Currently,
research on such area is focused on the manage-
ment of sugarcane borer Diatraea saccharallis
and the beetle Sphenophorus levis, which have
been shown significant increases in both popula-
tions, mainly in sugarcane expansion areas.

IAC also coordinates the Sugarcane Fertil-
izer and Nutrition Group, responsible for many
research works lately, aiming to define a new cali-
bration for crop’s nutritional management.

Within the biotechnology area, IAC Sugarcane
Center develops research on germplasm charac-
terization for parental selection, genetic mapping,
gene expression and genetic transformation of
sugarcane. Additionally, the Center also offers
a diagnostic analysis of ratoon stunting disease
and varietal fingerprinting. Moreover, the center
counts with in vitro propagation of IAC cultivars.

At present, [AC Sugarcane Center coordinates
the organization of a public germplasm collection
which will gather efforts from many research
institutions (Unicamp, USP and Unesp) on its
management and strategy definition.

There are still some research works about
physiology of sugarcane involving the evaluation
of maturation phase and biomass accumulation.
Such studies, in addition to the bioclimatic net-
work coordinated by IAC Ecophysiology Center
propitiate the possibility of projecting production
scenarios through mathematical models.

The Engineering and Automation Center has
been responsible for several studies in the area of
mechanization of planting operation, cultivation
and harvesting of sugarcane.
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The organization of IAC Sugarcane Program is
based in a virtual management set as a network of
efforts, counting not only with a multidisciplinary
vision, but still an organized action that allows a
scope of the application of such model in many
regions where this crop is very expressive or shows
potential to increase.

An important element of this management
process is the Sugarcane Phytotechny Group
coordinated by IAC since April 1992. This group
is a great prospector for sugar-alcohol research
demands, used as reference by many researchers
from Institutions such as Esalq, Ufscar, Unesp and
CTC which participate together with the produc-
tive sector of the seven annual meetings that take
place in Sugarcane Center in Ribeirdo Preto, for
the discussion of relevant issues for this crop.
Some important projects have been elaborated
as a result of these meetings. The creation and
consolidation of the Phytotechny Group enabled
a closer partnership with the sugar-alcohol sector,
since it made possible a bigger participation by the
technicians that work for the private sector on the
definition and suggestion of paths and phases of
IAC’s sugarcane research programs, making them
acting participants and also co-responsible.

Currently, besides all main regions of Sao
Paulo state and Brazil, where sugarcane cultiva-
tion shows or gains expressiveness, IAC Sugar-
cane Center has widely spread its technologies
for countries such as Mexico, Paraguay, Peru and
Angola, with high future possibilities of helping
other countries such as Mozambique, Sierra Leone,
Tanzania etc.

Some technologies developed by IAC Sugar-
cane Program over the last decade are mentioned
below:

e 16 sugarcane cultivars for ethanol and
sugar production that are found in the
majority of the Brazilian companies.

e One sugarcane cultivar for animal nourish-
ment (forage).

e Training and maps of the production envi-
ronments in more than 30 Brazilian com-
panies comprising over a million ha.

e Integrated pest control such as nematodes,
Sphenophorus and spittlebug.
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e Jnnovative varietal management concepts
using environmental matrixes.

e Experimental harvesting methodologies via
biometrics.

e Methodologies for studying sugarcane root
systems.

e Methodologies for harvest predicting through
associative climate modeling methods.

e Text book: Sugarcane Services performed
by IAC Sugarcane Center are cited below.

e Course: topics in sugarcane cultivation,
which has oriented over 200 technicians
for phytotechny production during the last
three years.

e Performing the diagnosis of ratoon stunting
disease.

e (Characterization of production environments.

e Strategies for varietal management.

Data bank in bioenergy

Due to the great importance and demand for
precise information about bioenergy, the Gover-
nor of Sdo Paulo state, José Serra, in 22 of Oc-
tober 2007, through Decree n. 52284, conferred
to the Apta’s Agronomic Economy Institute the
responsibility for creating a bioenergy data bank.
Initially, information about the area, productivity
and price for sugarcane, grains and oilseed plants
of Sdo Paulo are available. Furthermore, there
are also laws, decrees, emends and articles avail-
able about the bioenergetic issue, as well as the
regular publication entitled “Etanol: A experiéncia
paulista”, which brings current numbers about ethanol
in Sao Paulo and Brazil, concerning economic, social
and environmental aspects.

IEA intends to make available a bioenergy
data bank with a fast updating and easy utilization
system, in a way to make it a dynamic tool, helpful
for the several researchers from different areas
interested on this topic. Thus, this data bank will
be improved and systematically updated.

Physic nut program

The utilization of physic nut as raw material for
oil extraction and biodiesel production is an option
to be researched due to some advantages facing

others oilseed plants, such as presenting a favor-
able energetic balance, low input use production,
possibility of planting in declivous areas, regional
alternative for job generation and social inclusion.

Main focuses are on subjects such as: botani-
cal characterization; phytochemical characteriza-
tion of present compounds; setting a germplasm
collection; genetic characterization of materials
obtained from many countries and/or Brazilian
regions; evaluation of behavior of native and exotic
material from different regions of the state, crop
phytotechny management, spacing, fertilization,
pests, diseases and seedlings production.

Castor oil plant program

Castor oil plant is distinguished by presenting
high oil levels within its seed, and therefore is of
interest for biofuel production. IACs intends to
morphologically characterize its castor oil plant
germplasm collection; obtain progenies and cas-
tor oil lines for the development of new cultivars,
installing fields for the genetic purification of IAC’s
castor oil commercial cultivars (IAC-80, IAC-226 e
[IAC-Guarani); developing new management prac-
tices and adapt the ones already existing to the new
cultivars, among them: new spacing, plants popula-
tion, seed and harvest time, spatial array of plants
and production of genetic seed s of new cultivars.

Elephant Grass program

Elephant Grass is the ideal raw material for
obtaining electricity through biomass burning, be-
cause of the high caloric power around 4,500 kcal/
kg dry matter and also because it leaves low ashes
level after combustion. Hybrids from elephant
grass o pearl millet (seed reproduction) as tradi-
tional cultivars for elephant grass are excellent to
generating energy. It is intended to evaluate the
selected genotypes of a hybrid population from
elephant grass « pearl millet (PC e P8P) and the
inter-varietal hybrid andropogon grass.

Also, it is necessary to optimize the chemical
scarification of elephant grass x pearl millet and
andropogon hybrid seeds, aiming to efficiently
eliminate the aristas without harming the quality
of seeds.
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Diesel and biodiesel mixes and durability of
engines

It aims to study the prolonged use of a mix
from castor oil biodiesel in an agricultural engines.
The mechanical performance of the agricultural
engine is compared, in a dynamometric balcony,
using alternatively castor oil diesel and a mix of
fuel constituted of 95% diesel and 5% castor oil
plant biodiesel (B5). Yet, it is intended to analyze
the B5 mix effect in the characteristics of lubricat-
ing oil during 1,000 hours of engine functioning as
well as analyzing the effect of B5 mix in the inject
pump and inside the engine, after 1,000 hours of
engine functioning.

Environmental impacts of wastes derived from
ethanol production

Vinasse is one of the wastes derived from
ethanol production in which the environmental
impact comes from the quantity generated. It
is produced 13 liters of vinasse for each liter of
ethanol, resulting in over 230 billions of liters an-
nually. This residue has some applications such as
fertirrigation in the cultivation of sugarcane, where
it totally replaces potassium and part of nitrogen
necessaries for the crop. Agronomic efficient is-
sues has been researched in detail in the past, and
currently research is focused on topics concerned
to the monitoring of soils and groundwater, in or-
der to verify the risk of pollution through dragging
of ions from soils and vinasse itself. Finally, it is
aimed to verify if the recommendation of vinasse
doses, that is currently done based on potassium
levels (present at vinasse and soil) in a manner
that it does not overpass the 5% soil CTC limit
(Cetesb, norma 4 231) is environmentally suitable.

Program of biological control of sugarcane
pests

Spittlebug

Since its publication, in 1997, the state Decree-
Lawn. 42 056/97 legislate that sugarcane harvesting
in Sdo Paulo state without burning the straws is
a reality. This process, along with the increase of
the mechanized harvesting area, has transformed
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the sugarcane agro-system and, in some cases, has
favored the attack of some pest, e.g. sugarcane
spittlebug, causing huge damages in agronomic pro-
ductivity and industrial quality of the raw material.

The Biologic Institute — IB has performed ac-
tions to foment the use of the fungus M. anisopliae
to control the increase of sugarcane spittlebug in
the state. For that, IB has selected some isolates of
this fungus and obtained in lab and field conditions,
virulent products to spittlebug and high-productive
in pre-baked rice medium. Such action involved
researches for the obtainment of isolates more ef-
ficient for the control of this plague, as well as for
suitable concentrations of the bi- insecticide and
propitious period for its application.

It is important to outline that the isolates, re-
sulting from the selection process, are nowadays
used by the majority of fungus-based bio-insecti-
cide producers located in Brazil. Thus, new com-
panies and industry labs have been set up in order
to increment the bio-insecticide offer in the market
and, therefore, stimulate the use of this fungus.

As an example we can remind that between
2004 and 2008 around 10 thousand tons of bio-
insecticide were used to treat an area of about
1,200,000 ha, generating an estimated economy of
about R$ 240 millions in control costs. At present,
besides the generation of knowledge about the
subject, technicians from the Biological Institute
assist the sugarcane sector on the development
and implementation of plant factory inside and
outside the state.

The development of biological control for spit-
tlebug is of extreme importance to the economy of
the sector, considering that the cost of this method
is much lower than the chemical control, it is non-
polluting, it does not cause biological imbalances,
it is durable and takes advantage of the biotic
potential of the agro-system. Moreover, it is not
toxic for man and animal and may be applied with
conventional machines with small adaptations.

Sugarcane borer

A biological insecticide capable of combating
sugarcane borer (Sphenophorus levis), a pest
that can destroy as much as 30 tons of plants per
ha causing high risks to sugarcane cultivation, is
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being developed by the Biological Institute and will
soon be able to be industrially produced.

Ground level insects are of hard control
through the use of chemical compounds, what
makes way for the opportunity of evaluating al-
ternative methods for microbial control through
nematodes entomopathogens, with advantages
mainly on the economical and environmental order.

In some works developed by IB, nematodes
have been presenting potential use in soil con-
trol, and many advances have been achieved in
researches focus on sugarcane borer control.

To explore nematodes as bioinsectices, IB has
been looking also to develop techniques for the
industrial production and formulation of these
new agents.

In addition to the lower cost of biological
product, when compared to chemical one, another
advantage is the application of nematodes in sugar-
cane is the possibility the combat, by these agents,
of more than one pest species.
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FINAL CONSIDERATIONS

Apta’s Institutes are responsible for most part
of the technological heritage which supports the
tropical agriculture in our country. As major fea-
tures, we can outline the capacity of performing
regional research contemplating an environmental
diversity which widely represents Sao Paulo state
and others states of Brazil’s Center-South region.
This happens due to the significant infrastructure
that enables the formation of research network and
a good capillarity. Multidisciplinary research favors
a more contextual view of the demand, especially
when the bioenergy are is considered. Apta techni-
cal board is highly qualified and is inserted in main
productive chains of agro-energetic crops.

Some actions would stimulate this net to make
it more efficient, among them, the re-structuring
of the management model, which could make pos-
sible to achieve better interaction among actors
from public and private sectors.

INSTITUTO DE ECONOMIA AGRICOLA — IEA. 2009.
Available at: <http://www.iea.sp.gov.br /out/verTexto.
php?cod Texto=9783>. Acesso em: 10.02.2009.






9

SUPPORT INSTRUMENTS FOR R&D ON ETHANOL

INTRODUCTION

Brazilian alcohol, recently renamed ethanol, is
typically a Brazilian development, though hardly
recognizable as such. The Brazilians’ self-image
comprises being erratic, often discontinuity-prone,
incapable of persevering to achieve long-range
goals. Ethanol, along with such diverse cases as
coffee and aircrafts, shows us precisely the oppo-
site: conceived as one of the drivers in the national
response to the oil price crisis in the 1970s (togeth-
er with the nuclear power program and the shift
of oil exploitation strategy by Petrobras for a new
scenario), the program persisted, painstakingly,
for over three decades, having even endured times
when oil prices justified its immediate phasing out.

The fundamental reason for the Brazilian
success in producing ethanol originates directly
from this persistence. The path of the Brazilian
ethanol can hardly be attributed to any specific
event, capable of determining its currently noto-
rious success. It is essentially the outcome of the
accumulation of multiple scattered advantages,
usually incremental and cumulative, gained on
each step during three consecutive decades.! The
most remarkable fact along this winning journey is
precisely the inexistence of any specific milestone.

The recent growth path seems to be an exten-
sion of this logic, which was hitherto so successful.

! On this matter, see the paper: Comissdo especial de bioener-
gia do Estado de Sao Paulo, coordinated by José Goldenberg,
on Desenvolvimento da cadeia produtiva industrial para
biocombustiveis.

Jodo Furtado and Vanderléia Radaelli

However, would it be adequate for the current
stage? Having been a victory in building a produc-
tion capacity compatible with the Brazilian market,
on an efficient basis, would the industry and its
supply chain as a whole be capable of moving, in
a safe and effective manner, into the forthcom-
ing stage, to create an international market with
guaranteed supply and production standards con-
sistent with the practices required by the major
countries with potential demand?

This chapter lists and analyzes the key instru-
ments for fostering scientific and technological de-
velopment of the Brazilian sugar-alcohol complex.
The perspective adopted in this analysis uses ex-
actly the aforementioned background: the political
instruments aimed at fostering the scientific and
technological development of this activity can be
consistent for an incremental expansion path such
as the one this industry took for the past 30 years,
however can they be considered adequate to the
ambitions Brazil seems to exhibit in the interna-
tional scenario of renewable energy, in connection
with biomass production?

INSTRUMENTS TO FOSTER
RESEARCH AND DEVELOPMENT

Nowadays there is a well-established con-
sensus regarding the existence, in Brazil, of a
numerous, diversified, and rich set of instruments
and a relatively abundant volume of resources
to stimulate the technological development and
promote innovative projects. Since the mid-1990s,
Brazil has made efforts to promote research and
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development activities — corporate R&D. Taking
into account the Brazilian economy’s structural
shortcomings and the restrictions associated to
the macroeconomic scenario, companies were able
to find a more varied repository of instruments,
adapted to various purposes. Recently, after an
initial period of severe restraint on the constitu-
tionally allocated funds for technological develop-
ment, the Ministry of Science and Technology and
the Research Studies and Projects Funding Agency
(Financiadora de Estudos e Projetos — Finep), had
their budgets strengthened, and began to operate
on significantly larger budgets.

Some enlargement of the institutions involved
in this endeavor also seems to be taking place. In
BNDES, after an initial attempt during President
Lula’s first term, with the creation (but not the
operation) of the Technology Fund (Fundo de
Tecnologia — Funtec) and the facilities for foster-
ing innovation (Research, Development & Inno-
vation; and Innovation — Production), the bank’s
new management seems to have given a different
weight to this initiative, as expressed — among
other actions — by multiplying the budget of the
Technology Fund by a factor of three. The financial
effort to foster technological development made
by these two federal agencies still awaits a similar
move by the two other federal banks: Banco do
Brasil (which seems to be taking its first steps) and
Caixa Economica Federal (without any evidence
so far). Along what has been traditionally prac-
ticed by developed countries, it seems that Brazil
today has a clearly drawn regulatory milestone for
supporting innovation, with various instruments.
Being relatively new, many of these are not yet
regularly used by Brazilian companies. However
it has not always been so.

Instruments to foster research and
development - historical background

The instruments in effect during the 1980s
were basically focused on supporting engineering
projects, implementation of quality control, and
acquisition of foreign know-how. Support mecha-
nisms were centered in financing one or another
possibility for reducing monetary escalation. On
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the other hand, the 1990s featured the process
whereby many industries witnessed the shrink-
age of some governmental R&D structures, a few
rather consolidated, others still incipient?.

Medium and large-sized companies have ac-
cess to an important array of incentives support-
ing innovation. To make it simpler to understand,
the major financial mechanisms are split between
tax incentives and conventional financing. In this
work, the technical mechanisms, so important and
that reveal themselves so frail when companies
open up as institutions connected to certification,
metrology, quality, standardization, intellectual
property, calibration and gauging labs, will not
be covered. The importance of such technical
devices is not commonplace; on the contrary, it is
in the competitive edge of companies that begin
to embody the innovation and continuous learn-
ing culture.

The launch, in 1993, of the Industrial or Ag-
ricultural Technology Development Programs
(Programa de Desenvolvimento Tecnolégico e
Industrial — PDTI; Programa de Desenvolvimento
Tecnoldgico Agropecudrio — PDTA)?, which grant-
ed tax incentives to companies having technologi-
cal innovation, underscores the acknowledgment
that the organizational restructuring wave, mostly
based on control and quality promotion activities,
would not suffice to compete in the international
market, in an open competition scenario.

In the transition from a R&D model associated
to large state-owned companies to a prevalence of
private companies, the government established
an array of Industry Funds, inspired on the Oil
Fund created in 1998 (by the ministers, then in
office, Raimundo Brito and José Israel Vargas, on
12/01/1998). It was from the Oil Fund model that

2 ERBER, F. S.; AMARAL, L. U. Os centros de pesquisa das
empresas estatais: um estudo de trés casos. In: SCHWARTZ-
MAN, S. (Ed.). Ciéncia e tecnologia no Brasil, politica indus-
trial, mercado de trabalho e institui¢cdes de apoio. Available
at: <http://www.schwartzman.org.br/simon/scipol/summa2.
htm>.

3 Tax incentives prescribed by PDTI and PDTA were ruled
out since 2006, with the migration to the regime set forth by
Lawn. 11196.
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several other Industry Funds were created in
1999, setting an important stage in consolidating
the instruments for supporting innovation®.

At the same time the discussion on Law n.
10973 would begin, though it had a slow cruise
through the Legislative system and, at the outset
of President Lula’s term, was neglected for almost
two years, until it was finally passed in December
2004 (Lawn. 10973 of December 02, 2004). Later,
though not without some legislative uneasiness
Law n. 11 196 of November 21, 2005 was passed.

Instruments to foster research and
development - elements from International
experience

The experience with OECD countries shows
that tax incentives to foster innovation are more
important and effective than financial incentives to
stimulate private investments in R&D. In most of
these countries there is a perception that market
incentives are insufficient to generate an adequate
volume of investments in innovation.? By reducing
R&D costs, tax incentives allow to raise the current
value of the research at the same time that they
allow allocating such investments to different in-
dustries, companies, and projects.® Generally, the
leading actions connected to tax incentives involve
reducing the Income Tax as a result of investments
made in R&D. Most recent data indicate that 20
member countries grant tax incentives for R&D.
In 1995, only 12 countries practiced this kind of
incentive.” In 2005, waived taxes in some OECD
countries were: US$ 5 billion in the US; US$ 2 bil-

4 List of industry funds: Aeronautics, Agriculture, Amazonia,
Waterways; Biotechnology, Energy power, Spatial, Hydro,
Computer Science, Mineral, Health, Transport, Petroleum,;
Infrastructure, Funttel, Yellow Green Fund, each one with
their own sources for financing.

5 NELSON, R. The economics of invention: a survey of the
literature. Journal of Business, University of Chicago Press,
vol. 32, p. 101, 1959; ARROW K. J. The economic implications
of learning by doing, Review of Economics Studies, n. 29, p.
155-73, 1962.

5 ROSENBERG, N. Why do firms do basic research (with
their own money)? Research Policy 19 (2) p. 165-174, 1990.

" OECD SCIENCE. Technology and Industry Scoreboard, 2007.
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lion in Canada; US$ 1 billion in both France and UK
and between US$ 300 and 400 million in Mexico,
Australia, Belgium and Spain.

TAX INCENTIVES

Law n. 11196 of November 21, 2005 brought
some important advances regarding the instru-
ments for promotion and development.® The most
important among them is the automatic application
of tax incentives, which highlights a very signifi-
cant difference from the previous devices, which
depended on prior approval by the Ministry of
Science and Technology, and associated, as seen
by their users, to the technical difficulty of assess-
ment, bureaucracy, slowness, and, at least in the
times required by companies, subject to market
requirements. In the time elapsed from the applica-
tion to the approval, companies often alleged hav-
ing given up on continuing with the project. In the
system introduced by the new legal instruments,
the company selects the project, and posts its
investments (expenses) to a specific account. Af-
terwards, all it has to do is to send an annual report
to the Ministry of Science and Technology, which
on its turn will send the pertinent documents to
the Federal Revenue, for auditing purposes.

Chapter III of Law n. 11196, in its articles 17
through 26, sets the incentives granted to com-
panies investing in technological innovation. The
concept of technical innovation is quite broad: “the
conception of a new product or manufacturing pro-
cess, as well as adding new functions or features
to the product or process that cause incremental
improvements and an actual gain in quality or
productivity, resulting in more competitiveness

8 Law n. 11196 was regulated by Decree n. 5798/2006 and
amended by Law n. 11487 of June 15, 2007 by including
article 19-A (known as the Rouanet Law of Innovation). This
additional article covers financing by companies of research
projects in Scientific and Technology Institutions (Institui¢oes
Cientificas e Tecnoldégicas — ICTs) (as defined by Law n.
10973/2004) previously approved by a permanent Committee
(Ministry of Education and Culture — MEC, Ministry of Science
and Technology, and Ministry of Development, Industry and
Foreign Trade). ICT research projects have to be submitted
to MEC for approval, by public call.
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i the market”. The major tax benefits set forth
by this law are:

e exclusion, from the net profit and the Social
Contribution over Net Profit (Contribuicdo
Social sobre Lucro Liquido — CSLL) calcu-
lation basis, of the amount corresponding
to up to 60% of the total disbursements
classified as operational expenses by the
Corporate Income Tax (Imposto sobre a
Renda da Pessoa Juridica — IRPJ) legisla-
tion, effected with R&D in the period;

e this exclusion may reach 80% if there is
an increase in the number of researchers
dedicated to research and development;

e if a patent or a plant varieties registra-
tion is granted?, this percentage may be
increased by 20%;

e therefore, the incentive may reach a 200%
deduction (100% of expenses + 60% for the
incentive to R&D + 20% for the increase
in the number of researchers + 20% for
the patent or plant varieties registration
granted);

e reduction of 50% on the excise tax (tax
over industrialized products) owed in pur-
chasing machinery, equipment, or instru-
ments for R&D;

e accelerated devaluation and amortization
of equipment and intangible goods, respec-
tively, for R&D;

e credit of 20% (until 12/31/2008) of the
Income Tax withheld at the source levied
on money sent abroad to pay royalties,
technical support or specialized services
used in R&D;

e Income Tax rate reduced to zero on money
transfers abroad made with the purpose of
registering and preserving brands, patents
and plant varieties.

Data released by the Ministry of Science and
Technology referring to the year 2006 show that

9 A plant variety registration is understood as that plant sub-
type with specific features, originated from research. It is a
cultivated plant variety, developed by means of systematic
research and selection efforts, and not the original type found
in nature.
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130 companies used tax incentives to technological
innovation relative to Law n. 11 196. The Brazilian
government waived R$ 229 million in taxes upon
computing all tax incentives from Law n. 11196,
compared to R$ 1.44 billion in investments by
companies. There are not yet estimates available
on fu