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FAPESP is the State of São Paulo Research Funding Agency

Annual budget of ~US$ 500 million (1% of all state revenues)

BIOEN Program

Fundamental knowledge and new technologies for a bio-

based society

Å Academic Basic and Applied Research (US$ 40 million)

Since 2008, 106 grants, 400 brazilian researchers, 

collaborators from 15 countries

ï Regular, Theme and Young Investigator Awards

Open to foreign scientists who want to come to Brazil

Å State of São Paulo Bioenergy Research Center (US$ 90 

million)

FAPESP, USP, UNICAMP, UNESP, State of São Paulo 

Government (80 new faculty positions for bioenergy 

researchers)  

Creation of a Bioenergy PhD Program

Å International partnerships 

United States, United Kingdom and The 

Netherlands 

Oak Ridge National Laboratories, UKRC, BBSRC, 

BE-Basic, GSB, LACAF

Å Innovation Technology, Joint industry-university research (5 

years) 

Company Subject

Oxiteno Lignocellulosic materials

Braskem Alcohol-chemistry

Dedini Processes

ETH Agriculturalpractices

Microsoft Computational development

Vale Ethanol technologies

Boeing AviationBiofuels

BP Processes and sustainability

PSA Engines

FAPESP Bioenergy Research Program BIOEN

Australia
Austria
Belgium 
China
Denmark
Finland
France
Germany
Guatemala
Italy
Portugal
Spain
The Netherlands
United Kingdom
United States



A multi-disciplinary Program: 21 FAPESP Areas

Type of 
Production

Number

Articles 460
Book Chapters 56
Books 3
Doctoral theses 56
aŀǎǘŜǊΩǎ 
dissertations 117
Abstracts 365
Awards 3
Patents 17
Software 1

Publications network: 15% of the 

articles derive from international 

cooperations



Energy Security

Sugarcane bioethanol 
contributes to 20% of 

the brazilianliquid 
fuels matrix 

Biomass cogeneration 
can contribute with 
ǳǇ ǘƻ му҈ ƻŦ .ǊŀȊƛƭΩǎ 
electricity demand 

Sustainable 
Development

The sugarcane 
industry contributes 

to agriculture 
modernization, rural 

development, 
improved education 
and the creation of 

jobs

Opportunities for 
innovation 

Environmental 
Security

The use of Sugarcane 
bioethanol can reduce 
CO2 emissions by 80% 

when compared to 
gasoline

Biofuel certification 
can contribute to the 

reinforcement of 
agroecological zoning

Food Security 

Sugarcane production 
for energy did no 

decrease food 
production

Expansion is occuring 
mainly in pasture land  

Only 0.5% of brazilian 
land used to produce 

bioethanol

BIOENERGY DRIVERS



Sugarcane Agro-industry



Research to expand the industrial model



BIOEN Challenges: Energy Crops and Green Technologies, a new Green Revolution

ÅHigh yield and fast growth crop
ÅAble to produce under short growing seasons
ÅTolerant to periodic drought and low 
temperatures 
ÅLow nutrient inputs requirements 
ÅRelatively small energy inputs for growth and 
harvest
ÅAbility to grow in sub-prime agricultural lands

Designing crops for energy production

New technologies for biomass production, processing, fuel production, engines

ÅLow cost of energy production from biomass
ÅSignificantly positive energy balance
ÅSignificant GHG reduction
ÅLow polution

Development of biorefinery systems

ÅZero-carbon emission biorefinery
ÅComplete substitution of petro-chemicals with bio-
based chemicals
ÅLow water footprint, low polution, low emissions
ÅAlcohol chemistry, sugar chemistry, oil chemistry to 
diversify the biomass industry with co-products



BIOEN DIVISIONS

BIOMASS
Contribute with knowledge and technologies for Sugarcane Improvement
Enable a Systems Biology approach for Biofuel Crops

BIOFUEL TECHNOLOGIES
Increasingproductivity (amountof ethanolby sugarcaneton), energy
saving, water savingandminimizingenvironmentalimpacts

ENGINES
Flex-fuel engines with increased performance, durability and decreased 
consumption, pollutant emissions 

BIOREFINERIES
Complete substitution of fossil fuel derived compounds
Sugarchemistryfor intermediate chemical production and 
alcoholchemistryas a petrochemistrysubstitute 

SUSTAINABILITY AND IMPACTS
Studies to consolidate sugarcane ethanol as the leading technology path 
to ethanol and derivatives production
Horizontal themes: Social and Economic Impacts, Environmental studies 
and Land Use 



In the old Green Revolution: nitrogen fertilization was the celebrity

Green Revolution techniques heavily rely on chemical fertilizers, pesticides and herbicides, some of which must be 

developed from fossil fuels, making agriculture increasingly reliant on petroleum products:

Use of nitrogen fixing bacteria: innoculation to decrease the use of traditional fertilization

Endophytic and 

rhizospheric bacteria 

found in sugarcane differ 

in their capacity to 

release plant growth-

promoting substances
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Nitrogen fertilization is now the culprit in the New Green Revolution

Green Revolution techniques heavily rely on chemical fertilizers, pesticides and herbicides, some of which must be 

developed from fossil fuels, making agriculture increasingly reliant on petroleum products.

N2O = 0,0056x2 + 0,0207x + 0,78
R² = 0,99

N2O = 0,0496x + 0,692
R² = 0,62
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Sugarcane trash, t/ha

Trash+vin

Trash

N2O emission from N fertilizer in sugarcane is 

within or below the IPPC default value

Addition of organic residues (vinasse) caused

increase N2O emission

Removing excess trash from the field (for 

energy production) may avoid high N2O 

emission



Sugarcane improvement: start with you germplasm characterization

Sugarcane varieties 

are very similar

Breeding has for 

centuries relied on a 

very narrow genetic 

basis 

In the beginning of the Proalcool Program 70% of 

the sugarcane area in Brazil was occupied by 5 

cultivars

Thirty years later this number doubled to 10 major 

varieties



Breeding and Genomics: the challenging sugarcane genome

Genoma da

Cana-de-açúcar

(cromossomos)

S. officinarum

S. spontaneum

Giant Genome (n@750-930 Mpb), Polyploid (2n = 70-120 cromossomos), ~10 Gb

8 to 12 copies of each chromosome



The BIOEN Sugarcane Genome Sequencing Project:

Producing a reference sugarcane genome for a brazilian cultivar

BAC-by-BAC

Whole genome shot-gun

RNA-Seq

Glaucia Souza and 

Marie-Anne Van Sluys, USP

SUGESI

WGS assembly collapses homeologues into a single contig

Development of a probabilistic framework to estimate contig

and/or scaffold ploidy

Å Method also provides posterior

probabilities for SNP calling

Å For each SNP, we obtain most

likely estimate of allele dosage

900x monoploidgenome
90x polyploidgenome
90% of the sorghumgenes 
represented

G. Margarido, R. Davidson, D. Heckerman

(Microsoft Research Institute)



Developmentof statisticalgeneticsfor polyploidsandhigh densitymaps

Research possibly will have indirect 

implications in crop economics 

e.g., productivity enhancement via 

QTL studies, as the mapping 

population parents differ in 

important traits

Multiple dosage!



Improving Yield

Theoretical maximum: 380 tons/ha

Current average: 75 tons/ha



S. robustum S. spontaneum

RB867515 S. officinarum

High Sugar

37.2 ton/ha - 83,7 % water
110 chromosomes

High Sugar

3.4 ton/ha - 87,0 % water
80 chromosomes

Low Sugar
9.2 ton/ha - 78,8 % water
80 chromosomes

Low Sugar
45.2 ton/ha - 63,1 % water
64 chromosomes

Goingbackto ancestorgenotypes: 
Saccharumspontaneumas a potential gene sourcefor the developmentof anEnergycane

Ferreira, S., Souza G. M. et al.,



The Energycane: S. spontaneum as a potential feedstock for bioenergy production

Besides more lignin, S. spontaneum has

more syringyl, which decreases

ramification.

Syringyl-rich lignin has a tendency to be 

more linear.
Ferreira, S., Souza G. M. et al., submitted.



What makes a Sugarcane?

Ferreira, S., Sampaio, M., Souza G. M. et al., submitted.

Total Soluble Sugars

130 High and Low Brix Genotypes 

analysed

RIDESA and CTC Breeding 

Programs



448 ƘȅōǊƛŘƛȊŀǘƛƻƴǎΣ ƎŜƴƻǘȅǇŜǎ ǾǎΦ ǇƘȅǎƛƻƭƻƎȅ ǾǎΦ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘΧ 
ǘŜƴǎ ƻŦ ǘƘƻǳǎŀƴŘǎ ƎŜƴŜǎΧ Ƴŀƴȅ ǘǊŀƛǘǎΧ

10,262 differences in gene expression when cultivars and tissues with contrasting sucrose 

content were compared

12,249 changes related to drought stress 

3,524 when ancestral sugarcane species were compared to a commercial sugarcane cultivar 

with differing fiber deposition patterns

Ferreira et al. (2013) Genome Biology (accepted) 



Around 12% of expression is antisense!

sense expressed 75% (10904 probes in 14522)

antisense expressed 11.9% (876 probes in 7238)

sense differentially expressed 6,4% (928 probes em 14522)

antisense expressed 0,8% (59 probes em 14522)

Choid (2010)



Sugarcanegene againstpathogensthat follow sugarcaneborer attack

Å sugarcanewound-inducibleproteinsSUGARWIN1
and SUGARWIN2, have been identified in
sugarcaneby an in silicoanalysis

Å SUGARWIN::GFPfusion protein is located in the
endoplasmicreticulum and in the extracellular
spaceof sugarcaneplants

Å The induction of sugarwin transcripts occurs in
responseto mechanicalwounding, D. saccharalis
damage,andmethyl jasmonatetreatment



Sugarcanegene confersdrought tolerance

Results indicated that Scdr1 conferred 

tolerance to multiple abiotic stresses, 

highlighting the potential of this gene for 

biotechnological applications

Figure 6. The effects of mannitol and NaCl on tobacco 

plants. First row: A WT plant and three transformants

overexpressing Scdr1 were

grown under control conditions for 13 weeks. Middle row: 

plants watered with 200 mM mannitol for 10 days and then 

irrigated with water for 3 days.

Bottom row: plants irrigated for 10 days with 175 mM NaCl

and then irrigated with water for 3 days.



Biotechnological tools for the improvement of sugarcane: http://sucest-fun.org



SugarcaneCellWall Structureandenzymesto degrade it

Proposal of a 
hierarchical attack of 
hydrolytic enzymes

Microbial enzymesto
degrade the bagasse 

cell wall: 
bioprospectionand

the definition of their
function and

structurefor the
developmentof

improvedenzyme
cocktails

Composition and Structure of Sugarcane Cell Wall
Polysacchar ides: Implications for Second-Generation
Bioethanol Production

Amanda P. de Souza &D®bora C. C. Leite &

Sivakumar Pattathi l &Michael G. Hahn &

Marcos S. Bucker idge

# Springer Science+Business Media New York 2012

Abstract The structure and fine structure of leaf and culm

cell walls of sugarcane plants were analyzed using a com-

bination of microscopic, chemical, biochemical, and immu-

nological approaches. Fluorescence microscopy revealed

that leaves and culm display autofluorescence and lignin

distributed differently through different cell types, the for-

mer resulting from phenylpropanoids associated with vas-

cular bundles and the latter distributed throughout all cell

walls in the tissue sections. Polysaccharides in leaf and culm

walls are quite similar, but differ in the proportions of

xyloglucan and arabinoxylan in some fractions. In both

cases, xyloglucan (XG) and arabinoxylan (AX) are closely

associated with cellulose, whereas pectins, mixed-linkage-

ɓ-glucan (BG), and lessbranched xylansarestrongly bound

to cellulose. Accessibility to hydrolases of cell wall fraction

increased after fractionation, suggesting that acetyl and phe-

nolic linkages, as well as polysaccharideïpolysaccharide

interactions, prevented enzyme action when cell walls are

assembled in its native architecture. Differently from other

hemicelluloses, BG was shown to be readily accessible to

lichenase when in intact walls. These results indicate that

wall architecture has important implications for the devel-

opment of more efficient industrial processes for second-

generation bioethanol production. Considering that pretreat-

mentssuch assteam explosion and alkali may lead to lossof

more soluble fractions of the cell walls (BG and pectins),

second-generation bioethanol, as currently proposed for

sugarcane feedstock, might lead to loss of a substantial

proportion of the cell wall polysaccharides, therefore de-

creasing the potential of sugarcane for bioethanol produc-

tion in the future.

Keywords Bioenergy .Cellulosicethanol .Hemicelluloses .

Cell wall composition . Cell wall structure . Sugarcane

Introduction

One of the main sources of renewable energy for biofuels

is the conversion of plant-derived carbohydrates into

bioethanol. In this context, industries in the USA and

Brazil have developed processes to use corn starch [1] and

sugarcane sucrose [2], respectively, to produce bioethanol.

As a result, these two countries are currently the top two

producers of this biofuel in the world [3]. However, it is

becoming increasingly clear that bioethanol produced either

from corn starch stored in seeds or from sucrose stored in

sugarcane culms, the so-called first-generation (1G) bioe-

thanol, will not be sufficient to meet future demands for

biomass-derived transportation fuels. As a result, laborato-

ries around the world are now searching for ways to effi-

ciently hydrolyze cell wall polysaccharides from different

Electronic supplementary mater ial The online version of this article

(doi:10.1007/s12155-012-9268-1) contains supplementary material,

which is available to authorized users.
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Engineeringprocesses to degrade the cellwall

Modelsdeveloped to describethe kinetics of first generationethanol 
production need to be reformulated and adaptedto describe the 

kineticsof second generation ethanol fermentation

Productivities achieved: between 1 and 3 kg m-3

hҍ1

Considered acceptable for alcoholic fermentations 
in batch mode, showing the good fermentability

of hydrolysateseven without detoxification

Multi-Purpose 

Pilot Plant

CTC/UNICAMP

LOPCA

Coordinator 

Maciel Filho



Improving1st, 2nd Generation, Ethanol+ Butanol

30% energy savings

20% improvement in 

saccharification

Pilot Plant 4000 L fermentor

CTC/UNICAMP
Bioethanol +
Biobutanol

4th TOP ETHANOL Award ïTechnological Innovation



Fuel production and more: a zero-carbon emission biorefinery 

Consorted bioethanol-
biodiesel-biokerosene
ǇǊƻŘǳŎǘƛƻƴ ŀƴŘ ƳƻǊŜΧ 

Synthetic Biology for Plants and 
Microorganisms:
Center for Biomass Systems and 
Synthetic Biology
University of São Paulo
http:// bioenfapesp.org/bssb

Cantarella, H., Buckeridge, M. S., Van Sluys, M. A., Souza, A. P., Garcia, A. A. F., Nishiyama-Jr, M. Y., Maciel-Filho, R., 

Brito Cruz, C. H. and Souza, G. M. (2012). Sugarcane: the most efficient crop for biofuel production. Handbook of 

Bioenergy Crop Plants. Taylor & Francis Group, Boca Rotan, Florida, USA. 

Need for innovation!
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Basic Science Data

- Cell wall structure
- Genes that alter the wall
- Physiological behavior and 

genes that alter them
- Genetic map of sugarcane
- New varieties
- New enzymes
- Modified enzymes
- Mechanisms of sugarcane 

transformation

Proofs of concept

- Cell wall architecture
- Transformed cane
- Efficient hydrolysis
- Functional altered 

enzymes
- Efficient enzyme cocktails
- More efficient 

pretreatments
- Genetically modified 

varieties, more productive 
and adapted

PERSPECTIVE FOR 
NEW PRODUCTS

- Production of 
άsuperplantsέ of cane, 
with genetically 
transformed 
photosynthesis, stress 
responses and growth 
control

- Production of a hydrolytic 
system capable to convert 
cell wall polymers 
completely

Lower sensitivity 
of prices to 

climate

Lower 
dependence on 

oil price

Lower cost of 
energy production

More stable 
ethanol prices

Economic Impacts

Decrease in CO2
emissions

Lower impact on 
biodiversity

Environmental Impacts

Lower effect of 
pollution on 

human health

More jobs in the 
agribusiness and 

technology sectors

Social Impacts

Technology for 
Second Generation

Biotechnology for 
agriculture

Development of 
Bio-based chemicals

Main Technological Innovations

Activities of the INCT-Bioethanol

National Institute of 

Science and Technology 

for Bioethanol

www.inctdobioetanol.com.br



ñMany governments in the industrialized world are spending less in clean energy 

research now than they were a few years agoò 

(Editorial, Nature June 6th, 2012)

ñWhat is missing are solutions that are cheap, scalable and politically viableò 

Call for serious investment in renewable energy research
Increased international cooperation 

Interdisciplinary and transdisciplinary approach to problems

Brazil as an example of a renewable energy matrix

with a successfull bioethanol program

Energy vs. Biodiversity Protection vs. Environmental Resources  

People

Planet

Profit


