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…renewable energy made available 

from materials derived from 

biological sources

BIOENERGY:

what is it?
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Biodiesel in Brazil



SUGARCANE AND ETHANOL 

IN BRAZIL
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Domestication and early evolution of sugarcane



The use of ethanol in Brazil started in the 

Northeast at the beginning of the 20th Century

In April 1933, there were ethanol pumps serving cars in  several cities in the 
Northeast of Brazil: 3 in Recife; 1 in Caruaru, 1 in Garanhuns, 2 in Maceió, 1 in 
Serra Grande, 1 in União dos Palmares.

Photography showing one of the tanks for ethanol storage as Usina Serra Grande (Source: Museu Carlos Lyra)
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Processamento em uma usina sucro-alcoleira





ACTIVE BIOENERGY RESEARCH 

PROGRAMS IN BRAZIL

CeProBIO



A INTERNATIONAL RESEARCH NERWORK IS NOW BEING ASSEMBLEDA INTERNATIONAL RESEARCH NERWORK IS NOW BEING ASSEMBLED
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BREEDING & GENETICS OF 

SUGARCANE



New Varieties

13 clones in final 

phase

168 clones in Trials

619 clones in T3

6.792 clones in T2   (1.349 Clones Brix > RB855156)

398.477 Seedlings in T1

Total: 406.069 genotypes

2006

12 years

Selection Process 



Sugarcane Transgenics

Explants: 

Immature Leaves

CEBTEC CEBTEC -- Esalq/UspEsalq/Usp

Callus 

Induction

Regeneration Selective 

Medium

Greenhouse

PCRRooting

Shoot Growth

Production of transgenic sugarcane plants

CBTEC – Esalq

Potential to shorten production of new varieties to 6 years



SUGARCANE: THE AGRIBUSINESS



http://www.biodieselbr.com/energia/alcool/etanol.htm

R$0,40-R$0,70/liter

Year

Millionsofm3 US$/m3

Production         Cost

Cost versus production of ethanol in Brazil



Potentialofdifferentareas for productionofsugarcane in 
Brazilbasedonsoilandclimatewithoutirrigation

AmazonRainforest

Pantanal

Atlantic Forest

Other important 
preservation areas
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High
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Low (World average)
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Current mechanization



ControlledTraficStructure(CTS): to beused for 

precisionagriculture



Modified from Paulo Seleghim, lab 

leader at the INCT Bioethanol

Using the CO2 produced during the process to 

enpower algae to make biodiesel could be a greaty 

help to decrease CO2 emissions



THE NEXT STEP: 

CELLULOSIC ETHANOL 



Modified from Paulo Seleghim, lab 

leader at the INCT Bioethanol

Targets in processing research

Study different types of pretreatments and perform experiments in 
pilot scale at the pilot plant of CTBE

Performance, energy balances, economical viablity, envirnmental 
sustainability

Pretreatment Hydrolysis Fermentation Destilation

Quite well known 
parts of the 

process, but still 
need research

Little information 
in the literature

Simulations in the 
pilot plant of CTBE



26

Makingbagass to “POP” as popcorn does!Makingbagass to “POP” as popcorn does!



Targets in processing research

Benchequipment to performexperimentsofsteamexplosion ( < 5 kg/h )

Courtesy of Paulo Seleghim, lab 

leader at the INCT Bioethanol
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Primary energy in sugarcane
(fibers are 2/3 of the energy)

Component MJ/tc

150 kgsugars 2.500

135 kgfiber in culms 2.400

140 kgfiber in leaves 2.500

Total 7.400

Notas:

1. tc: tons of culm

2. Fiber dry weight

Calculated by Carlos Rossel



CULM OF SUGARCANE

VB

PC



After processing, different fractions 

have distinct textures

Fiber Parenchyma



Thechallengeofcellulosicethanol:

How to modifythewall to obtainenergyandothervaluableproducts?

Microorganisms

Hydrolytic enzymes

Action on the 

bagasse wall

Free fermentable sugars

Change polymer 

structure

Change synthesis

Change wall 

architecture

Control of hydrolysis

Activation of 

endogenous 

hydrolysis

SOFTER WALLS

Ethanol

Fermentation

Expand the wall and 

increase sucrose

cane with modified 

wallsIncrease accessibility Increase accessibility

Green chemistry

Oligosccharides, phenolics

Controlled enzyme hydrolysis



Thecellwall is a 

verycomplexcompositeofpolysacc

haridesand its complete 

hydrolysis is 

oneofthemaintargetsofresearchn

owadays



Interdisciplinary approaches are neededatalllevels

Molecular studies Enzymology

Industrial processGenomics

Bioinformaticsand

Systems Biology

Biodiversity



Sugarcaneandtheenvironment



For Brazil, sugarcane is thebestway to obtainrenewableliquidfuels

ButhowButhow is it is it goinggoing to to respondrespond to to thethe Global Global 

ClimaticChangesClimaticChanges? ? 



Sugarcane leaves: 

CO2 enters at both sides

CO2
CO2

CO2

CO2



Elevated

30% less transpiration

60% higher WUE

Ambient



Elevated CO2Current CO2

60% more



Impactof Biofuels 

onlandandwater use



THE MIDWAY
“O caminho do meio”

Cane alone

Only biofuel production

Cane with forest corridors

More ethanol production

More C sequestration, plus ecosystem services

1) Increase in cane productivity

2) Regeneration of forests and cerrado

BUCKERIDGE, M.S. (2007) Seqüestro de carbono, cana-de-açúcar e o efeito Cinderela. Comciência -
LabJor
http://www.comciencia.br/comciencia/?section=8&edicao=23&id=258

Environmental 

Friendly Ethanol



Canaviais em 

São Paulo 

(Abril de 2008)

Caminho do MeioCaminho do MeioCaminho do MeioCaminho do Meio



Final remarks


