Overview in Biofuels Research in Brazil

Marcos Buckeridge

Departamento de Botanica
Instituto de Biociéncias — USP

N

msbuck@usp.br

/' INCT
Y BIOETANOL




MOTIVATION TO DO RESEARCH AND USE BIOENERGY

EnergySecurity

Global ClimateChange



BIOENERGY:
what is it?

...renewable energy made available
from materials derived from
biological sources
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Biodiesel in Brazil

Fayrdesd o

Su=braw
e— " ulbr Forrals
E— el
E— w0
P il i
Cnlion seed
Ciny
Faty sk
(=g ]

EE i i
Sranace canaia
HHamdag]

Diph alb g

o 1l i ] u 40 ]
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SUGARCANE AND ETHANOL
SaRCANEN

BI qu




Saccharum sinence Saccharum S. officinarum X
Saccharum Saccharum barberi officinarum S. spontaneum
officinarum (crosses to wild relatives clones (interspecific
natural hybrids) World hybrids)
trade
Chewing Sugar extraction Manufacturing .Cottagej- plantation Modern
I I I mduitrles factories Breidlng
. N
ooq’c S Y ® S B v = © = S =
o ,\c)Q o) (/e(\’\- 62 €2 12
SE Asia Intertropics Persia Mediterranean Canary Dominican Java
Pacific Islands Spain Madeira Republic India
West Africa Brasil

Modern sugarcane cultivars




The use of ethanol in Brazil started in the
Northeast at the beginning of the 20th Century
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Photography showing one of the tanks for ethanol storage as Usina Serra Grande (Source: Museu Carlos Lyra)

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 Maceio, 1 in
Serra Grande, 1 in Unido dos Palmares.




Carssellingof light vehicles in Brazil
(1979-2007)
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FLOW DIAGRAM

MILLING SULFITATION

SUGAR AND ETHANOL

LIMING JUICE HEATING CLARIFICATION

BAGASSE TO BOILERS

WATER

FLOCCULANT

MILK OF LIME

SUGAR _CANE

SULFUR

FILTER CAKE
TO THE FIELD

—

EVAPORATION

STEAM
STEAM

BOILING

CENTRIFUGING DRYING

STEAM

&

BOILING PANS
- \_/
]
MOLASSES J
FERMENTATION DISTILLATION RECTIFICATION STRIPPING COLUMN DEHYDRATION

ACID

CLARIFIED JUICE

BY PRODUCT

%
g

=l
LOW PRESSURE, { FUSEL OIL
STEAM

Lo

Al

CYCLOHEXANE MAKEUP

B1

ETHANOL

|

o

°

VINASSE
)




RGY RESEARCH
» IN BRAZIL

CeProBIO

TBE) ‘BI

%

Centro de Tecnologm
Canavieira



A INTERNATIONAL RESEARCH NERWORK IS NOW BEING ASSEMBLED

FAPESP
CNPQ
EBI, CCRC < NSF
BBSRC
FULBRIGHT
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New Varieties

I2006I

13 clones in final
phase

168 clones in Trials

619 clonesin T3

; 12 years
6.792 clones in T2 (1.349 Clones Brix > RB855156)

398.477 Seedlings in T1

Total: 406.069 genotypes




Production of transgenic sugarcane plants
CBTEC - Esalq
Potential to shorten production of new varieties to 6 years
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Cost versus production of ethanol in Brazil
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Potentialofdifferentareas for productionofsugarcane in
Brazilbasedonsoilandclimatewithoutirrigation
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ControlledTraficStructure(CTS): to beused for
precisionagriculture
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Modified from Paulo Seleghim, lab
leader at the INCT Bioethanol
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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
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Fermentation
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Little information
in the literature

|

Simulations in the
pilot plant of CTBE

Y

Quite well known
parts of the
process, but still
need research

Modified from Paulo Seleghim, lab
leader at the INCT Bioethanol



Makingbagass to “POP” as popcorn does!




Targets in processing research

Benchequipment to performexperimentsofsteamexplosion (<5 kg/h )

Wakula de Ciclone de
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Courtesy of Paulo Seleghim, lab
leader at the INCT Bioethanol






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: 9
1. tc:tons of culm e & 20
2. Fiber dry weight @

Calculated by Carlos Rossel
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CULM OF SUGARCAN



After processing, different fractions
have distinct textures
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Thecellwall is a
verycomplexcompositeofpolysacc
haridesand its complete
hydrolysis is
oneofthemaintargetsofresearchn
owadays
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ciplinary approaches are neededatalllevels

Biodiversity Molecular studies Enzymology

Bioinformaticsand _
Genomics Systems Biology Industrial process
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For Brazil, sugarcane is thebestway to obtainrenewableliquidfuels




Sugarcane leaves:
CO, enters at both sides




30% less transpiration
60% higher WUE




Current CO, Elevated CO,
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“O caminhio do meio”

1) Increase in cane productivity
2) Regeneration of forests and cerrado

Environmental
Friendly Ethanol

Cane alone Cane with forest corridors
Only biofuel production More ethanol production
More C sequestration, plus ecosystem servi

BUCKERIDGE, M.S. (2007) Sequestro de carbono, cana-de-agucar e o efeito Cinderela. Comciéncia -
LabJor



Caminho do Meio
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