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23 cities of State of São Paulo 

33 institutes

Professors:  3600

Students Under-grad 35.929
Graduated 10.705

Total 46.634

171 Courses 5700 profissionals/y

118 programs of post-grad 2400 Ms PhD / y

Equador line

Capricorn line



São José do Rio Preto



Distinguished inhabitants of São José do Rio Preto





Prof. Eleni Gomes
Microbiologist

Prospection of microorganisms

Prof. João Caludio Thomeo
Chemical Engineer

Bioreactors

Prof. Roberto da Silva
Food Engineer

Enzimology

Reseach group on

BIOENERGY

at 

São José do Rio Preto

Projects in:

• Cellulosic ethanol

• Ethlic biodiesel



Our goals
• Stablish economic and sustainable ways to produce biofuels

• Cellulosic Ethanol 

• Prospect thermophilic fungal hydrolytic enzymes (~60oC)

• Cellulases and Ligninases

• Production on pilot bioreators

• Safety pre-treaments for sugarcane bagasse (rather no pressurized)

• Ozonolysis & atmospheric pressure microwave irradiation

• Ethylic Biodiesel catalysed enzymaticaly

• Prospect enzymes for esterification & transesterifiction

• Immobilyze enzymes & evaluate the efficience of support materials

• Use of ultrasound and flow reactors



Bioenergy in Brazil
Ethanol

Ethanol Consumption



Comparing the readings from the sensors in the vehicle with a

database, the onboard computer recognizes which fuel composition is

being used and sets parameters combustion without any need for the

driver interference.

Technology used in Brazil



Price of ethanol in Brazil

Alcohol yields 70% of 

gasoline per litter.

The price of ethanol depends 

of oil price

Sales

US$ 3,23/gal

Sales

US$ 5.13/gal (25% ethanol)
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Ethanol Productivity

Areas to expand 

sugarcane prduction



Ethanol production

Harvest Press

Fermentation Distilation



Sugarcane bagasse is burnt to 

generate steam and electricity

Residual bagasse:

Inside the mill area

Fire risk

Energy stored

Cellulosic ethanol

Others…

In 2011, Brazil produced 624 million 

tons of sugarcane, yielding around 

168 million tonnes of bagasse



Catalytic conversion of biomass to biofuels - D.M. Alonso, J. Q. Bond and J. A. Dumesic (GREEN CHEMISTRY, 2010)

Biomass

Component Content* (%)

Cellulose 43.4

Hemicellulose 25.6

Lignin 23.2

Ash 2.9

Extractives 4.8

Rocha, G. J. M. et al, 2010

Sugarcane Bagasse



Sugarcane

Adaptaded from Dedini (2004)

1 T Sugarcane
1,718 x 106 KCal

1 Petroleum Barrel
1,386 x 106 KCal

Sugar

153 kg

Bagasse

276 kg

(50% UMIDADE)

Strow

165 kg 

(15% UMIDADE)

608 x 103 KCal

598 x 103 KCal

512 x 103 KCal

1 T sugarcane 1,2 Oil Barrel

~
=

1 T Sugarcane

209 kg HEXOSES

126 kg PENTOSES Theorical ETHANOL

TOTAL

186 L

Real ETHANOL

90 L

276 L

1 ton sugarcane 90 L   Sugarcane 7500 L/ha +  25000 L/ha  =  32500 L/ha

1 ton corn 407 L Corn 3500 L/ha       ????

Production 2012 = 22.682 Bilion L
Planted area  = 9.164.607 ha



Lignocellulosic ethanol

ETHANOL

Pre-treatment

Enzymatic

hydrolysis

HEMICELLULOSE

Solid 

waste

Lignocellulosic

Residues

XYLOSEGLICOSE

LIGNIN

Fermentation

CELLULOSE

H+

Chemical

hydrolysis
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How much is it?

Current Cost 

US$ 2.28 /gal

Sales

US$ 3,23/gal



Pre-treatments of the sugarcane bagassse 

1: endoglicanase 2: exoglicanase 3:

-glicosidase

Região amorfa

Região cristalina

Celobiose

2

Celodextrinas

1

Glicose

3

Celulignina de 

Bagaço de 

Cana-de-Açúcar

Bagaço de Cana-
de-Açúcar

X 1000

Laboratórios de Desenvolvimento de 
Bioprocessos da EQ/UFRJ



Ozonolysis
Ozone generator



Microwave irradiation at atmospheric pressure



Laboratório de Desenvolvimento de Bioprocessos da EQ/UFRJ

Celulignina de Bagaço de Cana-de-

Açúcar
Bagaço de Cana-de-Açúcar 

Pretreament

X 1000

Scanning microscopy





BIOREFINERY







Matson, 2012

Hansen, Ford  2012

Chemicals from lignin

Chemicals from cellulose



DSC

Amostra Tonset(C) DHdeg

(J/g)

CMC 186± 4 300± 1

Xilana 186± 5 228± 7

Avicel 185± 7 139± 2

Lignina 206± 2 67± 2

Bagaço in natura 215± 1 65± 5

Variação de entalpia: relação com a facilidade em

romper o arranjo tridimensional

Temperatura: relação com a natureza do arranjo

tridimensional
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Start with Lipolytic Activity Assay (Zimogram)

51 fungal strains (32 mesophilic and 19 thermophilic)

Ethilic biodiesel: Search for enzymes

Fungo
Hidrólise (U/g de 

substrato)
Esterificação Transesterificação 

Thermomucor 

indicae-

seudadticae 

N31 

108 22% 10%

Rhizomucor 

pusillus.
365 80% 30%



Transesterification activity



International Call for Proposals in Sustainable Chemistry

The motivation of this call is to foster networking between 

excellent scientists on topics in chemistry exemplified by a 

three-year program in sustainable chemistry. 

Grants will support basic experimental and theoretical 

research. A successful proposal will have to:

1. Introduce novel approaches to develop a 

new generation of catalysts in which rare 

elements are replaced with earth abundant 

elements; and

2. Successfully address a significant 

environmental problem.

This grant program does not support: (i) basic research that 

focuses on biological techniques, cellular processes, or 

biomedical problems; (ii) applied research that focuses on 

extended solids and bulk materials, (iii) design, optimization, 

or other engineering aspects of devices; (iv) engineering 

aspects of chemistry, such as scale-up, processing, transport 

dynamics, and long-term stability.

- Letters of intent are due February 1, 2013.

- Full proposals for eligible projects are due March 29, 2013.

“Novel Molecular and Supramolecular Theory and Synthesis Approaches for Sustainable Catalysis

São Paulo, Brazil





Thank you !

boscolo@ibilce.unesp.br


