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Basic science and innovation: 
Fundamental initiatives to keep Brazilian 
leadership in sugarcane/ethanol 
production cycle. 



Ethanol Project (NIPE/Unicamp-CGEE/MCT)

A production of 250 billion liters of ethanol could 

generate in Brazil:

- Over 9 million new jobs (direct, indirect 

and induced).

- A raise of 13% in the GDP.

- 1000 new distilleries.

Strategy: To create a National Laboratory that can 

produce  scientific knowledge on the bioethanol 

production cycle, and able to face technological 

bottlenecks.  

Replacing 10% of the world demand for 

gasoline by Brazilian ethanol in 2025



A National Laboratory on Bioethanol

Own team dedicated 

to Research, 

Development and 

Innovation

Infrastructure 

available to research 

institutions 

(universities and 

industries)

Focus on innovation 

and integration of new 

technologies towards 

a more complex Bio-

refinery of sugarcane

. Implanting Federal Funding (2008-2010): US$ 50 million

. Buildings: 8.722,28 m2

. Research team by 2013 (biologists, physicists, chemists

and engineers): 110 employees

Numbers: 



Brazilian Biosciences           

National Laboratory

Structural Biology /

Biotechnology

Plants Microorganisms

Neglected Diseases

Cancer

Cardiac Biology

Campus stimulates

scientific production

CTBE is part of MCT’s Centro Nacional de 

Pesquisa em Energia e Materiais

(CNPEM), (30,000 m2 of buildings) with 

other three important National Laboratories

Brazilian Synchrotron

Light Laboratory

The only synchrotron

light source in L. America

2300 users per year

Tool for different fields: 

molecular biology, materials 

science, polymers, catalysis and 

others

Brazilian Nanotech. 

National Laboratory

Nanoscience / Microscopy

Electron and Atomic Force 

microscopy

Development of materials and 

process in micrometric scale

Semiconductors research



Programs

Bioethanol

Industrial: 

Pilot 

Plant

Agriculture:

Low Impact 

Mechanization

Technological

Assessment: 

Virtual 

Biorefinery

Sustainability
Basic 

Science



www.bioethanol.org.br



Summary

Agricultural Program

1. No-till farming

Structure for Controlled Traffic farming

2. Precision  farming

IT for Agricultural Management  - Data acquisition 

and agricultural modeling 

3. Trash recovery

Quality and cost of recovered trash

4. Mechanized Planting

Seed cane quality and distribution in the furrow.



Agriculture Program:
Low Impact Mechanization for No-till
Farming of Sugarcane

• Help in the implementation of no-till 

farming of sugarcane (soil protection and 

costs reduction)

• Introduce Precision Agriculture

• Develop mechanization to reduce traffic on 

planted area from 60% to 13%

• Tests in the field will be coordinated by Embrapa (Brazil is a world 

leader in no-till farming of grains)

•  This is a joint project with a Brazilian Industry JACTO with financial 

support of US$ 9.4 million from BNDES



Low Impact Agricultural Mechanization

Traffic over 60% of the area

Proposed

Present

Traffic over 13% of the area



Minimum Tillage

Low Impact Agricultural Mechanization



Conventional

1.5 m

ETC  1.5 m

ETC  1.0 m

Better Condition for Roots Propagation



October 2002

Interline Distance Impact

Row spacing (m)

Today (Brazil) Initial Target(CTBE)



Precision Farming



Industrial:
Pilot Plant for Process Development (PPDP)

• Development of technologies for 

cellulosic ethanol (estimated raise of 

40% in ethanol production).

• Complex for technological 

development is open to external groups.

• Offer “scaling up” to scientific 

community

• Deep scientific knowledge to overcome 

technological challenges pointed out by 

the productive sector.



Enzymatic Hydrolysis for 
Bagasse to Ethanol Conversion



Pilot Plant for Process Development



Critical steps

Physical Chemistry pretreatment of sugar cane bagasse; 

An enzymatic complex (hidrolases) tailored for conversion of 
cellulosic raw materials into fermentable sugars; 

Development of enzymatic hydrolysis process;

Microorganisms for fermentation of pentoses to ethanol.

Conversion of Bagasse to Ethanol



Processes involved in Hydrolysis are extremely complex; 

Brazilian research projects are being executed (most of them) in 
laboratory scale, facilities in which industrial scale is reproduced must be 
provided;

Most of the processes and unit operations involve a two phases solid-fluid 
heterogeneous system, which increases complexity and makes scaling-up 
difficult;

A technical and economical evaluation can only be done after obtaining 
pilot data of balances (mass and energy) and process parameters. 

Pilot Plant for Process Development 
Justification



Conceptual Project

A multipurpose unit;

The highest level of flexibility. Divided in independent units that can 
operate simultaneously and are able to combine different arrangements of 
Physical, Chemical and Biological processes.

Size compatible with installation and operation in a Research Centre and 
able to reproduce industrial operation; 

Able to incorporate new processes and to reformulate and up-grade 
existing processing lines; 

The highest level of Instrumentation, Automation and Data Acquisition 
and Transfer. 



Xilose

PPDP3

Biosynthesis of 
hydrolases

PPDP 4

Enzymatic 
hydrolysis

PPDP 6

Fermentation to 
ethanol

PPDP 1

Physical 
pretreatment

Lignin

Bagasse/straw

Bioethanol

PPDP 2

Physical 
chemistry 
pretreatment

PPDP 5

Separation and purifying

Pilot Plant for Process Development 
PPDP



PPDP Modules

PPDP1 
Physical treatment 
of bagasse

PPDP2 
Physical chem. 
treatment of 
cellulose lignin 
material

PPDP 3
Fungal, yeast and 
bacteria  
production

PPDP4 Enzymatic 
hydrolysis of 
biomass

PPDP5 Separation 
and purifying

PPDP6
Ethanol 
fermentation



A Model for Process Research
and Development

LDP

Process 

Development 

Laboratory

PPDP

Pilot Plant 

For Process 

Development
STEPS NOT CONSIDERED 

IN THIS PROJECT

PDU

Process 

Demonstration 

Unit

COMMERCIAL UNIT

Basic Research

executed by Researchers

(including CTBE group) 



Sugarcane Bagasse Fractions

Fiber Pith

Scanning Electronic Microscopy – C2Nano Back



Technological Assessment:

Virtual Sugarcane Biorefinery

• Assessing impacts of new technologies 

on the ethanol production cycle 

• Optimization of processes and integration 

of new technologies in the present 

industry.

A tool for:

• Analysis of priorities for investment planning

• Investigating the possibility of using sugarcane biomass as a 

carbon source



Concept

Virtual Biorefinery Flowchart



Objectives

(1) Optimize concepts and processes.

(2) Assess different biorefinery

alternatives.

(3) Assess the stage of development

of new technologies.



Scope

Basic routes to be designed and 

technically assessed:

Route 1: ethanol (1st generation), sugar, electricity;

Route 2: ethanol (2nd generation) – hydrolysis;

Route 3: liquid fuels – synthesis gas;

Route 4: alcoholchemistry;

Route 5: sugarchemistry;

Route 6: lignocellulosechemistry;

Route n: other routes.

In all routes sugarcane

agricultural technologies

are included



Modeling and Simulation Net



Preliminary Results

Two qualities for sugarcane:

Scenarios I.1 to IX.1: sugarcane with 12% fiber, 14.7% TRS

Scenarios I.2 to IX.2: sugarcane with 14% fiber, 15.7% TRS

Characteristics
Scenarios

I II III IV V VI VII VIII IX

1st generation ethanol production X X X X X X X X X

Surplus electricity credit X X X X X X X X

2nd generation ethanol production (hydrolysis yield 60%,
10% of solids)

X X X X X

90 bar boilers X X X X X X X X

Molecular sieves for ethanol dehydration X X X X X X X X

Complete electrification of the plant X X X X X X

20% reduction in process steam demand X X X X X X

50% of trash used X X X X

Improvements in 2G (hydrolysis yield 70%, 15% of

solids, alkaline delignification, < enzyme costs)
X X

C5 fermentation – 80% conversion to ethanol X



1 mi R$
2 mi R$/year

Item V.1 V .2 VI.1 VI.2 VII.1 VII.2 VIII.1 VIII.2 IX.1 IX.2

Total Investment1 513 564 438 453 645 672 567 584 546 573

Operational costs2 110 113 111 111 123 124 114 115 114 115

Revenue2 197 221 212 231 231 248 224 245 256 284
IRR (% per year) 11,3 12,6 15,0 16,9 11,1 12,2 12,8 14,5 16,6 18,4

Item I.1 I.2 II.1 II.2 III.1 III.2 IV.1 IV.2

Total Investment1 306 308 389 406 466 520 397 413

Operational costs2 106 106 106 106 108 110 106 106

Revenue2 168 182 186 205 189 212 189 208
IRR (% per year) 13,5 15,9 13,6 15,7 11,6 12,9 13,8 15,9

Preliminary Results
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Basic Science

• Agenda that goes from sugarcane 

photosynthesis to the  deconstruction of 

cellulose structure into fermentable sugars 

(controlled recovery of sugars from bagasse 

and trash cellulose for ethanol production)

• In addition to its own research agenda, 

supporting other CTBE programs



Sugarcane Cell Wall

(Glucurono?)
and mixed linkabe beta-glucan



Sugarcane Physiology - Leaves: 
How does CO2 turn into sugars?

CO2 CO2

CO2

CO2



Sustainability

• Focus (obtaining data in the sugarcane cycle for a scientific 

discussion on):

▫ Energy balance and GHG emissions

▫ Direct and indirect land use change 

▫ Soil carbon stock change, N2O and CH4 emissions

▫ Socio-economic impacts

▫ Impact on the quality and availability of water resources

• Ethanol sustainability evaluation, 

considering present and future 

technologies.

• Generating data for public policies.

Programs



Aims of PSE

• In short-term: PSE intends to evaluate the sustainability of 
bioethanol production from sugarcane, considering current 
technologies, traditional areas of production and all 
changes that can be implemented in the years to come.

• In mid-term: evaluating the production of different products 
from sugarcane (from a sustainability point of view), 
considering the expansion to new areas and taking into 
account all science and technology innovations that shall 
be incorporated to the production chain (e.g., low impact 
mechanization in the agricultural side, ethanol production 
through hydrolysis of the bagasse, diversification of 
products, etc.).



Examples of Controversial Papers



At the moment three priorities and five projects

Impacts on
biodiversity



GHG emissions

• Activities have been developed at the CTBE. Focus on 
improving data basis, gathering more appropriate 
information to the Brazilian conditions.

• Prospective studies have been developed: e.g., considering 
scenarios for 2020, and the combined production of ethanol 
and biodiesel.

• GHG emissions: the main 
aspect in all sustainability 
initiatives; it’s necessary to get 
substantial reduction regarding 
GHG emissions of the displaced 
energy sources.



LU and LUC

• Land use and land use changes 
(LUC) are today the key issues 
in the sustainability of biofuels 

• Identification of areas where 
feedstock cultivation are likely 
to go and the land use changes 
associated is essential to the 
case study selection to 
evaluate the local impacts on 
GHG emissions, water 
resources, soil, biodiversity, 
local community and others

• LUC modeling using 
econometric model (BLUM)



Modeling on LUC

• Activity developed by a partner (ICONE), since September 2010. 
The project is close to be finished. Knowledge internalized.

• The Brazilian Land Use Model (BLUM) was improved according 
to the interests of CTBE and ICONE. Scenarios will be explored in 
2013.

• In a very first moment it was 
conceived as an activity to 
support the assessment of GHG 
emissions -> LUC and iLUC.

• Nowadays, Land Use and Land 
Use Change are the key drivers 
for identifying cases to be 
studied.



Soil Carbon Stocks and Gaseous Emissions

• Activity developed by a partner (Delta CO2), since February 
2011. The project is also close to be finished.

• Different possible situations related with sugarcane 
expansion have been explored: sugarcane displacing 
pasture, sugarcane displacing other crops, different 
agricultural practices, different regions.

• Project conceived in order to support 
the assessment of GHG emissions  
(due to LUC).

• Regarding gaseous emissions, priority 
was given to N2O emissions from 
straw decomposition and from the 
application of nitrogen fertilizer, 
vinasse and filter cake and CO2

emissions due to soil C dynamics



Socio-economic Impacts

• Evaluation of the impacts of the sugarcane “industry” at a 
regional level (municipalities) working with indicators.

• Evaluation of the impacts of the sugarcane “industry” in a 
new producing area. Activity based on modeling.

• Evaluation of working conditions in the agriculture. Activity 
developed by Reporter Brasil, since July 2011.

• Priority is assessing socio-
economic impacts at the level 
the economic activity (e.g., 
sugarcane production, ethanol 
production) takes place.

• Three main projects, being one 
developed by a partner.



Impacts on Water Resources

• So far, activities have been developed in-house, with focus 
on modeling (at the cropping site level and at a basin level) 
and data gathering.

• Preliminary results on water footprint and on assessing 
impacts on watershed.

• It’s is our intention to address the impacts due to irrigation.

• No doubts about the 
importance of the nexus 
“biofuels” and “impacts on 
water resources”.

• Assessment of impacts on 
availability and quality.

• Difficulties to set partnerships.



New Research Priorities

• Since 2011, we’ve made an effort to add/detail three other research 
activities: (1) to include biodiversity as a research subject; (2) to be 
more ambitious regarding the database (geo-referenced database); (3) 
to go for an integrated sustainability assessment.



Land use and LUC

• From our point of 
view, land use and 
LUC are the main 
drivers of impacts.

• Identifying the 
potential regions of 
sugarcane expansion, 
for instance, is 
essential for defining 
case-studies and the 
efforts on data 
gathering.



Biodiversity

• We recognized the 
importance of the 
subject and 
understand that 
impacts on 
biodiversity should 
be assessed.

• But, what aspects 
should be 
considered? Which 
taxonomic groups 
should be focused?

• Unfortunately, at this 
moment we don’t have a 
collaborator with expertise 
on the subject.



Database

• In 2009, the aim was just 
a database for 
disseminating 
information (also to 
outside CTBE).

• Since 2011 we’ve 
worked in a more 
ambitious project: the 
database, with all geo-
referenced data, is 
fundamental for an 
integrated assessment.

• We’ve worked in-house. A 
first version is available, and 
the aim is a full integrated 
base in few years.



Data will be available to the community through a
web page, that would allow users: to access a single
source of information and consequently to get
assertiveness in actions, to frequently monitor the
results and to easily handle data and results.











Integrated Sustainability 
Assessment

• Integrated Sustainability 
Assessment is the way 
forward.

• Honestly, we’re just 
starting activities related 
with this approach.

• The aim is to improve 
methods, in order to 
address different 
sustainability aspects 
within an integrated 
approach (as integrated 
as possible).

• We do not intend to use/define 
methodologies aiming to 
compare alternatives using few 
(or a single) indicators.



Thank you for your attention!

regis.leal@bioetanol.org.br


