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The Workshop Theme (all presentations will be related to it)  
 
 
Brazil has a well established agro industrial sector based on sugarcane culture. The sucrose 
is directly extracted from cane stalk and converted to ethanol mainly for fuel purposes (direct 
use of hydrated ethanol in flex fuel fleet and anhydrous ethanol blended to gasoline) and as 
chemical precursor for alcohol chemistry, as a substitute for molecules from fossil oil during 
the synthesis of chemical goods. 
 
Although ethanol production from sugarcane is profitable and well developed, attaining a 
substantial production scale, there is a large margin to optimize land resources and biomass 
exploitation. Present ethanol processing procedures (1st generation) use sucrose extracted 
from cane stalk as the raw material for ethanol production and sub utilize bagasse (the 
remaining fibrous material after sucrose extraction) in an inefficient conversion to power and 
thermal energy. The leaves and tops are burned or left on the field and represent near one 
third of the biomass synthesized from carbon dioxide by sunlight. 
 
A more efficient process could turn as much as possible of sugarcane mass into ethanol, 
optimizing the use of bagasse and recovering a large fraction of sugarcane trash (leaves and 
tops). Attaining this technology will be a breakthrough in fuel bioethanol production. 
Lignocellulosic biomass could be processed to ethanol once this 2nd generation conversion 
technology becomes available. This means more ethanol from a planted hectare of land, 
more carbon dioxide captured, more sunlight energy converted into liquid fuel, more 
sustainable practices and more production of fuels and chemical goods based on renewable 
materials. 
 
Many research groups worldwide have pointed out that enzyme catalyzed hydrolysis of 
lignocelluloses is the most promising technology. Technical barriers to an efficient conversion 
have been identified: development of the right biomass pretreatment; the lack of an efficient, 
low cost cellulase enzyme complex; the conversion of pentose sugars to ethanol; a 
productive hydrolysis step controlling substrate and product inhibition, as well as faster 
reaction times. 
 
The Centro de Ciência e Tecnologia do Bioetanol (CTBE) is launching a research program to 
contribute to the development of this technology, ensuring Brazilian leadership in the 
sustainable production of ethanol from sugarcane. In addition to performing in-house 
research, the Center will be partner with laboratories in universities and other research 
institutes to accomplish its mission as a National Laboratory. 
 
The focus of the workshop will be on the hydrolysis route for conversion of sugarcane 
bagasse into fermentable sugars and final conversion to ethanol, research line of the Pilot 
Plant for Process Development (PPDP) under construction at CTBE. 
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The speakers are invited to prepare their contributions as close as possible to the following 
topics (workshop theme): 
 
• Barriers to hydrolysis of cellulosic biomass; 
• State of the art and new trends in biomass conversion to ethanol; 
• Recent scientific contributions for non destructive deconstruction of polymer blocks of 

cellulose, hemicelulose and lignin materials; 
• Enzymatic conversion of bagasse stock; 
• Development of enzymes for hydrolysis of lignocellulosic biomass ; 
• The contribution of molecular biology to the development of hydrolysis; 
• Integration of hydrolysis processing of biomass into 1st generation ethanol production 

units; 
• Evolution from agro industrial ethanol plants to integrated biorefineries producing fuel 

ethanol, electrical power, and green chemicals from ethanol, sugars, and lignin; 
• Development of mathematical models to describe the biorefinery cycle; 
• Sustainable practices in cellulose biomass processing. 
 
The PPDP will provide facilities to explore in systematic ways, on a semi-industrial scale, 
processes and operations to convert biomass into fermentable sugars, and these into 
bioethanol. The adjoining Development Laboratories will provide the infrastructure to conduct 
small scale experiments, as well as the necessary analytical tools to support the PPDP 
operations. As part of a National Laboratory, the facilities of CTBE will be open to external 
users, both industrial and academic. Industrial users will be able to test new processes and 
gather information needed for their scale-up, whereas academic users will have the 
opportunity to scale-up their laboratory processes, as well as have access to standardized 
and well-characterized feedstocks, micro-organisms, and enzymes. Both PPDP and the 
Development Laboratories will have facilities devoted to specific procedures such as: 
bagasse physical conditioning; physico-chemical pretreatment of bagasse; biosynthesis of 
microorganisms and enzymes; enzymatic conversion of cellulose; recovering and purifying 
crude enzyme and hydrolysis liquor; and bioprocessing of hydrolysis liquors to ethanol. 
Microbiology, biochemistry, molecular biology, and physical chemistry analysis laboratories 
will complete the facilities.  
 
It is expected that the workshop will provide an opportunity to discuss a systematic and 
fundamental science-based approach to the technology of cellulose conversion and promote 
a brainstorming scenario to generate new proposals for biomass processing to reducing 
sugars and ethanol. 
 
The workshop will also offer to participating research groups the opportunity to present their 
main research lines related to the above topics in a poster session. We expect that this 
format will promote discussions among these different groups and with the Center staff, 
encouraging future scientific collaborations that may make full use of the RD&I infrastructure 
of the CTBE.  
 
 
Brazilian data on sugarcane-ethanol cycle 
 
What follows is a summary of three research reports presented to the Brazilian Ministry of 
Science and Technology-MCT, NIPE/CGEE (2005-2007) about the sugarcane/ethanol cycle 
in Brazil. It points out the Brazilian challenges and perspectives of a large scale production of 
ethanol to partially replace gasoline in the world. The work was done by several NIPE 
(Núcleo Interdisciplinar de Planejamento Estratégico - UNICAMP) researchers with financial 
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support of CGEE (Centro de Gestão e Estudos Estratégicos). It was coordinated by R. C. de 
C. Leite and the summary was written by L. A. B. Cortez. These reports motivated the 
creation of CTBE. 
 
Sugarcane is the energy crop utilized in Brazil for bioethanol fuel production. It has been 
cultivated in Brazil for nearly 500 years. Brazil is the main producer of sugarcane in the 
world. The table below presents its participation in the world production and cultivated area. 
Although sugarcane can be cultivated in most countries located in the tropic zone, the total 
cultivated area in sugarcane is close to 20 million ha.  
 

Main producers of sugarcane in 2006 
 

Country Harvested Area 
(106 ha) 

Sugarcane Production 
(106 t) 

Brazil 6,153 455,3 
India 4,200 281,2 
China 1,220 100,7 
Mexico 0,668 50,6 

Thailand 0,936 47,7 
Pakistan 0,907 44,7 
Colombia 0,426 39,8 
Australia 0,415 38,2 
Indonesia 0,370 30,2 

USA 0,364 26,8 
Others 4,713 276,2 
Total 20,372 1.391,4 

   Source: FAO, 2008 
 

Sugarcane, the raw material for ethanol production in Brazil, is responsible for nearly 70% of 
the overall production costs. Therefore it is absolutely important to produce, at a low cost, 
sustainable sugarcane for different latitudes, soil, and climate in Brazil. From the point of 
view of production cost, Brazilian production of sugarcane ethanol is very successful. This 
can be compared with ethanol production from other raw material and also with biodiesel. 
The table below presents some comparative numbers.  
 

BIOFUEL PRODUCTION COSTS

0.16 – 0.50Gasoline/Diesel1
0.90 – 1.10Lignocellulose (FT)
0.70 – 1.00Vegetable oil
0.40 – 0.55Animal fat

Biodiesel
0.80- 1.10Lignocellulose
0.70 – 0.95Wheat
0.63 – 0.83Sugar beet
0.50 – 0.80Maize
0.25 – 0.50Sugarcane

Ethanol
US$/L gasoline or diesel eq.Biofuel/Feedstock

Doornbosch and Steenblink, 2007         Note: 1. Oil price US$ 20 – 70/barrel  
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The New Challenge for Biofuels 
 
Although Brazil was successful in developing and implementing a biofuels program, the 
present world energy and environment situation demands a new strategy. The Brazilian 
domestic needs for gasoline is already 50% fulfilled with bioethanol from sugarcane. 
 
However, when the world gasoline demand is analyzed (about 1.2 trillion liters per year) it is 
clear that an important global effort will be required in different areas. 
 
It is important to mention that one of the main reasons to stimulate renewable energy 
technologies is indeed its capacity to mitigate CO2 emissions. Particularly in the case of fossil 
fuel liquid fuels substitution, the alternatives are very few, so to say the least.  
 
In the table below few alternatives are compared according to its capacity to reduce CO2 
emissions. It is evident that in some cases the policy for biofuels production, depending on 
the raw material is not motivated by its CO2 mitigation potential. 
 
In the case of sugarcane, its very low dependence on fossil fuel during the production 
process makes it very attractive and should be seriously considered if strong policies are 
implemented to accelerate fossil fuel substitution and emissions reductions. 
 

ETHANOL AND BIODIESEL GHG 
REDUCTION

35 %Palm oil
40 - 50 %Rapeseed/soybeans

Biodiesel2
13 %Maize

40 - 50 %Sugar beet
70 - 90 %Lignocellulose

90 %Sugarcane
Ethanol1

GHG Emission 
Reduction

Biofuel/Crop

Doornbosch and Steenblik Notes: 1. Compared with gasoline;  2. Compared with mineral diesel  
 
Not only sugarcane bioethanol is probably the best alternative to mitigate CO2 emissions, but 
also is a well tested alternative in Brazil where all proportions of bioethanol was mixed with 
gasoline (from E10 to E100), and also a flex fuel engine was developed and extensively 
used. Today around 90% of new cars sold in Brazil are flex fuel. In 2008 this will represent 
around 2.5 to 3 million new flex fuel vehicles. 
 
In part, the positive indicators of sugarcane bioethanol are due to the sugarcane plant itself. 
When ethanol production from 3 different crops (corn, switchgrass and sugarcane) is 
compared, it is clear that sugarcane presents the best energy balance (see table below). 
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8.324.431.21Total energy ratio

132.56104.467.15Ethanol energy content

3.410.247.9Energy consumption in 
distillery

21.312.37.9Energy ratio in agriculture

297.14220.2149.53Biomass energy

13.917.818.9Energy consumption in 
agriculture

(GJ/ha.yr)(GJ/ha.yr)(GJ/ha.yr)

Cane2Switchgrass
1Maize1PROCESS

Notes: 1-Source: ORNL, 2- Source: Copersucar/UNICAMP, 3- Corn Stover not 
included,4- Tops and leaves not included, 5- Does not include credit for co-

products,  6-Includes credit for 8% bagasse surplus

ENERGY BALANCE IN ETHANOL 
PRODUCTION

 
 
Sugarcane is basically composed by sucrose (1/3) and fibers (2/3). Today only sucrose is 
utilized to produce bioethanol. So, it is also recognized that if a 2nd generation technology 
such as hydrolysis, gasification or pyrolysis is developed, a better use of the fibers could be 
possible enhancing even more the advantages of sugarcane for bioenergy. 
 
 
The Potential of Sugarcane Bioethanol Production in Brazil 
 
The availability of land for biofuels production without endangering natural forests and food 
production, can be considered quite limited. Only two continents appear to have large scale 
available land for bioenergy, and that is South America and Africa (see below). 
 

LAND AVAILABLE FOR ENERGY BIOMASS 
PRODUCTION IN 2050 (Gha)

0.44

0.04

-0.07

0.18

0.04

0.25

0.00

Land for 
bioenergy

0.740.31.50.83.313.4Total 

0.040.00.10.00.10.9Oceania

-0.070.10.60.00.53.1Asia

0.440.10.20.10.93.0Africa

0.080.00.20.10.52.3EU

0.250.10.10.30.92.0S&CA

0.000.00.20.10.42.1NA

Additional 
land 
available

Housing, 
food, 
infrastruct
ure

Arable 
land in 
use

Land 
under 
Forest

Rain-fed 
cultivation

Total
Land

Region

Doornbosch and Steenblink, 2007
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The production of sugarcane bioethanol is quite concentrated in Brazil. Today, it occupies 
half of the around 7 million ha of total cane area (the country area is 850 million ha), and is 
today the third most important crop (soybean: 22 million ha, corn: 12 million ha).  
 
In the figure below the location of Brazilian sugar-ethanol mills are presented. São Paulo 
State (around 20-25 latitude) is where most of the production (around 60%) is concentrated. 
 

Present Location of Sugar-Ethanol Mills in 
Brazil

 
 
Another important data is that pasture land occupies nearly ¼ of Brazilian territory. Brazil is 
the main exporter of beef in the world, but its production system is quite extensive, with 
nearly 1 animal per ha. Also, it is well known in Brazil that large areas formerly occupied for 
raising cattle are today degraded and out of use, mainly due to the bad managed pasture. 
 
A quite comprehensive multi-disciplinary study led by Prof. Rogério Cezar de Cerqueira Leite 
at NIPE/Unicamp, in cooperation with the Brazilian Federal Government (Ministry of Science 
and Technology), examined in depth the challenges involved in substantially increasing the 
output of sugarcane ethanol in Brazil (by a factor of 10 in relation to the present output), and 
brought some interesting insights to the potential of ethanol production in Brazil. 
 
First, some areas considered subject of national protection, such as the Amazon, the 
Pantanal, the Atlantic Forest, Indian reserves, and also the areas occupied with food crops 
were not considered in the study. With regard to the area for food crops, the study 
considered not only the present situation, but also estimated its future growth. In addition, 
there is a limiting factor associated with the existing mechanization technology, which does 
not allow the machinery to operate in fields where the slope is above 12%. Therefore, areas 
with declivity above 12% were also excluded. 
 
In cooperation with the Sugarcane Technology Center – CTC located in Piracicaba, SP a 
comprehensive survey of new areas for sugarcane in Brazil was conducted, excluding from 
the study the State of São Paulo and other states in the South and Southeast, where there is 
the perception that the area for biofuel production is close to a limit.     
 
The two maps below give a clear view of the potential for expanding sugarcane production in 
Brazil. The areas in green and brown are excluded. The remaining areas (blue, orange, pale 
yellow and red) give an idea of which productivity of sugarcane can be expected in Brazil, 
using today’s technology and varieties. 
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The first figure presents the potential for sugarcane productivity without irrigation.  
 

POTENTIAL FOR SUGAR CANE PRODUCTION:
SOIL AND CLIMATE - WITHOUT IRRIGATION

Amazon Rainforest
Pantanal
Atlantic Forest

Other important
preservation areas

Above 12% slope
area

High
Average
Low (World average)
Inapropriate

 
                   Source: CTC (2005) in NIPE/CGEE (2005) 
 
The second figure (below) give an idea of expected productivity of sugarcane with “survival 
irrigation”, defined as 100-200 mm applied to alleviate water stress, particularly during the 
dry season. 
 
It is possible to see in the figure below how much more land becomes viable, particularly in 
the Brazilian Northeastern region. This region of Brazil, geographically closer to future 
markets, has good soils but present varieties of sugarcane could not be planted, unless 
some irrigation and/or varieties resistant to water stress are used. 
 

POTENTIAL FOR SUGAR CANE PRODUCTION:
SOIL AND CLIMATE – WITH IRRIGATION

Amazon Rainforest
Pantanal
Atlantic Forest

Other important
preservation areas

Above 12% slope
area

High
Average
Low (World average)
Inapropriate

 
                    Source: CTC (2005) in NIPE/CGEE (2005) 
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Therefore, an estimation of sugarcane production potential in Brazil is given in the Table 
below: 
 

Potential of sugarcane production in Brazil 
 

Potential 
Expected 

Productivity 
(t/ha/year) 

Potential Area (Mha) Potential Production of 
Sugarcane per year (Mt) 

Without 
irrigation 

With 
irrigation 

Without 
irrigation 

With 
irrigation 

High 81.4 7.9 37.9 643 3,090 

Average 73.1 113.9 98.0 8,326 7,165 

Low 64.8 149.2 167.6 9,670 10,863 

Inadequate 0.0 90.6 58.0 0 0 

Total  361.6 361.6 18,640 21,115 

            Source: CTC (2005) in NIPE/CGEE (2005) 
  
 
Conventional Sugarcane Breeding 
 
Particularly after the Brazilian Ethanol Program was implemented in 1975, it was developed 
an important degree of awareness of the importance of adequate varieties of sugarcane 
suited for local conditions.  
 
As it can be seen in the figure below, at the beginning of the ethanol program the sugar and 
ethanol production basically depended on very few varieties. Today more than 500 varieties 
of sugarcane are available to be cultivated in Brazil. 
 

 
                Source: CTC 
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Sugarcane breeding in Brazil was conducted essentially by three important programs: 
RIDESA (former Planalsucar Program), Sugarcane Technology Center-CTC (former 
Copersucar Technology Center), and the Agronomic Institute of Campinas-IAC from 
APTA/SP. 
 
As it was mentioned above, more than 500 varieties of sugarcane were produced and are 
presently available in Brazil. The success of these programs can be summarized by the 
figure below, where it can be verified a productivity increase over the last 30 years of roughly 
1% a year.  
 

Productivity (t/ha)
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However, more effort is needed in the agricultural sector for feedstock production. 
Essentially, a trial-and-error method was used as a breeding method. Although the 
agronomists were very competent to select new varieties, scientists should ask themselves 
more basic questions regarding the genetics of sugarcane and the photosynthesis involved 
in the biomass construction. 
 
More recently, two companies in Brazil, Alellyx and CanaVialis, today owned by Monsanto, 
studied sugarcane genomics with the aim of eventually producing genetically modified 
sugarcane varieties.  It is important to mention the pioneer genetic engineering program 
developed by CTC involving 12 countries (Macedo/UNICA, 2005). Today also RIDESA works 
in this area in Brazil. 
 
 
More Questions and Challenges 
 
As it was said before, the future of biofuels, and bioethanol in particular, depends on the 
capacity of making feedstock and industrial production more sustainable, in a broader way, 
from the environmental, economic, and social points of view. 
 
To make the production of sugarcane bioethanol more sustainable, it is necessary to improve 
sugarcane productivity beyond what is expected using conventional technology. 
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The table below shows that the historical 1% increase in productivity per year is expected to 
continue, but we must investigate if a better understanding of the genetics and metabolism of 
sugarcane can enhance future productivity.  This table does not reflect the impact on 
productivity due to biomass ethanol technology. The development of technological tools to 
convert sugarcane biomass (bagasse and trash) in fermentable sugars can represent a 
substantial improvement (at least 40%) on productivity. 
 

17.315.914.5Pol (%) 
cane

10,4008,2006,000Liters
ethanol/ha

90.090.083.5Industrial 
efficiency

(%)

968270Cane Prod. 
(t/ha.year)

202520152005

Expected Productivity Gains

 
                         Source: CTC (2005) in NIPE/CGEE (2005) 
 
Another important point to be considered is the real possibility to change the paradigm from 
“sugarcane” to “energycane”. Some studies and experiments conducted by Rao in the West 
Indies Sugarcane Station in Barbados show that energycane can reach yields between 150-
200 t/ha.year. 
 
However, this issue still remains controversial. Some specialists debate and question if really 
sugarcane yields can be improved significantly. 
 
The sugarcane/ethanol cycle is an important Brazilian Technological agenda. This agenda 
demands research, development and innovation in the whole cycle and in new technologies 
as sugarcane biomass conversion into fermentable sugars. This agenda inspired the creation 
of the Centro de Ciência e Tecnologia do Bioetanol (CTBE). 
 
 
 

Marco Aurelio Pinheiro Lima 
CTBE Director 

 
 
 
 

 


