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R ti lRationale

GCC: Reducing GHG emissions
Scarcity of resourcesScarcity of resources
– Oil is finite

• (But note that the stone age ended but this was not because of(But note that the stone age ended, but this was not because of 
a lack of stones)

Energy security (as Food Security)
– Each nation would like to generate its own energy, or at 

least most of it, or at least as much as possible of it while 
t h i t t h f th t d h inot having to pay too much for the rest and having a 

secure source
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The Laws of ThermodynamicsThe Laws of Thermodynamics
(simplified apud C.P. Snow)

You cannot win (that is, you cannot get something for 
nothing, because matter and energy are conserved).g, gy )
You cannot break even (you cannot return to the same 
energy state, because there is always an increase in gy , y
disorder; entropy always increases).
You cannot get out of the game (because absolute g g (
zero is unattainable).
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B il 180 illi l 9th GNPBrazil: 180 million people, 9th GNP

B ilBrazil
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E i B ilEnergy sources in Brazil
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Energy from renewable sourcesEnergy from renewable sources
Some industrialized countries

S IEA R bl F t h t 2007
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Source: IEA, Renewables Factsheet, 2007



Eth l i B ilEthanol in Brazil

Sugarcane in Brazil: 1532
Mandated addition of Ethanol to fuel: 1929
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Brazil: Ethanol productionBrazil: Ethanol production
1948-2007
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Increase in oil import costs inIncrease in oil import costs in 
1974

Source: UNICA 2008
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Source: UNICA, 2008



Eth l W ld P d tiEthanol: World Production

Brasil is 2nd largest 
producer

 Rússia  

producer
In 2005: 

Brazil 35% (cane)  Índia  

 França  

– Brazil 35% (cane)
– USA 35% (corn)

Brazilian production
 China  

Brazilian production
– Sucrose: 1/3 of cane

C ll l d f
 EUA  

 Brasil  

– Cellulose used for 
energy

0 4 8 12 16 20

Ethanol production, 2005 (Billion liters)
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205 GL of Ethanol will substitute205 GL of Ethanol will substitute 
for 10% of the world’s gasoline

2004 20252004 2025
Gasoline consumption 1,200 GL 1,700 GL
Ethanol consumption 30 GL
Ethanol substituting 10% gasoline 205 GL
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Brazil: Gasoline and EthanolBrazil: Gasoline and Ethanol 
consumption

Source: UNICA
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Source: UNICA



90% f ld Fl F l90% of cars sold are Flex-Fuel

Gasoline only cars

Flex-fuel cars
Ethanol only cars

Source: ANFAVEA e UNICA 2008
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Source: ANFAVEA e UNICA, 2008



Bi f l i ld h tBiofuel yield per hectare

World Watch 2006 http://www worldwatch org/system/files/EBF008 1 pdf
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World Watch 2006, http://www.worldwatch.org/system/files/EBF008_1.pdf



E b lEnergy balance
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GHG d tiGHG reduction

Doornbosch and Steenblik, OECD 2007
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Eth l t G liEthanol costs x Gasoline
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Increase in productivityIncrease in productivity 
through R&D
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R&D: Increasing number ofR&D: Increasing number of 
Sugarcane varieties used in Brazil

Developed by 3 
research 
organizations
– CTC
– Ridesa
– IAC

Pl i tPlus private 
companies
– Alellyx

1984 1994 2003

– Alellyx
– Canaviallis

Now Monsanto
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1984 1994 2003 Now Monsanto



Bi f l tBiofuels costs

World Watch 2006 http://www worldwatch org/system/files/EBF008 1 pdf
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World Watch 2006, http://www.worldwatch.org/system/files/EBF008_1.pdf



Present and estimated futurePresent and estimated future 
costs for Ethanol

From: Steenblik, 
“Biofuels at what cost”, 
Sep. 2007
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S t tSugarcane energy content

1 Ton of Cane = 1,2 Barrels of Oil
TodayS Today
– Sucrose → Ethanol

Sucrose

– Bagasse → burnt for heat for 
the mill and electricity

Bagasse
Cellulose

– Leaves and Stalks → burnt on 
the field (legislation for Leaves

and Stalks
phasing out)

and Stalks
Cellulose
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Sugarcane: Ethanol ANDSugarcane: Ethanol  AND 
Electricity

(Source: UNICA)
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(Source: UNICA)



Brazil: 1% of arable land displacesBrazil: 1% of arable land displaces 
30%+ of the gasoline
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Source: UNICA



Sugarcane for ethanol uses 0,5%Sugarcane for ethanol uses 0,5% 
of total area 

Total country area (851 Mha 100%)

Small bioenergy footprint

Total country area (851 Mha, 100%)

Rural properties area (355 Mha, 42%)

A d f f th l

Area used for agriculture (76,7 Mha, 9%)

Area used for sugarcane for ethanol
(3,6 Mha, 0,5%)

Source: Horta Nogueira e Seabra (2008)
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Source: Horta Nogueira e Seabra (2008)



2050: Available land for biofuels2050: Available land for biofuels
(Doornbosch and Steenblik, 2007)

Land (in Gha) North Am.
South & 

Centr. Am.
Europe & 
Russia Africa Asia Oceania World

Total land surface 2,1 2,0 2,3 3,0 3,1 0,9 13,40
1 Apt for Rainfed cultivation 0,4 0,9 0,5 0,9 0,5 0,1 3,30
2 Apt and Under forest 0,1 0,3 0,1 0,1 0,0 0,0 0,80
3 Apt, already in use 0,2 0,1 0,2 0,2 0,6 0,1 1,50
4 Necessary for food, housing and 
infrastructure until 2030/50

0,0 0,1 0,0 0,1 0,1 0,0 0,30

( )5 Available (Gross) [5=1‐2‐3‐4] 0,00 0,25 0,08 0,44 ‐0,07 0,04 0,74
6 % for grassland 0% 0% 50% 60% n/a 0%
7 Additional land potentially available 
(7)=(5)x(1‐% for grassland)

0,00 0,25 0,04 0,18 ‐0,07 0,04 0,44

a Most studies assume that only a small fraction of additional land is needed to feed the world’s growing population— from 6 5 billion people ata. Most studies assume that only a small fraction of additional land is needed to feed the world s growing population   from 6.5 billion people at 
present to 9 billion people in 2050 — and that most of the increase in food requirements will be met by an increase in agricultural productivity.6 Here 
it is assumed that 0.2 Gha is needed for additional food production (based on Fisher and Schrattenholzer, 2001 where a yearly increase in agricultural 
productivity of 1.1% is assumed); the remainder (roughly 0.1 Gha) is needed for additional housing and infrastructure.
b. A negative number is shown here as more land is cultivated than potentially available for rain‐fed cultivation because of irrigation. The negative land 
available has not been rounded to zero because food imports are likely to be needed from other region with implications on their land useavailable has not been rounded to zero because food imports are likely to be needed from other region with implications on their land use.
c. Numbers in this column don’t add up because of rounding.

0.25GHa @ 10kL/Ha.yr → 2,500GL /yr (in 2005: 40 GL)
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0.25GHa @ 10kL/Ha.yr  → 2,500GL /yr  (in 2005: 40 GL)



R f titiReference quantities

Area available in Latin America by 2050: 0,25 Gha
Area available in Africa by 2050: 0 18 GhaArea available in Africa by 2050: 0,18 Gha
(both according to Doornbosch & Steenblik, OECD, 2007)

2004 2025

0.25GHa @ 10kL/Ha.yr  → 2,500GL /yr  (in 2005: 40 GL)

Gasoline consumption 1,200 GL 1,700 GL
Ethanol consumption 30 GL
Ethanol substituting 10% gasoline 205 GLEthanol substituting 10% gasoline 205 GL
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Wh d B il l t S ?Where does Brazil plant Sugarcane?

Not in the Amazon
Best land for cane:Best land for cane:
– Northeast coast 

Oldest (XVI cent r )• Oldest (XVI century)

– Southeast 
• highest productivity55 ton/ha • highest productivity

– Centralwest 
• main expansion area

55 ton/ha

p
82 ton/ha
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Brazilian Ethanol production,Brazilian Ethanol production,
by State

 ALAGOAS  

 PERNAMBUCO  São Paulo
– 62% of Brazilian 

 MATO GROSSO  

 MATO GROSSO DO SUL  
Ethanol

Makes the State 
2nd to the U.S.

 MINAS GERAIS  

 GOIÁS  

2nd to the U.S.
São Paulo hosts 
most of the R&D in 

d

 SÃO PAULO  

 PARANÁ  sugarcane and 
ethanol in Brazil

0 2 4 6 8 10 12

Ethanol production, 2006 (Billion liters)
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R&D: Sugarcane expansionR&D: Sugarcane expansion 
assessment (by NIPE, Unicamp)

Exclude environmentally 
protected areas

Exclude large 
slope areas

Soil map Climate mapp p

Soil criteria Climate criteria

Soil productivity Climate productivity

Soil/Climate zoning
Soil/Climate zoning 

w. irrigation
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1st step: Potential sugarcane1st step: Potential sugarcane 
area no irrigation

Source: NIPE CGEE Fase I (2005)
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Source: NIPE-CGEE, Fase I (2005)



1st step: Potential sugarcane1st step: Potential sugarcane 
area with irrigation

Source: NIPE CGEE Fase I (2005)
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Source: NIPE-CGEE, Fase I (2005)



P t ti l l ifi tiPotential area classification

Area classification
Productivity No irrigation W. irrigation

Potential (ton/ha) MHa % MHa %
High > 80 7,9 2,2 37,9 10,5g 80 ,9 , 3 ,9 0,5
Medium >73 113,9 31,5 98,0 27,1
Low > 65 149,2 41,3 167,7 46,4
Inadequate < 65 90 6 25 1 58 0 16Inadequate < 65 90,6 25,1 58,0 16
Total ‐ 361,6 100 361,6 100

122 Mha (as compared to today’s 3,6 MHa)
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R&D for improving theR&D for improving the 
sugarcane plant

Traditional genetics and processes
1 3 i lit /t– 1.3 x in liters/ton

– 1.6 x in ton/ha
– Total productivity gain of 2.2 x in 30 years
Genomics based plant improvementGenomics based plant improvement
– Functional genomics

T t f ll– Target: full sugarcane genome
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FAPESP (The São Paulo ResearchFAPESP (The São Paulo Research 
Foundation): SUCEST  Program, 1999

Started 1999
Molecular Biology toolsMolecular Biology tools 
for improving sugarcane
Science and TechnologyScience and Technology 
of sugarcane
– Articles, thesis and patents
– Human resources
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SUCEST ProjectSUCEST Project
FAPESP, 1999 - 2004

50 labs 
200 researchers200 researchers

238000 EST238000 ESTs
43000 Transcripts
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SUCEST FUN P j tSUCEST-FUN Project

DroughtSucrose

ABABiomass

HerbivoryLignin

MeJA

Phosphate

CO2

Fiber

Endophytes

MeJACO2

Sugars
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Maps and MarkersMaps and Markers
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SUCEST: Gene Discovery andSUCEST: Gene Discovery and 
Functional Genomics

Genes associated to traits of interest
In association with planters R&D centerIn association with planters R&D center
– Sugarcane Transcriptome Project (University of São 

Paulo, USP), )
• Over 1,000 trait genes (sucrose, herbivory, drought, 

nutritional responses) identified through genomics tools 
applied to the study of the Brazilian germplasm (Pat pending pp y g p ( p g
USPTO11/716,262)

– Sugarcane Molecular Marker Development Project 
(University of Campinas UNICAMP)(University of Campinas, UNICAMP)

• A functional map and markers associated to sucrose content 
developed for breeding populations
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C G i R h TCane Genomics Research Team
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Biotechnology + BreedingBiotechnology  Breeding 
knowledge

Target genes which migh help in
Increasing yield and– Increasing yield, and 

– Expansion to pasture land (subject to extended 
drought season)drought season) 

– Easing the need for expansion of planted area 
Th SUCEST FUN D t bThe SUCEST-FUN Database
– an integrated database for sequences, 

i d t k l dexpression data, markers, germplasm and 
transgenics characteristics
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FAPESP’s Research Program onFAPESP s Research Program on 
Bioenergy (BIOEN): 5 areas

1. Improvements in the feedstock: building a better cane 
plant for energyp gy

2. Production of Ethanol and other products: hydrolysis, 
pyrolisis, gasification, fermentation, distillationpy g

3. New processes in alcohol-chemistry
4. Ethanol based engine and fuel cell developmentsg p
5. The Economics of Ethanol, Ethanol production and 

the environment, Social impacts, the new agriculture p g
of food AND energy
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State of São Paulo BioenergyState of São Paulo Bioenergy 
R&D – BIOEN

Academic Basic and Applied Research
– Advancement of knowledge – R$ 48M (2008)g $ ( )

• Plus R$ 300 M (10 years) for a Statewide Research Center

– Young Investigator Awards – US$ 6 M (2008)
• Open to foreign scientists who want to come to Brazil

Joint industry-university research (5 years)
Company Subject Value
Oxiteno Lignocellulosic materials R$ 6,000,000
Braskem Alcohol-chemistry R$  50,000,000
Dedini Processes R$ 100,000,000
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