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Advantages of Biofuels




World Ethanol Production

42.2 million kI (2004)

Others
11%
Brazil
36%




Ethanol Productivity

Brazilian sugarcane ethanol is the biofuel presenting the
highest * productivity  in ' the world (today: 6,000

l/lha.year) and the best renewable enerqy ratio:

849.1.renewable energy/l fossil energy
US corn ethanol: 1.4-1.6

German biodiesel: 3.0

= Adopten pf mnovatlve _te@h‘noiogres WI|| mQre than double'-

| present productmty to 14! OOO I/ha. year




Comparative Energy Flow in Producing

Ethanol

PROCESS Cothl Switclfl]grass Sugazr
| cane

(GJ/ha.yr) — (GJ/ha.yr) (GI/ha.yr)

Crop'production.energy.

: 18.9 s 13.9
8 consumption

2 8 Biomass Energy 149 53 220.2 297.14

|| Agricultaral energy ratio 7.9 Ve o S

W Ethanol production:energy
consumption

TR
B Energyinethanol o 10440 132558

Total eniermy vatior 1 O AT T T T Bl

Notes:

1- Source: ORNL, 2- Source: Copersucar/UNICAMP, 3eaxadit for corn stover, 4- No credit fq
sugar cane leaves, 5- includes credits for co-produgtscludes credits for surplus bagasse 8







Ethanol: a new commodity

Good business for tropical countries
Challenges:

- regularity and guarantee of supply

- pri.cé stability.




Brazil - Production of Sugarcane, Sugar and Ethanol

e e
(Mitlion ki) ( Million ki) (‘Million kI) - (Million ton). (Million ton)
A ‘94/95 2:87 9.89 fai 11.70 240.9
95/96 3.06 9.66 12.72 12.65 249.9
96/97 4.63 9.80 14.43 13.63 2895
Y o7/98 5.70 9.73 15.42 14.85 302.2
{ 98/99 '5.69 8.24 13.93 17.96 315.6
W 90/00 a4 A B9 13.08 19.38 310.1
8 ooo1 558 WG S O 1602 Sin 9540
01702 6.48 PSR Y THEAT S S TEBI00 292:3
02/03 A OL BMg U G g e ot L i
o7 o RIS rie g (- SRR AT I S Al R B e T T
04105 gag™ w15 08 15.16 26.33 381.1

Source: DCAA/SPAE/MAPA




Brazil: ethanol exports 2005

Countries US$ FOB

Others # . LT




Present Situation in Brazill

Ethanol preduction 17 million kI in 2005/06
Ethanol Exports 2.6 million kil in 2005
340 mills.in.operation

90-150 new mills In different stages
canstruction/planning

New investments in mills US$ 10 billion - increase the

produc_tidn capacity by, 7 million kil until 2010

Ethénol competive with oil price above US$ 35/barrel
In . 2007" flexible fuel vehlcles represents 80%
=of llght duiy domestlc markét More than 2 mlllloh sold

I-I




I Present Location of Sugar-Etanol Mills in Brazil




Near Term Expansion of New Sugar-
Ethanol Mills




Present Situation:

Expontaneous Expansion

Unidades Novas/Reativadas




{ New Areas for Expanding Sugarcane Production in Brazill
90 million ha of avalilable arable land




Sugarcane Expansion Potential

Million ha

Brazil 850
2§ Total arable land 320
1 -Cultivated land:
all crops 60.40
sugarcane SHT

Sugarcane for ethanol 2.66




Brazil: main crops 2004

Stigarcane

Jland

e e e

e



Project Team

Coordinador. :
— . Prof. Rogerio Cezar de Cerqueira Leite (UNICAMP)

Vice-Coordinadores:
Dr. Manoel Sobral Jr (fase 1)
Dr. Manoel-Regis Lima Verde Leal (fases | e I1)
Dr. Luis Cortez (fase I1)

8 senior researchers ,-around 20 researchers involved

Colaboratlon CGEE MCT, ABDI MAPA,

EI\/IBRAPA TRANSPETRO PETROBRAS DEDINI

CTC i A . . : / [Ir} H : l._
bk :.;_-.._. _I' ¢y h b $) & ,1'l| .:. mh 1, '.. I'- '_.'I_--

i _l -|_|_ ]

» PI’OjeCt in agreement Wlth the Braznlan Agroenergy
Policy




Specific Objectives

OE1: Present technology. and possible improvements: (Dr Edgardo'Gomez)

OEZ2: Assessment of.new-technologies: =~ (Dr Carlos Rossell)

OE3: Selection of potential suitable areas _for sugarcane production in Brazil
(Dr Manoel Regis Leal)

QE4: Infra-Structure: existing and need for improvement and e Xpansion
(Dra Mirna Scandiffio)

OES5: Assessment af socio-economic’impacts _ (Dr Jose Scaramucci)

OEG6: Constructlon of ethanol producUon scenarios and SOCI0-economic
Impacts' ; (Dr:André Furtado)

T Assessment of envuronmen.tal |m|oacts (Dr Archimedes Perez Eal=
AT ge eyt oy b Tac e ice ; P11 ATkl , ALY r .,“
OE8 Leeuslatlon an'(’j polrmes |h diferent countries: produCers and buyers (Dr

Manoel Sobral Jr) '




Gasoline and Ethanol Fuel
Consumption (million liters/year)

2004 2025

Gasoline 1,200 1,7001
Ethanol Fuel 26 2 205
(* subst. 10%)
102
(* subst. 5%)

| Sources . ' '
1) NatlonarEnergy Inforf‘matlon benter (NEIC)
2) " Braziland USA '




Areas with Areas with.slope
environment restriction restriction

Soil Maps Climate Map

Evaluation Criteria Criteria for:Climate
(soils) Restriction

Production’potencial ' . : Production potencial
(soils) (climate)

Soil/climate Potential 1 & L% Seillclimate:Potentaly =7
for'sugarcane ;" KA { with irrigation

Utilized scheme to elaborate maps for potential sugarcan e
expansion in Brazil

1 T
5§




PANTANAL

.AREA W/O ENVIRONMENT e ATLANTIC

RESTRICTION  437,2 Mha ol T FOREST

.AREA WITH SLOPE

>12%: 75,6 Mha

. TOTAL AVAILABLE AREA
361,6 Mha




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

Amazon Rainforest
Pantanal
Atlantic Forest

Other important
preservation areas

.......

mm High

== Good

L1 Average
B |nadequate

Above 12% slope
area



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




Potential Production of Sugarcane

Expected Potential Area Potential Production - 2005
Potential Productivity Without Irrigation With Irrigation Without Irrigation With Irrigation
(t/ha) (1,000ha) (%) (1,000ha) (%) (1,000 t) (%) (1,000 t) (%)
High 814 7,897.1 2.2 37,919.8 10.5 642,493.7 34 3,085,075.5 14.6
Good 73.1 113,895.0 315 98,018.5 27.1 8,324,183.3 447 7,163,831.6 33.9
Average 64.8 149,216.6 41.3 167,645.1 46.4 9,671,027.3 51.9 10,865,412.1 51.5
Inadequate 0.0 90,579.4 251 58,004.8 16.0 0.0 0.0 0.0 0.0
Total 361,588.1 | 100.0 361,588.1 | 100.0 18,637,704.3 100.0 21,114,319.1 100.0
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Railway System

25




Some selected areas for sugarcane expansion
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Scenario 2 (10%): 17 areas

AREA 16

AREA 14

C-S:49,7%
N-NE: 50,3%

27




Clusters Area 10
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Preliminary ethanol pipelines in South-Central Brazil

30




Phase 1 (until 2025)

Investiments (US$):

Standard Distillery:
140M/each

— Industry: 100M
— Agriculture: 40M

615 distilleries: 4.3 billion/year
during next 20 years

Transportation (pipelines etc):
10.7Bi (~ 1 Bi/year)

— C-S region: 6.4Bi

— N-NE region: 4.3Bi

31




Input — Output Model
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Operation Phase — summary of impacts

33




Operation Phase — summary of impacts
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Typical Cluster — summary of local impacts
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Summary Scenario 5% in 2025

36




Possible Gains in Productivity

2005 2015 2025

Technology | I/tc| I/ha l/tc I/lha l/tc I/lha

Conventional \ 85 | 6,000 | 100 | 8,200 | 109 |10,400

Hydrolysis | --- | ---- 14 1,100 | 37 | 3,500

Total | 85| 6,000 | 114 | 9,300 | 146 |13,900

Area Needed for 205 34 M ha 15 M ha
billion |

37




Guarantee of Supply
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Ethanol Production Costs




Learning Curve — Brazilian Ethanol
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Ethanol Production Cost

Raw Material (cane)
Industrial Cost
Management Cost
Total

R$/m3
390,12
132,70

46,87
569,69

(%0)

68,5
23,3
38,2
100,0

41




COMPARACAO DOS CUSTOS DE PRODUCAO DO ETANOL (1)

USA Alemanha (2) Brasil
Milho Cana de acucar

(EURO/RI)| _ Trigo Beterraba (EURO/hI)
(EURO/hI) | (EURO/hI)

Predios
Equipamentos

Mao de obra
Seguro, Taxas e outros

Matéria prima

Outros custos operacionais

Custo de producéo total

Venda de subprodutos

Subsidios federal e estadual 7,93

Custo de producéo liquido 24,84 52,37 14,48

(1) 3 R$/USS$ e 1,20 US$/EURO _
(2) 200ml/ano Henniges (2004)
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Evolution of Fermentation Yield

RENDIMENTO FERMENTATIVO(%)

92

91 1

90

89

88

g 87 -

86 |

85

84 -

83

82 T T ‘ T T
1975 1980 1985 1990 1995 2000 2005
SAFRA
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Evolution of Fermentation Time

PRODUTIVIDADE
Tempo de Fermentacdo(h )

16

15

14

13

12

€ 11

10

1975 1980 1985 1990 1995 2000 2005
SAFRA
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Important Issues (cost reduction and

Improve sustainability)

* Productivity gains

o Otimization of agricultural operations
e Gains in industrial efficiency

* Reduction and recycling of effluents

* Reduction of Energy and Water
Consumption

e Otimization of use of other resources
e Use of new technologies

48




Expected Productivity Gains

2005 2015 2025
Cane Prod. 70 82 06
(t/ha.year)
Pol (%) 14,5 15,9 17,3
cane
Industrial 83,5 90,0 90,0
efficiency
(%)
Liters 6.000 8.200 10.400

ethanol/ha

49




Impact of New Technologies

2005 2015 2025
Technology | /tc | I/ha l/tc I/lha | l/tc I/ha

Conventional | 85 | 6,000 | 100 |8.200| 109 | 10.400

Hydrolysis

—- | ---- 14 11.100| 37 | 3.500

Total 85| 6.000 | 114 [9.300| 146 |13.900

area needed for 104 M | 17 M ha 7,5 M ha




R&D Priority Areas: agriculture

e Genetic Improvement: conventional
and genetic engineering

e Precision agriculture

 Raw cane harvesting with trash
recovery

* Pre-processing and storage of
bagasse and trash

51




R&D Priority Areas: industry

Improvements of fermentation,
crushing and destilation

Reduction of vinasse production (per |
of ethanol)

High Energy Cane (“energy cane”)
Hydrolysis of bagasse
Gaselfication: EE and fuels (F-T)

52




R&D Priority Areas

« Management

« Automation (advanced system)

* Infra-structure

* Production Model (small x large)
 Environment Licencing (methodology)
e Certification

* Alcoolchemistry and sucrochemistry

e Other products

53




Sugarcane Primary Energy

Cana-de-acucar Cana de
energia
Produtivity 70 100
(t/ha.year)
Fiber (%) cane 13,5 26,0
Trash (%) cane 14,0 25,0
Pol (%) cane 14,5 12,0
Total fiber 19,3 51,0
(t/ha.year)
Primary 520 (12,5tep) | 1.100 (26 tep)
Energy

(GJ/ha.year)
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Sugarcane Research Challenges

e Genetic Improvement

e Optimized processing for ethanol
production (convencional to
advanced-hydrolysis)

 Raw cane harvesting with trash
recovery

* Energy optimization
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Standard Distillery

AVE RAGE PRODUCTION CLUSTER
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Social Aspects of an Average Cluster

57




Economic Aspects of an Average Cluster

Cost of canefield planting: US$475 million
Gross National Product Increase: US$ 1.1 billion
Ethanol production: 2.55 billion | /yr
Surplus power generation: 1,200 GWh/yr
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The End!

Thanks!
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