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@ World biofuels demand
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The Economic Times, 2008



Fuels for transport in Brazil (2008)

gasoline
23%

diesel
51% dry ethanol

8%

ethanol
14%

natural gas
3%

L

Lbiodiesel
1%




L

CARTEIRA DE INVESTIMENTOS: 2009-2013

PLANO DE NEGOCIOS 2009-2013
S T e SN INVESTIMENTOS EM BIOCOMBUSTIVEIS

US$ 2,8 BILHOES
25 2% /- 2% _

B4
M Etanol M Biodiesel

« Act globally in the biofuels segment, developing
biodiesel and ethanol businesses

« Petrobras Biofuels (PBIO) created july 2008



@ Biodiesel

Law 11.097/05 N S
— 2008 B2 .
— 2013 B5 pnr 0
PBIO current capacity T (
— 3 industrial facilities

— 170.000 m? per year

CSA T T;f- i Candeias
: projects | ;
- : img XL L
— familial agriculture SN

R&D activities
— facilities in Guamaré (RN) and Cenpes (RJ)

— HBIo, H100, homogeneous catalysis, heterogeneous
catalysis, FCC of vegetable olls, etc



@ Biodiesel

CBOT Futures (soy oll)
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Evoluc&o do preco do OLEO DE SOJA CEPEA/ESALQ

CEPEA/ESALQ (soy oil)
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A vista, posto em SP, com 12% de ICMS.
Fonte: Cepea/ Esalg




Biodiesel

Soy oil CBOT vs. WTI
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Biodiesel

Methanol vs. Brent
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Biodiesel

Methanol imports
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Biodiesel

Methanol market

2.500.000
2.000.000
1.500.000
1.000.000

500.000

B Formol O Biodiesel O MTBE

B Solventes O Metilaminas B Celulose
O Metilmetacrilato B Dimetiltereftalato (DMT) B Outros




Biodiesel

Scenarios

Cenario WTI (US$/bbl) Metanol (US$/t) Oleo de soja (US$/t)

1 40 260 480
2 55 340 550
3 70 420 /700

Z (0[0) 510]0) 950



@ Biodiesel

 Heterogenous catalysis
— accepts “difficult” feedstocks (acidic oils, animal fat)
— environmental advantages

— no washes, neutralizations, batches, residue
administration, etc

— high quality glycerin
— no salt or soap as by-products



Biodiesel

Production cost breakdown

cenario

@ glicerina O 6leo O custos variaweis O custos fixos W capex



Bioethanol

Principais Fluxos de Comércio de Etanol 2007
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—~— Principais Fluxos de Comércio de Etanol 2020

Unidades: Mil tonefadas

Unidades: Mil toneladas

WoodMackenzie, 2007



Bioethanol

Build participation in the national production chain

Develop international markets
Secure the development of competitive technologies for
the production of ethanol, especially from residual
biomass
— Acquisition of shares
— New facilities
— International initiatives
e Japan
e Colombia
* Others




Bioethanol

e Sugar cane bagasse
= 2 patents ﬁ”ed acid solution rich in saccharification
— Basic engineering pre-treatment (pentose) B e

— Demonstration plant




@ Bioethanol

 Flexfuel cars

o CO n S u m e rS 90% of new cars sold are Flex
Fuel, representing
— manufacturers over 25% of the Brazilian fleet

— efficienc
g T

u Flex-fuel ® Ethanol

(Jank, 2009)

2005 2010 2015

O Gasolina E Alcool B Flexfuel ODiesel




Technical data
Cylinders

Cylinder volume
Bore / Stroke

Max power @ rpm

Max torque @ rpm

Compression ratio

Valve train

Charging system

Engine managem.

Ermission contral

Ernission target

5 in line

1598

68 / 88

165 @ 5800

305 @ 4000

8:1 - 14:1

DOCH / 4 Valve

Screw type SC

Saab Trionic 7

TWC

ULEW II

Bioethanol

The compression ratio is now 14:1



FCC C,
stream

U-ETBE

| (ex-MTBE)

BioETBE

ETBE

U-Metathesis

|, Cy=




@ BioETBE

» C,-C, metathesis




@ BioETBE

« C, auto-metathesis




BioETBE

« C, auto-metathesis

OPropylens value
BRawmatenals - by-producs
Ovarigbe costs

OFixed costs

BCapex

WTI crude (US$Mb)




BTL processes
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Fischer Tropsch
synthesis

alcohol
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product upgrade
unit

product upgrade
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@ Bio-oll

* Pyrolysis
— Acidity, low heat content and distribution logistics

EF_UEKTE




Bioelectricity

Participagdo das Fontes de Geracdo - Mai/2008 Participacdo das Fontes de Geragdo - Dez/2017

Edlica = 0,3% Nuclear = 2,0% Eélica * 0,9%

Biomassa = 0,9% Biomassa *= 2,7% _—

’ - ’ FA Indicativa = 0,4%

PCH = 3.0% Gas de Processo = 0,2%
Vapor = 0,3% PCH = 5,0% Nuclear = 2,2%

Gas Natural = 8,5% \ — Gas de Processo = 0,4%

i & bustivel = 1,3% S Vror - 0.1%
3 eo combustivel =
/_‘—l . — - Gds Natural = 7 8%
Gleo Diesel = 1,6% ‘_{ﬁleu Combustivel = 5,7%
Carvdo Mineral = 1,4% Oleo Diesel = 1,0%

—L |—' Carvao mineral = 2,1%

UTE Indicativa = 0,6%

(EPE, 2009)

Hidro = 79,6% Hidro = 71,0%

Poténcia Instalada - Total (MW)
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WTI (US$/barril)
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Bioelectricity

Because electric cars are so much more efficient than internal combustion
engine vehicles, biomass-generated electricity can help propel them 22 times
further than can ethanol (Thomas Blakslee, EV World, Aug. 18, 2009 )



Bioelectricity

(following Hollanda, 2008)



Bioelectricity

(following Hollanda, 2008)




Issue Ultimate eco-car

COz emissions
reduction

Pursuing energy
diversification

Helping abate Alternative Diesel-engine
atmospheric pollution fuel HV HWV

Biofuels

Synthetic 5
fuels DPNR

CHNG Common rail Dl

Plug-in HY

THS I

D-4

Lean burn

AT =i

Bioelectricity

Hybrid technology

. Hybrid technology boosts
performance for all
powertrain systems

The right vehicle at the right time and in the right place

Alternative fuel engines Diesel engines

CNG compressed natural gas

HV hybrid vehycle

DPNR diesel particulate and Nox reduction system
THS Toyota hybrid system

Dl direct injection

Gasoline engines Electrical energy

FCHV
VVT-i

direct injection 4-stroke

electric vehycle

fuel cell hybrid vehycle

variable valve timing with intelligence

(Toyota, 2007)
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New efficiency levels with current technology

Prius 3rd generation, Camry & Highlander
US$ 22 k

22 km/L

1,9 million hybrid units sold

Volt sales start November 2010, mass production 2011
US$ 40 k

Autonomy of 65 km satisfies 75% of urban commuters
25 KWh/100 m means R$ 6/100 km at R$ 0,40/kWh

100.000 units by 2012

USS$ 1,6 billion loan from DOE to Smyrna (TE)
Battery life of 10 years, 160 km autonomy

Believes 10% of all car sales can be electric by 2020



