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Some PETROBRAS figures

Energy sources for power generation in world and in Brazil
Brazilian thermal power generation capacity and pro  file
PETROBRAS thermal power plants and projects
PETROBRAS natural gas logistic — current and future

New technologies for thermal power generation in Br azil
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PETROBRAS IS AN INTEGRATED ENERGY COMPANY WITH
GROSS INCOME OF US$ 102 BILLION ...

» Proved reserves: 15.0 billions bbl (SPE 2006)
* Oil and gas production: 2.3 millions bbl/d (2006)

* 16 refineries capacity: 2,227,000 bbl/d
 Pipelines: 30,343 km  ships (own fleet): 51

» 5,870 service stations Brazilian market share: 35%
» 719 stations in Argentina and 131 in Paraguay
e 26 stations in Bolivia, 89 in Uruguay and 39 in  Colombia

» Gas sales: 39,000,000 m 3/d
 Portfolio of 13 thermal power plants and 02 under
construction total “net” capacity: more than 4,000 MW

» Ethene production: 460,000 t/y
 Esthirene production: 250,000 t/y
 Poliesthirene production: 120,000 t/y
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... THAT IS PRESENT IN 24 COUNTRIES ...
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... AND HAS A DIVERSIFIED SHAREHOLDING PROFILE
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about

26,4% 40%

Jul/00 Aug/00 Offer Jul/01 Offer Dec/03 Dec/06
1 Government (1) Il Bovespa Brazil 1 ADRs Bovespa Foreigners
38,4 55,6 59,4 59,9 60,2

es BNDES / BNDESPAR
' '.--'”E /\-’\*{f « More than 500,000 investors in Brazil and overseas
\ l}'x‘% « 60% of economic value in private hands
H"",é %‘l -.x-l:’f" - More than 1/3 of stocks with international investors

l \ Source: Brazilian Mines and Energy Ministry (MME)
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15 LARGEST POWER PRODUCERS

B Hydro B Nuclear [1 Other Renewables [0 Thermal
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Source: International Energy Annual 2003 TWh
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BRAZILIAN DISTRIBUTION OF ENERGY SOURCES FOR POWER
GENERATION IN 2006 [ TWh and % |]

Industrial Gases

Distillates Coal (self producers)
Nuclear 11 9 4
14 2% 2% 1%
: 2 Importation (from
SEIMERS Argentina)
15 41

3%

Naturle; Gas \\‘

4%

9%

Hydro

! . 348
0> "TOTAL =460 TWh —

l Source: MME / 2007 National Energy Balance (BEN 2007)
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EXPANSION FORECAST UNTIL 2030 IN BRAZILIAN NATIONAL
GRID — ALTERNATIVES FOR GENERATION [ MW ]
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LARGE HYDRO 44,000 1,100 10,000 6,200 61,300 58.0
r r r r
SMALL HYDRO (< 30 MW ) 1,000 ’ 500 ’ 4,000 ’ 1,500 7,000 6.6
HYDRO 45,000 . 1,600 . 14,000 " 7,700 68,300 64.6

b % IMPORTED COAL %&‘}k\\\\\\\\\\\\\\\\r 4,000 3.8

;'".-It. / BIOMASS i 500 4,750 4.5
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b l i GENERAL TOTAL 46,000 15,050 29,000 15,600 105,650 100.0

EE l Source: MME
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PETROBRAS THERMAL POWER PLANTS




PETROBRAS THERMAL POWER PLANTS

THERMAL POWER FUEL PLANT ol Cigf;% PE;ﬁiiEAS "NET" CAPACITY
PLANT CONFIGURATION MW
[MW ] [9%] [MW]
ARAUCARIA NG cC SEP/02 469 20 94
BAHIA | FUEL OIL sSC AUG/02 33 100 33
CANOAS NG FEB/03
SC 160 160
(CANOAS BI-FUEL) (DIESEL) (DEC/07) 100
(CANOAS CC) (NG / DIESEL) cC (JAN/10) (230 / 250) (230 / 250)
ELETROBOLT NG DEC/01
SC 379 100 379
(ELETROBOLT BI-FUEL) (DIESEL) (SEP/08)
FAFEN NG CC+ CO DEC/02 151 100 151
IBIRITE NG CC JUL/02 235 50 118
NORTE FLUMINENSE NG cC MAR/04 - DEC/04 780 10 78
NOVA PIRATININGA NG CC + CO DEC/04 590 100 590
TERMOBAHIA NG CC+ CO FEB/03 190 51 97
TERMOCEARA NG NOV/01
' sSC 225 100 225
(TERMOCEARA BI-FUEL) (DIESEL) (JUN/08)
TERMOMACAE NG SC DEC/01 - AUG/02 928 100 928
TERMORIO - BLOCK 1 CC + CO JUN/04 383 383
TERMORIO - BLOCK 2 NG cc DEC/04 327 100 327
TERMORIO - BLOCK 3 327 327
TRES LAGOAS e SC DEC/03 244 i 244
(TRES LAGOAS CC) (CC) (AUG/10) " (364) " (364)
CURRENT TOTAL 5,42 4,225
PLANTS ALREADY IN OPERATION ; :
(TOTAL AFTER CC PROJECTS) (5,610 / 5,630) (4,415 / 4, 435)
CUBATAO NG CC+ CO JUN/10 208 100 208
TERMOACU NG SC+ CO MAR/08 310 79,5 246
[PLANTS UNDER CONSTRUCTION - TOTAL 518 454




EVOLUTION OF BRAZILIAN PIPELINE NETWORK TO 2011

Existing
Pipelines

New Pipelines

LNG Regasification
Terminals



SOME INFORMATION ABOUT NATURAL GAS LOGISTIC IN
BRAZIL

The total demand is about 45,500,000 m 3/d. Almost 30,000,000 m 3/d
(67%) is imported from Bolivia by means of GASBOL (  Bolivia-Brazil
Pipeline), while the remaining is supplied by natio nal production
(only one thermal power plant imports gas from Arge ntina)

The power plants where PETROBRAS currently owns int  erests have
potential to consume together more than 29,000,000 m3/d, in case of
being operated with their maximum capacity

PETROBRAS Strategic Plan indicates that the natural  gas national
market will grow to 121,000,000 m 3/d until 2011



LNG (LIQUIFIED NATURAL GAS) IN BRAZIL

LNG will be a solution, in a short term, to resolve the natural gas
supply concerning thermal power generation

LNG will be implemented by means of two floating st orage and
regasification units (FSRUS)



INCREASE OF BRAZILIAN NATURAL GAS DOMESTIC
MARKET — PETROBRAS STRATEGIC PLAN
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(1) Potential NG consumption for thermal generation considering plants operating with maximum capacity



BRAZILIAN NATURAL GAS DEMAND FORECAST
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THE FUTURE OF POWER GENERATION IN BRAZIL

Use of LNG (concerns about gas composition)

Integrated gasification combined cycle (IGCC): usag e of pet-coke,
coal, ...

Circulated fluidized bed (CFB)
Use of ethanol in gas turbines: test on GE LM-6000

Use of flexgas (air + propane) in gas turbines: test on GE LM-6000
and Alstom GT11 N2

Organic cycle in pipeline compression stations: to be implemented
for Brazil-Bolivia Pipeline



TECHNOLOGIES FOR COAL USAGE IN POWER GENERATION

Classification associated to the type of used boile rs: application in
Rankine cycles, except with gasification, based on combined cycles
(IGCC)

Pulverized coal (PC): (i) lower investment cost, (i 1) return between
38% and 40%, (iii) utilization of better quality co  al and (iv) evolution
in the route to supercritical boilers

CFB: (i) application to middle-sized plants (up to 300 MW) and (ii)
return in the same range of PC; (iii) lower operati  on temperatures
determine benefits for emissions levels (NOx) and f  or costs of SOx
control; (iv) possibility of using coal and other s olid fuels (e.g. aill
shale) with lower quality

Gasification: (i) greater capital costs, (ii) highe  r competitiveness
when based on poli-generation and integration to ot her processes
(e.g. refining), (iii) overall efficiency of about 50%, (iv) good
diversity of fuels (liquid and solid) and (v) envir onmental (and
economic in the future) appeal of CO , capture



ENVIRONMENTAL CONCERNS REGARDING THE COAL USAGE
FOR POWER GENERATION

Adaptation to environmental limits: elevated part o f CAPEX
associated to emissions control

Eventual future incorporation of CO , capture will increase
investment levels Impact on the competitiveness of gasification

Necessity for sub-products destinations: ashes (ceme nts and
ceramics), plaster, ammonia sulphate (fertilizers) local / regional
integration with other industries



PET-COKE FOR POWER GENERATION

High cost technology, where size is of great impact in Minimizing
capacity costs ($/MW)

Projects require a logistic approach not only focus ed on fuel, but
also in feedstocks and sub-products need for local / regional
integration with other industries

Currently there is a technological trend to CFB and gasification

If linked directly to refineries, thermal power pla nts demand an
inflexibility strategy impact on process units operation



LEVELIZED COST OF ELECTRICITY ( assumes 80% capacity
factor for coal technologies )

Source: Gasification Technologies 2004, Washington, DC



PET-COKE USAGE BY PETROBRAS

Refining Dept. is focused on residues conversion to pet-coke units
reduction of residues and fuel oil production

Current installed capacity of 2,000,000 t/y, with b  udget investments
projecting to double until 2010 (PETROBRAS refiner ies REFAP,
REDUC, REVAP and REPAR)  consumption as energy source in
COMPERJ (petrochemical complex) and RNEST (PETROBRA S’
refinery in project phase)

In contrast to the majority of the world offer, spe cific charact eristics
give to PETROBRAS' great part of pet-coke productio  n high market
value, particularly for aluminum industry low attractiveness to
power generation sector (unable to be an option to coal)

Exportations limited by logistic constraints expectation to
increase up to 25% of production (1,000,000 t/y)

Pet-coke is not associated to the oil market destination to local
siderurgy, competing with imported coal



CASES OF PET-COKE AS FUEL FOR POWER GENERATION
UNDER STUDY IN PETROBRAS

RNEST (Refinery of Northeast): processing of Venezu elan oil —
750,000 t/y of coke with low specification, low mark et value and
necessity of logistic structure alternative: consumption as
energy source for power generation potential of about 700 MW,
but probably economic aspects will limit capacity | n 100 MW
co-generation plant: internal consumption and suppl ying of part of
power production to the system (market) initial project for

100 MW and 50 t/h of vapor

Project UTEX in SIX (oil shale extraction plant):t echnology with
CFB to fine-grained shale burning

Project Bahia's Gasification: conversion alternative for thermal
power plant TERMOBAHIA based on syngas burning in this case
the focus is H , production for FAFEN-BA (PETROBRAS' fertilizer
faC|I|ty|) anlcll RLAM (PETROBRAS' refinery) as wellas  CO, injection
into oil wells



