Unlocking Heavy Oil Value
Challenges and Technologies

April 1Qma 2012 A
April 12, 2012 A Bogot a

@ CONFIDENTIAL

© 2011, All rights reserved, IHS CERA Inc., 55 Cambridge Parkway, Cambridge, Massachusetts 02142
CERA No portion of this presentation may be reproduced, reused or otherwise distributed in any form without prior written consent.



Terms of Use

The accompanying materials were prepared by IHS CERA Inc. (IHS CERA) and are not to be
redistributed or reused in any manner without prior written consent, with the exception of client internal
distribution as described below.

IHS CERA strives to be supportive of client internal distribution of IHS CERA content but requires that

A IHS CERA content and information, including but not limited to graphs, charts, tables,
figures, and data, are not to be disseminated outside of a client organization to any third
party, including a clientds customers, financial I

A Content distributed within the client organizati on
attributions of authorship.

Some information supplied by IHS CERA may be obtained from sources that IHS CERA believes to
be reliable but are in no way warranted by IHS CERA as to accuracy or completeness. Absent a
specific agreement to the contrary, IHS CERA has no obligation to update any content or information
provided to a client.
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A Relevance of Heavy and Extra Heavy Oil Resources in Latin

America
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A Significant Share of Heavy Oil Reserves Are
in Latin American Countries
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Most Relevant Heavy Oil Producers are
Also in Latin America
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Andean Countries Dominate Heavy Oil

Resources in the World

World Heavy Oil 2P Remaining
Recoverable Reserves*
(184 Billion Barrels)
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The potential is even larger when Extra
Heavy Oil Reserves are included**
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Most of the Remaining Oil Reserves in the Region
are Heavy or Extra Heavy, but some countries
are lighter than others

Composition of Remaining Oil Recoverable Reserves according to API type
BLight
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Latin America Oil Resource Base
Characteristics (weighted average)
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Source: Cambridge Energy Research Associates.
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EHO Must be Industrially Transformed Before
]t Can Be Marketed Competit

Diluted Synthetic Conventional
Bitumen Crude Qil Light Crude [WTI)
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Where Are Heavy and EHO Opportunities in
the Region?

The cases of Colombia and Venezuela

®
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Colombia Llanos Basin:

Historic and Future Production

Arhe production in the sub-basin is rising pushed
by expansion projects in producing fields like
Quifa and Rubiales (Pacific Rubiales).

Aotential upside in production depends on
the recovery factors . Current recovery using
cold production and horizontal wells is less
than 20%.

Avain recent discoveries are Ambar (OOIP
660 MMbbl) , Zircon (OOIP 245MMbbl),
Redondo (OOIP235 MMBbI) and Sabanero
(OOIP180MMbbl). The actual recoverable
reserves will depend on the production
approach used. If they reach 40 % recovery
rate, 2P recovery could overpass 500 MMbl

Aurther discoveries and developments in
blocks on west side of the basin, close to
Venezuelan border will also increase future
production(blocks CPE-1 a CPE-8)

®
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|OCs and Other Privately-run Companies

Country | Company Sample Activities and Segments
USA Chevron EHO E&P and upgrading, LNG train
USA Harvest NR Oil and gas E&P, acquisitions

USA Shell EHO exploration, downstream

CAN PetroFalcon Oil exploration and services

Country

| OCs

Part
BOYACA

i Cci

A

in Venezuel aods

AYACUCHO

Company Sample Activities and Segments
RUS Gazprom EHO and gas E&P
ITA Eni EHO E&P, LNG train (to be confirmed)
SPA Repsol-YPF EHO and gas E&P
RUS Lukoil, TNK-BP, Part of the Russ'ian Con;ortium that will
Surgutneftegas develop the Junin-6 project with PDVSA ‘B
FRA Total EHO E&P and upgrading, gas exploration Povesa
FRA Perenco EHO E&P and upgrading, gas exploration
FRA Maurel & Prom Oil and gas E&P

e

—

Sample Regional and Local Players with

Presence in Venezuela:

Country | Company Sample Activities and Segments
JAP Teikoku Gas E&P
Inpex, Mitsui, .
JAP Mitsubishi LNG train 1
KOR Kogas Gas E&P

Source: IHS CERA, IHS Energy-EDIN, IHS Global Insight, IHS Herold, PDVSA.

Country Company Sample Activities

ARG Pluspetrol E&P

VEN Petrocumarebo  Oil and gas E&P

VEN Ypergas Gas development

VEN Suelopetrol EHO E&P and upgrading
VEN Inelectra Tech services

COL Ecopetrol E&P

*Players lists are non-exhaustive. Listed players include major shareholders/operators according to net recoverable oil and gas reserves.
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VenezuQ@il&&ass
Competitive Enrivonment

The Venezuelan government has
pressed on private players6 i nt elr
by increasing P D V S Astales in the
majority of E&P projects. It has
therefore pushed for the migration of
contracts, and in some cases, the
expropriation of private-owned
assets. Some of the major IOCs have
filed arbitration claims against
Venezuela at the ICSID and ICC in
search for appropriate compensation.
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Main Heavy Oil Projects Driving Future
Capacity Growth in the Region (Il)

Project
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PDVSA Start Date*
Partners IPP

Repsol YPF 2015
ONGC Videsh

Petronas
Indian Qll
Oil India Ltd

Chevron 2015
Mitsubishi Inpex
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CNPC 2016
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Rosfnet
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What are the Challenges and How Can They
be Best Managed?

™

CERA

Infrastructure Capital Costs

Fiscal Terms
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Regulation

Environment

Heavy
Technology Oil

Projects

Oil Prices
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Technologies Driving EHO and HO
Development

®
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Technology has a great upside potential in
unlocking reserves in the region

Most of Heavy Oil Production in Andean Region

Cold Production -7

Ciclic Steam Stimulation _ Tests in Venezuela

Steam Flood

Steam assisted gravit
drainage (SA%D) Y - Tests in Venezuela
Solvent Added Process (SAGD +
Solvents)
L Pilot in Colombia
In Situ Combustion —2
0 20 40 60 80

@ Recovery %

Source: NPC Global Oil and Gas Study (2007); Pacific Rubilaes (2011)
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Project Background and Methodology

Oilfield Energy Intensity Varies by Field Type and
Increases Multi-fold During Field Life

Oilfield Energy Intensity Trends by Field Type and Maturity

18 - Aror light oil fields, energy consumed to extract barrels 740
16 grow over time from typically 2.5 percent of the energy
"~ content in the barrel, to some 5i 10 percent 435
141 AComplex fields have higher energy needs -4 30
12 k- o _ Percentage
Energy AFor heavy oil fields with thermal EOR, energy 425 of Barrel’'s
. consumed is in the range of 15735 percent of the
(Gigajoules) 10 | energy content in the barrel Energy
Used per 420 Content
Metric Ton of Oil 8} [ Piateau Consumed
Production [ 50% of Plateau 415 in
6t [ 20% of Plateau Extraction
al 410
L ——1 )
0 0

Onshore  Offshore Offshore Sour Oil Heavy
1 1 2 and Gas Oil

Arhermal EOR projects require steam and power and have the highest energy intensity of all
the segments.

Arhermal Processes are associated predominantly with the production of heavy oils (e.g. in
California, Venezuela, Indonesia, and Kuwait) and oil sands (e.g. in Canada). In specialized
situations, these techniques are occasionally applied to help extraction of light oils.
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Heavy Oil Technologies Energy Consumption
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Cyclic Steam SAGD In Situ Onshore Offshore
Stimulation Comubustion

ﬂ— a Source: NPC Global Oil and Gas Study (2007), Nimin Energy Corporation (2011), IHS CERA
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Hot Producing and Upgrading EHO
Consumes a Significant Amount of
Natural Gas

1500
M Cubic feet Gas
per Bbl EHO EHO 8.5Deg APl + HOT
Producing
1,200,000 BPD 450 Cubic feet
of Synthetic NH Gas
Oil requires at per Bbl Syncrude

least 1.8 Bcfd Hydrogen Manufacturing
of Natural Gas

80 Cubic feet
G

NH as
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Delayed
Coking + MHC

2,000 Cubic feet / Bbl SCO

@ = 1.8 Befd
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The production of Heavy Oil tends to have

higher GHG emissions

Well-to-retail pump Greenhouse Gas
Emissions for Qil Sands and Other Crudes

West Texas Intermediate

Canadian Heavy (Bow River)

Saudi Medium (ave)

Average US Domestic Crude (2003)
Mexico—Maya

Average US Barrel Consumed (2005)
Canadian Qil Sands: Mining Dilbit
Venezuela—Bachaguero

Canadian Oil Sands: Mining Bitumen
Canadian Qil Sands: SAGD Dilbit
Average Qil Sands Imported to United States (2009)
Canadian Oil Sands: Mining SCO
Nigeria Light Crude

Canadian Qil Sands: SAGD Bitumen
Venezuelan Partial Upgrader
California Heavy Oil

Canadian Qil Sands: SAGD S5C0O
Middle East Heavy Oil**

CSS Bitumen ***
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EHO Production Technique: Well
Productivity Evolution

Multilateral Wells
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Thermal EOR: Steamflooding

Description of Technology:

fRecovery by steamflooding is commonly used in heavy-
oil reservoirs containing oil whose high viscosity is a
limiting factor for achieving commercial oil-producing [pictures/ graphics]
rates. It has also been considered, however, as a
method for recovering additional

light oil. High-temperature steam is continuously injected
into a reservoir. As the steam loses heat to the
formation, it condenses into

hot water, which, coupled with the continuous supply of
steam behind it, provides the drive to move the oil to
production wells.

An added bonus from the use of steam in both
steamflooding and cyclic steam stimulation is the
flushing of liners and casing perforations, as well as the
reduction of deposits that may build up in the wells.

Possible flow restrictions to oil production through the Source: US DOE

wells are thus reduced. 0
US Department of Energy

Pros Cons
Some evidence of applicability to lighter oils. High recovery factors (50-60% high surface facility costs -
OIP) requires special safety
measures.
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