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Unconventional Resources to meet Future
Demand. An overview

¢ Unconventional Resources worldwide

<« Example 1. Heavy and Extra Heavy oils

© Example 2: Deeply buried HP/HT reservoirs

¢  Example 3: Sour gas
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Why Unconventional Resources?
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Significant (unconventional) resources yet to be produced

Oil resources Gas resources

~3,000 Bboe

100 years ,

Unconventional resources ~2,000 Bboe
oil shale, shale gas,
coal bed methane, tight gas

70 years 2000+ Tcf A 115 years
. (Extra) Heavy oil

95 years

50 : .
years New discoveries

and increased recovery rate 60 years of production

33 years of production at current pace

at current pace

Identified resources

Oil and gas resources require increasing technological proficiency
and higher capital expenditures in order to be brought onstream

source : Total estimates
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The unconventional of yesterday has potential to
become the conventional of tomorrow

D Definition of « unconventional » resources has varied with time and

may encompass very different notions i e.g. Deep offshore is
becoming conventional

Source: CERA 2008 )
North American Dry Gas Supply

80
0

(o2 BN |
o

w b~ O
o O o

6% pa. growth  42% pa- growt

2000-2003

10 UNCONVENTIONAL

Dry Gas Production (Bcf/d)

= Canada Conventional
H Alaska

" GOM

™ Other L48 Conventional
I Canada Gas Shale

M Canada Tight Gas

W Canada CBM

B US Gas Shale

B US Tight Gas

B US CBM

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Unconventional gas has increased US gas production and will offset conventional decline

(US gas reserves replacement over 100% since 1998)

P We have varying levels of knowledge regarding unconventional

resources and the worldwide mventory generally needs improvement @
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Worldwide relative proportions of unconventional
resources

_ Extra heavy - tars

Oil Shales Heavy Oil

b« Deep Buried Reservoirs (HP/HT)
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Based on resources at 2100
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Heavy Oils, Extra Heavy Oils and Oil Shales Resources
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Based on resources at horizon 2100 @
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Very Sour Gas and Unconventional Gas Resources
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Based on resources at horizon 2100 T The very sour gas resources require special @

technologies. They represent 4% of all the sour gas resources.
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Deep Buried HP/HT Reservoirs 2P Reserves
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Based on resources at 2100 i Depth > 5000m, T > 175°C, P > 10 000 psi @
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Unconventional Resources to meet Future
Demand. Examples

¢ Example 1. Heavy and Extra Heavy oils

© Example 2: Deeply buried HP/HT reservoirs

© Example 3: Sour gas
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Steam reservoir processes for Extra Heavy Oill
SAGD (Steam Assisted Gravity Drainage)

u ------------------------------------------------------- . ADeveloped for bitumen but applicable to
pogitong ¢ "l mobile oil

AEfficient in thick (above ~30m)
. homogeneous reservoirs
'A1007 150 m horizontal spacing in bitumen
' ASteam distribution / conformance of prime
Importance
' ARequires High Temp. artificial lift (new
pumping technology)

First industrial
phase

- under production

//

Canada (Athabasca)
Joslyn SAGD
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Access to new plays through technology : heavy ol

D Improve recovery factors :
A Cold production Orinoco : 7-11 %
A Canada SAGD : ~40%
A Canada Mining : ~80%

D Extend to new domains
A Thin layers (< 15m)
A carbonates

D Extend SAGD application :

A Complex heterogeneous geological
deposits

A Seismic reservoir characterization
A Monitoring of steam chamber
A Seismic acq. cost (very small bin 3D, 4D)

D Address CO, issues :
A Improve energy efficiency

A CO,capture and storage | everage Petrocedeno industrial success @
to monetize further resources
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Elgin / Franklin HP/HT Field

Reservoir depth 5300 m
Reservoir pressure 1100 bar
Reservoir temperature 190 °C
Gas condensate 1.07 1.7 m3/103 m3
Sour gas 31T 4% CO2,3071 50 ppm H2S
Well shut-in pressure 830 bar

Largest HP/HT development worldwide

770 MM boe, throughput design 260,000 boe/d
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