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Rising oil prices have renewed interest in oil sands and extra-heavy oil projects. In the two
countries with the largest proven reserves, Canada and Venezuela, there has been an
increase in both domestic and foreign investment in projects. With Japan, China and South
Korea leading the pack in terms of the monies invested and diversity of projects funded. As
all four countries are reliant on oil imports and Japan has no fossil fuel reserves of its own.

In Venezuela, for the first time since his election Chavez has awarded heavy oil blocks in its
Orinoco belt to foreign companies. While the state-owned oil company, PVDSA will still
retain a majority stake in the project, it is still a big turnaround for the country that national-
ised its oil sector in 2007.

By contrast, the majority of Canadian oil sands leases have been awarded. Therefore
mergers and acquisitions are likely to feature heavily over the coming years rather than
brand new projects in the Alberta oil sands region. Major players in the sector include Sun-
cor and Shell. Both of which have developed remediation technologies for the waste, known
as ‘tailings’, created by oil sands extraction. Thus, they have an advantage in meeting
Alberta’s ‘Tailings Performance Criteria and Requirements for Oil Sands Mining Schemes
Directive’ which includes a mandate for companies to half fine particle tailings by 2013.

Other major players in the sector are also ‘multi play’ companies using their other assets to
finance the large capital costs for oil sands extraction. Many have a stake in the oil refineries
over the border and pipelines transporting diluted crude to the US market.

Several pipelines are under development or under construction in anticipation of growth in
US demand. The biggest is the Keystone pipeline which will transport crude from Alberta to
the Gulf of Mexico. Another, the Northern Gateway, will run from Alberta to ports and other
hubs on the West coast of Canada so crude can be shipped to Eastern US and growing
Asian markets.
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Environmental opposition and opposition from the US oil industry are stalling the develop-
ment of some of these projects. For example, Imperial Oil hit a setback when its plan to
transport 35,000 tons of mining equipment over the Rocky Mountains was delayed by the
Idaho Supreme Court on environmental grounds.

In Venezuela environmental opposition is less of a problem. Instead there are concerns over
the ability of PVDSA to meet its goals for the development of the Orinoco belt. Furthermore,
Venezuela is still perceived as a risky investment because the oil fields under development
could be nationalised at a later date.

Further information on the technologies used in extraction, projects under development,
players in the sector, prices and so on is covered in more depth in our report.

Price - £650
Code — NRGOSR1

*Please note — prices are also available in US Dollars and Euros. Please consult

www.nrgexpert.com.

For further information on these products or future editions please contact us at:

Tel: + 44 (0) 20 8432 3059 Fax: +44 (0) 20 8150 6267 OR info@nrgexpert.com

Page 2 of 2


http://www.nrgexpert.com/

@ NRG

Contents
L. EXECULIVE SUIMIMAIY .. .uttiiieieeaiiiittiete e e e e e e e atabe e et e e e e e s s abebeeeeaa e e e aaanbeeeeeeaa e e e snnbeeeeeeeaesaaanbbsaeeaaeesaannnnees 8
2. WOrld Oil aNd Gas RESEIVES .......ccciiiiiiiiiiieici i aa e s e s a s s aaaaaasnsaansasnsnsnsnnnnns 10
3. DefiNitioNS Of RESEIVES... ... e s e s a e e s e anaaansaeaassnrnnnsnnnnnnns 11
Some different definitions in use worldwide. ...............ccc 11
SPE/WPC Definitions Of RESEIVES ......cccoo oo 12
Definitions oOf Oil aNd gAS FESEIVES ........evviiiiiee i e e e e s e e e e e e e s snnreaeeeeees 12
Deterministic and probabilistic estimation Of rESErVES ........cccvevviee i 12
PIOVEA FESEIVES ...ttt ettt ettt ettt e e sttt e e st et e e st e e e sabe e e e e sab bt e e e anbte e e e snnbeeeennneeeas 13
Proved, proved UNdeVElOPEd FESEIVES.......cuiiei ittt sbeee e e e e s e e e e e e snnreaneeee s 13
UNPIOVEA RESEIVES ....cciiiiiiiiiiiieet e e st et e e e e e s e e e e e e s s st te e e eee e s s s astaeeeeaeesaansanteneeeeeeeannrnnennees 14
Unproved Probable RESEIVES ...ttt e e e e e e e aibaaeeee s 14
UNpProved POSSIDIE RESEIVES ......coii it a e aee e as 14
Comparison of using different methods of calculating reServes.........cccocuvieeiiiiiiiiiiiee e 14
Calculations to determing reserve ValUEs ..., 16
I (=Y (V10 = v (o ¢ g T=1 i o T 16
DECHNE CUINVE BNAIYSIS ....ci ittt e e e e e s et e et e e e e e e s abbbe e e e e e e e e annnbnaeeeaens 16
External factors affECting rESEIVES .........uvviiiii e e e e e e e aaeee e s 17
S o] O o ] V=T o 7o) s F= I | SRR PRP 19
Natural bitumen, tar sand, oil sand, natural asphalt - synthetic crude oOil.............ccccccceeevvinnnnnnn. 19
Canadian Oil Sands and Venezuelan OrimulSioN® ...........c.ccooiiuiiiniiiieniie e 19
)Y 11 = TR o £ o [ o | S 19
5. What are the oil reserves of the WOrld?...........eoiiiii s 24
6.  EXIraction tECHNIGUES ........eeiiiiie ittt e e e e e s s st e e e e e e e e e nbbbeeeaaaeeaanns 27
T, COUNLPY PrOFIIES ..ttt e ettt e e e e e s e bbb e et e e e e e e s bbbbneeeaaeeaanns 36
CaANATA ..., 36
History of production of the Canadian Tar Sands bitUmMen ... 37
F N gF= o= o WP 39
NN 59
G0N0 e ———— 60
= Vo F= To = o> | PSP 60
LT T T PP 62
B I 11T =T I3 oo = Vo o TSRS 63
L PRI 63
RV =T a1V AU L= - P 65
OthEr COUNLIIES ..., 68
8. COSE COMPELILIVENESS .. ..eeeieiieieee ittt e oottt e e e e e e e s b ettt e e e e e s e aanbbe et e e e e e e sanbbbneeaaaeeaanns 71
LS TR = T V4 7= £ 80
10. ENVIroNMeENntal IMPACTS. ... ...ueiiiiiieiee et e e e e e e e e e e e e anbraeee e s 82
1= V1 11T 1SR UTT T ROPUPPPPPUT 83
11. The US and Canada relatioNShip ........cooiiiiiiiiee et 90
12. THE MAIN PIAYETS ...ttt ettt e sttt e e s bt e e s snbte e e e snnneeas 100
1072 1 =T I- PRSPPI 100
2 Y/ 2 o] 1 U Lo [ RS 120
5.  Imperial Oil (ESSO IMPErial Oil)......cuuiiiiiiiiieiiiiiie et s e e 126
11. S A= | @F= Tq =T =T g =T o PSSR 140
JLIDZ 2 4 TSP SPUURR PRSI 150
RV a1y AU L= - P 163

www.NRG Expert.com
Page 3



13.
14.
15.
16.

NRGExpert

Energy Intelligence

L0 T aT= 1o F= I o1 0] =1 115 PSSR

Logistics

L1 [0 1STT= 1Y EEE

Sources

www.NRG Expert.com
Page 4



@ NRG
Tables

Table 4 1: Extra-heavy oil resources, reserves and production at end 2008, million barrels
Table 4 2: Natural bitumen resources, reserves and production at end-2008, million barrels
Table 5 1: Comparison of two sets of reported oil reserves for the top ten countries, billion barrels,
2009

Table 6 1: Advantages and disadvantages of the two main in situ technologies

Table 6 2: Technologies for in situ bitumen extraction

Table 6 3: Status of upgraders in Alberta

Table 7 1: Inventory of major Alberta oil sands projects

Table 7 2: Canadian oil sands projects producing, under construction and in development
Table 7 3: Utah Tar Sands Estimated In-Place Resources

Table 7 4: Orinoco belt strategic associations

Table 7 5: Other natural bitumen and extra heavy oil reserves by country

Table 8 1: Estimates of operating cost (Opex) and supply costs by production method
Table 8 2: Alberta Oil Sands Costs / Barrel (USD 2006)

Table 8 3: Oil sands project costs

Table 9 1: Cash operating costs for the Athabasca Oil Sands Project (AOSP), USD per barrel of oll
equivalent

Table 11 1: US refinery upgrades in the Mid West (PADD Il) and US Gulf (PADD Il11)

Table 12 1: Major foreign acquisitions in Canadian oil sands in 2010

Table 12 2: Oil sands projects producing, under construction and under development by company,
barrels per day

Table 12 3: Suncor's refineries

Table 12 4: Suncor’s 2011 production outlook, barrels of oil equivalent per day

Table 12 6: Canadian Natural Resources 2011 budget for production

Table 12 7: Canadian Natural Resources’ Thermal Heavy Oil Sands Growth Plan

Table 12 10: Average daily net production from Conoco Phillips’ oil sands projects, 2009
Table 12 11: MEG Energy’s oil sands projects

Table 12 9: Cenovus Energy oil sands projects

Table 12 12: SilverBirch Energy/Teck Resources’ joint venture oil sands projects

Table 12 13: Total E&P’s Canadian projects

Table 13 1: Status of oil sands projects in Alberta, 10th December 2010

Table 13 2: Status of oil sands upgraders in Alberta, 10th December 2010

Table 14 1: Alberta oil sands pipelines

Table 14 2: Oil sands export pipelines

Table 14 3: Proposed Export pipelines

Table 14 4: Enbridge’s Athabasca operating pipelines

Table 14 5: Inter Pipelines’ projects in operation and under development

Table 14 6: Phased expansion plans for Kinder Morgan’s Trans Mountain expansion

Table 14 7: Ports on the West Coast of Canada

Table 14 8: Average price of oil tankers per 1 million DWT depending on the type of vessels

www.NRG Expert.com
Page 5



@ NRG
Figures

Figure 3 1: Annual backdated conventional oil discovery, conventional oil consumption and forecasted
production and discovery

Figure 5 1: Conventional oil reserves, billion barrels, 2009

Figure 5 2: Top ten countries by oil reserves ncludng oil sands, billion barrels, 2009

Figure 6 1: Status of oil sands projects by technology, thousand barrels per day

Figure 6 2: Western Canadian oil production, thousand barrels per day, 2005 to 2025

Figure 6 3: Cyclic Steam Stimulation (CSS)

Figure 6 4: Steam Assisted Gravity Drainage (SAGD)

Figure 6 5: Location of oil sands projects producing, under construction and under development
Figure 6 6: Status of in situ oil sands projects by technology, thousand barrels per day

Figure 7 1: Oil sands regime

Figure 7 2: Alberta's bitumen resources, original oil in place, billion barrels

Figure 7 3: Chronology of development and oil sands production

Figure 7 4: Alberta oil sands projects

Figure 7 5: Grosmont Net Pay Isopach map including locations showing interest from oil sand
developers

Figure 7 6: Commissioned oil sands projects in Canada, thousand barrels per day, 1999 to 2009
Figure 7 7: Forecasted number of well drilled for 2011

Figure 7 8: Oil and gas industry spending in Canada, CAD billion, 2009 to 2011

Figure 7 9: Canadian oil production, thousand barrels per day

Figure 7 10: Planned commissioning dates for Canadian oil sands projects and production, thousand
barrels per day

Figure 7 11: Market Demand for Western Canadian Crude Oil — Actual 2009 versus 2015 Potential,
thousand barrels per day

Figure 7 12: Location of Madagascar Oil’s five blocks

Figure 7 13: Bemolanga block in Madagascar

Figure 7 14: Distribution of speculative and measured U.S. oil sands, billion barrels of bitumen in
place

Figure 7 15: Location of the Orinoco Oil Belt in Venezuela

Figure 7 16: Crude reserves in Venezuela

Figure 8 1: Crude oil and natural gas prices, 1999 to 2010

Figure 8 2: Projects and actual average IEA crude oil import price, USD per barrel, 1970 to 2030
Figure 8 3: Costs for new oil supply

Figure 10 1: Map of the Canadian oil sands

Figure 10 2: Tailings pond

Figure 10 3: Carbon dioxide emissions from the consumption of energy in Canada, million tonnes,
1980 to 2009

Figure 10 4: CO2 emissions for coal-fired and plants and oil sands projects in North America, mega
tonnes

Figure 10 5: Wheel-to-wheel CO2 emissions for different sources of oil for the United States, g CO2
per MJ gasoline

Figure 11 1: Imports of oil into the USA by country and region, thousand barrels per day, 2009
Figure 11 2: Imports of Canadian oil into the USA, million barrels, 1993 to 2009

Figure 11 3: Consumption and production of oil in the USA, thousand barrels per day, 1965 to 2009
Figure 11 4: Consumption and production of oil in Canada, thousand barrels per day, 1965 to 2009
Figure 11 5: Landed price for oil imports into the US by country of origin, USD per barrel, 2009
Figure 11 6: Landed price of oil imports into the United States, USD per barrel, 1973 to 2009
Figure 11 7: Used and unused refining capacity in North America by country, thousand barrels per
day, 2009

Figure 11 8: Regional oil refinery profit margins on a quarterly basis, USD per barrel, 1992 to 2009
Figure 11 9: Oil refinery capacity in the US and Canada, thousand barrels per day, 1965 to 2009
Figure 12 1: Oil imports by country, thousand barrels per day, 2009

Figure 12 2: Leases owned in a section of Athabasca

Figure 12 3: Oil sands projects producing, under construction and under development by company,
thousand barrels per day

www.NRG Expert.com
Page 6



@ NRG

Figure 12 4: Alberta oil sands projects and upgraders, January 2011

Figure 12 5: Locations of Suncor refineries

Figure 12 6: Petro-Canada and Suncor merger timeline

Figure 12 7: Suncor-Total asset distribution

Figure 12 10: Imperial Oil's resource development: building production volume, thousand of oil-
equivalent barrels a day before royalties

Figure 14 1: Canadian & U.S. Crude Oil Pipelines - All Proposals

Figure 14 2: Canadian Energy Pipeline Association Members Proposed Crude Oil Pipeline
Expansions

Figure 14 3: Phase 1 and 2 of the keystone pipeline

Figure 14 4: Phase 3 and 4 of the keystone pipeline

Figure 14 5: Enbridge’s Alberta regional infrastructure

Figure 14 6: Enbridge’s pipeline network and expansion plans

Figure 14 7: Enbridge’s Northern Gateway project

Figure 14 8: Inter Pipeline’s pipelines

Figure 14 9: Inter Pipelines’ oil pipeline growth strategy

Figure 14 10: Kinder Morgan’s Trans Mountain pipeline

Figure 14 11: Kinder Morgan’s Trans Mountain expansion

Figure 14 12: Kinder Morgan’s Express — Platte Pipeline System

Figure 14 13: Pembina’s oil sands pipeline projects

Figure 14 14: Route of Pembina’s Nipisi and Mitsue pipelines

Figure 14 15: CN's rail network for the oil sands projects in Alberta

Figure 14 16: Shipments of petroleum products through the Port of Vancouver, thousand tonnes,
2008 to November 2010

Figure 14 17: Estimates of tanker rates from Canada to Asia, USD per barrel

Figure 14 18: Typical supply curve for a given size of fleet

Figure 14 19: Ship new build and five year asset value since 2000

www.NRG Expert.com
Page 7/



ORDER FORM
Please complete the following information:
Title: Mr./Mrs./Miss./Ms./Dr./Other: ........ccccoveeiviieeene FIrSt INAIME ...t
LAST NBIME. it e et e e e st e e SUFFIX e
JOD THtlE e [DTCT =T 10 =T o | SRR
(000]0 0] o 7= 0 )Y R PP PP PPUPPPPPTTPNN
N Lo | (=TT PRSPPSO

] ST = G

Product Name Product Code Price

20% VAT (if applicable)

Total

VAT Number (EU BUSINESSES ONIY) ...uviiiiiiiiieeiiiice et
Where applicable, UK VAT at 20% should be added for all purchases made from the United Kingdom or European Union. VAT
Registered business customers within the European Union (Excluding UK) may enter a valid VAT number above and exclude VAT.
Delivery Options
Hard Copy []"? Electronic Download []* Both []*2

'Additional Charges:

Secure Electronic Download (1-3 users only): No Extra Cost

Electronic Enterprise internal license (>3 users): Cost + 100%

For all other multiple user licenses and for external use please contact sales@NRGExpert.com.

Hard Copy: UK - £120, Europe - £180/€200 Rest of World - £240/$330 (all prices include delivery and are subject to change)

Payment Options
Cheque enclosed (made payable to NRG Smarts Limited) [] Credit Card [] Bill me []
Visa [] MasterCard []
Card NUMDET ...t EXPIFY date .....ocveeeiiiiiieiiee e
CVC/Signature code (last 3 numbers on back of card) ............cccccee...
D | (= S (o T LU= RS

Our Usual Terms & Conditions shall apply to this order. Please see www.NRGExpert.com.
NRGExpert is a trading name of NRG Smarts Limited, incorporated in England & Wales under
company number 7468718.

E&OE

Please return the signed and completed order form to NRG Expert
by Fax +44 (0)20 8150 6267 or scan and E-mail to sales@NRGExpert.com


mailto:sales@NRGExpert.com
http://www.nrgexpert.com/

	NRGExpert Oil Sands Report Ed 1 2011.pdf
	1. Executive Summary
	2.  World Oil and Gas Reserves
	3.  Definitions of Reserves
	Some different definitions in use worldwide.
	SPE/WPC Definitions of Reserves
	Definitions of oil and gas reserves
	Deterministic and probabilistic estimation of reserves
	Proved reserves
	Proved, proved undeveloped reserves
	Unproved Reserves
	Unproved Probable Reserves
	Unproved Possible Reserves

	Comparison of using different methods of calculating reserves
	Calculations to determine reserve values
	The volumetric method
	Decline curve analysis
	External factors affecting reserves
	Comparison of USGS (US Geological Survey) and oil industry reserve estimates



	4.  Non-Conventional Oil
	Natural bitumen, tar sand, oil sand, natural asphalt - synthetic crude oil
	Canadian Oil Sands and Venezuelan Orimulsion®
	Synthetic crude oil

	5.  What are the oil reserves of the world?
	6.  Extraction techniques
	7.  Country Profiles
	Canada
	History of production of the Canadian Tar Sands bitumen
	Athabasca

	China
	Congo
	Madagascar
	Russia
	Trinidad & Tobago
	USA
	Venezuela
	Other countries

	8.  Cost competitiveness
	9.  Barriers
	10.  Environmental Impacts
	Tailings

	11.  The US and Canada relationship
	12.  The Main Players
	Canada
	2.  Syncrude


	5.  Imperial Oil (Esso Imperial Oil)
	11. Shell Canada Energy
	T2P 3Y6
	Venezuela

	13.  Canada project list
	14.  Logistics
	15.  Glossary
	16.  Sources




