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EPRINC,

About EPRINC

EPRINC stands for Energy Policy Research
Foundation, Inc. Non-profit research group that

does economic and policy analysis on the petroleum

industry

Founded in 1944 in New York. Established as a
group to explain markets and fundamentals

Previously the Petroleum Industry Research
Foundation, Inc (PIRINC) until we moved to
Washington in 2007

Grew largely into a downstream organization, but
have since moved extensively into upstream and

midstream

Extensive work on ethanol, refining, U.S. shale
plays, Keystone XL

WWW.eprinc.org -- check out our research

EPRINC

- Energy Policy Research Foundation, Inc.

emitte lucem et veritatem

Www.eprinc.org

AboutUs  EventsCalendar  Publications  Senior Staff ~ Trustees

Exports, Imports, and Energy Security
Keystone XL Pipeline and the Role of Canadian Oil Sands

EPRINC Briefing Memorandum
December 21, 2011
(Download FDF version for citations)

Over the past 18 months EPRINC has published several assessments on the
economic benefits of the proposed Keystone XL pipeline. The project has been
subject to an environmental review for the last three years with expectations a
decision would be made by early 2012. However, the Obama Administration
recently decided to delay a decision on whether to issue a permit for the pipeline
until 2013 in order to evaluate an alternative route in Nebraska. Congressional
concerns over further delays on the project are now generating legislative
initiatives to accelerate a presidential decision on the project.

The pipeline is opposed by many environmental groups who seek to constrain
further development of Canadian oil sands and view halting the pipeline as an
effective strategy to do so. Opponents of the project also have raised concerns
that the benefits of the project are over stated since rising shipments of Canadian
oil sands to the U.S. Gulf Coast may also yield higher export volumes of refined
petroleum Read More >>>

2012 in Crude Qil, Refining

WSJ Opinion: The Keystone Debacle

THE WALL STREET JOURNAL

OPINION

November 16, 2011

The Keystone Debacle

| Searct

BP - Macondo Oil
Spill Analysis

Receive Posts by
Email

Recent Posts
Exports, imports, and Energy Security
WS/ Opinion: The Keystone Debacie

WS/ Opinion: The Lessons of the
Shale Gas Revoiution

The Bakken Boom

Natura! Gas Industry Fakes the Moon
Landing
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Projected Imports of LNG vs. Actual

(or why forecasters should have humility)
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Source : EIA data and forecasts
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NPC Findings
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Note: The oil supply bars for 2035 represent the range of potential supply from each of the individual supply sources and types
considered in this study. The specific factors that may constrain or enable development and production can be different for
each supply type, but include such factors as whether access is enabled, infrastructure is developed, appropriate
technology research and development is sustained, an appropriate regulatory framework is in place, and environmental
performance is maintained.

Source: Historical data from Energy Information Administration and National Energy Board of Canada.
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Qrth American shale plays
(as of May 2011)

[0 Current shale plays

Stacked plays
= Shallowest / youngest
- |ntermediate depth / age
—— Deepest/ oldest

* Mixed shale & chalk play
** Mixed shale & limestone play
“** Mixed shale & tight dolostone-
siltsione-sandstone play

771 Prospective shale plays

ey TP
- ) 33 . g . . .
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Rig Count and Permits
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Forecasted Production from Selected Plays
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Low Cost Natural Gas Lowers Production Costs

U.S. Refiners' Effective Cost of Production

10

Cumulative Capacity
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e Effective Production Cost @ o o o Production Cost with Low NG Price of $4/mcf = $0.75/bbl lower cost

Refinery # (most complex on left, least complex on right)
<<<---Higher CAPEX/OPEX, generally large, but better yields, feedstock flexibility
Lower CAPEX/OPEX, generally smaller, but worse yields, less flexibility --->>>

Effective Production Cost takes into account a refinery’s ability to use heavy crude feedstocks (complexity), product slate (yields) and operating costs (OPEX).

Source : OGJ Data for 2009, EPRINC Calculations
Energy Policy Research Foundation, Inc. | 1031 31st St, NW Washington, DC 20007 | 202.944.3339 | www.eprinc.org 8



Thermoplastic Exports and Oil-to-Gas Ratio

Ratio: Oil-to-Gas Exports (Millions of Pounds —3MMA)
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—Qirto-Gas Ratio —Exports (right)
Source: American Chemistry Council
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Petrochemical Cost Curve , By Country 2010

Cash Costs
(S/Pound)
High
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Western Europe Other Northeast
Asia
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/l United States
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Low High

Cumulative Supply Quantity (Billion Pounds)

Source: American Chemistry Council
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Resulting Decline in US Net Imports*®

 Net Crude Oil Imports

m Net Non-Canadian Imports

million barrels per day

2012 2013 2014 2015 2016 2017

*Holds all US crude oil and biofuel production constant except for the plays listed in the previous slides. Assumes 1 mm bd of
Canadian production growth dispersed evenly over 5 years, and that all incremental Canadian production enters the US. Also
assumes US demand remains unchanged from current levels.

Energy Policy Research Foundation, Inc. | 1031 31st St, NW Washington, DC 20007 | 202.944.3339 | www.eprinc.org 11
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Various Shale Gas Reserve Estimates—Probably Low and
Clearly Uncertain Given Technological Advances

Analysis Group Reserve Estimate(icf)
ICF International 1,842
Advanced Resources 1,189

International

Energy Information 827

Administration (EIA)
2011 estimate

Potential Gas 68
Committee

Source: ICF, ARI, EIA, and Potential Gas Committee
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Williston Basin Production Forecasts

Daily Oil Production (Bopd) Wells
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Source: Continental Resources , from Platts Midstream Development & Management Conference, May 12, 2011 NDPA
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Historical US Gas Production
66.0

64.0 _W

62.0

60.0

,WWW“"\/J‘\
i A

i I.(

Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2009 -——2010 =—2011 -—2012YTD

Source: Bentek, NDPA Williston Basin natural gas study, “The Williston Basin: Greasing the Gears for Growth in North Dakota”
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Dry Production from Major U.S. Shale Plays

Dry Production from Major U.S. Shale Plays
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Natural Gas and Rig Counts, Major Shale Plays
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U.S. Natural Gas Supply
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g
Net Imports from Canada
Net Imports from Canada
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Figure 5. SOURCE: BENTEK

Bentek, NDPA Williston Basin natural gas study, “The Williston Basin: Greasing the Gears for Growth in North Dakota”
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Baseline
Scenario
Projected Low Export- | Low Export- | High Export- | High Expori-

Natural Gas | Slow Growth | Rapid Growth | Slow Growth | Rapid Growth

DOE Study on Natural Gas Prices and LNG Exports
Price in 2025

n ($/mcf)

$4.70 10.0% 12.8% 14.3% 25.7%
High Shale EUR $3.56 9.6% 12.9% 13.2% 24.2%
Low Shale EUR $6.52 13.7% 17.0% 20.2% 32.5%

High
Macroeconomic $4.99 11.0% 13.4% 15.6% 28.1%

Growth

Source: “Effect of Increased Natural Gas Exports on Domestic Energy Markets,” Energy Information Administration, January 2012.

Note: U.S. natural gas exports (almost all by pipeline to Mexico and Canada),grew by 2 bcf/d between 2006-2011

Energy Policy Research Foundation, Inc. | 1031 31st St, NW Washington, DC 20007 | 202.944.3339 | www.eprinc.org
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Average Price Impact by Various Analysts, 2015-2035, 6 bcf/d of LNG Exports

m Average Price without Average Price Increase
Exports ($/MMBtu) Exports ($/MMBtu) (%)
“ $5.28 $5.78 9%
$7.09 $7.21 2%
: sk
$4.75 $5.10 7%
$5.67 $6.01 6%
$5.81 $6.45 11%

Source: Energy Security Initiative, Brookings Institution, Liquid Markets: Assessing the CasenFor U.S. Exports
of LNG, May 2012

Energy Policy Research Foundation, Inc. | 1031 31st St, NW Washington, DC 20007 | 202.944.3339 | www.eprinc.org



Haynesville Breakeven Estimate Worksheet
First well and Additional Wells with a 25% Royalty

Initial (First) Well per Lease Section (recovering 100% of lease bonus)

Lease Costs per Acre S 500000 5 7,500.00 5 10,000.00 S 12,50000 &

Acres per Section &40 G40 G40 &40
Initial Lease Bonus Costs ~ $  3,200,000.00 $  4,E00,000.00 %  6,400,000.00 5 800000000 5
Drilling-Erac-Completion Costs 5 9,000,000.00 5 9,000,000.00 5 9,000,000.00 5 9,000,000.00 5

15,000.00
B40

9, 600,000.00

g,000,000.00

Total Costs For Initial Well | 5 12,200,000.00 $ 13,800,000.00 $ 15,400,000.00 $ 17,000,000.00 $ 18,600,000.00

Break Price per EUR on 25% Royalty

4BCFEUR 5 4.07 5 4.60 5 5.13 5 5.67 5 6.20

5BCF EUR 5 3.25 5 3.68 5 4.11 5 4.53 5 4.56

GBCFEUR 5 271 s 3.07 s 3.42 s 3.78 5 4.13

7 BCFEUR 5 2.32 s 263 s 2593 s 3.24 5 3.54

BEBCF EUR 5 2.03 5 2.30 5 257 5 2.B3 5 3.10

9BCFEUR 5 181 5 2.04 5 2.28 5 2.52 5 276

10BCFEUR 5 163 5 1.84 5 2.05 5 2.27 5 2.48
Additional Wells (No additional lease costs)

Lease Costs per Acre 5 500000 S 750000 S 10,000.00 S 1250000 S 15,000.00

Acres per Section 640 640 640 640 640
Additional Well Lease Costs 5 - 5 - 5 - 5 - 5
Drilling-Erag-Completion Costs  $ 8,500,000.00 $ 850000000 § 850000000 $ £500,00000 3§ 8§ 500,000.00
Total Costs For Initial Well | § 2500,00000 S £500,00000 & E500,00000 S B500,00000 S £500,000.00
Break Price per EUR on 25% Royalty

4BCFEUR 5 2.83 5 2.83 5 2.83 5 2.83 5 2.83

5BCF EUR 5 227 5 2.27 5 2.27 5 227 5 227

6BCFEUR @ & 1.89 s 1.89 s 1.89 s 1.89 s 1.89

7BCFEUR | & 162 s 162 s 162 s 162 s 162

BEBCF EUR 5 142 5 142 5 142 5 142 5 142

S BCFEUR 5 1.26 5 1.26 5 1.26 5 1.26 5 1.26

10BCF EUR 5 1.13 5 1.13 5 1.13 5 1.13 5 1.13

LPI Consulting, Inc. | 1031 31st St, NW Washington, DC 20007 | 202.944.5082
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Niobrara Production
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Williston Basin Production
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Anadarko Basin Production
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ion (March 2012)
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Williston Basin Production Forecasts

Daily Oil Production (Bopd) Wells
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Source: Continental Resources , from Platts Midstream Development & Management Conference, May 12, 2011 NDPA
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~ Will Public Opposition Stop the Shale Gale?
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Roughly 200 tanker
trucks deliver water for mix of sand, water and
the fracturing process. chemicals into the well.

-----

Water table

Wellt—
1,000 d "
Hydraulic
2000 Fracturing
3,000 Hydraulic Fracturing or
“fracking,” involves the
injection of more than a
4,000 million gallons of water,
sand and chemicals at high
pressure down and across
5,000 into horizontally drilled
wells as far as 10,000 feet
below the surface. The
6,000 pressurized mixture causes
the rock layer to crack.
These fissures are held
7000 open by the sand particles

so that oil from the shale
can flow up the well.

Well turns
horizontal

Source: goodyearlake.org
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Hydraulic Fracturing Drill Site — Western Pennsylvania
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Water Used to Produce Energy

Biofuels (irrigated) 2800+
| |
Synfuel - Fisher Tropsch (Coal) # 50
| |

0il Sands Petroleum a7

0il Shale Petroleum | . 35

Coal (with slurry transport) _ 23
|

Synfuel - Coal Gasification

Conventional Qil
Muciear (processed Uranium)
Coal (with no slurry transport)

Conventional Natural Gas™*

Chesapeake Deep Shale Natural
Gas*®

20 30 40 50 B0 7O 8O 2500
Average Gallons of Water Used per MMBtu of Energy Produced

Source: U.S. DOE, Chesapeake
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Water Use in Transportation Fuels

Ethanol from lrrigated Com -
Biodiesel from Im gated Soybeans

Hydrogen via Electrotysis

Syn Diesel from Coal &

Electric Vehicle (Electric from Nuclean™
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Electric Vehicle (Electric from Coal)*

Gasoline

Electric Vehicle (Electric from Shale NG)*
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Hydrogen from Natural Gas

CNG using NG Generator for Compression
Biodiesel from Non-irrigated Soybeans
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Ethanol Mandate: A Cautionary Tale

Crude oil - Mileage adj. savings vs.
$/barrel ED (¢/gal E10)

150
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Source: U.S. DOE, National Renewable Energy Laboratory, The Impact of Ethanol on
Gasoline Prices, November 2008.
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