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Biomass/Biorefinery (EE)
Biomass (SC)

Solar Energy (EE)

Solar (SC)

Nuclear Energy R&D (NE)
GNEP/Advanced Fuel Cycle
Generation 1V

Nuclear Power 2010
Nuclear Hydrogen

Prorated Program Management
Hydrogen (EE)

Hydrogen (SC)

Fuel Cells (EE)

Wind Energy (EE)

$150 Million
$ 35 Million
$148 Million
$ 62 Million
$392 Million

$114 Million
$101 Million
$ 82 Million
$ 44 Million

(+65%)
(+25%)
(+78%)
(+121%)
(+56%)

(+42%)
(+74%)
(+9%)

(+13%)
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e 2004: 3.4 billion gallons of ethanol blended into
gasoline— 2% by volume of all gas sold in the U.S.

e 2006: 6 billion gallon/year capacity estimated

e 2012: 7.5 billion gallons/year — Energy Policy Act
Renewable Fuel Standard

e 2030: Range of Possibilities

e EIA projections do not forecast ethanol consumption
greater than 15 billion gallons before 2030 (AEO 2006)

e DOE/USDA study asserts sustainable 1.3 billion ton
feedstock supply could produce 60 billion gallons per year,
or 30% of current U.S. gasoline consumption, by 2030
(Biomass as Feedstock...The Technical Feasibility of a
Billion-Ton Annual Supply, April 2005)
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e Hydrogen and Fuel Cells
e Hybrid and Electric Drive
e Batteries

e Power Electronics

e Lightweight Materials

e Advanced Combustion

e Fuels
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“A big strength of the FreedomCAR and Fuel Partnership is that... it is

organized around joint industry/government research teams.”
NAS/NRC Review of the Research Program of the FreedomCAR and Fuel Partnership, August 2005
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Critical Path Technology Barriers:

e Hydrogen Cost ($2.00 - 3.00 per gge)
e Fuel Cell Cost ($30 per kW)

e Hydrogen Storage (>300-mile range)

HYDROGEN
Economic/Institutional Barriers: POSTURE
e Codes and Standards (Safety, and PLAN
Global Competitiveness) .
e Hydrogen Delivery (Investment for
new Distribution Infrastructure) ®

¢ Education

www.hydrogen.energy.gov/pdfs/hydrogen_posture_plan. pdf
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Coal

« Only with carbon capture & sequestration

¢ Gasification process produces hydrogen directly
¢ Electricity not produced as an intermediary

Distributed Natural Gas
¢ Transition strategy

¢ “Well-to-wheels” greenhouse gas emissions

substantially less than gasoline hybrid-electric
vehicle

¢ Not a long-term source for hydrogen (imports and
demand in other sectors)

Nuclear/Renewable

e« Electrolysis (one option)

« Electricity not necessarily produced as an
intermediary, options being pursued include:
e Gasification of biomass
e Reforming of renewable liquids
e Photoelectrochemical
e Photobiological
e Thermochemical (solar and nuclear)
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Distributed Reforming:

e An independent panel of experts analyzed project
data and confirmed that the 2005 hydrogen cost goal
of $3.00 per gallon of gasoline equivalent (gge) for
distributed hydrogen production from natural gas has
been met.

Electrolysis:

e Giner lowered stack cost by achieving >50%
reduction in part count: Part count per cell reduced
from 40 to 16, stack cost reduced from $2,500/kW in

2001 to approximately $1,250/kW today.
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. . Measuring
Blologlcal photosynthetic
Identified additional pathways for mutagenesis, f’r{g‘;‘gf’;;;gye"f
single and double mutants were constructed to (NREL)

improve oxygen tolerance.

Photolytic Energy Conversion

Developed new corrosion resistant, high
efficiency tandem cell design for PEC water
splitting based on GaPN.

Lab scale testing of
semiconductors
(NREL)

Solar High Temperature Thermochemical

Initial systems designed and costs estimated for hybrid
sulfur and a volatile metal oxide using the H2A cost model.
Preliminary H2A results indicate solar high temperature
thermochemical can achieve a competitive cost.
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¢ H2A Model bringing consistency and transparency to
hydrogen analysis at the system, technology or component
level in terms of cost, performance, benefit and risk impact.

o* +£1 n-- 1)) (( &Kkl () * +1! n-)-).r1
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Hydrogen Production Cost from Distributed Natural G
Sensitivity to Natural Gas Price (HHV)

as Versus

Hydrogen Cost based on:

e Combination of best available
research

» Projected to 500 units/year
* Next Step: Field Validation

Model for Hydrogen Cost Goal
(Yielding Equivalent $/mi. for the Consumer ($2.00-  $3.00/gge))

Hydrogen at $4.50/gge:

\ \ \
FCV fuel economy

relative to the
gasoline ICE (2.4)
4

. Compe:?tive IWith |' % \ I T
conventional gasoline 2
ICEVs at $1.9gO/gge E —— /‘
(untaxed) and gasoline g L etve ot
HEVs at $2.70/gge (untaxed) * sy
2‘”‘2.5‘ “3””3‘.5””4

Gasoline Price (untaxed), $/gal.
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2% 3% Year  TIAXLLC
Bipolar Mem(t))rane
Plate 7% )
504 2006 Key Assumptions
GDL Power density
5%

Cell voltage

Net power 80
Gross power kW, 90
Production volume units/yr 500,000
Pt cost $/g ($/troz) 35 (1,100)
Pt processing cost $/g ($/troz) 3.5 (110)
Electrode Pt loading mg/cm?2 0.65

76%
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Diverse portfolio starting show promising materials
Examples of progress: 2005-2006

Advanced Metal Hydrides

Chemical H , Storage

Carbon/ Sorbents & New
Materials

Li Mg Amides
~5.5wt%, ~2.8 kWh/L (>200 C)
Alane

~7-10 wt%, ~5 kWh/L (<150 C)
Li borohydrides
>9 wt%, ~3.5 kWh/l (~350 C)
Destabilized Binary hydrides
~5-7Twt%, ~2-3 kWh/L (250 C)
LiMgAlane, M-B-N-H
~ 7-8.8 wt%, > 1.3 kWh/L
(~150-340 C)

Phenanthraline/organic
liquids
~7 wt%,~1.8 kWh/L
(>150 C)

Ammonia Borane/Scaffolds
~6 wt%,~2-4 KWh/L
(<100 C)

Metal/carbon hybrids, MetCars
6 to > 8wt%*, ~1.3* kWh/l (*theory)

Bridged catalysts
IRMOF-
~1.8 wt.%,~0.3 kWh/L
(room T)

Metal-Organic Frameworks IRMOF-
177

~7 wt%, ~1 kWh/L
(77 K)

Note: Material capacities only (no balance of plant). Estimates for volumetric capacities.

2010 System Targets are 6 wt.% and 1.5 KWh/L
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Examples of Promising Concepts Developed

0 Dehydrogenated
« Demonstrated “destabilization” approach and = M+12H, State
showed >9 wt.% materials-based storage in
modified lithium borohydrides (LiBH,/MgH,) > Alloy
« Next steps: Enhance kinetics by nano- S T MA,+1/2H; pehydrogenated
engineering 4 State
(Vajo, Olsen, et al, HRL) L

v MH + XA Hydrogenated
State

» Developed and demonstrated novel approach-

E}é%%%%% filling nanostructured scaffolds with ammonia
i \GRE

borane (NH;BH,)

« Showed >6 wt% materials-based storage (at
< 80 C & reduced byproducts) (Autrey, et al,
PNNL)
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Novel materials such as MOFs (metal organic frameworks)
reproducibly store hydrogen

« >7 wt.% material capacity demonstrated at
77K (> 30 g/L)

=]
=1
L

* Reproduced at independent lab ‘gau-

@ 50

* Next steps: Optimize binding energies to £

increase hydrogen storage near room £ "
temperature -

i} & 20

~B=MOF-177T  —+—IRMOF-20 —&—IRMOF-1 =4=IEMOF-8

=8 IRMOF-11 HEUST-1  —8=MOF-T4

» 10 20 a0 40 50 &0 70 g0 80
Py p
r} M ~ Pressure (bar)

L2 8 -
Wﬁ Q% Yaghi, et al, UCLA
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e Obtain detailed component data under
real-world conditions to provide feedback
to the Department’s hydrogen and fuel
cell research and development program

e Validate the technology against time-
phased performance-based targets, by
2009
e 2,000 hour fuel cell durability

e $3.00 per gge (high capacity facility, volume
manufacturing)

e 250 mile range

e First year of project completed
e 63 vehicles now in fleet operation
e 10 hydrogen refueling stations in
operation
¢ No major safety problems encountered
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Established the Hydrogen
Incidents Database

www.h2incidents.org

Improving safety through reporting of
“lessons learned” - reports contain safety
incident summaries, at-a-glance information,
lessons learned, and links to related
information

Established the Hydrogen Safety
Bibliographic Database

www.hydrogen.energy.gov

This searchable database provides
references for papers, presentations,
publications and other information on
hydrogen safety

Incident Report

Infrgduction of Bandess Sies Spatuls EfoRs Flame




e Develop low-cost, high-volume fabrication
methods for new materials & components

e Establish and refine cost-effective manufacturing
techniques while hydrogen products are still
evolving

e Adapt laboratory fabrication to low-cost, high-
volume production

® LCI1abie Jevelopiert of Jonmestic suppiier
networlgtation Planned for Spring 2007

Topics include new manufacturing processes for:
- Fuel cell MEAs and stack assemblies
- High pressure storage
- Water electrolysis

Manufacturing R&D Roadmap

www. hydrogen.energy.gov/pdfs/roadmap manufacturing hydrogen economy.pdf
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Systems Integration

¢ Independent validation of measuring methods for the rate of
hydrogen production from High Temperature Electrolysis (NE)

& Go/No-go decision on sodium borohydride for on-board venhicular
storage

Other Initiatives

¢ Manufacturing R&D Roadmap — public comments received
- Solicitation planned for FY 2007 (subject to appropriations)

e Hydrogen Quality (cross-cutting) — Working Group established
- R&D roadmap under development

e Codes and Standards Compendium

- Information resources for Code officials to aid the approval process for hydrogen
fueling stations and other facilities

¢ Advisory Panel (HTAC) — selected members announced by
Secretary in June 2006; first meeting conducted
- Addresses EPACT and provides mechanism for feedback to Secretary of Energy



100%
+< 3= > <! ?2% , $$6.-
75% A
~ 54%
(D) -
o 20%
=]
>
D 25% - 17% 16% 13%
S 0%
=)

Industry
Energy Suppliers
Companies

Auto OEMs

3= #?2B(/




#6* 7 8 $ "

e Common Elements in a
Hydrogen Fuel Cell and
Hybrid-Electric Vehicle
e Advanced battery
e Lightweight materials
e Electric drive
& Power electronics

Fuel Storage

Advanced Combustion
Engine or Fuel Cell

Electric
A Motor

Lightweighting
Materials

" Power Electronics
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Advanced nickel metal hydride (NiMH) battery
technology to point of commercialization
feasibility.

Every hybrid vehicle sold in the U.S. today,
including those by foreign manufacturers, contains
elements of battery technology licensed from one
of DOE’s battery research partners. Technology
licensed to major battery developers (Sanyo,
Panasonic).

COBASYS is selling HEV NiMH batteries
developed under USABC contract for use in GM
Saturn Vue Greenline.

LBNL invented lithium sulfur battery technology
now being developed by industry for a high-energy
lithium metal battery under a USABC contract.

Current R&D Focus is on lithium-ion systems
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Why lithium ion?
. Offers promise of doubling Wh/kg and Wh/L relative to NiMH
. Offers potential for lower cost than NiMH

. Can be designed for very high power applications (3,000 W/kg versus 1,300
W/kg for NiMH)

. Well suited for PHEV application
R&D Focus

. Cost, Life, Abuse tolerance
Current developers includes multiple electrochemica | systems

. Johnson Control/Saft Joint Venture

. Al23 Systems

. Enerdel

. Compact Power Inc. / LG Chem
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Conventional diesel combustion

- Mixing before combustion prevents
soot formation.
- EGR used to lower NOx.

- Higher mixing before combustion
prevents NOx & soot formation.
- No EGR (21% O,).

- Low temperature rich combustion
prevents soot and NOx formation.

_ . . .. O
High EGR with less mixing 1000 1400 1800 2200 2600 3000
Temperature [K]
* New LTC methods with diesel-like, controlled heat release rates have been shown — one uses no exhaust gas
recirculation.
* Controlling heat release rate reduces noise and potential engine damage
* Recent steps:

— Higher injection pressure promotes these new LTC methods by decreasing time for soot formation, thus expanding
region where LTC is possible.

— Industry partners exploring feasibility of achieving the new LTC methods in their engines.
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Challenge: To advance Structural Cast Magnesium as a lightweight

alternative to heavier alloys

¢ Required advancements in corrosion mitigation, casting simulation, thermal creep,
bolt load retention, and others.

e Successfully applied learned science and technical expertise to produce prototype
magnesium castings of a '06 Corvette Engine Cradle with a 35% weight savings
(10.3 kg vs. 15.8kg) compared to current cast Aluminum part.

e Will be applicable to other structural parts and chassis components for greater
weight savings
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Electric propulsion system with a 15-year life capable of delivering at least 55 kilowatts (kW) for 18
seconds, and 30 kW continuous at a system cost of $12/kW peak

60% peak energy-efficient, durable fuel cell power system (including hydrogen storage) that achieves a
325 watts per kilogram (W/kg) power density and 220 watts per liter (W/L) operating on hydrogen. Cost
targets are at $45/kW by 2010 ($30/kW by 2015)

Internal combustion engine powertrain systems costing $30/kW, having a peak brake engine efficiency of
45%, and that meet or exceed emissions standards

Demonstrated hydrogen refueling with developed commercial codes and standards and diverse
renewable and nonrenewable energy sources. Goal: Cost of energy from hydrogen equivalent to
gasoline at market price, assumed to be $2-$3/gge produced and delivered to the consumer independent
of pathway by 2015.

Onboard hydrogen storage systems demonstrating specific energy of 2.0 kWh/kg (6 weight percent
hydrogen), and energy density of 1.5 kWh/liter at a cost of $4/kWh by 2010 and specific energy of 3.0
kWh/kg (9 weight percent hydrogen), 2.7 kWh/liter, and $2.00/kWh by 2015

Internal combustion engine powertrain systems operating on hydrogen with a cost target of $45/kW by
2010 and $30/kW in 2015, having a peak brake engine efficiency of 45%, and that meet or exceed
emissions standards.

Material and manufacturing technologies for high-volume production vehicles that enable or support the
simultaneous attainment of:

® 50% reduction in weight of vehicle structure and subsystems

¢  Affordability, and

¢ Increased use of recyclable/renewable materials.
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Widely Applied In The Permian Basin

o 85 current projects (2006)
o 237,000 barrels per day (2006)

A Proven Technigue

o Targets Residual Oll
o CO, Injected

o Becomes mixable with oil

o Lowers the resistance of oll to flow
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Almost 89 billion barrels is technically

recoverable using the latest “state-of-the-art”
CO, EOR technologies

Another DOE Study Concludes That “Next
Generation” CO, EOR Technologies Would
Improve OIil Recovery Efficiency From About
One-Third To Over 60 Percent, Approximately

Doubling The Technically Recoverable
Resources




Thermal EOR Technologies Have Been Demonstrated Toe
Profitable In Field Scale Applications For Over 30Years In
Shallow Heavy Oil Reservoirs. However, Further Advaces In
Heavy Oil Recovery Technology Will Be Required To Hiciently
And Economically Recover The Large Volume Of Deep
“Stranded” Heavy Ol

Advanced Oil Recovery Technologies, Such As Miscllty
Enhanced CO-EOR And CO,-Pnhillic Mobility Control Agents,
Will Be Essential For Recovering More From The Largely
Undeveloped 25 Billion Barrel Heavy Oil Resource IrAlaska, In
The Schrader Bluff, West Sak And Other Formations, Wthout
Disturbing The Permafrost

The domestic heavy oil resource is large, on theagr of 100 Billion
barrels of original oil in place, primarily in Cali fornia and Alaska.
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¢ Coal to Liquids
¢ Oil Shale

¢ Gas to Liquids
¢ Tar Sands



U.S. Hydrocarbon Resources

(Total endowment 9,033 billion bbls oil equivalent* )
Petroleum Already Consumed - 197

Remaining Original Oil in
Place - 307

% recoverable uncertain
(DOE/NETL)

Qil Shale
Resources -
2,118 (USGS)

Coal Resources -
5,986 (EIA)

Tar Sand - 54 (DOE)
Heavy Qil - 100 (NETL)

Coal Already Consumed - 249

Units are in billion bbl-oil-equivalent (www cslforum.org/usa)

coal - 10K BTU/Ib; oil - 6M BTU/bbl, *not including energy losses
Source: JWBA, 2005. transformation to liquid fuel

Petroleum Reserves - 22 (EA)

in

(BIA)




e Coal to Liquids: One ton of coal can yield
approximately 2 barrels of premium liquid fuel

e Gas to Liquids: 10,000 standard cubic feet of
gas can yield approximately 1 barrel of
premium liquid fuel

e Tar Sands: One ton of material can yield
approximately one barrel of “oil.”

e OIl Shale: One ton of material can yield
approximately 25 gallons of “oil.”
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¢ High Capital Costs

e Substantial Environmental Impacts
¢ Untested Business Models

e Market Uncertainties

e Permitting Uncertainties

e Resource Access

e Technology Efficiency and Reliability
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¢ R&D/Demonstration in pursuit of lower costs

e Loan Guarantee Program under Title XVII of
the Energy Policy Act of 2005 (EPAct 2005).

e Evaluate Policy Options using Strategic
Unconventional Fuels Task Force pursuant to
Section 369(h) of EPAct 2005.

e Other EPAct Authorities




2004 Dollars per Barrel

100 -

EIA’'s AEO2006 WOP

Cases
80 -
60 -

Reference
40 A
Low Price
20
History Projections

O IIIIIIIIIIIIIIIIIIIIIIIIII:IIIIIIIIIIIIIIIIIIIIIIIII

1980 1995 2004 2015 2030




1.4 -

1.2- 1.2
- .
S L Oil Shale —
8_ Gas to Liquids —
%) i
@ 0.8
S
m 0.6 0.6
c
Q
= 0.4-
= -

<—~Coal to Liquids———
0.2 -
O 0.0 T T T 0.0 T T
AEO2005 AEO2006 Low Price  Reference High Price
Case Case Case

AEO2006

Source: EIA, AEO2006 Note: Biofuels excluded






O =

e EXperience
e Sasol Fischer-Tropsch (FT) plants in South Africa

e China Shenhua Sasol Feasibility studies for two large
FT CTL plants

e China Shenhua Direct Liguefaction Plant in development
e No large scale plants yet built with advanced technology

e 1990’s Bechtel Study: $4 billion for modern, FOAK
50,000 bbl/day plant.

e Current estimates suggest costs of $5-$6.5 billion
for a modern, FOAK 80,000 bbl/day plant.
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e Challenges

e L arge scale integration of modern technology has
not occurred

e CO, and criteria pollutant emissions

» High capital and operations costs amid
uncertainties about future world oll price

e Most efficient CTL plant designs use tail gas for
electricity production. Business models for liquid
fuels/electricity co-production are untested.
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e Even If we assume 200,000 barrels of new
capacity can be brought on line each year in
the U.S., a 2 million barrel/day CTL industry
appears to be at least 20 years away
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Direct Liquefaction

o Uses solvent at high temperature with hydrogen and
catalyst to form liquids

Indirect Liquefaction

o Gasifies coal, then converts synthesis gas to ligisi using
Fischer-Tropsch process

Coal / Water Slurry Fuels

o Pulverized and cleaned coal is mixed with water and
additives (70%/ 29% / 1%) to make boiler / heating fuel
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Transportation

0]

Currently 13 mines in the Midwest produce at ld@smillion tons
of coal per year which would be sufficient to ru@&aL plant at the
mine mouth. (Energy Information Administration, Arai Coal
Report 2004, DOE/EIA-0584 (2004), November 2005 skiviagton.
Table 15 (anthracite and total resource base) alMe™® (mines east
of Mississippi)

Four mines east of the Mississippi produce at le&smillion tons
per year (estimated minimum supply of coal for d@lant). Other
eastern CTL plants would have to be supplied bytipialmines.
(Energy Information Administration, Annual Coal Rep2004,
DOE/EIA-0584 (2004), November 2005, Washington.|&&l)

Current coal transportation systems are strainddauld require
expansion in order to supply a CTL plant away framine mouth
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Water Issues

o For air cooled CTL plants there is an estimat@dob!
of water needed per bbl of product.

o For water cooled CTL plants there is an estimated
bbl of water needed per bbl of product.

0 The type of gasifier can also have an effect on the
amount of water needed by the plant.
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Capital $75,000 $/ Stream Day Barrel
Design Size 120000 Bbl /d

Bituminous Coal Cost $5.00 Per ton

Efficiency 0.49

Coal Heat Value 8516 BTUs/Ib

FT Liquid Heat Value Quality 5.264 MM Btu / Bbl

Barrels of FT Liquids / ton of coal 1.59

Total Plant Capital Cost $9.0 Billion $billion

Sustaining Capital $1080 million

O&M Cost $450 million

Coal Cost $103 million $lyear

Annual Rev Required $1655 $ million

Naphtha Credit $238

Power Credit $3.80 $/Bbl

Retail Price - Diesel $44.62 $/Bbl

Premium for Quality $9.10 $/Bbl

Required Selling Price (COE) $35.52 Cost on an Oil Equivalent Basis
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Capital - $3.5-4.5 Billion (This Cost Is Based Upon
The DOE Report “Baseline Design/Economics For
Advanced Fischer-Tropsch Technology” Done In 1993
Updated By Use Of Refinery Index Cost Escalator)

$55,000/Stream Day Barrel (Miller Transportation
Fuels Beijing June 2006)

For Comparison, China Signed An Agreement With
SASOL For Plans To Build Two 80,000 BPD Facilities
For More Then $5 Billion Each
(nttp://www.greencarcongress.com/coaltoliquids_ ct)/
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Coal Mining & Transport

o Western plants could require increased mining: -42illion
tons/day by 2035

Air Quality

o CTL plants emit fewer criteria pollutants than test combustion
power plants — but Class | areas could present pargichallenges

o Combustion emissions from FT Fuels are less thamardional
fuels

Footprint / Land Requirements
o 8-10 acres for a 10,000 Bbl/d CTL plant

Permitting Requirements

o Need to permit both power generation and fuelehucals
production

supply, water / wastewater discharge, NEPA, and laanagement
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Carbon Issues
0 CQ, sequestration increases the price of a barrel $4-5

o Without sequestration, CTL, on a well to wheelsia
would produce twice the carbon out put of comparabl

petroleum products

o A 20,000 BPD CTL plant with 90% carbon capture
would capture 14,302 tons per day of carbon and CO2
per barrel would be reduced from 0.78 tons to 0.07

tons.
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e Projected Costs

e Shell Oil believes $25-$30 barrel equivalent may
be possible (in-situ)

» RAND estimates that mining and surface retorting
techniques will require crude prices in the range of
$70-%$95/barrel for the FOAK 50,000 BPD
operation to be profitable. With learning, RAND
estimates that the price could drop by 50% after
500 million barrels have been produced
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e Challenges

» Surface Retorting

e CO, emissions from both HC processing and
decomposition of carbonate matrix

e \Water consumption, waste management, land
disturbance, reclamation
e In-Situ Production

e CO, emissions from expanded electric power
requirements

e Prediction of underground product and potential
pollutant flows

e Controlling and monitoring groundwater
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¢ Plausible that Shale Oll production could
reach 1 Million BPD by 2025 and approach 3
MM BPD by 2035 If significant
Impediments/uncertainties are resolved
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Mined shale must be heated in
“retorts” to between 400 and
500 degrees C to convert
kerogen to shale oil and gases

Two major types of surface
retorts, vertical and
horizontal, have offered
significant promise
Numerous variations exist for
each type

0)
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True In-Situ In-Situ Process

o Shale is fractured, air is injected, and
shale is ignited to heat formation

o Shale oil moves to production wells

Modified In-Situ

o Partial mining

o Shale ignited to heat rock
o Oil recovered in wells

In-Situ Conversion

o Slow indirect heating 2-4 years at close
spacing — no combustion

o Oil and gas recovered in conventional
wells

o Freeze wall protects groundwater

In-Situ Conversion Process

Shell Oil Company Technology
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. Western Shales:

Attractive deposits
are concentrated In
the Green River
Formation of CO,
WY and UT

. Eastern Shales: Less

concentrated ol

shale deposits exist in
several eastern and
southern states and
Alaska
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U.S. Oil Shale Resource in Place

(Billion Bbls)
Deposits Richness (gals/t)
Location 5-10 10 - 25 25 -100
Colorado, Wyoming &
Utah (Green River) 4,000 2,800 1,200
Central & Eastern 2 000 1.000 NA
States
Alaska Large 200 250
Total 6,000+ 4,000 2,000+

High-quality Resources Exceed 2 Trillion Barrels

Resources Appear Adequate To Support An Industry
Producing In Excess of 2-3 Million Barrels Per Day
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There Is No Commercial Oil Shale Production In
The United States Today

Industry Development Was Interrupted In 1980s

The Best Technologies For Producing U.S. Qll
Shales Have Not Been Tested Beyond Pilot Scale
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Plausible that Shale Oil production could reach 1
MM Bbl/d by 2025 and approach 3 MM BBI/d by
2035 If impediments/uncertainties are resolved:
Access to resources on public lands

Technology performance and efficiency

Capital and operating costs

Oil price volatility

Environmental standards and permitting

Infrastructure requirements

Socio-economic impacts and community acceptance
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e U.S. Production Potential To 2025 Is Unlikely
To Exceed 250,000 Bbl/day

00
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Steam Assisted
Gravity Drainage

Used On Deposits Buried Too
Deep For Surface Mining To Be
Economical

Common Techniques Include
Steam Injection, Solvent
Injection, And In-Situ
Combustion

Steam Injection, Including
SAG-D, Has Been The Favored
Method

Other Processes Include Solvent
Vapor And Cold Heavy Oll
Production With Sand (CHOPS)

0&
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Major Tar Sand Deposits in Utah
(Excludes Speculative)
(Source: U.S. BLM)
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Oil Shale and Tar Sand
Deposits in Utah

(Source: U.S. BLM)
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U.S. Tar Sands Resource In Place Is Estimated
At 60 to 80 Billion Barrels Of Qll

~11 Billion Barrels May Be Recoverable

U.S. Production Potential To 2025 Is Unlikely
To Exceed 250,000 Bbl/day
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Oil Is Not Yet Produced From U.S. Tar Sands In
Commercial Quantity

U.S. Resources Are Sufficient To Yield Productionn
Excess Of 500,000 Bbl/d Of Production

Technical, Economic, And Resource Access
Constraints Will Reduce This Potential For The
Foreseeable Future

With Current Technology, Investment, And Industry
Interest, Production Is Unlikely In The Near Future




Cost per Barrel of

Project Type Daily Capacity
Integrated mining, $37,940
extraction

and upgrading

Mining and extraction $17,070

Steam Assisted Gravity $11,380
Drainage (SAG-D)

Cyclic Steam Soak (CSS) $17,070

Source: National Energy Board of Canada, An Energy Market
Assessment, 2004. Costs converted to U.S. dollars and
escalated to 2006 by INTEK, Inc.
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Process / Technology Product | Operating Costs Total Supply
( $/Bbl) Cost

($/Bbl)
Cold Production Bitumen 4-7 9-13
Cold Heavy Oil Production with Sand Bitumen 6-9 11-15
Cyclic Steam Stimulation Bitumen 8-13 12 17
Steam Assisted Gravity Drainage Bitumen 8-13 10— 16
ini i Bit -9 11-15

Mining / Extraction itumen 6

Syncrude 11-17 21 -27

Integrated Mining / Upgrading

Source: National Energy Board of Canada, An Energy Market Assessment, 2004. Costs converted to U.S.

dollars and escalated to 2005 by INTEK, Inc.




