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Sources: U.S. data from EIA, Annual Energy Outlook 2011; World data from
IEA, World Energy Outlook 2010, Current Policies Scenario * Primarily traditional biomass, wood, and waste.



Core R&D Infrastructure Global
Collaborations
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International
Demonstration Projects

Canada (Weyburn, Zama, Ft. Nelson)

Benefits  \ Benefits  \ Benefits  \

+ Reduced cost of CCS « Human capital + Knowledge building

» Tool development for risk - Stakeholder networking + Project development
assessment anfj mitigation - Regulatory policy development - Collaborative international

» Accuracy/monitoring quantified - Visualization knowledge center knowledge

+ CO, capacity validation
+ Indirect CO, storage

+ Capacity/model validation

- Best practices development .
+ CCS commercial deployment

« Public outreach and education

—_

Demonstration and Commercialization Carbon Capture and Storage (CCS)
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Sequestration Program Total Funding
2011 Program Statistics

120 Strong industry support
1901 ~ 39% cost share on projects

20 1 SEAIEEAREY, [FY2011 carbon Sequestration Budget Breakdown
0 T T T T T T T T T T T T T T Assessment —“*—-iﬁ_‘\

B Carbon Sequestration (Storage and Pre-combustion)
M carbon Storage
@ pre-combustion Capture

Diverse research portfolio
105 Active R&D Projects
60 ARRA Projects (FY10 -$120M)

Geologic Carbon
Sequestration
Infrastructure for CCS
(Regional Partnerships)

Capture of CO2 (Pre-
Combustion)
15%
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Geologic Storage
Technology Development and Understanding

/Research Pathways )
» Wellbore construction and materials technologies T

Mitigation technologies for wells and natural pathways iy ? *&,
Managing fluid flow, reservoir pressure, and brines N > *«&3‘ llyf”
Geochemical effects of CO, injection

Geomechanical effects on reservoirs and seals /

~

AV

Summary of Focus Area
» 16 cooperative agreements awarded - FY10

» 14 Tasks with 6 National Labs
e China Energy Research Center $1.25M per year
\- Targeting 99% permanence and +/-30% capacity goals >

Research Partners R

University of Texas at Austin, Columbia University, Stanford University, Paullson Inc., University of Wyoming, Fusion
Technologies, Consol, Montana State University — Bozeman, Indiana University, Clemson University, Yale University,
New Mexico Inst of Mining and Tech, Advanced Resources International, Colorado School of Mines, West Virginia
University, LBNL, LLNL, LANL, PNNL, ORNL
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Geologic Storage
Simulation and Risk Assessment

/Research Pathways )
 Thermal and hydrologic fate and transport

Geochemical simulations

Geomechanical simulations

Predicting biologic impacts on storage formations .

\- Risk assessment and quantification /

Summary of Focus Area A

* 9 (5 SIM/4RA) cooperative agreements — FY10
» 5 Tasks with 4 National Labs

\- Targeting 99% permanence and +/-30% capacity

J

Research Partners -

Missouri University of Science and Technology, New Mexico Inst of Mining and Tech., Battelle Memorial Institute,
Advanced Resources International, Colorado School of Mines, Headwaters Clean Carbon Services, Princeton
University, Goldsim, University of Texas at Austin, BNL, LANL, LBNL, PNNL, LLNL
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Monitoring, Verification, and Accounting

/Research Pathways )
» Atmospheric and Remote Sensing Technologies
» Near surface monitoring of soils and vadose zone
» Subsurface monitoring in and near injection zone
* Intelligent monitoring systems for field

\_ management )
~

Suib-Syirlics Maae-Surface Almoinkipe

(
Summary of Focus Area
» 13 cooperative agreements awarded — FY09

» 9 Tasks with 6 National Labs
» Targeting 99% permanence and +/-30% capacity Y

g
Research Partners — A
Massachusetts Institute of Technology, PTRC, University of San Diego Scripps, University of Wyoming, Columbia
University, West Virginia University, University of Miami, University of Texas at Austin, Fusion Petroleum
Technologies, Planetary Emissions Management, Schlumberger Carbon Services, Montana State University,
Stanford University, ORNL, LANL, PNNL, LBNL, LLNL, BNL

\_ /
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CO, Utilization

[Research Pathways A
« Conversion chemicals and plastics [ ] |

* Non-geologic storage in cement and minerals
 Indirect storage

\- Beneficial use of produced waters

Cartnated Beverages

«FanmrFraprancey
sDyaa i nation

R
Summary of Focus Area e =)
. Folycar bonane -
e 6 cooperative agreements awarded - FY10 £
o 2 Tasks with 1 National Lab Y,
o T r In < 1 r nn :g\:::‘:::gﬂndimﬂn :mﬁéﬁfzmrbﬂ:‘ms rabory simulam
s argeting <$10 per CO, tonne y it [meiﬁf“m ]

Research Partners —

Brown University, Massachusetts Institute of Technology, Research Triangle Institute, McGill University, CCS
Materials Inc, Phosphortech Corporation, ANL
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Challenges for Geologic Storage

« Ultimate plume size, and time for stabilization have many
iImplications for project developers Y

— Surface and subsurface access

— Regulatory requirements
» Class VI 50 year post-injection monitoring
» Area of review requirements for GHG reporting

— Liabllity; public acceptance
— Cost

A diverse set of monitoring techni
demonstrated, but

— Leakage detection threshold
— Quantification of CO,
— Long term experience

« Different depositional systems

Strandplain and fluvial
depositional environments
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Optimizing Storage through Fluids Management

Water may be extracted for reservoir

management:

— Avoid impact to other mineral rights

— Increased storage volume.

— CO, distribution and pressure

Artificial Recharge/
management «Subsidence Control

Significant engineering ’ = ——

-

challenges for wide-scale
beneficial use
— Quality; quantity; cost

L . Irrigation
=+ Industry

7
Jddis ] - -



U. S. Offshore

 Advantages
— Large capacity
— Away from populated areas
— Avoids USDW issues
— Single entity ownership

e Issues
— Technology Application

— Sparse subsurface data
outside oil/gas fields

— Infrastructure costs
— Regulatory certainty

N

Storage Opportunities

4 . &
{ / ... (s .T-IfT :ﬁ;- "I
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‘105 Pacific CO; Sources X ; Ll et
51 994,029 Metric tons per year ' 684 Atlantic Coast CO; Sources OB,
319,576,000 Metric tons per year (o ¢
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T e i H
295 Gulf Coast CO; Sources |
324,571,785 Metric tons per year

A 35 Maska CQ; Sources
17 529,643 Metric tons per

+ :.::' P "_..-. eI

Oftshore Sedimentary Basins ||
*  CO: Sources
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Supporting Infrastructure for Carbon Storage
A Proving Ground for New Technologies
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Small-Scale Geologic Field Tests

Formation Geologic

Type Province

Big Sky Saline @ Columbia Basin
Sallneéoorcr)ré)a:éogg 000 tons) MGSC O‘il-geging Illinois Basin
> Depleted oil fields Saline ®
- (50 to 500,000 tons) Coal seam
Coal Seams ®
(200 — 18,000 tons)
Basalt formation MRCSP Saline Cincinnati Arch,
(1,000 tons) C T X ] Michigan Basin,
Appalachian
Basin
PCOR Oil-bearing | Keg River,
Duperow,
s Coal seam Williston Basin
WESTCARB
SECARB Oil-bearing | Gulf Coast,
® Mississippi Salt
Saline Basin, Central
Appalachian,
Coal seam Black Warrior
® @ Basin
@ Injection/Test Complete SWP Oil-bearing | Paradox Basin,
© 2011 Injection Coal seam llggrer::alillel?lgi’sin
Completed 18 Injections O Project moved to Phase Il San Juan Basin
Over 1.35 M Tons injected (Injection Summer 2011) WESTCARB | Saline Colorado
| @ Plateau
_ NATIO




RCSP Phase lll: Development Phase
P Large-Scale Geologic Tests
@ Reseri\:]ci)tii;rtl;c(;deling

Injection to begin

Characterization Well
Initiated

v Injection Targets -minimum planned volumes
v" One injection commenced April 2009
v" Remaining injections scheduled 2011-2015

Geologic Province

Sweetgrass Arch-
Duperow Formation

Storage Type

Saline

lllinois Basin- :
@ LSS Mt. Simon Sandstone sl
Michigan Basin- : :
) , @ UINESLE St Peter SS or Niagaran Reef =ellluoll
Injection to begin " .
Injection Started March 2012 @ P(I-\)/Iwgzr FIQ:IVGI’ BgSIﬂ- Oil Bearing
April 2009 PCOR ,lAJ\Ib yt Oéma_tlon
Q Injection Ongoing ® S erta Basin- Saline
ulphur Point Formation
Q 2011 Injection Scheduled @ Interior Salt Basin- Oil/Saline
() Injection Scheduled 2012-2015 SECARB Tuscaloosa Formation
Note: Some locations presented on map may @ Ir;taelﬁir IS:?)I:I’T?:'[SIIOT‘I- Saline

differ from final injection location
: Wasatch Plateau-

Navajo Sandstone =l

@©)WESTCARB Regional Characterization TBD




ARRA Site Characterization Projects

Powder River Basin

North American Power Group, Ltd

NE Wyoming; Saline and Oil

Legend
Participant

University of Wyoming
Rock Springs Uplift / Moxa Arch
SW Wyoming; Saline

Cambro-Ordovician Strata
IL, IN, KY, MI; Saline

\ |

University of Utah

~

Cretaceous, Jurassic, and
Pennsylvanian Sandstone
Colorado and Utah; Saline

University of lllinois ‘

Formation
Location
Sequestration Type

i

Sandia Technologies, LLC

University of Alabama
Black Warrior Basin

- University of Kansas
Center for Research Inc.
Ozark Plateau
SW Kansas; Saline and Oil

o~

NW Alabama; Saline

Triassic Newark Basin
NY and NJ; Saline

"

Terralog Technologies USA Inc. e e

Wilmington Graben
Offshore Los Angeles; Saline, Oil, & Gas

Site Characterization & Promising
Geologic Formations for CO,
Storage

N

University of South Carolina Research
Foundation
South Georgia Rift Basin
South Carolina; Saline

University of Texas at Austin
Gulf of Mexico Miocene
Offshore Texas; Saline

N

10 Projects Awarded
12/2010
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Storing CO2 in Geologic Formation Classes
2011 FOA Focused on Filling Gaps

Matrix of Fisld Actieities in Diffarant Formation Classas
Lowwar o Uinikriorsim
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'H'JI'J-HII: Fm
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BEST PRACTICES for:
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Leveraging International
Geologic Storage R&D Projects

Project Name

Weyburn-Midale Project

PCOR Zama Field Validation Test

PCOR Ft. Nelson Demonstration Test

Sleipner Project

Snghvit Field LNG and CO2 Storage Project

CO2SINK Project (Ketzin)

CarbFix

In Salah Gas Storage Project

Vo |IN|o|u|(b~|[w(N |-

Otway Basin Project - CO2CRC

=
o

Ordos Basin Project
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Enhanced Recovery and Storage
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Enhanced Hydrocarbon Recovery

61% to 79% of EOR resources
67% of favorable fields

EOR Potential: Rockies to Mississippi River
27.3 B bbls (Best Practice) to 39.5 B bbls (Next Gen)

o

EOR Potential: West of the Mississippi

32.7 B bbls (Best Practice) to 45.1 B bbls (Next Gen)
73% to 90% of EOR resources

76% of favorable fields

Pipelines
w— Existing

Proposed B
NatCarb Qil/Gas CO2 Capacity (7,933 Grids) < H
NCOGCAPMMT 0 200 400 800

| <10 MMT (6,459 Grids) N —— <ilometers

I 10 - 50 MMT (1,175 Grids) e e |\Vliles
B > 50 MMT (299 Grids) 0 125 250 500

[Source Natcarb Atlas 2008 Second Edition

[\

EOR Potential: Illinois-Michigan-Appalachia

0.6 B bbls (Best Practice) to 2.1 B bbls (Next Gen)
1% to 4% of EOR resources

13% of favorable fields

EOR Potential: Gulf Coast

2.2 B bbls (Best Practice) to 3.0B bbls (Next Gen)
5% to 6% of EOR resources

11% of favorable fields
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IEA Projects U.S. Crude Oil Prices

Figure 52. Average annual world oil prices in three cases,
1980-2035
(2009 dollars per barrel)

550 History 2009 Projections

200 High Qil Price

150
Reference

100
Low Qil Price

50

CI I I 1 I
1980 1995 2009 2020 2035
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Enhanced Recovery/Storage Opportunities
...needing additional research

Optimizing storage during EOR

 Coal bed methane storage

 Organic shale gas storage

« Gas storage and pressure maintenance

 Geothermal working fluid

e Saline backup for 100% off take agreements
_ NATIONAL ENSRGY TECHNOLOGY LASORATORY



Knowledge Sharing
National Carbon Sequestration Database and Geographic
Information System (NATCARB)

Canada M;xico 9 :
~ \
Small-Scale & O:l\e}'/

Large-Scale PrOJecis

North Arnencan
Carbon Atlas
Partnership

Reglonal Carbon

Sequestration Characterization
Partnerships Projects
ZUSGS e
USGS NOAA

Hundreds of Years of
Storage Potential

Oil and Gas Flelds Saline Formatlons Unmineable Coal Seams
U.S. Emissions ~ 6 143 GT CO, 1,653 - 20,213 GT CO, 60-117 GT CO,
CO,lyr (all sources) Storage Resource Storage Resource Storage Resource



Carbon Storage
Key FY2011 Program Documents

DOE/NETL CARBON DIOXIDE

Pt "
e .
Y I t CAPTURE AND STORAGE Carbon Sequestration Program:
D O E C C S O ad I I I a.p D eC 2 O 1 O RD&D ROADMAP ‘ Sl Technology Program Plan

« Carbon Sequestration
(Storage)Technology Program
Plan — Feb 2011

©EnEReY sngecr TecH W ‘
e« 2010 Carbon Sequestration
*”N_TL

Atlas of the United States and
Canada — 3" Edition

e Best Practice Manuals
— Storage classes | i
— Technical manuals _____ SN

ENERGY
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CCS Best Practice Manuals
Critical Requirement For Significant Wide Scale Deployment -
Capturing Lessons Learned

: Final
by the ENERGY lab . VerS on . :
N . Best Practices Manual YEnslie 4 2 Guidelines
(Phase Il) (Post
Meonitoring, Verification, (Phase |||) Ini :
and Accounting nj ectio n)
of CO, Stored in Deep
Geologic Formations H H A 2
Monitoring, Verlf_lcat|on and 2009/2012 2016 2020
Accounting
Public Outreach and Education 2009 2016 2020
il the EMEROY it H H H
%?"ETL Site Characterization 2010 2016 2020
M RACTACHS fam Geologic Storage Formation
o 2010 2016 2020
:“ n:* W“!"';m Classification
e . .
Simulation and Risk 2010 2016 2020
Assessment
*% 1 1
Well Construction, Qperatlons 2011 2016 2020
and Completion
Terrestrial 2010 AU HO A
Phase Il
ananas peercy ooy asonaren @V ENERGY **Regulatory Issues will be addressed within various Manuals
NATIONAL SN=RGY TECHNOLOGY LAS0ORATORY

http://www.netl.doe.gov/technologies/carbon_seqg/refshelf/refshelf.html



Assessing the Benefits of DOE R&D
Assessing Energy Policy Including CCS

DOE R&D Portfolio analysis (TRL)

NETL is developing Carbon

Oil and Gas Macro-e_uqnurnic International Residential
Supply Module Activity Energy " Demand Module
‘ Module Module ‘

| |

Transport and Storage (CTS) Nawoicas W | R
module A o i g Integrating - Nodue

— Assess benefits of R&D - Module il
Module —* - Demand Module

National Energy Modeling System [ o
(N E M S) Fuels Module
— project energy-economic-

environmental impacts of policy NEMS schematic (EIA)
through 2035

Electricity Petroleum
Market Market
Module Module

Industrial
Demand Module

Supply
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Summary

« Carbon Storage technologies necessary for
mitigating CO2 emissions globally

« Thereis aneed to bring field projects to
conclusion to address many issues R&D issues
associated with storage and resource assessment

« United States well positioned to deploy and
provide technology solutions for CCS
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Thank you

Questions?
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