NATIONAL ENSRGY TECHNOLOGY LASORATORY

INSTL

- . CARBON SEQUESTRATION
241

AQLAS

\ Mixed Gas

OF THE Stream 4
UNITED STATEVESI oo ) A
anp CANAD N -
®e® ey __—— STO .

r.'" —ete

PR

§ o
®

=t Yy ( N CO,

. . dﬂﬁx and other

:‘ls f"nu“l_p") }3:)” f‘_‘v. gaseS

Mostly He g@ #
L T .

United States Sequestration Program Update

NORTH AMERICA CARBON ATLAS PARTNERSHIP
July 22, 2009

October 2008
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| CARBON SEQUESTRATION

Core R&D

Capture
Geologic Storage

Monitoring, Verification,
and Accounting (MVA)

Simulation and
Risk Assessment

CO, Use/Reuse

Benefits
« Reduced cost of CCS

» Tool development for risk
assessment and mitigation

» Accuracy/monitoring quantified
» Capacity validation
* Indirect storage

Infrastructure
Technology
Solutions «Regional Carbon Sequestration
Partnerships
-
Characterization
h
‘ Validation
2
Development
Lessons Other Large-Scale Projects
Learned

Benefits
* Human capital
Stakeholder networking
Regulatory policy development
Visualization knowledge center
» Best practices
Public outreach and education
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PROGRAM

Global
Collaborations

Technology North America Energy
Solutions Working Group
Carbon Sequestration
Leadership Forum
International
Demonstration Projects
EESSUNS Asian-Pacific
Learned

Partnership (APP)

Benefits

* Knowledge building

* Project development

+ Collaborative international
knowledge

» Capacity/model validation

* CCS commercial deployment

Demonstration and Commercialization
Carbon Capture and Sequestration

(CCS)
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Carbon Sequestration Program Goals
Develop Technology Options That...

« Deliver technologies & best practices that provide Carbon
Capture and Safe Storage (CCSS) with:
— 90% CO, capture at source
— 99% storage permanence

— < 10% increase in COE
» Pre-combustion capture (IGCC)
— < 35% increase in COE

» Post-combustion capture

» Oxy-combustion
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Sequestration Program Statistics FY2009
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DOE Budget (Million $)
8

Fiscal Year

Diverse research
portfolio

~ 80 Active R&D Projects

N I

Strong industry support
~ 39% cost share on projects

Federal Investment to Date (=08)
~ $481 Million

2009 Budget Breakdown

CO, Use/Reuse
(incl FY08 non-
CO,)

3%

Simulation and
Risk
Assessment
4%

MVA

) 9%
Geologic Carbon
Sequestration

4%

Capture of CO,
(Pre-
Combustion)
12%



Core R&D Focus Areas and Supporting Research
Pathways

Geologic Carbon

|
Capture

Storage MVA
(Pre-Combustion)
" Improved Fundamental

1 Membrane Understanding ]Atmospheric and
" Solvent-Based " Technology E]NRemgtifsenT\;ng' _
~ Sorbent-Based Development ear-Surface - orrltormg
~ 1Wellbore Monitoring

AP G " 1Subsurface Monitoring

" 1Accounting Protocols

CO, Use/Re-use Simulatio# =
Risk Assessm
Approaches
I Conversion of CO, "I Mathematical Models
“INon-Geologic CO, __— Development
Storage and Verification
[ Indirect Storage s Rli;k '
[~ Beneficial Use of Assessment
Produced Water
7 Breakthrough Protocols
Con cepts Focus Area
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Regional Carbon Sequestration Partnerships

* Engage regional, state, and local governments

* Determine regional sequestration benefits

* Baseline region for sources and sinks

* Establish monitoring and verification protocols

~ + Address regulatory, environmental, and outreach issues
* Validate sequestration technology and infrastructure

le Deployment
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Regional Carbon Sequestration Partnerships
Program Phases

FISCAL YEAR
2003] 2004| 2005| 2006] 2007] 2008] 2009| 2010} 2011{ 2012] 2013[ 2014| 2015| 2016] 2017

CHARACTERIZATION
PHASE

Characterize all RCSP
regions for carbon capture
and storage opportunities

516 M DOE +$5 M CS
VALIDATION PHASE Scale of 100 to
Validate technologies through 10’000 Tons COZ
field testing at selected geologic
and terrestrial site locations
SHZDWIBOE el G2 Scale of 1,000,000 Tons CO,

DEVELOPMENT PHASE

Complete large-volume development tests of sequestration technologies
that will help enable future commetkcial scale applications

~$500 million DOE - over $200 million cost share
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RCSP Phase II: Validation

Saline formations
(3,000 to 60,000 tons)
Depleted oil fields
(50 to 500,000 tons)
Coal Seams
Qg (200 - 30,000 tons)
Y Basalt formation
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Data current as of April 2009

@ njection Complete
O Injection Ongoing

(O 2009 Injection

(2010 Injection (Project moved
to Phase Ill)

Small-Scale Geologic Field Tests

Formation Geologic
Type Province
Big Sky Saline ® Columbia Basin
MGSC Oil-bearing | lllinois Basin
Saline ®
Coal seam
@
MRCSP Saline Cincinnati Arch,
OIO) 1) Michigan Basin,
Appalachian
Basin
PCOR Oil-bearing | Keg River,
Duperow,
Coal seam Williston Basin
SECARB Oil-bearing | Gulf Coast,
Mississippi Salt
Saline Basin, Central
Appalachian,
Coal seam Black Warrior
@ ® Basin
SWP Oil-bearing | Paradox Basin,
Aneth Field,
Coal seam Permian Basin,
San Juan Basin
WESTCARB Saline Sacramento
@® Valley, Colorado
NA‘I’IDI Plateau




RCSP Phase lll: Development

Large-Volume Geologic Field Tests

Core Sampling

N Taken
5 / Injection

Well Drilled

Injection
Started

O 2009 Injection Scheduled
Q 2010 Injection Scheduled
Q 2011 Injection Scheduled

v Nine large-volume tests
v' Injections initiated 2009 — 2011

Partnership

Geologic Province
Triassic Nugget Sandstone /

Type

©)\WESTCARB

Formations

Central Valley

@ Big Sky Moxa Arch Saline
@ MGSC Deep Mt. Simon Sandstone Saline
@ MRCSP | Shallow Mt. Simon Sandstone Saline
@ Williston Basin Carbonates |[Oil Bearing
PCOR : :
@ Devonian Age Carbonate Rock Saline
@ Lower Tuscaloosa Formation .
@ SECARB Massive Sand Unit S
Regional Jurassic & Older :
Saline

Saline
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Lessons Learned Captured
CCS Best Practice Manuals

 Phase ll
— Monitoring Verification and INSTL e ENERET R
Accounting (Issued - Feb 2009) BEST PRACTICES for:
— Site characterization (2010) Monitoring, Verification,
— Simulation and Risk Assessment 2?28:;:’;23’}2 Decp
(2010) Geologic Formations

— Well construction and closure (2010)
— Regulatory Compliance (2010)
— Public Education (2009)

— Terrestrial Practices (2010)

 Phase lll Updates
— Updates 2016-17

* Final Guidelines (2020)
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Fossil Energy Recovery Act Provisions

Fossil Energy ($in Thousands) Funding Amount
Fossil Energy Research and Development $1,000,000
Clean Coal Power Initiative — Round 3 FOA $800,000
Industrial Carbon Capture Solicitation $1,520,000
Geologic Formation Site Characterization $50,000
Geologic Sequestration Training & Research $20,000
Program Direction $10,000
Total, Fossil Energy $3,400,000
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Visit Office of Fossil Energy & NETL Websites

Uu.s.

Office of Fossil Energy

HOME
= Coal & Hatural Gas
Power Systems

= Carbon
Sequestration

= Hydrogen & Other
Clean Fuels

= Oil & Gas Supply &
Delivery

= Hatural Gas
Regulation

= Electricity
Regulation

= Petroleum
Reserves

http://fossil.energy.gov/ |
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LABS & FACILITIES

O F

ABOUT US

Stripper Well Technology to
DOE-backed consortium de
technologies to extend life

$760 Million |
Programs in
DOE's fizscal year
hillion inclu f

technologies R&L

N I

EJ."L ,
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National Energy Technology Laboratory

'KEY ISSUES & MANDATES
. ONSITE RESEARCH
~ENERGY ANALYSES

 SOLICITATIONS & BUSHESS

CAREERS & FELLOWSHIPS

THEONLY U.S.

.
e 5\ F
s

Secure and Reliable Energy
Domestic coal, oil, and natural gas resources

~ can contribute enormously to our Nation’s

economic strength, energy security, and quality
of life through the 21st century.

NETL's Bauer Named 'Laboratory Director of the Year'

Carl Bauer, Director of the Office of Fossil Energy's National Energy
echnology Laboratory, has been named a Laboratery Director of
the Year by the Federal Laboratory Consortium for Technology

ransfer. Read More’

NATIONAL LABORATORY DEVOTED TO FOSSIL ENERGY TECHNOLOGY

ARCHIVE // Go =

NEWS & FEATURES // All =

» President Requests $863
Million for Fossil Energy
Programs

DOE’s Microhole R&D
Program Yielding Promising
New Tools

Supplement to the Draft EIS
for the Gilberton Coal-to-
Clean Fuels and Power
Project [PDF-8MB]

Draft EIS for the Gilberton
Coal-to-Clean Fuels

Groundwater lMonitoring at
NETL-Albany

EVENTS CALENDAR // All =

Science Bowl Information
World of Coal Ash (WOCA}
2007 Conference

PUBLICATIONS &

PROJECTS // All =

» netlog newsletter

» 2005 Annual Site
Environmental Report

» 2008 Mercurv Control

http://www.netl.doe.gov
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