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* Science and Discovery: Invest in science to achieve

transformational discoveries
— Organize and focus on breakthrough science
— Develop and nurture science and engineering talent
— Coordinate DOE work across the department,
across the government, and globally

Clean, Secure Energy: Change the landscape of energy
demand and supply :
— Drive energy efficiency to decrease energy use in homes, industry, and transportation
— Develop and deploy clean, safe, low-carbon energy supplies
— Enhance DOE's application areas through collaboration with its strengths in Science

Economic Prosperity: Create millions of green jobs and increase competitiveness
— Reduce energy demand
— Deploy cost-effective low-carbon clean energy technologies at scale
— Promote the development of an efficient, “smart” electricity transmission and distribution network
— Enable responsible domestic production of oil and natural gas
— Create a green workforce

National Security and Legacy: Maintain nuclear deterrent and prevent proliferation
— Strengthen non-proliferation and arms control activities
— Ensure that the U.S. weapons stockpile remains safe, secure, and reliable without nuclear testing
— Complete legacy environmental clean-up

Lower GHG Emissions: Position U.S. to lead on climate change policy, technology,
and science

— Provide science and technology inputs needed for global climate negotiations

— Develop and deploy technology solutions domestically and globally

— Advance climate science to better understand the human impact on the global environment
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Goals: Office of Fossil Energy

e Cut Carbon Emissions — Technology for 2020 deployment

v' Make less CO, — develop much more efficient generating technologies that integrate
with CCS

v' Capture what’s left — develop low cost, low energy consuming capture technologies
for both existing and new fossil power and industrial sources

v’ Store it safely — prove the safe, permanent, and verifiable geologic storage capacity
needed to meet our carbon reduction commitments

 Reduce Imports — Technology to increase domestic oil and gas supplies

v' Get more out of the ground — Enhance recovery of oil and gas while permanently
storing carbon

v" New Supplies — Technology to tap our vast resources of unconventional oil and
natural gas, methane hydrate, oil shale/oil sands

v' Lower Environmental Impact — Reduce environmental impacts of domestic oil and
gas production

* Provide Energy Security — Protect against supply disruptions and other
supply emergencies of both crude and refined petroleum products
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CO, Emissions Forecast for U.S. Electric Power
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Key Challenges for CCS

TecHnlca| Issues

o Capture Technology
— Existing Plants
— New Plants (PC)
— IGCC

 Cost of CCS

« Sufficient Storage
Capacity

* Permanence

 Best Practices

— Storage Site
Characterization

— Monitoring/Verification
— Modeling

Lega|7SOC|a| Issues

{NE’-TL

the ENERGY lab

Monioring,Verfcaton,  Legal Framework

and Accounting
of €O, Stored in Deep

Geologic Formations — Liability
| — Ownership
* Pore space
« CO,
* Regulatory Framework
— Permitting
— Treatment of CO,

CO, STORAGE:

. -&"LFG.M AND REGULATORY i I n fl"aSt I" U Ct U re
GUIDE FOR STATES

« Human Capital

* Public Acceptance
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CCS Commercial Experience

e Carbon capture technology is
commercially available

— Post-combustion capture at
20-80 MWe

— Pre-combustion (gasification)
capture at full scale
 CO, injection into geologic
formations is widely practiced
today
— EOR: 48 million TPY in 2007
— 50 Acid gas injection projects

— Megaton/yr injection projects
* Weyburn-Midale
« Sleipner
e In Salah
e Others
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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

350+distinctorg ons

: F i

Developing the Infrastructure for Wide-Scale Deployment
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National Atlas Highlights (Atlas II)
Adequate Storage Projected

Emissions ~ 3.8 GT CO./yr point sources
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RCSP Phase lll: Development
(B Large-Volume Geologic Field Tests

Core Sampling
Taken

Injection
Well Drilled

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

Partnership Geologic Province

Triassic Nugget Sandstone /
Moxa Arch

MGSC Deep Mt. Simon Sandstone Saline
MRCSP Shallow Mt. Simon Sandstone Saline

Big Sky Saline

Injection
Started

Williston Basin Carbonates |QOil Bearing

Devonian Age Carbonate Rock Saline

() 2010 Injection Scheduled

Q 2011 Injection Scheduled Lower Tuscaloosa Formation

SELARE Massive Sand Unit Saline

@
®
(O 2009 Injection Scheduled % PCOR
©®©
@

Regional Jurassic & Older

: Saline
Formations

©)\WESTCARB Central Valley Saline
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DOE Coal RD&D Program

e CCS Technology development goal (2012):
v 90% CO, capture
v’ 99% storage permanence

v’ <10% increase in COE
(new plants -- pre-combustion capture)

v’ < 35% increase in COE
(existing plants -- post- and
oxy-combustion)

v' 30% storage capacity estimates

e Ready for commercial deployment in 2020
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Near Zero Emissions Technology
Safe and Effective CCS Technology Deployment

1098 Research and Development _

Advanced Low

CO, Sequestration
Cost/Energy CO , Capture

eInjection Tests

*Monitoring *Separation
*Modeling -Compres§|qn
Risk Analysis *Power Efficiency

*Capacity Recovery

2009 Large Scale Demonstrations -

Research Demo Near Commercial Demos
Regional Carbon CCPI-3, CCS Demos, FutureGen
Sequestration Partnerships

Objectives:

*Advance CCS Technology
sIntegrated CCS Demo addressing
siting and permitting

«Standards

Objectives:

*National Capacity Estimates
sLarge Scale CO ,, Injection Tests
*Best Practices Documentation

2015 Early Deployment — Full Commercial Dep

2020

Deployment Incentives
*Advanced Demos

*Tax Credits

*Loan Guarantees

First wave of
commercial CCS
deployment >
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DOE Coal RD&D Program Budget

Investment Over the Last Decade
($ Millions)
FY
Program FY FY FY FY FY FY FY FY FY FY 2010
9 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 (Budget
Request)
CORr[e) 8?8 Al | go10 | $324 | $232 | $234 | $241 | $271 | $305 | $307 | $356 | $404 | 404
chél;rl . $0 $0 | $150 | $150 | $172 | $50 | $50 | $60 | $70 $288 $0
FutureGen $0 $0 $0 $0 $9 $18 $18 $54 $75 $0 $0
Recovery
Act - - - - - - - - - $3,400 $0
(Stimulus)
TOTAL $212 | $324 | $382 | $384 | $422 | $339 | $373 | $421 | $501 | $4,092 | $404
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DOE Coal RD&D Program

Components & Funding
(Total FY 2009 Funding ~$692 Million)

Innovations for Existing Plants ~$50 Million
Gasification ~$65 Million
Turbines ~$28 Million

Fuel Cells ~$58 Million
Sequestration ~$150 Million

Fuels ~$25 Million

Advanced Research ~$28 Million

National Carbon Capture Center at the

Clean COaI Power |nitiative ~$288 Million Power Systems Development Facility
(PSDF)
Wilsonville, Alabama
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Advancing Carbon Capture Technologies
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Time to Commercialization
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DOE’s Clean Coal Demonstration Programs
A History of Innovative Projects

Fleet of Tomorrow

Industry /
Governmen
Partnership :
Min 50%
Non-Fed
Cost
Share

Clean Coal Tecl |
drod ram - 1985 1993

Existing Fleet
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A Few Clean Coal Program Success Stories

Advanced Pollution Controls

 Installed on 75% of U.S. coal plants
» 1/2to 1/10 cost of older systems

Low-NO, Burners

HAPS & Hg Data Advanced Coal Power Systems
. Quantified HAPS Levels  World’s largest CFBC power plant
 Two “super-clean” coal-based IGCC

» Basis for Hg Regulations

Tampa IGCC

: Wabash
IGCC
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Clean Coal Power Initiative Round 3
(CCPI-3)

* Objective
— Demonstrate coal-based technologies that capture & sequester,
or put to beneficial reuse, CO, emissions at commercial scale

* Project Requirements
— Pre-combustion, post-combustion, oxy-combustion
— Geologic storage in saline aquifer, EOR, coal seams, basalt, stacked storage
— Storage > 300,000 tons CO, per year
— Two closing dates for proposals: Jan 20 and Aug 24, 2009
— Targeting COE increases of
» < 10% for gasification; < 35% for combustion & oxy-combustion
o Status
— $1.436 billion available, including $800 million in Recovery Act (ARRA) funds
— 1st group of applications received Jan 20, 2009
 Two selections made in June 2009
— 2nd group of applications are now being evaluated
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CCPI-3 Selections Announced July 1, 2009

Hydrogen Energy International Basin Electric Power Cooperative
IGCC with Hydrogen Turbine and Post-Combustion CO, Capture

Full Integrated CCS and Sequestration

T —— — — e

Proposed location of Project

e 257 MWe (net) IGCC * 120 MW-equivalent slipstream
e Kern County, California * Antelope Valley Station near Beulah,

« 90% CO, capture North Dakota

e Capt 5 million TPY * 90% CO2 capture
aptures < miion e Captures 1 million TPY

e Storage in EOR e Storage in EOR

e $2.6 billion / $308 million DOE e $300 million / $100 million DOE
e Construction starts: 03/2011 e Construction starts: 02/2010

¢ Demonstration starts: 2015 e Demonstration starts: 2013
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American Recovery & Reinvestment Act of 2009
Provisions for Fossil Energy Projects

“To prevent the worst effects of climate change, we must accelerate our
efforts to capture and store carbon in a safe and cost-effective way.”

— DOE Secretary Steven Chu, May 15, 2009

Fossil Energy ($in Millions) Funding Amount
Fossil Energy Research and Development $1,000
Clean Coal Power Initiative — Round 3 FOA $800
Industrial Carbon Capture Solicitation $1,520
Geologic Formation Site Characterization $50
Geologic Sequestration Training & Research $20
Program Direction $10
Total, Fossil Energy $3,400
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ARRA: Industrial Carbon Capture Program
($1.52 Billion)

Objectives

— Capture 75% of the CO, from the treated industrial stream
— Store 1 million TPY of CO, in a saline formation or other value-added options
— Investigate novel CO, use / reuse technologies

Planned Competitive Awards

— Large-Scale CCS Projects ($1.32 B)

— Innovative Concepts for Beneficial Uses of CO, ($100 M)
Staged Competition

— Phase | Project Feasibility/Definition

— Competitive down-select after 7 months

— Award Phase Il projects by Sept. 30, 2010

— Complete project by September 2015

Cost Share

— Private cost share > 20%

— Target 50% for commercial scale projects
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FutureGen Restart

FutureGen project first announced: 2/2003

DOE Awarded Cooperative Agreement to Alliance: 12/2005

DOE announced it was withdrawing due to cost escalation: 01/2008
FutureGen Restructured: 03/2008

Original FutureGen project restarted: 07/09

New Limited Scope Cooperative Agreement issued to Alliance (7/09 — 3/10)

— Preliminary Design, Revised Cost Estimate & Funding Plan
— Estimated Cost $17.8 million
($14.3 million DOE share)

Go/No-Go Decision 1/29/2010
— $1.073 billion maximum DOE
contribution for remainder of project
— Project currently estimated at ~$2.4 billion
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KEY IS5UES & MANDATES
RESEARCH

TECHNOLOGIES.

ENERGY ANALYSIS
SOLICITATIONS & BUSINESS
EDUCATION

HEWSROOM

CONTACT NETL

More Information on Our Websites

NETL

www.netl.doe.gov

the ENERGY lab

ergy challenges converge and energy solutions emerge
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HIGHLIGHTS | NETLOG | MULTIMEDIA | FOLLOW

NETL Uses ARRA Funding To Improve
Building-Effictency Technolugi

Sold-stale ghling willistards the harsh envirorment of (his busy brioge n
Mirresols, f

DOE Announces Mors than $8.4 Million for Regional Sequestration
Tachnology Training Projects

Enegy Secretary Steven Cha announced mere than $8.4 million for seven
projects that will facilitate th transfer of knawledge and technalogies redquirnd for
site davelogmant sperations. and mantaring of commertial carbon cagture and
SloMmge procls '

 for

DOE has selected seven peofects to develop sencors and controls to support the
full-scale smplementstion snd coensbon of haghly efficeent power generabion
tachnologies wilh near-zero emissions

Ce Vs Awaed
A film about carbon sequestration produced with suppon from DOE has recened 2
2004 Gold Aurcea Award in the y Category for

5 week's Scionce magazing that 3 search
for a petantially immenss untapped snergy resource that. ghen its giok
isteibution. has the potential to aler axisting energy production and supply
parsdigms

untervay
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NEWS
EVENTS CALENDAR
PUBLICATIONS
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- Hewslattors,
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resourCEs
prasentations and mara!

Follow NETL

LEISTin{S]

ENERGY
ADLE ENER: FICE OF ELECTRICITY DELIVERY & ENERGY RELIABILITY

Office of Fossil Energy

www.fe.doe.qov

ABOUT DOE | ORGANIZATION | NEWS | CONTACT US

LL.S. DEPARTMENT OF

Natural Gas Regulstian

U.E. Petroleum Reserves

‘ulen s Eune -
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W lnber Adtivilies
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® Fernl Cnargy idea
ey

Sitw Mag

BRI
TRER
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ENVIRONMENT

DOF Annsunces Hore than $8.4 Millian for Beglonal

Seguestration Technology Tra 9 Projects

storage project ad More >

£ COAL, OIL & GAS NEWS

Carbon Sequestration Documentary Wins Coveted
Aurora Awar.

A film about carbon sequestration produced with suppart from
the Department of Lnergy has received a 2009 Gold Aurors
Award in the documentary categery for mature/environment.
Head More >

DOF Selects Projects to Develop Seasors and Controls
tor Next Generation Power Plants

The Depariment of Energy has sefecled se

develsp sppart th

magaaine thal a search
urkapped energy resource that,
the patential to siter exist
paredigms.  Read More
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