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Annual CO, Emissions Extremely Large

Emissions Total Release in the U.S.,
short tons per year
Mercury 120
Sulfur Dioxide (SO,) 15,000
Municipal solid waste 230,000,000
Carbon Dioxide (CO,) 6,300,000,000

Data sources: Mercury - EPA National Emissions Inventory (1999 data); SO, - EPA air trends
(2002 data); MSW - EPA OSWER fact sheet (2001 data); CO, - EIA AEO 2004 (2002 data)
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How Much CO, Are We Talking About?

e 1 million metric tons of CO,:

— Every year would fill a volume of 32 million
cubic feet

— Close to the volume of the Empire
State Building

e U.S. emits roughly 6 billion tons
(gigatons) of CO, per year

— Under an EIA reference case scenario
cumulative CO, emissions 2004-2100
are expected to be 1 trillion tons

— Enough to fill Lake Erie with liquid CO2
almost twice
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Reduce Carbon Improve "~ Sequester
Intensity Efficiency Carbon Y
e Renewables e Demand Side e Capture & Store
« Nuclear « Supply Side \ e Enhance Natural

« Fuel Switching Sinks

All options needed to:

o Affordably meet energy
demand

e Address environmental
objectives
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What is Carbon Sequestration?

Capture and storage of CO, and other Greenhouse Gases that
would otherwise be emitted to the atmosphere

Capture can occur:
e at the point of emission w w&

e when absorbed from air

. . =
Storage locations include: (=
Unmineable
H Coal Bed
e underground reservoirs b
e converted to solid materials oﬁ"‘é“é’é'cfffry oo Dl S e
e trees, grasses, soils, or ,
Deep Saline
algae Aquifier

o dissolved in deep oceans
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North America Geologic Storage Capacity
(> 600 Year Storage Capacity for U.S. & Canada)

3,700
681 Maximum Capacity Potential
O 120
S
= 100
2
O 80
>
=
e 60
©
% 40
O
20
~ 6 Gigatons CO,
D - |
Jine Coal Depleted  Depleted Annual
Saline ple eplete
Formations  >°ams Gas Fields  Oil Fields U-Sr-n%sgi%nne;da
= Storage Option
N—TL Offl ce Of o§msr0f!:|3a%p'§ E(g yarage Supply Curve for North America™, September 2004, P!




Worldwide Geologic Storage Capacity
(Thousands of Years of Potential Storage Capacity)
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CO, Storage Very Large But Within the

Capability of U.S. Geologic Storage Capacity
Stabilization Thru 2100

e Would fill Lake Erie
twice

This is equal to:

e 5% of the land mass
of the contiguous
u.sS.

Assume CO2 capture and geosequestration represents 40% of the total GHG emissions reduction need in 2100 (up
from 30% in 2050) 200 x 109 tons CO2 / 1.32 x106 tons CO2 / sg. mile = 150,000 square miles
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Carbon Storage — How does it work?

Physical trapping

Residual phase trapping

Solution/Mineral Trapping

Gas adsorption

Project size (total CO, injection

Commercial ) (greater than 1 MMICO,)

O arge piat 100 kco, 101 umico,)

QO Piot (11 kCO, 10 99 kICO,)

O Microrpot (10 KCO, o less)
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Commercial Experience — But Not Enough !!
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Challenges to
Carbon Capture and Storage

Magnitude of emissions

Scale up

Economics

Regulatory framework

Long-term assurance and acceptance
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U.S. DOE/ Fossil Energy Program Organization

Core R&D Infirasuiicture
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Separation Monitoring, Partierships

& Capture Mitigation & :
of CO, Verification International
Carbon
Seguestration
Leadership
Forum

PG Integration

o EUtUeGEn
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Requirements for Geologic Sequestration
Risks Involved Must Be Acceptable

Environmentally acceptable
—No legacy for future generations
—Respect existing ecosystems

Safe

—No sudden large-scale CO,
discharges

Verifiable

—Ability to verify amount of CO,
sequestered

Economically viable
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Geologic Sequestration Risks

o Environmental Risks
— Increases atmospheric CO,
— Accumulation of CO, pockets on earth
— Migration into other strata and contamination of fresh water
— Leakage of CO, into a marine environment
— Damage to nearby hydrocarbon resources
— Displacement of underground fluids
— Initiation of seismic activity

« Health and Safety Risks
— Human and animal exposure can lead to
asphynxiation
— NIOSH defines CO, as a nontoxic, inert gas that
displaces oxygen
— Work hazard

e Economic Risks

— Enhanced oil recovery is a commercially proven
process

— Additional research needed
— Liability

— Operational considerations i
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Monitoring, Mitigation & Verification - MMV
Goals and Challenges

MM&YV goals focus on ensuring permanence,

® which support the overarching Program
goal of achieving 90% carbon capture with
99% storage permanence

2008 | Develop MM&V protocols
that enable $5% of stored
CO, to be credited as net
emissions reduction.

CRITICAL CHALLENGES

Monitoring
1 Mitigation & Robust, flexible accounting Scale and timeframe
Verification protocals
Cost-affective long-term monitoring Natural CO, flux
RESEARCH PATHWAYS CROSS CUT PATHWAYS
- CO, fate and transport
maodals
2012 | Develop MM&V protocols ' Gooﬂn%ku‘. =
that enable 93% of stored Formations )] Plume tracking priiiruilbmiain
els
€0, fo be credited as net CO, loak datection
issi i @ Resk analysis prolocols
® emissions reduction. Maigation e
Accounting prolocols
Terrestrial Plant matter measuremant Monitorin
e i netwark design
LP Ecosystems @
. Soil carbon messuremant
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Monitoring, Mitigation, and Verification
Ensuring Permanent Storage !!
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Regional Carbon Sequestration Partnerships

U Creating Infrastructure for Wide Scale Deployment |

Representing:
« >350 Organizations
« 41 States
« 4 Canadian Provinces
« 3 Indian Nations
* 34% cost share

*
WESTCARE
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Validation Phase Field Tests
Validating Storage Options Throughout the U.S.

Representing:
e 25 Geologic Sequestration +>350 Organizations

Ini ti Test ¢ 41 States

njection 1ests ¢ 4 Canadian Provinces

—10 Saline Formation Tests _ Ipe— + 3Indian Nations
! o « 34% cost share

—9 EOR Tests

—5 ECBM Tests

-1 EGR Test

Tests
— Croplands
— Rangelands
— Wetlands
— Forestlands
Injecting between 750 — 525,000

an
— tons of CO s
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Deployment Phase
Scaling Up Towards Commercialization

Phase Il Timeline

e FY 2008-2017 (10 years)
o™
o Several Large Volume | Site selectionand
. . O | characterization; Permitting and
Sequestration tests in North @ | NEPA compliance; Well
. @ | completion and testing;
Am erica >~ | Infrastructure development
<
. . CO, procurement and 8
° |njeCt|0n rates up tO transportation; Injection operations; o
1 OOO 000 tons per year for Monitoring activities ~
) ) o |\l
Several years :b' Site plo_SLll'e; qutinjection
 Scale up is required to 0 | wesment
. . . . (¢]
provide insight into several >

operational and technical
{'Elﬁjfsues in different formations
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Thank You !!!
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