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National Energy Technology Laboratory

One of DOE’s 17 national labs
Government owned and operated

Sites in Pennsylvania, West
Virginia, Oklahoma, Alaska

More than 1,100 federal and
support contractor employees

FY 2002 budget of $750 million
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GCCI Goal

18% Reduction in Greenhouse Gas | ntensity
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GHG Emissions Reductions

Carbon Sequestration Contributesto GCCI Goal
Plausible Scenario to Meet GCCI Goal
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Possible Pathway to Stabilization
A Significant Undertaking
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GHG Emissions Reductions

(MMTCE)

Carbon Sequestration Must Play Key Role
Plausible Scenario to Stop GHG Emissions Growth
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Capture and Sequestration Options

Direct Sequestration | ndirect Sequestration
< 10% Increasein Cost of Energy < $10/ton Carbon Sequestered

Agricultural Practices |

~“Advanced Concepts
Convert CO,

Ocean Fertilizationg

Stable Solids | | Useful Products l
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Program Goals
Technology Options for GHG Management

Possess scientific understanding of sequestration options and provide
cost-effective, environmentally-sound technology options that lead to
reduced GHG intensity and stabilization of atmospheric CO,

Create Sequestration Options

« Reduce CO, emissions by 90% with < 10% increase in cost of energy
services for capture, transport, storage & i

- Establish measurement, monitoring & verification:
accounting and assurance of permanence = .« &

Support Global Climate Change I nitiative®
« Contribute to 2012 goal of reducing carbc isi

« Provide portfolio of commercially ready technolog
assessment —=
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Carbon Sequestration Program Structure

CoreR&D | nfrastructure

4-10 Regional Partnerships

Capture of S + Engage regional, state, local
co, ( governments
at » Determine regional sequestration
benefits
_ » Baseline region for sources and
Sequestration sinks

« Direct CO, N%]I:I%OZ « Establish monitoring and
storage . verification protocols
+ Enhanced Mitigation I ﬂtegl’athn - Address regulatory,

natural sinks

environmental, & outreach issues
Test sequestration technology
at small scale

| nitiated FY 2003

Break-
through

Power / Sequestration

Complex

« First-of-kind integrated project

« Verify large-scale operation

e Highlight best technology
options

« Verify performance &
permanence

« Develop accurate cost/
performance data

International showcase

Pending FY 2004
Funding
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Portfolio Overview
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Techno

ogy R& D Pathways

Capture

« Post-combustion Capture
« Oxygen combustion

« Pre-combustion capture
« Chemical looping

Sequestration

« Depleting oil reservoirs

« Unmineable coal seams

- Saline formations

« Enhanced terrestrial uptake

« Ocean (injection, fertilization)

MM&V

- Advanced soil carbon measurement

« Subsurface measurements

« Remote sensing/above-ground MM&V
- Fate and transport models

Breakthrough
Concepts

« Advanced Capture
- Bio-accelerated sequestration
« Niches
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Separation and Capture
A Challenging Task Ahead

IGCC > Plant Basis
e 2010 Installed Technology
» Greenfield Plants

PC | 0, Combustion or CO, Scrubbing m $i= 35010 450 Mw, Plant Size
o 3 % N * >90% CO, Removal
: « ~ 80% Capacity Factor
NGCC Coal Price = $1.24/10° Btu
Zero Emissions Sequestration
DOE Oxygen Combustion
Membranes
Goal

Advanced Sorbents & Processes
| |
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Percent Increase in Levelized Cost of Electricity
(Relative to No Capture Counterparts)
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Separation and Capture Highlights
Many Advanced | ntegrated Schemes Emerging

Coal Gasification Pulverized_ Coal

CO, Hydrates
Membranes
Advanced Scrubbers
Inexpensive Oxygen

Oxygen Combustion
Membranes
Advanced Scrubbers
New Sorbents
Mineral Carbonation

Pathways to Zero Emissions

Producing a concentrated stream of CO, at high pressure:
e Improves sequestration economics
 Reduces energy penalty

=TL
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Separation and Capture Highlights
Oxyfuel Technology & Oxygen Transport Membrane

« Membrane and seal assembly ready for
bench scale integration in

« Significant reduction in power & cost
reduction to generate O,

COHVECTIVE
HUCTIOH

« Integrates air separation using oxygen
transport membrane & O, combustion

« Combustion in an oxygen environment
resulting in a flue gas with a high CO,

« Materials and system integration | T
barriers

Participants. Praxair and Alstom Power

=TL
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Separation and Capture Highlights
Thermally Optimized Membrane

« First ever fabrication of
polymeric membrane
selective up to 350 °C

« Technique developed to test
long-term membrane
performance

« Thermally optimized
(polybenzimidazolesintered
metal support)

- Potential application in PBI coated metal
many gas separation
processes

Participants: LANL, INEEL, Univ. Colorado, Pall, Shell

-
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Separation and Capture Highlights
Dry Regenerable Sorbents

« Sorbent characterized &
kinetics understood

« Optimizing process and headed
to pilot testing

« Use sodium carbonate, adry
regenerable sorbent

« Little power requirement

Participants. RTI, LSU, Church & Dwight
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Geologic Sequestration Options

Deep Saline
Formations

Deep Coal
Seams

Enhanced Oil
Recovery
Fields

Baologo Saguedislinn Ko yaiis

VT by e s SO%EOR-Cam it
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Geologic Sequestration Highlights
(1 Million TPY CO,, ~ 100 MW Coal Power Plant)

Weyburn CO, EOR Project

« Pan Canadian Resources

« 200-mile CO, pipeline from Dakota
Gasification Plant

« 130M barrels oil over 20-year project
« $28M —

Sleipner North Sea Project

 Statoil

« Currently monitoring CO, migration
- $80M “incremental cost”

« $36-50/ton CO, tax

N=TL
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Geologic Sequestration Highlights
Baselining Sources & Sinks

Export View Monthly Shallow EUR | Deep EUR | Decline Curve
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Geologic Sequestration Highlights
First U.S. Depleted Reservoir Storage Project

« Inject CO, and monitor its
movement

« Location

— Qil reservoir near Roswell,
New Mexico

Participants. Pecos Petrol., Strata Prod., New
Mexico Tech U., Sandia, LANL

N=TL  cmm
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Geologic Sequestration Highlights
Enhanced Coalbed Methane Recovery

« Demonstrate CO, enhanced coal
seam methane production using
slant hole drilling

« Demonstrate permanence of CO,
sequestration

« Value added methane to help offset
sequestration cost

« Marshall County, WV

Participants. CONSOL & Subsidiaries

=TL ———
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Ocean Seguestration Research Priorities

« Environmental Impacts
« Carbon Cycle Chemistry
« Long-Term Integrity

« QOcean Circulation

« Transport and Injection
Technology

=TL
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Ocean Sequestration Highlights

| nternational Ocean Project

« Study environmental ¢ Funding organizations

& technical feasibility — Japan (NEDO)
of CO, storage in ~U.S. (NETL)
ocean ~ Australia (CSIRO) _ﬂ
— Norway (NRC) ‘
. U.S. territorial waters — Canada (NRCAN)
near Hawaii —ABB

— CRIEPI (Japan) ‘
- U.S. research organizati
-MIT 5
—U. of Hawaii

- PICHTR

L_____J
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Ocean Seguestration Highlights
Ocean Sequestration Research Facility

« Study CO, behavior in laboratory
environment

« Investigate phase and dissolution
behavior

« Results correlates well to MBARI
ocean experiments

6.0 T
« Potential to minimize expensive oo MM ST S
ocean experiments I i, T T = E
£ ! i e !
%4.5 ——————— o P -”|! W,
40 1 : MBARI data, i L
Participants: NETL & MBARI N - e NG
3.0 3
0 200 400 600 800 1000 1200
Time, s
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Terrestrial Sequestration Highlights

The Nature Conservancy Project
« Carbon inventories

« Advanced videography

« Land use trends models

« Domestic feasibility studies

« Project screening tool

Economic Modeling

« Stephen F. Austin State University,
TXU

« Reforesting AML in Appalachia

L_____J
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Terrestrial Sequestration Highlights

- Integrated Carbon Capture and Water
~ Emissions Treatment System

.+ TVA, EPR
£5)] i “Paradise Fossil Plant

: ‘" '. Life-cycle cost assessment of integrated electricity
f production and enhanced terrestrial sequestration

Vs
- Larger-scale Demonstrations

- RE
e
o
" : ‘

: ;'”a_ Mountain Forest Products

~» Reforesting mined lands for optimal sequestration
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S. Forbes, SSEB, 1/15/03



Several Breakthrough Conceptsin Program

Recovery & sequestration of CO, by
photosynthesis of microalgae - PSI

Chemical fixation coal combustion products
& recycling through algal biosystems - TVA

Enhanced practical photosynthetic CO,
mitigation - Ohio U.

Enhanced practical photosynthesis - ORNL

Photoreductive sequestration to form C1
products & fuel - SRI International

Sequestration by mineral carbonation using
a continuous flow reactor - Albany RC

Chemical dissolution approaches to mineral
sequestration - LANL

=TL
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Future Direction for Breakthrough Concepts

« National Academy of
Sciences “beating
bushes” for ideas &
participants

—Workshop targeting
universities and small
business around
February 2003

« Issuing solicitation early
FY04

— Planned FY04 funding
of $1-2 M

-

=TL
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M easur ement, Monitoring and Verification
Establish Protocols for Terrestrial Sequestration

 Improve soil carbon measurement
— Decrease sample time and cost
— Develop measurement protocols

« Improve regional MM&V
— Remote sensing opportunities
— Vegetation carbon databases for calibration

« Partner with USDA and other
organizations

=TL :
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M easurement, Monitoring and Verification
Establish Protocols for Geologic Sequestration

 Improve measurement accuracy
— Develop tools for surface-level measurements
— Improve existing tools for in-reservoir MM&V
— Ensure protection of human and ecosystem

health

« Create Infrastructure
— Develop universal MM&YV protocols
— Assist regulators in developing guidelines

« Reduce cost of MM&V

=TL
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M easurement, Monitoring and Verification
Highlights

Verification, 248 nm

Terrestrial
« LIBS Soil carbon measurement (LANL)
« Aerial Videography for above-ground

LIBS Carbon (g C/kg)

&
carbon (TNC) 0]
0 T T T T T T T T T
. 0 10 20 30 40 50
GeOI Ogl C Dry Combustion Carbon (g C/kg)

« Advanced imaging technology (LBNL)

« Measure CO, migration in active field
tests (Dakota Gasification, SNL, LLNL)

- Field test tracer chemicals at injection
sites (CSSFA, LBNL)
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Visit the NETL Segquestration Website

www.netl.doe.gov/coal power/sequestration/

NATIONAL ENERGY TECHNOLOGY LABEORATORY
CARBON SEQUESTRATION WEBSITE

| Home | Sitelndex | Feadback |

January 13, 2003

What's Ne

Events = Cﬂ.l.'bﬂjl Pathways to Sustainable Use of Fossil Fuels--
Overview S . enalbling the removal and permanent storage
Capture EquEStl'a tion of carbon dioxide from fossil-energy systems

Geologic
Ocean

Ei';:::;‘:n Yelcome to NETL's Carbon

Modeling Sequestration Product wehpagg. Wie
InHouse ReD seek to define carbon sequestration’s role
in stabilizing atmospheric carbon dioxide
levels by developing a scientific .
understanding and environmentally iy
acceptable technologies. Our research
areas include capture & storage, geologic,

ocean, and terrestrial sequestration,
advanced CO, conversion & reuse, and

modeling & analysis.

Clur site is designed to answer your
guestions about carbon sequestration—
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Carbon Sequestration E-mail Newsdletter

Subscribe for The Carbon Sequestration Newsletter

Each manth, NETL publishes a short
newsletter describing significant events
related to carbon sequestration that have
taken place aver the past month. This
newsletter is posted here an our website's
Reference Shelf and distributed by e-mail. If
you'd like to join the e-mail distribution list,
please refer to the Subscription Directions
page for more information as to "Subscribing”
and "Unsubscrbing” to our mailing list.

%% Mail From: *Sequestration” <sequestration@netl.doe.gov>
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This newsletter is produced by the Mational Energy Technalogw Laboraton and presents summaries of sigrificant everts related to
carbon sequestration that have taken place over the past morth
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