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National Energy Technology Laboratory

Where Energy Challenges Converge and Energy Solutions Emerge

 Only government owned & operated DOE national lab

e Dedicated to energy RD&D, domestic energy resources

« Fundamental science through technology demonstration
 Unique industry—academia—government collaborations
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What this meeting Is and Is not.

e Whatitis ...

— Review of on-going NETL-sponsored R&D activities related to
advanced post- and oxy-combustion CO, capture technologies,
as well as CO, compression

e Whatitis not ...

— Review of on-going NETL-sponsored R&D activities related to
advanced pre-combustion CO, capture

— Review of on-going NETL-sponsored R&D activities related to
carbon sequestration

o Capture, Transportation and Sequestration

— Eighth Annual Conference on Carbon Capture &
Sequestration

— May 4-7, 2009 in Pittsburgh
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Meeting Agenda

Tuesday
e Post-Co
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Existing Plants—Emissions and Capture Program
Change in Program Focus

2007 R&D Activities 2008 and 2009 R&D Activities
— Water management — CO, capture & compression
— Mercury control ﬂﬂ:’ — Water management
— Coal utilization by-
products
— NO, control

IEP Funding (Fiscal Year)

2007 2008 2009
$15 MM | $36 MM | $50 MM
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FY2009 Existing Plants Funding Profile ($M)

Most of in-house
research
Focused on

CO, capture FY09 Budget: $50 million

$5

$2

$37

0 CO2 Capture &0 CO2 Compression & Water &1 ORD
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Carbon Management Technology Options

Reduce Carbon Improve Sequester
Intensity Efficiency Carbon
 Renewables « Demand side « Capture and store
* Nuclear e Supply side  Enhance natural

* Fuel switching sinks

 Coal with biomass

All options needed to:

o Affordably meet energy
demand

e Address environmental
objectives
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U.S. CO, Emissions and Existing Coal Plants

Projected CO, Emissions from Fossil
Fuel Power Generation
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Scrubbed Steam Existing units:

= 91.9% of
cumulative
coal-fired CO,
2007 — 2030

o » 79.4% of 2030
500 e s coal-fired CO,
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Source: EIA, Annual Energy Outlook 2008 Revised Early Release, March 2008
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DOE/NETL CCS Program Goals

By 2020, have available for commercial deployment,
technologies and best practices for achieving:

90% CO, capture

99%+ storage permanence
Pre-combustion Capture (IGCC)

< 10% increase in cost of electricity (COE)*
Post- and Oxy-combustion Capture

< 35% increase in COE*

Includes 50 mile pipeline transport and saline formation storage, 100 years of monitoring
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eferences:
1. Existing Plants—Emissions and Capture Program Goals, U.S. DOE/National Energy Technology Laboratory, Draft Final Report, February 2009

2. Impact of Cost Escalation on Power Systems R&D Goals—Re-baselining APS, CS & FC GPRA R&D Goals, July 2008



RD&D Timeline to Commercial Deployment
CO, Capture and Sequestration Efforts

CO, Capture

Laboratory-Bench-Pilot Scale R&D

. . oy
Large-Scale Field Testing e

B

H ﬂ"'—ﬂ-&";‘ Commercial Deploymentl
. CO, Sequestration

: 7 CommerC|aI Deploymentl

Laboratery-Bench-Pilot Scale R&D

Validation Testing | 5 )
Ryl

Development Phase-Large-Volume Storage

2008 2010 2012 2016 2020 2024
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EPRI, Assessment of Post-Combustion Capture Technology Developments, 2007; Gottlicher (2004)



Industrial Evolution of CO, Capture Technologies

Technology Enablers GAS SEPARATION Carbon Dioxide
MEMBRANES

» Comparatively small volumes
1,000 to 4,000 TPD CO,

« Economic cost recovery

» Specialized operating environments Hydrogen en
Ammonia

Hydrocarbon Refining
Chemical Synthesis Nitrogen

GAS ADSORPTION

GAS ABSORPTION Gasifiers
Physical Solvents

GAS ABSORPTION
Chemical Solvents

Coal-Fired Boilers

Time [1930 1940 1950 1960 1970 1980 1990 2000 —_—
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Post- and Oxy-combustion CO, Capture
Increase in COE

90

Basis:
> 80 - Bituminous Coal |
= No capture = 64 mills/kWh
= 90% Capture + TSM
= 70 -
D .
T 60 - Capital + Advanced CO2
O&M Capture
o
— 50 ~
S
O 40 -+
=
% 30 Parasitic
S Energy
o 20
| -
o
S 10 -
AN
o
O I I
Amine Oxyfuel Existing Plants
References:
1. Cost and Performance Baseline for Fossil Energy Power Plants study, G O al

Volume 1: Bituminous Coal and Natural Gas to Electricity; NETL, May 2007.
2. Pulverized Coal Oxycombustion Power Plants, Volume 1: Bituminous Coal
to Electricity, U.S. DOE/NETL, Revised Fiinal Report, August 2008

NATIONAL ENSRGY TECHNOLOGY LASORATORY



CO, Emissions Control R&D Activities

e Post-Combustion CO,
Control

— Solvents
— Sorbents

— Membranes

e Oxy-Combustion CO,
Control

— Chemical looping

e CO, Compression

o Systems Analyses
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Carbon Capture Research Pathways
Solvents

ctives

loading capacity
Icient, compact system
Minimize regeneration energy
» Fast reaction kinetics
» Non-corrosive

- Low cost materials of construction

» No solvent degradation
- Thermally & chemically stable

> Low cost
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Carbon Capture Research Pathways
Solid Sorbents

ctives
, loading capacity
IZze regeneration energy
Fast reaction kinetics

» Durable
- Thermally & chemically stable
- No attrition

» Advanced sorbent systems
- Low pressure drop critical
- Heat management

> Low cost
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Carbon Capture Research Pathways

Membranes
J eCt | VEes Flue Gas In Vacuum Gas Out
.. N, 0, CO, CO, Rich
-IN, selectivity = =) am |2 1 =
rable = CA CA =
- Chemically (SO,), thermally = HCo, =
. — (=)
- Physically = o, =
— ===
» Membrane systems = by = —
= ==l
- Process design critical = CA CA —
= = | —

» Membrane/solvent systems G0, L, s
- Enhance chemical potential et

Flue Gas Out
» Low cost
- Capital and energy penalty

CLM = Contained liquid membrane
CA = Carbonic anhydrase
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Carbon Capture Research Pathways
Oxycombustion Technologies

tives

ed materials and burners
mpact designs (i FG recycle)
- Corrosion

» Retrofit existing air boilers
- Air leakage
- Heat transfer
- Corrosion
- FG recycle
- Process control/sensors
» Low-cost oxygen
» CO, purification

» Co-capture (CO, + SOx, NOx, O,)
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Carbon Capture Research Pathways
Advanced Compression

Heat recovery

tegration with CO, capture process

» Modeling
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Potential Water Impacts of CCS

Increased cost of electricity
& plant water demand

Increased cost for Decreased water
treating, pumping water availability, other sectors
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Power Plant Water Use Requirements
With and Without CO, Capture

Consumption (gpm / MWnet)

I without CO, Capture [l With CO, Capture
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Source: U.S. Department of Energy, “Water Requirements for Existing and Emerging Thermoelectric Plant Technologies,"
August 2007



Thanks for Participating!!
HR‘]}:J{ turning knowledge into practice ;JPSFFELES[I)TAYN?E
ZZPRAXAIR T} o

»
& Research

MADA

ENVIRONMENTAL SOLUTIONS ] ﬁ
Georgia |
T - { §
1 _-'.". ;?:I-I‘ E -‘ll '; ;Ir.a | _;;-II-‘ |II,'-_'I|, Tech Q
Serems %
SOUTHERN RESEARCH i ReacTIoN
Legendary Discoveries. Leading Innovation. INTERNATIONAL
B w thebabcock&wilcoxcompany

JUPITER OXYGEN CORPORATION a McDermott company

GE Global Research
United States - India - Chinag - Garmamy

BERKELEY LAB

m>~!_ LAWRENCE BERKELEY NATIONAL LABORATORY

sigResea

S - S ‘\
YHIO SOUTHERN &<
Argmg.:w ET'EE%E C—Y

I[Imms State Genlnglcal Survey

AHANA CHAMPAIGN

UNIVERSITY

NATIONAL ENSRGY TECHNOLOGY LASORATORY


http://www.nd.edu/

For Additional Information

(V) ENERGY

Office of Fossil Energy
www.fe.doe.gov

NETL

www.netl.doe.gov
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