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Conference Overview

Post-Combustion Sorbents

Post-Combustion Membranes

Post-Combustion Solvents
ARPA-E Capture Projects
Oxy-combustion and Oxygen Production

Chemical Looping

CO, Compression
FutureGen 2.0, CCPI & ICCS Demonstrations
System Studies and Modeling

Pre-Combustion Projects

Pre-Combustion Projects, cont’d
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Pulverized Coal Power Plant System
Post-combustion CO, Scrubbing .

Gas

Optional Bypass
(<90% Capture)

T

Air —»| Particula I_ o CO;
PC Sulfur |
. — te | ——— Capture
Coal —»| BOIEr Removal _>Q'_>| Removaljl Process*
IDFan ————
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|
Ash Low Pressure Steam _ co,
| Comp.
661
MWgross 2 Zfsozsia
Post-combustion advantages: 550 MWnet PR e To
» Back-end retrofit Storage
» Slip-stream (0 to 90% capture) Key Challenges:
Amine scrubbing Advantages: « Dilute flue gas (12-15 volume %)
* Proven Technology (Petroleum e 2-3 MM acfm for a 500-600 Mwe plant
refining, NG purification) * ~50% currently scrubbed for SOx/NOx
» Chemical solvent & High loadings at * Increased cooling requirements
low CO, partial pressure : — :
- Relatively cheap chemical ($2-3/Ib) Two-step separation process requiring 5 energy inputs:
Energy = Q (sensible) + Q (reaction) + Q (stripping) + W (Process) + W (Comp.)

ALL must be reduced in order to significantly reduce Capture COE impact!
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IGCC Power Plant System

Pre-combustion CO, Scrubbing

Cryogenic T
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IGCC CO, Capture Advantages: o rower Blosk v icozto sloraoe

« High chemical potential (Temp, Pcoy) i Turbine < HRSG < C‘?unr]t?il:lsét(l;n :

e Low Volume Syngas Stream R

Selexol™ CO, Capture Advantages: Key Challenges:

« 30+ years of commercial operation (55 » Complex, integrated power process
worldwide plants) » Additional process (WGS) to get high

* Physical Liquid Sorbent capture rates

» Highly selective for H,S and CO, » Current technology (Selexol) requires

» CO, is produced at “some” pressure cooling and reheating
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Pulverized Coal Oxyfuel Combustion
Technology Opportunities

Coal + O, =y CO, 29 Advanced MOC*
Reduce CO, Recycle

Cheap Oxygen

Oxygen Membranes _ — — _

e N\ Handle High Sulfur Con.
( ASU y\ Steam
. / — LI Power ,ngc-g <
~oL - 7 Compressor \
l Q‘ , Advanced
A .
95-99% 0, S / Compression
Ramgen, SwRI
- T S
: \ \
( PC Boiler > Bag Co,
Codl — (No SCR) / Filter . _Feo |, 0 _ - /
S_1 - i ID Fans ~ _ — 7  Compression
T (15 - 2,200Psia)
_ — Ash )
Oxyfuel Boilers Co-Sequestration
Adv. Materials (USC)
Advanced Burners
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Deployment Barriers for CO, Capture
On New and Existing Coal Plants Today

1. Scale-up

. Current Post Combustion capture ~200 TPD
. 550 MWe power plant produces 13,000 TPD

2. Energy Penalty
. 20% to 30% less power output

3. Cost
. Increase Cost of Electricity by 80%
Adds Capital Cost by $1,500 - $2,000/KW

4. Regulatory framework

«  Transport — pipeline network
. Storage

5. Economies of Scale

— Land, power, water use, transportation,
process components, ...
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Scale-Up Is An Issue

[ Laboratory Scale ] [ 550 Mwe Scale ]

Technically
Possible?

| Scale-up

Economically
Feasible?

e 0.1 ft3 Reactor Volume « 57,000 ft3 Reactor Volume
* 0.27 scf per minute « 2,000,000 scf per minute
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Stages of Energy RD&D

g CCPI, ICCS,

o FutureGen
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Bridges basic research & Development Commercialization

technology development programs

Research Phases
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DOE/NETL CO, Capture RD&D Timeline
2010 201578 2030

W W

< 5 MWe Bench and
Small Pilot-Scale
2"d Generation

5- 25 MWe Pilot-Scale

Field Testing of
2nd Generation 50+ MWe 2"d Generation
2"d Generation Ready for
Ready for Demo. Deployment

Demonstration of 15t

Generation (CCPI) 1t Generation Ready for

Deploymentby 2020

Demonstration
Phase
K 2ioron * 2011 FOA
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Carbon Dioxide Capture R&D Projects

Laboratory/Bench Scale
e <0.5 MWe

Laboratory/Bench Scale Laboratory/Bench Scale
e <0.5 MWe e <0.5MWe

» Simulated or real syngas » Simulated or real flue gas

1 Corrosion Testing

1 Solvent 11 Solvents
2 Purification

2 Solid Sorbents 4 Solid Sorbents

2 Retrofit/Modeling

‘ 7 Membranes 4 Membranes e mical L -
emical -oopliE Pilot Scale
* >0.5 MWe
Pilot-Scale Pilot Scale Ramgen 13,000 hp*
. <0.1 MWe * 0.5-5MWe Pilot Scale
. i * » Coal flue gas SwRI 3,000 hp
Coal derived syngas g .« 0.5—5MWe
MTR CO, Membrane Siemens Solvent 2.5 MWe Alstom Oxy-comb. 5 MWe
ADA Sorbent 1 MWe i
MTR H, Membrane Jupiter Oxygen 5 MWe
MTR Membrane 1 MWe Praxair OTM 1 MWe*
WPI H, Membrane
Aker Solvent* 1 MWe | Alstom CLC 1 MWe
Parr Reactor Solvent
- B&W Solvent 0.5 MWe

*NCCC
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CO, Capture Program Goals

By 2020, have ready for demonstration, advanced CO, capture

technologies that achieve:

Post- and Oxy-combustion
90% CO, capture
Compression, transport, storage*
< 35% increase in COE

Pre-combustion (IGCC)
90% CO, capture
Compression, transport, storage*
< 10% increase in COE

Evaluated and Set by Systems Analyses

Existing Plants, Emissions
and Capture — Setting CO;
Program Goals

20 April 2009

DORATL 20

O

CO,
Steam to 2,200 Psig

Air = pC Boiler Bag o7 Limestone
Coal —»| (With SCR) Filter FGD
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Accomplishments

- Carbon Capture External Peer Review
— AIChE Independent Review

— 16 Projects from Pre-, Post-, Oxy-Combustion Capture & Compression

o 2011 Competitive Funding Opportunity Announcement

— 20 Projects Selected (16 Bench-Scale, 4 Slipstream)

5 Bench-Scale Solvent

6 Bench-Scale Sorbent

4 Slipstream Solvent

5 Bench-Scale Membrane

# Projects DOE Participant Total
Laboratory-Scale Solvents 5 $12,455,738 $3,132,312 $15,588,050
Laboratory-Scale Sorbents 6 $16,629,330 $4,362,060 $20,991,390
Laboratory-Scale Membranes 5 $12,196,907 $3,794,763 $15,991,670
Pilot-Scale Solvents 4 $51,667,567 | $14,581,818 $66,249,385
Total 20 $92,949,542 | $25,870,953 $118,820,495

N B
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Bench-scale Project Selections

5 Solvents
— GE Global Research: Silicone-based solvent

— Battelle: CO,-Binding Organic Liquids w/Polarity-Swing Regeneration
— B&W: Advanced amine-based solvents

— Carbon Capture Scientific: Gas Pressurized Stripping Process

— Novozymes North America: Enzyme-based solvents + Ultrasonic Regen.
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Bench-scale Project Selections

6 Solid Sorbents

Georgia Tech Research Corp.: Polymer supported amine hollow fiber

Univ. of North Dakota: Hybrid sorption via low cost solid sorbents

Innosepra: TSA/PSA solid sorption process

RTI International: Molecular basket solid sorbents

W.R. Grace: Rapid PSA sorption

TDA Research: Low-cost, high capacity physical sorbent
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Bench-scale Project Selections

5 Membranes

— GE Global Research: Thin film composite hollow fiber

— Ohio State: Inorganic/polymer composite membrane

— Rice University: Absorber & regenerator membrane contactor

— MTRInc.: Low pressure membrane contactors

— FuelCell Energy: Electrochemical membrane
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Pilot-Scale Project Selections

4 Solvents

— Southern Company: High Efficiency System, HES
» 25 MWe Slipstream from Southern Company’s Plant Barry

* Waste heat recovery/advanced KS-1 solvent integration
* Improve thermal energy performance of capture unit by 26%

— Linde: Advanced amine-based solvent and scrubbing process
* 1 MWe at the National Carbon Capture Center
* BASF’s novel amine-based solvent
* Linde’s advanced solvent scrubbing process

— Neumann Systems Group: Novel CO, absorber system
* 0.5 MWe slipstream from the Colorado Springs Utilities Drake #7 Unit

» Modular scrubber system with advanced nozzles | equipment size more than 50%
» Scrubber capital cost I more than 50%

— University of Kentucky: Adv. capture solvent process
* 0.7 MWe slipstream from LG&E’s EW Brown Station Unit #2
» Hitachi Solvent + Scrubber Process Integration
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National Carbon Capture Center at the
Power Systems Development Facility (PSDF)

Goal

Develop technologies under realistic conditions that will
reduce the cost of advanced coal-fueled power plants with
CO, capture

Post-combustion

I( Plant Gaston

880 MWe
12,000tpd CO; Pstack

<0.1 MWe
i <2tpd CO, Bench Scale Units
4>

1 MWe
20 tpd CO,

3 MWe
60 tpd CO,

Pilot Test
Unit #2

0.5 MWe
10tpd CO,

Pre-combustion (IGCC)

g |
- q,gr
S MWe I Syngas

Coal Gasification

0.5 MWe
8 tpd CO,
1,500 pph

Bench Scale Test Units

Pilot Test

100tpd CO,
20,000 pph Syngas I

0.2 MWe
Transport 3tpd CO,
Gasifier 500 pph Syngas ||

To Stack

Unit #2

Pilot Test
Unit #1

J Stack H
>

Pilot Solvent
Test Unit #1

Fixed and Fluid
Beds

Baseline CO2
Removal Process

1.5 MWe
25tpd CO,
5,000 pph
Syngas

Planned
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DOE/NETL Advanced CO, Capture R&D Program:
Technology Update (May 2011)

* This comprehensive handbook provides e ——
an update on DOE/NETL R&D efforts e |
on advanced CO, capture technologies DIOXIOE CAPTURE &0 PROGRAM

for coal-based power systems.

* Prepared by the Existing Plants and
Sequestration R&D Programs, the
report tracks the progress of DOE/NETL
pre-combustion, post-combustion, and
oxy-combustion technologies for CO,
capture.

« The handbook is available for download
on the NETL website at:

[ http://www.netl.doe.gov/technologies/coalpower/ewr/pubs/CO2Handbook/ ]
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Looking Forward
FY2012 Oxy-Combustion Capture Solicitation

« “Advanced Oxy-combustion Technology Development and Scale-
up for New and Existing Pulverized Coal Power Plants”

Fall 2011/Winter 2012- FOA scheduled for release

Summer 2012 - Project selections

Total funding available - ~$30 - $40 million

Areas of Interest: TBD
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Looking Forward
Big Picture

CO, Regulations
— Can’t control
— Can’t allow to become a distraction

Stick to Mission
— Advancing research and development
— Get technologies in the field
* Learn by doing
— Fossil energy focus
— Be cognizant of application to other platforms (industrial apps)
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Thanks for Participating!!
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For More Information About the NETL

Existing Pl

eNETL website:
—www.netl.doe.qov

Reference Shelf
e Annual CO2 Capture Meeting

ants Program

«Office of Fossil Energy
website:

—www.fe.doe.qov

Jared P. Ciferno

Technology Manager,

Innovation for Existing Plants

National Energy Technology Laboratory
U. S. Department of Energy

(Tel) 412 386-6002
jared.ciferno@netl.doe.gov

Innovations for Existing Plants
C0, Emissions Control

Capturing Carbon from Existing Coal-Fired Power Plants (Apr 20097
Annusl METL CO‘ Capture Technology for Existing Plants RED

Meeting Presentations - March 24-26 2009 - -

DOEMETL's Monithly Carbon Sequestration Mewslstter = |

Welcome to the Innowvations for Existing Plants (IEP) Program's:
CO2 emissions control R&D homepage. In FY0S, the IEP Program

Program Goals and Targets
Post-Cambustion ©0, Contral

redirected it focus to include ICO2 emizsions control for existing o
coal combustion-based plants, e.g. conventional pulverized coal- " O—x“wzM
fired plants. The focus on €O, emissions control technology — + CO, Compression

both post-combustion and oxy-combustion — and related areas * @2 Beneficial Use

of lCO2 compression and lCO2 beneficial reuse is in direct
response to the priotity placed on advancing technological
options for the existing fleet of coal-fired power plarts for
addressing climate change. I addition to funding RED projects
conducted externally, DOEMETL also conducts in-house research to develop nesy breakthrough concepts for
carbon capture that could lead to dramatic improvements in cost and performance relative to today's technologies
The IEP (202 emizsions cortral RE&D activity also sponsars systemns analysis studies of the cost and perfaormance
of various carbon capture technologies. The program goal is to develop advanced lCO2 capture and separation
technologies for existing power plants that can achieve st least 90% CO2 removal st no more than & 35% increase
in cost of energy services.

Systems Analysis
Co., Emizsions Cortrol Reference Shelf

Use the hyperlinks located in the adjacent blue box to find detailed information on the [ER CO2 emizsions control
R&D activties. Information on pre-combustion CO2 emissions control technology applicable to coal gasification-
baszed (e.qg. integrated gasification combined cycle) plants is located st the @2 Capture webpage of DOEMETL's
Carbon Sequestration Program wehsite.

Prior to F08, DOEMETL's CO2 emizsions control R&D
effart was conducted under the Carbon Seguestration
Program. With responsibility for existing plant CO2
emigsions control RED nowy being conducted under the [EP
Program, the Carbon Sequestration Program cortinues to
focus on pre-combustion CO2 emizsions control and
geological sequestration. Since its inception in 1997, the
Carbon Sequestration Program has been developing hoth
core and supporting technologies through which carbon
capture and storage (CCS) will become an effective and
economically viable option for reducing (202 emigsions from
coal-based pover plants. Successful RAD will enable CCS

bbb s, e o e bl A
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