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Conference Overview

Post-Combustion Sorbents

Post-Combustion Solvents

Post-Combustion Membranes

Oxy-Combustion
ARPA-E Projects
Chemical Looping

Systems Studies & Modeling

CO, Compression

New Post-Combustion Projects

New Post-Combustion Projects, cont'd
CCPI & ICCS Demonstrations
Pre-Combustion Projects

Pre-Combustion Projects, cont'd
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Stages of Energy RD&D
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Advanced CO, Technology Timeline

Commercial
Demonstration

DOE National Carbon
Capture Center
Utlllty sites

2008 2010 2012 2016 2020 2024

ﬁ * 2010 Funding Opportunity Announcement
N - B
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Adv. Post- and Oxy-Combustion CO,
Capture Goals

By 2020, have available for demonstration,
advanced CO, capture technologies that achieve:

90% CO, capture

< 30% increase in COE?

Set by Systems Analyses Evaluated by Systems Analyses

CO,
2,200 Psig

Steam to
Econamine FG+

Flue Gas
Power

Steam
. Wet
Air = pC Boiler Bag o7 Limestone
Coal —»| (With SCR) Filter FGD
Existing Plants, Emissions ID Fans
and Capture — Setting CO; Ash

Program Goals

T T —_—
20 April 2009 = e

4 o
DOLATL 2T i

*Cost of Electricity includes 50 mile pipeline transport and saline formation storage, 100 years of monitoring
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Availability analysis of post-combustion carbon capture systems: minimum work input, McGlashan, N.R., Marquis, A.J., Mechanical Engineering Science, Proc. ImechE Vol. 221 Part C, 2007
Existing Plants, Emissions & Capture Program—Setting Program Goals, U.S. DOE/National Energy Technology Laboratory, Final Report, April 2009



2010 FOA: Bench-scale Project Selections

- 2 Membranes
— American Air Liguide: Sub-Ambient Membrane Operation

— Gas Technology Institute: Hybrid Membrane/Absorption Process

5 Solvents
— 3H Company, LLC: Self-Concentrating Amine Absorbent

— Akermin: Enzyme Catalyzed Solvent

— ION Engineering: Amine/lonic Liquid Solvent

— University of lllinois: Hot Carbonate Absorption Process

— URS Group: Concentrated Piperazine Solvent
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2010 FOA: Pilot-Scale Project Selections

3 Pilot-scale

 Solvents
— Siemens Energy (2.5 MWe): Siemens POSTCAP Amino Acid

 Sorbents
— ADA-ES (1 MWe): Advanced Solid Sorbents

e Membrane

— Membrane Technology Research (1 MWe): Membrane CO,
Capture
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DOE/NETL Advanced CO, Capture R&D Program:
Technology Update (September 2010)

e Just published and available for download 4
Ve

* This comprehensive handbook provides an update on D
DOE/NETL R&D efforts on advanced CO, capture
technologies 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
oXxy-combustion technologies for CO, capture.

: : J @ENERGY Iv=m
website at these two locations: |

e The handbook is available for download on the NETL

http://www.netl.doe.qgov/technologies/coalpower/ewr/index.html

http://www.netl.doe.qgov/technologies/carbon seaq/index.html
g J
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DOE/NETL Advanced CO, Capture R&D Program:
Technology Update (September 2010)

« Chapter 1: Introduction stressing the importance of developing
cost-effective advanced CO, capture technologies.

« Chapter 2: Description of DOE/NETL’s CO, capture R&D
program.

« Chapter 3: Overview of the three basic configurations for CO, E—ijﬂﬂ
capture — pre-combustion, post-combustion, and oxy-
combustion. | ) @iy fen

« Chapter 4: Provides some of the basic scientific principles and important
operating parameters for the various CO, capture technologies.

« Chapters 5 through 10 report on the status of DOE/NETL's R&D efforts for pre-
combustion capture; post-combustion capture; oxy-combustion; oxygen
production; chemical looping; and advanced compression, respectively.

« Chapter 11: Review of DOE/NETL’s CO, capture R&D collaborations.

« Appendix: Provides detailed information on the status and results of the current
portfolio of DOE/NETL’s CO, capture R&D projects.
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DOE/NETL Advanced CO, Capture R&D Program:
Technology Update (September 2010)

Project Title:

C0O; Capture from IGCC Gas Streams Using AC-ABC Process

A techmical and economic analysis will use Aspen modeling to generate the equipment sizing and heat and
material flows, DOE cost models, and a base case, 750-MW nominal IGCC plant without CO: capture to
compare the AC-ABC process with a simular-size plant using C0); capture with a Selexol subsystem.

Table 1: Solvent Parameters

Technology Area:

Pre-Combustion Solvents

Technology Maturity:

Pilot-scale using actual syngas

Primary Project Goal:

SRI Intemational 15 developing, for miegrated gasification combined eyele (IGCC)-based power plants, a
carbon dioxide (CO,) capture technology based on the use of a high-capacity and low-cost agueous

ammomated solution contaimng ammonium carbonate (AC), which reacts with €05 to form ammonmm
bicarbonate (ABC).

Techmical Goals:

*  Test the technology on a bench-scale batch reactor to validate the concept.

*  Determune the opfimum operating condittons for a small pilot-seale reactor.

*  Design and build 2 small pilot-scale reactor capable of continuous integrated operation.
*  Perform pilot-scale tests to evaluate the process in 2 coal gasifier environment.

*  Perform a techmeal and economie evaluation on the technology.

Techmical Content:

The techrology 1s based on the use of an aqueous ammeniated solution containing AC, which reacts with

CO,; to form ABC.

F
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Figure 1: AGR in Gasification System

The concenirated ammomated selution is used to capture CO; and hydrogen sulfide (H.S) from synthesis
gas (svngas) at high pressuwre. This technigue reduces the zize of the CO. stripper and operates at lugh
pressure, reducing C0; compression needs. Both reduce electnic power consumption. AC has high net

Parameter Current R&D Value Target R&D Value
Type of solvent Aqueous ammeniated solution Aqueous ammoniated
solution
Moleoular weisht ominal 18 Wominal 18
o Varies with pressure; 100°C at | Varies with pressure; 100°C
Boiling poit (C) 1 am at 1 atm
Solvent ! . 40 o 60 depending on the
Properties Heat of reaction (kl'm=ole CO) NH,CO; ratio 400 60
C0: loading ‘working capacity*, wt.% 10 20
Solvent concentmation to stripper
(molTiter) 6 MNH, £ MNH,
Heat capacity of sohution (KIEkg) 3.5 35
Wiscosity, P 1 1
Abzorption temperature, *C 15 54
Absorprion pressure, am. ] 30
Operating =0 =0
Condifions Heating with steam Heating with steam
Regeneration temperature, “C N/A 150
Fzgeneration pressure, ammn. A 50
Heat Eequired regensmtion steam femperamure, 120 170
Integration =C B
Miscellaneons Solvent make-up rate, kpksT0: NA MiA
00, pumity. % -0B% 081
Product ; concenmanon 7. WA 10
Quality - - - -
Other contaminants, % A 0.01
Eleciricity requirement, kl'kgC0, NA 177
Process Heat requirement, kkzC0; HA 520.6
Performance Total energy (elactricity equivalent), . .
=00, A 6383

*Working capacity 15 the loading difference CO: nich solution before and after it 15 regenerated.
Eguations Describing Chemical Reaction:
NH,O0H+CO; = NH,HCO;
(MH,),CO+C0, + H,0 =INHHCO,
NH,(NH,CO+C0,; +2H,0 = INH,HCO;
NHHCO; = NH,HCO; (precipitate)
Solrent Reaction Kinetics:
The absorption of CO: by the ammonizted solution is proportional (1™ order) to the CO: partial pressure.
Prelimimary experments confirm this behavier. The kinetics of C0; absorption 15 expected to be rapid at
the elevated pressures and lugh CO: concentrations expected mn the IGCC gas stream downstream of the
water gas shift (WGS) reactors.
Solvent Heating Cooling Method:
During regensration, the hiquid 15 heated by steam using a rebeiler. In the absorber, the liqgmd 15 cocled
usmg a heat exchanger and a coclant from a direct contact cooler.
Solvent Contaminant Resistance:

The solvent 15 expected fo be resistant to several contaminants nominally present m an IGCC gas stream.

Hydrogen sulfide reacts with the solvent but it car be removed dunng the rezeneration. The ammonia
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DOE/NETL Advanced CO, Capture R&D Program:
Technology Update (September 2010)

« Special request to our Project Principal Investigators:

4 N -
We need your help in updating and LN

Improving the format and content of this

handbook for next year’s publication.
. .

SEPTEMBER 2018

« For questions or comments regarding the handbook,
please contact:

} @icicy en
Plants R&D Program (post-combustion and oxy- |

« Jared P. Ciferno, Technology Manager, Existing

combustion technologies)
|Jared.ciferno@netl.doe.qov

e Sean Il. Plasynski, Technology Manager,
Sequestration R&D Program (pre-combustion
technologies) sean.plasynski@netl.doe.gov
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DOE/NETL Advanced CO, Capture R&D Program:
Technology Update (September 2010)

» Special thanks to:
James Murphy
Ron Munson
Scott Chen
Andrew Jones
Gregson Vaux
John Marano

Justin Strock

e

#.
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DOE/NETL ADVANCE

DIOXIDE CAPTURE R&0D PI |
TECHNOLOGY UPDATE

N U5, DEPARTMENT OF _;"'*%_'
@EnErRsy In=m
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Looking Forward
FY2011 Post-Combustion Capture Solicitation

o “Carbon Dioxide Capture Technology Development and Scale-up for
Application to Existing Pulverized Coal Power Plants”

e QOctober 2010 - FOA scheduled for release
* Spring 2011 - Project selections

» Total funding available - ~$60 - $70 million

 Areas of Interest

Bench/laboratory-scale Pilot-scale (0.5 - 5 MWe)
»Membranes » Solvents
» Solvents » Sorbents
» Sorbents
110 - 15 awards 12— 3 awards
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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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