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CCS/Advanced Coal Technology Roadmap

~2MW CCS

Pilots ||| Chilled Ammonia Pilot

Other Pilots (Post-Combustion and Oxy-Combustion)

Demonstration |

| lon Transport Membrane O, Scale-up

~20 MW CCS

| Post-Combustion with CCS — AEP/Alstom Mountaineer

| | Post-Combustion with CCS — Southern/MHI
Other Demonstrations

System Integration
~200 MW CCS

| | IGCC CCS - Duke
| | IGCC CCS - Southern

Post-Combustion with CCS
(Mountaineer and Others)

Oxy-Combustion Projects

Timing dictates multiple pilots and demonstrations in parallel
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I Pulverized Coal with CCS
AEP/Alstom

Alstom chilled ammonia
CO, capture process

— ~20-MW, demonstration at the
Mountaineer Plant

- ~100,000 to nnes 'COzlyear All pictures of the Mountaineer CO, Capture and Storage Project are

the property of Alstom Power and/or AEP
— 1-to 5-year injection program
plus post-injection monitoring

— Started CO2 capture in Sept and
injection in Oct. 2009

— Developed two CO2 injection
wells

— AEP-1 Rose Run (7800 ft)
— AEP-2 Copper Ridge (8200 ft)
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I Pulverized Coal with CCS
Southern/MHI

* MHI KM-CDR advanced amine CO,
capture

— ~25-MW,_ demonstration at Plant Barry - CourtesSouhern cO |
— ~150,000 tonnes-CO,/year

— Injection program under U.S. DOE’s
Southeast Regional Carbon Sequestration
Partnership (SECARB) Project

— 8-year program: 4 years injection plus 4 years
monitoring

— Start-up scheduled for 1Q 2011

— Storage will be in the Citronelle oil field ~15
miles away
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I IGCC with CCS
Duke Energy

« DEI / Edwardsport 630-MWe IGCC
Plant

* Process technologies to be
demonstrated

— Physical solvent-based CO,
capture treating the syngas flow
(“skimming”) at a dual-train
IGCC unit

— ~1,000,000 tons CO,/year storage
In nearby geologic Tzormatlon;

— 2 year capture and injection
demonstration; anticipated to
start in 2014-16
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I Kemper County IGCC
Mississippi Power / Southern Co.

« 2Xx1 Integrated Gasification Combined
Cycle
— 582 MW peak and 524 MW on syngas

— ~65% CO, capture (~800 Ib/MWhr emission
rate)

— Mine mouth lignite — NG Backup
« Owner & operator: Mississippi Power
» Over $2 billion capital investment
« Commercial operating date: May 2014

 Captured CO, used for Enhanced Ol
Recovery (EOR)

+
¥ Distribution of coal-bearing units in the Gulf Region

Courtesy: Southern Co.

300 600 Miles
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I ITM for Low-Cost
Oxygen Production

« Ceramic membrane separates oxygen from
air

 Planned 100 ton-O,/day test unit (ISTU)

* DOE Phase 3 cooperative development
program to design, build, and test the ISTU
system

* ITM project progress to date

— Testing of 0.5 ton-O,/day
modules started in 2006

— Over 600 days of cumulative
operation in multiple runs

— Testing of 1.0 ton-O,/day
modules began in Feb. 2010
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. ITM for Low-Cost Oxygen Production

Acknowledgment and Disclaimer

Acknowledgment

This technologg development has been sq{pforted in part by the U.S. Department of
Energy under Contract No. DE-FC26-98FT40343. The U.S. Government reserves for
itself and others acting on its behalf a royalty-free, nonexclusive, irrevocable, worldwide
license for Governmental purposes to publish, distribute, translate, duplicate, exhibit and
perform this copyrighted paper.

Disclaimer

Neither Air Products and Chemicals, Inc. nor any of its contractors or subcontractors nor
the United States Department of Energy, nor any person acting on behalf of either:

1. Makes any warranty or representation, express or implied, with respect to the
accuracy, completeness, or usefulness of the information contained in this report, or that
the use of any information, apparatus, method, or process disclosed in this report may
not infringe privately owned rights; or

2. Assumes any liabilities with respect to the use of, or for damages resulting from the
use of, any information, apparatus, method, or process disclosed in this report.

Reference herein to any specific commercial products, process, or service by trade
name, trademark, manufacturer, or otherwise, does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United States Department of Energy.
The views and opinions of authors expressed herein do not necessarily state or reflect
those of the United States Department of Energy.
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CO, Pipeline Experience

Sheep
Mountai

CO, Sources
@ Natural
O Industrial

— Pipelines
« Well established — Multiple proven products

* R&D needed for CO, mixtures with impurities
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Technical Readiness Levels

Post- Pre- Ha-Fired
Combustion | Combustion Gas Oxy- Algae CO2 CO2
TRL Capture Capture Turbine Combustion | Production [Compression| Pipelines

Source Global CCSI Institute
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CO, Capture and Transport Technology Status

TRL-9 — commercial

TRL-8 —demonstration at
>25% commercial scale

TRL-7 — pilot plant at >5%
commercial scale

TRL-6 — process development
<5% of full-scale

TRL-5 - component validation
in relevant environment

TRL-4 — component test in lab
TRL-3 — proof of concept
TRL-2 — application formulated
TRL-1 — basic principles
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I Key Issues for Geologic Storage —
DOE Programs and Others Seek to Resolve

« Site characterization

Geological Storage Options for CO, Produced o or gas
1 Depleted oil and gas reservoirs s Injected CO,

» Wellbore/Cap-rock e e

4 Deep unmineable coal seams

1 t 1 t . 5 Useof CO, in enhanced coal bed methane recovery
I n e g r I y 6 Other suggested options (basalts, oil shales, cavities) S
- 13

* Injectivity and storage
capacity

« Monitoring systems

* Protection of potable
groundwater

« Pore space ownership
« Long-term liability
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I Power-Related CCS Demonstration Project
Funding Worldwide To Exceed US$30 Billion*

$6.68B
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Together...Shaping the Future of Electricity
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