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Oxy T-Fired Boiler Development Project ALSTOM

Project Objectives

Develop oxyfuel T-fired boiler system for high
CO, content gas. Specifically,

» Design and develop an innovative
oxyfuel firing system for T- fired boilers

» Evaluate the performance in pilot scale
tests at 15 MW BSF — including
combustion, heat transfer, pollutant
emissions, and deposition and
corrosion

» Evaluate and improve engineering and
CFD tools for oxy-combustion by
applying detailed test data obtained
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Oxy T-Fired Boiler Development Project ALSTOM
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Schedule

ALSTOM

Issue Final Report For DOE Review

* Project Budget: $8.8M
 Project Duration: 24 Months
- Start: October 2008
* First Test Campaign: September 2009
* Complete Project:September 2010
b |Task Name @103 G203 3303 @403 @10 @240 @310 @410
Dec | Jan |Feh | Mar | Apr |May |.Jun Jul |Aug |Sep Oct |Nov |Deu: Jan |Feb |M§r Apr |Ma\,f |Jun Jul |Aug |Sep Ot |Nmn'
1 DOE - Oxy T-Firng Tasks with ICCl & NDIC Scope
2 1.0 - Project Management
10 |2.0 - Assessment of Oxy T-Fired Design Optiens
13 3.0 - Bench-scale Testing
23 |4.0 - Large Pilotscale Combustion Testing
24 4.1 - Test Planning
29 Milestone 2 - BSF Modification Design, Test Plan & 119
30 4.2 - Test Preparations
36 4.3 - BSF Oxy Tfired Shakedown Lo
40 4.4 - BSF Test Campaign 1- PRB ?
a7 Milestone 3 - Completion of BSF Campaign 1 915
48 Milestone 4 - Project Review Meeting Ol"“-"ﬁ
48 Milestone 5 - Phase 2 Funding Decision 1012 g—n
a0 4.5 - BSF Test Campaign 2 - Low S Bit
a7 4.6 - BSF Test Campaign 3 -ND Dried Lignite
B3 4.7 - BSF Test Campaign - llinois Coal
70 Milestone 6 - Phase 2 Funding Decision
1 5.0 - Data Analysis and Documentation
79 & 930
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Current Status ALSTOM

Scope Accomplished

* Process and CFD Screen Completed

* BSF Modifications For Oxy-Firing Completed

« BSF Commissioning Completed

 BSF Campaign 1 Testing Completed — Subbituminous
 BSF Campaign 2 Completed — Low Sulfur Bituminous
 BSF Campaign 3 Completed — High S lllinois Bituminous

Plan
* ND Lignite Testing
 Complete Data Analysis and Tool Validation
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Oxy Screening Studies ALSTOM

Process Options: Techno-Economic Evaluation
Major Varlables ’ sulfur gas progeasssing

particulate cooler unit

* Gas Recycle Take-off air’ - control
Locations [T
* Oxygen Injection
LOC&tiOI‘lS coal A Secondary gas recy'é'l'é' """""""" Primary gas recycle
* Oxygen Heating sulverizer D ‘c B ‘A oxygen |
* Recycle Rate / Simplified Oxy Process Diagram niyrogen Ji ratigff -

Furnace Surfacing
15 MWt BSF Oxy Simulations

CFD Modeling: Detailed Predictions §F¢ o 7% 0

Additional Variables: H) ;
- Oxygen Injection Method, Conc., T )
Distribution y ) y B
» Windbox Design (Compartments, = B S
Vel.,Angle) N B or

* OFA Design (Location, Vel, Angle) \\
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15 MWin BSF Modifications ALSTOM

BSF Test Furnace —,
and Convection Pass

Slip-Stream Gas
Purification PDU

Major New Equipment
= Oxygen Supply and Injection System
= Gas Recirculation Systems

= Fabric Filter for Particulate Removal
and NID SO2 Scrubber

= Instrumentation and Controls

New Fabric Filter
an NID Scrubber

Oxygen Storage
and Supply System

Gas-Gas
Preheater (&

Design for Operating Flexibility
= Operate Both Air- and Oxy-fired
= 5 Different Operating Configurations

= Control of Oxygen Injection locations,
concentrations, etc.

Existing
Scrubber

Exchanger
New Gas Boost Fa

Integration of Slip-Stream Gas
Purification Unit
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15 MW:ih BSF After Oxy Modifications ALSTOM

“TPEURID Dry %
Scrubber
Fabric Filter

15 MWt Boil
Simulationgt/ =
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BSF Test Campaigns ALSTOM

Primary Test Variables

- Gas Recycle Take-Off Location

* Gas Recycle Flow Rates

e Oxygen Injection

* Total Excess Oxygen / O2 Conc. at Economizer Outlet
* Windbox & OFA Design — Arrangement, Velocity

e Operating Load/ Turndown
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BSF Test Campaigns - Measurements  ALSTOM

Data Acquisition System (More than 1,000 I/O Points)

« Continuous Logging of Operating Conditions (System Flow Rates, Gas
Compositions, Temperatures, Pressures, Valve Positions, etc.)

* Continuous Heat Transfer Measurements (4 Waterwall Test Panels, 6
Continuous Test Loops Across Furnace Vertical Outlet Plane, 3
Deposition/Corrosion Probes)

Probe Measurements

* Furnace Gas Temperatures and Gas Species Mapping

In-Furnace Heat Transfer (Total Heat Flux Probes, Ellipsoidal Radiometer
Probes)

Mercury Measurements

SO, Measurements

Particulate Trace Metals
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BSF Campaign 2 - Low S Bituminous

Steady State Mass Flows ALSTOM

* Dry Stack flow is roughly 20% of Air Fired Volume.
70,000 105%
'WWMMW‘MMW‘ 0900000%00000000000000000000000000,00004,0%000000000,00000000400000990¢
Coal (% MCR)
60,000 A + 90%
50,000 - + 75%
Boiler Inlet Flow
FO00000000000000000090004,00040000000009000000%00904400000094440400000 00090000494.0000400004 0000 0000509000404004,00004%0900000 0 04440004 %4 **P
40,000 - + 60%
<
2
30,000 - + 45%
20,000 - + 30%
Dry Stack Flow (%Air SCFH)
10,000 T o 15%
/ Oxygen Addition
0 . 0%

9th Carbon Capture & Sequestration Conference, Pittsburgh, PA

 Kiroperation " Oxy operation

May 10-13, 2010

© ALSTOM 2008. All rights reserved. Information contained in this document is provided without liability for information purposes only and is subject to change without notice. No
representation or warranty is given or to be implied as to the completeness of information or fitness for any particular purpose. Reproduction, use or disclosure to third parties, without
express written authority, is strictly prohibited.



BSF Campaign 2 - Low S Bituminous
Steady State Gas Species Compositions ALSTOM

* Able to maintain 90% CO2 (dry) in flue gas

« Conditions varied from 1.5 to 2.5% Air In Leakage to the facility
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15 MW BSF Furnace Mapping

Probe
Mapping
Measurements

Gas Temperatures
Heat Flux:
-Total Incident
- Radiant
Gas Species:
- 02
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In-Furnace Temperature — Planar Points ALSTOM

Sample Planar Temperature Profile Between OFAs
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BSF Campaign 1 - PRB
Incident Heat Flux for Air-Firing vs. Oxy-Firing ~ ALSTOM

——Test #11 Air-Fired: Total Heat Flux

—o— Test #22 Oxy-Fired: Total Heat Flux

260 ‘\ —a— Test #30 Oxy-Fired: Total Heat Flux
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BSF Campaign 1 - PRB
Waterwall Test Panel Heat Flux vs. Elevation ALSTOM

—o—Test 11 Air-Fired: WW Panel Heat Flux
260 —o—Test 22 Oxy-Fired: WW Panel Heat Flux
—— Test 30 Oxy-Fired: WWI Panel Heat Flux
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BSF Campaign 1 - PRB
CFD Predictions of Wall Radiation ALSTOM
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BSF Campaign 2 - Low S Bituminous
Recycle Variations - Vertical Heat Transfer Profile ALSTOM

\ \ \ —+—Test #46, Global 02 = 24%
260 ——Test #47, Global 02 = 28%
—o—Test #48, Global 02 = 33%
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Impact of Gas Recycle —
Lower Furnace Heat Absorption ALSTOM
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BSF Campaign 2 - Low S Bituminous
Incident Heat Flux for Air-Firing vs. Oxy-Firing ~ ALSTOM

\ \ —o—Test #39 Air-Fired: Total Heat Flux
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BSF Campaign 1 & 2 - General Observations ALSTOM

e General Facility Operation
- Stable operation over broad range of test conditions

®
- Able to produce high (>90%) CO2 Flue Gas @

e Combustion

- Very good performance during both air and oxy testing with
both PRB Sub and WV Bit Coals

* Able to operate at low excess oxygen (Less than 2% O2 at
Economizer Outlet)

* Low CO Emissions (near Zero)
* Low Carbon in Fly ash

© 6 6

« NOx Emissions
- Lower NOx Emissions with Oxy-firing with both PRB ©
Subbituminous and WV Bituminous)
* Roughly 50% Reduction from Air-Firing on |b NOx / ()
MMBtu Fired
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BSF Campaign 1 & 2 - General Observations ALSTOM

« Heat Transfer

- Generally similar range of heat flux and temperature ©
- Able to change profile by adjusting operating conditions ©
 SO3 Formation
- S02 to SO3 conversion appears to be similar ®)
- SO3 concentrations about 3 times high for oxy-firing ®
e Ash Deposition
- Appeared generally similar @)
- Fly ash and lower furnace deposits had similar composition, @
upper furnace had higher sulfur content
 Waterwall Corrosion
- Appeared generally similar ©
9th Carbon Capture & Sequestration Conference, Pittsburgh, PA May 10-13, 2010

© ALSTOM 2008. All rights reserved. Information contained in this document is provided without liability for information purposes only and is subject to change without notice. No
representation or warranty is given or to be implied as to the completeness of information or fitness for any particular purpose. Reproduction, use or disclosure to third parties, without
express written authority, is strictly prohibited.



Conclusions ALSTOM

Major large oxy pilot projects are underway
providing key technical information on

- oxy firing impacts on boiler performance
and operation

- overall oxy plant integration and control.

* Pilot programs are providing design
guidelines, performance data and validated |«
tools.

* Pilot results along with other Alstom oxy
projects, provide a strong foundation for the
next step of demonstration (~250 MWe).

 Alstom is ready to take the next step of
commercial scale demonstration
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DISCLAIMER ALSTOM

DISCLAIMER

Parts of this document were prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States Government nor
any agency thereof, nor any of their employees, makes any warranty, express or
implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, 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
Government or any agency thereof. The views and opinions of authors expressed
herein do not necessarily state or reflect those of the United States Government or
any agency thereof.

Information disclosed herein is furnished to the recipient solely for the use thereof as
has been agreed upon with ALSTOM and all rights to such information are reserved
by ALSTOM. The recipient of the information disclosed herein agrees, as a
condition of its receipt of such information, that ALSTOM shall have no liability for
any direct or indirect damages including special, punitive, incidental, or
conseguential damages caused by, or arising from, the recipient’s use or non-use of
the information
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