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ABSTRACT 

 

Oxy-combustion is a promising near-term technology for CO2 capture and sequestration 
from coal-fired power plants.  Alstom Power Inc. (Alstom), in cooperation with the U. S. 
Department of Energy and a utility consortium, is in its first year of a 24-month test 
program to develop and test oxyfuel tangentially-fired technology for utility boilers.   The 
technical information generated will provide a sound foundation for the next step of 
large-scale commercial demonstration of oxy combustion in tangentially-fired boilers.   
 

The program objectives are: 

 Design and develop an innovative oxyfuel system for existing tangentially-fired 
boiler units that minimizes overall capital investment and operating costs, 

 Evaluate performance of oxyfuel boiler systems in pilot scale tests at Alstom’s 15 
MWth tangentially-fired Boiler Simulation Facility (BSF), and  

 Address technical gaps for design of oxyfuel commercial utility boilers by 
focused testing in the BSF and improvement of engineering and CFD tools.  

 
The purpose of this project is to extend the scope of the program to evaluate Illinois coal, 
including comprehensive testing of a high sulfur Illinois coal at a scale of 15 MWth.  This 
subgrant focuses on integration of the Illinois coal testing requirements into the overall 
program test preparations.  Testing of the Illinois coal is planned to be conducted during 
Phase 2 under a separate subgrant. 
 
Overall program efforts to date have centered on preparations for the 15 MWth oxy tests 
and execution of the first test campaign.  Oxy process screening and CFD modeling were 
completed and used to develop the pilot-scale test matrices and to establish test facility 
modification requirements. Facility modifications included addition of oxygen storage 
and injection systems and installation of flue gas recirculation systems to allow for 
oxyfuel operation.  Under this ICCI subgrant, a SO2 scrubbing system was incorporated 
into the flue gas recirculation design and scrubbing equipment was purchased for 
installation for the Illinois coal testing during Phase 2.  The first test campaign firing 
Powder River Basin subbituminous coal in Alstom’s 15 MWth Boiler Simulation Facility 
was successfully completed in September 2009. Oxy parameters tested included gas 
recycle rate, gas recycle take-off location, oxygen injection method, and oxygen 
distribution into the furnace.  Data evaluation is in progress, but no technical issues were 
identified that would limit application of oxyfuel technology. 
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EXECUTIVE SUMMARY 
 
Oxy-combustion is a promising near-term technology for CO2 capture and sequestration 
from coal-fired power plants. Oxy-combustion technology builds upon proven coal-based 
power generation and is an evolutionary development.  The basic concept of oxy-
combustion (“oxyfuel”) is to replace combustion air with a mixture of oxygen and 
recycled flue gas, thereby creating a high CO2 content flue gas stream that can be more 
simply processed for sequestration or high purity product.  The technology can be applied 
to both new and existing plants and has competitive economics with other CO2 capture 
technologies.  
 
Alstom Power Inc. (Alstom), in cooperation with DOE/NETL and a utility consortium, is 
in its first year of a 24-month test program to develop and test oxyfuel tangentially-fired 
technology for retrofit to existing boilers.  The results will also be applicable to the 
design of new boilers.  The overall objectives of the project are to: 
 

 Design and develop an innovative oxyfuel system for existing tangentially-fired 
boiler units that minimizes overall capital investment and operating costs, 

 Evaluate performance of oxyfuel boiler systems in pilot scale tests at Alstom’s 15 
MWth tangentially-fired Boiler Simulation Facility (BSF), and  

 Address technical gaps for design of oxyfuel commercial utility boilers by 
focused testing in the BSF and improvement of engineering and CFD tools.  

 
The purpose of this project is to extend the scope of the program to evaluate Illinois coal, 
including comprehensive testing of a high sulfur Illinois coal at a scale of 15 MWth.  This 
subgrant focuses on integration of the Illinois coal testing requirements into the overall 
program test preparations.  Testing of the Illinois coal is to be conducted during Phase 2 
under a separate subgrant. 
 
The program work is divided into the following tasks: 

Task 1 – Project Management 
Task 2 – Bench-Scale Testing 
Task 3 – Screening Evaluations 
Task 4 – 15 MWth Testing 
Task 5 – Analysis and Documentation. 

 
Work is still in progress under each of these tasks.  Efforts have centered on preparations 
for the 15 MWth tests and execution of the first test campaign.  Screening evaluations 
were conducted to assess various oxyfuel process configurations and help to establish the 
key parameters to be assessed during testing.  CFD modeling was performed to provide 
more detailed assessment of oxyfuel firing system design options and their impacts on 
boiler operation.  CFD simulations predicted the change in boiler gas temperature and 
incident heat flux distributions, heat absorption profiles, and gas compositions as 
parameters such as gas recycle rate, oxygen injection location and oxygen concentrations 
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are varied.  This information was used to refine the test plan and to help establish test 
facility requirements and in design of modifications. 
 
Specific requirements for the Illinois high sulfur tests were incorporated into the overall 
test plan and into the facility design.  Facility modifications for the Illinois coal test 
included design and purchase of equipment for an integrated SO2 scrubbing system.  
 
The BSF was modified for oxyfuel operation and to address the requirements from the 
screening evaluation.  The facility modifications allow the flexibility to test under the 
base air-firing mode and different oxy-fired process configurations. Major facility 
equipment additions include: 

 Installation of an oxygen supply and injection system,   

 Reconfiguration of gas recirculation systems,  

 Installation of a new fabric filter for particulate removal,  

 Installation of new instrumentation and controls, and 

 Installation of a new SO2 scrubbing system in the gas recirculation systems. 
 
Facility modifications and test preparations for the first test campaign were completed in 
August 2009.  Design of the SO2 scrubbing system and purchase of major equipment 
scrubber components, were also completed in August 2009.  The installation of this SO2 
scrubbing system is planned to take place prior to the Illinois coal test campaign during 
Phase 2 of the project. 
 
The first BSF test campaign firing Powder River Basin (PRB) subbituminous was 
successfully completed in September 2009.  Testing was performed under both baseline 
air- and oxy-firing conditions.  Oxy parameters tested included gas recycle rate, gas 
recycle take-off location, oxygen injection location, and oxygen concentration and 
distribution into the furnace.  Performance measurements focused on changes in 
combustion behavior, furnace heat transfer, and emissions including trace metals and SO3 

concentrations.  In addition to logged operating data, probing measurements and 
sampling were conducted during most test points.  Detailed planar mapping of furnace 
gas temperature and gas species distributions were conducted during both air- and oxy-
firing tests.  
 
Results from the tests are in the early stages of evaluation and only preliminary 
observations can be made at this time.  In general, facility operation was good during 
both air- and oxy-firing testing; test conditions could be easily changed and controlled. 
The facility could operate under various oxy-process scenarios and could produce flue 
gas containing more than 90% CO2 on a dry basis.  There were no technical issues during 
these tests that would limit application of oxyfuel technology.   
 
With the completion of the Illinois coal test facility preparations and the successful 
demonstration of oxyfuel operation in the BSF, Alstom is ready to proceed into Phase 2 
execution of the Illinois coal test campaign. 
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OBJECTIVES 
 
The goal of Alstom’s overall oxyfuel tangentially-fired boiler development program is to 
develop and test oxyfuel tangentially-fired technology applicable for retrofit to existing 
boilers as well as new coal-fired plants.  Overall program objectives are to: 

 Design and develop an innovative oxyfuel system for existing tangentially-fired 
boiler units that minimizes overall capital investment and operating costs, 

 Evaluate performance of oxyfuel boiler systems in pilot scale tests at Alstom’s 15 
MWth tangentially-fired Boiler Simulation Facility (BSF), and  

 Address technical gaps for design of oxyfuel commercial utility boilers by 
focused testing in the BSF and improvement of engineering and CFD tools.  

 
The purpose of this ICCI project is to evaluate the impacts of oxy-firing of high-sulfur 
Illinois coal of boiler design and performance in a dedicated test campaign, analyze and 
report the results as part of the overall oxy tangentially-fired development program.  In 
particular, the objective of Subgrant ICCI 08-08 is to integrate the requirements for the 
Illinois coal tests into the overall program test preparation efforts.  
 
The program work is divided into the following tasks: 

Task 1 – Project Management 
Task 2 – Bench-Scale Testing 
Task 3 – Screening Evaluations 
Task 4 – 15 MWth Testing 
Task 5 – Analysis and Documentation. 

 
Preparation requirements for the Illinois coal test campaign fall under Task 4 and were 
addressed in subtasks on test planning and facility modifications.  The specific objectives 
of this subgrant are to: 

 Design an SO2 scrubbing system and incorporate it into the BSF modification to 
allow SO2 removal during oxy-fired operation with flue gas recirculation 

 Purchase of the SO2 scrubbing system components for installation during Phase 2 
and use during BSF test campaigns. 

 
INTRODUCTION AND BACKGROUND 

 
Oxy-combustion is a promising near-term technology for CO2 capture and sequestration 
from pulverized coal (PC) power plants.  The basic concept of oxy-combustion 
(“oxyfuel”) is to replace combustion air with a mixture of oxygen and recycled flue gas, 
thereby creating a high CO2 content flue gas stream that can be more simply processed 
for sequestration or high purity product.  A simplified schematic of the oxy-combustion 
process is shown in Figure 1. 
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Figure 1– Simplified Oxyfuel Process 

 
For over a decade, Alstom and others have been working on various oxy-combustion 
based CO2 control technologies.  In these projects, a large body of scientific information 
and knowledge has been accumulated on oxy-combustion, but product development and 
technology gaps exist. 
 
In particular, oxy-combustion characteristics during tangential-firing are just beginning to 
be characterized.  There are major differences in furnace aerodynamics and mixing with 
tangential-firing systems compared with wall-fired burners that require different design 
considerations to optimize oxy-combustion.  Since tangentially-fired boilers make up 
44% of the world’s and 41% of the United States’ installed base, a technology solution 
for tangentially-fired boilers is important to address for both existing and new units. 
 

In September 2008, Alstom was awarded a contract by the U. S. Department of Energy 
(DOE) for a 24-month test program to develop an oxy-combustion system (DOE/NETL 
Cooperative Agreement No. DE-NT0005290).  Since the original program with the DOE 
did not include testing with high-sulfur coal, Alstom submitted a grant application to the 
Illinois Coal Development Program to add an Illinois high-sulfur coal to the program, 
including comprehensive 15 MWth BSF testing.  The goal is to optimize boiler design and 
operating conditions for Illinois coal and provide information needed to evaluate and 
demonstrate the use of Illinois coal for oxyfuel firing. 
 
Phase 1 of this ICCI project Oxy-Combustion Boiler Development for Tangential Firing 
has been completed.  The scope of Phase 1, and the subject of this report, focused on 
integration of the Illinois coal testing requirements into the overall program test 
preparations. 
 
Alstom has converted the BSF test facility to oxy-firing capabilities and has completed 
facility shakedown.  This first test with low-sulfur Powder River Basin subbituminous 
coal was successfully completed on September 12, 2009. 
 
Alstom has also addressed preparations for the test campaign with high-sulfur Illinois 
coal, scheduled for December 2009.  This test is planned in Phase 2 under a subsequent 
ICCI project. 
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EXPERIMENTAL PROCEDURES 

 
This program’s technical approach to develop oxy tangentially-fired boiler technology is 
proven by Alstom's past experience.  The work includes analytical screening, bench-scale 
tests, and large oxy tangentially-fired pilot testing in the 15 MWth BSF.  BSF testing has 
a long successful history of supporting development and commercialization of Alstom's 
firing systems including the TSF2000™, CCFS™, LNCFS™ upgrades, reburning 
systems, and other technologies.  Today the 50 lowest NOx emitting coal-fired utility 
boilers in the US all incorporate technology developed in this facility. 
 
The effort utilizes a phased approach during which a number of innovative FGR 
scenarios and firing system options were first screened using less costly engineering and 
CFD tools to help select the appropriate configurations and conditions for further BSF 
testing.  The screening also included evaluation of the option’s impact on the overall 
plant.  This screening allows optimization of the testing effort, reduces costs, and insures 
that the testing is focused on commercially relevant test conditions. 
 
For these screening evaluations, a typical Alstom 850 MWe supercritical tangentially-
fired boiler design was selected for the base design and various oxy configurations were 
modeled using Alstom’s proprietary boiler design codes.    
 

CFD modeling was conducted to assess oxy-firing system design variables and their 
impacts on boiler performance.  CFD models of the BSF were developed to allow 
evaluation of various oxy-fired design options.  Data from previous BSF testing were 
used for model setup and calibration of air-fired cases.  The model was then used to 
perform simulations for oxy-fired 
conditions.  
 
In addition to the BSF CFD simulations, a 
detailed model of a large utility boiler was 
developed to compare and confirm similar 
behavior predicted for the BSF.  This unit 
is an existing 850 MWe tangentially-fired 
supercritical boiler representative of a new 
Alstom U.S. design.  This boiler is shown 
in Figure 2.  A number of air-fired and 
oxy-fired cases were run to compare 
behavior.   
 
Results from the oxy-firing process 
scenarios and CFD modeling work were 
used to update the BSF test plan and help 
establish design criteria for necessary 
facility modifications. 

Figure 2 - 850 MW Study Boiler 
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Alstom’s BSF is an atmospheric pressure water-
cooled, balanced draft, combustion test facility 
designed to replicate the time - temperature - 
stoichiometry history of a typical utility boiler.  
Configurable in tangential or wall-fired modes, 
the BSF replicates all major attributes of a utility 
boiler including a “V” hopper, an arch, and 
appropriate (simulated) superheater, reheater, 
and economizer surfaces.  A photo of the BSF 
furnace before program modifications is shown 
in    Figure 3. 
 
The BSF has the capacity for firing a range of 
solid, liquid and gaseous fuels.  For pulverized 
coal firing, the BSF is typically fired at 40-60 
million Btu/hr (13 -18 MWth).  For oil or natural 
gas firing, the BSF is nominally rated at 90 
million Btu/hr (26 MWth).  Actual firing rates are 
set on a case-by-case basis to appropriately 
match the desired time - temperature - 
stoichiometry history for combustion in the BSF 
with the expected field system design. 

    Figure 3 – Boiler Simulation Facility 
 
The furnace walls and heat transfer surfaces of the BSF are cooled by a surrounding 
water jacket open to the atmosphere.  A refractory lining inside the furnace walls is 
utilized to maintain an appropriate furnace gas temperature throughout the combustion 
chamber.  The refractory lining is specifically designed to provide the desired furnace 
heat absorption and resulting furnace temperatures for the test.  The same refractory 
lining is used during both baseline air-fired and oxy-fired tests for each test campaign. 
   

The facility is instrumented to measure and log more than 1000 points including 
essentially all process flows, temperatures and pressures.  Gas compositions are 
continuously measured at the economizer outlet, fabric filter inlet and fabric filter outlet.  
Oxygen concentrations are also continuously measured in the primary (fuel transport) 
stream, windbox oxidant stream, and separate over-fire streams. 
 
Four waterwall test panels are installed at three elevations in the furnace to continuously 
monitor heat absorption rate and deposit response to sootblowing.  Ten upper furnace test 
loops are installed across the vertical furnace outlet plane to continuously measure upper 
furnace heat absorption rate and variations across the furnace.  Deposition/corrosion 
probes are installed at three furnace elevations to expose corrosion specimens and collect 
deposit samples. 
 
In addition to the continuously logged data, probing and sampling is conducted at 
selected test conditions and furnace locations.  Furnace and convection pass temperatures 
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are measured using suction pyrometers.  Heated gas extraction probes are used with a 
dedicated gas analyzer rack system to measure in-furnace gas compositions.  Incident 
heat fluxes to the furnace walls are measured using total heat flux probes and ellipsoidal 
radiometer probes. 
 
Sampling is also performed to measure SO3 concentrations at the economizer outlet and 
in recycle streams returning to the furnace.  Particulate loadings and particle size 
distributions as well as mercury and trace metals concentrations are sampled at the 
economizer and fabric filter outlets.   
 
Test data from the BSF will provide direct support for commercial engineering design of 
the firing system and boiler as well as provide a means to assess, improve and validate 
computational models and design tools.   
 

RESULTS AND DISCUSSION 
 

The overall program began September 2008 and work is scheduled to continue until 
September 2010.  The program is divided into the following tasks: 
 

Task 1 – Project Management 
Task 2 – Bench-Scale Testing 
Task 3 – Screening Evaluations 
Task 4 – 15 MWth Testing 
Task 5 – Analysis and Documentation. 

 
Work is in progress on each of these tasks.  Efforts to date have centered on preparation 
for the 15 MWth BSF tests and execution of the first test campaign.  Modifications to the 
BSF for oxy-firing were completed and the first test campaign was completed on 
September 12, 2009.  Results from this test are still being analyzed.   
  
The status and results to date for each task are discussed below. 
 
Task 1:  An Advisory Group to support the project was established, which includes 
representatives from ten major utility companies as well as representatives from Alstom 
Business Units, the DOE, and ICCI. This Group provides focus and important end-user 
perspective.  A listing of the utility members provide below. 

Ameren  
ATCO    
Dominion Energy  
Great River Energy 
Luminant (TXU)  
LCRA and Austin Energy 
MidWest Generation 
NB Power  
Oklahoma Gas & Electric 
Vattenfall AB 
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Three Advisory Group meetings have been held to date, including review of the plan for 
the first BSF test campaign.  
 
Task 2:  Bench-scale testing of samples from the 15 MWth tests will be conducted as test 
samples are generated.  
 
Task 3:  Different oxyfuel firing scenarios were evaluated through techno-economic 
analysis of a typical Alstom 850 MWe supercritical, tangential-fired boiler design.  The 
base case runs have been completed and relative economic impacts were assessed.  
Process flow diagrams, mass and energy balances, and performance data have been 
generated for several different oxy options, including different Flue Gas Recycle (FGR) 
take-off locations, FGR flow rates and injection locations as well as different oxygen 
injection schemes.    
 
Figure 4 illustrates possible FGR take-off points (numbered 1 - 5) and oxygen injection 
points (lettered A – E).  In general, as FGR is taken closer to the boiler, a greater portion 
of the downstream equipment will benefit by reduced gas flow.  This impacts the size and 
cost for equipment associated with new plants, as well as for existing plants if 
replacement or additional equipment is installed.  However, the closer to the boiler the 
FGR is taken, the greater the concentration of impurities recycled back to the boiler.  This 
could increase corrosion and ash deposition, which may need to be addressed by boiler 
modifications or changes to operating conditions.  Trade-offs associated with FGR 
recycle location are primarily dependent on fuel properties and other site-specific factors.  
High sulfur fuels, such as many Illinois coals, may benefit if FGR is taken after some 
sulfur removal to limit the potential for very high sulfur concentrations in the boiler. 
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Figure 4 – Simplified Oxy Combustion Process Flow Diagram 

 
Oxygen injection location and the concentration of oxygen in the FGR also impacts 
equipment and material requirements.  Materials must be selected based on the 
temperature and concentration of oxygen present.  For higher oxygen temperatures and 
concentrations, stainless steels or other alloys may be required in place of less costly 
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carbon steel.  This can limit the allowable oxygen concentrations for existing equipment 
such as air preheaters and may require additions to or replacement of ducting and other 
components. 
 
CFD modeling of the oxy-firing system design variables and their impacts on boiler 
performance is in progress.  CFD models of the BSF were developed to allow evaluation 
of various oxy-fired design options. Key variables evaluated include: 

 Gas recycle ratio (gas flow rates)  

 Gas recycle composition 

 Oxygen injection method/distribution 

 Windbox design 

 Separate over-fire air design. 
 
In addition to the BSF CFD simulations, a detailed model of a large utility boiler was 
developed, and a number of simulations were run to compare with the BSF predictions.  
Results of the CFD modeling studies and evaluation of oxy-firing scenarios were used to 
refine the project test plan and help define requirements for test facility modifications. 

 

OXYAIR

 
Figure 5 - Example of Temperature Predictions For Air and Oxy-Firing 

                             in the 850 MW Study Boiler  

 
Task 4:  The BSF modifications necessary for oxy operation and to execute the first test 
campaign were completed.  Major facility equipment additions include: 

 Installation of an oxygen supply and injection system,   

 Reconfiguration of gas recirculation systems,  

 Installation of a new fabric filter for particulate removal,  

 Installation of a new SO2 scrubbing system in the gas recirculation systems, and 
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 Installation of new instrumentation and controls. 
 
Figure 6 shows a layout drawing of the BSF with the modifications for oxy-firing, with 
new components shown in blue.  The facility modifications allow the flexibility to test 
under the base air-firing mode and three different oxy-fired process configurations. 
Secondary gas stream recycle can be returned to the furnace 1) before particulate and SO2 

removal, 2) after particulate removal, but without SO2 scrubbing, and 3) after both 
particulate removal and SO2 scrubbing. 
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Figure 6 – Oxy-fired Boiler Simulation Facility Layout 

 
Figure 7 is a photo of the modified BSF with the newly installed oxygen storage system 
in the foreground.  Figure 8 provides a view of the BSF showing the new fabric filter, the 
CO2 gas storage system.  The CO2 gas system is used to supply small purge gas flows to 
ports with on-line video cameras, thermal-imaging cameras, flame scanners, etc., as well 
as for fabric filter bag pulsing during the oxy-fired tests in order to minimize air addition.   
 
For flexibility and to minimize air infiltration to equipment down stream of the furnace 
(such as the fabric filter), a boost fan was added to the flue gas flow stream.  The three 
fan system FGR, gas boost, and induced draft fans) allows both the furnace and the fabric 
filter to operate closer to atmospheric pressure.  Oxygen flows can be independently 
controlled to the primary (fuel transport) FGR stream, the furnace windbox FGR stream, 
and separate overfire upper and lower locations.  Oxygen can be premixed into the FGR 
streams or injected locally into various firing system flow compartments entering the 
furnace. 
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Figure 7 - BSF with Oxy Modifications Viewed From North 

 

 
Figure 8 – BSF with Oxy Modifications Viewed From South   
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Installation of the NID desulfurization system will take place during Phase 2. The NID 
system is an Alstom product based on dry SO2 scrubbing technology. The NID system is 
a dry process based on the reaction between SO2 and Ca(OH)2 in humid conditions. The 
main features of the FDA process are shown in Figure 9.  Additional equipment needed 
to incorporate the FDA test system in the BSF included a FDA mixer/hydrator, additive 
feed system, FDA reaction duct, modification of the flue gas ducting, and additional gas 
analyzers, instrumentation, and controls systems. 
 
A unique feature of the FDA technology is the fact that all recycled absorbent is being 
subject to wetting in the mixer, which maximizes the utilization of the recycled sorbent. 
Water is fed to the mixer to maintain a constant outlet flue gas temperature and desired 
humidity.  After the drying/reaction step, the dried recycled dust is separated from the 
flue gas in the fabric filter and again fed to the mixer.  Make-up hydrated lime is fed to 
the system to maintain the appropriate calcium-to-sulfur molar ratio and desired sulfur 
capture. A major advantage of the FDA technology is that the sorbent is wetted and 
dispersed with aid from the flyash, allowing higher sorbent input and the capability to 
address much higher sulfur coal applications than conventional spray drying 
technologies.  
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Figure 9 – FDA Desulfurization System 

 
Following equipment modifications and facility shakedown, the first BSF test campaign 
was conducted.  The test campaign was successfully completed September 12, 2009.  
Testing included more than 200 hrs of operation, during which time more than 500 tons 
of Powder River Basin subbituminous coal were fired.  Testing was performed under 
both baseline air and oxy-firing conditions.  Oxy parameters tested included gas recycle 
rate, gas recycle take-off location, oxygen injection method, and oxygen distribution into 
the furnace.  The facility was able to operate over a broad range of oxy-firing conditions 
and there were no technical issues observed that would limit application of oxyfuel 
technology. 
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Test measurements focused on changes in combustion behavior, furnace heat transfer, 
and emissions including trace metals and SO3 concentrations.  In addition to logged 
operating data, probing measurements and sampling were conducted during most test 
points.  Detailed planar mapping of furnace gas temperature and gas species distributions 
were conducted during both air- and oxy-fired tests.  Figure 10 shows the furnace planes 
characterized.  Measurements were also taken in the upper furnace and convection pass 
as well as some additional windbox locations.  
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Figure 10 – BSF Furnace Probe Measurement Planes 

 
A summary of the test measurements is provided below: 

 Online Data Acquisition System - Logging of all major flows rates, process 
temperatures, pressures, gaseous compositions, etc. 

 Furnace heat transfer panels and convection tubes - Determination of absorption 
rates.  

 Fly ash loadings and samples for analysis. 

 High velocity suction pyrometers - Measurement of furnace temperature 
distributions.  

 Heat flux probe measurements at various furnace wall locations.  

 Detailed furnace mapping (planar temperature and gas species distributions at 
various furnace elevations) at selected operating conditions. 

 Mercury, trace metals, and SO3 emission measurements at selected operating 
conditions. 
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 Deposition and corrosion probes – Collection and analysis of deposits and probe 
metal for further evaluation. 

 
Test measurements described above are also planned during the Illinois coal test 
campaign to be performed during Phase 2.   
 
Task 5:  Test samples collected during Test Campaign 1, including test fuel, fly ash, 
deposits, and gas sampling for mercury, trace metals and SO3, are being analyzed.  Probe 
corrosion specimens are also being analyzed with focus on the deposit- metal interface 
using Scanning Electron Microscopy techniques.  
 
Evaluation of detailed test data, including mapping measurements from Test Campaign 1 
is underway.  BSF model predictions are being re-run with updated boundary conditions 
and incorporating measured input test data to provide comparisons with the detailed 
mapping measurements.  The comparisons will help evaluate model capabilities and 
allow assessment of submodel parameters used in the simulations. 
 

CONCLUSIONS AND RECOMMENDATIONS 
 
The scope of this ICCI project, addressing integration of the testing requirements for high 
sulfur Illinois coal, was completed.  The 15 MWth BSF has been modified for oxyfuel 
operation and successfully applied in the first test campaign.  The BSF oxyfuel design 
incorporates an SO2 desulfurization system for the Illinois coal testing.  This 
desulfurization system, based on Alstom’s NID dry scrubbing technology, has been 
designed and major components procured for installation during Phase 2.  The program is 
ready to proceed into Phase 2, under which the execution of the Illinois coal test 
campaign will be performed.   
 
Results of oxyfuel process screening evaluations and CFD studies were useful in 
establishing test facility requirements and refining the test plan for the first test campaign.  
The first test campaign was successfully completed.  Knowledge gained from this first 
test campaign on oxyfuel behavior, facility operation and experimental methods will help 
to optimize the testing to be conducted on Illinois coal. 
 
Although data evaluation is still in the early stages, preliminary observations from Test 
Campaign 1 are encouraging and show no technical issues limiting application of oxyfuel 
technology.  Knowledge gain from the BSF test campaigns will be useful in optimizing 
the testing with Illinois coal. 
 
The Alstom’s overall program for oxy-combustion boiler development is on-track and 
proceeding.  Preparations for testing of Illinois coal have been incorporated under this 
ICCI project and it is recommended that ICCI fund Phase 2 testing of Illinois coal.  
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DISCLAIMER STATEMENT 
 
This report was prepared by Armand Levasseur, Alstom Power, with support, in part, by 
grants made possible by the Illinois Department of Commerce and Economic 
Opportunity through the Office of Coal Development and the Illinois Clean Coal 
Institute.  Neither Armand Levasseur and Alstom Power, nor any of its subcontractors, 
nor the Illinois Department of Commerce and Economic Opportunity, Office of Coal 
Development, the Illinois Clean Coal Institute, nor any person acting on behalf of either: 
 
(A) Makes any warranty of 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 
 
(B) 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 product, process, or service by trade name, 
trademark, manufacturer, or otherwise, does not necessarily constitute or imply its 
endorsement, recommendation, or favoring; nor do the views and opinions of authors 
expressed herein necessarily state or reflect those of the Illinois Department of 
Commerce and Economic Opportunity, Office of Coal Development, or the Illinois Clean 
Coal Institute.  
 
Notice to Journalists and Publishers:  If you borrow information from any part of this 
report, you must include a statement about the state of Illinois' support of the project. 
  


