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ABSTRACT

CALCULATED FLOW RATES & DIAGRAM OF EXPERIMENTAL SETUP

PROGRAM OBJECTIVES

BURNER AND FURNACE
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ACKNOWLEDGMENTSThe experimental equipment allows the furnace to operate under traditional air combustion as well using different ratios of CO2/O2. In 
the initial experiments, CO2/O2 will be varied.  Measurements will examine the effects of combustion environment on ash behavior and 
chemistry. Specific attention will be paid to the size classified aerosol behavior and compared to air combustion.  The experimental 
system will include provisions for oxidant preheat as well as the addition of moisture and pollutant species (NOx, SO2, etc.).

Combustion Gas: Air

Combustion Gas: 20.9% O2
Combustion Gas: 27% O2

The experiments will simulate combustion with 20% 
excess air and various CO2/O2 ratios. The tables above 
shows calculated coal feed rates to give residence times 
of 1 and 1.5 s in the reactor.  Several different 
experimental conditions include:

20.9% O2 case provides a direct comparison to the 
amount of O2 present in air

27% O2 case yields the same radiative heat flux as air 
combustion

32% O2 matches adiabatic flame temps with those of air 
combustion

40% O2 as an example of higher O2 enrichment. 
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The burner is designed in three sections; the top section allows the coal to be carried (by air or CO2) axially to the premixing zone. 
The air or CO2/O2 mixture is introduced tangentially to encourage homogeneous mixing. The length of the middle section can 
easily be modified to adjust the mixing volume. The bottom section has a water cooled radiation shield prevent preignition. 

The alumina furnace tube is 1.5 m in length 
and 5 cm in diameter. The study will be 
conducted with several different coals, 
including a Utah coal from the Skyline Mine 
and a Wyoming coal from the Black 
Thunder Mine in the Southern Powder River 
Basin.

The U.S. EPA has proposed to regulate underground injection and sequestration of CO2 under the Clean Water Act.  
The program offices involved (OW & OAR) will need technical information from to inform the regulatory process.

Program objectives and research questions include:

How does oxyfuel operation affect pollutant formation and how does this compare to air operation?  Of particular 
concern are changes in ash transformations, chemistry, and PM emissions and the effect on HAP metals.

How do existing pollutant control technologies (SNCR, ESPs, FGD, etc.) perform when operated under oxyfuel
environments?

What are the characteristics and composition of flue gases presented to the compression purification unit (CPU).

What flue gas precleaning is required for CPU operation?

What is the composition of the various streams produced in the CPU?

What is the composition of the CO2-rich effluent proposed for GS?

Program Phases:

Phase 1 - bench-scale one-pass CO2 reactor experiments (examining ash behavior)

Phase 2 - lab-scale ~35 kW (with flue gas recirculation) and separate CPU development (with simulated flue gas)

Phase 3 - integration of lab-scale combustor with CPU (processing actual flue gas)  

In July 2008, the U.S. EPA proposed to regulate the underground injection of carbon dioxide (CO2) for the purpose of geologic sequestration (GS) under the Safe 
Drinking Water Act (SDWA).  Elements of this proposed rule will build upon existing Underground Injection Control (UIC) regulations, with modifications to 
address the unique nature of CO2 injection for GS.  UIC regulations address technologies developed and refined by the oil and gas, and chemical manufacturing 
industries over the past several decades, and when applied to CO2 GS would regulate the siting, construction, operation, monitoring and testing, and closure of 
injection wells that could endanger the safety of underground sources of drinking water as required by SDWA.  One of the major concerns is the presence of 
impurities in the CO2 stream.  These impurities could include residual quantities of hydrogen sulfide, sulfur and nitric oxides (or acids), mercury and other volatile 
metals, as well as organic and inorganic hazardous pollutants.

Oxygen enriched coal (oxy-coal) combustion is a developing, and potentially a strategically key technology intended to accommodate direct CO2 recovery and 
sequestration.  Oxy-coal combustion is also intended for retrofit application to existing power plants.  During oxy-coal combustion, combustion air is separated 
into its oxygen (O2) and nitrogen (N2) components and the coal is burned in a mixture of O2 and recycled flue gas.  By eliminating the N2, ~80% of the volumetric 
flow through the utility plant is eliminated.  The resulting effluent composed primarily of CO2, H2O, and small amounts of residual O2 and pollutant species (SOX, 
NOX, fly ash, metals, Hg, HCl, organics, etc.) must be further processed before the CO2 can be compressed, transported, and sequestered.

The state of the science behind oxy-coal combustion technology is far from mature, although a number of academic, governmental, and industrial research 
organizations are investigating various aspects of the technology.  These ongoing efforts, however, are focusing primarily on resolving technical and operational 
issues such as ignition and flame stability, fouling, slag behavior, corrosion, heat transfer, and efficiency.  There is a significant lack of understanding regarding 
the environmental issues which must also be addressed before oxy-coal combustion can be adopted commercially.  These include effects on pollutant formation, 
and how changes in pollutant behavior, concentrations, and the flue gas environment affect existing pollution control devices, and the characteristics of the various
process and waste streams.  Key questions include what purity of CO2 is required to ensure safe long term GS, whether trace levels of sulfuric and nitric acids and 
other impurities can be compressed and sequestered with the CO2, and what are the characteristics of the ash and especially the fly ash and volatile metals such as 
mercury and selenium (Hg, Se) that would normally penetrate the particle control devices as an air emission, but now may be compressed and sequestered with the 
CO2.  Other questions include the effect of a CO2 environment on particle charging and electrostatic precipitator (ESP) operation, as well as similar concerns 
related to the operation of selective catalytic reduction (SCR) units and acid gas scrubbers.

To address some of these environmental issues, the U.S. EPA’s National Risk Management Research Laboratory (NRMRL) is modifying several in-house 
combustion facilities to conduct oxy-coal experiments.  In the first set of experiments, a small bench-scale (5 cm inside diameter by 1.5 m long) externally heated 
alumina reactor is being modified to burn coal with mixtures of O2 and CO2.  Initial experiments will examine the effects of combustion environment (O2, CO2, 
H2O) and temperature on ash vaporization.  Trace metal behaviour (including Hg and Se) are of particular interest.  Measurements will include particle size 
distributions, extent of metal vaporization, and metal speciation.  Variations in NO and SO2 emissions as well as efficiency (CO and ash carbon) will be examined 
and compared to air combustion.  

Concurrent with these initial bench-scale experiments, a larger 35 kWt coal combustor is being modified to allow for O2 operation and flue gas recycling 
(including burner, moisture condenser, flue gas reheater, fan and/or blower, and flow controls).  With air combustion, this laboratory-scale combustor operates 
with ~0.8 m3/min total flue gas flow.  Oxy-coal operation will reduce exhaust flow to ~0.16 m3/min.  This combustor also has existing fabric filter, wet scrubber, 
and selective catalytic reduction equipment.  Plans for a small electrostatic precipitator are also being made.  Finally, NRMRL also operates a 1.2 MWt pilot-scale 
coal combustor, however, modification of this unit for oxy-coal operation are not being planned at this time.  This presentation will report on the results of initial 
ash vaporization experiments using the bench-scale reactor, as well as the status of the design and modification of the laboratory-scale furnace for oxy-coal 
operation. 

Combustion Gas: 32% O2

Combustion Gas: 40% O2


