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" »“Options for Clean Coal PURDUE

A Three front runners:

Oxygen combustion (Oxyfuel)
A Concentrated CO, in products

Amine (or others) scrubbing for new or existing
plants

A Extracts the CO, from the flue gas using a regenerable
sorbent-catalyst such as momoethanolamine (or MEA)

Integrated Gasification Combined Cycle (IGCC)
A Also concentrates CO,

A Attractive approach, but challenges include complexity of
operation

A fSome current studies show oxygen combustion
as the least costly while others lean toward

N\

IGCC, Indicating that the jury is still out. ©
(Willlams et al., BR-1779, 2006)



" “What is oxyfuel combustion? PURDUE

UNIVERDISITY

A Oxyfuel A Increases CO, concentration

Pure oxygen as oxidizer (often i Easier to recover
diluted with flue gas)

Reduces or eliminates NOx (no
Nitrogen in oxidizer flow)

Could be used In retrofit coal plants
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Progress of Project PURDUE

A Literature Reviewed

A Radiation analysis in a pilot scale oxy-

fuel boller firing natural gas and coal in
Jupl teros pil ot scal

A Construction of particle burner
A Initlal combustion results



" J“Radiation Measurements - Motivation PURDUE

A Radiative Heat Transfer
Dominant heat transfer mode in boiler furnace
Non-gray body behavior (spectral dependence)

A Temperature Measurements in Oxy-Fuel Boilers

Pilot scale
Above 3,000 K in Jupiter burner
Challenging to measure



" .“Objectives PURDUE

A Measure spectral radiation intensities of a pilot-
scale oxy-fuel boiler at various locations (by
Jupiter engineers)

A Analyze measured radiation data

A Estimate temperate profile at one cross-section
of the boller furnace using inverse radiation
Interpretation



" J“Experimental Methods PURDUE

A The Pilot Scale Boiler
Doosan Backcock 80 MBtu/hr boiler
Four Maxson 10 MBtu/hr
Total heating rate during tests: < 30 MBtu/hr

A Test Matrix

HT oxy-natural gas without CO,, recycling

HT oxy-natural gas with CO, recycling (blanket)

LT oxy-natural gas with CO, recycling (synthetic air)
AlIr firing natural gas

HT oxy-coal without CO, recycling

A Fast Infrared Array Spectrometer (FIAS)
Portable
Staggered PbSe linear array sensor cooled by TEC
160 wavelengths from 1.4 t0 4.8 um
Scan frequency: 6,250 Hz
Acquisition frequency: 1,320 Hz
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" " Temperature Estimate I RDUE

FIAS Wall

Arrangement of spectral radiation intensity
measurements
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Results and Discussion

LT Oxy-fuel
Air-firing
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w/ FGR
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Comparison of estimated
temperature profiles

A Peak temperatures of HT
oxy-fuel flames are MUCH
higher

A Temperatures of LT oxy-
fuel air-firing flames are
comparable

A Gas temperature near the
wall of the HT oxy-fuel
without FGR configuration is
the highest



" J“Results and Discussion PURDUE
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A Test 23: HT oxy-fuel without FGR
A Test 24: HT oxy-fuel with FGR (CO, blanket)



" +“Results and Discussion PURDUE
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" J"Results and Discussion

Comparison of, of oxy-coal and oxyNG flames
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Measured |, of oxy-coal flame
A Continuum radiation from
particles

A Much smaller dips at 2.3, 2.7 and

4.0 an
A Big dip at 4.2 ém
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A Same measurement location

A Slightly different
A Maybe different f
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B _"Combustion Studies at Purdue PURDUE

A Constant volume or
pressure ignition and
combustion

Flame and ignition
characterization
studies

Pollutant
concentrations

RFG/O,%
optimization
Comparisons with
Jupiter pilot reactor

Indiana coals Can we stabilize @CO,/Coal flame with
considered lower O, concentration?



