PROJEKLCT Environmental & Water
fa Ct S —

U.S. DEPARTMENT OF ENERGY
OFFICE OF FOSSIL ENERGY
NATIONAL ENERGY TECHNOLOGY LABORATORY

NOyx ConTrOL FOR UTiLITY BoiLER OTR

NETL COMPLIANCE

Background
Enacted regulations pertaining to the NOy SIP Call and potential future regulations
PRIMARY PROJECT in proposed legislation such as the President’s Clear Skies Act or EPA's Clean Air
PARTNER Interstate Rule require power producers to seek the most cost effective methods to

achieve compliance. In order to address present and anticipated NOx emissions
control legislation targeting the current fleet of U.S. coal-fired boilers, the Department
of Energy’s (DOE) Innovations for Existing Plants (IEP) Program develops advanced,
low cost, NOy control technologies. Managed by the DOE’s National Energy
Technology Laboratory (NETL), the IEP Program develops these technologies in
CONTACTS order to keep coal a viable part of the national energy mix. Such technologies
address issues of health, ground-level ozone, ambient fine particulates, visibility,
eutrophication, climate change, as well as “acid rain” precursors.
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urea-based, selective

non-catalytic reduction (SNCR) system. The testing has provided insights into
mechanisms that can enable SNCR technology to complement the NOy reduction
attainable with ultra low-NOy burner technology in order to achieve NOx emissions

of 0.15 Ib/10¢ Btu for front and opposed wall-fired boilers.
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Objectives

The objective of the project is to achieve a NOx level below 0.15 Ib/10% Btu (with
ammonia slip of less than 5 ppm) using PRB coal, B&W’s DRB-4Z™ [ow-NOy
pulverized coal (PC) burner in combination with dual zone overfire air ports, and
Fuel Tech’'s NOxOUT® . The proposed goal of the combustion system (no SNCR)
for this projectis a NOy level at 0.15 Ib/108 Btu. The NOy reduction goal for SNCR
is 25% from the low-NOyx combustion emission levels. Therefore, overall NOx




emissions could approach a level of 0.11 Ib/108 Btu. In addition, an SCR/SNCR hybrid technology will be evaluated
using SCR at full load and SNCR at low load conditions. Since the majority of existing commercial SCR units use

ammonia, SNCR data with ammonia as a NOx reducing agent will be obtained at low load conditions.
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the conditions of large coal-fired utility boilers.
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In a prior DOE sponsored project, three coals were tested: PRB coal, Pittsburgh #8 high volatile bituminous coal, and
Middle Kittanning medium-volatile bituminous coal. Under the most challenging boiler temperatures at full load
conditions, baseline (unstaged, no air staging) NOx emissions were 0.26 Ib/10¢ Btu for PRB coal, 0.30 for Pittsburgh #8,
and 0.40 for Middle Kittanning coal. The SNCR system reduced NOyx emission levels to 0.19, 0.22, and 0.32,
respectively. Under the more favorable reduced load conditions, NOx emissions were lower for both baseline (burner
only) and SNCR operation. Baseline NOx emissions of 0.17 1b/108 Btu for PRB coal at 60 million Btu/hr were
reduced to 0.13 Ib/106 Btu by SNCR. The lowest NOy of 0.09 Ib/108 Btu was achieved at a 40 million Btu/hr firing rate.
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The prior SNCR development work has been performed without
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OFA and with urea using wall-injectors. In the current project, E g #
additional baseline NOx reductions will be achieved by the e RS ‘
utilization of OFA. Improved performance of the SNCR process owmesen ¥ Qe | e xx o H
will be demonstrated with convective pass injection at full load —. Liolelf el
via a convective pass multiple nozzle lance (MNL) in front of the Ty
superheater tubes. This technique has the following advantages: ,,_:;‘_ -
1) lower injection temperature; 2) improved mixing between urea
and boiler gases; and 3) achievement of very fine urea particles

that evaporate quickly and engage in reducing NOy.
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The cost of the low-NOy burner/SNCR technology is less than three-quarters of the cost of SCR. Economic
analyses have shown that the total levelized costs of low-NOy burner/SNCR and SCR for a 500 MWe coal-fired
boiler with a baseline NOy emission of 0.5 1b/108 Btu are $406 and $847/ton of NOy removed, respectively.

Since SNCR performs very well in low load conditions, a hybrid SCR/SNCR technology can be commercialized to
take advantage of the strength of both technologies. The full-load conditions of utility boilers are very challenging
environments for SNCR technology, since temperatures are high and residence time is low for reaction. SCR, on the
other hand, can achieve over 90% reduction at full load, but there are concerns about catalyst poisoning at low loads
due to ammonium bisulfate deposits on the catalyst. If SNCR is used in low load and SCR in full load conditions,
the hybrid system will use the strength of both technologies. Since the majority of commercial SCR units use
ammonia, the current database should be expanded with testing SNCR with ammonia at low load conditions.

A hybrid SCR/SNCR system will reduce both the operating and capital costs. Operating cost savings will be
realized, because when a boiler utilizes an economizer by-pass to maintain catalyst temperature, the boiler suffers
an efficiency loss of up to 0.5%. Also, the operating cost will be lower since this proposed technology will prevent a
potential maintenance problem with bisulfate deposits. Capital cost savings will be realized by reduction of flue work,
dampers, etc., since the economizer by-pass will not be required.

Proj296.pmd





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


