NOx Control Implementation
at
Deseret Power, Bonanza Station

Larry Jorgensen, DGT, Vernal, Utah
Electric Power 2005, Chicago, Illinois

Introduction

Deseret Power is a member-owned, regional electrical cooperative providing power to
over 40,000 people in six member systems throughout Utah, Wyoming, Colorado,
Nevada and Arizona. The Bonanza Power Plant is a coal fired, 485 MW unit. The Foster
Wheeler Boiler has five pulverizers in an opposed firing arrangement. The boiler does not
have overfired air but has burners with low NOx nozzles.

In May 2000, the Unit completed a change out of the main turbine rotor to a new
ruggedized rotor design. During this same outage, we replaced three pulverizers with
B&W 89G+ mills; the controls were migrated to a Foxboro DCS system as well.



Project Background & History

We installed larger pulverizers in 2000 due to having to burn a lower quality of coal at
the plant while maintaining the same rated steam flow. One of the effects was increased
NOx output from the boiler. The EPA rules for New Source Review are baselined on the
NOx production at the plant during the previous five years rather than actual permitted
limits. In order to avoid a New Source Review by the EPA we needed to be able to stay
under the NSR limit even though it is below our permitted limits. During the first few
years after the outage, we kept below the NSR limits, but with continually decreasing
coal quality, our ability to control NOx pushed the limits of our equipment.

We formed a team from Operations, Engineering, and E&C to evaluate and recommend
solutions to help us in NOx control with minimal impact on Unit efficiency, availability,
and capacity. We evaluated various approaches — mechanical vs. control based.

The recommendation from our team was to implement the CombustionOpt, the neural-
network-based combustion optimization system from NeuCo. Our primary reasons for
this choice were CombustionOpt’s record of accomplishment in implementation, and
NeuCo’s ability to deploy their product without a unit outage or ramping for extensive
parametric testing. In addition, there was the benefit of a potential integrated plant
optimization system, which could extent the results seen in our boiler to other areas of the
plant.

Implementation of a Combustion Optimization System

To get the CombustionOpt system up and running, there were a few hurdles to overcome.
The first was to have something that would interface with the DCS, reading data in as
well as the ability to write data back to the DCS. Our present DCS historian could not
write data back to the DCS. We then installed an OSI soft PI historian as a secondary
historian. The next step was to determine which controls we would allow CombustionOpt
to manipulate and constraint ranges for each control point. We ended up with 43
manipulated variables with very conservative constraints.

The next step was to work with Operations personnel and develop models that reflected
how the plant actually functions to obtain the desired results. NeuCo created the initial
models. Plant personnel created subsequent models after seeing the effects of the various
models and the desired outcomes. We learned how to focus the models to certain
variables and constraints because the easiest way to achieve, lower NOx in this case, is
not always the most desirable way. By selecting which manipulated variables used in
each individual model, we could have the Neural Network bias controls in the area where
we wanted it to function.

A schedule was setup for DOE (Design of Experiment) where subsets of control points
were enabled so the neural network models used by the combustion optimizer could learn
the relationships of that subset of variables. Model training went on for several weeks.



During this time, the Operators were educated on what the system would do for them as
well as how the system was affecting unit operations. This interactive approach helped us
to refine both the models and constraints used.

Results to Date

Prior to the CombustionOpt implementation, NOx averaged around 0.43 Ibs/mmbtu.
Currently we run around 0.35 Ibs/mmbtu. During the implementation phase, we allowed
CombustionOpt to take NOx as low as it could. We were able to achieve a NOx level of
0.26 1bs/mmbtu but with a large increase of LOI and CO. Once we achieved our goals for
NOx control, we then shifted the focus of CombustionOpt to improving boiler efficiency
and lowering CO. With the highest priority models focused on boiler efficiency, we
gained as much as 1.5% efficiency. Later on, we added new models to focus on CO and
lowered our CO by nearly half.

In order to get a good balance between opposing priorities, our boiler efficiency increase
normally runs near 1%. The chart below shows the monthly averages from the beginning
of 2004 through January 2005. One of the first things you might notice is that we have a
lot of variation in the coal that we burn in the plant. If you follow the heat rate line you
will see a peak around October 2004, where a large amount of rain occurred in what is
normally a very dry climate, causing a large impact on unit heat rate.
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Keys to Success and Sustaining Benefits

The major factor in making a project of this kind successful is in its acceptance by those
who are using it. This requires several things: management support, responding to
Operator concerns, the ability to make changes to the Neural Network parameters, and
some demonstrable improvement to make all the effort worthwhile.

The Operators that run the Unit can make or break a project of this type. They have
control of enabling the system and/or individual points. If they are not convinced and
motivated to use the system, no real results will follow. This requires having at least one
person who can work with Operations and the vendor so that there is open
communication, to address Operator needs and system configuration. When there is
adequate feedback to the Operators to show them the benefits of using the system they
will then become advocates of it and help in its continuing success.

How the Project Fits Within the Plant’s Overall Goals

Now that we have had the combustion optimization system in place for over a year, we
have been able to refocus the system several times to the changing plant goals and
constraints. Due to the beneficial results achieved so far, we are in the process of adding
drives and controls to our lower furnace air ports (underfire air). Experience has shown
us that these have a large impact on the operation of the boiler and with our experience
with CombustionOpt’s Neural Network; we feel it will enhance our ability to achieve our
future goals.

Concurrently with CombustionOpt, we have been working with NeuCo on deploying
their PerformanceOpt solution that uses on-line, first principles-based models to measure
unit/equipment performance and identify potential areas for improvement. This will
allow us to accurately monitor unit performance, provide real-time feedback to the
Operators on how well the plant equipment is functioning, and prioritize actions to
address any performance gaps. We plan to use this to deliver shift performance reports to
the Operators and Management.

We are also exploring using a Neural Network system to help us in our wet scrubber to
improve limestone utilization. Limestone is our second largest consumable product after
coal and can have a large impact on plant O&M cost.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /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 <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


