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SCR TechnologySCR Technology

 Catalyst requires properCatalyst requires proper
temperature, homogeneous NOx/temperature, homogeneous NOx/
NHNH33 mixture, homogeneous mixture, homogeneous
temperature, and uniform flowtemperature, and uniform flow
distribution at its inlet to performdistribution at its inlet to perform
properlyproperly



Proprietary Delta Wing SystemProprietary Delta Wing System

BPI consistently meets its NOX reduction and NH3 slip
guarantees across load range and operating conditions

 Results in homogeneous NOx/NH3Results in homogeneous NOx/NH3
concentrations entering SCR catalystconcentrations entering SCR catalyst

 Accommodates variations in flueAccommodates variations in flue
gas conditionsgas conditions

 Provides mixing for NHProvides mixing for NH33

 Greatly reduces injection pointsGreatly reduces injection points
(typically 3 to 8 pts)(typically 3 to 8 pts)

 Minimizes nozzle plugging byMinimizes nozzle plugging by
ammonia saltsammonia salts

 Simplifies tuning / shortensSimplifies tuning / shortens
commissioningcommissioning



Flue Gas Mixing TechnologyFlue Gas Mixing Technology
Delta Wing Mixer



Delta Wing Static MixersDelta Wing Static Mixers



Flow Models
••   1:40 scale flow model1:40 scale flow model

BPI makes extensive use of flow modeling to guideBPI makes extensive use of flow modeling to guide
designs and to ensure proper distributiondesigns and to ensure proper distribution

• 1:15 scale dust model



Cross Mixing Flow in Econ Out /Cross Mixing Flow in Econ Out /
SCR Inlet Plan ViewSCR Inlet Plan View
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Value of ‘Full Duct Mixing’
High NOHigh NOxx Efficiency over Entire Operating Range Efficiency over Entire Operating Range

––Boiler Load, Firing Systems, Mills/BurnersBoiler Load, Firing Systems, Mills/Burners

––Economizer Outlet TemperaturesEconomizer Outlet Temperatures

––Split Back passesSplit Back passes

 Minimal NH Minimal NH33 Slip Slip

 Suitable Conditions for Air Heater Suitable Conditions for Air Heater

––Temperature and Flow DistributionTemperature and Flow Distribution

––Avoidance of PluggageAvoidance of Pluggage

 Low Pressure Drop and Impact on Fans Low Pressure Drop and Impact on Fans

 Maximizes Catalyst Life Maximizes Catalyst Life

 Enables High Performance from an In-duct SCR Reactor Enables High Performance from an In-duct SCR Reactor



Delta Wing vs. Grid NH3 Injection



In Duct SCRIn Duct SCR



Compact in-duct SCR
Coal-fired Boiler



Compact In-duct SCRCompact In-duct SCR
Excelon Handley Unit 3Excelon Handley Unit 3

 Turbo BoilerTurbo Boiler

 94% NOx Removal SCR94% NOx Removal SCR

 In-duct ReactorIn-duct Reactor
ArrangementArrangement

 Delta Wing Mixing SystemDelta Wing Mixing System

 Aqueous AmmoniaAqueous Ammonia

 Honeycomb CatalystHoneycomb Catalyst



Handley Station Unit 3Handley Station Unit 3
 400400 MWe MWe Gas-fired Gas-fired

BoilerBoiler
 Turbo Fired FurnaceTurbo Fired Furnace

•• Pressurized Design (2) FD FansPressurized Design (2) FD Fans
•• 24 Directional Flame Burners24 Directional Flame Burners
•• IFGR, SFGR, Burner IFGR, SFGR, Burner ModsMods

 Two Pass BoilerTwo Pass Boiler
•• Main Pass(Reheat)Main Pass(Reheat)
•• BypassBypass

 Reheat ControlReheat Control
DampersDampers



Handley SCR System DesignHandley SCR System Design



Design ChallengesDesign Challenges
 Catalyst PerformanceCatalyst Performance

•• space limitationspace limitation
•• pressure drop constraintpressure drop constraint

 Short Mixing LengthShort Mixing Length
 Reheat Control Damper LocationReheat Control Damper Location
 Temperature DistributionTemperature Distribution
 ScheduleSchedule



Reheat ControlReheat Control
DamperDamper

OperationOperation



Flow Model Flow Model ObjectivesObjectives
 NHNH33/NO/NOXX distribution @ 1 distribution @ 1stst layer layer
 Gas velocity distributionGas velocity distribution
 Temperature distributionTemperature distribution
 System pressure lossSystem pressure loss
 Control for performance at low loadControl for performance at low load
 Streamline Optimization ProcessStreamline Optimization Process

•• Reduce number of injection nozzlesReduce number of injection nozzles
•• Initial NHInitial NH33 settings settings



Distribution CriteriaDistribution Criteria
100% Catalyst Surface100% Catalyst Surface

151566%  RMS%  RMSNHNH33/NO/NOXX

15151515% RMS% RMSGas VelocityGas Velocity

+/- 50+/- 50+/- 50+/- 50ooFFTemperatureTemperature

75, 50, 2575, 50, 25100100%%LoadLoad



Delta WingDelta Wing

Static Mixing DevicesStatic Mixing Devices



Handley SCR FlowHandley SCR Flow
ModelModel

Scale 1:25Scale 1:25



AmmoniaAmmonia
MixersMixers



Handley SCR Flow ModelHandley SCR Flow Model
Ammonia DistributionAmmonia Distribution

100% Load 40% Load

                                                                + 11%
  /cavg= 4.9%     max Δc/cavg=                                                                 - 9.3%

                                                                  + 30%
  /cavg = 11.7%     max Δc/cavg=                                                                      - 18%   
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Handley SCR NHHandley SCR NH33/NO/NOXX Test Results Test Results
Reactor 3AReactor 3A

100% Load 25% Load

  / cavg = 3.8%   / cavg = 5.5%



SCR PerformanceSCR Performance

99iwgiwgPressurePressure
LossLoss

<<33<<33<<33<<33ppmppmNHNH33 Slip Slip

93.393.394.494.496.396.394.394.3%%
NOxNOx
ReductionReduction

0.010.010.010.010.010.010.020.02Lbs/Lbs/MBtuMBtuOutlet Outlet NOxNOx

0.150.150.180.180.270.270.350.35Lbs/Lbs/MBtuMBtuInlet Inlet NOxNOx

104104200200307307410410MWMWUnit LoadUnit Load



SummarySummary

 94 % 94 % NOx NOx Reduction / 3 Reduction / 3 ppm ppm slipslip
 8 months design/commissioning8 months design/commissioning
 Compact design / short mixing lengthCompact design / short mixing length
 No relocation of major equipmentNo relocation of major equipment
 12 Injectors with Delta Wing12 Injectors with Delta Wing® ® mixersmixers
 Full and part load operationFull and part load operation
 10 days initial operation to acceptance10 days initial operation to acceptance


