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Hybrid DefinedHybrid Defined
SNCRSNCR
•• TraditionalTraditional
•• ReRe--DesignedDesigned

Compact SCR DesignCompact SCR Design
•• ToolsTools

Hybrid GoalsHybrid Goals
Real Life ExamplesReal Life Examples
CostsCosts



Hybrid NOHybrid NOxx Control SystemControl System
““CascadeCascade®®””
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RedesignedRedesigned SNCR SNCR 
System with SCR System with SCR 
(using urea)(using urea)
Higher NOHigher NOxx
Reduction and Reduction and 
Utilization than Utilization than 
SNCRSNCR
NHNH33 slip consumedslip consumed
in SCR in SCR 
Low SOLow SO22 to SOto SO33
Conversion RatesConversion Rates
50 50 -- 75% overall 75% overall 
NONOxx reductionreduction
Low capital costsLow capital costs



Traditional Urea Based Traditional Urea Based SSelective elective NNonon--
CCatalytic atalytic RReduction (SNCR) of NOxeduction (SNCR) of NOx

Primary 
Combustion

NOx

NOxOUT A
Urea 

Reagent

1,700 -
2,400 ° F

N2/H2O/CO2 (NH3 Slip)

Post CombustionPost Combustion
Gas Phase ReactionGas Phase Reaction
Furnace is the ReactorFurnace is the Reactor
Typical Combustion ProductsTypical Combustion Products
Process ParametersProcess Parameters
•• TimeTime
•• Temperature and SpeciesTemperature and Species
•• Distribution Distribution 

Widely ApplicableWidely Applicable



Hybrid

1290 1470 1650 1830 2010 2190 2370

Low Temperatures
• Slow Droplet Evaporation
• Slow Kinetics
• Low OH Concentration
• Ammonia Slip

High Temperatures
• Rapid Droplet Evaporation
• Fast Kinetics
• Increased OH Concentration
• Urea Oxidation to NOx

NOx Reduction

Ammonia Slip

““Right Side of the SlopeRight Side of the Slope”” InjectionInjection



Hybrid SNCR InjectionHybrid SNCR Injection



CFD ModelingCFD Modeling
Cold Flow ModelingCold Flow Modeling

Expanded Duct SectionExpanded Duct Section

Hybrid InHybrid In--DuctDuct



Cold Flow Models and Flue Gas MixingCold Flow Models and Flue Gas Mixing

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

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

Delta Wing MixerDelta Wing Mixer



Typical Hybrid Process GoalsTypical Hybrid Process Goals
Multiple Levels of SNCR Injection for Multiple Levels of SNCR Injection for 
Load Following CapabilitiesLoad Following Capabilities
50 50 -- 75% Overall NOx Reduction, 2 75% Overall NOx Reduction, 2 -- 5 5 
ppm NHppm NH33 SlipSlip
One Catalyst Layer at 1.3 m DepthOne Catalyst Layer at 1.3 m Depth
SCR Inlet Temp = 650 SCR Inlet Temp = 650 °°F Norm / 800 F Norm / 800 °°F F 
MaxMax
No Ammonia Injection GridNo Ammonia Injection Grid
Efficient Mixing to Achieve Uniform Efficient Mixing to Achieve Uniform 
DistributionDistribution
SOSO22 to SOto SO33 Conversion < 0.5 %Conversion < 0.5 %
Fits within the Physical Space LimitationsFits within the Physical Space Limitations



Commercial Compact SCR 
and Hybrid (SNCR/SCR) 

Examples



Example 1: Example 1: Compact InCompact In--Duct SCR Duct SCR 
Exelon Handley Unit 3Exelon Handley Unit 3

Turbo Boiler Turbo Boiler –– Gas Gas 
FiredFired

94% NOx Removal 94% NOx Removal 
SCRSCR

InIn--duct Reactorduct Reactor

Delta Wing Mixing Delta Wing Mixing 
SystemSystem

Honeycomb CatalystHoneycomb Catalyst



BPI BPI -- Handley Test ResultsHandley Test Results
Full load and low load NOx outlet Full load and low load NOx outlet 
concentrations achieved at  0.02 and concentrations achieved at  0.02 and 
0.01 lbs/Mmbtu respectively0.01 lbs/Mmbtu respectively

NOx removal efficiencies of >94% NOx removal efficiencies of >94% 

Stack ammonia slip <3 ppm measuredStack ammonia slip <3 ppm measured

SCR system pressure loss as predictedSCR system pressure loss as predicted

NH3/NOx ratios < 6% RMS, per designNH3/NOx ratios < 6% RMS, per design

Optimization of unit in six operating daysOptimization of unit in six operating days



TT--fired CE furnace: 1990 BL of 0.78 fired CE furnace: 1990 BL of 0.78 
lb/MMBTUlb/MMBTU

Furnace and convective pass injectionFurnace and convective pass injection
Design Case:Design Case:

42% reduction, 0.45 #/42% reduction, 0.45 #/MMBtuMMBtu, <5 , <5 ppmppm NHNH33 slip slip 
Operational Case:Operational Case:

35% reduction, 0.50 #/35% reduction, 0.50 #/MMBtuMMBtu, <2 , <2 ppmppm NHNH33 slip slip 
Less than 10 % in convective passLess than 10 % in convective pass

High Ammonia Slip CaseHigh Ammonia Slip Case
54% reduction, 0.36 #/54% reduction, 0.36 #/MMBtuMMBtu, , ≈≈10 10 ppmppm NHNH33 slipslip
ShortShort--term testingterm testing

Increased chemical in convective passIncreased chemical in convective pass

Example 2: Fuel Tech Example 2: Fuel Tech 
Seward Station Seward Station -- 147 147 MWgMWg, Coal, Coal



Required Required NHNH33 ReductionReduction from 20 from 20 
ppmppm to 2 to 2 ppmppm

Rapid Flue Gas MixingRapid Flue Gas Mixing

Minimum SOMinimum SO33 production production 
(Ammonium Salts)(Ammonium Salts)

Minimum pressure dropMinimum pressure drop

Withstand coal fired gas streamWithstand coal fired gas stream

SCR Expanded-duct Reactor Design





Maximum Reduction Achieved (>50%)Maximum Reduction Achieved (>50%)

•• System Tuned to 2, 10, or 20 System Tuned to 2, 10, or 20 ppmppm slipslip

•• LowLow--Load Operation at 2 Load Operation at 2 ppmppm Slip.Slip.

Increased Chemical UtilizationIncreased Chemical Utilization

Less than 2 Less than 2 ppmppm ammonia slip at SCR Outletammonia slip at SCR Outlet

Hybrid SNCR/SCR Operated for more than 5 Hybrid SNCR/SCR Operated for more than 5 
yearsyears

Hybrid SNCR/SCR PerformanceHybrid SNCR/SCR Performance



Fuel
NOx Control 

System NSR
SNCR 

Reduction
SNCR 

Utilization
SCR 

Reduction
Total 

Reduction
Overall 

Utilization

Coal Standard SNCR 1.19 37.0% 31.1% - 37.0% 31.1%

Coal Hybrid 0.79 41.1% 59.2% 16.3% 50.7% 64.2%

Coal Hybrid 1.15 36.9% 45.7% 54.2% 71.1% 61.8%

Gas Hybrid 1.44 36.1% 38.6% 78.9% 86.5% 60.1%

Gas Hybrid 1.56 39.0% 37.1% 83.6% 90.0% 57.7%

•• Ammonia Slip at 10 Ammonia Slip at 10 ppmppm or lessor less

Example 3; High Load (320MWe) Hybrid Example 3; High Load (320MWe) Hybrid 
ResultsResults



Example 4; AES Example 4; AES GreenidgeGreenidge Application Application 
Hybrid SystemHybrid System

115 MW Coal Fired Unit, 2.9% S 115 MW Coal Fired Unit, 2.9% S 
Bituminous coalBituminous coal
Two levels of SNCRTwo levels of SNCR
InIn--duct reactor; single layer of catalystduct reactor; single layer of catalyst
Short distance between economizer and Short distance between economizer and 
reactorreactor
SNCR provides ~ 40% reductionSNCR provides ~ 40% reduction
SCR provides balanceSCR provides balance
Overall system provides ~ 66% Overall system provides ~ 66% 
reductionreduction





All-In Capital Cost vs. NOx Reduction

SCRSCR $70 $70 -- +$200?/KW +$200?/KW 80 80 -- 90%90%

SNCR SNCR $10 $10 -- $30/KW $30/KW 20 20 -- 35%35%

Hybrid Hybrid $35 $35 -- $80/KW$80/KW 50 50 -- 75%75%



Hybrid combines redesigned SNCR with SCRHybrid combines redesigned SNCR with SCR

Control Flexibility: Operating vs. Capital Control Flexibility: Operating vs. Capital 
CostsCosts

Hybrid can control slip and improve Hybrid can control slip and improve 
utilizationutilization

50% and 75% NOx Reduction with 50% and 75% NOx Reduction with 
significantly reduced SCR retrofit capitalsignificantly reduced SCR retrofit capital

Each Unit Must Be Evaluated to Determine Each Unit Must Be Evaluated to Determine 
Feasibility for placement of an INFeasibility for placement of an IN--DUCT or DUCT or 
COMPACT SCR.COMPACT SCR.

2 Utility and 3 Industrial Hybrid Applications2 Utility and 3 Industrial Hybrid Applications

Conclusions
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Mr. Dale PfaffMr. Dale Pfaff
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Mr. Rich AbramsMr. Rich Abrams
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