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Overview

ØNOx Controls

üS C R Details

üCatalyst 

üNOx Controls on Frame Size 
Combustion Turbines



Fly Ash Handling

NOx Control by
Selective Catalytic Reduction

• NOx reacts with NH3 given the 
right Environment

• “Active Sites” on the Catalyst 
facilitate the Reaction between 
NOx & Ammonia



Fly Ash Handling

S C R Chemistry

• 4NO + 4NH3 + O2 ==> 4N2 + 6H2O

• NO + NO2 + 2NH3 ==> 2N2 + 3H2O

• 2NO2 + 4NH3 + O2==> 3N2 + 6H2O

• 6 NO2 + 8 NH3    ==> 7N2 + 12H2O



S C R 
From Laboratory to Field

Flow Modeling

• Computational Fluid Dynamics (CFD)

• Physical Models
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Fly Ash Handling

Ammonia 
Injection Grid 

for High 
Efficiency SCR 
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Fly Ash Handling

AIG Tuning 
Valves for 

High 
Efficiency 

SCR 



Fly Ash Handling

Catalyst Sizing

• Exhaust Mass Flow

• Exhaust Temperature 

• Exhaust Gas Composition

• Exhaust NOx 

• NOx reduction efficiency

• Ammonia Slip

• Catalyst Life & Starts/Stops

• Fuels - Gas, Distillate

• System Pressure Drop



Fly Ash Handling

Catalyst Types

• Plate

• Coated Honeycomb

• Extruded Honeycomb

• Pellet

• 3% Vanadium

• 0.5% Vanadium

• Titanium Dioxide

• Zeolite

PHYSICAL CHEMICAL



Fly Ash Handling

1 m

2 m

1 m

1 Metric ton

Stainless 
Steel Frame

150 x 150 mm 30 to 64 cpsi

Catalyst Block
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AMMONIA SLIP



Fly Ash Handling

Ammonia Slip
Ø Over Feeding of NH3

Ø Imperfect Distribution of NH3 in the Exhaust Gasses

Ø Imperfect mixing of NH3 with the Exhaust Gasses

Ø Imperfect Temperature and/or flow Uniformity at the 
Catalyst

Ø Insufficient Exposure of the NOx/NH3 Mixture to 
Active Catalyst Sites



Fly Ash Handling

Catalyst SO2 to SO 3 Conversion

More Function of Temperature 

Less Function  of  Catalyst Type

Example

• 3% V2 O5 @ 716°F 1.5% Conversion

• 0% V2 O5 @ 716°F 0.2% Conversion

• 0% V2 O5 @ 1022°F 10% Conversion



Fly Ash Handling

Frame Size Combustion Turbine

•High Exhaust Flow

•High Temperature
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Frame Size Combustion Turbine

To Cool or Not To Cool

That is the question



Frame 7E

90% NOx Reduction

No Exhaust Cooling



S-W 501 FD

70% NOx Reduction

With Exhaust Cooling
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Catalyst Activity

Is Affected by O2 and H2O Content
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Fly Ash Handling

Flow Model for 7EA

SCR Catalyst
CO Catalyst
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Flow Model for 7EA

NOx Catalyst

Average 900°F

+25/-35 °F
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AMMONIA DECOMPOSITION WITH TEMPERATURE

0

10

20

30

40

50

60

70

200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 930 950 1000 1050 1112 1150 1200

TEMPERATURE (° F)

%
 D

E
C

O
M

P
O

S
IT

IO
N

Theoretical Decomposition

Measure Data

11%

22.5%



• 80% to 90% NOx Reduction on Frame Size 
Combustion Turbines in Open Cycle is Possible.

• Flow Modeling to Assure Temperature & Flow 
Uniformity at the Catalyst is Required.

• Cool the Exhaust Gasses. 

• Design the AFCU for Sufficient NH3 Flow, 
Especially when Distillate Fuels are used.

CONCLUSION
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