NOx Emissions Control from
Industrial Boilers & Cement Kilns
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e Thermal NOx

— Formed by the thermal
fixation of molecular
nitrogen, N2

— Requires high temperatures
(> 1,370°C)
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— Oxidation of nitrogen
bearing species contained 0
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Operational Modifications
Low Excess Air
Reduced Air Preheat
Fuel Biasing
Burners Out of Service (BOOS)

Combustion Equipment Modifications
Flue Gas Recirculation (FGR)
Overfire Air (OFA)

Steam Injection
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Thermal

Combustion Approximate Type of NOx Applicable
Modification Range of NOXx Reduced Combustion
Reduction Systems
Burner out of Service 40-50% Thermal Oil & Gas
Fuel Biasing 10-20% Thermal Oil & Gas
Overfire Air 15-30% Thermal & Fuel All
Fuel reburning 40-60% Thermal & Fuel | Coal (cyclone)
Low excess air firing 10-20% Thermal & Fuel | All
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» Technology involves the
injection of a nitrogen
agent (ammonia, urea,
etc.) into the post-
combustion flue gases.

At the proper
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Reaction chemistry involves reagent
activation and reaction with NO:

NH, + OH & NH, + H,0
b
NO + NH, & H + OH + N,
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Droplet Trajectories & Resulting Contours of
Temperature Contours NOx Concentration
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 Between Kiln Inlet and Lower

Cyclone
« Stable Calcination Temperature Raw Meal Flow
« CO Competes with NH; for OH* l
 Inject NH; After Most CO Burnout ]
- Good Efficiency at High Molar Ratios Exhaust Gas Flov
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Selective, non-catalytic Nox-reduction at high flue-
gas temperatures.

Selective, catalytic Nox-reduction at low flue-gas
temperatures.




OVERALL REACTION WITH AMMONIA

RADICAL FORMATION

DEGRADATIVE REACTION




AMMONIA SLIP




Injection lance

' compressed air
reduction agent




gas inlet duct
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METERING AND MIXING MODULE




INJECTION SYSTEM
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