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Introduction



High Temperature Fluid Bed Municipal Sludge Incinerators typically operate 

at freeboard temperatures between 1500°F and 1600°F, which results in the 

generation of nitrogen oxides (NOx) through several mechanisms:

• Fuel NOx: High-temperature oxidation of chemically bound nitrogen within 

the sludge and auxiliary fuels (e.g., fuel oil or natural gas).

• Thermal NOx: Atmospheric nitrogen and oxygen reaction during high 

temperature combustion.

INTRODUCTION



NO vs NO2 Emissions

NO (~95%),  NO2 (~5%) 

https://www.ametek-land.com/pressreleases/blog/2022/february/nox-and-sox https://www.kanadevia.com/english/business/field/marine/denitration.html



New High Temperature Fluid Bed Incineration System – MACT LLLL
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Existing High Temperature Fluid Bed Incineration System – MACT MMMM
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Fluid Bed Plant



NOx Emission Limits



• MACT LLLL and MMMM emission limits have been released in 2011.

• New incineration plants had to meet the MACT LLLL emission limits.  

• Existing incineration plants had to meet the MACT MMMM emission limits by 

2016.

• Veolia designed and implemented NOx removal systems for new incineration 

plants to meet the NOx emission limit per MACT LLLL.

• Veolia’s existing incineration plants were able to meet the new NOx emission 

limit per MACT MMMM without additional equipment.

NOx Emission Limits



Source: US EPA 40 CFR Part 60 Subpart LLLL: Standards of performance  for new sewage sludge incineration units. 

US EPA MACT Air Emission Requirements (2016)

Pollutant Units 

Existing Fluid Bed 

Municipal Incinerators 

(MMMM)

(@ 7% O2)

New Fluid Bed 

Municipal Sludge 

Incinerators (LLLL)

(@ 7% O2)
Cd mg/dscm 0.0016 0.0011

CO ppmvd 64 27

HCl ppmvd 0.51 0.24

Hg mg/dscm 0.037 0.0010

NOx ppmvd 150 30

Pb mg/dscm 0.0074 0.00062

PCDD/PCDF,TEQ ng/dscm 0.1 0.0044

PCDD/PCDF,TMB ng/dscm 1.2 0.013

PM mg/dscm 18 9.6

SO2 ppmvd 15 5.3

NOx EMISSION LIMITS



Primary & Secondary 
NOx Control Techniques



• Freeboard Temperature: 1500℉ to 1600℉

• Oxygen Levels: 3.5% to 4% (Wet) 

• Feed Rates: Accurate control of scum, skim, and FOG feed rates

• Volatile Solids: Monitor sludge volatile (Daily Tests)

• Heat Value: Monitor sludge heat value (Weekly or Monthly Tests)

Primary NOx Control Techniques



• Bed Temperature: Minimum Set Point: 1250℉. Operate 

around 1300℉ to 1325℉

• Excess Air: 40% (Operate at design point)

• Total Solids: Monitor sludge total solids (Daily Tests)

• Merchant Plant: Test imported sludge properties

Primary NOx Control Techniques



• Selective Non-Catalytic Reduction (SNCR)

• Selective Catalytic Reduction (SCR) 

• Hybrid (SNCR & SCR)

Secondary NOx Control Techniques 



• Selective Non-Catalytic Reduction (SNCR) is a cost-effective technique for 

reducing NOx emissions in high-temperature fluid bed municipal sludge 

incinerators.

• Reduction Efficiency: Typical NOx reduction ranges between 30% and 50%.

• Installation: Ammonia or urea injection nozzles are installed on the fluid bed 

reactor, the hot gas duct, or both.

• Reaction Temperature: The flue gas temperature is maintained above 1500°F 

to minimize the slip ratio.

• Implementation: SNCR is already designed and installed by Veolia on new 

fluid bed projects in the US.

Secondary NOx Control Techniques - SNCR 



• Selective Catalytic Reduction (SCR) provides higher NOx removal efficiencies, 

however this approach involves higher capital costs due to additional 

equipment, including catalysts, heat exchangers, urea, or ammonia systems.

• Reduction Efficiency: Typical NOx reduction ranges between 70% and 90%.

• Installation: The SCR system is installed before the stack. 

• Reaction Temperature: Flue gas temperature is maintained above 500°F.

• Implementation: Currently, the SCR approach is not required for new fluid bed 

projects in the US.

Secondary NOx Control Techniques - SCR



Secondary NOx Control Techniques - SCR 

https://www.azom.com/article.aspx?ArticleID=20173

https://condorchem.com/en/blog/removal-nox-nitrogen-oxides/

UREA MOLECULE



The Hybrid Approach includes SNCR followed by SCR. SNCR 

handles the initial reduction, while the SCR provides final 

polishing.

• Performance: Typical reduction is higher than 90%.

• Cost: This approach requires more equipment, resulting in 

higher capital costs.

• Implementation: For new fluid bed projects in the US, the 

hybrid approach is currently not required.

Secondary NOx Control Techniques - Hybrid



Process Flow Diagrams with 
NOx Control Equipment 



PFD Incineration Train with SNCR (MACT LLLL)

Flue Gas + Ash Clean Flue Gas Fluidization AirFlue Gas + Ash Clean Flue Gas Fluidization Air
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PFD Incineration Train with SNCR (MACT LLLL)
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New High Temperature Fluid Bed Incineration System – MACT LLLL
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Fluid Bed Reactor – Ammonia Injection
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SNCR Ammonia Injection Nozzle
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SNCR – 19% AMMONIUM HYDROXIDE - SDS 

chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https://www.cfindustries.com/globalassets/cf-industries/media/documents/safety-data-sheets/ammonia---north-america/aqua-ammonia-19-english.pdf

~50°C (122F)

for 19% NH3



SNCR – 19% AMMONIUM HYDROXIDE - SDS 

chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https://www.cfindustries.com/globalassets/cf-industries/media/documents/safety-data-sheets/ammonia---north-america/aqua-ammonia-19-english.pdf



SNCR – 50% UREA SOLUTION - SDS 

chrome-

extension://efaidnbmnnnibpcajpcglclefindmkaj/https://assets.a

ndersonsplantnutrient.com/pdf/Urea_Solution.pdf

chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https://www.nexchem.co.uk/wp-

content/uploads/2015/10/Urea-40.pdf



SNCR Ammonia Tank



SNCR Ammonia Tank



SNCR Urea Tank
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PFD Incineration Train with SNCR (MACT LLLL)

High Pressure
Water Pump

Fluidizing

Air Blower

Quench

Economizer

Stack

Tray

Cooler

Wet

ESP

Service Water

Compressed Air

Sand

Storage

Exhaust

Gas Duct

Feed Pump

Sludge 

Sand

Purge Air Blower

Natural Gas

Feed

CEMS

To Ash Slurry Tank

Caustic

Carbon Bed 

Adsorber

SNCR (Ammonia Injection Nozzles)

Fuel Oil

Feed

Demister

H
o

t 
O

il

ID Fan Exhaust Gas 

Re-Heater

Dryer

To Thermal Oil Loop

From Thermal 

Oil Loop

Sludge 

21%

Sludge 

39%

From Thermal 

Oil Loop
To Thermal 

Oil Loop

Flue Gas + Ash Clean Flue Gas Fluidization Air

SNCR (Ammonia Injection Nozzles)

Total Solids: 39%

(After Dewatering)

NOx Stack Emission Limit

30 PPMVD @7%O2 

Ammonia (19%)



Fluid Bed Reactor

Preheat Burner

Sand Port

Sand Bed

Tuyere

Windbox

Fluidized
Bed

Hot Air Inlet

(1200F)

Sand

Removal Nozzle

Sludge

Feed Nozzle

Freeboard

Self Supporting

Refractory Roof

Freeboard

Auxiliary Fuel

Injectors

Refractory Arch

Dome

SNCR Ammonia Injection Nozzles



Hot Gas Duct – Ammonia Injection Nozzle
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NOx Stack Emission Test 
Results



New Incinerator (MACT LLLL)

0

5

10

15

20

25

30

35

MACT Incinerator 1 Incinerator 2 Incinerator 3 Incinerator 4

NOx (PPMVD) with SNCR System Installed

Red Bar: MACT LLLL Emission Limit @7%O2

Blue Bar: Measured Emissions @ 7%O2

SNCR system was not used during the tests



0

20

40

60

80

100

120

140

160

MACT Incinerator No. 1 Incinerator No. 2 Incinerator No. 3 Incinerator No. 4 Incinerator No. 5 Incinerator No. 6 Incinerator No. 7 Incinerator No. 8 Incinerator No. 9

NOx (PPMVD) without SNCR System Installed

Existing Incinerator (MACT MMMM)

Red Bar: MACT MMMM Emission Limit @7%O2

Blue Bar: Measured Emissions @ 7%O2



Flue Gas Temperature and NOx Emissions @ 7% O2
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Conclusions



• Primary control methods have proven to be extremely effective in controlling 

NOx emissions for both new and existing fluid bed incinerators in the US. 

• While Selective Non-Catalytic Reduction (SNCR) is the most common 

secondary control technique installed on the new fluid bed units, stack 

emission test results show that the new fluid bed plants are capable of 

achieving NOx emissions lower than 30 PPMVD without using the SNCR.

• Based on stack emission test results, existing fluid bed incinerators in the US 

are capable of achieving NOx emissions lower than 150 PPMVD without the 

installation of an SNCR system.

• It is recommended that all future new fluid bed incinerators be equipped with a 

temporary SNCR system. If performance results indicate the need for a 

permanent solution, a permanent SNCR system should then be installed.

Conclusions



Questions?

Levent Takmaz – Veolia Water Technologies 
levent.takmaz@veolia.com phone 804-292-5807

mailto:levent.takmaz@veolia.com
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