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NOx Efficiency

Market Drivers



Why is NOx an Issue?
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Ground Level Ozone (O3)

NOx

Sunlight

Volatile 
Organics



US EPA Ozone Designation & Classifications

(2008 Standard)
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Designations ïNational Ambient Air Quality Standards

üNonattainment

üAttainment

8 hour Ozone Classifications

üExtreme (0.175 ppm and above)

üSevere 17

üSevere 15

üSerious

üModerate

üMarginal (begins at 0.076 ppm)



USA Regulations and Current Conditions
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Efficiency
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üUSA DOE

üCommercial Boilers

üNRCan

üAmendment 15



Current Burner Technology
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Lower Flame 
Temperature

Larger 
Heating/Burning 

Surface

üSurface Combustion

ÁPre-mix

ÁCeramic Fiber

Á Increased maintenance

Á6ppm

Á1500 hp firetube



Current Burner Technology
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üStaged Combustion

ÁStaged injection of air

ÁLow O2 in primary combustion zone

ÁLower flame temps in secondary combustion zone

ÁFlame impingement 

ÁLarger footprint

ÁCan be difficult to retrofit



Design and Development
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üHot Water

üSurface Combustion (premix) burners within 

condensing boilers

üContinue to improve technologies/costs/etc.

üSteam

üSurface Combustion (premix) burners

ü Improving mixing technology while 

maintaining safety/performance

üUtilize gun-style burner designs 

üLow excess air & higher flame temperatures 

for better efficiency

üTreating NOx after the combustion process



Design and Development
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üAfter combustion processing

üSNCR ñSelective Non-Catalytic Reductionò
ü Operates in range of 1400ę to 1600ęF flue

üSCR ñSelective Catalytic Reductionò
ü Operates in range of 600ɕto 800ę F flue

üAmmonia injection (reagent)

üUrea injection (reagent)

üPositives: Non-hazardous, non-volatile, non-

explosive, non-flammable

üNegatives: Less efficient than ammonia; Cold 

climate issues





Design and Development
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üNew Technologies & Designs in NOx control

üCeramic filters & SCR combination

üEase of retrofit

üLower costs

üEtc.



Connectivity/IOT



IOT / Connected Technology
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Cyber Security & 
Privacy

Can I be hacked and is my 
data secure?

Functional Safety

Are my safety systems 
reliable?

Interoperability
(includes 

Connectivity)

Do I work with other 
devices?

System 
Performance

Is it easy to set-up and 
use?

Do I perform as well as I 
say I do?

System Reliability

Can I rely on the system 
functioning?

Software Upgrade Support
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Connected technologies explained

Smart system and IoT are driven by: 

ConnectivityComponents
(sensors, controller, attuators..)

People & process

THE INTERACTION BETWEEN THESE ENTITIES 

ARE CREATING NEW TYPES OF SMART APPLICATIONS AND SERVICES



Industrial Commercial Consumer

Network Connectable Products and Systems
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PLC and Factory 

Automation

Building Automation &

Security

Automotive

HVAC Lighting

Fire Systems Appliances

Smart Meters Smart Home

IoT
Medical Devices

IoT


