Vision for the Burner Industry
25 Years from Now

June 5, 2018

Travis F. Hardin
HVACR & Controls Principal Engineer Manager

UL and the UL logo are trademarks of UL LLC © 2016



Market Drivers




Why is NOx an Issue?
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US EPA Ozone Designation & Classifications
(2008 Standard)

Designations T National Ambient Air Quality Standards
U Nonattainment
U Attainment

8 hour Ozone Classifications
Extreme (0.175 ppm and above)
Severe 17

Severe 15

Serious

Moderate

Marginal (begins at 0.076 ppm)
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USA Regulations and Current Conditions

8-Hour Ozone Nonattainment Areas (2008 Standard)

Nonattainment areas are indicated by color.
When only a portion of a county is shown in color,
it indicates that only that part of the county is within
a nonattainment area boundary.

For the Ozone-8Hr (2008) St. Louis-St. Charles-Farmington, MO-IL nonattainment area,
the lllinois portion was redesignated on March 1, 2018.

The Missouri portion has not been redesignated.
The entire area is not considered in maintenance until all states in a multi-state area are redesignated.
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Efficiency

U USADOE
U Commercial Boilers
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Current Burner Technology

U Surface Combustion
A Pre-mix
A Ceramic Fiber
A Increased maintenance
A 6ppm

A 1500 hp firetube Larger
Heating/Burning

Surface

Lower Flame
Temperature




Current Burner Technology

U Staged Combustion
A Staged injection of air
A Low O, in primary combustion zone
A Lower flame temps in secondary combustion zone
A Flame impingement
A Larger footprint
A Can be difficult to retrofit



Design and Development

U Hot Water
U Surface Combustion (premix) burners within
condensing boilers
U Continue to improve technologies/costs/etc.
U Steam
U Surface Combustion (premix) burners
U Improving mixing technology while
maintaining safety/performance
U Utilize gun-style burner designs
U Low excess air & higher flame temperatures
for better efficiency
U Treating NOXx after the combustion process



Design and Development

U After combustion processing

USNCR nSeleCat akeyfNoba Reduct
U Operates I n range of 1400e

USCR nSelective Catalytic F
U Operatesinrangeof600gt o 800e F fl ue

0 Ammonia injection (reagent)

U Urea injection (reagent)
U Positives: Non-hazardous, non-volatile, non-
explosive, non-flammable
U Negatives: Less efficient than ammonia; Cold
climate issues
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Selective Non-Catalytic Reduction (SNCR)

Flue Gas Temperature
1400 - 1600°F

Selective Catalytic Reduction (SCR)

Catalyst
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Design and Development

U0 New Technologies & Designs in NOx control
U Ceramic filters & SCR combination
U Ease of retrofit
U Lower costs
u Etc.
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IOT / Connected Technology

OPEN
u‘?’ INTERCONNECT &V AL TANGE
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Interoperability
(includes
Connectivity)

System
Performance

Is it easy to set-up and
use?

Do | work with other

Do | perform as well as | ;
P devices?

say | do?

amazon echo
N—1

o /) ZigBee
A I Communication Certified product

industrial intemet
CONSORTIUM

Cyber Security &
Privacy

Can | be hacked and is my
data secure?

Functional Safety

Are my safety systems
reliable?

System Reliability

Can | rely on the system
functioning?

Software Upgrade Support
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Connected technologies explained

Smart system and IoT are driven by:
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THE INTERACTION BETWEEN THESE ENTITIES
ARE CREATING NEW TYPES OF SMART APPLICATIONS AND SERVICES

SMART THERMOSTATS CONNECTED CARS ACTIVITY TRACKERS SMART OUTLETS PARKING SENSORS
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Save resources and Continuously capture Using embedded
money on your heating Tracked and rented hea}@ rate patterns, Remotely turn any street sensors, users
bills by adapting to using a smartphone. activity 'Ievels. calorie device or appliance on can identify real-time
your usage patterns Car2Go also handles expenditure and skin or off. Track a device’s availability of parking
and turning the billing, parking and temperature on your energy usage and spaces on their phone.
Iemperaufre down insurance automatically.  Wrist 2417, receive personalized City officials can
when you're away from notifications from your manage and price 15
home. smartphone. their resources based
on actual use.



Network Connectable Products and Systems

Industrial Commercial Consumer

Building Automation &

PLC and Factory Smart Meters HVAC . Lighting Smart Home
. Security
Automation
Automotive .
ot Fire Systems Appliances ot Medical Devices
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