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ombustion Efficiency

A According to DOE studies minimizing
combustion air can deliver 35% savings
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Combustion Efficiency T Why Is it important?

A Excess air dilutes combustion resulting in:

I A lower flame temperature

I Less heat available for the load

I More waste heat in the exhaust gases
I Increased NO,

Optimum excess air for energy efficiency and pollution prevention: 10% @

(yields 2% O: in combustion gasses measured in exhaust)
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Combustion Efficiency T Why is it important?

A Excess gas results in:

I Soot In radiant tubes
I Lower flame temperature

I Unburned fuel

AWasted energy
AFlammable exhaust

I Unsafe gas emissions (higher CO)
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OXxygen sensors

A History
I Originally developed by NASA

I Commercially developed by Corning /
Zircoa in Glass Industry

I ABB / Cambridge / Kent applied to other
applications

I MMI pioneered heat treat applications

I Lambda sensors (cars) based upon same
principal
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xygen Sensors

A Installation cost

I High-temperature in-situ sensors
A~$5500 hardware
A$1500 - $5500 installation

I Low temperature exhaust (hardware)
A$6400 i four (4) points
A$750 each additional point
AlInstallation ~$1500 per point
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ailable heat

A Available heat chart republished by

DOE in 2002
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% Fuel Saving = 100 x (( %AH Target - %AH Actual) / %AH Target)
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Information required

A Exhaust gas
temperature as it exits
the furnace, tube, etc.

A % excess air or oxygen
In the flue gas (actual)

A % excess air or oxygen
In the flue gas (target)
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Other Benefits

A Process repeatability
A Maximum throughput

A More uniform distribution
of heat

A Longer radiant tube life
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Sensor Maintenance and Life

A On-going maintenance cost
I Sensor replacements / application specific

I Pumps
I filters

A Life
I Open fire forge heat (4 to 5 years)

I Radiant tube / 3 to 10 years
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pen Die Forging

A Performed on: - %
i Ingot " 7
i Billet "( A
I Bar ﬁ&
I Pre-form

A Deformation of a work piece without
completely restricting metal flow
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Documented Savings

A Forge Heat Furnace
I 2200F
I 7.2% Initial O2 readings
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Documented Savings
A First Phase

I Reduced excess O2 to 5.5% |

I 20.5% reduction in metered gas
consumption
I Avallable heat chart predicted 20.81%

I Annual savings at normal operating levels
s $53,874

i CO2 reduction of 630,000 Ibs (315 tons) at @
normal operating levels
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Fuel Savings %

5] Calculators

Energy Efficiency and Renewakble Energy

Energy Equivalency] Sl ] 02 Ermichment ] Flﬂgni?;i,uﬁggm

Improvement
Curment Mew
Flue Gas Oxypgen [ Dy I e I hbh
Flue Gaz Temperature [Degree F) I 2960 I 2260
Excess Al 3] I 46.70 I 31.76
Combustion Air Temperature [Degree F) I a0 I a0

Areallable Heat [% of HHY) I 20.51 I 26.38

Fuel Savings [%] I

Base [ 22.25 e

Energy Input [k Btudhr] I

10 | 7.78
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Documented Savings

A Final Goal
I Further reduction of excess 02?777

Almpact on uniformity
AHot spots
I Implementation on all 14 furnaces
i $98,550 annual savings per furnace
I 8000+ ton reduction of CO2 at this facility
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