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Efficiency

Minimize excess air = minimize heat loss up stack = lower fuel needed

Oxygen measurement alone does not tell us if we are efficient (see next slide)

CO measurement is the best measurement of efficiency (and safety)



Emissions

- Most heavy industrial plants have NOx limits.  Combustion systems are large sources of NOx (if not run efficiently)

NOx is produced from a reaction of Nitrogen and Oxygen (supplied by the burner air)

Reducing excess air, reduces nitrogen and oxygen, resulting in reduced NOx emissions

CO2 emissions are also reduced through efficiency improvements (less fuel = less carbon)



Throughput

Less wasted heat = more heat available for “processing”, cracking, heat treating, steam generation, etc.



Safety

Operating with less excess air = operating closer to excess fuel = excess fuel is a safety hazard

When operating closer to unsafe conditions operations needs to add layers of protection = additional safety measurements


Combustion Analysis — TDLS vigilant

TruePeak TDL Enables

-Measurement in/near combustion
zone

- Before CO levels are reduced
-Fast Response

-5 seconds
-High Sensitivity for CO

-<10 ppm

—
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-CH4 Measurement for Safety
-Burner Coverage

- Cross burner measurement to
catch CO and CH4 breakthrough

-02/CO Measurement
“Matching”

Oxygen + Gas Temperature™

CO+ CH4 + H20™

-Same location, same conditions

*Gas Temperature and H20
measurement capability are
application dependant, contact
Yokogawa
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TDLS offers possibilities not seen before for combustion analysis:



Oxygen measurement across the firebox, providing an average oxygen reading from one instrument

CO measurements across the firebox with low ppm sensitivity

	In the past you had to choose between measuring CO in the firebox with a point sensor OR measuring CO in the convection section (lower temperature) across the duct.

	Point measurements can miss CO excursions since they may only see what is happening in the burners directly below the probe.  The burner(s) below the probe may not be the ones that first product CO.  By the time all of the burners “breakthrough” it may be too late to take action and prevent a safety hazard.

	Low temperature CO measurements may also miss the first CO breakthrough.  CO continues to react after leaving the burner.   This can result in high CO levels from the burner that do not make it to a low temperature zone.  This means that your detection limit for CO can be dramatically increased if you measure in low temperature zones.



-Fast Response of 5 seconds.

	Conventional CO measurements can be slow (point sensors) or be placed away from the firebox (NDIR cross stack).  This can delay the measurement of CO breakthrough.



CH4 measurement (CO plus CH4 in one analyzer)

	CH4 can provide important diagnostics for safety.  Burner flame out, pilot flame not lit, fuel rich conditions, etc.



-”Matched O2 and CO Measurements”

	To enable control, the CO and O2 measurements should be in the same location, with the same response time, and the same physical coverage (i.e. path O2 + path CO).  Mixing measurements such as high temperature O2 and low temperature CO, or point O2 and path CO make correlating the measurements difficult.


Efficiency Measurements vigilant

o) — Primary combustion efficiency measurement. Easy to use for control
Xygen — Typically also used as safety measurement
CO — ldeal set point measurement (for excess air)
— Pre-cursor to combustibles breakthrough
FUEL RICH AIR RICH
20 EFFICIENCY LOSSES

NOx “VIOLATIONS”

CO&
Combustibles

.
.
.
.
-“‘
.
.®

L]
a
w,,

UNSAFE
CO “VIOLATIONS” 1 IDEAL

CO2 EXCURSIONS (o)
EFFICIENCY LOSSES M

% EXCESS AIR

<Document Number>
Copyright © Yokogawa Electric Corporation
<date/time>

Proprietary info goes here...



プレゼンター
プレゼンテーションのノート
What is the Correct Excess Oxygen (air) Value ?  The lowest possible without:

Compromising safety (excess fuel - combustibles)

Generating CO



The “correct” excess oxygen level depends on many conditions:

Different fuels 

Variable heat content of fuel

Type of burner

Humidity changes

Varying loads

Fouling and mechanical wear of burner system



Operating at a fixed excess oxygen setpoint will not be the most efficient method for all conditions.  CO Measurement can determine what the O2 setpoint SHOULD BE

 

CO trim control can delivery optimum efficiency and flame temperature while remaining safe


'®)
Measurement Needs vigilant

Efficiency & Emissions

—0,/CO to minimize excess air, maximize efficiency
and reduce emissions

Fuel rich burner conditions

—CO levels increase as a precursor to hydrocarbon
breakthrough

Burner flame out
—Temperature drops rapidly*
—Hydrocarbons (methane) increase rapidly
—Oxygen increases rapidly
—Moisture drops rapidly*

Process tube leaks
—Moisture may increase (steam cracking)*
—Hydrocarbons increase (methane)
—Oxygen may not change significantly
—Temperature may not change significantly*
—CO may not change significantly

*Consult Yokogawa for Temperature, and H,0 .
These are application dependant
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Important Measurement Considerations are:



O2

 Coverage across burners to minimize distribution errors

- Placement at crossover or radiant section to minimize tramp air errors

- No interferences from combustibles

- Fast response unaffected by sample delivery

CO

 Placement at crossover or radiant section before CO “afterburning”

- Coverage across burners to measure “breakthrough burner(s)”

- Sensitivity to allow PPM measurements at safe O2 levels

- Speed of response to allow reaction to changing conditions (fuel composition)

- Low or no interference from other combustion gases (CO2; H2O, combustibles)

O2+CO

 Measurements must share type and location to allow “crossover” control. Cross burner at high temperatures

CH4

 Placement before afterburning

- Coverage of multiple burners and zones

- Speed of response unaffected by sample delivery

- Sensitivity to allow PPM measurements (early detection)

Gas Temperature

- Speed of response to measure fast, large changes (flame out)
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Simultaneous TDLS measurement of O, + CO vigilant ’
Operator Test. Adjust O2 downward to cause CO breakthroughs.
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Actual Field data that shows:



Fast, low level CO measurement at the “First Breakthrough”

Reproducible O2 levels at CO breakthrough (O2/CO matching)

Ability to measure CO breakthrough before all of the burners are air starved.  The CO breakthrough slope becomes very steep when the entire system is air lean, the CO measurement should be able to detect breakthrough before this happens.


D . .
Conclusion vigilant

TDLS measurements can provide combustion diagnostics not
possible before:

e CO measurement with cross firebox coverage

e Average 02 value from one analyzer

e (02/CO Matching for control

« (CH4 and gas temperature measurements at high speed and
across the firebox
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Combustion systems are changing, we need to adapt to the new issues:

   - Emissions limits are lower.  

   - Low NOx burners have reduced CO emissions.  Measurement is  

     more difficult.

   - Furnaces are larger with more burners.  Catching breakthrough 

     from a “bad” burner requires improved sensitivity

   - NOx emissions can limit system operations.  Efficient combustion 

     is critical in allowing maximum firing rates



Increasing cost of fuel and feedstock puts a higher emphasis on combustion control.



       ~ Lower Fuel Costs + Higher System Throughput ~
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