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air-staging:    Create area of reducing fire to reduce NOx

add any missing oxygen downstreams later

Problem: 

Without precise control DeNOx effect is unstable

Without precise control You get skyrocking energy consumption

Without precise control CO may damage furnace and regenerator

Solution for precise control:

- Oxygen measurement & CO monitoring

- Instead of controlling O2% or CO: Control Lambda value

- Understoichiometric Lambda Control is a proven technology !



Lambda 

Control

Control Lambda

Control

air ingress XF

Indicate

insufficient

burner setting & 

insufficient

purging

Mumbai 

13-03-2015

STG Combustion Control GmbH & Co KG
Kiekebuscher Weg 14 ▪ 03050 Cottbus ▪ Germany  ▪ Phone +49 (0)355 59 02 00 ▪ Fax +49 (0)355 54 11 24 ▪ www.stg-cottbus.com

Lambda value is linear with combustion air flow – O2% and CO[ppm] are not linear
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Understoichiometric operation

Setpoint_Lambda = 0,990
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Lambda Control of understoichiometric operation: Lambda setpoint 0,97



Lambda 

Sensor

Advanced

signal

processing

Provides:

O2%                     

CO[ppm]                  

PV Lambda              

XF air ingress

Mumbai 

13-03-2015

STG Combustion Control GmbH & Co KG
Kiekebuscher Weg 14 ▪ 03050 Cottbus ▪ Germany  ▪ Phone +49 (0)355 59 02 00 ▪ Fax +49 (0)355 54 11 24 ▪ www.stg-cottbus.com

Advanced signal processing provides:

O2%  Sensor voltage & temperature

CO[ppm] Sensor voltage dynamics            

& temperature

Lambda [1] Sensor voltage & temperature 

& fuel composition

Flue gas 

composition
Sensor voltage & temperature

& fuel composition

XF[Nm3/h] 

air ingress
Sensor voltage & temperature

& fuel composition

& actual air and fuel flow
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Different „sensor signal patterns“ indicating different O2%/CO combustion situation:

Normal combustion:

• 1..1,5% O2% 

• very low CO[ppm]

Insufficient air – reducing fire:

• O2% nearly zero

• very high CO[ppm]

Insuff. burner setting & port design:

• 1…1,5% O2% but

• 2000 … 5000 ppm CO



Lambda 

Sensor

Advanced

signal

processing

Peaks of

CO[ppm]                  

due to

insufficient

burner settings

Mumbai 

13-03-2015

STG Combustion Control GmbH & Co KG
Kiekebuscher Weg 14 ▪ 03050 Cottbus ▪ Germany  ▪ Phone +49 (0)355 59 02 00 ▪ Fax +49 (0)355 54 11 24 ▪ www.stg-cottbus.com

Example:               

peaks of CO          

while sufficient air

is available:   

Indication of

insufficient burner

setting
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Lambda value is linear with combustion air flow – O2% and CO[ppm] are not linear
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For Lambda Control:
Convert measurements O2% and CO into linear variable Lambda: 
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Ratio: upper & lower limit

Uncontrolled air XF: 

upper and lower limit
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Stable control of combustion condition based on a model of XF air ingress (yellow trend)
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Same furnace 1 year later and CO-indication from oxygen sensor installed

Symmetrical regenerator crown temperatures proof: different Ratio left/right is correct
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Any chain is as strong 

as it‘s weakest link.
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Worldwide:

300 furnaces equipped

= 1200 STG Lambda sensors

• thereof 50 float furnaces

• thereof over 200 container glass furnaces

• thereof about 10 oxyfuel furnaces

50% of installations in regular service

20%  of installations used for automatic control

3-4% in understoichiometric operation
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Any chain is as strong 

as it‘s weakest link.
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Regular maintenance decides:

- service life

- reliability of measurement

- customer benefit

50% of installations

under regular maintenance:

- 1…3 service visits per year

- remote data access

- record sensor lifetime data

- service contracts

- signal renting
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Source of air ingress decides about control strategy:

-------------------------------------------------------------------------------------------------------------------------------
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consider

stoichiometric gas data

as result of

CV meter measurement
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Lambda Control as indicator for optimal furnace pressure

Increase of furnace 

pressure from 5 to 7 Pa  

(dark grey trend)

XF air ingress reduced (red)                                           

brings in line left and right RATIO (green)
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Source of air ingress decides about control strategy:

-------------------------------------------------------------------------------------------------------------------------------
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Advanced signal processing provides O2% and CO[ppm]

Convert to linear process value Lambda and XF air ingress

Use XF to identify optimal furnace pressure

to avoid air ingress into furnace chamber at all

Continuously forming model of XF air ingress

Compensating XF air ingress in limits

Choose Lambda setpoint lowest to avoid CO peaks

Improve burner settings to reduce Lambda setpoint

or let Lambda setpoint be determined by glass quality

requirements (as for crystal glass) 
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1…5% energy savings due to stable operation at low excess air

(identification of CO peaks as limit conditions)

energy savings while avoiding air ingress into furnace chamber

(identification of optimal furnace pressure)

energy savings due to identification and improvement of

insufficient burner settings

5...10% increase of melting rate as result of stable continuous combustion

improve quality conditions for white crystal glass

(keeping 3% O2 reliably constant) 

1/2...1 year longer service life while avoiding CO peaks from

insufficient purging of regenerators
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