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staging

Purpose
Method

Control

Lambda Control
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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 !
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Lambda
Control

Control Lambda

Control
air ingress XF

Indicate
insufficient
burner setting &
insufficient

purging
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Lambda value is linear with combustion air flow — O2% and CO[ppm] are not linear
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Control Lambda

Under-
stoichiometric
operation
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|
Line 3 Parameter Window Ratio und Lambda |

Setpoint

Process Value

Fire Left
RESET |
Lambda O2 [%]

SO 000 |,

Fire Right

Lambda 02 [%]
0.990 ﬁE_i]
0.991 | li!iI'!lI

(20
()

Understoichiometric operation
Setpoint_Lambda = 0,990

]
RATIO_MAX 11.00 [1] 11.00 [
SP RATIO 10.19 R 10.30 |
PV RATIO 1015 111 10.29 111 m
RATIO_MIN 900 [1] 900 1] ; ( pan|
i .
KF_MAX +500 smih +500 smh
XF -837 smeih -1069 smeih ‘
KF_MIN -1500 Sm3h -1500 sm3h
AXF 0.200 0.200 m
LBD TRACK |
09 1007 950 -1500 ] LSS T
0751 80007 9251 4750 1 1340.0 gooon ] 0254
0ed
504 gogod 900 -2000 a0 ] SRS
07 0257 8754 -2250 4 ' -0.25
4000 - 7000.0 4 M
ol 850 4 -2500 4 -0.50 4 | R LRI
064 1300.0 o
! | 2000 N — 800004 o 3
05 5 0] 8.00 -3000 { 12800 5000.0 -1.00 ) J —
T T T ' T T T T T ' T T
_ :00 AM 11:20:00 AM 11:40:00 AM 12:00:00 PM 12:20:00 PM 12:40:00 PM 1:00:00 PM 1:20:00 PM 1:40:00 PW 2:00:00 PM 2:20:00 PM 2:40:00 PM 2:00;
2014 9/25/2014 9/25/2014 9/25/2014 9/25/2014 9/25/2014 9/25/2014 9/25/12014 9/25/2014 9/25/2014 9/25/2014 9/25/2014 9/25,
= Name [Tag name Y [X value/time stamp [ value | ~
1 Lambda Setpoint ProcessValueArchive\STG_LR_LBD_SP 25.09.14 14:48:21 0.9590 I
2 bda actua\pmcess va\ue Process\a'a\ eAr hi TG_LR_LBD PV 148 0.990
3 z : 0 0.004
4 IJUEE 131
5 \STG_LR_ RG SP
5| E
1z
8 ed air used for co G_LR .
9 Temp Left (Fire ive\FN_AnalogInputs_EX-LOX-TR 25
10 [Sensor Temp Right (Fire Left) ProcessValueArchive\FN_Anzloginputs EX-ROX-TI 25. 09 14 14:48:20 1425.900
ES ]
12  |Process Value of Air Flowr ProcessvalueArchive\FN_CA-FL.PY 25.09.14 14:48:24 i 15975.068 i.
13 [Furnace pressure process value ProcessValueArchive\FN_FN-PR.PYV 25.00.14 14:48:25 0.207 4
Source: Trend 9/25/2014 2:59:45 PM (a
=3 = = I i & @ l’(_@ = A\ '
B[] (O] el SRl T <l ¢] @[] (o] ]z - W | @
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Lambda

& & 11 1=

Control T |

| RIGHT |
RATIO MAX | 9.a0 | | 5.50 |
RATIO SP | a5 | | 8.87 | ]
RATIOMIN | 8.55 | | 840 |
WF M MSCF] [ 20.00 | [ 2000
Contl‘Ol Lambda WFMSCF] | -58.59 | [ 347 | h "\M f\“ ﬂ"N\J‘fW (\W\”A’V\-’\M
Loy . i . i a 4
xemmmscR) [ oooo] [ -o000] - A ﬁl T Mmﬁww*ﬁ“mJ i
% 5P ) R
A 5P active | 0.970 | | 0.970 |
Under- A PY | 0.971 ] | 0.954 | \ ! B
o . 02 e T R SN e [ G e e ey e Ly
StOlChlomet”C AF | 0.200 | | 0.700 |
: LBD_KF
operatlon N | 1.000 | | 1.000 |
OP TRACK
'(I?Drloesrz rl;ci;n“ | 1000 % | | 10,00 % | h _/A'M i LS N NS s T,
f | e W e [
Rew Lock Bt | 100 s | [ 100 s | W\/\f Ww [ =y
_Sensorright | _Sensorleft |
600
- 8.0
0.3
0.00 -0 75
050 07 a0 70 all I —_ : — : — : : _ F
05/06/05 1257 PM 1:09 FM 1:21 FM 1:33FM 1:45 FM 1:57 FM 209FM 221 FM 233FM 245 M ZE7FM ¢
Trend in the foreground Port4Curves/KURY,LR_OZ |
PORT_4 LAMBDA & D2_SENSOR
1 Trend T ag Connection Walue Date/Time
M u m b al Fort 4 02 Concentration MEDIU M PortdCurves /LR LE_02 0.000 05/06/08 1:59:48 243 PM
Fort 4 Lambda P/ MEDIUM\FartdCurves/KURV.LR_LB_PY 09618 05/06/08 1:59.48.243 FM
1 3 - 03 - 2 O 1 5 Fart 4 Ingressed & MEDILM\Fartd Curves/KURY. LR _%] 32185 05/06/0% 1:59.48.243 FM
Fart 4 calculated Ratio SF MEDIUM\FartdCures/KURY.LR_RATIO_SF, 983 05/05/0% 1:59.48.243 FM
Fire Left / Fiight MEDILUM\FartdCures/KRY. TREND 0015 05/06/0% 1:59.48.243 FM
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Lambda
Sensor

Advanced
signal
processing

Provides:

02%
CO[ppm]

PV Lambda
XF air ingress

Mumbai
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Advanced signal processing provides:

€0 Furnace 4 Oxygen- Sensor Data
Sensor Left (FR)
02 1.09 % 02 0.21 %
L 1.062 L 1.010
co 237 ppm |l| cO 474 ppm
co2 1223 % co2 1278 %
H20 16.35 % H20 17.07 %
s02 0.01 % 802 001 %
N2 70.29 % N2 69.88 %
] 1.2 mv U 1122 mv
Uasy 1 mv Uasy 0 mv
active T.| 14438 “C active T.| 14396 “C
R 109.1 ohm R 143.0 ohm
Cycles 15 of 16 Cycles 15 of 15

|| CycleMode | StartR-Meas.  Cycle Mode

02% ¢m=m==m Sensor voltage & temperature

CO[ppm] ¢mmmmm Sensor voltage dynamics

& temperature

Lambda [1] <$=sssssssm Sensor voltage & temperature
& fuel composition

Fluegas 4@ Sensor voltage & temperature
composition & fuel composition

XF[Nm3/h] Sensor voltage & temperature
air ingress

& fuel composition
& actual air and fuel flow



w
o
e |
=3 I H|
@ I
© Wy

-
m
Il

,.,
-
o
=
El

N

| ‘ ) il H. MJW

' H "
il ‘“H ||||1M“ IIW”

1| b

Jo
-
-
-
-
-
_________________
T T

[l GHIDEL S EL  ESDEL FIEnED DR gl E :D:EIID PM 4:4D:EI|D P 4:50:60 Ph S:DD:EIID P 14:30:00 14:40:00 14:50:00 16:00:0C
12 2n4iz012 201452012 2 4i2012 2042012 2n4/2012 0 20412012 ) 1202012 AP0 2 211212012 211272012 2 05.01.2012 05.01.2012 n5.01.2012 05.01.201
Normal combustion: Insufficient air — reducing fire: Insuff. burner setting & port design:
* O2% nearly zero *1...1,5% 02% but
« 2000 ... 5000 ppm CO

«1..1,5% 0O2%
* very low CO[ppm] « very high CO[ppm]
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Lambda
Sensor

Advanced
signal
processing

Peaks of
CO[ppm]

due to
insufficient
burner settings

Mumbal
13-03-2015

ll‘\

1401,3°C
Sensor Links
Feuer Rechts
—— T
g gl -
| e
control = 148’000
| 4,87 | 1187.0°C
m L
| s
g
Tra
T
1407,2°C 1441,2°C 4

Energieprofil

Gasregelung SF [l
609 nman [ EEERIE]

A 503 Nmah] 559 %]
PR 202 nman| 90,9 ]

Sum | 1522 Nm3m| 1515 nm3m|  alle Auto |

Example:

peaks of CO

while sufficient air

is available:

Indication of
insufficient burner
setting
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Control Lambda

Control
air ingress XF

Indicate
insufficient
burner setting &
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purging
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(20

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

[%]
02,
CcO

Lambda, 02%, CO as function of combustion air flow
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Control Lambda

Control
air ingress XF

Mumbai

For Lambda Control:
Convert measurements 02% and CO into linear variable Lambda:

02% in Vol.%

13-03-2015

TEOE o - 0,2094 * (x + @ + Ge)— 0,7906 *y _ [0, %] oy
- o 20,94% —[O, %] o
notice: 20,94% is oxygen percentage in oxydant (air)
79,06% is nitrogen percentage in oxydant (air)

N2% in Vol.%
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Control Lambda

Safety
limitations

Mumbai
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0 0 0 0 DH & CQ
A =]
Line 6 Parameter Window Ratio und Lambda |
Fire Left Fire Right
RESET |
Lambda 02 [%] Lambda O2 [%]
Setpoint _ 1,030 N
Process Value |1 031 I 0.56 ] 1.031
RATIO_MAX 11,00 11 11,00 11]
SP RATIO 8,20
PV RATIO | 8 27 11 | 8.18 [1
RATIO_MIN 7,00 1]
XF_MAX +3000 Nm*h +3000 Nm?h
XF [ +622 Nmn]
XF_MIN -1000 Nm?/h -1000 Nm#/h
AXF 0,250 0,250
LBD TRACK [v v |

Ratio: upper & lower limit

Uncontrolled air XF:
upper and lower limit
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Lambda
Control

Control Lambda

Example
endport furnace
stable Lambda
=1.03

Mumbai
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(20

Stable control of combustion condition based on a model of XF air ingress (yellow trend)

) €|

L6 LAMBDA CONTROL TRENDING
(=} + )
‘ Q® e

BOlu &8

TR0 _Mw",,,‘mm'q\w S J\,\«. ﬁ 5 - MJW |‘{ . ‘ process value f‘Aalr flow == \F
= TS - 1360.0 4 5 o s N s st L{‘ B UE T o ;’F B3 e L "‘W’\A,w“\-v‘l*»'v-l“"”*“‘\' o =
1050004 2004
9.2 1350.0 4 Ly A i - N e
Z 1754 Lambda Cess value follows setpoint
3 a0 1600 10000.0 4 b a
1340.0 150 4 /\\\ // / //
88 9500.0 S 7 N
= 1400 1253 7 i .
. 13300 - / ; =
8.6 4 NG = /
900004  1.00 = ey 2
b ga] 12007 13200 J(Ex,
b ' - 0754 = o 7
> £500.0 Y j:l(‘l M/ il w‘?"‘"ﬁ"f\‘-m ﬁwf,,»«w %w ,ww«««ct""‘w*: e ORI gm0 7 O/ i = TR A
827 4000 13100 ] 0.50 4 W : e AT odified ratic setp0|
2 804 000,04 red) and model
1300.0 o o ‘
800 &5
) 787 7500.0 | il
2 1290.0 4
764
600 4 7000.0
S 741 1280.0
s 400 4 6500.0
724 1270.0 4
] 704 6000.04  -1.00 4 b | .
200 1 1260.0
68 ss000] 1257

T T T T
00 AM  11:45:00 AM 12:00:00 PM 12:15:00 PM 12:30:00 PM 12:45:00 PM  1:00:00 PM

T T
1:45:00 PM  2:00:00 PM

T
215:00PM  2:30:00PM  2:45:00PM  3:00:00 PM  3:15:00 PM

1:30:00 PM
10/14/2013  10/14/2013  10/14/2013  10/14/2013 10/14/2013  10/14/2013  10/14/2013  10/14/2013  10/14/2013 10/14/2013 10/14/2013  10/14/2013
Name [ Tag name Y [Y value [
Lambda Setpoint ProcessValueArchive\STG_LR_LBD_SP 1.030 0.
ProcessVaIueArchNe\STG LR_| LBD PV

Lambda actual process value

Sensor Temp Left (Flre nght)
Sensor Temp Right (Fire Left)

Process Value of Air Flow

1.031 0

1326.3791.
1336.936 i

Source: Trend 10/14/2013 3:29:10 PM (B
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Lambda
Control

Control Lambda

Example
endport furnace
stable Lambda
=1.03

Same furnace
with CO peaks

Mumbai
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Same furnace 1 year later and CO-indication from oxygen sensor installed

L6 LAMBDA CONTROL TRENDING

@|uﬂ@mrﬂ>aﬂ\@@ @ @ <37 &EJ\.|QJ@F“J

13 =] N | Nm pom %W%MW %ww wModified air flow as result of Lambda Control
127 o 1380.0 - RGN 500 4 I’w Py
’ 1000
114 4 2g 1370.0 10500.0 o 2.00 H '”'J‘__ s S !
1. 8.6 D—13500_ 10000.0
104 s -
e 1.50
] E 9500.0
2ed oy ] 1000 1350.0
4 4 £
. 13400 3 9000.0 4 1.00
08 7 “1 -2000 )
34 24 1330.0 8500.0
0.7+ 0.50
764 3000 43000 4 80000 1| | i ‘
2] : I “
0.6 o d i ‘H ' l
b — 750004 0.00 4 “ll“ |
- -4000 + . ‘
054 1 = |
1300.0 7 FEDES il [
07 000 L3Dq
0.4 = . Oxygen constant as result of Lambda Control
b 6500.0 1
654 1290.0 4 n
i vl
03 66 - ] B 1 1004 ] o 1A/\ A
PR BRNLLE LR PPVPS: £000.0 100 ) l[U\J' VA Lx‘wj‘f = '\,J Ehord Mla Nﬂ\ v'n‘ e
. e |
0.2 6.4 ] TR 5500.0 | : ]‘ - ‘ ‘
. 9:00:00 AM 10:00:00 AM 11:00:00 AM 12:00:00 PM 1:0Q:00 PM 2:00:00 PM 3:00:00 PM 4:00:00 PM
2/26/2014 2/26/2014 2/26/2014 2/26/2014 212612014 \ 2/26/2014 21262014 21262014
Name ~1[Tag name ¥ 22 [X valueftime stamp [¥ value ] -
1 COMax Fire Left ProcessValugArchive\STG_OXYFL_COMAX 26.02.14 12:19:09 84.740 \ Tl
2 COMax Fire Right ProcessVa\ueArchNe\STG OXYFR_COMAX 26.02.14 12:19:08 76.504 Black: CO K It of . | .
3 |FUR chive\STG_LR_TREND 26.02.14 12:19:08 1. -1.000 1. ack: LU peaks as result of sensor signal processing
4 |Furnace pressure process value |_FURNPR.PV 26.02.14 12:18:57 0.503
5] Ingre ar process value ive\STG_LR_VXF 26.02.14 12:19:03 870.372
(5] Ingress sed for control v ve\STG_LR_XFA 26.02.14 12:19:08 805.894
7 Lambda actua\ process value Pru(essVa\ueAr(hwe\STG LR_LBD_PY 26.02.14 12 19:08 1.035 £
8 Lambda Setpoint ProcessVa\ueArchNe‘.STG LR LBD SP H 1.030
9 n measurement % - 0.630
10 _|P alue Air/Gas Rati 8.121
11 |Process Value of Ar Flow 10934.462
12
13 [Sensor Temp Left (Fire Right) ProcessvalueArchive\FH_AnalogInputs LOXYTL.P 26.02.14 12:19:08 1325.781 L
14 |Sensor Temp Right (Fire Left) ProcessValueArchive\FM_AnalogInputs_ROXYT1.F 26.02.14 12:19:03 1338.918
15 |Setnoint Air/Gas Ratin ProcessValieArchive\STG IR RG 5P £.02.14 12:19:00 15 i

Source: Trend

2/27/2014 8:16:30 AM (4

Symmetrical regenerator crown temperatures proof: different Ratio left/right is correct
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Lambda
Sensor

What decides about
result and benefit:

installation&
maintenance

quality and
design of probe

+ /
installation & quality and
maintenance probe design
+ / v
i (]
advanced S ey 20VANCE
signal =] -] signal
. co 237 ppm |Bs| CO 474 ppm
processing

co2 12.23 % coz 12.78 % proceSSIng
H20 16.35 % H20 17.07 %
s02 001 % 502 001 %
N2 70.29 % N2 69.88 »
\ u 1.2 mv u 112.2 mv
Uasy 1 mv Uasy 0 mv

active T.[ 14438 ¢ | |activeT[ 14396 ¢ |
R 109.1 onm]| R 143.0 onm]|

Any chain is as strong \ | s e | s /
13-03-2015 as it's weakest link.

Mumbai




Worldwide:
Lambda
Sensor 300 furnaces equipped

= 1200 STG Lambda sensors

* thereof 50 float furnaces
2..8 years of « thereof over 200 container glass furnaces
service life « thereof about 10 oxyfuel furnaces
700...1550°C : . : :

50% of installations in regular service
0...30% 02

0...40000ppm CO
20% of installations used for automatic control

3-4% in understoichiometric operation
automatic
reliability check

Mumbai
13-03-2015




STG Combustion Control GmbH & Co KG

Solutions for Technology in Glass

Lambda
Sensor

Installed in
regenerator

crown

each port
each firing side

Mumbal
13-03-2015
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Lambda
Sensor

What decides about
result and benefit:

installation&
maintenance

quality and
design of probe

+ /
installation & quality and
maintenance probe design
+ / v
i (]
advanced S ey 20VANCE
signal tee| | S'onal
. co 237 ppm |Bs| CO 474 ppm
processing

o o processing
H20 16.35 % H20 17.07 %
s02 001 % 502 001 %
N2 70.29 % N2 69.88 »
\ u 1.2 mv u 112.2 mv
Uasy 1 mv Uasy 0 mv

active T.[ 14438 ¢ | |activeT[ 14396 ¢ |
R 109.1 onm]| R 143.0 onm]|

Any chain is as strong \ | s e | s /
13-03-2015 as it's weakest link.

Mumbai
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Lambda Regular maintenance decides:

Sensor o
service life

. reliability of measurement
regular on-site

maintenance

indispensable customer benefit

service contract : )
50% of installations

under regular maintenance:

or

1...3 service visits per year
- remote data access

signal renting v
- record sensor lifetime data

Mumbai
13-03-2015

- service contracts
- signal renting
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Solutions for Technology in Glass

Lambda
Sensor

What decides about
result and benefit:

installation&
maintenance

quality and
design of probe

+ /
installation & quality and
maintenance probe design
+ / v
i (]
advanced e e e e GG
signal e[ toow 1| [ oot 1| Signal
. co 237 ppm |Bs| CO 474 ppm
processing

o o processing
H20 16.35 % H20 17.07 %
s02 001 % 502 001 %
N2 70.29 % N2 69.88 »
\ u 1.2 mv u 112.2 mv
Uasy 1 mv Uasy 0 mv

active T.[ 14438 ¢ | |activeT[ 14396 ¢ |
R 109.1 onm]| R 143.0 onm]|

Any chain is as strong \ | s e | s /
13-03-2015 as it's weakest link.

Mumbai
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Advanced
signal
processing

PLC based

signal
processing unit

Mumbai
13-03-2015
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Advanced
signal
processing

PLC based
signal
processing unit

Mumbal
13-03-2015
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Solutions for Technology in Glass

gg\r/;?ced Sensors Left-Fire Right saved | Sensors Right-Fire Left active

processing

A 1.071 | [1] | A || 1.078 | [1]
el 02 1.25 | % |02 1.37 | %
CO| 34 ppm CO| 32 |ppm

Mumbal
13-03-2015
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Solutions for Technology in Glass

Lambda |
Sensor :
2/20/2014 13:22 PORT 2 LEFT (FR)
Advanced o R=
signal = s
. 3] o
processing o ]
e el
L +45 ppm “a_J
= —
er
]
y 139 % =
iC 150 % .
PLC based I e
. - 00 % =
signal = 709 % b%l
. . Q
processing unit : R R 0
o] 12485 °C o]
N N
5 R MEAS L 940 Ohm 5
) F10 0.0000 (1) )

ASY -0.1 mY

21:07

Mumbal
13-03-2015
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Solutions for Technology in Glass

Source of air ingress decides about control strategy:

L am b d a —, ingressed air ingressed air in furnace ~
zircondioxide oxygen probe 2 ) in furnace nat taking part in combustion 1O zircondioxide oxygen probe
with heat protection funnel N | -..-’ with heat protection funnel

CO n t r O I and measuring hlock and measuring block

Control Lambda

Sources of o
air ingress XF - [ 7 Jasr s /J f

——w]
|

decides about T T T T T T
control strategy

T T

"""" | AN I (R () ShS—— A Y AR L
& S ’
\ Wom sreading F== ,f I.\
general Il".,k '. \/ _‘ AX J,-"; \
lII. '1 e ..'; "‘l ‘\
trending Vi2) .-’"'I
\ T i
Mumbai -
..«";\.___..-—-"_ﬂ_’ 7 T ..___I_/'::'\..
13-03-2015 |n:r9t=;:’ Z u:gr;ssed
oo "eqenefah:r

regenerafor (3)
= flue gas
air loss
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Lambda
Control

Control Lambda
and

online CV meter

Mumbai
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combustion calculation gas
= 4 - Meter Measurement
| MEAS
[ 10,8 kahinma]
MANU
CALC

RESET ERROR

()
0 S 0

HU
HU max | 15,00 KvwhiNma3|
Hu [ 10,88 kAhINma]
HU 10,81 Mode

Hu [ 10,90 kAhNma]

HU w800 KwhiNma3]

Gas composition

combustion parameters

[ Base “alues (INPUTY || measurement | [CALC values |
H2 0,635 %
Co 0,714 %
Co2 b 0476 %
CH4 88.7 % — 88,600 %]
C2HB ; 4,857 %
C2H4 0416 %
C3Hs 1,804 %
CaHB 0,555 %
C4H10 0278 %
C4HB 0416 %
CEH12 0,278 %
CEH10 0,278 %
CEH14 0,139 %
H25 0,189 %
H20 0,079 %
502 0,079 %
02 0,189 %
M2 A 0,079 %
sum [ 100,00 %] Release

REST  [XO.0007%]

Density 0,8163
WOBBE index | 137 kaihinm3 | 13,7226
rawy Ch' 11,8224
net. Cv | 10,9 kihim3 | 10,8935

Temp. Cyv-meter box

K [ 1,139

OMEGA[ 1,841

SIGMA | 1,914

Wy [ 0,001

RHO [ 0,002

Kapps | 8,228

oM [ 2,18 Nm3MNm3|

L [ 10,39 Nm3/Mm3|

AMIM [ 1145 Nm3Nm3|

LMINE [ 1,632 kI/Nm3/K |

consider
stoichiometric gas data
as result of

CV meter measurement
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Lambda Control as indicator for optimal furnace pressure
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Increase of furnace
pressure from5to 7 Pa
(dark grey trend)
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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:

L am b d a —, ingressed air ingressed air in furnace ~
zircondioxide oxygen probe 2 ) in furnace nat taking part in combustion 1O zircondioxide oxygen probe
with heat protection funnel N | -..-’ with heat protection funnel

CO n t r O I and measuring hlock and measuring block

Control Lambda

Sources of o
air ingress XF - [ 7 Jasr s /J f

——w]
|

decides about T T T T T T
control strategy
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LAMBDA Control : Summary & Principles

Advanced signal processing provides 02% 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

tnit iy

or let Lambda setpoint be determined by glass quality
requirements (as for crystal glass)
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or Technology in Glass

Lambda LAMBDA Control : Customers benefit
Control
‘ 1...5% energy savings due to stable operation at low excess air
(identification of CO peaks as limit conditions)
Customers
Benefit ‘ 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
Mumbai insufficient purging of regenerators
13-03-2015
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