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Pollution in combination with indirect heating in a small sized single ended radiant tube

1. German Rule 44.BImSchV

2. First experiences

3. Motivation for ultra Low NO,
4. New Design Mach2®

5. Results

6. Summary
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Based on European Rule MCP 2015/2193
1 upto10 MW

Indirect Heating

Gaseous fuel

Plant must be registered

Valid since 1.1.2025

Efficiency better than 91%

NOx < 100mg/Nm?* @ 3% 02 in dry POC
CO < 80mg/Nm?* @ 3% 02 in dry POC
Measurement at the main stack
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1. German Rule 44. BImSchV

Only the knowledge to reduce NO,

opens the option to increase efficiency
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1. Request for efficiency and NO,-value

A 70% and 350 mg/Nm?* @ 3% O,

B 70% and 100 mg/Nm?* @ 3% O,

80% and 100 mg/Nm* @ 3% O,
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2. First experiences

1. Request for efficiency and NOx-value
- Selection of combustion system< |

2. Laboratory test ¢

Geometrie of furnace
Temperature

Type of radiant tube and recuperator

Type of fuel

Net capacity for each radiant tube
Type of NOx-reduction-system

AN

Validation

3. Measurement onsite

- Individual burner |

- Main stack
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Tain=30"C
1. Request for efficiency and NO,-value

- Selection of combustion system Furnace temp.

950°C

Natural Gas "

TP{OCE Tpog=1111°C

TAirI

Taie i | 15 kW @ 0,6 m?

Teoce Tooc= 1111°C

Tair Taire

Approaching Perfection




Mo | oW 2. First experiences econova A
' schwartz group @

Type of

Recuperator

Portfolio by Econova

All for the same
capacity
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Type of
NO,-reduction-system

2. First experiences ecor]OVCIA
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500

High Speed

400

Portfolio by Econova
Mach2®

Standard

Flameless + Mach1®

NO, in mg/Nm® @ 3% O, in dry POC

Flameless + Mach2®

i

400 500 600 700 800 900 1000 1100
. . -
Air Preheating temperarture T, in °C

100
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Type of
NO,-reduction-system

2. First experiences ecor]OVCIA
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500

High Speed

400

Portfolio by Econova
Mach2®

Standard

Flameless + Mach1®

NO, in mg/Nm® @ 3% O, in dry POC

Flameless + Mach2®

i

400 500 600 700 800 900 1000 1100
. . -
Air Preheating temperarture T, in °C

100
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Type of
NO,-reduction-system

2. First experiences ecor]OVCIA
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500

High Speed

400

Portfolio by Econova
Mach2®

Standard

Flameless + Mach1®

NO, in mg/Nm® @ 3% O, in dry POC

Flameless + Mach2®

s ——

400 500 600 700 800 900 1000 1100
. . -
Air Preheating temperarture T, in °C

100
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Tain=30"C
1. Request for efficiency and NO,-value

- Selection of combustion system 950°C

Natural Gas "

TP{OCE Tpog=1111°C

Tair Taire 15 kW @ 0,6 m?

Teoce Tooc= 1111°C

Tair Taire
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1. Request for efficiency and NO,-value

o
[&]

A 70% and 350 mg/Nm3 @ 3% O
NO,-reduction-system:

Efficiency based on Tpoeg IN %

NO,-reduction-system:
Flameless + Mach1®

100

Standard /
B 70% and 100 mg/N m3 @ 3% 02 60400 500 600 700 800 990 1000 1100
NO,-reduction-system: s 7
Mach1® S //
® O 300 «
' @3%0 8 //
80% and 100 mg/Nm Z 20
: e M
= ’

|
iR

400 500 600 700 800 9S00 1000 1100
Air Preheatingtemperarture Ty, in°C
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300

N
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150

1 2 3

NO, in mg/Nm® @ 3% O, in dry POC

]
o

R 2. Laboratory / Single burner eCOﬂOVCLA
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Rollerhearth Furnace 2,2 MW, 940°C, C+M-SER, Flameless + Mach1®

Laboratory
Average NO, = 98,9 mg/Nm? NO, =70 mg/Nm?
Average CO =8 mg/Nm? CO=0mg/Nm?3
Efficiency = 77% Efficiency = 75%

I | I
4 5 6 7 8

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
Burner No.
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NO, in mg/Nm® @ 3% O, in dry POC

a
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Hardening Furnace, 200 kW, 850°C, C-SER, Flameless + Mach1®

Average NO, = 50-115 mg/Nm?
Average CO=0 mg/Nm?3
Efficiency = 88%

X

1 2 3 4 5 6 9 1 2 5 6 7 8 2 5

11 12 1 2 5 6 7 8 11 12 1
Burner No.
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Laboratory

NO, = 60 mg/Nm?
CO=0mg/Nm?
Efficiency = 83%
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NO, in mg/Nm® @ 3% O, in dry POC
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2. Laboratory / Single burner

Rollerhearth furnace, 1600 kW, , 940°C, C-SER, Flameless + Mach1®

Average NO, = 89 mg/Nm?
Average CO=0 mg/Nm?
Efficiency = 83%

Mach1® green area

10 11 12 13 14 15 16 17 18 19 20
Burner No.
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Laboratory

NO, = 60 mg/Nm?
CO=0mg/Nm?
Efficiency = 80%
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Interim Summary

- Limit of 100 mg/Nm? @ 3% 02 in dry POC is possible
- Fluctuation between the burners too high
- Potential of Flameless + Mach1® not fully used

- COis not a problem
- Efficiency appr. 80% is realistic

- Measurment not according 44. BImSchV
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300

250

200

150

lm — ———
| —

50

0
11:00:00

2. Measurement acc.

Rollerhearth furnace, 1600 kW, 940°C, C-SER

_ _— _
_—— - - — - -
o
11:11:00 11:22:00 11:33:00 11:44:00 11:55:00
NOx in mg/Nm?@3% 02 —— CO in mg/Nm*@3% 02 ms===NQOx average 30 min
e C(O average 30 min —(02in %
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0,in%
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Average NO, = 60 mg/Nm?
Average CO =25 mg/Nm?
O, very high ~19,5%
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0, 17-20,8%

Dilution > 4 times
With fresh air

Reduction of
POC-temperature
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Raw Data E ;

!

Converted Data E,,

!

Trimed Data Eg

!

Validated Data Eg,,
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/ ppm

/ mg/Nm? ¢ |

/ mg/Nm3>@ 3% 0, ¢ |

/ mg/Nm3* @ 3% O, —
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CO NO NO,

!

Molar mass / 0°C / 1013 hPa

!

O, measured in the main stack

|

Measurement error
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E.= E AQ,,, mesasurement error
B 21 _ 02|v| M 2M

E 21~ O (E,, + AE,,)
= +
M 21— (0, +AO,,,) M

AE,, mesasurement error

21 - O (E,, - AE,,) NOx = NO + NO,
21 = (0, - AOyy) CO

EBVmin =

Calculation of measurement error is simply additiv without using
statistic methods for an easier overview.
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50,0%

40,0%

30,0%

20,0%

10,0%

0,0%

-10,0%

Measurement error in %

-20,0%

-30,0%

-40,0%

-50,0%
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AO,,, =+ 0,2% points

Example for a common

lle 2. Measurement error O,
E 21 O (E,, + AE,, )
= +
BVmax 21 — (02M + AOZM) M M
21-0,,
Egvimin = (Ep - AEy)

21— (0, + AO,,,)

Measured 02 in dry POCin %

;15 1 2 2 Measurement device

AO,,, =-0,2% points
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100,0

90,0

80,0

70,0

60,0

50,0

40,0

30,0

NO,in mg/Nm3 @ 3% O, in dry POC

20,0

10,0

0,0

RWTH 2. Real value to meet 44. BImSchV econov(]A

Real value to meet 100 mg/Nm® with P = 95% trust

5 10

O,in% indry POC

15 20
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AO,,, =+ 0,2% points

AE,, mesasurement error
+ 2 ppm (example)

NOx = NO + NO,

NO, appr. 5% of NO,
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100
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44. BImSchV

ALl FsSEtl 2. Measurement acc.
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0, 15-20,8%

§ 31
Real value + measurement value < limit = accepted

50
40

30

NO, in mg/Nm® @ 3% O, in dry POC

20

10

1 2
B Measurement error
B 5% NO2 not measured

Real value
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1. Request for efficiency and NO,-value

D 85% and 80 mg/Nm?* @ 3% O,
NO,-reduction-system:
Flameless + Mach2®

Expected dilution up to 17,5% O,
30% Measurement error
NO, < 56 mg/Nm* @ 3% O,
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Type of
NO,-reduction-system

4. Flameless + Mach2® econov(]A
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500

High Speed

400

Portfolio by Econova
Mach2®

Standard

Flameless + Mach1®

NO, in mg/Nm® @ 3% O, in dry POC

Flameless + Mach2®

- -

400 500 600 700 800 900 1000 1100
. . -
Air Preheating temperarture T, in °C

100

NO, < 56 mg/Nm’> @ 3% O,
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Mach1l®
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Calibrated diameter

Approaching Perfection



RWTH 5. Flameless + Mach2® Result econovg‘

schwartz group @

.. Hardening Furnace, 200 kW, , 850°C, C-SER,
1. Request for efficiency and NO,-value Flameless + Mach2°

300

250

D 85% and 80 mg/Nm?* @ 3% O,
NO,-reduction-system:
Flameless + Mach2®

200

150

Expected dilution up to 17,5% O,
30% Measurement error
<56 mg/Nm* @ 3% O, "

NO, in mg/Nm® @ 3% O, in dry POC
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Summary

Limit of 56 mg/Nm?* @ 3% 02 in dry POC is possible
Fluctuation reduced by calibrated design

CO is not a problem
Efficiency appr. 80% is realistic

Measurment according 44. BImSchV
Dilution must be limited

Closed exhaust system with no dilution
will accept higher NO,- values
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500

High Speed
400

Mach2®
Standard

300

200

Flameless + Mach1®

NO, in mg/Nm® @ 3% O, in dry POC

Flameless + Mach2®

—

400 500 600 700 800 900 1000 1100
Air Preheating temperarture T,,¢ in°C

100

Dr. Horst Graf von Schweinitz
h.schweinitz@econova-gmbh.com
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