
Origina Paper

First practical experiences with an SCR DeNOx facility in a container
glassworks"*)
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PLM Glashütte Bad Münder GnnbH, Bad Münder (Germany)

The German Federal Minister for Environment, Nature Protection and Reactor Safety (BMU) and the State Ministry for Environmen-
tal Affairs in Hannover sponsor projects in shop-floor size which demonstrate how equipment can be adopted to the latest technical
developments to reduce environmental damages. At PLM Glashütte Münder such a project is being sponsored and expertly ac
companied by the German Federal Bureau for Environment with funds being made available by the B M U and the State of Lower
Saxony An important feature of the project is the technology to reduce NO;, values with the help of the Selective Catalytic Reduction
(SCR) process.

The DeNOx facility has been equipped with two ammonia water storage tanks having a capacity of 30 m^ each. The direct vaporizer
is installed before the SCR reactor. The ammonia water is finely sprayed in with the two-material nozzle technique and mixed evenly
with the flue gas volume flow. An analysis measuring device before and after the SCR reactor measures the relevant NO^, values, these
values are transformed into a signal which controls a valve supplying the required quantity of ammonia water. The conditioned flue gas
volume is sent to the SCR reactor via guide systems. The reactor is equipped with two layers of catalyzers. To avoid bridge formation
of dust that still accumulates in the purified gas flow, dust blowers are positioned above each catalyzer layer, which are activated at
set intervals.

First practical results show that with this technology NO_̂  emissions can be reduced to values below 500 mg/m^ flue gas, where the
NO;, concentrations are based on dry flue gas in standard condition (1013 mbar, 273 K) with 8 % O2.

Erste Betriebserfahrungen mit einer SCR-DeNOx-Anlage in einer Behälterglashütte

Der Bundesminister für Umwelt, Naturschutz und Reaktorsicherheit (BMU) und das Umweltministerium in Hannover fördern De-
monstrationsvorhaben im großtechnischen Maßstab, die aufzeigen, in welcher Weise Anlagen einem fortschrittlichen Stand der Technik
entsprechend zur Verminderung von Umweltbelastungen beitragen. Ein solches Vorhaben wird vom Umweltbundesamt (UBA) in Ber-
lin aus Mitteln des B M U und vom Land Niedersachsen bei der PLM Glashütte Münder gefördert und fachlich begleitet. Ein Schwer-
punkt des Projektes ist die NO;,-Minderungstechnologie nach dem selektiv katalytischen Reduktionsverfahren (SCR-Verfahren).

Die DeNOx-Anlage wurde mit zwei Ammoniakwasserlagertanks mit einem Fassungsvermögen von je 30 m^ ausgestattet. Der Di -
rektverdampfer ist vor dem SCR-Reaktor instalUert. Das Ammoniakwasser wird mit der Zweistoffdüsentechnik fein vernebelt und
gleichmäßig in den Rauchgasvolumenstrom gemischt. Eine Analysenmeßeinrichtung vor und hinter dem SCR-Reaktor mißt die aktuel-
len NO_ -̂Werte; die anfallenden Werte werden in ein entsprechendes Signal umgewandelt, das dann über ein Regelventil die erforderliche
Ammoniakwassermenge einstellt. Die konditionierte Rauchgasmenge wird über Leitsysteme in den SCR-Reaktor geführt. Der Reaktor
selbst ist mit zwei Katalysatorlagen ausgerüstet. Um eine Brückenbildung des noch anfallenden Staubes im Reingasstrom zu vermeiden,
sind oberhalb jeder Katalysatorlage Staubbläser angeordnet, die in gewissen Zeitintervallen betätigt werden.

Die ersten Betriebsergebnisse zeigen, daß mit Hilfe dieser Technologie die NO.^-Emission unter 500 mg/m^ Abgas (Abgas im Norm-
zustand: 1013 mbar, 273 K, bezogen auf 8 % O2) reduziert werden kann.

1. Introduction
The legislative Technical Requirement A i r o f March
1986 [1] laid down a scheme to adapt existing facilities
to the latest technical developments within a period of
5 years, i.e. by 1991 at the latest. For P L M the aim was
to develop a comprehensive conception for flue gas
treatment under the special aspect of making the best
use of waste heat.
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^) Here and in the following text: flue gas in standard con-
ditions.

The following components were taken into consider-
ation:

a) A new indirect batch preheating system o f simple
design which could be integrated into the existing facili-
ties and which would not cause an additional dust load-
ing o f the system.

b) A precipitator system for 4 furnaces producing glass
of various glass colours (fl int , amber, green and special
colours).

c)  A heat power decoupling to produce electricity for
internal use as well as for being fed into district heating
systems o f major investment projects planned by the
town o f Bad Münde r .

This concept had been submitted to the German
Federal Bureau for Environment in Berlin ( U B A ) as an
application for sponsoring. Talks w i t h the Federal

-

-



Figured. Schematic of complete flue gas purifying facility with DeNOx stage and integral system of multistage flue gas heat
utilization at Glashütte Bad Münder. 1 to 4: glass furnaces no. 1 to 4; 5: raw material supply; 6: batch preheater; 7: supply of
hydrated lime; 8: conveying air; 9: absorption tower; 10: precipitator; 11: filtered dust particles to raw material supply; 12: ammonia
water storage; 13: SCR reactor; 14: catalyzer; 15 to 25: heat power coupling, 15: superheater, 16: steam boiler, 17: economizer,
18: topping turbine, 19: overcompression turbine, 20: electric generator, 21: condenser, 22: thermal gas extractor, 23: heat exchanger
(planned), 24: plant heating (planned), 25: district heating (planned); 26: flue gas fan; 27: sound absorber; 28: stack (height 70 m).

Bureau for Environment and the State Minis t ry for En-
vironmental Affairs in Hannover made i t clear that
sponsoring would only be feasible i f a catalyzer to re
duce NO;, values was included into the project as a 
fourth main component. Figure 1 gives a survey of the
U B A project: The flue gases o f the four regenerative
horseshoe-fired furnaces, having melting areas of 20 to
120 m^, are collected. The batch preheater for furnace
no. 3 was put into operation in August 1992. A detailed
report was presented on the occasion o f the Annual
Meeting o f the D G G 1993 in Königswinter and pub-
hshed in 1994 [2]. The operation o f the facihty is fully
satisfactory, energy savings amount to approximately
18 %. Reactor stack and precipitator have been in oper-
ation since March 1991. The values for dust separation
fall considerably below lOmg/m^ flue gas. The heat
power coupling was taken into operation in July 1994.
W i t h present operating conditions the output o f the tur-
bine amounts to approximately 850 kW. The feeding into
a district heating system is being considered by the pub

lic energy supply company and the town of Bad Münder ,
however, talks on this project have not yet been con-
cluded.

The fourth component of the U B A project, the
reduction o f NO;, values, is being discussed in more
detail hereafter.

2. Primary NO^ reduction
A suitable technology had to be found for the primary
NO;, reduction on the four furnaces, all o f which are
operated wi th a high specific load o f up to 4 t/(m^ d).
This was not achieved before October 1993 when the
burner technology of Hotwork-Kös te r G m b H , Parten-
stein (Germany), was being installed wi th tests being run
wi th pre-stage and underport burners [3]. The best re-
sults were obtained wi th underport burners. The NO;,
emissions o f furnace no. 3 could be reduced from 2280
to 800 mg/m^. Figures 2a and b show this furnace when
it was new in 1983. Three burners are in operation per
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burner port. Sharp flames lie flatly over the melt (figure
2a), gas and air velocities are very high, the flames are
at the same height level as the burner stones. Figure 2b
shows the batch that had not been preheated.

I n 1991 an in-between repair was carried out on this
specific furnace, and i t was enlarged by  1 m widthways.
The number of burners was increased to four. After in-
stalling the Hotwork Köster burners only three burners
are in operation today. Figure 3 shows a bushy flame
having a large volume, filling almost completely the
superstructure in the middle o f the furnace.

The batch is preheated to 260 to 300 °C. The output
of the furnace amounts to 3.6t/(m^d). The melt was
for amber glass wi th a cullet percentage of 80%, the
total energy consumption was 3190kJ/kg glass
(=760 kcal/kg glass).

3. SCR reactor
A further reduction of the NO;^ emissions to less than
500 mg/m^ could only be achieved wi th an SCR reactor.
Wi th in the framework of the U B A project and after dis-
cussions wi th several other suppliers. A B B Umwelt-
technik G m b H , Butzbach (Germany), got the order to
supply the required facility.

The following basic layout parameters and con
ditions had to be met:

a) The reactor was to operate in the purified gas flow.

b) The layout of the flue gas volume had to be sufficient
for all four furnaces.

c) The pressure resistance must not be higher than the
value calculated, which was achieved when the fan fa
cility was installed in 1991.-

d) The target working temperature of the catalyzer was
to be 400, preferably 420 °C, so that the heat power
coupling could be effectively operated.

e) To keep the time-related decrease o f the catalyzer ac
tivity as low as possible, the amount o f dust particles in
the flue gas had to be kept as low as possible, too.

f) The catalyzer was expected to bring about an NO^,
reduction o f at least 77 % to reach a value o f less than
500 mg/m^, compared to 2200 mg/m^ of NO;, in the un
treated gas.

g) The NH3 slippage was limited to maximum 5ppm
and 3.8mg/m^ respectively.

The catalyzer was supplied by BASF A G , Ludwigsha-
fen (Germany). The ceramic honeycomb catalyzer with
traces o f titanic oxide, tungsten oxide and vanadium pent-
oxide was to be operated at a temperature o f 340 to
420 °C. The pitch was 6.9 mm. The dimensions of the indi-
vidual catalyzer elements were (150 X 150 X 910) mm^.
72 elements were combined to one module. Six modules
were provided for each level. Two catalyzer levels were fit-
ted into the SCR reactor. The total volume of the cata
lyzer amounted to 17.7 m^, the specific surface of the cata
lyzer figured 490 m^/m^.

b)

Figures 2a and b. View into the new furnace no. 3 in 1983,
a) sharp flames above the melt, b) unpreheated batch.

Figure 3. View into furnace no. 3 in 1993 with Hotwork-Köster
underport burners.

A t the Institute for Steel Construction o f the Techni-
cal University in Aachen (Aix-la-Chapelle) model tests
to mix NH3 and to obtain a uniform flow pattern were
carried out by Ruscheweyh [4]. These tests showed that
a pre-vaporization o f the ammonia water was not neces-
sary. Thus, the originally planned mixed-air blast and
the separate vaporizer could be neglected. The posit ion
and the geometry o f the direct injection o f ammonia
water, the principal mixer, the push diffusor, the homo-
genizing disks and the detouring areas could be exactly
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Figure 4. Optimized mixer layout with position and geometry
of the various aggregates.

calculated by the tests (figure 4). I n November 1994 the
flow distribution o f the flue gases before the first cata-
lyzer layer had been verified by Ruscheweyh and com
pared w i t h the values o f the model test [5]. The meas-
ured values showed two deviating variables, which had
first to be eliminated:

 Due to f ir ing shifts in one o f the four furnaces the
measured values showed operating load variations o f

AiJ/tJ  ± 4 % , which had an effect on the variation
coefficient of approximately

A{aM  0.02

where v  mean value o f flue gas velocity, Av  de-
viation from mean value,  standard deviation,
ajv  variation coefficient.

 The measuring level was about 300 m m above the
catalyzer. Converted to the original, this distance was
140 m m in the model test. Experience shows that the
flow gets more uniform when approaching the
catalyzer and thus the deviation decreases by about
Av/v  8 %. This results in a correction o f the vari-
ation coefficient of A{ajv)  0.04. Taking into con-
sideration these correction values, the key figures of
table 1 are reached for 90 % of the catalyzer surfaces.
The specification is being met in the original.

Figure 5 shows the layout of the DeNOx facility Op-
eration is based on the SCR process. Ammonia water
having a concentration o f 25 % is used to convert nitric
oxides into nitrogen and water. Two high-grade steel
tanks having only one wall and a capacity of 30 m^ each
are being used to store the ammonia water. Further-
more, all parts having contact wi th ammonia water are
made o f high-grade steel. The ammonia water is directly
sprayed into the flue gas flow without prior vapori-
zation. After the model tests certain additions to the flue
gas channel became necessary and they resulted in the
ammonia water being mixed evenly into the flue gas
flow. The guide metal plates in the flue-gas detouring
box are responsible for an even distribution of the am
monia-conditioned flue gases over the first catalyzer
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Table 1. Key figures in the original facility compared to those of the test model and specification

original

uncorrected corrected model specification
values values

variation coefficient 0.143 0.083 0.05 0.10

maximum (Aviv) + 27 % +15 % 
-28% -16%

+ 12%
- 1 2 %

±20%

Table 2. Layout parameters of the DeNOx facility and results of emission measurements

layout measurement
in April 1994

measurement
in December 1994

parameters
flue gas volume flow (wet)
inrnVh 67100
flue gas volume flow (dry)
inm^/h 60390
flue gas temperature in C 350 to 420
O2 content in % 7.5
ammonia water concentration in % 25
NH4OH consumption in kg/h 155
Ca(OH)2 consumption in kg/h

60767

60081
335

9.5
25
90
37

70 389

62 580
388

9.6
25
63.5
50

dust total in mg/m^
NO;, (unpurified gas) in mg/m^
NO;, (purified gas) in mg/m^
NO;, reduction in % 
NH3 in mg/m^
502 in mg/m^
503 in mg/m^
HF in mg/m^
HCl in mg/m^

20
2200

500
77
3.̂

600
30
5

30

3.5
1412

373
74

1.4
680

7.9
1.01

17.3

5.5
1 139

364
68
0.8

439
6.8
1.7

18.9

Explanations: Volume figures refer to dry flue gas in standard condition. Figures referring to concentrations are standardized to
8% O2 content in flue gas. NO;, concentrations are calculated as NO2.
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Figure 6. Diagram of the activity of the DeNOx catalyzers.
O: layer 1, A : layer 2, : lower tolerance, : upper toler-
ance.

level. The dust blowers installed over the two catalyzer
layers are operated by compressed air preheated by the
flue gases in a heat exchanger. Cleaning has to be done
three times a week. The room for analyses and switch
boards could be housed economically under the stairs.

Before and after the DeNOx faciHty the relevant NO; ,
values are measured by an analysis measuring device
and processed in a feed forward/back t r i m control de
vice. The relevant signal controls a valve which supplies
the required amount o f ammonia water. Thus, even con
siderable NO;, variations in the unpurified gas can easily
be mastered in no time, thereby guaranteering the set
value for N O emissions.

This faciUty was put into operation in M a r c h 1994.

4. Results of emission measurements
Table 2 shows the layout parameters and results o f emis-
sion measurements carried out by H V G , F rankfu r t /M.
(Germany), in A p r i l and December 1994. D u r i n g the
measurements in A p r i l 1994 the heat power coupling
was not yet in operation and flue gases had to be
quenched w i t h water because the blast capacity was i n
sufficient. Therefore, the flue gas temperature i n the
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SCR reactor was only 335 °C. The NO; , reduction fig-
ured 74 or 68 % wi th the absolute value falling well be-
low 500 mg/m^ flue gas. The very low ammonia slippage
is remarkable which obviously proves that the layout of
the facility meets requirements.

The catalyzer layers are provided wi th test elements
which have to be exchanged regularly for new elements
and examined by BASF to f ind out whether there has
been a loss o f activity The first two test elements, one
per layer, were examined after about 2500 working
hours. Figure 6 shows that the loss o f activity is within
the limits that had to be expected. The loss o f activity
o f the first layer hes almost precisely in the middle of
the tolerance limits, that o f the second layer is closer to
the upper l imi t [6]. The interested experts w ih be in
formed about the results o f further measurements on
loss o f activity

5. Summary
a) Primary measures to reduce NO; , emissions are ab
solutely necessary and possible on existing horseshoe-
fired furnaces. Today a technology is at hand that en
sures NO; , emission values o f less than 1000 mg/m^ with-
out interfering w i th the melting furnace output or the
layout o f the flames. The limits o f this technology are
reached at NO;, values o f about 800 mg/m^.

b) The present state o f the art is that w i t h a given set
o f existing furnace facilities a catalyzer is required
to reduce NO;, emissions further to values o f about
500 mglm\ 

c) Nothing definite can presently be said about the
working life o f catalyzers operating after glass container
furnaces for soda- l ime-s i l ica glass. The first tests give
rise to the hope that the working life w i l l come up to
expectations when the fringe conditions mentioned in
this article are being observed.

The described project was sponsored by the German Federal
Minister for Environment, Nature Protection and Reactor
Safety. The opinions expressed in this paper, however, are solely
those of the authors.
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