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After about three years of
exchange of information,

the BREF - BAT reference
document for pollutant
emissions for the glass

industry - is now available.
The purpose of this IPPC

Directive is the prevention
and reduction of pollution

from industrial activity. 
This paper looks at the issue

of NOx emission
control and outlines existing

techniques.

Guy Tackels*
SAINT-GOBAIN

ithin the ambit of IPPC Directive
96/61, the BREF (BAT reference
document) for the glass industry is

now available after about three years of exchange
of information between member state repre-
sentatives, the IPPC Commission in Seville, and
the glass industry (1).

It is on the basis of the BREF document that
glass manufacturers will need to apply Best
Available Techniques (BAT) to reduce their
emissions of pollutants. Associated with the
BAT description, BREF contains reference val-
ues which are not emission limits.

The latter are left to the discretion of mem-
ber states within the scope of operational guide-
lines, and issued in accordance with local envi-
ronmental conditions.

BREF’s Europe-wide availability is an impor-
tant event for the glass manufacturing com-
munity, and the time is now ripe to take stock
of the methods used for reducing NOx emissions
in the industry.

Before describing the different NOx reduc-
tion techniques used in the glass industry in more
detail, it is important to ascertain exactly what
is at stake, and describe the context in which BAT
will be applied to reduce NOx emissions.  The
purpose of the IPPC Directive is to achieve
integrated prevention and reduction of pollution
arising from industrial activity. To start with, the
member states grant operating licences, mak-
ing sure that all the necessary measures are
taken to prevent pollution by using the best
available techniques.  According to Appendix
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IV of the Directive, the above means that, tak-
ing into account the costs and advantages deriv-
ing from such an action, the following precau-
tions are to be encouraged:
• effective management of natural resources and

techniques producing the least waste;
• use of least hazardous substances;
• adoption of least energy-intensive process-

es, using the smallest possible quantities of
reagents (with priority given to primary
measures);

• reduction of the impact of risks to the envi-
ronment and, in particular, accident pre-
vention.
All these constraints promote prevention

(primary measures) and are intended to convey
the integrated aspect of the directive. It is

important not to forget them when a technique
is chosen in respect of a given pollutant.

APPLICATION IN THE GLASS INDUSTRY
Another element that must be taken into

account is the diverse nature of the glass indus-
try. Table 1 is taken from BREF, and gives the
different types and average melting capacities
of furnaces used in the European glass indus-
try (1). The table, though, does not offer a
very good illustration of what the industry is real-
ly like, nor of its varied nature. In fact, if one
compares a small electric furnace with a 10 tons-
per-day melting capacity used in the manu-
facture of special glass, with a large regener-
ative float furnace capable of melting over
700 tons-per-day of soda-lime glass, few com-
mon features will be noticed.

One can easily understand how difficult it is
to choose a pollutant abatement technique,
particularly when this must be assessed from a
financial point of view and is strongly influenced
by the size and type of production plant.

In addition, one might also quote some key
figures concerning glass production in Europe
in 1999:
• total production: 29 million tons;
• flat glass: 7.6 million tons (25 per cent of the

total amount);
• container glass: 17.4 million tons (58 per

cent);
• tableware and crystal (domestic glass): 1.1

million tons (3.6 per cent);
• reinforcement fibres: 0.5 million tons (1.6 per

cent);
• insulation fibres (glass wool): 1 million tons

(6.6 per cent);
• special glass (including sodium silicate):

MELTING TEMPERATURE AGAINST
SPECIFIC CONSUMPTION

Figure1: 
Melting 
temperature
and specific
consumption
trends in the
container 
sector, 
according to
Barton [2]

Type of furnace Number of units Melting capacity Average melting capacity
(t/year) (t/year)

REGENERATIVE END-FIRED 265 13,100,000 135
REGENERATIVE CROSS-FIRED 170 15,300,000 250
ELECTRIC 100 1,100,000 30
OXYGEN 30 1,200,000 110
OTHERS 335 4,300,000 35
TOTAL 900 35,000,000 110

TABLE 1

TYPES OF GLASSMAKING FURNACES IN THE EU (1997) (1)
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1.5 million tons (5 per cent).
During the same year, the container glass

industry recycled 8 million tons of glass, main-
ly collected from consumer waste.

Available estimates of atmospheric emis-
sions in 1997 are 9,000 tons of dust, 103,500 tons
of NOx, 91,000 tons of SOx and 22 million tons
of CO2 (1).

This accounts for about 0.7 per cent of Euro-
pean Union emissions. Total energy consump-
tion is 265 PJ, divided amongst natural gas
(about 55 per cent of energy used), heavy fuel
oil (around 30 per cent) and electricity (around
15 per cent). 

Most glass plant pollution comes from fur-
naces, which are mostly medium-sized com-
bustion units, varying from a few MWth to a max-
imum capacity of around 50 MWth.

The average size of the furnaces shown in Table
1 is 8 MWth.

NOX PRODUCTION IN GLASS FURNACES
Glass manufacture often requires temperatures

in excess of 1,600°C. It is interesting to note that,
over the last ten years or so, a pause has been
observed in the evolution of melting tempera-
tures; this not only protects refractory materi-
als and extends furnace lifespans, but also lim-
its NOx production. Figure 1 illustrates this
trend. It also demonstrates that specific energy

consumption is an important function of furnace
temperature. In the same way, one can also
show that the specific pull of furnaces and,
thus, their output, follows the same trend as tem-
perature.

The formation of NOx in glass melter furnaces
is primarily due to the very high temperature of
the flames, which results in the formation of ther-
mal NO via the mechanism described by Zel-
dovich. The other parameters contributing to NOx
formation are oxygen content and the length of
time that the gases remain at a high temperature.
The influence of these parameters can be
summed up by the following qualitative rela-
tionship:

[NO] =
K1*exp(-K2/T)*[N 2]*[O 2]

1/2*t

where K1 and K2 are constants, [NO], [N2],
[O2] represent the concentrations of chemical
species, T temperature and t residence time. The
exponential influence of temperature also
demonstrates that, were we go back to operat-
ing conditions that applied only 30 years ago,
we would hardly need to talk about reducing NOx
in the glass industry at all (see Figure 1). A drop
of over 70°C in the furnace temperature would
easily enable us to reach the NOx levels demand-
ed by current regulations. This solution, how-
ever, does not bear analysis, as an almost simul-

METHODS USED, OR POTENTIALLY APPLICABLE, 
TO REDUCE NOx IN THE GLASS INDUSTRY

TYPES OF MEASURES MAIN METHOD TECHNIQUE (MAIN PARAMETER WORKED ON)

Low-NOx burners (excess air, mixing rate)

Air or fuel staged combustion (mixing rate)

Combustion Recirculation of waste gas (oxygen content)

Primary modification Furnace geometry

measures, Flameless oxydation

reduction Change in the melting process Lo-NOx® furnace (temperature  reduction)

at source Oxy-combustion Removing nitrogen from the oxidant

Electric melting Eliminating combustion

Eliminating nitrates Optimizing composition of the glass

Secondary measures, Non catalytic - SNCR (injecting urea or NH3)

eliminating the NOx
Selective reduction

Catalytic - SCR (injecting NH3)

already formed Reburning or 3R Reduction by methane

TABLE 2



144 taneous decrease in the specific pull would be
observed, and this would be totally unaccept-
able from a financial point of view.  

In practice, therefore, there is little to gain from
altering processing temperatures, although
more may be gained from chan-ging a number
of other parameters, such as excess air or the
air/fuel mixing rate. Any alteration of the pre-
heating air temperature can be considered - as
long as energy efficiency of the process is
maintained by complementary measures to
ensure energy reco-very: as we will see below,
there is no simple solution.

REDUCING NOx BY PRIMARY MEASURES
Primary measures are those aimed at avoid-

ing the formation of pollutants by altering the
main parameters of the process. Where NOx is
concerned, it is necessary to consider how the
parameters involved in its formation can be
changed. One can act on parameters such as
excess air and temperature field, without com-
promising pull, thermal transfer, productivity
and quality. However, reducing conditions can,
for example, cause colour problems, and, at
the same time, CO formation in the stack must
be avoided. These methods are in no way addi-
tive, and prospective performance levels are illus-
trated later in this paper.

Low-NOx burners
The technique consists essentially in mini-

mizing the air/fuel ratio and making sure that
the furnace is properly airtight. The area of
batch charging and the joint between the melt-
ing tank and the superstructure need particular
attention. Fuel burners should be designed to min-
imize the entry of parasitic air. By optimizing
the burners (gas and/or oil), air/fuel mixing
can be improved and the combustion more or less
staged to avoid temperature peaks. The right mix-
ing rate will also improve consumption by
reducing excess air and avoiding CO formation
in the stack. If necessary, air/fuel ratio adjust-
ments can be optimized using zirconium oxide
probes, which provide continuous measure-
ments of residual oxygen in the waste gas.

Furnace geometry optimization
It is not always enough to use Low-NOx

burners to obtain minimum NOx levels. All
furnace design-related parameters are important:

air velocity, air-flow, burner angles, and the
number and arrangement of burners. The Fenix
system developed by Saint-Gobain is nothing
more than an exhaustive application of these prin-
ciples, optimizing both fuel burners and oper-
ating conditions (3).

Reducing combustion air preheating tem-
perature

It is a well-known fact that, other things
being equal, a furnace with a metallic recu-
perator, whose preheating temperature is lim-
ited to 800°C, forms less NOx than a regener-
ative furnace.

For the latter, with its preheated air at 1,300°C,
performance in terms of specific pull and pri-
mary energy consumption are much better.

This is why furnaces with metallic recupera-
tors are generally used to melt special glass or fibres
(for which they have a number of advantages).
There are some such applications in container glass,
but these furnaces are equipped with electric
boosting and have complementary heat recovery
systems (steam-boilers, gas preheating etc.).

LoNOx® and special furnaces
The LoNOx® is a furnace that uses the prin-

ciples described above, and pushes them to
extreme limits (4). Air preheating temperature
is similar to that of a recuperative furnace and,
as a result of the large melting surface not cov-
ered by the flame, the furnace batch is gradu-
ally preheated by combustion gases. After the
waste gases have traversed the recuperator,
they are sent through a device that preheats
the cullet, thus decreasing energy consump-
tion. NOx results are under 500 mg/Nm3. How-
ever, there are many drawbacks, meaning that
this costly technique cannot be generalized:
to be feasible, this method would require a
cullet rate of over 70 per cent, which means it
being restricted to some applications in the
container industry. It is, moreover, often diffi-
cult to set up in existing buildings.

There are also a limited number of alterna-
tive solutions reserved for specific applica-
tions. The Flex-Melter furnace is one such
example for smaller furnaces.

Staged combustion
Staged combustion by air (BAS: Blower Air

Staging) or oxygen (OEAS: Oxygen-Enriched
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Air Staging) also promotes NOx reduction.
Depending on furnace geometry, several staged
solutions may be considered (5). One of these,
which consisted of picking up hot air at the
top of the regenerators and injecting it down
towards the furnace flame has all but been
abandoned due to reduced performance, high cost
and maintenance problems.

Similarly, tests to recirculate waste gas have
so far not produced concrete applications.

Staged combustion by fuel, meanwhile, con-
sists of injecting about 10 per cent of the fuel
upstream from the burners into the burner necks
(6). This produces a flame with high excess air,
which creates very little NOx and decreases the
aeration rate in the main flame. If the com-

bustion in the furnace has already been optimized,
the gain is slight and only accounts for about 10
- 15 per cent in a furnace already operating at
700 mg/Nm3.

Oxygen firing
In oxygen firing, NOx levels may be sub-

stantially decreased by removing the nitrogen con-
tent in the combustion air. It cannot be com-
pletely reduced to zero, though, as there is
always a little left-over nitrogen in the furnace.
This is comprised of residual nitrogen in the
oxygen from the on-site production units, as
well as broken down nitrates from nitrate oxidized
glass such as special glass or tableware. This oxy-
combustion technique is usually well-suited to

Technique Results Advantages, drawbacks, comments

200-700 MG/NM3 • LOW COST

PERFORMANCE VARIABLE
• ENERGY EFFICIENCY

COMBUSTION MODIFICATION
ACCORDING TO THE TYPE

• BEST COST/PERFORMANCE RATIO

OF GLASS, FURNACE AND FUEL
• BETTER RESULT WITH FUEL THAN

• WITH NATURAL GAS

• DOES NOT APPLY IN ALL CASES

CHANGING THE MELTING PROCESS <500 MG/NM3 E.G. LONOX® (FURNACE)
(E.G. LONOX® FURNACE) • LOW SPECIFIC PULL

• LACK OF FLEXIBILITY

• ENERGY SAVINGS FOR SPECIAL GLASSES

OXY-COMBUSTION
0,25 TO 1 KG/TON OF GLASS ENERGY • NO NEED FOR REGENERATORS

(EQUIVALENT TO <500 MG/NM3) • COST OF OXYGEN

• COST OF ELECTRICITY, 
ELECTRIC MELTING ALMOST TOTAL ELIMINATION OF NOX LACK OF FLEXIBILITY

• APPLIES TO SPECIAL GLASSES (NITRATES)

• TEMPERATURE WINDOW

SELECTIVE REDUCTION <500 MG/NM3 FOR SNCR
• NH3 STORAGE

• HIGH COST

• INCREASE IN ENERGY
REBURNING AND 3R <500 MG/NM

3

CONSUMPTION

A COMPARISON OF SOME PRIMARY MEASURES
TABLE 3
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special glass or fibres. For soda-lime glass the tech-
nique does not always prove to be profitable,
although some applications do exist - notably in
Germany, the Netherlands and, above all, in the
United States. If we take into account the ener-
gy required to produce oxygen, the consumption
of oxygen furnaces is no better than that of large
regenerative furnaces with optimized energy
consumption. However, in some cases, over 30
per cent gains can be made in comparison to the
initial situation with special glass, and the extra
oxygen cost is soon offset by the gain in energy.
A few problems related to the resistance of
refractory materials have been observed but, in
the modern era, we have a better idea of how to
deal with them - sometimes by using better qual-
ity refractory materials which are, of course,
more expensive. Recent developments have
enabled very low NOx levels to be reached
using new generation burners with staged com-
bustion. Another way of improving energy per-
formance and reducing NOx is through oscillating
or pulsed oxy-combustion (7).

Electric melting
High temperature glass conducts electricity.

It can, therefore, be melted and refined using only

joule-effect heating. If
the glass does not con-
tain nitrates, no NOx will
be formed since no com-
bustion can take place.
However, electricity costs
a lot more than fossil fuels,
so this solution is reserved
for specific applications
such as crystal, borosili-
cate, and so on.

Reducing nitrate
Reducing the nitrate

content in the batch. Soda-
lime glass is usually
refined with sulphates,
hence there is no need for
nitrates to oxidize the
glass. Nevertheless, there
are still several types of
glass that cannot be melt-
ed without the nitrates to
break down and partially
alter in the form of NOx.

To reduce NOx, glass manufacturers will there-
fore have to try and reduce to a minimum the
quantity of nitrates entering the process, provided
this is compatible with glass-type.

Flameless oxidation
Although this technique is not yet used in the

glass industry, its use may be considered in
some applications (8). It might, perhaps, yield
interesting results for making special glass in
small furnaces.

Reducing NOx by secondary measures
If primary measures are insufficient, glass man-

ufacturers can try using secondary methods.
These well-known techniques do not need any
lengthy description. Nonetheless, certain aspects
- which limit their use in the glass industry - ought
not be overlooked.

SNCR
Selective Non Catalytic Reduction (SNCR)

is based on injecting ammonia, in its gaseous form
or as a fluid solution - or urea - into the waste
gas. The use of this technique in the glass indus-
try is often relatively limited since, in regener-
ative furnaces - which account for 80 per cent

REDUCING NOx (BREF)

Figure 2: Cost
of reducing
NOx according 
to BREF
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of glass production - it is usually impossible to
reach the right processing temperature window
(around 950°C). The reagent injection point is
located in the middle of the regenerator housing,
and access is only possible if special alterations
are made to the design, such as a multi-pass sys-
tem. In addition, as we have seen, primary
measures apply quite well to recuperative-type
furnaces because the preheating air temperature
is limited to 800°C. However, a few examples
of applications in special cases do exist (1, 9).

SCR
The first Selective Catalytic Reduction (SCR)

applications in glass manufacturing were seen
at the end of the 1980s. Various types of cata-
lysts were tested with primarily successful
results. In contemporary terms, one can say
that this is an operational solution, at least for
natural gas-fired furnaces with titanium oxide
or vanadium-based honeycomb catalysts. Until
now there has been no reference for heavy fuel
oil-fired furnaces. Very fine fi ltration
(<15mg/Nm3) is necessary before de-NOx treat-
ing, and the residual dust deposited at the cat-

alyst inlet point should regularly be blow-
cleaned. Currently, there are seven such instal-
lations operating, six of which are in Germany
(1, 9). This process is costly and can only be con-
sidered for large units that produce large quan-
tities of waste gas with high NOx concentrations.
This is the case, for example, with furnaces
producing television glass.

Reburning and the Pilkington 3R process
Whilst these two methods do differ, the basic

principle is similar. They consist of reducing NOx
at the exhaust gas outlet of the melter by inject-
ing natural gas (10, 11). As in boiler plants, if
air is subsequently injected the waste gases
are oxidized, eliminating the large quantities of
CO that have formed. Some consider this
method ‘primary’ since the process may be
deemed to end at the regenerator outlet rather
than at the melter outlet.  

The drawback of this method is the increase
in energy consumption (around 6-10 per cent)
- difficult to calculate precisely owing to a lack
of concrete data in literature. In a principle which
may be applied to conventional furnaces,

waste gas heat recov-
ery can be said to
occur downstream
from the regenerators,
but, for this to be
effective, further
investment would be
required.

Performance and
cost

It is difficult to be
exhaustive because of
the broad range of dif-
ferent situations. Pol-
lutant reduction per-
formance is often
expressed in compar-
ison to the original sit-
uation.  However, in
the glass industry, the
starting points are so
varied (depending on
glass-type, furnace-
type, operating con-
ditions, etc.) that a
reduction expressed

NOx AVOIDED AGAINST INITIAL CONCENTRATIONS

Figure 3: Cost
per ton of NOx

avoided
according to

the initial
concentration

in the waste
gas with a final

objective of
500 mg/Nm3

for a container
glass furnace
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as a percentage is not always very meaningful,
except when describing those obtained in
instances where the before and after situations
are both known. This may be illustrated by
two examples. Ten years ago or so, in the con-
tainer sector, it was not uncommon to see NOx
levels of between 2,000 and 3,000 mg/Nm3

for furnaces producing soda-lime glass. Many
furnaces of the same type have now decreased
NOx levels to 700 or 800 mg/Nm3 using only
primary measures. It would be presumptuous
to state that primary measures are as efficient
as 65-80 per cent because, in point of fact,
departure values have also dropped. Along the
same lines, we also read in BREF (1) that the
SCR method, taken as a whole, can produce an
abatement rate as high as 95 per cent. A very
good performance for a television furnace,
starting at 4,000 to 5,500 mg/Nm3, is to reach
450 to 850 mg/Nm3, that is to say an efficien-
cy of over 80 per cent. However, it would be
unreasonable to try and reach 95  per cent by
increasing the size of catalyst and reagent con-
sumption. Looking at these examples, you
understand why the glass BREF (1) contains no
tables summarizing the performances for NOx
reduction methods.

However, BREF does indicate that the ref-
erence level generally reached with BAT is
around 500-700 mg/Nm3. Sometimes, lower
values may be reached, but the opposite is also
true. See BREF for in-depth analysis (1). In many
sectors, especially in tableware or in flat glass
furnaces, it is difficult to reach the BAT levels
stated in BREF. Further information may be
gleaned from Table 3, which should be read tak-
ing into account the fact that it is difficult to gen-
eralize in such circumstances. It is not usually
the technique which is challenged, but the
financial aspects of its implementation.

BREF (Figure 2) gives some financial infor-
mation about NOx reduction techniques. While
it would take too long to go into costing details,
a few explanations are required to interpret
this graph:
• the cost for 600 tons-per-day is that for a float

furnace (flat glass). Operational data such as
higher energy consumption are different
compared to instances where the tonnage is
lower, i.e. container glass. This explains
why the cost is, systematically, slightly high-
er at 600 tons-per-day;

• the cost curve for oxygen melting is the
combined result of several effects: the cost
of oxygen is higher for the lower flow rates
required in small furnaces but, on the other
hand, the potential energy savings are high.
The reverse is true for large volumes. These
hypotheses explain the atypical shape of the
curve showing the cost of oxygen melting.
These cost curves, calculated by TNO, at

the request of the IPPC bureau in Seville, have
been validated by the industry, but must be
interpreted with caution because they depend on
departure hypotheses and, therefore, on the
way costs are calculated (1).

However, the trends and relative deviations are
not ambiguous, and are sufficient to give a fair-
ly good idea of the costs and advantages obtained
by using one NOx reduction technique rather than
another. For the purposes of granting an operating
permit, a case-by-case technical and financial study
is essential. Figure 2 shows that the costs for small
installations are sometimes two or three times high-
er than for larger ones. Using the same calcula-
tion method, Figure 3 illustrates the cost-per-ton
of NOx avoided in the case of a 300 tons-per-day
container furnace.

This figure clearly shows the high sensitiv-
ity to starting hypotheses, and how costs and
advantages must be carefully weighed up on the
basis of local considerations.

If the initial concentration is 3,000 mg/Nm3,
the NOx emissions at stake amount to 500
tons-per-year and the cost per ton of NOx
avoided are moderate. If, on the other hand, the
departure situation is already at 700 mg/Nm3,
the amount at stake is only 40 tons and cost
increases very rapidly.

CONCLUSIONS
The state-of-the-art in terms of NOx reduc-

tion in the glass industry is still undergoing
major changes. A few conclusions have been
drawn in view of the current situation:
• a lot depends on the starting point, i.e. the NOx

level in unabated waste gas. Most methods
can yield the reference values indicated in
BREF if they are properly applied. Lower lev-
els are possible, but at a cost which rises
very fast;

• all these methods have their advantages and
drawbacks. The best techniques in terms of
performance are also the most costly - oxy-
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fuel, SCR and so on. Primary methods have
the advantage of being less costly, but often
have to be combined with operational con-
straints that must be strictly observed to
maintain the adjustments at an optimum lev-
el in spite of process-related variations;

• for soda-lime glass, primary measures are often
sufficient to reach BREF reference levels.
However, there are still difficulties in some
sectors, such as domestic glass;

• the techniques described above are quite
recent when compared to the lifecycle of a fur-
nace. Most of the methods applied in the
glass industry are less than 15 years old and
some, such as oxygen melting or reburning,
have only been developed over the last ten
years;

• further progress can therefore be expected in
the coming years. Glassmakers will be able
to control the melter process even better
with minimum NOx levels;

• 10 to 15 years ago, glass manufacturers were
aware of the fact that NOx emissions need-
ed to be reduced. This is why most of the tech-
niques tested in other industries were tried out
in glass manufacturing with comparative
success. The order of the day is to consoli-
date acquisitions to bring all European glass
manufacturers down to BAT reference values
and, provided it is properly interpreted, the
IPPC directive is the best way of achieving
this result. This does not necessarily mean that
all will reach the lowest NOx levels obtained
by some pioneers. It will be up to the legislative
authorities in each of the European Union
member states to define the objectives for NOx
reduction in consultation with glass manu-fac-
turers. As always, it is a case of striking the
right balance.  This task is made all the more
difficult because the drive and even the
financial health of these companies may
depend on it.
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