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CEMTEC kiln inlet measurement at Märker Cement
Märker Cement in Harburg, south Germany, operates an FLSmidth satellite rotary kiln with
a capacity of 3000t/day. In order to further optimise its process, especially with regard
to new NOx and NH3 emission limits, Märker Cement decided to install a kiln inlet probe
system. For this purpose, several manufacturers of kiln inlet probe systems were compared
and, additionally, kiln inlet probe systems in use in other cement plants were considered.
Based on the experiences at the other cement plants, the decision was made to install a
CEMTEC probe system from Germany’s ENOTEC GmbH.
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Below- Figure 1: Schematic of
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NOTEC’s CEMTEC probe system consists of
a probe, a compressed air tank, a re-cooler for
cooling water, a coolant control cabinet, a local control box and an analyser cabinet with built-in PLC
(See Figure 1). As the probe is inserted, it rotates
90° and the plunger is activated to remove deposits
in the tube. Inserted in the process, the probe tube
is cooled by a water/glycol coolant and is cooled by
an air/water re-cooler. A three-way valve provides a
constant coolant return temperature of 85°C.
In order to prevent the probe from caking stuck
in the kiln inlet, the probe rotates 90° in adjustable
intervals. Once a day, the probe is retracted and reinserted into the process to ensure that the probe can
extract automatically in case an emergency retraction
is necessary.
The probe extracts the sample gas from the kiln
inlet through its internal sintered metal filter. Deposits on the inner filter tube and at the sample gas inlet
are removed by regular plunger movement. Plunger
movement means that the internal filter tube with
the plunger is regularly driven back and forth by two
pneumatic pistons.
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All functions of the CEMTEC system such as
plunger movement, probe rotating, purging and insertion / retraction can be set exactly via the PLC and
adapted to on-site conditions. Cyclic impulse cleaning with purge air, which takes seconds, does not
interfere with process control as the measured values
are blanked out in the control room during purging.
The sample gas is extracted through the heated
sample gas line for sample gas conditioning and further to the gas analysers in the system cabinet.
All of the CEMTEC probe’s movement are completely pneumatically driven. A sufficiently large
compressed air buffer tank is used as an ‘energy
reserve’ for an emergency retraction, should the
mains voltage or plant air fail. This is controlled by a
SIMATIC PLC with backup battery.

Installation at Märker Cement

The challenges of the kiln inlet are flue gas temperatures of >1100°C, high dust loads of <4000g/m3 and
caking in the riser duct. The measuring gas inlet of
this gas sampling probe must be ‘in front’ of the kiln
inlet seal, as seen from the flue gas flow direction.
A nozzle with a flange must be installed horizontally at the inlet chamber, at
an angle congruent to the
kiln axis, in such a way that
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operation, this prudent choice of installation location
and positioning within the inlet chamber has paid off,
as the probe has not been damaged.
The probe extracts sample gas from the upper
third of the kiln and protrudes about 40cm behind
the kiln inlet seal into the kiln. Initially Märker Cement was concerned regarding the dust load directly
at the bypass outlet as well as the representativeness
of the measured values. In order to reduce the noise
emission of the air / water re-cooler, a sound-insulating enclosure was installed.
For optimal probe operation and service, an additional 30m² platform had to be installed in the
heat exchanger tower to the left of the inlet chamber,
about 3m above the existing floor. In order to comply
with the European Machinery Directive, access to
the platform is only possible via a staircase, which is
closed off by an electronically secured door. Access to
the platform is only possible if the probe is retracted.
The coolant temperature control cabinet (pump,
mixing valve, control for water temperature, water
volume and water pressure) was installed below
the platform and is accessible at all times. The gas
analyser system cabinet, (with sample gas conditioning as well as the analysers for O2, CO, NO
and SO2) have been installed in the e-room below
the heat exchanger tower for protection against
weather influences.
The air/water re-cooler is installed in a soundinsulating enclosure due to the noise emission of the
fan. This ensures that no additional sound is emitted.
Plant personnel can alter the PLC control of the
CEMTEC probe from ‘automatic’ to ‘manual’ operation via the local control box, which is mounted
below the platform. During manual operation the
probe can be inserted, rotated, retracted or pneumatically cleaned for control purposes.
An oxygen-indicating display is installed at the
local control box, which allows the furnace personnel
to check whether the probe is properly extracting flue
gas and that the analysis is working correctly.

Operational experience
After two years, the results of the probe measurements are very convincing and corroborate with
other measurements in the kiln. This can be seen
by comparing the ammonia water consumption
and the measured NOx concentration from the kiln
inlet measurement (See Figure 4). The relationship
between NOx in the kiln inlet and ammonia water
consumption of the SNCR system is clearly shown.
The influence of O2 and CO on the denitrification
reaction was also determined by the gas analysis. As
soon as sufficient O2 is present in the kiln inlet, the
NO reduction significantly improves. NO values are
used to control the SNCR system.
Märker Cement uses a STEAG Powitec high
efficiency selective non catalytic reduction
(heSNCR) system, a modern APC solution with model-
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Left - Figure 2:
Installation of the CEMTEC
kiln inlet probe system.

Left - Figure 3: The
CEMTEC probe within the
kiln inlet chamber.

predictive algorithms that is based on the artificial
neural networks of online computational fluid dynamics (CFD) for temperature-controlled injection.
The gas measurements of the probe at the kiln inlet,
in particular of NOx, O2 and CO, are particularly
valuable for modelling the process section relevant to
the heSNCR as precisely as possible.
They also allow immediate and rapid reaction to
changes in the raw gas by means of their position
directly at the kiln inlet. Short periods during which
these values are not available during the cleaning procedures are bridged by an NOx prediction, performed
by a software sensor based on neural networks. The
probe thus provides very important information in
order to be able to safely meet the low NOx and in
particular NH3 limits with low reduction agent input.
The measured O2 and CO values at the kiln inlet
enable the operator to adjust the secondary combustion air quantity accordingly. If the O2 value is too
high, the ID fan must draw more flue gas through
the furnace system than necessary. If the O2 value
is too low and there is a very high CO content, the
combustion is sub-optimal. Here, the operator can
make appropriate changes to the settings, either to
the burner or to the ID fan to achieve the best possible combustion.
Thanks to the kiln inlet measurement, the combustion has been optimised so that the CO level at
the chimney (emission measurement) has been reduced significantly. Until now this was not possible
because of insufficient measurement technology to
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Above - Figure 4: Comparison
between NOx concentration in
the kiln and ammonia
water consumption.
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understand the process, in particular the formation
of CO. Furthermore, one could not estimate the
extent to which the O2 measured at the top cyclone
stage is correct, as false air that is drawn via the heat
exchanger is also measured at this point.
Using the kiln inlet measurement, it has been
possible to accurately and continually measure the
combustion gases from the burner in order to obtain
a basis for an improvement in the combustion. The
optimal air volume (in t/hr) could be determined by
means of the combustion calculation and the addition of the false air at the heat exchanger. With the
addition of flue gas volume measurement, which is
installed in the gas direction after the last cyclone
stage, the required air quantity can now be measured
and the ID fan can be controlled accordingly. Due to
this constant furnace control, emissions at the chimney and energy consumption per ton of clinker can be
reduced. Essentially, in a system without downstream
equipment such as regenerative thermal oxidiser or
calciner, the main burner must burn optimally, since
any error can be difficult to correct.

Optimisation of the probe
After installation of the CEMTEC analyser system at
the beginning of 2015 and the training of employees,
the probe has been used 24/7. It is automatically retracted once a day for visual inspection.
Originally, the probe was flushed with compressed
air every 60 minutes. This had to be temporarily
reduced to 30 minutes due to high accumulation of
dust and the associated maintenance of the analysis.
The factory settings for the plunger (1 minute) and
for probe rotation (2 minutes) of the probe could be
maintained.
During the winter break of 2016, further optimisation was carried out with ENOTEC with regard to
compressed air purging. A flushing programme was
installed on the PLC software to clean the probe by
means of several short pulses, similar to the compressed air guns in a heat exchanger tower. The
cleaning intervals can be set flexibly on the touch
panel by the operator. The probe is currently cleaned
hourly by three purge pulses for a total of 36 seconds.
Due to the pressure waves generated during impulse
cleaning, dust deposits within the CEMTEC probe
are loosened and blown back into the kiln.
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Since the entire CEMTEC control is carried out
via a SIMATIC PLC, well known to Märker Cement,
the operator has also made a programme change for
the probe’s entry and exit. During the daily insertion
and subsequent retraction, the probe automatically
rotates back and forth quickly and is simultaneously
purged with compressed air.
Due to the rapid rotation of the probe, as previously explained, the originally-installed swivel joints
on the two cooling water connections for flow and
return on the probe were leaking slightly after four
months of operation, a situation to which operators
were alerted by the coolant/water pressure monitor.
The connectors were converted to a flange connection
and as a result, after more than one year of continuous operation, no further leaks in the cooling water
circuit have occurred.

Maintenance
The CEMTEC probe supplies practically dust-free
sample gas through its internal sintered metal filter
(porosity 0.3mµ, surface area 1900cm²) through the
heated sample line to the analyser cabinet. As the
CEMTEC probe is operated at 85°C, coolant temperature, the sample gas remains above the water dew
point along the entire length of the sample line, from
the gas inlet of the probe, to the analyser cabinet.
Chemical reactions with gas molecules contained in
the sample gas, as is typical of cold sample paths, do
not occur. No SO2 is lost in the condensate and there
are also no ‘muddy deposits’ that can block probes
and heated sample lines.
It can be said that there is no regular manual maintenance with the CEMTEC. The maintenance staff
purge the sample line twice a year, conduct general
maintenance in the analyser cabinet and calibrate the
analysers. A general inspection of the system takes
place weekly. On the whole, the probe is very lowmaintenance, despite the difficult conditions in the
kiln inlet, which enables around 95% availability of
process gas values during kiln operation.

Conclusion
The CEMTEC kiln inlet measurement is a robust
measuring system that is well suited to cement plants.
It allows O2, CO, NO and SO2 parameters to be continuously measured in the kiln inlet chamber. In
conjunction with additional measurements, it serves
to further optimise the production of clinker.
Märker Cement expects to be able to carry out further optimisations to the burner using measurements
from the CEMTEC probe in future. Since the effects
of adjustments to the burner combustion air without
reliable gas analysis was difficult to comprehend in
the past and, as the company was not able to view
the flame from the outside due to the plant’s satellite
cooler, the CEMTEC probe systems will remain an
important permanent instrument for optimisation of
the plant.
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