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Summary 
 
The biggest part of the anthropogenic emitted 
pollutants on earth is generated by burning 
processes in industrial and domestic applica-
tions and in combustion engines. The main 
part of the emitted pollutants is the product of 
an imperfect combustion, like soot, CO, H2, 
and unburned hydrocarbons CnHm. The mini-
mization of these pollutants is possible by the 
use of an intelligent process operating. In 
automotive and power plant application, the 
use of the Lambda probe is realised. In case of 
the high system costs of the lambda probe 
they arel not used in domestic burner systems 
and in application up to the power rating of 
200kW. The next captures are describing a 
new COe-sensor system and the optimal con-
trol strategy to use it. 
 
I The Problem 
 
The trend with domestic burner systems is 
going to infinitely variable Systems, which can 
operate modular over a wide power range. 
Another trend is going to burners which are 
independent of the air around the burner and 
which can directly be installed in the living 
space. At these systems, the air-flue gas-
system has an important influence at the burn-
ing process. Other requirements are results of 
the more and more flexible market for fuels. 
This open going market brings more and more 
fluctuations in the quality of the fuel worldwide. 
In opposition of this fact, we have the need for 
a combustion that is optimal at every process 
point and has the maximum efficiency every 
time at the minimum of the emitted pollutants. 
To achieve these requirements under perma-
nent changing conditions is nearly a mission 
impossible, if you do not use an innovative 
combustion control based on a sensor system 
that detects unburned parts of the combustion 
process (picture 1).  

 

Optimisation of the Burners 

Problem  Incomplete combustion 
 Lower efficiency 
 High emission of  

polutants (COe, soot) 

Previous 
Technology 

 O2-control 

Futur 
Technology  Binary control of the com-

bustion product (COe) 
 

Goal 

 Continuous control and re-
duce of the emission polut-
ants at all firing systems with 
the application of ceramic 
gas sensors for COe in com-
bination with an self-
adaptive rule policy 

Picture 1 The problem of the optimisation of firing 
systems 
 
II Optimisation   
    of the Burning Process 
 
2.1 The Burning Characteristics  
 
Picture 2 shows the typical characteristics of 
the partial pressures of the flue gas in a burner 
in dependence of the oxygen partial pressure 
(O2) or of λ=21/(21-O2). If the burning process 
is ideal (stiochiometric, λ =1) the burning proc-
ess is given exactly the oxygen (from air) 
needed for the complete burning of the fuel. 
That means, in the flue gas no oxygen can be 
found and the burner is working with maximal 
efficiency. If the oxygen is lower than this case, 



the burning process will be incomplete and the 
emission of pollutants is very high. 
Too much oxygen in the burning causes high 
exhaust gas losses because of the higher vol-
ume of non-used air.  
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Picture 2 The burning characteristics 
 
 
2.2 Available Technology  
 
Fluctuations in the quality of the air (tempera-
ture, pressure, humidity), the quality of the fuel 
(viscosity, calorific value) and changes at the 
burner system, e.g. defects or wear, accounts 
a fluctuation of the optimal processing point of 
the burner. Therefore modern burners are 
adjusted at a fixed point at λ = 1,3 – 1,4  to be 
sure to have a complete combustion at every 
time. At nominal conditions, the burner is work-
ing steadily however with a high distance to the 
emission point of the burning process and with 
a lower efficiency during the process.  
 
2.3 The Industrial O2-Control  
 
In burners for industrial application the burner 
control based on an O2 probe, like you can find 
in automotive application is state of the art. In 
using that probe it is possible to adjust the 
burner system at a fixed λ - value. The Drift of 
the sensors will be compensated by a standard 
calibration routine. But at least the measure-
ment of the O2 partial pressure does not give 
an idea if the combustion is incomplete or not. 
For a survey of the unburned parts of the flue 
gas COe-sensor is necessary. 
 
2.4 The Industrial COe-Control 
 
The goal of a modern combustion control has 
to be the minimization of the exhaust gas lost 
through the minimization of λ down to the 
emission point. For that, you have to use a 
COe-probe like the approved KS1 probe of the 

LAMTEC Company. The construction is nearly 
the same like the Nernstian λ-probe. But the 
signal is a mixed potential where at a minimum 
of COe in the flue gas the voltage output is 
significant higher than the voltage output of the 
λ-probe. The KS1-D probe combines both 
measurements and gives the COe- value as 
well as the O2 value.  
 
The LAMTEC Company produce electronic 
control systems and has for industrial burners 
since 2004 the COe-control in addition to the 
approved O2-control in the portfolio. In using of 
this COe-control, it is possible to reduce the O2 
partial pressure in the flue gas significant un-
der 1vol. %. In this condition, the combustion 
will have significant better efficiency and a 
minimum of COe. To get an idea, how much 
the cost for fuel can be reduced, the brewery 
Jever made a summary. The result is that they 
safe 12.721,43€ per year at every burner [7]. 
 
The COe-control got a tribute of the German 
gas industry at the Innovation price award.  
In industrial application the O2-control and the 
COe-control gets more and more importance. 
Nevertheless, at domestic application it is not 
possible for the moment to install such sensor 
systems, because the known one are to ex-
pensive and it does not exist an easy control 
strategy for it although you can find indices in 
newer literature [4]. 
 
To open the way for a more efficient combus-
tion in domestic application and to use there 
the advantage of a COe-controlled burner, a 
new COe-sensor, the CarboSen was devel-
oped [1-3]. 
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Picture 3 The COe-Sensor CarboSen 



 
III The COe-Sensor 
 
3.1 Configuration and Working  
  Principle 
  
The physical principle of the COe-sensor (pic-
ture 3) is the solid-state electrolysis. The elec-
trolyte is the same like at the λ -probe, yttrium 
stabilized zirconia (YSZ). YSZ is known for its 
excellent oxygen ion conductivity in the range 
of temperature between 400°C and 800°C. 
Also a advantage of YSZ is the chemical stabil-
ity. The COe-sensor is working on the non-
nerstian principle. Different materials for the 
electrodes allow different adsorption character-
istics at the platinum reference electrode and 
the measurement electrode. On that way it is 
possible to detect unburned parts in the flue 
gas. The sensor voltage can be described with  
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ℜ  is the universal gas constant, TS the sensor 
temperature, n=2 the valenz quantity of the 
oxygen ions and F the Faraday constant. The 
concentrations CCOe(ad,A) and CCOe(ad,K) repre-
sents the adsorbed COe at the electrodes.  
The sensor voltage US has a logarithmic char-
acteristic with an excellent resolution in the 
lower measurement range. The origin of the 
characteristic is defined and without drift at 
0mV. The response time of the sensor element 
is less than 1s. The robustness and the low 
response time of the sensor element as well as 
the high dynamic allow establishing a robust 
monitoring or control of dynamic combustion 
processes based on the principle of the emis-
sion point control.  
 
3.2 Sensor Housings 
 
The planar sensor elements are produced in a 
clean room at the ESCUBE Company in thick 
film technology. This kind of production allows 
a high quality performance at a high quantity. 
After finishing the sensor elements, they will be 
integrated in application specific or customer 
specific housings.  
Picture 4 shows the CarboSen1.000 in stan-
dard housing for application up to 200°C flue 
gas temperature with 100% relative humidity. 
In Case of an easy mechanical mechanism, 
the sensor can be assembled easily in a drill-
ing between 11,5mm and 12,0mm. The lower 
illustration in picture 4 shows the housing for 
high temperature application up to 450°C flue 
gas temperature.  
The CarboSen HT is integrated in a stainless 
steel housing (8mm diameter) which can be 

customised in length up to 1000mm. The as-
sembly into the burner can be done easily with 
standard compression couplings. With the 
integrated electronics, the CarboSen ST has 
his optimum in industrial applications, e.g. 
monitoring of boiler casing in coal power 
plants.  
 

 

 

 

Picture 4:  
The CarboSen 
1000 in standard 
housing  (upper) 
and in  housing 
for high tempe-
rature application  
with and without 
integrated sensor 
electronics 

 
IV COe-Control Strategy  
 
In the last two years at the HLK mbH, in coop-
eration with the Friedrich-und-Elisabeth Boy-
sen-Stiftung, the COe-control strategy of indus-
trial burners became modified and enhanced 
for smaller burners in domestic application. 
The burner was a modular working oil blue 
burner of the company HERMANN on a 20kW 
boiler of the company Rotex [6]. 
The sensor CarboSen1.000 is placed directly 
in the flue gas of the burner. The sensor elec-
tronics converts the sensor voltage in to an 
analogue output. This analogue output will be 
compiled to a control signal for the fan rotation. 
Picture 5 shows a typical optimisation cycle at 
the emission point. 
 
1) The burner starts after a long downtime at 

the safe burner characteristics (λ = 1,3 – 
1,4). The quantity of the oil (controlled over 
the frequency of the oil pump) depends on 
the demanded of needed heating power.  

2) After a fixed time interval, e.g. t= 50s, the 
fan speed will be reduced with a fixed rate 
dn/dt. The frequency of the oil pump is 
constant. This means, that λ will be re-
duced and the efficiency of the burner is 
increasing.  

3) The emission point of the burner  
(λ = 1,05 – 1,1) will be found by the sensor 
by a high gradient of the sensor voltageUs 
and dU/dt respectively. The optimal work-
ing point will be set by a small increasing of 
the fan speed. 

 



This procedure can be repeated as much as 
needed. Between two interval of optimisation 
the burning process will be controlled on fast 
and slow increasing of the emission. 

emission
point
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2.

preheat

ignition
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Pictunre 5 A typical cycle of the Coe-control 
 
In case of the combination of controlling the 
sensor voltage US, the gradient of the senor 
voltage dUs/dt and the changes in the depend-
ence of the sensor voltage and the control 
values dUs/dSi effects of degradation and drift 
can compensated. A calibration of the sensor 
system is not necessary. A self-test of the sen-
sor system in combination with some plausible 
values of the burner system gives a maximum 
of safety of the burner. 
 
V Results 
 
The using of adaptive sensor controlled burner 
with the emission point strategy allows the 
reduction of the exhaust gas loss down to the 
minimum and the reduction of the emission of 
the pollutants. If all burner systems for domes-
tic application in Germany would have a 1% 
lower exhaust gas loss, we could safe 397 
million litre oil and 478 million m³ gas. The 
emission of CO2 could be reduced about 1,9 
Million tonnes per year [4] 
 
In additional to the cost reducing of the burning 
process the in-situ measurement of the Car-
boSen directly in the flue gas allows a continu-
ous diagnostic of the burner system. In that 
way, changes can be found before the process 
will be in a critical state. An intelligent diagnos-
tic monitoring allows reducing the service 
maintenance just on need. On that way, the 
using of the sensor system CarboSen increase 
the reliability and the reduction of service and 
repair cost. 

VI Literature 
 
[1] Hammer F., Fasoulas S., Messerschmid E., 
Weber H., Houpert B.; “Miniaturized CO/H2-
Sensor for Monitoring and Controlling Small 
Burners and Heaters“, 2nd European Confer-
ence on Small Burner and Heating Technol-
ogy, ECSBT 2, Stuttgart, March 16.-17., 2000 
 
[2] Hammer F.; „Entwicklung eines miniaturi-
sierten Festkörperelektrolytsensors aus der 
Raumfahrt zur Optimierung von Verbren-
nungsprozessen“, Fortschr.-Ber. VDI Reihe 8 
Nr 935, Düsseld. VDI Verlag 2002 (ISBN 3-18-
393508-2) 
 
[3] Wöllenstein J., Baumann R., Rademacher 
S., Stich R., Hammer, F.; “A novel solid elec-
trolyte hydrogen sensor“, Chemical Sensors, 
Vol. 20, Supplement B (2004), page 236, 
Technical Digest of the 10th International 
Meeting on Chemical Sensors, Tsukuba, Ja-
pan, July 11-14, 2004 
 
[4] Bundesverband des Schornsteinfeger-
handwerks, Zentralinnungsverband (ZIV): „Er-
hebungen des Schornsteinfegerhandwerks in 
der Bundesrepublik Deutschland für das Jahr 
2004 
 
[5] Marx, E., Linke W.; „Handbuch Feuerungs-
technik 2005“, Verlag Gustav Kopf GmbH, 
Waiblingen, 2005, s. 276ff (ISSN 1438-4264) 
 
[6] Klein B., Völkel M., Hammer F.; „Entwick-
lung eines sensorgesteuerten modulierenden 
Ölbrenners“, Forschungs-bericht, HLK-Brief 
123 des Lehrstuhls für Heiz- und Raumluft-
technik der Universität Stuttgart, der For-
schungsgesellschaft HLK Stuttgart mbH, der 
HLK Stuttgart GmbH und des Vereins der För-
derer der Forschung im Bereich HLK Stuttgart 
e.V. (Herausgeber), Stuttgart, Februar 2005 
 
[7] Völkel M., Hammer F.; „COe-Regelung mit 
Miniatur-Sensor eröffnet neue Perspektiven in 
der Verbrennungstechnik“, Fachbeitrag, Gas-
wärme International (54) Nr. 3/2005, S. 174-
177, Vulkan-Verlag, Essen, März 2005 

  
LAMTEC Meß- und Regeltechnik 
für Feuerungen GmbH & Co KG 
 
Impexstraße 5 
D-69190 Walldorf 
Telefon (+49) 06227 / 6052-0 
Telefax (+49) 06227 / 6052-57 
Internet: http://www.lamtec.de 
e-mail:   info@lamtec.de 

 
LAMTEC Leipzig GmbH & Co KG 
 
 
Schlesierstraße 55 
D-04299 Leipzig 
Telefon (+49) 0341 / 863294-00 
Telefax (+49) 0341 / 863294-10 
 

 
Überreicht durch:  
 
 
 
 
 
 
Druckschrift-Nr.: DLT5014-08b-E-0002 
Printed in Germany 

 


