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The paper shows the working principle and results in efficiency, stability and reduced emissions 
of an advanced combustion controller, based on self-learning and adaptive Neural Nets in 
combination with optical flame and flue-gas analysis. 
 
The intelligent flame analysis system extracts additional information such as flame position and 
flame volume, turbulence, dwell period and flow characteristics at high spatial and temporal 
resolution, describing digitally the combustion. These data are correlated with the conventional 
plant data in neural net software. These calculate on basis of plant management targets and 
priorities improved set-points being written into the control-system. Results of this closed-loop 
optimization are again evaluated in the flame information and conventional plant data. The type 
of programming, the continuous feedback of new results together with all other input values 
enables the software to be self-learning and to adapt itself automatically to changing process 
situation and the plant drift without manual intervention. 
 
Unlike conventional systems, this control system is also able to follow multidimensional and 
even contradictory targets. Competing management targets are continuously followed with 
different priorities at different load profiles and without external intervention.  
 
Additionally – as shown in different plants – the system can be easily switched after a change of 
management i. e. from increase in throughput to increase in efficiency.  
Installations in 17 Waste-To-Energy lines with different types of grids show results of  

·  Increase in efficiency of 4-8% , alternatively 3 - 5% increased 
trhoughput (in compliance with limits) 

·  Reduced steam deviations of min. 25%, up to 50% 
·  Significant supportive fuels reduction 
·  Considerable CO reduction 
·  Homogenization over the shifs 
·  Fast reaction on changes in calorific values  
·  permanent self learning  
·  min. 95%, up to 99,8% full automatic kiln control  
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1 Powitec 
 

 
 
Powitec offers solutions for the  

- Waste-To-Energy 
- Cement and Lime 
- and Power  

industry. There are 22 Waste-To-Energy lines equipped with Powitec and out of this 18 lines in 
closed loop operation. For the innovative Powitec approach the German Ministry for 
Environment awarded Powitec with the Innovation Price for Climate and Environment in 2010. 
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1.2 Powitec solutions 

 
 
Powitec offers several solutions for the Waste-To-Energy industry:  

- Beside simple Video cameras, Powitec offers RGB-Thermographic and Infrared Camera 
solutions.  

- We as well do optimise the flue gas cleaning which is optimised SNCR control and 
optimised FGD.  

- With Data-Mining and Process-Intelligence solutions Powitec supports customers in 
getting the utmost out of their existing data either on-line or off-line 

- To optimise the combustion, Powitec offers a prediction for CO and/or NOx and a 
optimisation solution with focus on NOx and CO 

The focus of this paper lies on the PiT Navigator, optimising the overall production process by 
optimising the combustion. PiT stands for Powitec Intelligent Technologies. 
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1.3 Results of Powitec solutions 
 

 
 
Results from our installations are pretty impressive. The PiT Navigator reaches stability 
increases, measured as control deviation steam, of 25% at least and up to 50%. Throughput 
increases of 5% up to 10% and steam increases of more than 5% are shown on several 
reference installations. All references show a decreased CO and improved NOx control. 
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2 PiT Navigator 

 
The waste combustion process is a complex, non-linear process with significant reaction times 
and inconsistent, permanently changing correlations. From process control point of view, it is 
considered as a complex multidimensional optimization task. 
The PiT Navigator is a multidimensional optimiser using all process variables read via process-
control-system-interface and correlates them with the information read from the waste bed, 
flames and flue gas.  
The NMPC Optimizer allows the plant management to realize flexible and arbitrary optimising 
strategies in line with the individual process- and production targets. Considering the actual 
plant- and process conditions respectively, the software determines the ideal combination of 
process control parameters out of a multitude of possible operation modes.  
Actuators depend on the individual plant design but in most of Powitec’s references the feeder 
speed, amount and distribution of airs and the grid speed are the major actuating variables. 
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2.2 The Installation 

 
The example picture shows a typical installation and is taken from the MVA Bonn, where the 
PiT Navigator is installed on all three lines.  
Powitec acquires information from the process by installing one to three optical sensors.  
The optical sensors contain digital cameras with on-board computer and acquire the light 
through an air cooled endoscope. At the drying and ignition zone, the main combustion zone 
and at the burnout zone, the information is gained through digital image processing. Crucial 
Information about local and temporal changes of 

- intensity and temperature 
- current and fluctuation 
- and mixing 

are acquired by full automatic pattern recognition.  
At Bonn Modbus was available for process connection, but Powitec has experience with 
Profibus, OPC and 12 other connection types as well.  
Information from the pattern recognition of images and the Process Control System are stored 
in a high performance Database and fed into the optimiser PiT Navigator. This system sends 
out set points to the control system which are within the limit values and follow management’s 
optimisation targets and priorities 24 hours, 7 days a week. 
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2.3 Data Correlation 

 
 
Information from flames directly correlate with the variables coming from the process control 
system and are of significant relevance in building up a good optimisation concept. The Powitec 
system analyses independently areas of the flames and analyses these using a Fast Fourier 
Transformation about the changes of frequency and energy over the time. This data then is 
correlated with data of the control system and thus is verified. Shown (light blue and turquoise 
graphs) are the analysis of the CO-value coming from the Powitec optical sensor, averaged 
over 5, 15 and 30 minutes.  
The CO value measured in the flue gas coming from the process control system is displayed 
time corrected as a red line. This shows visually a high correlation to the Powitec data. 
Thus each area is permanently investigated about the current state of combustion and the air-
/fuel-ratio is optimised. 
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2.4 Automatic burn out line control 
 
 

 
Another benefit from this digital picture analysis is a permanent burnout line control. 
The optimum burn out line is determined together with the customer and the system is 
analysing the pictures from the rear camera if the burn out line is in accordance with the 
determination. The PiT Navigator then is 24 hours, 7 days a week working on keeping the burn 
out line at the optimum; something which could never be done by a human operator or a system 
without picture analysis. 
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2.5 Optimisation approach 

 
This shows the status quo before the optimization. The plant operator influences the control 
system, which consists of different levels (PID-controllers, controls, characteristic curves and 
the interlocking level). The control system sends the control variables to the process which 
answers with measurements results. The plant operator is informed by the control system and 
may be through databases and evaluation of historical data. 
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The integration of the optimisation solution from Powitec is done in parallel to the existing 
control system. Powitec reads all data concerning the combustion over an interface to the 
control system and from existing databases. The Advanced Combustion Controller as well 
permanently analyses the channels resulting from the digital picture analysis , which are about 
100 channels every second.  
Each control system data channel is correlated with each control system channel and with each 
channel from the picture analysis in significance and relevance analysis. This means that all 
data correlated with all other data and it is tested which relevancies have the strongest 
relationships. This feature extraction and selection is done fully automatic and is done 
permanent. The system automatically selects areas (size, position and shape) in the flame 
images, which have the strongest correlation with process data (such as CO and NOx). 
Therefore also changes in the process such as changes in heating value, boiler slagging or 
plant drift are continuously taken into account.  
This is why the Powitec system is a self-learning adaptive optimiser that automatically adapts to 
changing process conditions.  
 
The strongest correlations are then fed into the automatic modelling. This results in process 
models and control models. The controller models describe how the control system (together 
with the operators) affects the process and the process models describe how the process reacts 
to changes in those control actions. 
These models are not created only once but do continually adapt to changing conditions. 
Within this acquired knowledge of the control system and the process, the PiT Navigator will 
now start simulations. These are "what-if analysis“, carried out to obtain an optimised process 
control.  
 
This system can be compared to a group of human experts. Some are at the igniting zone, 
some at the burn out line, some at the boiler top, analysing the igniting, main burning and 
burnout behaviour. Other experts are monitoring the process control system.  
All these experts are interconnected via network with each other and constantly are thinking 
about, what would happen, if the process would be controlled differently to meet the 
management targets. Are the results better or worse? The Powitec Optimiser thus uses this 
extensive information source 24 hours a day and permanently tries to find a better set up. 
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As the expert group the Powitec Advanced Combustion Optimiser uses evolutionary strategies 
to produce non-linear models. Good models are used and bad are eliminated. By mutation and 
recombination of useful solutions, better solutions are developed. This enables the system to 
recognize dead times and relationships which are diametrically opposed in certain periods. 
 
So the PiT Navigator will learn that more waste causes more steam but that in other situations 
more waste causes piling-up. Together with the picture analysis it develops control strategies 
for both situations. 
 
The calculated and improved control actions are sent by set point correction to the control 
system. The resulting measurements and pictures are read again and are again used for further 
optimization. This provides a closed-loop optimization. 
One advantage of this approach is that it is an add-on and the process control system remains 
unchanged. The optimizer can always be turned off and the process can be controlled in the 
conventional way.  
But in reference installations the Powitec Advanced Combustion Optimizer reaches online times 
of more than 98% and this consistently for over 8 years. 
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2.6 Advantages 

 
What are the advantages of this approach? 
Well, first the system is completely self-learning. Unlike other systems which are based on rules 
and Fuzzy Logic the PiT Navigator completely relies on self learning capabilities. There will be 
no programming of controllers or characteristic curves. This has major advantages 

1. Fuzzy controllers take a lot of time of programming and setting up. The PiT Navigator 
Software is typically set up within two weeks only.  

2. Fuzzy controllers only can be as good as the best expert having programmed it. The PiT 
Navigator improves itself by learning more and more about your process over the time 

The PiT Navigator is as well completely adaptive. That means if the waste type changes or the 
plant drifts, the PiT Navigator adapts itself completely automatically. There is no expert 
necessary reprogramming the system. For you this has the advantage that you do not have to 
call somebody from Powitec every time something has changed. Fuzzy and rule based systems 
only do work if there is either somebody highly qualified in the plant or external experts coming 
on a regular base, keeping these systems on track. 
Permanent and permanent self-optimising is something you should expect from an optimiser. 
The system is very flexible. If your optimisation targets change for example from today energy 
efficiency to tomorrow increased throughput you only would have to change the priorities in the 
software with a few mouse clicks. Fuzzy systems have to be reprogrammed. 
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The implementation of the PiT Navigator is extremely fast. Software implementation only takes 
2-3 weeks on site and requires only 5 to 10 man days of your time. If we compare this to for 
example with a rule based system, this implementation takes about 2 to 4 month on site.  
Why do operators and process experts look at the flame? Because there is essential 
information in the visual image! Flame data is correlated with all other process and lab values 
and new and improved ways to optimise the process are found. 
The PiT Navigator is a very straightforward product. You buy it and that is almost already the 
complete cost. There will be no permanent manual reprogramming no calling the supplier to re-
parameterise the system.  
These are the reasons why Powitec is able to guarantee results and reach better results than 
any competitor. 
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2.7 Powitec results 
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3 Approach 
 

 
To reach those results the first step is stabilisation . After having stabilised the process it is 
possible to find a new optimum for specific objectives like throughput increase together with 
decreased emissions or achieving more steam and reduced slagging. 
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3.2 Stability  

 
This are examples of Powitec’s results with respect to stability on an Alstom feed forward grid. 
On upper left graph the steam deviation is between 17 and 21 kg per second at a set point of 
18.5 kg/sec without Powitec’s PiT Navigator switched on, which is equal to 13%. After switching 
it on the process stabilises very quickly and steam deviations reduce between 18 and 19 
kg/sec, which is equal to 2.7%. 
This stabilisation comes through a smoother and more uniform combustion. Another 
consequence is that temperature deviations between left and right thermocouple are reduced 
from +/-100°C to +/-20°C, which reduces material an d refractory stress on the long run. 
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This printout from the control system is another example of steam deviation reduction by 
Powitec over 6 days on a VonRoll feed forward grid. The blue straight line shows the status of 
the PiT Navigator. During its online time the steam variations are very little about +/- 1 t/h 
around the set point of 33 t/h. When it was, for testing reasons, switched of and the VonRoll 
Optimiser was switched on, the steam variations immediately doubled up to +/- 2 t around the 
new set point of 32 t/h. Switching it on again immediately lead to reduced steam variations 
which exactly follow the changes in set point. 
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This example shows stability increase on a Volund grid. The red bars show the counts of control 
deviation steam in t/h with a Fisia Babcock Engineering controller. The blue bars show the 
counts with Powitec’s PiT Navigator.  
It is very obvious that the PiT Navigator is much more often capable of controlling the steam 
closer to the set point which is equal to increased stability. 
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3.3 New optimum 

 
As mentioned before: Increased stability allows for going targeting new optimums. In this case 
increased throughput at decreased emissions was the target. The PiT Navigator could keep 
60% of the values at +/- 0.5 around the set point of 32t/h (upper left graph). In comparison the 
VonRoll combustion controller only kept 40% of the values at +/- 0.5 around the set point (upper 
right graph). Powitec’s Gauß curve is much smaller (less deviations) and much more often 
matches the set point. 
Due to this stabilisation the set point could be increased to 33t/h without violating the boiler 
limits. With the increased set point even more (63%) of the values were at +/- 0.5 around the 
new set point (lower left graph). The lower right graph shows the three Gauß curves, which 
delivers a pretty impressive comparison. 
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Homogenisation as well can help in decreasing emissions like NOx and CO. This compares the 
PiT Navigator in green with the grid producer’s optimiser on a feed forward grid. Both lines are 
fed from the same waste bunker. As the numbers are indicating in both comparison periods 
(November to February 2009 and March to June 2010) the PiT Navigator homogenises the 
process by 14 to 19%, produces less emissions by 31 to 44% and at the same time reduces the 
supportive oil consumption by 47% to 83%. 
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This Alstom feed forward was able to increase the set point steam and thus the throughput by 
reducing the control deviation steam by 7.7%. At the same time the CO was reduced by 8.3% 
due to the improved air fuel ratio and thus improved combustion. 
 

 
These results on a VonRoll grid show the comparison of several data with VonRoll combustion 
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controller to Powitec at a set point of 32t/h and a set point of 33t/h. 
It becomes obvious that the standard deviation was improved significantly by 45%. The time 
frames in which the control deviation steam was lager than 1.5t/h were reduced by 92%. At the 
same time CO was reduced by 5.5% and time frames with CO over 50 mg/Nm³ were reduced 
by 56%. NOx was reduced by 2.5% though the throughput was increased by 3%.  
 
As a summarise it is to state that the process became significantly more stable and the 
emissions were reduced despite of increased throughput 
 
 
 

 
On this Lurgi Lentjes roller grid Powitec had the target to increase the steam production at the 
turbine and reached this target with a plus of 15%. Before Powitec installation this plant had 
some severe problems with NOx limit violations. Through more homogenised combustion the 
standard deviation NOx could significantly be reduced by 31% and the problems vanished. The 
homogenised combustion reduced local areas with critical temperatures for thermal NOx 
production and reduced hot-spots and thus reduced the NOx average value. 
 
With these reduced deviations 13% less Ammonia had to be sprayed in.  
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4 Conclusion 

 
 
The PiT Navigator causes an optimised combustion which leads to improved results in 
throughput, steam production, less slagging and reduced emissions. 
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Company Profile:  
 
Powitec is a German company with 45 employees having extensive knowledge of advanced 
process control and pyroprocessing. Powitec systems optimize industrial combustion processes 
in rotary kilns (cement, lime, hazardous waste) as well as in power plants and waste-to-energy 
plants. Main benefits of the Powitec technology are improvements in energy efficiency at 
increased production rates, combined with emission reductions. 
 

Please get more information at www.powitec.de or contact us: 
 
Powitec Intelligent Technologies GmbH 
Alexander Hanf 
Im Teelbruch 134 b 
45219 Essen 
Fon: +49 2054-93762-34 
Fax: +49 2054-93762-22 
E-Mail: alexander.hanf@powitec.de  

 
 


