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At first I would like to thank you for your interest in further developments in the fields of waste air 
abatement.  
 
The following lecture is divided into three major parts: 
 

1. summarizing the state of the art of exhaust air purification technology  
 

2. opposing processes given since ten years to new systems under modernity aspects 
 

3. daring a forecast concerning new procedural methods 
 

1 STATE OF THE ART 

In his book De re metallica Georg Agricola de-
scribes the shown flue dust chamber in 1556. It 
was developed related to mining and metallurgy 
in the Erzgebirge for collecting metallic dusts for 
reuse. Simultaneously it conduced to the safety 
of the abutters. The Bohemian kings and the 
electors of Meißen insisted on such flue dust 
chambers and funnels for ensuring that damages 
cannot be inflicted anymore on the fields and 
meadows. 

 
A  = Furnaces  
B  = Arch  
C  = Pillar  
D  = Flue dust chamber 
E  = Opening  
F  = Funnel  
G  = Window  
H  = Door  
I  = Canal  
 
Figure 1: Dust precipitation in the 16

th
 century  
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In retrospect the flue dust chambers shown in figure 1 have posed as the first waste air abatement 
processes, which should prolong the life of the mining workers. Agricola reports that at the age of 
30 or 35 the course of the miners silicosis has progressed that much that the Bohemian women 
became widows three- or four times in their life although they have married young men.  
 
Indeed from ca. 1890 till 1960 the transition from recovering recyclable fractions from steam/air 
atmospheres to air purification measures becomes noticeable but efforts regarding to air purifica-
tion have been realized only, if massive and obvious impairments of health for workers and 
abutters have been given. About 1900 scrubbing processes for recycling lamp oil from cracking 
plants for producing dyes (Bayer AG) have been presented as waste air abatement processes. 
Also the Glover-Towers, which have been applied for producing sulphuric acid since 1880, have 
enabled an enormous reduction of nitrous gases compared with the one-step leaden chamber 
process. But in the accordant patents savings take center stage, environmental protection aspects 
are not of essential interest. By dint of active charcoal low-boiling fractions have been recovered 
from asphalt and coal distilling plants. In 1927 the first spray dryer has been patented by the 
Metallgesellschaft, which precipitated acid harmful gases behind waste incineration plants and 
power stations.  
 
In 1986 emission limits have been determined bindingly for certain harmful gases and/or certain 

technical plants within the TA-Luft. The thermal and catalytic waste air abatement plants used at 
this time have been completed with simple but only restrained effective odor eliminating systems, 
for instance Kurmeier-Towers behind rendering plants.  
 
Meanwhile approx. ten up to 15 basic processes are given, which can be adapted to complex 
applications by dint of process variation and combination. An overview concerning these basic 
processes is shown in figure 2.  
 
 
 
 
 
 
 

                                            
 German Air Pollution Control Directive 
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Figure 2: Procedural options for waste air abatement 
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Usually choosing an adequate waste air abatement process is realized in consideration of the 
criteria shown in figure 3.  
 

 
 
Figure 3: Selection criteria regarding to waste air abatement processes  

 
 

2 WASTE AIR ABATEMENT PROCESSES 

Because the classical processes have been described by engineer colleagues in considerable 
extent already new processes and their combinations should be introduced in the following. 
Connected with this at first the most typical problem is picked out as central theme: to wit the 
inhomogeneous concentration load curves of emission mass flows. Normally inhomogeneous load 
curves are given – no matter whether it is about coating systems, printing machines, complex 
relaxation procedures behind containers in the chemical industry or usual drying processes. 
Therefore adapting the waste air abatement process to the load curves sufficiently is required. The 
figures 4 and 5 show characteristic examples concerning this matter.  
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— raw gas        - - - clean gas 
 

Figure 4: Emission load curve behind a scrubber in front of a catalytic waste air abatement plant 

 
 

 
— raw gas       — clean gas 

 

Figure 5: Emission load curve in front of a biological waste air abatement plant with and without smoothing  

 
If an auto-igniting acting process is used for treating the exhaust air, the consequence for the 
technical dimensioning in case 1 would be diluting the emissions fivefold up to sixfold. In case 2 
(emissions behind a chemical factory) the waste air abatement plant has to be adapted to the 
peaks, although these are given only for some minutes each day. Improving this situation is 
possible by using so called smoothing units or cost-saving buffer systems.  
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In the past processes were given already, which were realized with charcoal containing material. 
But the drawn conclusions concerning these charcoal applications are very disillusioning having 
regard to the multitude of fires and damages, which happened in spite of all assurances in 
reference to the fire-proofness and harmlessness by the manufactures of these time bombs. One 
example: The referee (publicly certified and sworn expert) has requested for solutions for exactly 
the same cases at sorbent suppliers anonymously (in the course of elucidating such damages) and 
was told that active charcoal inhibited with lime is absolutely fire-proof, although the supplier knew 
that a fatal fire and connected with this a great damage was given only a few months ago in a 
factory near Bratislava. But upon lifting the visor the supplier confessed that fires could happen 
incidentally – but of course the cause of these fires was not the absolutely fire-proof charcoal, it 
must have been the oversaturation of the charcoal with solvents. Needless to say the customer 
has failed not the supplier because the customer has not recognized the limitation of the charcoal 
concerning oversaturation within the small print. Another great damage was given only some 
months ago in Austria (Sankt Pölten). The carrier of a big viscose factory has installed an active 
charcoal filter as “police filter” contrary to our warning. Now the factory is closed down, all 
employees have been laid-off before the Christmas holidays in 2008. In this case the initially 
unimaginable has happened. Carelessness and the absence of technical knowledge have caused 
a drama.  
 

2.1 MOLECULAR SIEVE BUFFER SYSTEMS 

In our opinion molecular sieve buffer steps are a passable and secure alternative. The molecular 
sieve materials are really fire-proof and furthermore they cannot be oversaturated with solvents in 
that way that risks would have to be minded concerning the usage of highly combustible 
substances. In so far the hot spot problem is not given anymore, which would not allow low-risk 
buffering of carbon compounds in perpetuity due to the carbon abrasion.  
 
The receptivity of the molecular sieves is lower compared with active charcoal. On the other hand 
anyway significantly lower sorbent masses are required related to buffering emissions unlike 
solvent recovery processes. The figures 6 and 7 show emission load curves after smoothing by 
dint of the inorganic buffer materials.  
 

 
 

Figure 6: Adsorption behaviour of mineral molecular sieve materials  

0

2.000

4.000

6.000

8.000

10.000

12.000

14.000

16.000

0:00:00 0:05:00 0:10:00 0:15:00 0:20:00 0:25:00

test period [min]

C
o

n
c

e
n

tr
a

ti
o

n
 [

m
g

 o
rg

 C
/m

3
]

sorption phase I

sorption phase II

saturation phase

         raw gas

         clean gas MS 1

         clean gas MS 2



  RAFFLENBEUL ANLAGENBAU GMBH 
   

Lecture on the occasion of the HDT symposium on the 4
th 

+ 5
th
 of December in 2008 in Essen           Seite 9 

 

Molecular Sieves and Non Thermal Plasma Processes for Minimizing Waste Air Abatement Costs 

 
 

 
 

— raw gas in front of the molecular sieve buffer      — clean gas behind the molecular sieve buffer 
 

Figure 7: Load curve behind gravure presses and scrubbers (molecular sieve buffer for 55,000 m³/h of waste air) 

 
In the first example the fourfold dilution, which would be required otherwise, was not necessary 
anymore. Therefore the present thermal waste air abatement plant did not have to be replaced.  
 
In the second case reducing the operating costs was of essential interest instead of minimizing the 
waste air masses. Concerning this plant in Spain extremely varying concentration profiles are 
obvious in front of the exhaust air purification plant due to frequent product change (PVC coatings) 
and connected with this due to the operation of several scrubbers. The present regenerative 
combustion plant for 60,000 m³/h of waste air, which had to be estimated as very modern accor-
ding to the state of the art, has reached a gas consumption of 33 up to 35 m³/h. The current gas 
demand amounts 16 up to 17 m³/h of natural gas. At full load the gas demand decreases to 
11 m³/h of natural gas.   
 
In another case we achieved smoothing 6.000 m³/h of waste air, which caused spontaneous 
peaks, by dint of a small molecular sieve unit in that way that the guarantee limits for the initial 
concentrations in front of the bio-filter could be kept. This project was realized with thankworthy 
and kind support by the German federal state Baden-Württemberg.  
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Figure 8: Molecular sieve buffer for 6,000 m³/h of waste air in an ink and varnish producing factory 

 
In spite of the multitude of solvents and solvent mixtures given in this factory it became possible to 
maintain the operation of the biological waste air abatement plant by mutual consent with the 
authorities until today. The demanded half hour averages are kept adequately.  
 

2.2 ROTARY ADSORBERS 

The rotary adsorbers will attain an intense spread by using the molecular sieve buffer technology, 
especially if low concentrations are given, e. g. in the coating and the printing industry.  
 
These rotary adsorbers are able to concentrate very low VOC emissions (for instance 500 mg/m³) 
with the factor 20 (that means up to 10 g/m³). All rotary adsorbers available today run with constant 
rotational frequency during the concentrating procedure. That means the desorption segment as 
well as the adsorption segment linger in the desorption / adsorption air flow constantly for the same 
time. If the concentration of 500 mg/m³ given as example above is increased very much (for 
instance 1 g/m³), concentrating up to 20 g/m³ (instead of 10 g VOC/m³) would result unavoidably 
within the desorption air flow. The combustion plant connected downstream would blow. The sup-
posably biggest damage caused by such a concentrating unit happened due to exactly this reason 
(FUJI in London: approx. 2.5 Mio €). The referee was one of the experts in the subsequent lawsuit.  
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The supplier of the waste air abatement plant was responsible for the damage related to faulty 
dimensioning because the supplier should have known about the high waste air concentrations 
due his experiences gained in the course of other projects concerning printing processes as given 
at the FUJI factory.  
 
The reasons for the high waste air concentrations were different machine utilizations and signifi-
cant concentration exceedances occurring spontaneously during scrubbing procedures. When the 
waste air abatement plant and the rotary adsorber were installed the buffer systems applied today 
have not been available yet. Indeed the required dilution of the waste air was realized by the 
supplier of the exhaust air purification plant but the appropriate control was not fast enough. 
Therefore temporary the concentration was exceeded behind the rotary adsorber, the waste air 
abatement process became useless and the purification plant was damaged.  
 
Load curve fluctuations of +/-200% around the average are no rarity. That means stabilizing a 
homogenous VOC-concentration in front of the rotary adsorber enables not only a secure opera-
tion but also an optimum dimensioning concerning the residual concentration limit of the com-
bustion plant. The first plant of this kind was started up in Dortmund some weeks ago. In the 
course of the production of the company Hans Stork Betriebsgesellschaft 60,000 m³/h of waste air 
with concentrations from 200 up to 800 mg VOC/m³ are generated, which have to be cleaned. By 
dint of the smoothing unit connected upstream concentrations from 200 up to maximum 450 mg 
VOC/m³ remain. Concentrating is possible up to the factor 15 but the averaged concentrating 
factor amounts 10. Due to this procedural method the regenerative waste air abatement plant, 
which was planned for 60,000 m³/h of exhaust air primarily, could be reduced to 4,500 m³/h. The 
operating costs, which otherwise would have been very high, are lowered to a minimum of nearly 
0.00 €. The investment costs for this waste air abatement system amounted approx. 800,000 €. 
But the pivotal advantage, which carries much more weight than the comparatively high investment 
costs, is the fact that the operating costs are neutralized. No matter whether a biological plant or a 
regenerative purification unit without molecular sieve buffer and rotary adsorber would have been 
preferred for this case, the operating costs would have amounted >40.00 €/h.  
 
In another company in Dortmund a similar plant will be installed during the next few months. In this 
case 200,000 m³/h of waste air will be reduced to approx. 12,000 m³/h of exhaust air, which will be 
used for heating dryers. By dint of this thermal energy even the costs for electricity can be nearly 
neutralized.   
 
The figures 9 till 11 show a summary concerning this topic.        
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Figure 9: Rotary adsorber 

 

 
 

Figure 10: Waste air abatement plant with rotary adsorber for 400,000/60,000 m³/h of exhaust air 
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Figure 11: Molecular sieve buffer unit for 55,000 m³/h of waste air in front of a RTO 

 

3. PROCEDURAL INNOVATIONS 

Because we do not settle for the achieved success we have improved the described technology by 
controlling and optimizing the buffering and concentrating processes with computers. These 
computers enable bypassing very high concentrations with gas deflectors in front of the molecular 
sieve buffer and the rotary adsorber. That means the computer controls by dint of concentration 
measuring devices whether an emission mass flow is conducted to the buffering unit or inserted 
into the combustion plant directly. Such circuitry options are especially important for companies, 
which operate old and new production plants together, due to the different emission conditions. A 
system like this will be installed at site of the company Gascogne Laminates in 2009 for the first 
time in Europe. In this case the present regenerative waste air abatement plant will be modernized 
regarding to higher exhaust air mass flows in the future. The operating costs caused by the 
regenerative plant until today amounted 350,000 €/a (only for the gas demand). These costs will be 
transformed in revenues of approx. 300,000 €/a by surplus heat. The total expenses for the 
complete project (purifying 60,000 m³/h of waste air) are given with ca. 800,000 €. Therefore the 
amortization period can be estimated with <1.5 years. During the last five years the plant has 
caused enormous gas costs and the supplier of the system probably would have installed two 
further heat exchangers for ensuring the treatment of the increased exhaust air mass flows – of 
course the operating costs would have been raised once again. By dint of computer controlled 
process these expenses could be saved.  
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Figure 12: Scheme of the computer controlled waste air treatment with buffering unit and rotary adsorber 

 

3.1 ODOR ABATEMENT  

Now we are leaving the fields of the proceeds generating combustion processes (even with 
reference to low concentrations of 200 mg VOC/m³) and are turning towards emissions, which are 
concentrated much lower – to wit the odors. If a sufficient oxidation of the harmful substances is 
possible, photo-chemical and plasma-catalytic systems should be preferred for the required 
abatement process (figure 13). If concentrations of <100 mg VOC/m³ are given and the mass flow 

of organic substance falls below the limits according to BImSchG, it should be tried at first to 
achieve the oxidation of the harmful substances by dint of plasma-activated fresh air (figure 14). 
Such processes are used more than hundredfold today. Often inserting plasma-activated air is 
sufficient for eliminating for instance residual odors behind bio-filters. We have realized such a 
project for example behind a waste water treatment plant in Matzingen. The mercaptans given 
behind scrubbers and a biological exhaust air abatement unit are not noticed anymore by the 
abutters, who have sued for several years. We even received a letter of thanks by the meanwhile 
satisfied citizens’ action committees. The degradation of VOC can cause a very high energy 
demand (as shown in figure 15) and significant costs for the aspired odor elimination, if high VOC 
concentrations are given.  
 
 

                                            
 Federal Ambient Pollution Control Act 
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Raw Gas           Clean Gas 

 
     Activation     Catalyst         Fan 
 

Figure 13: Principle of the NTP process (catalyst optional)  

 
             Gas Flow 

 
 

Figure 14: Construction of a plasma module  

 

 
 

Figure 15: VOC degradation subject to the energy density  
   (iron-manganese-catalyst N150, temperature: 110 °C, space velocity: 6.000 h

-1
) 
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But applying plasma requires special know-how because it is very complex. We know about a case 
in Switzerland, in which the supplier had to take back the plant used behind a slaughterhouse 
waste treatment unit because the supplier was not able to find an adequate catalyst for the plasma 
reaction. Meanwhile this supplier does not exist anymore and the licensee in Germany came to 
rest upon the costs.  
 
Also other systems have posed the question whether plasma processes can be estimated as fail-
safe enough. Some years ago with a certain euphoria was tried to achieve realizing such 
processes at room ambient temperature in principle at any cost. Today compromises have to be 
accepted because the reaction with the plasma canals at the catalyst is possible with low operating 
temperatures indeed but not without temperature increase. This concerns especially sulphur com-
pounds, which are embedded in organic molecules. The degradation of cyan and of amines can be 
realized at very low temperatures (nearly room ambient temperature) but on the other hand it could 
become required to use temperatures >250 °C for the plasma reaction. Such a plasma unit is 
shown in figure 16. The appropriate plasma-catalytic combustion system is operated since five 
years at the company IPC in Dresden. 
 

 
 
Figure 16: Plasma unit for odor reduction concerning flavour emissions  

 
In this plant flavour emissions are treated, which have an enormous odor potential connected with 
only low concentrations (<200 mg VOC/m³).  
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In spite of the lowered adsorption capacity compared with active charcoal even solely adsorptive 
applications are feasible – however only in the fields of odor elimination. That means substances, 
which cause a very intensive odor (e. g. flavours), can be kept within the microstructure of the 
molecular sieve. After a certain adsorption period (for instance 14 days) a desorption phase of two 
or three hours is initiated. This desorption phase usually causes a high energy demand. On the 
other hand – and this is the pivotal advantage – this energy demand is negligible compared with 
the long adsorption period without any energy consumption. This issue will be described more 
detailled in the following by means of an example out of the practice.   
 
Normally molecular sieves are used for buffering emissions as shown in the examples mentioned 
above. In this case the molecular sieve is applied as adsorber for keeping low VOC concentrations 
of intensive flavours for approx. two to three weeks. The treated flavours are tea additives, straw-
berry flavours (for this more than 300 different formulations are given surprisingly and nearly all 
contain butanoic acid), asparagus flavour and other substances, which are used in pharmaceuti-
cals and luxury foodstuffs. At the beginning of this project we did not have any experiences 
regarding to durability and required desorption. Therefore comprehensive trials were realized. In 
the course of these tests we found out that a part of the flavouring agents can be reduced 
significantly within the molecular sieve by using plasma doses at room ambient temperature. From 
this a second develoment resulted, to wit applying molecular sieves as catalysts. In the given 
example the sole adsorption and desorption process was realized. After approx. 14 days the VOC 
held back in the packed bed of the molecular sieve was expelled with 200 kWh and temperatures 
of 320 °C. The following combustion was realized by dint of a mixed oxide catalyst. The space 
velocity of the catalyst was very low (<500 h-1). Therefore a total oxidation could be assumed.  
 
Meanwhile the catalytic oxidation was forwent at this factory. During down times the desorbates 
are inserted into the catalytic waste air abatement plant, which was installed four years ago. But 
we have gained very interesting experiences with reference to applying molecular sieves. For 
instance today we assume that the catalytic effect of the molecular sieves results from generating 
peroxides within the microstructure of the inorganic compounds (air moisture+ozone). The catalytic 
effect is given by a chemical reaction. But we ask for understanding that we – as engineers – 
cannot explain the reaction in detail.  
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Figure 17: Plasma plant with molecular sieve adsorption unit for discontinuous odor abatement 

 
As drawn conclusion today we apply plants, in which partly hydrophilic molecular sieves are used 
for adsorption and reaction with the plasma canals. Regarding to this since some weeks we are 
carrying out tests concerning conditionings regarding to the optimization of the water fraction within 
an adsorber bed.  
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PROSPECT 

After this excursion in the fields of molecular sieve technology, which will attain intense spread 
during the next years (natural scientificly they are reconnoitered in detail already), we should turn 
back to special applicances of plasma technique.  
 
The reactions with plasma canals are always gas reactions. But in the course of technical 
production processes aerosol compounds occur, which condensate from hot atmospheres due to 
the cooling by ambient air. Such aerosols usually cannot be treated concerning odors by plasma. 
Examples regarding to this are oil mists given in the course of annealing and cutting metal parts, 
softing agent emissions or precipitated substances, which are generated during spraying oil into 
the glass microstructure to avoid that the glass fibres stick at each other. But as tests during the 
last months have shown it is possible to accelerate the agglomeration and the droplet generation of 
these microaerosols by using plasmaactivated air. Milliseconds are enough to achieve the accrual 
of the otherwise nearly unprecipitatable aerosols within a plasma field or within an atmosphere with 
ionized gas constituents. Normally aerosols <0.5 μm cannot be precipitated with conventional 
filters because the aerosols act like gases and dodge precipitators by dint of the Brownian 
movement. By coagulating these aerosols a drop form is attained, which can be kept by fibre filters 
for subsequent recovery or elimination.   
 
That means maybe plasma will enable a connection between procedural methods for precipitating 
high-molecular but low concentrated VOC emissions by electro-chemical processes and direct 
combustion processes. Till today it was not possible to connect molecular sieves downstream for 
embedding the condensated and partly viscose compounds in a sufficient way. The meanwhile old 
technology of drop base fibre filtration is used behind PVC coating plants since 30 years. Today 
the drop base fibre filters are not state of the art anymore due to the raised requirements of the air 
purification directives. Therefore biological or thermal processes are added to the filtration. We try 
to reactivate the usage of these simple, cheap and environmentally compatible drop base fibre 
filters in connection with plasma.  
 
Thank you for your interest.  


