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Plasma solves Odour Problems 
 
 
 

 
 
 
 
 

Non thermal plasma plants simplify waste air abatement measures. 
  

 
Especially when low VOC concentrations – usually odours – are given, waste air purification 
becomes very costly. As an alternative or in addition to conventional exhaust air abatement 

processes integrating non thermal plasma plants (NTP) is advantageous. They only require a small 
amount of space, are environmentally compatible and ensure a low-cost operation.  
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SUMMARY 

If only low VOC concentrations 
(mostly odours) are present in 
the waste air, high costs usually 
arise for purification [1].  
Therefore the following ques-
tion results unavoidably: Are 
the currently available waste air 
abatement methods really envi-
ronmentally friendly?  
Especially combustion proces-
ses cause high carbon dioxide 
emissions. Their impairment 
potential is often much more 
problematical than the original 
emission [2].  
 
Meanwhile it becomes possible 
to substitute complex exhaust 
air purification plants for NTP-
units. NTP-plants are compact; 
installing them in niches or bet-
ween pipes is feasible. Exam-
ples focusing on aroma produc-
tion are shown below.  
 

SETTING THE SCENE 

It is surely no commonplace: 
When their usage is desired, 
aromas appeal to the senses. 
But if their presence is too in-
tense, they are noticed in an 
opposite way. The ambivalent 
nature of all aromas is that 
even lowest masses cause an 
immense effect. This is one of 
the reasons why high efforts 
have been required for elimina-
ting the odour of these substan-
ces – for waste air, which oc-
curs as compartment air and at 
production units (for instance 
behind dryers).  
 
Let us spend a moment with a 
perfume, which ladies, espe-
cially, love: Chanel Nr. 5. Only 
0.001 mg/m³ are enough to 
captivate the chosen man. Meat 
and ham aromas, which we all 

like so much, are equally effect-
tive. In snacks or as admixture 
for curing they shall quicken our 
appetite illimitably.  
Few micrograms are sufficient 
for adding zest to a tasteless 
meal. But the pherone situation 
is really dramatically. These are 
odours, which take effect even 
over long distances. Few mole-

cules of such a scent guide but-
terflies to a pairing partner or 
similarly into a trap.  
 
Hundreds of aromas are produ-
ced every day – are decanted, 
washed out, conditioned in 
dryers or added to other pro-
ducts for refining. Thitherto very 
different waste air abatement 
processes are applied to purify 
generated exhaust air: combus-
tion plants, which need several 
hundred thousand cubic metres 
of natural gas per year, regene-
rative plants with an natural gas 
demand of >700,000 m³/a or bio-
logical plants with high water 
and energy consumption. But 
they are necessary, however, in 
order to gain the consent of 
neighbours and authorities.  
 

HOW SUSTAINABLE ARE 
CONVENTIONAL WASTE AIR 
ABATEMENT PROCESSES? 

Only for the thermal and the re-
generative combustion plants of 
aroma producing companies in 
Europe approx. 4 Mio. m³ per 
year of natural gas are spent 
and connected with this nearly 
8,000 t/a of CO2 are set free [3].  
 
Also for biological plants high 
energy demands are obvious. In 
our exemplary case this demand 
was given with 550 kg steam/h 
for two bio-filter plants for 50,000 
m³/h of waste air each in the 
Netherlands up until summer 
2008 – required for heating and 

moistening odourous waste air. 
In total these are 4,730 t/a of 
steam and approx. 150,000 € 
per year energy costs respecti-
vely. This correlates with an 
equivalent natural gas demand 
of 300,000 m³/a with CO2 emis-
sions of approx. 600 t/a. In so 
far the operating costs of the 
biological waste air abatement 
plant are similar to the running 
costs of regenerative exhaust 
air purification systems. Due to 
the fact that every three years a 
very expensive material repla-
cement is required the opera-
tion of the biological plants be-
came too cost-intensive compa-
red with regenerative units. 
Therefore the biological plants 
should be substituted for rege-
nerative combustion systems al-
ready in 2006. The planning 
was completed, the costs have 
been calculated and a supplier 
for the plant has been chosen.   
 
Parallel researches concerning 
the odour degradation of aro-
mas were carried out in the fac-
tories of Symrise and Givaudan 
and enabled applying plasma 
units for odour abatement for 
the first time at site of Givau-
dan. The competent support of 
the authorities, as well as the 
confidence placed in the pro-
cess by Givaudan, has been the 
most important supposition for 
applying the plasma process 
successfully. Quasi with the last 
test run it became possible to 
increase the degradation effi-
ciency of the bio-filters by injec-
ting plasma directly in front of 
the filters in that way that the 
odour reduction, which was 
checked by official measuring 
institutes, was sufficient even at 
room ambient temperature (see 
figure 1). 
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Figure 1: Odour reduction of aroma by dint of NTP technology combined with biological waste air abatement 
plants and mixed oxide catalysts  
 

 
The microorganisms were aided 
in their work by special plasma 
reactions. Probably generated 
peroxides have influenced the 
biocenosis within the biobed po-
sitively. The perpetual com-
plaints made by the residents 
have been dispelled since this 
success was achieved. Only two 
exceptions have been given but 
these were connected with failu-
res of the plasma plant. Parallel 
to this in 2006 odour emissions 
of >500,000 OU/m³ could be de-
creased to only <3,000 OU/m³ 
by dint of plasma-technical usa-
ble catalysts at site of a flavour 
processing company – Glatt/IPC 
in Dresden. In this case opera-
ting temperatures of 180 °C (for 
two products even 280 °C) have 
been required. However it beca-

me possible to reduce the ne-
cessary operating temperature of 
the catalyst (approx. 310 up to 
330 °C) significantly by using 
plasma. Researches carried out 
at the company Symrise at the 
same time have shown degrada-
tion rates of >99.9% at tempera-
tures of <110 °C. Because refe-
rence plants were missing at this 
time an expensive and energy-in-
tensive regenerative waste air 
abatement plant has been instal-
led at the Symrise factory. In the 
Givaudan factory the tests were 
continued with approval of the 
authorities. Therefore the expen-
ses for a high-cost plant and an 
immense energy demand could 
be saved.  
 

Meanwhile the results achie-
ved at only 40 °C are so good 
that the biological units have 
been forwent.  
 
Corresponding with official 
measurements the waste air is 
purified sufficiently by dint of 
plasma reactions alone (see 
figure 3). The casing of the bio-
filter is used as lingering section 
to ensure an adequate reaction 
period. The running costs (with-
out material replacement!) have 
been reduced from 20.00 €/h to 
1.20 €/h. But important for the 
environment and the sustain-
ability of the process is the 
enormous CO2 reduction. With-
out this the sense of every puri-
fication process has to be que-
ried. 
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Figure 2: Operation principle of a plasma    Figure 3:Operation principle of the remaining 
supported biological waste air abatement    plasma unit for odour elimination 
plant 
 

WHAT IS NON THERMAL 
PLASMA? 

Energetic highly charged gas 
molecules or gas atoms are cal-
led plasma. Well known are 
thermal plasmas. At approx. 
2,500 °C electrons dissipate 
from the atom. By dint of the non 
thermal plasma technology simi-
larly high energy levels are rea-
ched in gas molecules or gas 
atoms. Because the oscillation 
amplitudes of the atoms are ex-
panded parallel to the tempera-
ture effects it is called non ther-
mal plasma. Four fundamental 
characteristics mark the function 
of non thermal plasma within a 
gas atmosphere:   
 
1. The oscillation amplitude of 

a molecule or an atom is in-
creased at room temperatu-
re by alternating electrical 
fields. 

 
 
 
 
 
 
 

 
2. Electron currents are used 

for electron enhancements 
or electron dissipations by 
alternating voltages at me-
dium frequency within a 
gas. This means positive 
and negative charges (ions) 
are generated in gas atmos-
pheres. 

 
3. Electron fluctuations take 

place. This includes the shif-
ting of an electron from an 
outer shell to an inner shell. 
This is made apparent by 
light quanta, which are set 
free.  

 
4. Chemical compounds are 

formed (e.g. ozone, nitrogen 
oxides etc.). These react at 
low temperatures with orga-
nic compounds. A reactive 
gas is generated, which can 
be used for the oxidation of 
the odours and VOC directly 
in the plasma reactor or, al-
ternatively, in a mixing sec-
tion.  

 
 
 
 

 
Plasma is produced by electrici-
ty – in the strict sense by me-
dium electrical fields. The dis-
tinctive feature of the genera-
tion of the electrical field worth 
mentioning is an air gap within 
the plate condenser. Contrary 
to conventional condenser de-
signs, which have a direct con-
nection between the dielectric 
and the electrodes, an air gap 
exists between the dielectric 
and the electrodes, in which the 
electrical field is generated. The 
gas envisaged for reaction has 
to take the way through this air 
gap (see figure 4).  
 
The second specific charac-
teristic is the operational mode 
of the condenser, which is ap-
plied with alternating current 
(instead of the usually used 
continuous current) at fre-
quencies between 50 and 
20,000 Hz. By the continual po-
tential change a permanent 
electron flow is generated, with 
which the gas molecules coinci-
de. In the course of this plasma 
is formed.  
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Figure 4: Design discharching device   Figure 5: Plasma source in operation  
(plate condenser)     (Design: Dr. R. Mann) 

 
 

Both waste air and clean air can 
be used as reaction gas. Usually 
the exhaust air mass flows are 
that capacious that they cannot 
be led through a plasma source. 
In so far a partial flow of the 
waste air or fresh air (approx. 
10% of the exhaust air mass) is 
activated within the plate con-
denser and will be admixed to 
the total waste air later on. Im-
portant is that enough molecules 
of the gas flow are activated suf-
ficiently. By this it becomes 
feasible, for instance, to genera-
te highly active (ionized) nitrate 
within pure nitrate atmospheres, 
which can be used for oxidizing 
organic compounds with a signi-
ficantly higher reaction potential 
than oxygen [2]. 
 
The direct operational mode has 
the advantage that (in addition to 
the activation of the reaction 
gas) gaseous constituents of the 
original emission come into di-
rect contact with the electrons. 

Because of this they can still be 
degenerated – at least partially – 
in the discharging vessel. Due to 
the fact that the majority of radi-
cals have only a very low half-life 
value in some cases the direct 
operational mode only is suffi-
ciently effective and another treat-
ment step is not required anymo-
re.  
 
Figure 5 shows a plasma source 
of the first generation in opera-
tion. The air flows downwards 
through the plasma module. The 
obvious blue glow at the edges of 
the glass barriers is caused by 
the fluctuation mentioned before. 
Electrons dissipate from an outer 
shell to an inner shell. The light 
quanta, which are set free, enable 
the blue glow in the air atmos-
phere. Regarding to the first de-
sign waste air was led through the 
module. Today – with more mo-
dern technology – usually clean 
fresh air is used in modules 
equipped with ceramic barriers.  

ECO FRIENDLINESS AND 
SUSTAINABILITY OF PURI-
FICATION PROCESSES 

First of all, let us remind oursel-
ves of the aforementioned 
energy demands of the different 
waste air abatement systems 
and observe how this corres-
ponds to their sustainability and 
environmental compatibility. Fi-
gure 6 shows the advantages 
of the plasma plants, which re-
quire no further comment – 
especially when combined with 
molecular sieve units, which will 
be described below. Concer-
ning this comparison it was not 
taken in consideration that such 
plasma plants are service redu-
ced, that wearing parts are 
nearly not given and that they 
need only one-fifth up to one-
third of the space required for a 
conventional exhaust air purify-
cation plant. 
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Figure 6: Comparison of investment and operational costs of waste air abatement processes (50,000 m³/h) for 
<100 mg VOC/m³ (aroma manufacturing industry) 

 
The non thermal plasma techno-
logy can be used for further ap-
pliances when combined with 
molecular sieve units. In such 
duplex-systems, in which either 
only molecular sieve plants or 
molecular sieve units together 
with plasma plants are used, the 
odours are adsorbed within the 
first molecular sieve step. After a 
storage period of some days to 
some weeks (maximum three 
weeks) the held back odours are 
desorbed with hot air up to 350 
°C within two hours. This (now 

highly concentrated) air is combu-
sted in a catalyst connected 
downstream. Desorption is requi-
red because the sole admixing of 
plasma activated air cannot ensu-
re the sufficient degradation of 
VOC and because high emission 
peaks would overburden the plas-
ma technology. 
 
With these plants energy costs of 
<1.00 €/h for 20,000 m³/h of 
waste air can be achieved (accor-
ding to three years operation ex-
perience). Figure 7 shows such a 

plant for the abatement of aro-
ma emissions caused in the 
course of aroma processing. 
The aroma containing waste air 
from the production sections is 
99% cleaned by a molecular 
sieve supported plasma plant. 
After approx. three weeks of 
operation a regeneration pro-
cess of from two to three hours 
is required for the molecular 
sieve. 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7: Molecular sieve 
supported plasma plant with 
catalytic regeneration for 
12,000 m³/h
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Such purification plants can be 
used with both direct plasma 
reactions within the molecular 
sieve and with a plasma unit 
connected downstream. In the 
first case the molecular sieves 
are doped with active ferric oxi-
de. In the second case the mole-
cular sieve works as homogeni-
zing unit, when very high odour 
emissions occur. (For instance 
after spilling aroma solutions in 
the production hall the odour 
peak is buffered and stored in-
termediately within the molecular 
sieve and finally it is dispensed 
temporally delayed.) Because 
the odour intensity of the sub-
stances is extremely high the 
complete degradation within the 
molecular sieve is not possible in 

an adequate way today yet. 
Therefore the thermal regenera-
tion, mentioned above, is required 
in connection with a very small 
catalyst for oxidizing the desorp-
tion gas.  
 
The investment costs for such a 
plant (for a mass of approx. 
12,000 m³/h of exhaust air) are 
approx. 180,000 €; the operating 
costs amount to approx. 1.00 €/h.  
 

FUTURE ASPECTS  

The ceramic barriers improved 
meanwhile afford more beneficial 
electricity usage and connected 
with this further cost savings con-
cerning the waste air purification 
technology. Plasma plants can 

also be combined with catalytic 
plants to achieve a decrease of 
the necessary catalyst reaction 
temperature. It is assumed that 
the catalyst boundary surfaces 
are maintained active even at 
low temperatures especially by 
the ozone.    
 
The results shown in this article 
and the further development 
works are supported by the 
German Federal Ministry of 
Education and Research. Our 
partners are: UGN-Umwelttech-
nik GmbH in Gera and Sächsi-
sches Textilforschungsinstitut e. 
V. in Chemnitz [4].  
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