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1 Object of the report 

This report describes the results of the efficiency tests of the HI-TECH NATURE 
SYSTEM (HTNS) by EXPANSION ELECTRONIC S.r.l., Vicenza (Italy) on the 
demolition of non-live particles (powders) and micro-organisms in the air (bacteria, 
yeasts, moulds) 
 
2 Equipment analysed  

To carry out the test called (point 1), EXPANSION ELECTRONIC S.r.l., the mandetor 
company, have provided with a sample equipment of the HI-TECH Nature System 
(HTNS) type, including 1 electrostatic filtering modular unit of normal manufacture 
(M2D model) connected to a ventilation pipe branched with a total of 5 emitter 
electrodes, 2 placed in the pipe, 2 neutralizers on the ends of the pipes, and 2 
revitalizers (emitter electrodes) placed right below the neutralizers. The ventilation 
pipe is made of P3 DUCTAL material by the P3 company, Padova (Italy). The 
building composition of the HI-TECH NATURE SYSTEM (HTNS) as for the technical 
data of the filtering unit and of the electrostatic cell (115/3D Olio model) are shown in 
attachment, see A1 - A3. 
 
 
3 Test realizations  

To determine the demolition efficiency of the equipment (see point 2) towards the 
particles in the air and to determine the inactivation of the micro-organisms (bacteria, 
yeasts, moulds), the equipment has been connected to a ventilation unit HKG-5 
model, with variable volume flow, by the HANSA company. 
 
3.1 Determination of the demolition of micro-organisms 

The air to be analysed has been taken from outside and before the ventilation unit It 
has been charged with bacteria and artificial yeasts in defined concentration. To 
simultaneously introduce aerosols, the following generators have been used in this 
order: an ATM 225 generator by the Leschke company, Frankfurt-Oder and a K13 
generator by the Klimatechnik company, Berlin. The Micrococcus luteus standing for 
the bacteria group and Rhodotorula rubra for the yeasts has been used as test-
germs. To determine the HTNS efficiency towards moulds external air with its natural 
mould spectrum has been employed. 
The determination of the demolition efficiency of HTNS in the above-described way 
has been carried out simultaneously measuring the number of the germs in the air 
pipe before and after the electrostatic filtering unit, after each single emitter and at 
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the air exit of the delivery-openings (after the neutralizers and the revitalizers). For 
the measure an Andersen-Kaskaden-Impaktoren with 6 levels has been used. The 
collecting duration has been 5 minutes (for the demonstration of the M. luteus), 10 
minutes (for the demonstration of the R. rubra, moulds) with an air capacity of 28,3 
l/min. Collecting Petri plates (d=85 mm) with Trypton Soya Agar (for the 
demonstration of the M. luteus) and agar with malt extract (for the demonstration of 
the R. rubra, moulds) have been employed.  
The measures have been repeated three times for each type of germ. Afterwards the 
Agar plates have been put in an incubator with a temperature of 30 ± 1°C (for the 
demonstration of the M. luteus, R. rubra) and at 20 ± 1°C (for the demonstration of 
the moulds). Later from 4 to 10 days the visible macroscopic colonies have been 
counted. The KBE values measured on the 6 levels of the germ-collector equipment 
have been added, and the average of the three measures taken simultaneously has 
been calculated. The final result has been calculated on 1 m³ of air. Afterwards the 
percentage reduction of the germs in the air has been calculated, this deriving from 
the germ concentration before and after the modular filtering unit that is at the exit of 
the delivery-opening, applying the formula 1. 
 

100
)(

    [%] •
−

=
c
cc

before

afterbeforeR   (1) 

 
cbefore = germ concentration in the air before the electrostatic filtering unit 
cafter = germ concentration in the air after the electrostatic filtering unit / at the air exit of the 

opening 
 
The tests to determine the demolition by HTNS of micro-organisms have been 
carried out at various air speed and relative air-humidity (not-prepared external air; 
40%, 60% and 90% of relative humidity). The table 1 shows the test conditions of 
HTNS. 
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Table 1: test conditions 
Speed in the channel (A=0,162 m²) 2,6 m/s; 4,6 m/s
Speed in the cell (A=0,297 m²) 1,27 m/s; 2,25 m/s
Relative air humidity  corresponding to external-air humidity;

 40%, 60%, 90% 
Tension of the ionisation section confidential data
Tension of the gathering lamellas  confidential data
Emitter Tension  confidential data
Neutralizer Tension  confidential data
Revitalizer Tension  confidential data
 
 
3.2 Determination of the demolition of the air-scattered particles by HTNS  
The determination of the efficiency (demolition) of the electrostatic modular unit 

EXPANSION ELECTRONIC model M2D towards air-scattered particles has been 

carried out according to the operation conditions listed in table 1. As test-air external 

air has been used. The calculation of the particle concentration has been carried out 

simultaneously in the above-mentioned measure points through the particle-counter 

instrument PM 28 DD type by the Leschke company, divided into four particle-size 

classes from 0,5 µm to >5 µm. The duration of the measures has been 1 minute with 

a sucking volume of 28,3 l / min. The result has been calculated on 1 m³ of air and 

the average arithmetic value on three single parallel measures. 

The physical parameters of temperature, relative humidity and air-speed have been 
used through an instrument Testo 400 by the Testo GmbH & Co. company, 
Germany, in Lenzkirch, provided with a temperature and humidity-combined sampler 
and a wing-anemometer to measure the speed. The precision of these instruments is 
± 2 % for the measure of humidity , ± 0,4°C for the measure of temperature and ± 0,1 
m/s for the air-flux speed. 
 
4 Test results  
The following tables and figures show the results of the tests.  
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Table 2:  Efficiency towards germs in the external not-treated air 
         

Test organisms v  concentration [KBE/m³] RV-filter RV-HTNS 

 [m/s] MP 1 MP 2 MP 3 MP 4 MP 5 [%] [%] 

Total germ number 3) 2,6 m/s 560 3 3 < NWG < NWG 99,46 > 99,96 

Total germ number 3) 4,6 m/s 653 5 4 4 2 99,23 99,69 

         

         

Table 3:   Efficiency with 40% air relative-humidity  
         

Test organisms v  concentration [KBE/m³] RV-filter RV-HTNS 

 [m/s] MP 1 MP 2 MP 3 MP 4 MP 5 [%] [%] 

M. luteus1)  2,6 m/s 2.965 6 6 4 2 99,80 99,93

M. luteus1) 4,6 m/s 2.046 9 9 5 4 99,56 99,80

R. rubra2)  2,6 m/s 1.800 < NWG < NWG < NWG < NWG > 99,97 > 99,96

R. rubra2) 4,6 m/s 1.096 11 < NWG < NWG < NWG 99,00 > 99,96

moulds3)  2,6 m/s 376 2 < NWG < NWG < NWG 99,47 > 99,96

moulds 3) 4,6 m/s 345 3 3 2 2 99,13 99,42

    

    
1) = Micrococcus luteus standing for the bacteria NWG  = demonstration limits ( 1 KBE/m³) 
2) = Rhodotorula rubra standing for the yeasts RV  = efficiency 
3) = external-air spectrum   HTNS = Hi-Tech Nature System 
     MP = measure point 
measure points:      v = air speed in the channel 
1: before the electrostatic filtering unit 
2: after the filtering unit and after the I and II emitters 
3: after the III emitter 
4: after the IV and V emitters 
5: at the air exit of the delivery openings after the neutralizer and the revitalizer  
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Figure1: efficiency of HTNS towards micro-organisms in external air 
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Figure 2: efficiency of HTNS towards micro-organisms with 40% of relative humidity 

(M. luteus, R. rubra, moulds) 
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Table 4:  Efficiency with 60% air relative-humidity 
Test-organisms v  Concentration [KBE/m³] efficiency 

 [m/s] MP 1 MP 2 MP 3 MP 4 MP 5 filter [%] HTNS [%] 

M. luteus1)  2,6 m/s 2.826 < NWG < NWG < NWG < NWG > 99,96 > 99,96

M. luteus1)  4,6 m/s 1.891 < NWG < NWG < NWG < NWG > 99,96 > 99,96

R. rubra2)  2,6 m/s 830 9 9 4 < NWG 98,92 > 99,96

R. rubra2)  4,6 m/s 567 10 9 4 4 98,24 99,29

moulds3)  2,6 m/s 548 2 < NWG < NWG < NWG 99,64 > 99,96

moulds3)  4,6 m/s 369 3 < NWG < NWG < NWG 99,19 > 99,96

    
    

Table 5:  Efficiency with 90% air relative-humidity 
Test-organisms v  concentration [KBE/m³] RV-filter RV-HTNS 

 [m/s] MP 1 MP 2 MP 3 MP 4 MP 5 [%] [%] 

M. luteus1)  2,6 m/s 2.675 9 9 8 7 99,66 99,74

M. luteus1)  4,6 m/s 2.515 62 40 21 9 97,53 99,64

R. rubra2)  2,6 m/s 314 4 4 2 2 98,73 99,36

R. rubra2)  4,6 m/s 305 10 5 3 2 96,72 99,23

Schimmelpilze3)  2,6 m/s 439 9 9 7 7 97,95 98,41

Schimmelpilze3)  4,6 m/s 425 10 9 7 7 97,65 98,35

    
1) = Micrococcus luteus standing for bacteria NWG  = demonstration limits (1 KBE/m³) 
2) = Rhodotorula rubra standing for yeasts RV  = efficiency 
3) = external-air spectrum  HTNS = Hi-Tech Nature System 
     MP = measure point 
Measure points:      v = air speed in the channel 
1: before the electrostatic filtering unit 
2: after the filtering unit and after the I and II emitters  
3: after the III emitter 
4: after the IV and V emitters 
5: at the air exit of the delivery openings after the neutralizer and the revitalizer  
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Figure 3: efficiency of HTNS towards micro-organisms with 60% of relative humidity 

(M. luteus, R. rubra, moulds) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
90 % air relative-humidity
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Figure 4: efficiency of HTNS towards micro-organisms with 90% of relative humidity 

(M. luteus, R. rubra, moulds) 
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4.1 Efficiency of HTNS towards the external-natural-air spectrum (total germ-
number)  

HTNS shows a considerable reduction of > 99,96 % (speed=2,6 m/s) and of 99,69 % 
(speed =4,62 m/s) of the micro-organisms in the air collected. The concentration of 
the micro-organisms has been reduced respectively from 560 KBE/m³ to values 
lower than the demonstration limits (speed = 2,6 m/s) and from 653 KBE/m³ to 2 
KBE/m³ (speed = 4,6 m/s) (see table2). 
 

4.2 Efficiency of HTNS towards air-scattered micro-organisms with relative 
air-humidity of 40 % r.F. (r.F. = relative humidity)  

As shown in table 3, the average bacterial concentrations (M. luteus) in the air have 
been respectively reduced from 2.965 KBE/m3 (speed =2,6 m/s) and 2.046 KBE/m3 
(speed=4,6 m/s) before the filtering unit at 6 KBE/m3 (speed=2,6 m/s) and 9 KBE/m3 
(speed=4,6 m/s) after the electrostatic filtering unit. At the exit of the air delivery-
openings the values of 2 KBE/m3 (speed=2,6 m/s) and 4 KBE/m3 (speed=4,6 m/s) 
have been measured. HTNS has then reduced the bacterial concentration (M. luteus) 
in the air of 99,93 % (speed=2,6 m/s) and of 99,80 % (speed=4,6 m/s) with air 
relative-humidity of 40%. 
 
The average concentrations of yeasts (R. rubra) have been reduced from1.800 
KBE/m3 (speed=2,6 m/s) and from 1.096 KBE/m3 (speed=4,6 m/s), measured 
before the electrostatic filtering unit, to values < NWG = demonstration limits 
(speed=2,6 m/s) and to 11 KBE/m3 (speed=4,6 m/s) after the electrostatic filtering 
unit. At the exit of the air delivery-openings there is no presence of yeasts anymore. 
Therefore HTNS has reduced the yeasts (R. rubra) in the air of > 99,96% (speed=2,6 
and with 4,6 m/s) with air relative-humidity of 40%. 
 
The average concentrations of moulds in the collected external air have been 
reduced from 376 KBE/m3 (speed=2,6 m/s) and from 345 KBE/m3 (speed=4,6 m/s) 
measured before the electrostatic filtering unit to 2 KBE/m3 (speed=2,6 m/s) and to 3 
KBE/m3 (speed=4,6 m/s) measured after the electrostatic filtering unit. At the exit of 
the air delivery-openings there is no presence of moulds (speed=2,6 m/s) and 2 
KBE/m3 (speed=4,6 m/s). The reduction of mould concentration were present in a 
natural way in the external air with relative humidity of 40% and it has been reduced 
by HTNS of > 99,96 % (speed=2,6 m/s) and of 99,54% (speed=4,6 m/s). 
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4.3 Efficiency of HTNS towards air-scattered micro-organisms with relative 
air-humidity of 60 % r.F. (r.F. = relative humidity) 

With relative air-humidity of 60 % r.F. HTNS has reduced the concentration of 

bacteria (M. luteus) from 2.826 KBE/m³ (speed=2,6 m/s) and from 1.891 KBE/m³ 

(speed=4,6 m/s) to < NWG = demonstration limits (table 4) with both the air-speeds. 

HTNS has reduced the average concentration of yeasts (R. rubra) from 830 KBE/m3 

(speed=2,6 m/s) and from 567 KBE/m3 (speed=4,6 m/s) to < NWG = demonstration 

limits (speed=2,6 m/s) and to 4 KBE/m3 (speed=4,6 m/s). 

The moulds in the collected external air with 550-KBE/m³ concentrations have not 

been able to be measured at the exit of the delivery-openings. 

With air relative-humidity of 60% r.F., the concentration of micro-organisms has been 
reduced by HTNS of > 99,96 % (M. luteus, R. rubra  with speed=2,6 m/s, the moulds 
were present in a natural way in the external air) and of 99,29 % (R. rubra, speed= 
4,6 m/s). 
 

 

4.4 Efficiency of HTNS towards air-scattered micro-organisms with relative 
air-humidity of 90 % r.F. (r.F. = relative humidity) 

With relative air-humidity of 90% r.F., HTNS has reduced the concentration of 

bacteria (M. luteus) from 2.675 KBE/m³ to 7 KBE/m3 (speed=2,6 m/s) and from 2.515 

KBE/m³ to 9 KBE/m3 (speed=4,6 m/s).  

On average, the yeasts (R. rubra) have been reduced from 312 KBE/m3 to 2 

KBE/m3 (speed=2,6 m/s) and from 259 KBE/m3 to 2 (speed=4,6 m/s).  

The moulds in the collected external air have been reduced from 439 KBE/m³ to 5 

KBE/m3 (speed=2,6 m/s) and from 425 KBE/m³ to 7 KBE/m3 (speed=4,6  m/s).  

Therefore HTNS has reduced the concentration of micro-organisms in the air 
between 98,35 % and 99,74 % (with relative air humidity of 90%).
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4.5 Efficiency of HTNS towards particles (powders)  4.5 Efficiency of HTNS towards particles (powders)  
The efficiency of HTNS towards air-scattered particles < 0,5 µm with various levels of 

humidity and air-speed is shown in 6 and in figure 5. 

The efficiency of HTNS towards air-scattered particles < 0,5 µm with various levels of 

humidity and air-speed is shown in 6 and in figure 5. 

  
Table 6: Effect of HTNS on the concentration of particles in collected external air  Table 6: Effect of HTNS on the concentration of particles in collected external air  

air speed air speed 2,6 m/s 2,6 m/s 2,6 m/s 2,6 m/s 4,6 m/s 4,6 m/s 4,6 m/s 4,6 m/s 
air relative humidity  60 % 90 % 60 % 90 % 
 concentration of particles / m³ 
measure point 1 155.437.100 164.539.243 172.450.954 175.247.389
measure point 2 1.074.336 1.560.220 3.004.022 3.123.467
measure point 3 948.290 1.382.570 2.854.125 3.100.247
measure point 4 806.000 1.235.422 2.634.512 3.090.680
measure point 5 805.622 1.020.573 2.512.430 3.078.914
 Efficiency [%] 
electrostatic filter  99,31 99,05 98,26 98,22
HI-TECH Nature System 99,48 99,38 98,54 98,24
 

With 60% of relative humidity, the particles have been reduced of 99,48 % 

(speed=2,6 m/s) and of 98,54% (speed=4,6 m/s). With 90% of relative humidity, the 

particles have been reduced of 99,38 % (speed=2,6m/s) and of 98,24 % (speed=4,6 

m/s).  
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Figure 5:  Efficiency of HTNS towards particles  
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5 Evaluation 
The results of the tests carried out show that within collected air, HTNS is able to 

demolish air-scattered bacteria (M. luteus), yeasts (R. rubra) and moulds with 

efficiency values varying from 98,53 to > 99,96 % according to the type of germs and 

the air relative-humidity. Regarding particles the efficiency varies from 98,24% to 

99,48 %. Generally it can be realised that the increase of the air-speed and of its 

humidity correspond to a slight efficiency reduction. 

The relative efficiencies taken from the electrostatic filtering section exceed notably 

the efficiency of the conventional thin filters (F5-F9 according to DIN EN 779) and 

approximately they are comparable to air filters of H11 - H13 class according to DIN 

EN 1822. A more precise classification is possible only with a correct test HTNS 

according to DIN-EN 1822. 

 
The test carried out show that HTNS has a wide range of application 
 
The results coming from the application HTNS prove the following advantages in 
comparison with the traditional large-surfaced filters (pockets, cells or glass-fibres 
boxes, synthetics or cellulose): 
1. higher efficiency of the electrostatic filtering unit (comparable to H11 - H13 

according to DIN EN 1822); 
2. as a consequence of (1): the cleaning of the air channels (with the guaranteed 

respect of the VDI 6022 regulations, page 1 (7/98) which foresee 10-g/m² 
thickness of dust).  

3. With the use of pocket-filters or box-filters because of decomposition processes it 
is possible the formation and the release of toxic microbial products for example 
endo-toxins. On the other hand, with the use of HTNS this is not going to happen 
except in a marginal quantity for the effect of the electrostatic filters; as 
demonstrated through the tests . 

4. Basically the demolition by electrostatic cells depends on the particle diameter 
and on their capacity to receive the electric charge. As the size of the legionella 
particles and of the M. luteus belong to the same size order, it can be realised 
that the demolition of the legionella by the filter cell of HTNS is as high as for the 
Micrococcus luteus. 

5. minimum and almost constant losses of laden; 
6. lower maintenance costs for the high-regenerate effect of the electrostatic cells. 
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HTNS brings hygienic, energetic and economic advantages, and it is recommended 
for a huge number of applications, especially for the second filtering-level in the 
following sectors: 
• agroindustrial sector 
• pharmaceutical sector 
• blanc rooms 
• hospital environments 
• textile sector 
• printing and paper 
• tobacco 
• environments with high atmospheric-pollution 
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6 Conclusions 

On behalf of the EXPANSION ELECTRONIC S.r.l. company, Vicenza, Italy a survey 
has been carried out to determine the efficiency of the Expansion Electronic HI-
TECH NATURE SYSTEM (HTNS) towards air-scattered micro-organisms. The 
measures have been taken with preliminary practical tests carried out in laboratory. 
 
As a test-bed HTNS has been connected to a special air-conditioning plant. In the air 
flow, it has been simultaneously measured both the concentration of artificial 
nebulized micro-organisms and of the micro-organisms present for natural reasons, 
in the collected external air respectively before and after the electrostatic filtering unit, 
after each single emitter and at the exit of the delivery-opening (after the neutralizer 
and the revitaliser) with various speeds and air-humidity. Micrococcus luteus 
(standing for the bacteria), Rhodotorula rubra (standing for the yeasts) and the 
natural external-air spectrum (moulds, total quantity of germs) have been used as 
test micro-organisms. 
 
The results of the tests show that HTNS is able to eliminate from collected air air-
scattered bacteria (M. luteus), yeasts (R. rubra) and moulds with an efficiency 
varying from 98,53% to > 99,96 % and that depends on the type of germs and on the 
air relative humidity. For what concerns air-scattered particles an efficiency between 
98,24 % and 99,48 % has been found. 
Generally it can be noticed that the increase of the air-speed and of the air humidity 
correspond to a slight efficiency reduction. 
 
 
According to the results of the tests with HTNS, the following advantages have been 
realised in comparison with the traditional large-surfaced filters (pockets, cells or 
glass-fibres boxes, synthetics or cellulose): 
 

1. higher efficiency of the electrostatic filtering unit (comparable to H11 - H13 
according to DIN EN 1822); 

2. As a consequence of (1): the cleaning of the air channels (with the guaranteed 
respect of the VDI 6022 regulations, page 1 (7/98) which foresee 10-g/m² 
thickness of dust).  

3. With the use of pocket-filters or box-filters because of decomposition 
processes, it is possible the formation and the release of toxic microbial 
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products for example endo-toxins. On the other hand, with the use of HTNS 
this is not going to happen except in a marginal quantity for the effect of the 
electrostatic filters; as demonstrated through the tests . 

4. Basically the demolition by electrostatic cells depends on the diameter of the 
particles and on their capacity to receive the electric charge. As the size of the 
legionella particles and of the M. luteus belong to the same size order, it can 
be realised that the demolition of the legionella by the filter cell of HTNS is as 
high as for the Micrococcus luteus. 

5. minimum and almost constant losses of laden; 
6. lower maintenance costs for the high-regenerate effect of the electrostatic 

cells. 
 
HTNS brings hygienic, energetic and economic advantages, and it is recommended 
for a huge number of applications, especially for the second filtering-level in the 
following sectors: agroindustrial, pharmaceutical, blanc rooms, hospital 
environments, textile, tobacco, printing and paper and environments with high 
atmospheric-pollution. 
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