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Experiences & Events at the Beginning of the Pandemy
March/April 2020

• December 2019 high number of infections (454) on the cruiser “Diamond Princess”

• Very high number of infections (1500) in meat processing company “Tönnies“, D

• Numerous infections in the meat processing companies in Switzerland

Conclusion:
The air conditioning and ventilation systems played a decisive role in the homogenization and distribution 
of the virus-enriched aerosol. 



Nanofiltration 
= Virusfiltration



The ceramic wall flow filter

• High efficiency
• compact
• easy to clean
• can be heated
• mass product 

(DPF, GPF)

Adapted to Bioaerosols

 The only filter system that fulfills the

requirements of a circular economy product
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And what about Bio-Aerosols ?

Can we filter them as well and

de-activate?

Yes, we can both !!!

Viruses are as small as diesel soot particles

and form a similar very stable aerosol. 

They behave like soot particles, can be filtered

and de-activated.

Nanofiltration = Virusfiltration



Electron microscopy micrograph and a structure model of A) COVID 19 virus (https://www.pharmaceutical-

business-review.com/news/gsk-cepi-coronavirus/; Zhu et al., 2020) B) MS2 bacteriophage

(https://de.wikipedia.org/wiki/Enterobakteriophage_MS2; Nguyen et al., 2011)

COVID 19-Virus and Bacteriophages MS2
MS2 are the standard surrogate for microcell research

• Bacteriophages MS2

• Smaller than SARS-Cov2 Virus

• Single stranded RNA Virus

• E. Coli Bakteria as Host Cells

• No risk for human and animals

• Activity verified by Plaque-Assay 

• SARS-Cov2 Virus

• Structure Model



Filtration and De-Activation of Virus (2020)

Filtration by number
> 99.9999 %

De-Activation
after 48 hrs

99%

Rothen B. et al/ University Fribourg Switzerland

A versatile filter test system to asses removal efficiencies

for viruses in aerosol; Aerosol and Air Qu.Res.Oct. 29, 2021



Flow 
Control



Clean air ventilated horizontally carries the 

virus from infected emitter to many receivers 

Horizontal ventilation
is not reducing but 
creating the risk

The negative effect of
distribution is stonger

than the positive effect
of dilution
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New approach: the only safe place is overhead
Perfect Solution in the KKL concert hall Lucerne

Body heat convection
and laminar vertical flow

from floor to ceiling

S.Kluster, B.Sicre CH Media 30.9.2020



Classroom
Experimental Analysis

&
Computational Flow Simulation



Throttle valve for
Fresh air control

Fresh air

Main blower

Filter

CO2/T-Sensors

Control unit

Dp-
Sensor

ca. 800m3/h

T fresh air

control
measurement

Fresh air 
blower Suction by 10 tubes at ceiling

air recirculation

Classroom Cleaning from UPF and Bioaerosols  

outdoor and indoor de-contamination



Testing cross-contamination
- salt water nebulizer: 80‘000 P/cc at 300 nm at the front desk

- warming plates simulating body heat

- particle counters at each desk



Particle concentration at 10 desks

compared to the particle source (log scale)
> two orders of magnitude reduction even in immediate vicinity of the

infected person and homogeneous distribution in the room

A.Mayer, NCA GmbH et al

Nanofiltration combined with laminar vertical flow to minimize virus infection risk

FILTEC Cologne, March 2022



Flow from floor the ceiling

Ventilation from ceiling to floor



Classroom Conclusions in Numbers

Cross contamination < 1%

Virus filtration > 99,99% 

Anorganic nanofiltration > 99% at alveoli size

Virus de-activation 99% within 48 hours

Half time 8 minutes down to a final level of 1%                         

outside particle concentration

No aging, easy cleaning, easy desinfection



Elevator Cabin

Experimental Analysis
&

Computational Flow Simulation
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Extraction

Schematic representation 
of the lift cabin.

The ventilation shows: 
- air exchange rate of 27/h,
- mean vertical flow velocity is 1.6 cm/s.

Return





Hospital Bed with
Protecting Baldachin

Experimental Analysis
&

Computational Flow Simulation
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Hospital bed with
protecting baldachin

Prototypes were built and their efficiency was 
experimentally and theoretically confirmed
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Simulation – Importance of Flow Volume on Escape Behavior

Escape into the outside the bed area (red): With / Without Filtration 

Startup phase: Patient emits from the very beginning –
Worst case for a disturbance

110

Equilibrium phase: 
• 110 m3/h:  15 min;  < 4%
• 140 m3/h:  10 min;  < 2%
• 180 m3/h:    3 min;  < 1%

180



Conclusions on how to clean breathing

air for nanoparticles and bioaerosols

• Conventional Ventilation (fix installed or mobile) does

not suppress cross contamination  not recommended

• Fibre filters, even HEPA quality are not recommended:   

aging, low nano-efficiency, disposal problems, humidity

• Fresh air, if not nanofiltered, is UFP contaminated

• Vertical laminar air flow floor to ceiling is recommended

• Body heat convection must not be disturbed

• Air recirculation recommended for energy conservation

• Fresh air is nanofiltered and CO2 controlled

• New multicell ceramic wall flow filters are used



Conversion of mind

by WHO



1997-1998  1st standards based on PN (VERT underground)
We don’t want to wash the dirty laundry …

…accumulated since 25 years

Finaly 2022 
(due to Covid pandemy) 

some recommendations from
WHO…. 
pointing in the right direction
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In addition to the industrial UFP NANOFILTRATION eliminates
efficiently viruses, allergenes, bacteria, fungi & SOA

NANOFILTRATION can serve and protect the human health
indoor and outdoor

Indoor it has to be combined with an appropriate 
FLOW CONTROL

PN METRICS & LIMITS 

urgently needed



WE ARE  ALL  IN THE  SAME  BOAT




