
Prof. dr. ir. Bert Blocken

Achtergrond en stand van zaken

DEPARTMENT OF THE BUILT 
ENVIRONMENT

DEPARTMENT OF CIVIL 
ENGINEERING



AEROSOLS



Definition: An aerosol is defined as:sticky”
“a suspension of fine solid particles or liquid droplets in air or another gas.”

Fine often means: diameter < 100 m



Infectioncontroltoday.com

Respiratory aerosol particles are 
generally invisible, can only be seen
with special lighting or by simulation



Source: Wei & Li (2016)
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Mass infections

1. Large droplet or aerosol spray (direct)
2. Contact with infected surfaces (indirect)
3. Aerosols

Champions League game Atalanta Bergamo vs. Valencia in stadium Giuseppe 
Miazza-stadion, Milano, 19 February 2020. 
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Mass infections

1. Large droplet or aerosol spray (direct)
2. Contact with infected surfaces (indirect)
3. Aerosols

Cup final KRC Genk – Standard in Koning Boudewijn stadium, Belgium, on 17 March 2018. 

Maarten Delvaux ‐ Nieuwsblad.beMaarten Delvaux ‐ Nieuwsblad.be



VENTILATION AND AIR 
CLEANING



Definitions

Ventilation: the continuous replacement of stale air in a room by fresh air
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Definitions

Ventilation: the continuous replacement of stale air in a room by fresh air

Airing: the occasional replacement of stale air in a room by fresh air

Air cleaning: the removal of harmful substances from air in a certain environment (indoor or 
outdoor)

Less aircleaning in top part, but 
nobody is breathing here (!)



Our first scientific paper suggesting use of ventilation, aircleaning and air quality label
(written April 2020, published May 2020)



PROJECT 1: 
THE FITNESS CENTER



The fitness center test: Eindhoven, the Netherlands: 11 July 2020
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Results of the tests:





I have recommended aircleaners for all indoor environments since April 2020. 
Published in international scientific magazine and in many media (TV in Netherlands, 
written media in Belgium). 



PROJECT 2: 
THE 1000 CLASSROOMS



“The basis of the state is the education of the youth.”

Pythagoras of Samos (c. 570 BC – c. 
496 BC), Ionian Greek philosopher, 
mathematician, mystic, scientist. 
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• Omikron wave in education and next waves (autumn 2022…)
• Worries of children, teachers, school directors, parents…
• Our impatience and frustration
• Ventilating classrooms with open windows and doors, which actually means heating

up the outside air… 
• And…



• Omikron wave in education and next waves (autumn 2022…)
• Worries of children, teachers, school directors, parents…
• Our impatience and frustration
• Ventilating classrooms with open windows and doors, which actually means heating

up the outside air… 
• And… Mayor Johan Sauwens of Bilzen.
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Why needed in terms of COVID-19? A worst-case scenario

• t = 
• steady-state
• maximum occupancy



Why needed in terms of COVID-19? 
A worst-case scenario CO2 concentration inside (ppm)

Air change rate (1/h) 1 2 4 6 8
Schools
Kindergarten 1517 968 694 603 557
Primary school 2660 1540 980 793 700
Secondary school 3727 2073 1247 971 833
Higher education 3949 2185 1302 1008 861
Horeca
Pub 7107 3764 2092 1535 1256
Regular restaurant 5770 3095 1757 1312 1089
Gastronomic restaurant 4878 2649 1535 1163 977
Company restaurant 9336 4878 2649 1906 1535
Large enclosures
Cinema 9708 5064 2742 1968 1581
Theatre 5993 3206 1813 1349 1117
Disco 18996 9708 5064 3516 2742
Fitness
Cardio & strength 2808 1614 1017 818 719
Spinning 15705 8063 4241 2968 2331
Dance classes 8609 4514 2467 1785 1444



Why needed in terms of COVID-19? 
A worst-case scenario



Various shapes and sizes

m



Various technologies

• Filtration (class > 13; ISO 35 H; 
> 99.95%)
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• Cold plasma
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• UV-C
• …

Source: Breathethebetterair.com
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• Cold plasma
• Electrostatic precipitation
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Source: Breathethebetterair.com

CC BY SA‐3.0 
Evan Mason



Various technologies

• Filtration (class > 13; ISO 35 H; 
> 99.95%)

• Cold plasma
• Electrostatic precipitation
• UV-C
• …

Source: Breathethebetterair.com

Source: Oransi.com



Various technologies

• Filtration
• Cold plasma
• Electrostatic precipitation
• UV-C
• …

Important: 
• Test reports from established university or independent scientific organization

• Efficiency 
• No harmful by-products

• Air cleaning frequency of 5 to 6 per hour



Ministerial Decree 12 May 2021 – Ministery of Health (Frank Vandenbroucke)



List of “approved aircleaners” on website FOD Volksgezondheid (Belgium) 



List of “approved aircleaners” on website FOD Volksgezondheid (Belgium) 



Advantages and disadvantage of use aircleaners

Advantages
• Faster to install (no 5-year plan needed)

m



Advantages and disadvantage of use aircleaners

Advantages
• Faster to install (no 5-year plan needed)
• Much cheaper than mechanical ventilation systems (600-1500 € versus 6000-

20,000 €)
• Higher efficiency certainly in rooms with larger height



Advantages and disadvantage of use aircleaners

Advantages
• Faster to install (no 5-year plan needed)
• Much cheaper than mechanical ventilation systems (600-1500 € versus 6000-

20,000 €)
• Higher efficiency certainly in rooms with larger height

Disadvantages
• Most aircleaners do not remove CO2  CO2 cannot be used anymore as indicator 

of endogenous aerosol particle concentration. 
• Be careful in selecting your aircleaner (very good, but also useless and even 

dangerous products on the market!)



Research project connecting building physics and virology

Objectives

1. Scientific evidence of the importance of aircleaning against COVID-19 and other
respiratory viruses, particulate matter from traffic, allergens, etc. 

2. Getting acquainted with the technology

3. Support large-scale implementation of aircleaners in education and beyond



Research project connecting building physics and virology

Phase 1: Preparation
1. Recruitment of municipalities and schools
2. Testing aircleaners in laboratory set-up
3. Purchase or loan of aircleaners for several classrooms

Phase 2: Execution
4. Measurement of aerosol concentration reductions by aircleaners
5. Measurement of virus load in the classroom air
6. Registration of number of infections attributable to class-room environment

Phase 3: Large-scale implementation
7. Recruiting government funding and/or funding by benefactors
8. Guiding schools in large-scale implementation



Participating municipalities and schools (Belgium      )

Heusden‐Zolder
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Pelt Dessel



Participating municipalities, universities and schools (Netherlands      )
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Example: installation in Perwez, Belgium
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Example: installation à Perwez







GOVERNMENT 
IMPLEMENTATION IN BE 
AND OTHER COUNTRIES



What the government has done



What the government has done



What the government is doing



What the government is doing

1. Ambitious ventilation plan for health indoor air in all public spaces
2. With air quality label
3. With strong focus on aircleaning: 



USA

122 Billion Dollar White House Project on ventilation and aircleaning across states



USA

122 Billion Dollar White House Project on ventilation and aircleaning across states

“Here are the basics:

Ventilation: Bringing in clean outdoor air is key…

Air filtration: Using high-quality air filters like HEPA 
or MERV-13 – connected to capable HVAC systems 
or portable air purifiers – to remove virus particles 
from indoor air is also important. Filtration is a great 
tool to supplement ventilation or to use if adequate 
ventilation isn’t possible...

Air disinfection: By inactivating (“killing”) airborne 
virus through methods like ultraviolet germicidal 
irradiation (UVGI) systems, we can add another 
layer of protection in indoor spaces…”



USA

122 Billion Dollar White House Project on ventilation and aircleaning across states

“Here are the basics:

Ventilation: Bringing in clean outdoor air is key…

Air filtration: Using high-quality air filters like HEPA 
or MERV-13 – connected to capable HVAC systems 
or portable air purifiers – to remove virus particles 
from indoor air is also important. Filtration is a 
great tool to supplement ventilation or to use if 
adequate ventilation isn’t possible...

Air disinfection: By inactivating (“killing”) airborne 
virus through methods like ultraviolet germicidal 
irradiation (UVGI) systems, we can add another 
layer of protection in indoor spaces…”



The State of Victoria, Australia

190 Million Dollar purchase of aircleaners for ALL public schools



The State of Victoria, Australia

190 Million Dollar purchase of aircleaners for ALL public schools

6.7 million inhabitants

Flemish calculation: 
120 million € for 
aircleaners in all
classrooms in the 
region.

= costs of 3 weeks 
PCR tests

= “peanuts” (© Pedro 
Facon)



d: < 5 m: exhaling in rest, 
talking, laughing, singing

d > 5 m: sneezing, 
coughing, more 
exceptionally: talking, 
laughing, singing

d > 10 m: not considered 
as particulate matter 
anymore

d > 100 m: not 
considered as aerosol 
particle anymore (by some 
the limit is set at 5 m (!)

Respiratory aerosols

Johnson et al. (2011)



4 aircleaners at low speed (150 m³/h  3-4 aircleaning frequency)



Particles between 5 and 10 m

With aircleaning

Without aircleaning



Particles between 1 and 5 m

With aircleaning

Without aircleaning



Particles between 0.5 and 1 m

With aircleaning

Without aircleaning



Particles between 0.25 and 0.5 m

With aircleaning

Without aircleaning



Particles smaller than 0.25 m

With aircleaning

Without aircleaning



1 large aircleaner at medium speed (1000 m³/h  6 aircleaning frequency)



Particles smaller than 0.25 m

C 
(1/L)

11:30 15:50 08:00

Class X1

Aircleaning ON Aircleaning OFF Aircleaning ON



Particles smaller than 0.25 m

C 
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Particles smaller than 0.25 m

C 
(1/L)

11:18 15:50 08:00

Class X2

Aircleaning ON Aircleaning OFF Aircleaning ON

Reductions with
90‐95%!



Particles smaller than 0.25 m

C 
(1/L)

12:50 15:50 08:00

Class X3

Aircleaning ON Aircleaning OFF Aircleaning ON



Particles smaller than 0.25 m

C 
(1/L)
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Class X3

Aircleaning ON Aircleaning OFF Aircleaning ON



Consequences for infection risk? 

P =  Infection risk (1 = 100%, 0 = 0%)
I =  number of source patients (infectors) = 1
P =  pulmonary ventilation rate (m³/h) = 0.3
Q =  room ventilation + aircleaning rate (m³/h)
q =  quantum generation rate (quantum/h) = 14‐48
t =  exposure time (h) = 2

A quantum is defined as the number of infectious airborne particles required to infect the person and may consist of one or 
more airborne particles.

Risk without aircleaning:  2.37%
Risk with aircleaning (6x):  0.20%

Factor 12 reductie



Consequences for infection risk? 

P =  Infection risk (1 = 100%, 0 = 0%)
I =  number of source patients (infectors) = 1
P =  pulmonary ventilation rate (m³/h) = 0.3
Q =  room ventilation + aircleaning rate (m³/h)
q =  quantum generation rate (quantum/h) = 14‐48
t =  exposure time (h) = 2

A quantum is defined as the number of infectious airborne particles required to infect the person and may consist of one or 
more airborne particles.

Risk without aircleaning:  8.00%
Risk with aircleaning (6x):  0.68%

Factor 12 reductie
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