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Covid-19 &
Aerosol / Airborne

christophe@my-poppy.eu – 2021-01-21
version 0.2

The slides will be available in the chat & at blog.my-poppy.eu

mailto:christophe@my-poppy.eu


About you

• Event & logistics managers

• Registered nurses

• Emergency medical technicians

• Health & safety advisors & consultants

• Emergency planners & risk managers

• Decision-makers (HCFRN, municipality, province, school, police, 
112, entreprise network, …)

Let’s interact through the chat!
After 3 pm we can talk, or organize smaller groups later
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About me
Christophe Cloquet, 40
Founder of Poppy since 2014

A sharp technical background
backed by a solid field experience

4 years with the Belgian Defence
20 years as a volunteer Emergency Medical Technician

MSc in Applied Physics (2002)
PhD in Applied Sciences (medical imaging, 2011)
Post-doc in Data Science

Certifications
ISO 27001:2013 Foundations
GDPR Foundations
ITIL 4 Foundations
HAREC

Customers: Brussels 112 & Fire Brigade, National Crisis Centre, 
Federal Agency for Nuclear Control, SPF Interior, 
SPF Public Health, Red-Cross, ...

 No MD – virologist - epidemiologist
 No psychologist
 No lawyer
 No decision-maker
 No guru

 Believe of a pluridisciplinary approach
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Goals

• Give each of you at least one useful new piece of information

• Global overview & references to go further by yourself

• Present myself should you want to collaborate
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Your goals
• You want your collaborators to air more

• Buy a CO2 sensor (200 €)

• You want to quickly assess the risk & airing in your facilities
• Use & understand the risk calculators
• Buy a bunch of CO2 sensors + fans & follow the Harvard guide

• You cannot air more
• Properly install (true & well-dimensioned) HEPA-filters

• You have a broader view
• Get inspiration about why/what/how can be done

• Your issue is complex
• Hire me as a consultant!
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Why ?
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Sciensano (24/12/2020)

Some other references
Vuorinen et al (2020), Modelling aerosol transport and virus exposure with numerical simulations in 
relation to SARS-CoV-2 transmission by inhalation indoors, Safety Science

Tang et al (2020) Aerosol transmission of SARS-CoV-2? Evidence, prevention and control, Environ Int

Tang et al (2020), Dismantling myths on the airborne transmission of severe acute respiratory syndrome 
coronavirus (SARS-CoV-2), Journal of Hospital Infection

“In the absence of any ventilation, according to a study, SARS-
CoV-2 remains viable in aerosols for 3 hours, with median half-
life 1.1-1.2 hours”

“The potential of long-range airborne transmission of SARS-CoV-
2 is no longer disputed, although its relative importance 
remains unclear”

Why ?
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Examples

Yuguo Li et al 
(2020)

Why ?
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Sars-Cov-2 Transmission routes

Droplets: ⚠Wind, air flows, cough
Aerosols: ⚠ Bathrooms

Why ?
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Why (also) tackle this problem on the long term ?

 Respect the law (indoor air – max 900 ppm CO2)
 Variants / endemic Covid-19 
 Influenza (evitable ICU & deaths)
 Increasing tuberculosis / measles
 Prepare other pandemics

Why ?
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Risk calculators
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Wells-Riley relates airing to infection probability:

Probability of being infected = 

Hypotheses

- « Perfect mixing », Volume < 300 m³
- Uncertainty on quantas + cf variant (but scenarios)

Result
- Average, but no information on the variability
- Does not tell what is the acceptable probability (to be drawn from epidemiological models & other

hypotheses - Buonanno et al suggest 1/1000 as a discussion base)

I = # of carriers
p = breathing rate

with q = quantas rate
Dt = time
Q = airing rate [ACH]

Refs eg, Issarow et al (2015), Modelling the risk of airborne infectious disease using exhaled air, Journal of Theoretical Biology
Noakes & Sleigh (2009), Mathematical models for assessing the role of airflow on the risk of airborne infection in hospital wards, J R Soc Interface
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(base for the Max Planck Institute, UColorado & REHVA models)

Theory

1 quantum = dose of airborne 
particles to cause infection 

with 63 % of susceptible 
persons

There is a limit to what Q can reasonably achieve

P

Q [h-1]
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mpic.de/4747361/risk-calculator?en

Outputs
- Individual probability of acquiring the virus if there is

one person infected at the event
- Probability at least one person would become infected

 Gives an order of magnitude (0,1 - 1 - 10 - 50 - 100 %)
 Compares between scenarios

Calculator 1: Max Planck Institute
Practical
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5e+9 for super-spreaders (5%)
8.5e+8 for variant

Practical
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tinyurl.com/covid-estimator

J. L Jimenez, Dept. of Chem. and CIRES, Univ. of Colorado-Boulder 

Calculator 2: University of Colorado

Extensive & interesting explanations

Calculator 3: REHVA

rehva.eu/covid19-ventilation-calculator
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Theory
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bmj.com/content/370/bmj.m3223

BMJ qualitative score sheet

How ?Practical
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“Air Changes per Hour” (ACH)

• Mixing
• 1 ACH = 63 % renewed in 1 hour

• 6 ACH = 99 % renewed in 1 hour

• Examples

• House windows closed : ~ 0,5 ACH

• Hospital : 6-12 ACH

• Birnir (2020) / Buonanno : in Ghinzou restaurant 60-1000 ACH would have be required

Room

300 m³

Air

300 m³ 
in 1 hour

1 ACH

Theory
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Practical
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How to obtain the ACH ?

Too much CO2 = not enough airing
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CO2 : how much is too much ?

max. 900 ppm CO2 during 95 % of the time
or min. 40 m³ / hour / pers during 95 % of the time

AR-KB 2/5/2019

1 ppm 
= 1 particle per million
= 1 μL/L

Practical
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CO2 - Some results

a supermarket
in Jette

ppm Air changes per hour m³/pers/h

Supermarket (Jette) 1150 0,7 31,5

Bookshop (Brussels) 1200 0,9 27

Practical
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Classroom

Decrease, windows closed
0,1 ACH

Practical

About 1 ACH on average

Windows open, 
about 3 ACH on average



1. Set the risk level

2. Determine the ACH

3. CO2= Cout +
Npers · S0

ACH · V
·1000

1. Measure CO2

2. ACH =
Npers · S0

V·(CO2 − Cout)
·1000

3. Determine the risk level

Quick airing assessement in steady state

V = volume of the room in m³ (max ~300)
S0 ~ 20 l/h (breathing rate, for adults)
Cout ~ 430 ppm

Theory

“What risk is associated 
with this CO2 value?”

“What CO2 value is allowed
for this risk level?”
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REHVA rule of thumb (offices, when people are present, at equilibrium)

2,4 ACH

1,2 ACH

20 L / (s pers)
72 m³ / (h pers)

40 L / (s pers)
144 m³ / (h pers)

14 L / (s pers)
51 m³ / (h pers)

Qe = Npers · S0 / (Cin - Cout)

Hospital : 6-12 ACH
TGV : 6 ACH
Superspreading (eg choir/restaurant : vent. rate < 1-2 L/s/pers)

900 ppm A.R. 2019

Practical



Assess airing – more precise method





- using CO2

- measure baseline + scenarios (eg : 1 window open, transversal flow, …) 
- ⚠ outside wind conditions

Measuring the ACH

CO2

dry ice

« dry ice »
or after the occupation of the building

slope of ln
𝐶 𝑡 −𝐶𝑅𝑒𝑓

𝐶 0 −𝐶𝑅𝑒𝑓
, where

CRef is the CO2 concentration 
outside of the room
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Practically…
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« Masks, ventilation, … »

How much ? -> Use the calculators & sensors
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Monitor airing using CO2 sensors

• Low-cost OK (NDIR technology - ~200 €) – cf litterature

• Eg: ARANET 4 (cited by REHVA), Yoctopuce, Renson, Laagom, …

• Belgium: Airsain

• Characteristics
• Depend on your goal

• Measure for yourself/to motivate your small team
• Monitor your company, your city
• Control & enforcement

• Connectivity : none, GSM, LORA, …
• Calibration
• Maintenance

• Traffic lights, beeps – configurable or not

(Demo)
Practical
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Increase airing

• 2 windows better than 1

• Mechanical ventilation with outside air

• Transverse flow but ! flows from person to person

• Low velocity

• May need an architect in complex situations

• ! Comfort, otherwise people close the window forever

• A sensor may help to motivate

“Specific airflow patterns, and not just average 
ventilation and air changes, within buildings are 
also important in determining risk of exposure 
and transmission.” BMJ

Practical
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Supplement airing
(Portable) HEPA filters work above & below 300 nm

Cf, eg, Christopherson & al (2020), High-Efficiency Particulate Air Filters in the Era of COVID-19 Otolaryngology–Head and Neck Surgery

Mechanical filtration only

A HEPA filter adds air changes per hour (ACH)

Extensively used in hospitals

Min H13 (norm EN 1822-1)

Must be properly dimensioned, 
operated & maintained

UVC inside the machine cannot hurt

! Noise, otherwise people will 
shut it down forever

Does not remove CO2

Calculator: 
trox.be/fr/le-
purificateur-dair-
trox-
603b7b4c4b6c1659

Harvard calculator: 
https://docs.google.
com/spreadsheets/d
/1zirxflfaDyiyXn9teM
kt0kZfDAeu1dwC24b
OWg6yl_M/edit#gid
=1882881703

Practical



Do not use fancy air-purifiers

inrs.fr/header/presse/cp-dispositifs-anti-covid.html

« catalysis, photocatalysis, plasma, ozonation, active coal… » 

« sometimes incomplete degradation of the pollutants […] forming potentially
dangerous chemical compounds »

Practical
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Countermeasures for an event?
• 1. Reduce the probability an infected person is present at the event

• Communication 
• Rapid testing ? Cf Barcelona
• …

• 2. Prevent contacts between bubbles
• End2end traffic & crowd management

• 3. Aerosol risk analysis =>
• Outdoor if possible
• Adequate density, masks, timing, …
• Airing / HEPA well dimensioned
• Air extraction from singer/speaker/… => no mixing with the room
• …

• Administrative
• Certification à la Vincotte (like for the electricity, …)

• 5. Be ready
• Monitor airing in real time
• Mandatory testing after the event, included in the ticket price?

• Could even be pooled

• Lightning fast contact tracing

REHVA & ATIC.be, adapted from CDC

Theory

2021-01-21

see also opsman.eu/fr/services/support-evenementiel/rapport-covid-19-0

https://www.opsman.eu/fr/services/support-evenementiel/rapport-covid-19-0


Next steps

• You want your employees to air more
• Buy a CO2 sensor (200 €)
• Participatory / Beep / Control

• You want to quickly assess the risk & airing in your facilities
• Use & understand the risk calculators
• Buy a bunch of CO2 sensors + fans & follow the Harvard guide
• Try to strive for min 4 ACH

• You cannot air more
• Properly install (true) HEPA-filters

+ max 900 ppm

Practical
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More broadly

- Ask epidemiologists for a probability threshold so that the R stays below 1
- For each practical setting, relate it to the amount of airing
- Prospective research to relate infection & bad airing in practical settings 
- Assess the efficiency-curves of portable HEPA filters using lab experiments & in practical 

settings

- Effective sensibilisation campaign
- Go preventively with CO2 sensors in risky spaces (eg: prayer-rooms, chicha-bars, …), even 

clandestine ones (risk reduction approach, as for drugs)
- Build momentum, diffuse the knowledge, have citizens measure at home & report (“citizen 

science”)

- Inform & train the professionals associations (event industry, HORECA, …) + audits
- Certification (Vinçotte, OCB, …)

- Assess the airing in real time (voluntarily / displayed / remote-monitored)

Do 
research

Involve the
community

Norms
& certifications

Theory
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Audits

- Results of the measurements for several airing scenarios per room + a 24 hours measurement
- ACH estimations
- Simulations for several risk scenarios per room
- Recommendations

• Amount of airing needed: …
• Achieved by: 

• Windows/doors opening
constant/… times per hour

• Opposite flow
• Indirect flow / velocity limit
• External ventilation
• AC with outside air

• HEPA Filtration
• Of the whole volume
• Targeted on the high risk

emission/reception zone
• No other physico-chemical !

• Correct wearing of masks
• Limiting exposure time

• Potentially
• Max CO2 before airing
• One apparatus to motivate to 

open windows

Using the risk-models, for different scenarios

• Considering the speaker/singer/… is
infected

• Considering someone in the audience is
infected

• Normal-spreader (20%)
• Super-spreader (5 %)
• Several residence time
• Several airing scenarios
• Use a safety coefficient
• If volume > 300 m³, consider several the 

worst case of several independant 300 
m³ volumes

Compare against risk & different norms

• Eg : conditional indiv risk threshold < 1 % 
on the whole period

• Eg : HARVARD classroom > 5 ACH
• Ventilation Cat II
• < 900 ppm during > 95 % time

ReportRisk Scenarios

Scen. Ppm ACH m³/pers/h

A 980 3 20

B 730 6 50

Recommendations

Theory
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More complex situations: 

Computational Fluid Dynamics simulations
and/or tracer smoke

press.bmwgroup.com/belux/pho
to/detail/P90252892/30-03-
2017-bmw-motorsport-
computational-fluid-dynamics-
cfd-simulation-bmw-m4-dtm

Yuguo Li et al 
(2020)

To ensure: 
- no stationary flows
- no direct flows on people 
- low velocity

Theory
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Aerosol countermeasures are only one tool

6 golden rules

Lightning-speed 
forward & backward 
contact tracing

Testing 
strategies

Vaccines

Physical exercise

Healthy lifestyle, eating 
& dietary supplements

Stress reduction

To control
To contain
To prioritize
To reopen
…

Never reach the point 
in your head where you 
are feeling too safe

Community
involvement

…

Crowd
management Risk analyses

Mental 
support

Theory

Side-effects management
(eg: gathering 
after the concert)
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Some references

• Arrêté royal du 2 mai 2019 modifiant le code du bien-être au travail en matière de qualité de l'air 
intérieur dans les locaux de travail, M.B. 21 mai 2019

• Sciensano (sept 2020) COVID-19 Fact Sheet

• REHVA (nov 2020) COVID-19 guidance, v 4.0 - How to operate HVAC and other building service systems to 
prevent the spread of the coronavirus disease in workplaces

• von Lelieveld et al. (2020) Aerosol transmission of COVID-19 and infection risk in indoor environments

• V. Vuorinena et al (2020) Modelling aerosol transport and virus exposure with numerical simulations in 
relation to SARS-CoV-2 transmission by inhalation indoors

• Y Li et al (2020), Aerosol transmission of SARS-CoV-2 - Evidence for probable aerosol transmission of 
SARS-CoV-2 in a poorly ventilated restaurant

• J.L. Jimenez (2020), COVID-19 Aerosol Transmission Estimator, https://tinyurl.com/covid-estimator, 
accessed 4-Jan-2021

• B. Birnir (2020) The Build-Up of Aerosols Carrying the SARS-CoV-2 Coronavirus, in Poorly Ventilated, 
Confined Spaces

atic.be/fr/blog/atic-nieuws/item/644-rehva-covid-19-guidance-
recommandations-de-l-organisation-mondiales-de-la-sante
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