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HVAC solutions vs airborne transmission

• Exposure = dose is a product 
of the breathing rate, 
concentration and time

• Concentration control of virus 
containing particles: remove 
with outdoor air ventilation
and filtration or deactivate 
with UVG

• General ventilation solutions 
for >1.5 m may be 
complemented with personal 
ventilation and room 
partitioning/zoning
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Airborne viruses
• An airborne virus is not naked (0.1 µm) but 

is contained inside expelled respiratory 
fluid droplets (= droplet nuclei = virus 
containing aerosol)

• Most of expelled droplets > 1 µm, main 
interest range 1–10 µm

• ePM1 (F8) filters provide capture efficiency 
of 65-90% for PM1 

• Therefore, already good fine outdoor air 
filters provide reasonable filtration 
efficiency for room or return air

• Easy to filtrate with high-capacity air 
cleaners (2…5 ach)

Expelled aerosol size distribution (a) speaking and (b) coughing 
G.R.Johnson, L.Morawska et al. 2011 https://doi.org/10.1016/j.jaerosci.2011.07.009

See appendix of the guidance:Criteria for room air cleaners for particulate matter  
https://www.rehva.eu/activities/covid-19-guidance/rehva-covid-19-guidance

https://doi.org/10.1016/j.jaerosci.2011.07.009
https://www.rehva.eu/fileadmin/content/documents/Downloadable_documents/REHVA_COVID-19_Recommendation_Criteria_for_room_air_cleaners_for_particulate_matter.pdf
https://www.rehva.eu/activities/covid-19-guidance/rehva-covid-19-guidance
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Verreault et al. (2008)

Evaporation and desiccation in the air

Desiccated droplet nuclei = solid particle

• Expelled droplets evaporate and desiccate in the air so that the final droplet nuclei shrink to 
roughly a half or one-third of the initial diameter 

• Droplet desiccation is a fast process; 50 µm droplets desiccate in about two seconds and 10 µm 
droplets in 0.1 s (desiccated droplets still contain some fluid)

• In indoor air SARS-CoV-2 can remain active up to 3 hours and up to 2-3 days on room surfaces at 
common indoor conditions
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Evidence based practical solutions
• Italian schools study showed 

that ventilation rates of 
10 L/s per person and higher 
reduced the likelihood of 
Covid-19 infection for 
students by 80% compared 
with a classroom with natural 
ventilation
Buonanno et al. 2022 
https://doi.org/10.3389/fpubh.2022.1087087 https://doi.org/10.1080/02786826.2021.1877257

https://www.cdc.gov/mmwr/volumes/70/wr/mm7027e1.htm 

• Classroom studies suggest to use at least 2 air cleaners with 
air change rate of about 5 ach

• Equals to the air change rate of an adequate ventilation (i.e. 
in such a case will double the virus removal rate)

• Will not replace, but supports outdoor air ventilation – CO2

monitors recommended to follow IAQ
• Finnish laboratory and CFD studies show 50% of reduction with air cleaners in offices 

(ILMIRA-project 2023, Kosonen et al. 2023)

https://doi.org/10.3389/fpubh.2022.1087087
https://doi.org/10.1080/02786826.2021.1877257
https://www.cdc.gov/mmwr/volumes/70/wr/mm7027e1.htm
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Evidence based practical solutions

• Many studies about personal 
ventilation

• Personal or targeted 
ventilation may be combined 
with partitioning/zoning – 
ventilation effectiveness can 
be improved by a factor of 
1.4 to 10 depending on the 
local partition configuration, 
exhaust location and flow rate 
(Dygert and Dang 2012)

• Practical applications still 
limited – a lot of research in 
progress

Classrooms & meeting rooms 
https://onlinelibrary.wiley.com/doi/10.1111/ina.12917 

https://newsletter.konzerthaus-dortmund.de/Pressemails/2020-
21/Pressemitteilung/2021.01.11_Zusammenfassung_Aerosol-CO2-
Messungen_Konzerthaus-
Dortmund.pdf?utm_source=newsletter&utm_medium=email&utm_co
ntent 

REHVA Task force on targeted ventilation

https://onlinelibrary.wiley.com/doi/10.1111/ina.12917
https://newsletter.konzerthaus-dortmund.de/Pressemails/2020-21/Pressemitteilung/2021.01.11_Zusammenfassung_Aerosol-CO2-Messungen_Konzerthaus-Dortmund.pdf?utm_source=newsletter&utm_medium=email&utm_content
https://newsletter.konzerthaus-dortmund.de/Pressemails/2020-21/Pressemitteilung/2021.01.11_Zusammenfassung_Aerosol-CO2-Messungen_Konzerthaus-Dortmund.pdf?utm_source=newsletter&utm_medium=email&utm_content
https://newsletter.konzerthaus-dortmund.de/Pressemails/2020-21/Pressemitteilung/2021.01.11_Zusammenfassung_Aerosol-CO2-Messungen_Konzerthaus-Dortmund.pdf?utm_source=newsletter&utm_medium=email&utm_content
https://newsletter.konzerthaus-dortmund.de/Pressemails/2020-21/Pressemitteilung/2021.01.11_Zusammenfassung_Aerosol-CO2-Messungen_Konzerthaus-Dortmund.pdf?utm_source=newsletter&utm_medium=email&utm_content
https://newsletter.konzerthaus-dortmund.de/Pressemails/2020-21/Pressemitteilung/2021.01.11_Zusammenfassung_Aerosol-CO2-Messungen_Konzerthaus-Dortmund.pdf?utm_source=newsletter&utm_medium=email&utm_content


REHVA COVID guidance
https://www.rehva.eu/
activities/covid-19-
guidance

REHVA COVID 
ventilation calculator
https://www.rehva.eu/
covid19-ventilation-
calculator

WHO ventilation 
roadmap
https://www.who.int/p
ublications/i/item/9789
240021280

GUIDANCE

https://www.rehva.eu/activities/covid-19-guidance
https://www.rehva.eu/activities/covid-19-guidance
https://www.rehva.eu/activities/covid-19-guidance
https://www.rehva.eu/covid19-ventilation-calculator
https://www.rehva.eu/covid19-ventilation-calculator
https://www.rehva.eu/covid19-ventilation-calculator
https://www.who.int/publications/i/item/9789240021280
https://www.who.int/publications/i/item/9789240021280
https://www.who.int/publications/i/item/9789240021280
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Infection risk based ventilation design

• Currently not addressed in design guides or standards however the association 
between sick leave and ventilation known from 2000

• Wells-Riley model modifications with quanta virus source definition most used dose 
response model for exposure and infections – scientific publications available

• Experimental data for SARS-CoV-2 median viral load is available

• Acceptable risk as input value in the model described with room/event reproduction 
number limiting the number of new disease cases 

• Target ventilation as a result with fully mixing air distribution

• Case specific ventilation effectiveness of actual air distribution method

• Design value of ventilation to be selected as the highest of new infection risk-based 
method and existing EN 16798-1:2019 perceived air quality method
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Calculation procedure

1. Calculate the target ventilation rate

2. Apply ventilation effectiveness to adjust 
to actual air distribution solution

3. Compare with EN 16798-1 perceived air 
quality based ventilation rate

4. Select the highest of these two as design 
ventilation rate

http://www.scanvac.eu/post-covid-target-ventilation-rates.html
https://www.rehva.eu/activities/post-covid-ventilation 

https://www.rehva.eu/activities/post-covid-ventilation
https://www.rehva.eu/activities/post-covid-ventilation


VENTILATION IN EXISTING STANDARDS (EN 16798-1:2019) 

Current ventilation criteria is based on perceived air quality by the visitors 
(unadapted) and occupants (adapted persons) that depend on the emissions from 
humans and building materials
Outdoor air flow rate:

where
qtot = total ventilation rate for the breathing zone, L/s 
n = design value for the number of the persons in the room,
qp = ventilation rate for occupancy per person, L/(s* person)
AR  = room floor area, m2

qB = ventilation rate for emissions from building, L/(s,m2)

For low polluting materials (1 L/s = 3.6 m3/h):

10 L/s per person + 1 L/s per floor area in Category I; 

7 L/s per person + 0.7 L/s per floor area in Category II; 
4 L/s per person + 0.4 L/s per floor area in Category III. 

Cat II will lead to 2-2.5 ach in offices and 5 ach in classrooms and meeting rooms

𝑞!"! = 𝑛𝑞# + 𝐴$𝑞%



11

Target outdoor air ventilation rates Q (L/s) are calculated using the 
number of persons in room N (-) and the room volume V (m3) 

Space category Ventilation rate, L/s

Classroom Q = 10(N-1) – 0.24V
Office Q = 23(N-1) – 0.24V
Assembly hall Q = 30(N-1) – 0.24V
Meeting room Q = 40(N-1) – 0.24V
Restaurant Q = 40(N-1) – 0.24V
Gym Q = 70(N-1) – 0.24V

𝑄& =
𝑄
𝜀'

Design ventilation rate supplied by the ventilation system: 

𝜀b     point source ventilation effectiveness for the breathing zone (-) 

https://www.rehva.eu/activities/post-covid-ventilation 

Proposal by Nordic Ventilation Group and REHVA

https://www.rehva.eu/activities/post-covid-ventilation
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Target outdoor air ventilation rates Q (L/s) with portable air 
cleaners, N (-) the number of persons, V (m3) the room volume

Space category Ventilation rate, L/s

Classroom Q = 10(N-1) – (0.87+kf)V/3.6

Office Q = 23(N-1) – (0.87+kf)V/3.6

Assembly hall Q = 30(N-1) – (0.87+kf)V/3.6

Meeting room Q = 40(N-1) – (0.87+kf)V/3.6

Restaurant Q = 40(N-1) – (0.87+kf)V/3.6

Gym Q = 70(N-1) – (0.87+kf)V/3.6

Filtration removal rate kf (1/h) is calculated based on the rate of 
airflow through the filter Qf (m3/h), the ePM1 removal 
efficiency of the filter ηf (-), and the room volume V (m3)

For HEPA filters CADR (m3/h) can be used: kf = CADR/V

https://www.rehva.eu/activities/post-covid-ventilation 

𝑘( =
𝑄(𝜂(
𝑉

Proposal by Nordic Ventilation Group and REHVA

https://www.rehva.eu/activities/post-covid-ventilation


13Calculation examples for typical rooms
Infection-risk-based ventilation Comfort ventilation

Floor Room No of Ventilation Ventilation Ventilation Air change CO2 Cat. II Cat. I
area height persons effectiveness rate rate rate conc. ventilation ventilation

m2 m N, - 𝜀b, - L/(s pers) L/(s m2) 1/h ppm L/(s m2) L/(s m2)
Small classroom 31.6 3.5 13 1.00 7.2 3.0 3.0 1097 3.6 5.1
Classroom 42.5 2.9 25 0.91 9.2 5.4 6.7 941 4.8 6.9
Classroom 56.5 2.9 25 0.90 8.9 3.9 4.9 962 3.8 5.4

reduced occ. 56.5 2.9 20 0.90 8.4 3.0 3.7 999 3.2 4.5
Large teaching 
space

129.5 2.9 50 0.60 13.3 5.1 6.4 776 3.4 4.9

reduced occ. 129.5 2.9 40 0.60 12.5 3.8 4.8 801 2.9 4.1
2-person office 21.0 2.6 2 1.00 4.9 0.5 0.6 1535 1.4 2.0
Open-plan office 56.7 2.6 6 0.80 16.5 1.7 2.4 736 1.4 2.1
Open-plan office 173.0 2.6 17 0.60 25.4 2.5 3.5 619 1.4 2.0
Meeting room 29.2 2.6 10 1.00 34.2 11.7 16.2 563 3.1 4.4

reduced occ. 29.2 2.6 6 1.00 30.3 6.2 8.6 584 2.1 3.1

In highlighted cases, EN 16798-1 ventilation rate is higher
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Ventilation effectiveness

• To be determined with the point source 
(=infector)

• Existing values do not apply because 
measured with distributed source 
(=normal occupancy)

• Tracer gas measurement and 𝜀b calculation 
procedure provided in the document 

𝜀) =
𝐶* − 𝐶"
𝐶+ − 𝐶"

𝑄& =
𝑄
𝜀'

Large teaching space of 130 m2 with 4 L/(s m2) 
ventilation: 𝜀!"=0.76 (left) and 𝜀!#=0.77 (right) and 
the average value of two measurements 𝜀b=0.76



VENTILATION EFFECTIVENESS

§ Example of tracer gas measurement 
in the meeting room of 52.5 m² with 
active chilled beams and 3.0 L/(s m²) 
ventilation

§ Local air quality index values with left 
and right locations of point source

§ Concentrations/ventilation 
effectiveness depends on the source 
location

§ Mixing ventilation is not necessarily 
mixing ventilation with the point 
emission source

15
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Demand-controlled operation

Epidemic periods:

• CO2 setpoint 550 ppm

Outside epidemic periods:

• operation according to perceived air 
quality design ventilation rate

• recommended CO2 setpoints:

– 800 ppm in classrooms and meeting 
rooms

– 650 ppm in offices, restaurants, and 
gyms 
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17Proposed implementation in EN 16798-1 
revision

• Infection-risk based target ventilation rates for fully mixing air distribution – generic 
equation:

where
Q target outdoor air ventilation rate (L/s)
qq quanta emission specific ventilation rate for occupancy per person (L/(s person))
qr removal rate of virus decay and deposition (L/(s m3))
N the number of persons in the room
V room volume (m3)

• qq (viral load and risk level) and qr (removal mechanisms) are virus specific parameters 

𝑄 = 𝑞, 𝑁 − 1 − 𝑞-𝑉



18Proposed implementation in EN 16798-1 
revision

• Tabulated values for virus specific ventilation parameters qq and qr

• In the case of no air cleaner, kf = 0 

• There are no IEQ categories in this case

• Tabulated values may be provided in the national annex

Space category qq, L/(s person) qr, L/(s m3)
Classroom 10 0.24 + kf/3.6
Office 23 0.24 + kf/3.6
Assembly hall 30 0.24 + kf/3.6
Meeting room 40 0.24 + kf/3.6
Restaurant 40 0.24 + kf/3.6
Gym 70 0.24 + kf/3.6



19Proposed implementation in EN 16798-1 
revision

• Design ventilation rate supplied by the ventilation system Qs is calculated with point source 
ventilation effectiveness 𝜀b for the breathing zone:

𝑄! =
𝑄
𝜀"

• 𝜀b is to be calculated as an average of two or more tracer gas measurements with different 
source locations (or CFD simulations):

𝜀"
# =

𝐶#$ − 𝐶#%
𝐶#" − 𝐶#%

𝜀" =
∑# 𝜀"

#

𝑚
• or with more dedicated method

where
𝜀!
" point source ventilation effectiveness of measurement j
𝜀b point source ventilation effectiveness for the breathing zone
Cje measurement j concentration in the extract air duct
Cjb measurement j concentration at the breathing level
Cj0 concentration in the supply air
m total number of measurements with different point source

locations



MORE ATTENTION TO VENTILATION EFFECTIVENESS – EXAMPLE 
OF THE TRACER GAS MEASUREMENT
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§ Advanced air distribution solutions enable to reduce ventilation rates
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troom – tsupply ≈ 4˚C; 240 l/s

Ventilation solution used in renovation tested in laboratory



VENTILATION EFFECTIVENESS IN THE CLASSROOM MOCK UP

Local air quality 
index values in 
the range of 
0.77…1.36 

𝜀' =
𝐶* − 𝐶"
𝐶+ − 𝐶"

𝑄&4##56 =
𝑄
𝜀'

𝜀' = 0.77

𝜀' = 1.36

𝜀' = 0.93

§ Good improvement potential with occupant targeted and other 
advanced air distribution solutions
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Conclusions

• Infection risk-based ventilation design method is proposed to complement EN 16798-
1:2019 current method based on perceived air quality 

• The highest ventilation rate given by these two methods shall be used

• The aim is not to eliminate, but considerably reduce the infection risk: infector will 
cause no more than one new disease case during pre-symptomatic infectious period

• In typical classrooms and offices, infection risk-based ventilation rates mostly do not 
exceed Category I ventilation rates, ranging in classrooms 8-13 L/s per person

• In meeting rooms, restaurants and gyms, infection-risk based ventilation rates are 
remarkably high, indicating that feasible ventilation design would suggest to reduce 
occupancy and to use advanced air distribution


