/
HEALTH-BASED TARGET dEIgn _ %

VENT".AT'UN RATES AND DES'GN https://www.rehva.eu/activities/post-covid-ventilation
METHOD FOR REDUCING EXPOSURE f””
TO AIRBORNE RESPIRATORY
INFECTIOUS DISEASES

A L'l \ I\ —
R | 1Y ! w v

. I pe

ﬂ- e | S ( o

ol 535y il VN L

S )\Aﬂ g \ v


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

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

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 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 PAQ method



INFECTION RISK BASED VENTILATION DESIGN

Ventilation rate equation in steady state, at given
probability, derived from Wells-Riley

In the case of no masks, no air cleaner and one
infectious person:
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Full equation with masks
and air cleaner included:
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Kurnitski et al. 2021 https.//doi.org/lo.lOlG/j.buiIdenv.ZOZl.108387
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The event reproduction number R=1 is used to calculate required individual probability p

R is defined as number of new disease cases divided by number of infectors R = N./I. Considering that the
number of new cases N.= p N, an acceptable individual probability for a specific room can be calculated

RI

p - I number of infectious persons (typically 1)
NS N, number of susceptible persons in the room

Acceptable R during one room-occupancy event is based on the assumption that the likelihood of infecting
others (i.e. the number of infections per unit time) is constant over the infectious period of 2.5 days

R D D
=~ — R < when R; <1
Ry  Dinf Dinf
event reproduction number, i.e. number of people who get infected per infectious occupant (9/22.5=0.4 in offices

and 2/22.5=0.09 in meeting rooms)

D room occupancy period [h], i.e. length of time when both infectious and susceptible persons are present in the
room at the same time
Dy the total number of hours that an infectious individual is in the vicinity of any susceptible persons during their
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whole infectious period



Space category specific input data

Fixed input data for common spaces:

surface deposition loss rate A, =0.24 1/h

dep

virus decay k =0.63 1/h

quanta emission rates g = 4 quanta/(h pers) in classrooms, 6 quanta/(h pers) in offices and gyms, and 10
quanta/(h pers) in meeting rooms and restaurants

number of infectious persons in the room /=1 pers

breathing rate time averaged values Q, = 0.60 m3/h in offices, Q, = 0.57 m3/h in classrooms, Q, = 0.65 m3/h in
meeting rooms and restaurants and Q, = 1.9 m3/h in gyms

occupancy duration D = 2, 6, and 9 hours in meeting rooms, classrooms, and offices, respectively

interaction time of an infector with susceptible persons, including traveling, lunches, and other out-of-home
activities, 22.5 h in offices and 16 h in schools over 2.5 days of the pre-symptomatic infectious period
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Calculation procedure

1. Calculate the target ventilation rate

Offi
2. Apply ventilation effectiveness to adjust Me;:g oom
to actual air distribution solution

3. Compare with EN 16798-1 ventilation

rate
4. Select the highest of these two as design i
. . Design ventilation rate Select the highest
ventilation rate 0 | 3] ofg,and O, asthe
Q= & design ventilation rate
Point source ventilation _
effectiveness for the ting EN 1679

breathing zone ed air
j based ventilation

;€ rate ¢,




VENTILATION IN EXISTING STANDARD 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:
Ot = n'qp +AR Ug

where
0, = total ventilation rate for the breathing zone, L/s
n = design value for the number of the persons in the room,

q, = ventilation rate for occupancy per person, L/(s* person)
A, =room floor area, m?

dg = ventilation rate for emissions from building, L/(s,m?)

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 1I;
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 and7/1 classrooms and 7 rooms

//



HEALTH-BASED TARGET
VENTILATION RATES AND DESIGN
METHOD FOR REDUCING EXPOSURE
TO AIRBORNE RESPIRATORY
INFECTIOUS DISEASES

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

Design ventilation rate supplied by the ventilation system:

QS:g

€p
€, point source ventilation effectiveness for the breathing zone (-)

https://www.rehva.eu/activities/post-covid-ventilation
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HEALTH-BASED TARGET
VENTILATION RATES AND DESIGN
METHOD FOR REDUCING EXPOSURE
TO AIRBORNE RESPIRATORY
INFECTIOUS DISEASES
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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+k;)V/3.6
Office Q = 23(N-1) — (0.87+k)V/3.6
Assembly hall Q =30(N-1) — (0.87+k;)V/3.6
Meeting room Q = 40(N-1) — (0.87+k)V/3.6
Restaurant Q = 40(N-1) — (0.87+k;)V/3.6
Gym Q = 70(N-1) — (0.87+k)V/3.6

Filtration removal rate k; (1/h) is calculated based on the rate of
airflow through the filter Q; (m3/h), the ePM1 removal
efficiency of the filter n; (-), and the room volume V (m3)

_ Qrny
V

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

kg

https://www.rehva.eu/activities/post-covid-ventilation
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Calculation examples for typical rooms

Infection-risk-based ventilation Comfort ventilation
Floor Room Noof | Ventilation Ventilation Ventilation Airchange CO, Cat. Il Cat. |
area  height persons |effectiveness rate rate rate conc. | ventilation ventilation
m? m N, - & - L/(s pers) L/(s m?) 1/h ppm L/(s m?) L/(s m?)
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 129.5 2.9 50 0.60 13.3 5.1 6.4 776 3.4 4.9
space
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
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Ventilation effectiveness

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

» Existing values do not apply because
measured with distributed source
(=normal occupancy)
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« Tracer gas measurement and ¢, calculation
procedure provided in the document

of
n Heating,

Air Conditioning

SSSSSSSS

ns

Distance, m

Large teaching space of 130 m? with 4 L/(s m?)
ventilation: ££=0.66 (left) and £2=0.53 (right) and
the average value of two measurements £,=0.60
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Infection risk-based ventilation desigh 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 | 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 need an advanced
air distribution and reduced occupancy



