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Introduction and objectives

The Health-Based IAQ Design Calculator is a tool for determining the minimum flow
rate of clean air required to control the risk of individual infection due to airborne
transmission of pathogens in a single enclosed environment.

Unlike traditional methods based on stationary concentrations (perceived IAQ or CO,
control), the calculator adopts a health-oriented performance approach, based on:

e probability of individual infection (Ri%) or;
e reproduction number of the infectious event (Re < 1);
¢ time-dependent exposure.

The instrument also allows direct comparison between the air flow required by the
health-based model and those derived from the main international standards (EN
16798-1, ASHRAE 62.1, prEN 16798-1-3, ASHRAE 241).

Scope and limits

The calculator:
e considers only long-range airborne transmission (fully mixed air);
e itcan be applied to single closed rooms, typically up to ~500 m?;

e itdoes not consider proximity transmission or local fluid dynamic phenomena;



e |tis nota population epidemiological tool, but an individual risk model.

The acceptable level of risk is either imposed directly by the user or is determined by the
reproduction number of the infectious event, which can only be set with a value of <1
to prevent the spread of the infection in the space considered.

Theoretical reference model

Airborne Transmission Model

The methodology is based on the conceptual model of long-range transmission with
fully mixed air, where respiratory aerosols containing pathogens are treated as
pollutants dispersed evenly in the volume.

The model descends from Wells—-Riley, with extension to non-stationary conditions
(Gammaitoni-Nucci), but introduces a substantial innovation: use of a stochastic
approach to represent the variability of infectious output.

Quanta and probability of infection

Pathogenic emission is expressed as quanta, defined as the inhaled dose that causes
infection in 63% of susceptible individuals.

The individual emission rate:
e itdepends on activity, metabolic level, volume breathed;
e itistreated as alognormal random variable;

e itis sampled by Monte Carlo simulation (10,000 iterations), when more
infectious subjects are present (non-linear additivity of emissions).

The individual probability of infection is then calculated as an expected value over the
entire stochastic distribution of emissions.

Health-based clean air flow calculation

Calculation principle

The clean air flow rate is determined by imposing an objective value of the individual
probability of infection or, alternatively, of the reproduction number of the event.

The calculation is made by:
1. stochastic simulation of the total quanta emission;

2. assessment of the probability of infection as a function of the overall removal
rate;



3. lterative procedure to identify the minimum flow rate that satisfies the imposed
risk constraint.

The removal rate includes:
e ventilation;
¢ deposition;
¢ natural decay of the pathogen;

while possible purification is not considered because the objective is to determine the
required flow rate of clean air and not a system performance simulation.

Main Result

The main result of the modelis the clean air flow rate required to maintain the
individual infection risk probability or event reproduction number at the user-assigned
value as input, expressed as:

« m%h;
e hourly changes [1/h];
e L/(s-person).

In some conditions (low infectivity, single infected, minimal activity) the required flow
rate can theoretically be zero, since natural decay alone is sufficient to satisfy the risk
constraint.

In such cases, the tool explicitly indicates that ventilation remains necessary for IAQ.

Standardized methods implemented

For comparative purposes, the calculator also implements the main regulatory
methods:

EN 167981 — Perceived air quality
¢ Method based on flow rate per person and per area.
e Based on non-adapted occupants.
e Categories IAQ: from | to IV.

e [talsoincludes CO, performance control.

ASHRAE 62.1

e Structure similarto EN 167981.

o More detailed tables for intended uses.



e Based on adapted occupants.

prEN 1679813

e Method explicitly based on the risk of infection.

e Default emission and removal values.

e Itdoes not specify pathogens or activities.

ASHRAE 241

¢ |t defines the equivalent flow rate of minimum clean air per person in

infectious risk management (IRMM) mode.

e Simplified, non-parametric method on the pathogen.

Italian National Annex to EN 167981

e More detailed tables by end use of the building and type of space.

Program structure and main inputs

| £ Health-Based Design Air Quality Calculator - V.12.2.0

Input Data
Number of occupants 20 persons
Number of infectious eccupants 1 persons
Infectious occupant activity Speaking ~
Infectious occupant activity level Standing v
Susceptble occupant activity level Resting v

EN 16789-1 Perceived Air Quality
1AQ category |

Building type Non low-polluting

ASHRAE 62.1 Ventilation Rate Procedure
Occupancy category group Educational Facilities

Occupancy category Lecture hall (fixed scats)

prEN 16798-1-3 Design for airborne transmission ventilation rate

Space category Classroom

ASHRAE 241 -Control of Infectious Acrosols
Occupancy category group Educational Facilities

Oceupancy category Lecture hall

EN 167891 ltalian Annex PAQ

1AQ category 1
Building final use Educational
Type of space  Primary and high scheels, university class rooms,labs and

Building type iMon low-polluting

Infection event reproduction number 05 [-] (must be £1)
Epromstme B Ih]
Pzt SARS-Cov-2Wishan -
Relative humidity 50 1%
Specific deposition rate 024 [1/n]
Virus decay rate a1 o

i Room floor area 150 [m7]

| Room height i [ml

Caleulated Parameters.

Number of susceptible occupants 19 []
Infectious occupants breathing rate 054 [m¥/h]
Susceptible occupants breathing rate 0.49 [m’/h]

Individual quanta emission rate, median value

Individual equivalent quanta emission rate

Room volume 450 [m)

Individual infection probability 2.63 [%]

CO2 threshold for the assigned 1AQ cat. 550 [ppm ab.out]
Outputs

Health-based clean air flow rate

3421.9 [m’/h] 7.6 [1/h] 47.53 [L/(s pers)]

EN 16798-1 Perceived IAQ ventilation rate

1800 [m’/h] 4 [1/h] 25 [L/(s pers]]
Breathing CO2 ventilation rate
565.9 [m/h] 1.26 [1/h] 7.86 [L/(s pers]]

ASHRAE 62.1 Ventilation air flow rate

435.6 [m'/h] 0.97 [1/h] 6.05 [L/(s pers]]

PrEN 16798-1-3 Design for airborne transmission ventilation rate

295.2 [m'/h] 0.66 [1/h] 4.1 [UGs pers)]

ASHRAE 241 Equivalent outdoor air airflow rate

1800 [m/h] 4 [1/h] 25 [U/(s pers)]

EN 16798-1 Italian Annex PAQ ventilation rate

12204 [m¥/h] 2.71 [1/h] 16.95 [L/(s pers]]

2.73 [quanta/(h pers)]
39.91 [quanta/(h pers)]
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Health-Based Design Air Quality Calculator

by Livio Mazzarella and based on the works of

Mikszewski, Buenanno, Stabile, Pacitto, Morawska

(Health-based results valid only for long range transmission)
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Different Design Methods

INOTE: The infection reproduction number, R, represents the number of people in @ closed space who can be infected by an individual during a specific time
(exposure time), i.e. infected people (Z) by infectious peaple (7). The infection risk probability, & represents the number of infected people per susceptible
person. If S is the number of susceptible people, 21 is given by E/S. Thus, R is also given by F2u/S. Or vice versa Ri=S-RiL

The inputs are organized into sections:

¢ general data (number of occupants, infected, ambient volume);

¢ metabolic activity and levels;

e exposuretime;

e decayand deposition parameters;

e selection of regulatory categories.



The computer can work both:
¢ imposing event reproduction number and then calculating individual risk;

e imposing individual risk and then calculating the event reproduction number.

Output and interpretation of results
The outputincludes:
¢ health-based clean air flow rate;
« flow rates required by the different standards;
e immediate graphical comparison between the different approaches.
This allows the designer to:
e assess whether standard ventilation is sufficient from a health point of view;
e sizing ventilation, purification or hybrid solutions;

e clearly distinguish between design for comfort and project for health.

Final Thoughts

The Health-Based IAQ Calculator represents a paradigm shift in ventilation design,
from the use of indirect indicators of a healthy air quality (CO,, perception) to a direct
control of the risk of infection.

The tool does not replace standards, but provides a quantitative basis for integrating

them, especially in:
¢ emergency mode;
¢ high-density buildings;

¢ health, school or high vulnerability contexts



