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The point of disagreement, the mode of transmission

Source: https://munglobal.com.au/

3

4



3

XVII konferencja "Problemy jakości powietrza wewnętrznego w Polsce"Warszawa, 23-11-2023 ASHRAE 241: Nowy standard w celu ograniczania ryzyka infekcji

Chapin doctrine vs. Wells-Riley study

Contact, including direct droplet spread, 
was considered the only route of 
contagion (Chapin, Providence)

1958-62, Riley’s experimental ward 
proved TB was airborne
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What has happened between 3/2020 and 5/2021

Source: Bahnfleth (2021)
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Droplets vs. aerosols

Source: Morawska et al. (2020)

XVII konferencja "Problemy jakości powietrza wewnętrznego w Polsce"Warszawa, 23-11-2023 ASHRAE 241: Nowy standard w celu ograniczania ryzyka infekcji

Science behind (weak but consistent)

• Guangzhou restaurant outbreak

• 1 pre-symptomatic

• 9 infections at 3 tables 

• Same recirculation zone

• Ventilation rate (estimated) 1 L/sp

• No close contact or fomite 
contact was identified

• None of the restaurant staff or the 
68 patrons at the other 15 tables 
became infected.

Source: Li et al. (2021)
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Background
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Ventilation
Filtration/air cleaning

Morawska, Lidia, et al. "How can airborne transmission of COVID-19 indoors be 
minimised?." Environment international 142 (2020): 105832.
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PAST DEVELOPMENTS for infection control 
guidelines

ASHRAE Epidemic Task Force
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How much ventilation is needed?

The Lancet COVID-19 Commission
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It is time to advance IAQ standards

• In the 19th century Chadwick’s 
Sanitary Report (1842) led to the 
introduction of clean water 
supplies and centralized sewage.

• In the 21st century there is a 
need to establish the 
foundations to ensure that the 
air in our buildings is clean 
with a substantially reduced 
pathogen count, contributing to 
the building occupant’s health 
such as we expect for the water 
coming of our taps. 

Science (2021)
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ASHRAE 
Standard 241
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Oct 
21

Mar 
22

Sep 
22

Nov 
22

Jan 
23

Feb 
23

White House 
Covid Response 
Team recognizes 
importance of 
buildings, begins 
interacting with 
ASHRAE and 
others

White House
“Clean Air in Buildings 
Challenge”

Johns Hopkins
Workshop
“A National 
Strategy for 
Improving 
Indoor Air 
Quality” codes.

White House 
“Summit on Indoor 
Air Quality”

White House 
Asks ASHRAE to 
develop a “national 
pathogen control” 
standard ASAP, 
preferably before 
COVID restrictions 
on May 11

Dec 6 ASHRAE Commitment
ASHRAE Board commits to 
developing a consensus, non-
ANSI standard in 6 months

National Model 
IAQ Code
Discussions
2nd half of 2022 

Dec 
22

Call for 
Members

Mar 
23

Jun 
23

ASHRAE Standards 
Committee Approvals
Roster, Title, Purpose & 
Scope of Standard 241P 
approved at winter meeting

Development Begins
1st full project 
committee meeting 
on February 28 (day 0)

Project committee 
recommends publication
June 15  (108 days)

APPROVED
ASHRAE approves 
Standard 241 for 
Publication at 
annual meeting
on June 24
(116 days)

May 
23

Public Review draft 
approved by project 
committee on May 11
(73 days)

Oct
22
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Objective – Define Equivalent Clean Airflow (ECA)

• The flow rate of pathogen-free air that, if distributed uniformly within the breathing zone, 
would have the same effect on infectious aerosol concentration as the sum of actual 
outdoor airflow, filtered airflow, and inactivation of infectious aerosols

• Concept on which the entire standard depends

– Determine ECA for infection risk mitigation (ECAi)

– Determine total ECA for spaces, systems (VECAi)

– Determine how best to achieve it during infection risk management mode

• Prerequisites:

– Standard 241 only addresses infection risk 

– A facility must comply with the applicable version of IAQ standard based on
occupancy date and date of construction or major renovation 

(ASHRAE 62.1, ASHRAE 62.2, ASHRAE/ASHE 170 or other approved 
by Authority Having Jurisdiction

– Prerequisite sets minimum outdoor air and filtration requirements for normal operation
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The key assumptions

• Equal risk in all buildings*

• Risk level <0.1% (per hour)

• 95th-percentile total ECAi 

• Long-range only

• No minimum infector – one infected 
person usually assumed

* The infection risk independent of the spaces a person one might visit during a day, so that an 
office worker who spends time at home and in an office might have the same daily risk as their 
child who spends time at home and school
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Equivalent Clean Airflow for 
infection control (ECAi)
depends on space type, 
number of people, activity

Values doubled for loud vocalization
Design occupancy

IRMM 
occupancy

or
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Various ventilation solutions/air distribution

•Natural ventilation
•Mechanical ventilation
•Personal ventilation
•Others

•ECAi=Ventilation+extra 
ventilation

•Extra ventilation=outdoor 
air, air distribution, 
filtration/air cleaning

Morawska, Lidia, et al. "A paradigm shift to combat indoor respiratory 
infection." Science 372.6543 (2021): 689-691.
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Filtration/Air Cleaning

• Reducing infectious aerosol 
concentration through capture and 
removal or inactivation

• Air cleaning technologies
– Mechanical filters (including electret 

media)
– Germicidal ultraviolet light
– Reactive species – ionizers, 

photocatalytic oxidation, other 
oxidants

• Mention of specific technologies in the 
standard is not endorsement!

• Standard 241 establishes minimum requirements for effectiveness and safety testing in 
Normative Appendix A - Determining air cleaning system effectiveness and safety (does not 
apply to mechanical filters tested by ASHRAE 52.2 or comparable standard)
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of air 
cleaning…
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A recent analysis by Jimenez et al. 

https://www.youtube.com/watch?v=TGyL7FtvpNw
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Low RH and effects on viruses released into the air: 
modelling  (speaking person)

INFLUENZA

MEASLES

RHINOVIRUS

ADENOVIRUS

SARS-CoV-2

Source: Aganovic,et al. (2022)

XVII konferencja "Problemy jakości powietrza wewnętrznego w Polsce"Warszawa, 23-11-2023 ASHRAE 241: Nowy standard w celu ograniczania ryzyka infekcji

“Humidity Deficit” is the difference of 
absolute humidity in room air at 

room temperature and the absolute 
humidity 

in the alveolar space, saturated at 
37°C

43.8 g/m3

ISB = Isothermic Saturation Boundary

Humidity deficit and mucocilliary clearance –effect 
on immune response
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pH, CO2 and virus inactivation

Luo et al. (2023)

Haddrell et al. (202x)

Nazaroff and Weschler (2020)
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Epilogue
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Take-home messages

• Airborne transmission is a dominant mode of infection risk.

• Masking and vaccination are not the sole methods for reducing the risk for infection. They must be 
supported by the technical solutions related to ventilation, air distribution and filtration/air cleaning.

• ASHRAE 241 defines the necessary equivalent clean airflow for reducing the risk of infection. The 
equivalent clean air can be obtained by increasing outdoor air rate, improving air distribution 
(ventilation efficiency), or by effective air cleaning/filtration. It can also be obtained by reducing the 
density of occupation. It is prerequisite that the minimum ventilation rates according to the standards 
(62.1, 62.2 and 170) are met with minimum filtration corresponding to MERV13 (EU7/8). The 
protection is for the long-range.

• ASHRAE 241 equivalent clean air should be used when there is epidemic/pandemic.

• Low relative humidity may reduce body defence mechanisms but further data are needed.

• UV-C may produce particles and increase their concentration in the air but further data are needed  
to understand the consequences.

• Many undocumented air cleaning solutions claiming the positive effect on virus inactivation should 
not be used before examined by authorized labs.

• pH of the air may result in virus deactiavtion and connected to the CO2 level in the air but further 
data are needed to provide evidence. 
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Thank you
pawar@dtu.dk
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• Wells-Riley model
– Some variables are deterministic. 

Others are probabilistic, distributed 
variables.

– Some variables are based on SARS-
COV-2.

– Variables inside the green box are 
unique for each infected person.

• Low personal risk per hour, 
equal for all space types

RISK ASSUMPTIONS IN
STANDARD 241
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