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BACKGROUND

1 Air quality has long been neglected in both primary & secondary 
schools – making the cost-benefit case 



BACKGROUND

Research indicates reduced COVID-19 transmission
in well-ventilated schools2
“Each additional ACH reduced COVID-19 infection risk 12% to 15%”2
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BACKGROUND

Additional benefits of performance – 2005 review article3



COMPELLING CASE

1 Air quality has long been neglected in 
both primary & secondary schools

Improved ventilation ↓ infectious 
disease transmission schools

Improved ventilation ↑ performance

Existing code language is insufficient 
regarding operation (as well as design)
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5 Improvements do not necessarily contradict sustainability



NATURAL OR MECHANICAL VENTILATION

Many school designs rely on 
operable windows for ventilation

Mechanical HVAC designs can 
sometimes provide flexibility

There are sometimes simple solutions
that do not involve costly retrofits

2
3
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NATURAL VENTILATION SIMPLE SOLUTIONS

Many school designs rely on 
operable windows for ventilation



MECHANICAL VENTILATION SIMPLE SOLUTIONS

1 Increase outdoor air percentage by opening damper

Operate VAV systems in more constant volume mode

Program BMS to conduct flush cycles

2
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RESOURCES

AIRAH COVID-19 Ventilation Optimisation Guide for Schools

chrome-
extension://efaidnbmnnnibpcajpcglclefindmkaj/https://www.airahfiles.org.au/Resources/COVID19/2021_AIRAH_COVID-
19_Ventilation_Optimisation_Guide_for_Schools.pdf



AIRAH COVID-19 Guide for Schools

1 Understanding Airborne Transmission

Building Ventilation Systems

Air Cleaning Technologies

Building a Strategy for Your Facility
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chrome-
extension://efaidnbmnnnibpcajpcglclefindmkaj/https://www.airahfiles.org.au/Resources/COVID19/2021_AIRAH_COVID-
19_Ventilation_Optimisation_Guide_for_Schools.pdf



DEFINING A FRAMEWORK FOR IMPROVEMENT

1 Operational recommendations

Minimum ACH recommendations

ASHRAE 241-2023

2
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ASHRAE 241-2023 BACKGROUND

1 COVID 19 Preparedness Plan White 
House Mandate (Ashish Jha)

December 2022 - Develop and 
publish a standard in 6 months

Public Review 11 May 2023
Over 1,000 comments received

Final Publication 4 July 2023
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QUOTING & CLARIFYING

Green writing is quoted from the standard

[Blue and black writing is interpretation]



ASHRAE 241 CONTROL OF INFECTIOUS AEROSOLS – JUNE 2023

Establish minimum requirements (equivalent 
clean airflow) for control of infectious aerosols 
to reduce risk of disease transmission 
including requirements for both outdoor air 
system and air cleaning system design, 
installation, commissioning, O and M

GOAL

New & Existing Buildings

Maintain Acceptable Air Quality
Work for all Infective Agents
Only Addresses Long Range

Doesn’t

Determine When to go into infection control mode 



DEFINITIONS

Building readiness plan (BRP) a plan documenting the 
engineering and non-engineering controls that the facility 
systems will use for the facility to achieve its goals.

Equivalent clean airflow (VECAi)  the theoretical 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

Infection risk management mode (IRMM): the mode 
of operation in which measures to reduce infectious 
aerosol exposure documented in a building readiness 
plan are active



EQUIVALENT CLEAN AIRFLOW FOR INFECTION 
RISK MITIGATION Equation 5-1

Minimum equivalent clean airflow rate required in the breathing 
zone for each occupiable space to mitigate long-range transmission 
risk in IRMM (VECAi) shall be determined in accordance with 
Equation 5-1.

VECAi = ECAi × PZ,IRMM Equation 5-1

Total “clean” flow to space in L/s = Per person table 5-1 
value for the space  x  number of persons



protection is aTABLE 5-1

Table 5-1 Minimum Equivalent Clean Airflow per Person in Breathing Zone in IRMM 
 

ECAi 

Occupancy Category 

Correctional Facilities 

 
 

cfm/person L/s/person 

Cell 30 15 
Dayroom 40 20 

Commercial/Retail 
 

Food and beverage facilities 60 30 
Gym 80 40 
Office 30 15 
Retail 40 20 
Transportation waiting 60 30 

Educational Facilities   

Classroom 40 20 
Lecture hall 50 25 

Industrial   

Manufacturing 50 25 
Sorting, packing, light assembly 20 10 
Warehouse 20 10 

Health Care   

Exam room 40 20 
Group treatment area 70 35 
Patient room 70 35 
Resident room 50 25 
Waiting room 90 45 

Public Assembly/Sports and Entertainment   

Auditorium 50 25 
Place of religious worship 50 25 
Museum 60 30 
Convention 60 30 
Spectator area 50 25 
Lobbies 50 25 

Residential   

Common space 50 25 
Dwelling unit 30 15 
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VECAi = ECAi × PZ,IRMM



protection is a
with energy use? TABLE 5-1 (CONTINUED)

Occupancy 
Category 

ECAi 62.1
L/s/person occupancy

Correctional 
Facilities

Cell 15 25

Dayroom 20 30

Commercial/Retail
Food and 
Beverage 
Facilities

30 70

Gym 40 7-40

Office 15 5

Retail 20 15
Transportation 
Waiting 30 100

Educational 
Facilities

Classroom 20 25-35

Lecture Hall 30 150

Occupancy 
Category 

ECAi 62.1

L/s/person occupancy

Industrial
Manufacturing 25 7
Sorting, 
packing, light 
assembly

10 7

Warehouse 10 n/a

Healthcare
Exam room 20 -
Group 
treatment area 35 -

Patient room 35 -

Resident room 25 -

Waiting room 45 -

Occupancy 
Category 

ECAi 62.1
L/s/person occupancy

Public 
Assembly/Sports 
& Entertainment

Auditorium 25 150
Place of 
Religious 
Worship

25 120

Museum 30 40

Convention 30
Spectator 
Area 25 150

Residential
Common 
Space 5 n/a

Dwelling unit 15 1/bedroom

Default occupancy is based on persons per 100 m2

5.1.3 Where the occupancy category for a proposed space or zone involves group 
vocalization above a conversational level, the equivalent clean airflow rate required per 
person in IRMM shall be multiplied by a factor of 2.

Default occupancy is based on persons per 100 m2Default occupancy is based on persons per 100 m2



protection is a
with energy use? TABLE 5-1 (CONTINUED)

Adapted from Bahnfleth, BS Summer Camp 2023

OA 
L/s/person

OA 
L/m2

Occupant 
Density 
(#/93m2)

Office 2.4 0.3 5

Classroom 5 0.6 35

Restaurant 3.5 0.9 70

ASHRAE 
62.1 default 
L/s/person

ASHRAE 
241 ECAi
L/s/person

ASHRAE 241 
ACH with 2.7 
m. ceiling

Office 8.0 15 1.1

Classroom 6.1 20 10.5

Restaurant 4.7 30 31.5

• Compared with 62.1, 241 rates are higher, particularly for densely occupied spaces
• Keeping a constant risk across occupancies results in very different ACH values for 

different space types

Input assumptions from 62.1 ECAi derived ACH



SUM OF ALL CLEANING DEVICES MUST EQUAL
OR EXCEED VECAi EQUATION 6-1 &  Figure 6-1

The clean airflow rate to each zone, as 
shown in Figure 6-1, shall be greater 
than or equal to the minimum 
equivalent clean
airflow required, as expressed by 
Equation 6-1

VECAi = minimum equivalent clean 
airflow rate required in the 
breathing zone to mitigate long-
range transmission risk in IRMM, 
cfm (L/s)

Add up the contribution of all the 
cleaning devices and ensure that 
they exceed the target VECAi value

Figure 6-1



EQUIVALENT CLEAN AIRFLOW FOR INFECTION 
RISK MITIGATION Equation 6-1

Add up all the outdoor air + cleaning sources to exceed VECAi

å [zf × (VOT + VMVS)] + å VACS + VNV ³ VECAi Equation 6-1



PROVIDED CALCULATOR

Table 5-1 Minimum Equivalent Clean Airflow per Person in Breathing Zone in IRMM 
 

ECAi 

Occupancy Category 

Correctional Facilities 

 
 

cfm/person L/s/person 

https://docs.google.com/spreadsheets/d/1WjR2CE8OpWwAK
5D2Hk4HCrX-2AAhmysp53_Ay5TwGQ0/edit?usp=sharing



AND THAT’S STANDARD 241……in a nutshell
(Equation 5-1 & Equation 6-1)

VECAi = ECAi × PZ,IRMM Equation 5-1

å [zf × (VOT + VMVS)] + å VACS + VNV ³ VECAi Equation 6-1



ADDITIONAL REQUIREMENTS 241-2023

1 Air Distribution Categorisation &
Permitted Air Cleaning Systems 

Air Cleaning Systems Testing & 
Effectiveness (in duct, in room)

Planning & Documentation

Operations & Maintenance

2
3
4
5 Appendices A through I



APPENDIX D



D Risk Assessment Model Explanation Monte Carlo Approach

INFORMATIVE APPENDIX D 



APPENDIX D

1 Model considers many factors – aerosol size, emissions, deposition, 
deactivation, community prevalence, # of infectors 

Monte Carlo simulation2
Probability of infection chosen & standardised across 1-hour occupancies/space3

High ceilings are protective need less ACH; low ceilings are not 
protective; low ceilings need higher ACH to equalise risk

4 Consider - CDC Alternative - based on ACH
Doesn’t adjust for community prevalence & # of infectors; prevents 
use of reduced occupancy as tool for reduced risk



FILTER
with energy use? 
ASSESSMENT PLANNING & IMPLEMENTATION
BUILDING READINESS PLAN (BRP)



• ASHRAE Standard 241-2023 provides a comprehensive 
framework for managing infection control
• Invocation of IRMM is for owner/occupier or cognisant 

authority
• Multiple modes can be employed to achieve targets 

including reducing occupancy
• Calculated VECAi are based on reduction to acceptable 

risk level, equalised across spaces with 1 hour 
occupancy, after modelling known infection factors 
with a Monte Carlo approach
• Very feasible to implement but will require extensive 

assessment of current status and significant planning

SUMMARY


