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US School Ventilation
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Minimum air flow requirements
- for classrooms: 5 L/s/person + 0.6 L/s/m2

- for lecture halls: 3.8 L/s/person + 0.3 L/s/m2  
- for art classrooms: 10 L/s/person + 0.9 L/s/m2  + 3.5 L/s/m2 exhaust
- Woodwork shop: 2.5 L/s/m2 exhaust

Minimum filtration:
- MERV 6
- MERV 11 in locations where outdoor PM2.5 exceeds guidelines:

• 1 year 9 μg/m3

• 24 Hours 35 μg/m3
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US School Ventilation: Typical Systems
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US School Ventilation: “Temporary” Classrooms
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US School ventilation  

■ Recent study (Chan 2020)

– 104 classrooms in 11 schools with recent retrofitted HVAC

– Average about 5 L/s* (ASHRAE 62.1 requires about 7 L/s minimum)

– Majority of systems better than MERV 6 minimum: but mostly past end of service life

– 74 units ventilation cooling (Economizer in the US) – 25 with CO2 monitoring and 

control

– Underventilation from: 

– Incorrect equipment or installation

– Incorrect control settings

– Lack of commissioning

– Lack of maintenance (overloaded filters)
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* estimated from measued CO2 and assumed emission rates

US School ventilation: CO2
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104 classrooms (Chan 2020) 
Fraction of Time above 1100 ppm
Each bar one classroom

• Highly variable results….
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US School ventilation: CO2
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Mendell 2013: 160 California classrooms: 
• Mean CO2 1350-2490 ppm depending on school district  - 

implied ~ 4 L/s ventilation rate
• 61 – no mechanical systems – open windows only
• Increasing classroom ventilation rates from the California 

average to the State standard would decrease absence by 
3.4%, increase attendance‐linked funding* to schools by 
$33 million annually, and increase costs by only $4 million.

* Because schools are only paid for students that are present

School ventilation: CO2
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More ventilation and lower CO2 associated 
with better student performance in some 
(but not all) studies

Wargocki 2019 summary

>760 schools, >2,000 classrooms, and over 
15,000 subjects 

7

8



School ventilation: CO2
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School ventilation: CO2
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Wargocki 2019 summary
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Other Contaminants are low 
(below IAQ guideline thresholds)

■ VOCs, PM2.5, NOx, Ozone, Formaldehyde, CO, bioaerosols

■ Johnson 2018 in 12 Oklahoma city schools

■ Madj 2019 in 16 Baltimore Schools

■ Godwin 2006 in 64 Michigan classrooms

■ Deng 2019 220 Nebraska and Iowa classrooms
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Image from Madj 2019Image from Deng 2019

US School Ventilation: US Government 
Accountability Office Survey
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Location matters – schools are locally funded through property taxes so low income areas have 
much less school budget for IAQ/health (36 of 50 states provide some capital funding)
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Wildfires

■ Schools cannot simply close

– Limited ability to “add more ventilation"

■ Recommended Actions

– Add MERV 13 filters to HVAC systems

– Use Portable Air Cleaners (certified “ozone-free”)

• Homemade devices can be cheap and effective.. But can 
they be used in a regulatory environment where school staff 
have to meet legal requirements to protect children?

– Create large “clean air rooms” to shelter in

– Wear masks*
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* Mask mandates have been banned in the past by some US States

Wildfires: Fact Sheets & Guidance
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COVID and infectious diseases
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Like wildfires: a combination of 
masking and filtration (upgrading to 
MERV 13 or better)

Unlike wildfires – strong emphasis on 
increasing ventilation rates, 
potentially teaching outdoors

COVID and ASHRAE Guidance
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ASHRAE Guidance for re-opening of schools: 
- ASHRAE 62.1 minimum ventilation per person + pre/post-occupancy purge
- MERV 13 in HVAC systems + consider portable HEPA (not M13!)
- Consider UV systems
- Consider energy implications
- Flush prior to occupancy
- NOTHING ABOUT MASKS!!!

ASHRAE Standard 241 (Control of Infectious Aerosols):
• 20 L/s/person in a classroom
• 25 L/s/person in lecture hall
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Comments and Questions 
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Supplementary Slides
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Other Contaminants are low 
(below IAQ guideline thresholds)

■ VOCs, PM2.5, NOx, Ozone, Formaldehyde, CO, bioaerosols

■ Johnson 2018 in 12 Oklahoma city schools

■ Madj 2019 in 16 Baltimore Schools

■ Godwin 2006 in 64 Michigan Classrooms
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Image from Godwin 2006
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Where does IAQ/Ventilation 
rank as a priority?
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Mostly 
asbestos 
and lead

Other Contaminants are low 
(below IAQ guideline thresholds)
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Images from Deng 2019
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