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US School Ventilation

Minimum air flow requirements ANSVASHRAE Standard 62.1-2022
2 (Supersedes ANSI/ASHRAE Standard 62.1-2019)
- for classrooms: 5 L/s/person + 0.6 L/s/m Includes ANSI/ASHRAE addenda listed in Appendix Q

- for lecture halls: 3.8 L/s/person + 0.3 L/s/m? . .
- for art classrooms: 10 L/s/person + 0.9 L/s/m? + 3.5 L/s/m? exhaust ve nt||at|°n

- Woodwork shop: 2.5 L/s/m? exhaust

and Acceptable
Mini fllt ti : . .
“MERVE Indoor Air Quality

- MERV 11 in locations where outdoor PM2.5 exceeds guidelines:
e 1vyear9pug/m?3
e 24 Hours 35 pg/m3
See Appendix Q for approval dates by ASHRAE and the American Mational Standards Institute.
This Standard is under continuous maintenance by a Standing Standard Project Committee (SSPC) for which the Standards
Committee has established a documented program for regular publication of addenda or revisions, including procedures for

timely, documented, consensus action on requests for change to any part of the Standard. Instructions for how to submit
change can be found on the ASHRAE™ website ( ra

The latest edition of an ASHRAE Standard may be purchased from the ASHRAE website (www.ashrae org) or from
ASHRAE Customer Service, 180 Technology Parkway, Peachtree Corners, GA 30092, E-mail: orders@ashrae.org. Fax:
676-539-2129. Telephone: 404-636-B400 (worldwide). or toll free 1-800-527-4723 (for orders in US and Canada). For
reprint permission. g0 to vweww.ashrae org/permissions.
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US School Ventilation: Typical Systems

BUILDING TECHNOLOGY & URBAN SYSTEMS DIVISION buildings.lbl.gov 3
Energy Technalogies Area o

US School Ventilation: “Temporary” Classrooms
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US School ventilation

m 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 CO, 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 CO, and assumed emission rates
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US School ventilation: CO,

Mendell 2013: 160 California classrooms:
* Mean CO, 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
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School ventilation: CO,

More ventilation and lower CO, associated
with better student performance in some
(but not all) studies

Wargocki 2019 summary

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

BUILDING TECHNOLOGY & URBAN SYSTEMS DIVISION

Eneciy Tachralaes Area

The fractional change in speed

The fractional change in accuracy

the midrange (&)

per 100 ppm at the midrange (A_,)

00 106 1300 1500 1700 1900 2100

Average CO, concentration (ppm)

200 1oo 1300 1500 1700 1900 2100

Average CO, concentration (ppm)




School ventilation: CO,
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School ventilation: CO,
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Other Contaminants are low
(below IAQ guideline thresholds)
(a) S (b) n
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. . E [Ty a 0
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US School Ventilation: US Government

Accountability Office Survey

Estimated Percentage of Public School Districts in Which at Least Half the Schools Need
Updates or Replacements of Selected School Building Systems and Features

Lower Upper
Building system or feature bound bound

|
Heating, ventilation, and air v

conditioning (HVAC) systems
Interior light fixtures

Roofing

Safety and security
Structural integrity
Envirenmental conditions

0 10 20 30 40 50

Percentage of school districts
Source: GAO analysis of school district survey data. | GAQ-20-494

Note: GAQ administered the survey from August to October 2019. Thin bars in the chart display the
95 percent confidence interval for each estimate.

gu Location matters — schools are locally funded through property taxes so low income areas have
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== much less school budget for IAQ/health (36 of 50 states provide some capital funding) e
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Wildfires

m  Schools cannot simply close
- Limited ability to “add more ventilation"

®m 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*

* Mask mandates have been banned in the past by some US States
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Wildfires: Fact Sheets & Guidance

Readiness and Emergency Management for Schools (REMS) 7
Technical Assistance (TA) Center

WILDFIRE FACT SHEET

Wildfire Preparedness for K-12 Schools and
Institutions of Higher Education

Protecting Kids from Wildfire Smoke:

for California S

Wild

pa years. Tencng nerect asteara
According to the National Interagency Fire Center, 71,49 than 10 ——
i ching and P T
learnin ding into the
are lands p h

the d type of ves "  higher
becoming more vuinerable and need to prepare for this type of hazard.

Further, children and Infants are
especially susceptible to environmental
hazards caused by wildfires, including fire,
smoke, and the byproducts of materials
released by burning structures. When
wildfires are burning, the greatest risk to
children is fire and smoke. After a
wildfire, children and young adults are
susceptible to environmental hazards
such as water and soll contamination.
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COVID and infectious diseases

I‘ i U.S. Department of Education :
Search...

i o L ‘ Student Loans ‘ Grants ‘ Laws
Like wildfires: a combination of

masking and filtration (upgrading to
MERV 13 or better) Improving Ventilation in Schools, Colleges, and Universities to
Prevent COVID-19

Unlike wildfires — strong emphasis on

increasing ventilation rates, , ) , ,
. . Did you know? You can use American Rescue Plan (ARP) education funds further described below to improve indoor air
potentially teaching outdoors qualty for in-person instruction, Inclucling tnrougn:
Inspection, testing, and maintenance of current ventilation systems and approaches
Purchasing portable air filtration units, such as HEPA air filters
Purchasing MERV-13 (or higher) filters for your HVAC system and AGs
Purchasing fans
Repairing windows and/or doors so that they can open to let fresh air in
Servicing or upgrading HVAC systems consistent with industry standards
Purchasing equipment to run outdoor classes
Purchasing carbon dioxide (CO2) monitors, air flow capture hoods, and anemometers for custodians and building
personnel to assess ventilation
Paying for increased heating/cooling costs due to increased use of heating/cooling systems
Other spending that supports inspection, testing, maintenance, repair, replacement, and upgrade projects to improve
the indoor air quality in school facilities, including mechanical and non-mechanical heating, ventilation, and air
conditioning systems, filtering, purification and other air cleaning, fans, control systems, and window and door repair.
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COVID and ASHRAE Guidance

ASHRAE Guidance for re-opening of schools: ASHRAE Standard 241-2023
- ASHRAE 62.1 minimum ventilation per person + pre/post-occupancy purge

- MERV 13 in HVAC systems + consider portable HEPA (not M13!) contr’OI
- Consider UV systems

- Consider energy implications Of |nfecti0us

- Flush prior to occupancy

- NOTHING ABOUT MASKS!!! Aerosols

ASHRAE Standard 241 (Control of Infectious Aerosols):
e 20 L/s/person in a classroom
e 25 L/s/person in lecture hall

Standards Committee on June 24, 2023.

ainuous maintenance by a Standing Standard Project Committee (SSPC) for which the Standards

da jprogram for regular lication of addenda or revisions, including procedures for

ensus action on requests for change to any part of the Standard. Instructions for how to submit a
< wie ASHRAE® website i

v g s e g

The latest edition of an ASHRAE Standard may be purchased from the ASHRAE website (www ashrae org) or from

ASHRAE Customer Service, 180 Technology Parkway, Peachtree Corners, GA 30092. E-mail: orders@ashrae org. Fax:

678-539-2129. Telephone: 404-636-8400 (worldwide), or toll free 1-800-527-4723 (for orders in US and Canada). For
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Comments and Questions
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Supplementary Slides
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Where does IAQ/Ventilation

rank as a priority?

Lower Upper
Priority system or feature bound  bound

Safety and security (e.g., cameras, alarms, access control)

Student access to technology

Mostly

4.0
mmmm—asbestos
.9

and lead

and
Telecom systems (e.g., phone, cable, WiFi)
Accessibility projects
Flexible educational space
Sufficient and usable indoor common-use and recreational space
Building resilience

Interior design features

High or systems

Sufficient and usable outdoor common-use and recreational space
Access to natural light

1 15 2 25 3 3.5 4 4.5 5

Average priority rating Lower prionty 4 » Higher priority
Source: GAO analysis of school district survey data, | GAO-20-494
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Fall season Winter season Spring season Whole-year

(below IAQ guideline thresholds)
A @ < 500,000 count/ft*
PN2.5 ﬁ ¢ fﬁ’m‘ -
= C/:’m‘ 1,000,000
B > 1,000,000 count/ft*
B <5,000 count/ft*

@ d q @ 5%00- 10000
Coarse count/fi?

particles m 10000 - 20,000
count/ft*

q P y W > 20,000 count/ft’

Other Contaminants are low

Fall season Winter season Spring season Whole-year

9o & @

@ <10ppb
Formaldehyde @ 10-20ppb
concentration W >20ppb
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