
31

HEALTHY BUILDINGS
Healthy building strategies that improve air quality and clean surfaces should be incorporated as part of 
a layered defense against COVID-19. For improving indoor air quality in the classroom, we recommend 
prioritizing control strategies — ventilation, filtration, supplemental air cleaning — and targeting a 
combined 4-6 air changes per hour (ACH) for classrooms through any combination of these approaches. 
Other spaces in schools such as gyms, auditoriums, kitchens, and nurses’ offices may require different 
targets for the combined clean air change rates.

ACH can be calculated by adding the total amount of “clean” air entering 
the room and dividing it by the room volume. The “clean” air in a classroom 
can be calculated as the sum of the ACH from ventilation (e.g. outdoor 
air supplied by a mechanical system or open windows), from filtration of 
recirculated air by a mechanical heating, ventilation, and air conditioning 
(HVAC) system (accounting for the efficiency level of the filters in the system), 
and from air cleaning provided by a portable air cleaner with a HEPA filter.

Additional information on how to assess ventilation 
in classrooms and calculate the total, combined 
ACH in a classroom can be found in this 5-step 
guide to checking ventilation rates in classrooms: 
https://schools.forhealth.org/ventilation-guide

A simple tool for helping select an appropriate 
portable air cleaner for a classroom and for 
understanding the air change per hour calculation 
can be found here: https://tinyurl.com/
portableaircleanertool

For more technical information on portable air 
cleaners and how to select portable air cleaners, 
please read our white paper, “Portable Air Cleaners: 
Selection and Application Considerations for 
COVID-19 Risk Reduction”: https://schools.forhealth.
org/wp-content/uploads/sites/19/2020/08/Harvard-
Healthy-Buildings-Program-Portable-Air-Cleaners.pdf

System performance should be verified regularly. 
For more detailed and technical guidance, we 
recommend reviewing the materials produced by the 
ASHRAE Epidemic Task Force. Schools should work 
with facilities managers and outside professionals 
to tailor these recommendations for their unique 
building systems.

Air changes per hour = 
“clean” air rate

 = 
cubic feet per minute * 60 minutes 

  room volume  length * width * height (in feet)

Ideal (6 ACH) 

Excellent (5-6 ACH) 

Good (4-5 ACH) 

Bare minimum (3-4 ACH) 

Low (<3 ACH)

INCREASE FILTER
EFFICIENCY

Upgrade system filters
to >= MERV13

INCREASE VENTILATION RATE
Maximize outdoor air ventilation
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Prioritization of Engineering 
Controls to Reduce Long-Range 
Airborne Transmission
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Increase outdoor air ventilation
 •    Bring in more fresh outdoor air

SARS-CoV-2 present in the coughs, sneezes, and exhaled breath of an infectious person can be transported 
in the air to disperse throughout a room and can remain aloft for hours. This long-range airborne virus 
can infect even people who haven’t had close contact with the infectious person if they inhale a sufficient 
amount of virus. Bringing fresh outdoor air into a room can dilute and/or displace any present airborne 
virus, which thus reduces the probability that someone breathes enough infectious aerosol to become 
infected. As an ideal, holding class outdoors provides the freshest air and most effective dilution of any 
infectious airborne SARS-CoV-2. 

As the next best solution, mechanical ventilation systems in buildings can forcibly bring outdoor air inside 
and then distribute that fresh air to different areas of the building. In some HVAC systems, some fraction 
of the indoor air is recirculated and mixed with the outdoor air coming in to save on cooling and heating 
energy costs. However, during a pandemic, when long-range airborne viral transmission can occur, air 
recirculation can lead to a buildup of airborne viral particles indoors and also potentially spread the virus 
to other areas of the building. Therefore, buildings with HVAC systems that mix the fresh outdoor air with 
recirculated air should maximize fresh outdoor air to the extent possible during this period. These types 
of buildings should also install MERV 13 air filters or higher in their HVAC systems (see next section for 
details). In addition, buildings should not shut off or reduce their mechanical ventilation during before-
school or after-school hours when there still may be people in the building, including students, staff, and 
custodians during any student programs, cleaning times, teacher class preparation, sports (e.g., if students 
are returning to lockers), or other activities. Finally, mechanically ventilated schools should evaluate any 
potential contaminant source near the outdoor air intake duct. For example, the outdoor air inlet should 
not be located too close to the exhaust air outlet or contaminated indoor air that is exhausted out of the 
building could re-enter (refer to local building codes on minimum required distance, generally 10 feet).

Buildings should maximize fresh outdoor air 
to the extent possible during this period.
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Schools that do not have mechanical ventilation 
systems can increase the amount of natural 
ventilation via a) open windows, doors, or skylight, 
b) roof ventilators, c) stacks, and d) specially 
designed inlet or outlet openings. Opening 
windows can help bring in fresh outdoor air and 
dilute and exhaust contaminants in the indoor 
air. Natural ventilation through windows can be 
effective but is dependent on factors that drive 

pressure differentials between outdoors and indoors, like wind pressure and stack (or buoyancy) effects. 
Therefore, airflow into the building, even with open windows, is not guaranteed. To help address this, 
schools can consider using window fans or box fans positioned in open windows to blow fresh outdoor 
air into the classroom via one window and indoor air out of the classroom via another window. Note that 
devices that simply recirculate the same indoor air without filtering it or replacing it with fresh air are not 
helpful in reducing any airborne virus present in the room (including most window air conditioning units, 
fans used in rooms with closed windows, and fan coils and radiators).

In some cases, it is not reasonable to bring in additional outdoor air. For example, on very hot summer days 
or very cold winter days it may not be possible to maintain a comfortable temperature in the classroom if 
the windows are open. Mechanical ventilation systems, similarly, may need to recirculate more indoor air 
and bring in less fresh outdoor air when extremely hot or cold outdoor air cannot be sufficiently cooled or 
heated before it is blown into classrooms. Other factors may also impact the ability to increase outdoor air 
ventilation, particularly for naturally ventilated buildings, including but not limited to, security concerns, 
high outdoor air pollution or pollen levels, or high outdoor noise levels. The highest tolerable amount of 
outdoor air ventilation should still be used, even if students, teachers, and administrators have to adjust 
their clothing to be comfortable (e.g., wear a jacket indoors in the winter). In cases where the outdoor air 
ventilation rate cannot be increased, the minimum ventilation rates specified by ASHRAE 62.1 should be 
met while other strategies such as enhanced filtration and air cleaning are used to achieve a combined 4-6 
ACH from ventilation and filtration. In the future, schools may consider indirect energy exchangers such as 
heat recovery ventilators (HRV), energy recovery ventilators (ERV), and desiccant systems to retrieve energy 
from the conditioned return air but avoid mixing the air.

Devices that simply recirculate the same 

indoor air without filtering it or replacing 

it with fresh air are not helpful in reducing 

any airborne virus present in the room.
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Filter indoor air
 •   Increase the level of the air filter to MERV 13 or higher on recirculated air

 •   Inspect filters to make sure they are installed and fit correctly

 •   Check that sufficient airflow can be maintained across the filter

 •   Maintain and change filters based on manufacturer’s recommendation

Filtration in school buildings can help mitigate long-range airborne viral transmission by removing 
SARS-CoV-2 from air that is mechanically recirculated through the building. In buildings with mechanical 
ventilation systems, existing filters can be upgraded to filters with efficiency ratings of at least MERV 13 or 
the highest MERV rating the system can handle based on the pressure drop and system capacities (e.g., 
fan power). MERV ratings, developed by ASHRAE, indicate the percentage of particles and the sizes of 
particles that filters can remove from air passing through them. Filters with higher MERV ratings remove 
higher percentages of particles and more effectively remove small particles than filters with lower MERV 
ratings. Filters with MERV ratings of 13 or higher are recommended for SARS-CoV-2 by ASHRAE. Filters 
need to be periodically replaced and inspected to make sure they are sealed and fitted properly, with no 
gaps or air bypass. In some cases, if the airflow distribution system is not designed to handle a higher 
MERV filter, air could leak around the filter edges, compromising any benefit that might have even been 
gained from a lower MERV filter. 

Supplement with portable air cleaners
 •   Supplement ventilation and filtration with air cleaning devices

 •   Select portable air cleaners with HEPA filters

 •   Size devices carefully based on the size of the room

Portable air cleaners with high-efficiency particulate air (HEPA) filters may be useful to reduce exposures 
to airborne droplets and aerosols emitted from infectious individuals in buildings. Portable air cleaners 
are typically most effective in smaller spaces, and care must be taken when choosing a device to ensure it 
is the correct size for the room where it will be used. One metric to consider is the clean air delivery rate 
(CADR). The CADR reflects both the amount of air that a unit can process per unit time and the particle 
removal efficiency of the filter. A helpful rule of thumb is that for every 250 square feet of space, a CADR 
of about 100 cubic feet per minute (cfm) is desirable. CADR is not the only factor to consider. Portable air 
cleaners vary in their ability to circulate air in the room, so not all devices with the same CADR rating are 
equivalent. Devices that provide better mixing of the indoor air can capture particles from more of the 
room’s airspace and are therefore preferred. Because potential viral sources could be in various locations 
within a room, it may be beneficial to have several units that meet the target CADR values rather than a 
single larger unit. For example, if a room needs 300 cfm provided by air cleaning, placing two portable air 
cleaners with CADRs of 150 cfm or three portable air cleaners with CADRs of 100 cfm, in different locations 
of the room, may be more effective than using just one portable air cleaner with CADR of 300 cfm. In larger 
spaces, industrial-sized supplemental ventilation and filtration units are available and should be considered. 
Furthermore, room airflow patterns and the distribution of people in the room should be considered when 
deciding on air cleaner placement that maximizes source control and prevents airflow from crossing people. 
Since air cleaners should be operated while people are present, it may be important to compare different 
models to find one that does not generate disruptive noise. Reviewing the decibel or sound ratings, which 
are available for some devices, and selecting a lower value can help identify a quieter option.
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Verify ventilation and filtration performance
 •    Verify through commissioning and testing

 •    Work with an expert to evaluate building systems, ventilation, filtration, and air cleaning

 •    Measure carbon dioxide (CO2) as a proxy for ventilation

Mechanical HVAC systems in buildings tend to get out of tune. Within several years of construction, 
ventilation airflows may change from how they were designed. Schools can ensure that there is adequate 
ventilation and filtration through a process of commissioning and testing. Commissioning is the process of 
checking HVAC performance to ensure that systems are operating as designed. Commissioning and testing 
should be performed by trained individuals and should be performed throughout the school year.

In between commissioning events, there are several ways to test whether a classroom’s ventilation 
delivers sufficient outdoor air. In addition to working with trained experts, a school could quickly evaluate 
ventilation performance using carbon dioxide (CO2) as a proxy for ventilation using low-cost indoor air 
quality monitors. In an unoccupied classroom, background CO2 would be approximately equal to the 
concentration of CO2 in the atmosphere: 410 ppm. When students and teachers are present in a classroom, 
they exhale CO2 into classroom air at a relatively constant rate causing CO2 to rise above the background 
concentration. At some point, the concentration of CO2 reaches an equilibrium based on the amount 
generated indoors, and the amount diluted by ventilation. This is called ‘steady-state’ and can be used as 
a quick indicator of ventilation performance. Lower CO2 concentrations while students are present suggest 
that outdoor air ventilation rates are acceptable; higher CO2 concentrations suggest other strategies are 
needed. Instructions for using a low-cost CO2 monitor to estimate classroom outdoor air ventilation rates 
can be found in this 5-step guide to checking ventilation rates in classrooms: https://schools.forhealth.org/
ventilation-guide 

It is important to note that while CO2 measurements are a good indicator of overall ventilation, they will 
not indicate whether other air cleaning interventions are effective. For example, if a classroom is operating 
portable air cleaners to remove the virus from air, viruses and other pollutants will be removed even if CO2 
remains high because cleaners with HEPA filters are not designed to remove CO2.

Lower CO2 concentrations while students are present suggest 
that outdoor air ventilation rates are acceptable; higher CO2 

concentrations suggest other strategies are needed.


