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What HEPA Tower Users Say:

“We spent a lot of money on other solutions, then we brought 
in the HEPA Tower, which solved the problem.”

“Unobtrusive, not loud or distracting, fits in with décor and is a 
great product that does what it is supposed to do.”

“We can get back to Normal Teaching.”

“There is no alternative – other options are too costly and not 
effective.”
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The SARS-CoV-2 (COVID-19) pandemic has left many wondering what can be done to make the air we breathe safe in the places we want and need 
to be.  For the first time, school administrators and business owners are researching indoor air quality options, delving into an area that is brimming 
with competing technologies, unfamiliar terminology and confusing metrics. Most begin their journey armed only with the vague knowledge that 
filtration and ventilation are key. The need for a quick solution leads many to a vast array of air filtering devices that can be applied to individual 
spaces as easily as plugging in a phone charger. While these devices can be effective at lowering the risk of viral infection, the challenge is selecting 
equipment with the right kind of filtration and adequate air flow characteristics. All too often a unit doesn’t deliver the level or type of air purification 
that users need or expect. This paper seeks to improve these outcomes.  In simple, straight forward language we will explain essential selection and 
application criteria so that owners, managers and administrators can be confident that they have chosen equipment that fulfills their expectations 
for a safe indoor environment for students, staff, residents, and patrons.

First, it is important to define what we mean by “standalone HEPA filtration.” While these units may often be referred to as portable air cleaners, 
purifiers, scrubbers, etc., in this paper we are specifically talking about self-contained, non-ducted units capable of quietly delivering greater than 
750 CFM of filtered air to a classroom, office or other similarly occupied space.  This equipment is not to be confused with any number of lighter duty, 
portable devices intended for small space applications (e.g. bedrooms, home offices, etc.), which have neither the capacity nor filtration characteristics 
required for infection control in a classroom or office.
For a filtration device to be highly effective at removing viral contaminants such as COVID-19, it must (1) include a certified high-efficiency particulate 
air (HEPA) filter, (2) a fan that is sized for sufficient air flow for the space it is serving, and (3) be designed and oriented so that it filters all of the air 
in the room while maintaining the cleanest air at breathing level.  This technology is safe, simple and effective. Most importantly, it is arguably the 
shortest path to restoring the sense of security we once felt in schools, at work and in other jointly occupied spaces. 

HEPA Filtration + Masks: An Unbeatable Combination
Proper HEPA filtration can remove 99.95% or more of aerosols that contain viral particles.1  More specifically, HEPA filters are at least 99.95% efficient 
at removing particles with a diameter of 0.3 micrometers (µm) or “microns.”  They are even more efficient at capturing particles that are larger and 
smaller than 0.3 µm. To be clear, we mean certified HEPA filtration, not “HEPA-like,” “HEPA-grade,” or any other terminology that manufacturers use 
to describe their air purification products.  Unless a product bears this certification, there is no way to be certain it performs at this level. Some infor-
mational resources refer to HEPA filters as “medical grade” or “true HEPA,” but to avoid confusion or being misled, it is important to confirm the filters 
are certified as HEPA

According to the Center for Disease Control (CDC), “Portable HEPA filtration units that combine a HEPA filter with a powered fan system are a great 
option for auxiliary air cleaning, especially in higher risk settings such as health clinics, medical testing locations, workout rooms, or public waiting 
areas. Other settings that could benefit from portable HEPA filtration can be identified using typical risk assessment parameters, such as community 
incidence rates, face mask compliance expectations and room occupant density.

It’s fair to say that based on CDC guidelines, the current “community incident rate” of COVID-19 makes HEPA filtration a reasonable consideration in a 
wide variety of settings, especially in classrooms.
HEPA filters are not a substitute for masks since masks are extremely effective at filtering out larger droplets as they are expelled by the wearer. 
However, masks are less effective at filtering out smaller particles, which can pass through the material and subsequently become airborne for 12 
hours or more. Simply put, masks help prevent direct, person-to-person infection, while HEPA filtration helps prevent infection by continuously 
diluting the concentration of infectious aerosols in the air. This dilution can be measured by how many times a filtration unit changes the air in the 
room in a single hour, commonly referred to as air changes per hour or ACH.   

1  “HEPA,” Wikipedia, last modified March 5, 2021, https://en.wikipedia.org/wiki/HEPA
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Dilution by way of filtration is especially beneficial in shared, enclosed spaces such as offices or classrooms where people remain together for hours 
throughout the day – breathing, talking, laughing, coughing and sneezing—resulting in the dense accumulation of potentially infectious aerosols. 
In such cases, a single infected person will release a steady stream of viral particulate, which can remain suspended in the air for hours.  The New 
York Times published an excellent visual demonstration of this in its February 2021 article, “Why Opening Windows Is a Key to Reopening Schools.” 2

There is no shortage of evidence that HEPA filtration is extremely effective at capturing infectious aerosols, however one recent study in particular 
looked at the combined effects of mask wearing and HEPA filtration on the probability of COVID-19 transmission in occupied environments.  Among 
other things, the study compared the likelihood of one virus shedding individual infecting another individual in an office environment over a 6-month, 
40-hour work week. Infection rates were predicted under the following scenarios, with all other variables the same:
 • HEPA Filtration, No Masks
 • HEPA Filtration and N95 Masks
 • N95 masks, No HEPA Filtration
The study found that HEPA filtration and N95 mask wearing exponentially reduced the chances of infection compared to mask wearing alone. More 
specifically, the data suggested that HEPA filtration is approximately 3000 times better at removing COVID-19 aerosols from an indoor air space than 
N95 masks. With or without masks, HEPA filtration was shown to reduce the probability of infection to well below 1%.      

The study also provided data suggesting that even if the individuals in the space wear tightly-fitting N95 masks, the odds of an infected person 
transmitting COVID-19 to a healthy person are approximately 40% over the course of a single 40-hour work week. Under these same circumstances 
with individuals wearing N95 masks, a properly sized and directed HEPA filtration system reduced these odds to less than 1%. 3  

Given the effectiveness, it’s no surprise that various agencies, including the CDC have included HEPA filtration in their recommendations for reopening 
facilities in the wake of the COVID-19.  Often, the first line of these recommendations refers to the implementation of HEPA filters in building HVAC 
systems since all air side equipment typically contains filtration. However, this isn’t an option in most systems due to high pressure drops through the 
filter and the fact that most systems are not built to accept HEPA size filters. 4

The American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE) currently recommends a minimum filter efficiency of MERV 
13, provided neither the HVAC system nor occupant comfort are significantly impacted. (MERV, which stands for Minimum Efficiency Reporting Value, 
is a rating systems for evaluating the effectiveness of different air filters at removing airborne particles.)  Unfortunately, a MERV 13 filter is only 50% 
efficient at capturing particles in the 0.3 µm to 1.0 µm size range.5  According to the Environmental Protection Agency (EPA), an air cleaner or filter 
must be able to remove airborne particles in the size range of 0.1-1 µm be effective against viruses. 6

It’s also important to realize that a central HVAC system must be able to deliver more than 6 ACH to equal what a standalone filtration unit can 
accomplish in terms of evenly distributed clean air delivery throughout a classroom or other space. 

2 Nick Bartzokas, Mika Gröndahl, Karthik Patanjali, Miles Peyton, Bedel Saget & Umi Syam, “Why Opening Windows Is a Key to Reopening Schools,” February 
26, 2021, https://www.nytimes.com/interactive/2021/02/26/science/reopen-schools-safety-ventilation.html

3 Benjamin L. Augenbraun, Zack D. Lasner, Debayan Mitra, Sridhar Prabhu, Shivam Raval, Hiromitsu Sawaoka & John M. Doyle (2020) Assessment and miti-
gation of aerosol airborne SARS-CoV-2 transmission in laboratory and office environments, Journal of Occupational and Environmental Hygiene, 17:10, 
447-456, DOI: 10.1080/15459624.2020.1805117

4 “Filtration/Disinfection,” ASHRAE, https://www.ashrae.org/technical-resources/filtration-disinfection
5 Centers for Disease Control and Prevention, “Ventilation in Buildings.” 
6 “Air Cleaners, HVAC Filters, and Coronavirus (COVID-19),” United States Environmental Protection Agency,  

https://www.epa.gov/coronavirus/air-cleaners-hvac-filters-and-coronavirus-covid-19



Why Air Changes Per Hour Matter
Standalone HEPA filtration systems are an easily applied alternative to upgrading the filtration in existing HVAC equipment. When it comes to the 
reopening and safe operation of schools and universities and the application of these units in classrooms, ASHRAE recommends  (1) targeting the 
highest achievable ACH without introducing excessive noise and (2) ensuring that flow patterns maximize the mixing of air in the classroom.7  These 
recommendations would similarly apply to most office environments, as well as senior care facilities. 
Why does ASHRAE place so much significance of ACH rate?  Because the higher the ACH, the less risk there is of disease spreading through the air. 

Figure 1 shows the dramatic impact of increased ACH (via filtered air) on the probability of a single infected individual spreading COVID-19 to others 
within a shared classroom space over a five hour period. The data used to build this graph is based on previous research presented by ASHRAE in 
its “Re-Opening Our Schools Activities and Recommendations” presentation8 , that models infection rates within confined spaces using a common 
analytic expression known as the Wells–Riley equation. 9
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 7 “Reopening Schools and Universities Covid-19 Guidance,” ASHRAE, October 7, 2020, https://www.ashrae.org/file%20library/technical%20resources/
covid-19/ashrae-reopening-schools-and-universities-c19-guidance.pdf

 8 “Re-Opening Our Schools: Activities and Recommendations,” ASHRAE,  June 2020, https://www.ashrae.org/file%20library/professional%20development/
learning%20portal/instructor-led%20training/online%20instructor-led/final_re-opening-our-schools_-activities-and-recommendations_june-2020.pdf

 9 Noakes CJ, Sleigh PA. Mathematical models for assessing the role of airflow on the risk of airborne infection in hospital wards. J R Soc Interface. 2009;6 
Suppl 6(Suppl 6):S791-S800. doi:10.1098/rsif.2009.0305.focus, https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2843948/

Figure 1

Understanding HEPA Efficiency Metrics
HEPA standards require that a filter be capable of removing at least 99.95% (European Standard) or 99.97 (US) of particles with a diameter of 
0.3 micrometers (µm) or “microns.”  But they are even more efficient at capturing particles that are both larger and smaller than 0.3 µm. This 
may seem counterintuitive to those unfamiliar with how HEPA filters work and how various sized particles behave once they enter the myriad 
of fibers contained within the filter. How can a filter be better at removing particles that are smaller and larger than a specific size particle?
First of all, it’s important to remember that while HEPA filters may be the least effective at capturing particles that are 0.3 µm, they are still 
capable of capturing at least 99.95% of 0.3 µm. Larger particles tend to get caught in the filter as a result of impact or interception with the 
fibers. Smaller particles are so light that they tend to “bounce” around in a random pattern that basically prolongs their time within the filter 
and thus the chances that they too will be caught. 0.3 µm particles are heavy enough to maintain a steady trajectory but small enough that 
a very small (practically negligible) number of particles will get by a first pass. Even so, the odds are still heavily weighted against this most 
wily size, particularly given continuous air circulation through the filter, which cumulatively yields cleaner and cleaner air.

Figure 1



While there are few hard and fast guidelines with regard to ACH for specific spaces, there is a strong argument to be made for targeting the highest 
affordable number as this drives dilution. The target ACH for a room is partially dependent on the number of occupants at any given time. For instance, 
under normal circumstances, most experts consider roughly 6 ACH to be good for a 10 ft by10 ft room occupied by three or four people. However, in a 
pandemic situation it should be higher, with some studies suggesting as high as 9 ACH. 10

Given the current pandemic, we advocate targeting 8 to 10 ACH for heavily occupied spaces like classrooms and offices, assuming the noise level of 
the equipment does not exceed the comfort level of the occupants.   

Whatever your target ACH is, it is important to choose a unit that has the CFM capacity to achieve that target within the given space. This can be 
calculated by hand or with any number of calculators that are available online. However, for point of reference, a 940 CFM unit can provide 10 ACH 
to a 700 sq ft (25 ft x 28 ft) classroom with 8 ft ceilings. That equates to a complete air purge of the space in six minutes, roughly the amount of time 
that lapses during a class change

Table 1 indicates the ACH capability of a 940 CFM HEPA filtration unit over a wide range of room dimensions. 

Notice that the cut-off for “good” air is just above 6 ACH. Currently, most classrooms in the US are well below this threshold, a fact that doesn’t bode 
well for occupants even in a non-pandemic situation. While increasing the ACH by any amount helps to decrease the occurrence of seasonal colds and 
flu viruses, as well as environmental allergies due to pollen and mold, building professionals consider 6 ACH to be the bare minimum in classrooms 
and offices. 

Aside from the fact that “bare minimum” does little to restore the sense of safety and security that most of us desire, it’s unlikely that a unit sized for 
6 ACH will be able to deliver that rate across every square foot in a given space. Inevitably there will be variation due to the space layout, pressure 
changes created by the HVAC system, the opening and closing of doors, etc. Therefore, in order to maintain a minimum of 6 ACH throughout an entire 
room, it is best to aim higher, ideally 8 to 10 ACH.
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940 CFM 8 Feet

10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
10 70.5 58.8 50.4 44.1 39.2 35.3 32.0 29.4 27.1 25.2 23.5 22.0 20.7 19.6 18.6 17.6
12 58.8 49.0 42.0 36.7 32.6 29.4 26.7 24.5 22.6 21.0 19.6 18.4 17.3 16.3 15.5 14.7
14 50.4 42.0 36.0 31.5 28.0 25.2 22.9 21.0 19.4 18.0 16.8 15.7 14.8 14.0 13.3 12.6
16 44.1 36.7 31.5 27.5 24.5 22.0 20.0 18.4 16.9 15.7 14.7 13.8 13.0 12.2 11.6 11.0
18 39.2 32.6 28.0 24.5 21.8 19.6 17.8 16.3 15.1 14.0 13.1 12.2 11.5 10.9 10.3 9.8
20 35.3 29.4 25.2 22.0 19.6 17.6 16.0 14.7 13.6 12.6 11.8 11.0 10.4 9.8 9.3 8.8
22 32.0 26.7 22.9 20.0 17.8 16.0 14.6 13.4 12.3 11.4 10.7 10.0 9.4 8.9 8.4 8.0
24 29.4 24.5 21.0 18.4 16.3 14.7 13.4 12.2 11.3 10.5 9.8 9.2 8.6 8.2 7.7 7.3
26 27.1 22.6 19.4 16.9 15.1 13.6 12.3 11.3 10.4 9.7 9.0 8.5 8.0 7.5 7.1 6.8
28 25.2 21.0 18.0 15.7 14.0 12.6 11.4 10.5 9.7 9.0 8.4 7.9 7.4 7.0 6.6 6.3
30 23.5 19.6 16.8 14.7 13.1 11.8 10.7 9.8 9.0 8.4 7.8 7.3 6.9 6.5 6.2 5.9 Best
32 22.0 18.4 15.7 13.8 12.2 11.0 10.0 9.2 8.5 7.9 7.3 6.9 6.5 6.1 5.8 5.5 Better
34 20.7 17.3 14.8 13.0 11.5 10.4 9.4 8.6 8.0 7.4 6.9 6.5 6.1 5.8 5.5 5.2 Good
36 19.6 16.3 14.0 12.2 10.9 9.8 8.9 8.2 7.5 7.0 6.5 6.1 5.8 5.4 5.2 4.9
38 18.6 15.5 13.3 11.6 10.3 9.3 8.4 7.7 7.1 6.6 6.2 5.8 5.5 5.2 4.9 4.6
40 17.6 14.7 12.6 11.0 9.8 8.8 8.0 7.3 6.8 6.3 5.9 5.5 5.2 4.9 4.6 4.4
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10 Shelly Miller, “How to use ventilation and air filtration to prevent the spread of coronavirus indoors,” The Conversation, August 10, 2020, https://theconversa-
tion.com/how-to-use-ventilation-and-air-filtration-to-prevent-the-spread-of-coronavirus-indoors-143732



Figure 2

Avoiding Dead Zones
Any filtration device chosen should be capable of continuously filtering all of the air in a room within a matter of minutes. However, if a unit is under-
sized and/or doesn’t produce sufficient air distribution throughout a given space “dead zones” (areas of no circulation) will occur. Figure 2 shows how 
the limited height and air flow characteristics of many HEPA filtration machines can short circuit the air distribution in a space, excluding approxi-
mately one half of the room from clean filtered air. 

To avoid this scenario, owners should select a unit that is powerful enough to create a wall-to-wall and ceiling-to-floor supply distribution, preferably 
with low intake and high output vents capable of directing the flow to all portions of the room. In addition, it is important to establish an effective 
directional airflow in which air flows in a clean to less clean direction.  One way to do this is to create well-separated air streams for the air intake and 
the filtered air dispersal. This can be effectively achieved if the unit has sufficient CFM for the space and is strategically designed for elevated clean air 
dispersal that will reach all corners of the room.    

Figure 3 shows the air flow distribution pattern of an appropriately sized air filtration unit with sufficient height to effectively keep supply and return 
air streams separate, thereby ensuring that the breathing space of occupants remains saturated with filtered air at all times. 

Appropriate air flow capacity, along with adjustable discharge options (angles of dispersion) to accommodate the room geography, helps facilitate 
clean air distribution. Elevated discharge and low intake enhance the “stratification effect,” reducing the amount of contamination in the air, espe-
cially at breathing levels. This is the same technology used in clean rooms where filtration systems create a laminar or unidirectional air flow. Air is 
directed from the top of the room to the bottom at a flow rate that does not leave time for particles to land anywhere within the space before it is 
pushed through the filter again. 

Ideally, the filtration unit will include a MERV-11 pre-filter that filters out larger particles before they enter the HEPA. Pre-filters can extend the life 
of HEPA filters to three years or longer.

Figure 3
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Figure 2

Figure 3

Pitfalls to Avoid
Regardless of the type of filtration equipment you choose, there are certain pitfalls you will want to avoid.  These include spending money on unnec-
essary add-ons, selecting equipment that is too loud, and/or prioritizing quiet operation over CFM.  

In the rush to get back to normal, some school systems have faced harsh (and arguably unfair) criticism for equipment choices that proved less than 
satisfactory. Such was the case when it was determined in early 2021 that Sacramento City Schools paid $6 million for air cleaners that several experts 
said were “overpriced, inefficient and [had] unnecessary and unproven technology.” 11

The “unnecessary and unproven” technology refers ultraviolet-C light (UV-C) and photocatalytic oxidation reactors contained within the equipment. 
Indoor air quality experts contend that there is not sufficient proof that UV-C is effective at reducing viruses in air passing through a cleaning device 
due to insufficient exposure given the airflow velocity. Furthermore, according to an article published in The Sacramento Bee, there was some concern 
that the photocatalytic oxidation process could potentially produce formaldehyde.12

Most troubling, however, was the fact that the filtration units were found to have a clean air delivery rate of only 88 CFM, enough for a mid-sized 
bedroom, but far below what most classrooms would require.    

The challenge with higher CFM units in schools is that they tend to be loud. So, in addition to making sure you meet clean air expectations, you must 
also be certain a unit isn’t loud enough to be disruptive. On the bright side, the more surface area there is in a HEPA filter, the better it is at noise 
reduction. Motor quality is also factor. The quietest filtration equipment will have electronically commutated (ECM) motors. Not only do ECM motors 
produce the least amount of noise, but they are also very efficient.  

Ideally, you want to find a unit that produces noise that is no louder than 60 dBa at full speed. Table 2 shows the published sound levels and corre-
sponding CFM for one of a few high capacity HEPA filtration units that meets this criteria.
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Table 2

11 Alexandra Yoon-Hendricks, “Sac City schools paid $6 million for costly air cleaners with unnecessary features,” The Sacramento Bee, January 24, 2021, 
https://www.sacbee.com/news/local/article248431190.html

12  Yoon-Hendricks, “Sac City schools.”

Fan Setting Power (WATTS) AirLab Airflow (CFM) Sound Level @ Inlet (dBa) (test room @ 40dBa)
1 10 62 41.7
2 13 114 43.3
3 19 191 44
4 30 280 44.5
5 46 379 47.4
6 73 504 50
7 110 610 53.4
8 164 767 55.9
9 227 883 58.4

10 272 940 59.3
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Evaluating the Cost and Benefits
Schools, businesses and senior healthcare facilities must weigh the costs and benefits of the various options available to them for air purification. Part 
of that process involves determining what level of risk mitigation will best serve them in their efforts to return to normal. For businesses, that means 
restoring the comfort level to employees as well as those who happen to patronize their business. In either case, for many businesses risk mitigation 
is a necessary step toward staying afloat. Restaurants, bars, salons, etc. may be able to leverage HEPA filtration and use it to restore lost patronage 
and even attract new safety conscious customers.  In these situations the payback could be rapid, making the addition of HEPA filtration a no-brainer. 
The same can be said for offices and other facilities where remote working is simply not an option for full operation.

Schools face a more complex set of circumstances. The intense pressure to reopen is not matter of profit but of education, mental well-being, and 
respite to working parents who must supervise their children’s in-home learning. At the same time, schools face budget issues and often intense 
scrutiny fueled by the safety concern of parents (and teachers). More exclusive, private schools are under added pressure by parents who pay steep 
tuition and question why the boards haven’t done more to ensure the safety of the students. Public or private, placing filtration units that  remove  
99.95% or more of viruses (including COVID-19) in classrooms may be the only measure that gets universal buy-in.     

Some schools have opted to upgrade existing HVAC equipment with MERV 11 or 13 filters, assuming it was the most cost-effective choice, only to 
find that they were spending thousands of dollars each month replacing filters that yielded only a fraction of the protection of a true HEPA. Schools 
should also remember to factor in the increased fan energy required to force air through the upgraded filters. The filters may be an upgrade, but in all 
likelihood the fan motors in existing equipment utilize outdated and inefficient permanent-split capacitor (PSC) motors. 

In short, what may seem like a “cost-effective” choice may prove disappointing in terms of cost of performance. The unanticipated costs are even more 
hard to swallow given the filters provide significantly less viral dilution than HEPA filtration units.  

Conclusion
The Covid-19 pandemic has recalibrated how we think about the air we breathe in shared indoor spaces. Most of us are willing to work and study 
from home if it keeps us safe. But all of us miss the freedom to move about in the world and interact with others. For many facilities, standalone HEPA 
filtration offers the shortest path to normalcy.  Recognized as effective by indoor air experts, the CDC, ASHRAE and infectious disease experts, it is not 
only relevant to the challenge we face today, but also the ongoing challenges of contaminated indoor environments that will continue to impact our 
health, productivity, financial security and healthcare costs.  The technology is not new or untested; it has simply been under-utilized in non-residen-
tial applications.  That may well change given the current demand for clean, safe air in the places we learn, work and gather. 


