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As might be expected given our line of work, our customers who build and manage buildings are asking 

us what role HVAC systems might play with respect to the COVID-19 pandemic.  Questions include: 

• Can our building’s HVAC systems, perhaps with some enhancements, make our buildings safe to 

occupy as they were before the pandemic?  Taylor Engineering’s opinion:  Absolutely not. 

• Ok, but can our HVAC systems, perhaps with some enhancements, mitigate disease transmission?  

Taylor Engineering’s opinion:  Perhaps, but most likely not in a significant way. 

Before getting into the details that support our opinions, two caveats and qualifications: 

• This paper primarily addresses commercial buildings such as offices, and our focus is California-

centric because that is where the majority of our projects are located.  These buildings are most 

commonly served by overhead supply and return systems that provide ventilation as well as 

heating and cooling; few have operable windows.  The examples and references herein are not 

applicable to healthcare buildings or other buildings that can be expected to be occupied by 

many infected people and vulnerable populations, such as the elderly and infirm.  These buildings 

have their own standards that are very different from, and more stringent than, those for typical 

commercial buildings.   

• Taylor Engineering is a mechanical engineering firm, not a medical institution.  While we are 

experts in HVAC and related systems, including ventilation systems, we are not medical doctors or 

epidemiologists.  We have, however, reviewed dozens of related research, recommendations by 

groups such as ASHRAE, CDC, WHO, and others, and also conferred with national ventilation 

experts1 in developing these opinions.  Our recommendations do not always align with those laid 

out by ASHRAE in their Position Document on Infectious Aerosols and recommendations that 

have been published by others. There is room for disagreement in HVAC strategies to address the 

current pandemic, and this paper presents our best reading of the current literature and our 

interpretations on how to best act on the available information.   

How is COVID-19 transmitted? 

COVID-19, the disease caused by the coronavirus known as SARS-CoV-2, is believed to be transmitted by 

droplets and aerosols containing the virus typically generated by coughing, for those showing symptoms, 

but also by shouting, laughing, singing, and even quietly talking by those with symptoms and also those 

 

1 Steve Taylor, the founding partner of Taylor Engineering, was a member of the committee responsible for 

ASHRAE Standard 62.1 Ventilation for Acceptable Indoor Air Quality for 8 years and served as chair for 4 years.  He 

is member of ASHRAE’s Technical Committee TC 4.3 which addresses ventilation. He conferred with several 

members of this committee and the committee who developed ASHRAE’s COVID19 recommendation paper in 

preparing this White Paper. 

https://www.ashrae.org/file%20library/about/position%20documents/pd_infectiousaerosols_2020.pdf
https://www.statnews.com/2020/04/15/simply-speaking-could-transmit-coronavirus-new-study-suggests/
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who are asymptomatic or pre-symptomatic.  Direct contact (e.g. kissing, touching) may also be a 

transmission path, and there is also some evidence of the virus being disseminated from fecal matter by 

toilet flushing.  Infection can then occur by: 

1. Inhalation or direct contact through to one’s eyes, nose or mouth with “droplets”, typically 

defined as particles larger than roughly 5 to 10 microns (μm)2.  These are relatively heavy particles 

so they drop out of the air after traveling a short distance of about 3 to 6 feet.  

2. Indirect contact through droplets that contaminate surfaces (called fomites) then are transmitted 

to one’s eyes, nose or mouth typically by touching with one’s hands. 

3. Inhaled aerosols or droplet nuclei, defined as particles smaller than about 5 μm2.  These particles 

are light enough that the aerodynamic forces of air movement counteract gravitational forces so 

the particles can remain suspended for longer periods and travel longer distances than droplets.   

Currently, the World Health Organization (WHO) and other authorities identify the first two modes above 

as the primary cause of the pandemic.  This is what gave rise to “social distancing”, staying approximately 

6 feet away from others to avoid droplet transmission, and frequent cleaning and disinfection of surfaces 

and handwashing to reduce the risk of transmission from fomites.   

 

2 This is the size range described in the WHO brief Modes of transmission of virus causing COVID-19.  Other 

authorities point out that there is not a step change in mobility at 5 μm.  Regardless of size, the point is that there 

are two risk categories: close range transmission from heavier droplets and longer-range transmission from lighter 

aerosols. 

https://www.who.int/news-room/commentaries/detail/modes-of-transmission-of-virus-causing-covid-19-implications-for-ipc-precaution-recommendations
https://www.who.int/news-room/commentaries/detail/modes-of-transmission-of-virus-causing-covid-19-implications-for-ipc-precaution-recommendations
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Whether the third mode, airborne transmission, exists is still being debated.  For summaries, see these 

links: Washington Post and Nature.  The Center for Disease Control and Prevention (CDC) in their 

webpage “How COVID-19 Spreads” states that droplets are the primary means of transmission and it does 

not even mention airborne or aerosol transmission.  WHO states in their current scientific brief: 

“According to current evidence, COVID-19 virus is primarily transmitted between people through 

respiratory droplets and contact routes.  In an analysis of 75,465 COVID-19 cases in China, airborne 

transmission was not reported.”  A report from WHO-China stated “Airborne spread has not been 

reported for COVID-19 and it is not believed to be a major driver of transmission based on available 

evidence.”  

However, while the CDC link is new, the WHO brief is dated March 29, 2020 and the WHO-China report is 

dated February 24, 2020, now ancient history in this crisis.  Some more recent studies suggest at least 

limited airborne transmission is likely.  The following two examples are often cited: 

Guangzhou Restaurant: A very detailed study by Li et al and a related study by Lu et al demonstrated 

how a single asymptomatic carrier could infect others outside the typical 6 foot social distancing range.  

An infected person (A1) sat at a table and had dinner with 9 friends. Their meal and those of diners at 

adjacent tables took about 1 to 1.5 hours. The carrier was asymptomatic, so apparently not coughing.  But 

release of droplets and aerosols occurs simply from breathing, and more so when talking loudly or 

laughing as may be the case here.  The lighter droplets and aerosols were apparently distributed within 

the north side of the restaurant by a ductless fan-coil.  See the figures below, including a computational 

fluid dynamics (CFD) model created by the researchers.  Four of the people at the infected person's table 

became sick over the next 7 days, three people on the adjacent downwind table became infected and two 

people on the upwind table were infected. The ventilation was apparently very poor, only 1.6 cfm per 

person as measured in a re-creation of the incident by the researchers.  This is about a 10% of the 

California code required rate.   

https://nam05.safelinks.protection.outlook.com/?url=https%3A%2F%2Fs2.washingtonpost.com%2F28e3263%2F5eaaa1bdfe1ff654c2c7c3d5%2Fc3RheWxvckB0YXlsb3ItZW5naW5lZXJpbmcuY29t%2F10%2F55%2F79aab7ec03f239402d62364c6b58963b&data=02%7C01%7Cstaylor%40taylor-engineering.com%7C8cd601d493534bd70ffe08d7ecee5c37%7Cea403409626e4e668190cfaeeecc2d92%7C1%7C0%7C637238380810082942&sdata=8XBwIQ8Uuick%2Fr6%2BVhAfkKOIugD1lyNfK2X02Yb%2Fzys%3D&reserved=0
https://media.nature.com/original/magazine-assets/d41586-020-00974-w/d41586-020-00974-w.pdf
https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/how-covid-spreads.html
https://www.who.int/news-room/commentaries/detail/modes-of-transmission-of-virus-causing-covid-19-implications-for-ipc-precaution-recommendations
https://www.who.int/docs/default-source/coronaviruse/who-china-joint-mission-on-covid-19-final-report.pdf
https://doi.org/10.1101/2020.04.16.20067728
https://wwwnc.cdc.gov/eid/article/26/7/20-0764_article#suggestedcitation
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Li concluded: “Although close contact and fomite exposure may play a major role in the transmission of 

SARS-CoV-2, extended short-range aerosol transmission of the virus is possible in crowded and poorly 

ventilated enclosures.” And “It is important to note that our results do not show that long-range aerosol 

transmission of SARS-CoV-2 can occur in any indoor space.”  Their CFD simulation predicted that after 

about an hour, the aerosolized particles would spread throughout the restaurant; that suggests that there 

were insufficient airborne particles (insufficient dose) to transmit the disease to the patrons not close to 

the index patient.   

Lu concluded: “Virus-laden small (<5 μm) aerosolized droplets can remain in the air and travel long 

distances, >1 m (4). However, none of the staff or other diners in restaurant X were infected. Moreover, 

the smear samples from the air conditioner were all nucleotide negative. This finding is less consistent 

with aerosol transmission.” 

Korean Call Center:  A study by Park et al documented how, over the period of a week, a single infected 

employee infected 94 of the 216 employees working on the same floor. In the figure below, blue coloring 

indicates the seating places of persons with confirmed cases.  Notice how one side of the office is 

primarily infected, while there are very few people infected on the other side.  While exact number of 

people infected by respiratory droplets, exposure from fomite transmission (door handles, restroom 

fixtures, elevator buttons etc.) is unknown, the pattern of the infected workers suggests short-range 

aerosol transmission also was a factor.   

https://wwwnc.cdc.gov/eid/article/26/8/20-1274_article
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These two studies suggest that “social distancing” may not be sufficient to prevent transmission due to 

transmission from smaller virus-carrying particles.  However, they also conclude that long-range aerosol 

transmission was not indicated.   

Why is this important?  Because ventilation can only be effective in diluting virus-containing particles if 

they are airborne and small enough to be entrained into the ventilation system exhaust/return grille.  The 

ability of ventilation to dilute the concentration virus-containing particles is a simple mass-balance 

exercise as shown in this figure and equation below for a single-zone air handling system assuming a fully 

mixed space:  
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For any dilution to occur, some of the virus-containing particles must leave the room, either via the return 

grille or by exfiltration through cracks in the envelope.  Droplets are too heavy for this to occur, which is 

why ventilation is not at all effective in mitigating that mode of transmission.  Only virus-containing 

particles light enough to be entrained into the return air grille can be diluted with ventilation.  These 

particles must be close to behaving like gases for this to occur.  Return and exhaust intakes can only draw 

particles from the room if they first get near the grille.  The figure below shows a CFD simulation of a 

typical return/exhaust grille.  Note the velocity vectors are only high right near the grille; 2 or 3 feet away 

from the grille face, the velocity vectors are zero which means that particles produced closer to the floor 

level will not be entrained and captured by the grille unless they are first mixed into room air as if they 

were gases.   
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In a well-read blog by an ER doctor, the author concludes: 

“At this point, I think the only safe conclusion is that airborne transmission is possible. 

However, that doesn’t make it likely. Because of their larger size, large droplets contain as much as 

99.9% of viral particles exhaled. Although aerosols may carry small amounts of virus, they become 

very diffuse the further you are from the patient and are effectively managed by modern ventilation 

systems. I don’t think we should be making black and white statements. We need to consider the 

potential for aerosol spread, and how that might impact our PPE [personal protective equipment] 

practices, while simultaneously recognizing that droplets and close contact with patients represent a 

far greater risk. 

Airborne transmission of … COVID-19 is clearly possible, and probably does occur occasionally, but 

we also have to acknowledge that it is very rare. How can we know that it is rare? If airborne 

transmission was highly likely, we would see much bigger outbreaks.” 

On the other hand, some highly credentialed authorities (e.g. Morawska et al) are convinced airborne 

transmission cannot be dismissed.   

In addition to investigating airborne transmission and the impact of dilution ventilation, we searched the 

literature for evidence of diseases being transmitted via recirculation through air handling systems.  

Surprisingly, we found few that even addressed the possibility and none that demonstrated recirculation 

from air handling systems caused any infections of any disease, not just COVID-19.   

https://first10em.com/aerosols-droplets-and-airborne-spread/
https://scholar.colorado.edu/concern/articles/8w32r666s
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Ezratty et al studied transmission of the influenza virus through air conditioning systems and 

concluded: “Our analysis suggests that the risk of spread within a building of a “regular” influenza 

virus through small-particle aerosols cannot be excluded. However, the risk of transmission, linked to 

preservation of the particle’s infectivity at long distances through HVAC systems seems improbable.”   

Prussin et al analyzed bacteria and viruses on samples of filters place over the return air grille of an air 

handling system serving a daycare center.  They found evidence of viruses in the filter but did not 

connect that to virus concentration in occupied spaces nor did they address viruses penetrating the 

filter and possibly be recirculated by the air handling system.   

Goyal et al also found evidence of influenza RNA in 17% of the filter samples removed from four large 

air handling units after 25 to 261 days of operation serving two large public office buildings in 

Minneapolis and Seattle, but none were viable.  No air samples were made downstream of the filters. 

Li et al did a very detailed analysis of a 2003 SARS outbreak caused by SARS-CoV-1, a predecessor to 

SARS-CoV-2, in a Hong Kong hospital ward, including onsite measurements and CFD simulations.  

The report included details of the HVAC system (which is rare in the academic research papers we 

reviewed – there is a clear need for multidisciplinary participation in research, including HVAC 

engineers, to improve the design of the research project and improve subsequent interpretation of 

the results): 100% outdoor air was supplied by a dedicated outdoor air handling system to several 

local fan-coils that distributed this air and air recirculated from the space.  Recirculated air was 

estimated to be 70% of the total airflow.  They concluded that their in-room calibrated CFD analysis 

sufficiently explained how the virus was transmitted within the ward.  No mention is made of the 

efficiency of filters or that recirculation of the virus through the fan-coils was even a possibility.   

Santaroia et al found high SARS-Cov-2 RNA concentrations at exhaust grilles located near the head of 

the patient’s bed in hospital biocontainment and quarantine isolation rooms, certainly suggesting that 

entrainment into the exhaust system is possible, even likely.  But these types of rooms known to have 

a high probability of airborne contagion do not recirculate air, so the possibility of recirculation to 

other spaces through air handling systems could not be evaluated.   

Xu et al investigated the transmission of COVID19 on a cruise ship and concluded: “We infer that the 

ship central air conditioning system did not play a role, i.e. the long-range airborne route was absent 

in the outbreak. Most transmission appears to have occurred through close contact and fomites.”   

In conclusion, while neither the CDC nor the WHO currently acknowledge that airborne transmission of 

SARS-CoV-2 even exists, there is some recent evidence airborne transmission at the small scale of a room, 

restaurant, bus, or plane is possible and perhaps even likely.  But so far, none of the ~80 research reports 

we reviewed has demonstrated, and few even suggested, air handling unit (AHU) scale transmission, 

where aerosols emitted from an infected person in one room were drawn through an AHU, and then 

supplied to another room where they were inhaled resulting in infection for any virus, even those 

considered likely to have airborne transmission paths, such as influenza and SARS-CoV-1.   

But we just do not know at this point.  In an abundance of caution, no matter how small the risk, it makes 

sense to assume some amount of airborne transmission occurs and plan for it both at the room-scale and 

AHU-scale.   

https://www.jle.com/en/revues/ers/e-docs/virus_influenza_pandemique_a_linterieur_des_batiments_quel_risque_de_transmission_par_les_systemes_de_ventilation_ou_de_clim_278247/article.phtml
https://journals.plos.org/plosone/article/file?id=10.1371/journal.pone.0151004&type=printable
https://www.ajicjournal.org/action/showPdf?pii=S0196-6553%2811%2900086-1
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1600-0668.2004.00317.x
https://doi.org/10.1101/2020.03.23.2003944
https://www.medrxiv.org/content/10.1101/2020.04.09.20059113v1.full.pdf
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So, ventilation may be effective?  How much do we need? 

If in fact airborne transmission of SARS-CoV-2 is possible, then yes, ventilation can reduce droplet nuclei 

concentration and thus reduce risk of infection.   

It is not well known beyond ventilation experts, but the sad fact is the “right” ventilation rate is largely 

unknown for almost any application.  The rates in Standard 62.1 Ventilation and Indoor Air Quality,  which 

applies to most commercial occupancies, have some scientific basis but mostly were developed by the 

members3 of the committee that authored the Standard, as explained in the Standard 62.1 User’s Manual.  

The rates are intended to dilute normal indoor sources such as bioeffluents from people and compounds 

off-gassing from furnishings and construction materials.  Disease transmission was not a consideration.  

The rationale for the rates in Standard 170 Ventilation of Healthcare Facilities is summarized in Research 

Project Report CO-RP3:  “Studies with direct measurements of ventilation rates and physical/biological 

outcomes were scarce… None of the retrieved evidence proposed a methodology to investigate the effect 

of outdoor air rate [fraction].  No evidence was found for 61% of the requirements pertaining to minimum 

ventilation rate.”  So even without considering SARS-CoV-2, ventilation rates are largely based on 

engineering judgment. 

Two studies we reviewed looked at theoretical analyses of dilution assuming aerosol transmission does 

occur.  Pantelic calculated rate of infection of airborne infection diseases as a function of ventilation air 

change rate in air changes per hour (ACH) and generation rates of aerosolized virus particles measured in 

quanta per hour (qph): 

 

Here is a similar figure developed by Stephens: 

 

3 Steve Taylor was one of the primary authors of the current Ventilation Rate Procedure in Standard 62.1 including 

the ventilation rates themselves. 

https://www.ashrae.org/technical-resources/bookstore/standards-62-1-62-2
https://www.ashrae.org/technical-resources/bookstore/62-1-user-s-manual
https://www.ashrae.org/technical-resources/standards-and-guidelines/standards-addenda/ansi-ashrae-ashe-standard-170-2017-ventilation-of-health-care-facilities
https://www.techstreet.com/standards/rp-co-rp3-academic-research-to-support-facility-guidelines-institute-ansi-ashrae-ashe-standard-170?product_id=2076720
https://www.techstreet.com/standards/rp-co-rp3-academic-research-to-support-facility-guidelines-institute-ansi-ashrae-ashe-standard-170?product_id=2076720
https://www.researchgate.net/publication/254306289_Assessment_of_the_mixing_air_delivery_system_ability_to_protect_occupants_from_the_airborne_infectious_disease_transmission_using_Wells-Riley_approach
https://www.nafahq.org/wp-content/uploads/WellsRileyReport.pdf
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The quantum of infection (q) is not an actual physical unit; it is a hypothetical infectious dose unit that is 

typically calculated from observational epidemiological studies.  

Dai and Zhao estimated the quantum generation rate of SARS-CoV-2/COVID-19 to be between 14 and 48 

qph assuming a basic reproductive number4 (R0) of 2 to 2.5.  They suggested (without substantiation or 

rationale) that using surgical masks could reduce “q” by a factor of 2 if the infected person were wearing 

the mask, and half again more (again without substantiation) if the uninfected also wore masks.  The 

required air change rate can then be determined from the Pantelic or Stephens model based on what one 

considers an acceptable infection rate.  Or the infection rate could be determined from the ventilation 

rate.  The code minimum office outdoor air rate is about 1 ACH.  If “q” were ~30 qph (average of the 

projected range) assuming no masks, then the infection rate would be about 5%.  If both the infected and 

uninfected were wearing masks, per Dai and Zhao’s estimate, the infection rate would be only about 1%, 

generally considered an acceptable rate.  However, Dai and Zhao’s estimate of the improvements 

provided by masks must be substantiated.  There is ample evidence that masks, even homemade masks, 

are effective at reducing droplet emissions (Howard et al), but the mathematical impact on “q” has not 

been quantified.   

So, current code minimum ventilation rates may be adequate.  But, in an abundance of caution, should 

rates be increased in existing buildings?  Considerations will depend on the system type.  In a broad 

sense, distribution systems can be broken into three types: 

• Dedicated outdoor air systems (DOAS).  This system is composed of an AHU supplying 100% 

outdoor air to zonal systems such as chilled beams, radiant floors or panels, water-source heat 

pumps, and fan-coils.  The supply air rate is typically equal to the code minimum outdoor air rate 

 

4 R0 is the number of secondary cases arising from a single index case in an otherwise totally susceptible 

population.  For comparison, R0 for tuberculosis is estimated to be 2.2 to 5.5; SARS at 2 to 5, influenza t 1.6 to 3, 

and measles at 11 to 18. 

https://www.medrxiv.org/content/10.1101/2020.04.21.20072397v1.full.pdf
https://www.preprints.org/manuscript/202004.0203/v1
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or a small percentage above that (30% is a typical value) to improve indoor air quality, provide 

flexibility in the types of spaces served, and sometimes to enhance zonal system heating and 

cooling capacity.    

• Multiple zone variable air volume (VAV) systems.  This system is composed of an AHU supplying a 

mixture of outdoor air and recirculated air to VAV terminal units (aka VAV boxes) that control 

airflow to the space to meet heating and cooling loads.  The design supply air rate is based on 

peak cooling loads, typically on the order of 0.6 to 0.75 cfm/ft2 for office buildings, about 4 to 5 

times the code minimum outdoor air rate.  VAV systems usually include outdoor air economizers, 

i.e. the ability to bring in additional outdoor air, up to 100% of the supply air, when the weather is 

mild and cool.  Economizers are required by energy standards in most climates but are 

particularly effective in mild climates such as California’s.   

• Single zone (SZ) systems.  These are similar to multiple zone VAV systems except they serve a 

single zone.  For systems larger than about 5 tons, variable airflow is required by most energy 

codes, but the requirement is relatively recent.  For smaller systems, and for systems older than 

about 7 years, supply airflow is usually constant.   

Considerations for each of these system types include: 

1. Room level air distribution system design 

a. DOAS:  DOAS distribution systems generally do not have the capability to increase rates 

in any significant way.  The diffusers and ductwork are all designed for the design 

minimum rate, so increasing rates is seldom an option with DOAS. 

b. VAV:  VAV boxes have minimum airflow setpoints that could be readily increased.  But 

this has significant negative impact on both energy costs and thermal comfort.  ASHRAE 

RP-1515 found that minimums set to 2 to 3 times the ventilation minimum would 

increase HVAC system energy use on the order of 20% and roughly double the 

percentage of occupants dissatisfied with their thermal comfort.  Given the very low 

estimated infection rate at the code minimum ventilation rate even assuming airborne 

infection occurs, and the 100% certainty that increasing minimum setpoints will 

significantly increase energy use and associated negative environmental impacts, we do 

not recommend doing so. 

c. SZ:  For constant volume single zone systems, increasing supply air rates is not usually 

possible because diffusers and ductwork are all designed for the design rate, but there 

would be no reason to do so since the supply air rate is already 4 to 5 times code 

minimum outdoor air rates, which should be more than adequate for aerosol dilution.  

For single zone VAV systems, the minimum supply air rate is usually set to 30% to 50% of 

the design supply air rate, which is on the order of twice the minimum ventilation rate, so 

well above what should be needed.   

2. Air handling system design 

https://www.techstreet.com/standards/rp-1515-thermal-and-air-quality-acceptability-in-buildings-that-reduce-energy-by-reducing-minimum-airflow-from-overhead-diffusers?product_id=1892759
https://www.techstreet.com/standards/rp-1515-thermal-and-air-quality-acceptability-in-buildings-that-reduce-energy-by-reducing-minimum-airflow-from-overhead-diffusers?product_id=1892759
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a. DOAS:  Similar to zone level limitations, DOAS AHUs seldom have the ability to increase 

supply air rates by very much.  They are limited by what the zone level air distribution can 

handle, as discussed above, and further limited by the AHU’s coil and filter velocity limits 

and motor capacities.  Noise increase is also a limitation.  So the ability to increase supply 

air rates with a DOAS AHU is unlikely.   

b. VAV:  Increasing minimum outdoor air rate in systems with economizers is usually as 

simple as changing a setpoint.  But does it make sense to do so?  We do not think there 

is anything but the slightest benefit with respect to disease transmission – for more 

discussion on this issue under the “100% Outdoor Air” and “Filtration” heading below – 

while there is 100% certainty that energy use will increase.  So we do not recommend 

doing so. 

c. SZ:  Same as VAV.   

3. Heating and cooling capacity limitations 

a. DOAS:  Heating and cooling capacity limitations are largely moot because the systems are 

already sized for 100% outdoor air and, as noted above, it is not usually possible to 

increase outdoor air rates.  

b. VAV:  Increasing minimum ventilation outdoor air rates will be limited by the capacity of 

the heating and cooling systems both of which were sized for the design minimum at the 

design-day outdoor air conditions.  To maximize outdoor airflow without causing 

associated temperature control problems, programmable control systems could be 

modified to reset the minimum outdoor airflow setpoint from 100% outdoor air down to 

the design rate once the chilled water valve (or hot water valve) is fully open, essentially 

sequencing the valve position with the minimum outdoor airflow setpoint.  A less 

sophisticated approach, and the one likely to be used for packaged equipment with less 

sophisticated control systems, is to simply have building operators adjust the minimum 

outdoor air setpoint down manually when people complain.   

c. SZ:  Same as VAV.   

Should systems be adjusted to supply 100% outdoor air? 

People, including some HVAC engineers, conflate “ventilation air” and “outdoor air” and assume 

ventilation air is 100% outdoor air.  That is not the case.   

ASHRAE Standard 62.1 defines ventilation as “the process of supplying air to or removing air from a space 

for the purpose of controlling air contaminant levels, humidity, or temperature within the space.”  There is 

no mention of outdoor air or percentage of outdoor air.  Any air that has a lower concentration, even if 

non-zero, of the contaminant that is being diluted can provide “ventilation”.  The Standard 62.1 

Ventilation Rate Procedure allows, and gives credit for, recirculated air from over-ventilated zones to help 

dilute pollutants in other zones.  The Standard 62.1 Indoor Air Quality Procedure also allows cleaned air to 

be recirculated.   
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ASHRAE Standard 170 has two minimum ventilation rates, an outdoor air requirement and an overall 

supply air requirement.  Recirculation is allowed in the majority of spaces – any space where “NR” is 

shown in the right-hand column in the Standard 170 table below: 
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However, it does have a minimum filtration efficiency requirement as well, discussed under the “Filtration” 

heading below.   

So those who are recommending 100% outdoor air and no recirculation for typical commercial buildings 

such as offices are suggesting that these spaces should be more stringent with respect to recirculation 

than healthcare facilities, which does not seem reasonable to us.  The discussion above found that even if 

airborne transmission occurs, the concentration of particles being drawn into return air intakes will be 

small and, especially with good filtration (next section), the odds of the air handling system supplying 

recirculated viable viruses in sufficient quantities to cause infection is likely to be miniscule.   

Can Filtration help?   

If airborne transmission and recirculation can occur, then yes, filtration can help.   

The efficiency of filters has been gradually increasing over the last few decades, in part because high 

efficiency has been perceived to provide modest health benefits, as summarized by Fisk. High efficiency 

filters are also often required to meet ASHRAE Standard 62.1 PM2.5 requirements.  But probably the main 

driver was the US Green Building Council’s Leadership in Energy & Environmental Design (LEED) program.  

This program began slowly in the mid-90s then its popularity soared in the early 2000s, particularly on the 

East and West Coasts, becoming a de facto requirement for most office buildings.  One of the credits it 

offered was for filters having a Minimum Efficiency Reporting Value (MERV) equal to or greater than 13 as 

determined in accordance with ASHRAE Standard 52.2.  Accordingly, MERV 13 filters became an industry 

standard for larger air handling units and packaged air conditioners.  In California, a minimum of MERV 13 

is now required for most applications by Title 24-2019 Energy Efficiency Standards.  MERV 13 is also what 

is recommended in the ASHRAE Position Document on Infectious Aerosols.   

ASHRAE Standard 170 filtration requirements are as follows: 

https://www.researchgate.net/publication/235519103_Health_benefits_of_particle_filtration
http://www.conforlab.com.br/wp-content/uploads/2016/10/2016Sep_012-021_HarrimanFiltersToReducePM2.5.pdf
https://www.usgbc.org/leed
https://www.techstreet.com/standards/ashrae-52-2-2017?product_id=1942059
https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-standards
https://www.ashrae.org/file%20library/about/position%20documents/pd_infectiousaerosols_2020.pdf
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Filter Bank 2 must be located downstream of all wet-air cooling coils and the supply fan to capture any 

contaminants they may produce.  This “final filter” location is not typical of air handlers serving 

commercial buildings, but filter location is not a factor with respect to filtering potentially infectious 

particles recirculated from the building.  So simply upgrading to MERV 14, from MERV 13, brings a 

commercial air handling system close to “hospital standards.”   

So how well do filters work with SARS-CoV-2?  In a recent paper by Lui et al, the concentration of airborne 

SARS-CoV-2 RNA at various size bins are shown below: 

 

But it is not known if these particles were viable.  More commonly, airborne viruses reside on droplet 

nuclei in the range of 1 to 5 μm.  In a detailed 2013 analysis of infectious disease transmission and droplet 

nuclei size, Azimi and Stephens found evidence of droplet nuclei in the range of 0.3 to 10 μm.    

https://doi.org/10.1038/s41586-020-2271-3
https://www.bode-science-center.com/center/glossary/airborne-droplet-nuclei.html
https://www.sciencedirect.com/science/article/pii/S0360132313002515?via%3Dihub
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Efficiency vs. particle size varies somewhat within a MERV rating, but typical values from Kowalski and 

Bahnfleth are shown below, with range lines added for droplet nuclei.   

 

Note that a filter does not have to have 100% efficiency to be effective in mitigating disease transmission 

since infection is a function of both concentration of viable particles and the exposure time.  Azimi and 

Stephens found that for infectious disease transmission on droplet nuclei in the range of 0.3 to 10 μm, 

that MERV 13 to 16 offered the best value balancing risk of infection with operating costs: 

 

https://www.researchgate.net/publication/237558312
https://www.researchgate.net/publication/237558312
https://www.sciencedirect.com/science/article/pii/S0360132313002515?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0360132313002515?via%3Dihub
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This study found HEPA filters provide negligible improvement in infection risk vs. MERV 13 filters.  

Emmerich et al came to the same conclusion.   

In California, there is another issue that should be addressed: wildfire smoke.  In a review of filtration 

potential for mitigation of wildfire smoke, the BC Centre for Disease Control states: “It is unlikely that 

MERV 13 or lower efficiency filters would provide effective protection from wildfire smoke. A higher 

degree of protection will be offered with increasing MERV rating, up to MERV 17.”  This is apparently due 

to the large number of smoke particles in the 0.3 to 0.5 μm range where the efficiency of MERV 13 filters 

is relatively low. 

Increasing filter MERV rating can be relatively inexpensive depending on the current filter type.  The table 

below shows some typical filter types including operating cost and performance.  Note that cost and 

quality vary widely, so we recommend sticking to the major filter manufacturer brands.  MERV 13 filters 

are now available even for 1-inch and 2-inch filter frames, the most common type for small fan-coils, air 

handlers, and air-conditioning units, but their limited dust holding capacity will result in more frequent 

filter changes and their pressure drop may be higher than the fan system can handle.  But fan design 

static pressure drop usually is very conservatively estimated by most design engineers, including 

ourselves, so don’t assume that filter upgrades are not possible; the existing fan total static pressure and 

fan power can be measured in the field by a test and balance company and they can readily determine if 

the system can handle a higher pressure drop filter.   

For new construction, we find that bag filters provide the best balance of first cost, energy use due to 

pressure drop, and maintenance cost for filter changes including the media and labor, as shown in the 

table below.  While 12-inch MERV 13 bag generally have the lowest operating costs, the cost premium to 

increase to a MERV 15 bag filter from a MERV 13 bag filter is fairly small, and the energy cost impact can 

largely be mitigated by using longer bag lengths.  The added air handler length to accommodate the 

longer filters is usually negligible.  Hence, for California buildings where wildfire smoke is now likely to be 

an annual or biannual event, we now recommend using 22-inch MERV 15 bag filters for new buildings, 

and for existing buildings if allowed by fan static pressure capability and filter housing dimensions.   

https://yonsei.pure.elsevier.com/en/publications/multizone-modeling-of-strategies-to-reduce-the-spread-of-airborne
http://www.bccdc.ca/resource-gallery/Documents/Guidelines%20and%20Forms/Guidelines%20and%20Manuals/Health-Environment/WFSG_EvidenceReview_FiltrationinInstitutions_FINAL_v3_edstrs.pdf
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Type 

Filter 
Efficienc

y 
(MERV) 

Depth 
(inches) 

Initial 
pressure 
drop @ 

500 fpm 
("H2O) 

Filter 
Cost per 
unit area 

($/ft2) 

Expected 
service 

life 
(months) 

Labor 
cost 

($/ft2) 

Annual 
VAV Fan 
Energy 

cost 
($/ft2) 

Annual 
cost 

($/ft2) 

Pleat 8 2 0.31 $1.64 3 $5.00 $5.83 $32.38 

Pleat 8 4 0.27 $2.69 4 $5.00 $5.08 $28.14 

Pleat 13 2 0.41 $3.98 2 $5.00 $7.71 $61.56 

Pleat 13 4 0.33 $7.24 3 $5.00 $6.21 $55.16 

Bag 13 12 0.52 $12.23 12 $6.00 $9.78 $28.01 

Bag 13 15 0.48 $13.15 12 $6.00 $9.03 $28.18 

Bag 15 15 0.81 $14.58 12 $6.00 $15.24 $35.81 

Bag 15 22 0.62 $15.66 12 $6.00 $11.66 $33.33 

Assumptions: 
1. Costs are per unit filter area. 

2. Filter costs from a single manufacturer for relative consistency. 

3. Service life is rough estimate from the filter manufacturer and varies significantly by application and maintenance 

practices. 

4. Labor cost is rough estimate from local maintenance contractor based on 24x24 filters and ready access. 

5. Fan energy assumes 500 fpm face velocity, 65% fan efficiency, 90% motor/drive efficiency, 30% part-load VAV factor, 

and $0.20/kWh electricity costs. 

 

There are also many other air cleaning technologies on the market including those using photocatalytic 

oxidation, photoelectrochemical oxidation, electrostatic precipitation, and various ionization technologies 

including bipolar ionization.  In most cases these products have not been tested by independent parties 

and/or lack test standards against which to measure their performance.  ASHRAE’s Position Document on 

Filtration and Air Cleaning states: “One key statement is that, at present, there is only significant evidence 

of health benefits for porous media particle filtration systems. For a few other technologies, there is 

evidence to suggest health benefits, but this evidence is not sufficient to formulate firm conclusions.  A 

key position is that filtration and air-cleaning technologies are not recommended for use if they produce 

significant amounts of contaminants [such as ozone] that are known or expected to be harmful for health.  

Finally, it is stated that there are limited data documenting the effectiveness of gas-phase air cleaning as 

an alternative to ventilation.”  Note that gas-phase air cleaning also has no impact on airborne disease 

transmission.  Taylor Engineering’s current position is: if the air cleaning device needs to be plugged in, 

don’t use it!   

Are portable air cleaners effective and where might they be used? 

ASHRAE’s Position Document on Filtration and Air Cleaning concludes: “Presently, minimal data are 

available on the health consequences of using packaged air cleaners employing multiple technologies.”  

However, several studies (e.g. Miller-Leidin (TB), Zuraimi (flu), Rutala (TB), Ward (bio-weapons)), show a 

reduction in airborne particle concentration in residences which suggests they may be beneficial to 

reducing airborne droplet nuclei concentration if placed near the source.  Most residential portable air 

cleaners come with HEPA filters, but many also offer UV-C and activated charcoal as well.  Relative to 

COVID19, the HEPA filter should be effective alone without these other options.  Electronic air cleaners 

that generate ions or ozone should be avoided. 

https://www.ashrae.org/file%20library/about/position%20documents/filtration-and-air-cleaning-pd.pdf
https://www.ashrae.org/file%20library/about/position%20documents/filtration-and-air-cleaning-pd.pdf
https://www.ashrae.org/file%20library/about/position%20documents/filtration-and-air-cleaning-pd.pdf
https://www.tandfonline.com/doi/pdf/10.1080/10473289.1996.10467523
https://www.sciencedirect.com/science/article/abs/pii/S036013231100179X
https://www.cambridge.org/core/journals/infection-control-and-hospital-epidemiology/article/efficacy-of-portable-filtration-units-in-reducing-aerosolized-particles-in-the-size-range-of-mycobacterium-tuberculosis/F469D5F6E850755B269EFC1396E4FCC5
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.564.2574&rep=rep1&type=pdf
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1600-0668.2010.00696.x
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We could find no research on the effectiveness of portable air cleaners on removing particles containing 

the SARS-CoV-2 virus, not surprisingly at this time, but given their limited effectiveness in the studies 

listed above, it seems likely that there may be a small potential benefit if they can be located near the 

potential source, such as in or near workstations. Acceptance by office workers may be limited due to 

space required and fan noise.  Another concern is that the close proximity to workers may encourage 

them to remove uncomfortable masks thanks to a false sense of safety; if portable air cleaners are 

employed on the assumption that “it can’t hurt”, then reminders should be posted in the vicinity that their 

use does not mean any other safety protocols, such as social distancing and wearing masks, may be 

relaxed as a result. 

There is one application where portable air cleaners may be useful.  Elevator capacity will be a major issue 

as buildings reopen while maintaining social distancing; elevator cabs are typically designed for ~10 

people and severe wait times will occur if only one or maybe two people are allowed to ride at a time.  A 

concept out of Southeast Asia is to locate a portable air cleaner in the center of the cab with footprints 

painted on the floor indicating that four people can ride in the elevator facing away from each other (and 

with masks).  The cost is very low – residential HEPA air cleaners are available for less than $200.  However, 

the effectiveness of this design has not yet been tested.  Maintenance is also a concern given filters may 

be contaminated; maintenance personnel should wear PPE while changing filters.   

          

How effective are ultraviolet air cleaners? 

Ultraviolet light has been used for years to kill or inactivate microorganisms.  The technology is variously 

abbreviated as UV-C (with the suffix indicating the wavelength band, 200 to 280 nm), UVGI (ultraviolet 

germicidal irradiation), and GUV (Germicidal Ultraviolet).  The typical sources are low-pressure mercury 

vapor lamps.  Inactivation/kill rates depend on several variables including the specific microbial 
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contaminant, UV-C intensity, exposure/dwell time, air movement and patterns, temperature, and relative 

humidity.   

Per the ASHRAE Handbook Applications Chapter 62, in commercial HVAC systems, a common UV-C 

application is to irradiate wet downstream cooling coil and drain pan surfaces to reduce or eliminate 

fungal amplification.  This application has been shown to be effective where coils are wet for long periods, 

but there is little value in California due to the mild, dry climate where coils can be dry for days, effectively 

minimizing the potential for microbial growth.  Furthermore, the effectiveness of UV-C at inactivating 

airborne microorganisms such as SARS-CoV2 is limited because exposure time is on the order of seconds 

or fractions of seconds because of the rapid movement of air through the air handler.  To have a high 

one-pass efficiency, the intensity of the UV-C lamps would have to be very high, particularly if 

downstream of the coil where cold air temperatures reduce UV-C lamp efficiency, resulting in high first 

costs and energy costs.  UV-C can also degrade materials such as filter media (especially synthetic media), 

pipe insulation, and wiring jackets.  Hence, we do not recommend UV-C systems mounted in ducts or air 

handlers; improved filtration, discussed above, is more practical and less expensive because filter housings 

are already in place and media is usually readily replaceable.  Our calculations indicate UV-C also will use 

more energy than the increased fan energy typically caused by increasing filter efficiency especially on 

VAV systems where filter pressure drop falls substantially at part load while UV-C power is constant.   

The Illuminating Engineering Society (IES) in their Germicidal Ultraviolet (GUV) FAQ report states that the 

most effective UV-C application for disease control is irradiation at the room level, commonly called 

upper-room or upper-air UV-C.  While duct and air handler UV-C applications can mitigate recirculated 

SARS-CoV-2, they do nothing to reduce in-room concentrations.  Upper-room UV-C can.  It has been 

used for many years to control exposures to tuberculosis; WHO and the Centers for Disease Control and 

Prevention (CDC) have approved UV-C for this application.  Upper-room UV-C lamps are wall-mounted 

high in the room with UV-C is directed horizontally across the upper level of the room, called the 

disinfection zone.  They can also be mounted on light shelves distributed around the room with lamps 

hidden by the shelf to avoid direct eye contact, which can cause eye irritation after a few hours of 

exposure.   

For non-healthcare buildings, ASHRAE’s Position Document on Infectious Aerosols recommends 

consideration of all three UV-C applications for “in high-density spaces such as waiting rooms, prisons, 

and shelters,” presumably because these spaces are more likely to be inhabited by infected people due to 

limited control over who occupies the space.  As noted above, we believe only upper-room UV-C would 

be effective at reducing COVID-19 transmission.  In typical office buildings, only “waiting rooms” fall into 

this scope.   

There has been evidence of virus spread by aerosolization from feces when toilets are flushed, but the 

CDC says “There has not been any confirmed report of the virus spreading from feces to a person.”  More 

research would be needed to warrant use of upper-room UV-C in public restrooms.  But adding lids to 

water-closets (toilets) seems like an inexpensive mitigation to be on the safe side!   

https://www.ashrae.org/file%20library/technical%20resources/covid-19/i-p_a19_ch62_uvairandsurfacetreatment.pdf
https://media.ies.org/docs/standards/IES%20CR-2-20-V1a-20200507.pdf
https://www.ashrae.org/file%20library/about/position%20documents/pd_infectiousaerosols_2020.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4692156/
https://www.cdc.gov/coronavirus/2019-ncov/php/water.html
https://www.forbes.com/sites/alexandrasternlicht/2020/04/02/why-you-should-flush-with-the-lid-down-virologist-warns-of-fecal-oral-transmission-of-covid-19/#68d9001c6eb8
https://www.forbes.com/sites/alexandrasternlicht/2020/04/02/why-you-should-flush-with-the-lid-down-virologist-warns-of-fecal-oral-transmission-of-covid-19/#68d9001c6eb8


COVID-19 White Paper  

May 28, 2020 

Page 22 

 

 

What HVAC operational measures can be taken in this time of crisis 

and uncertainty? 

ASHRAE’s Position Document on Infectious Aerosols includes these two additional recommendations 

beyond those discussed above: 

• Disable demand-controlled ventilation 

• Keep systems running longer hours (24/7 if possible) 

To this we would add: 

• Test/recommission ventilation controls 

• Disable zonal fans such as ceiling fans 

Demand controlled ventilation 

Demand-controlled ventilation (DCV) refers to a control system that reduces ventilation rates during 

partial occupancy, usually using CO2 as an indicator of bioeffluent concentration.  Energy standards 

mandate DCV for densely occupied spaces such conference rooms and waiting rooms. Arguably, a 

conference room with few people in it is no different than an office because DCV logic will deliver 

ventilation rates similar to those for offices under these conditions − the DCV logic will have a floor 

ventilation rate similar to that for offices whenever the conference room is occupied by any number of 

people.  Above we argue that office rates should result in acceptable risk, so the same should apply to the 

lightly populated conference rooms.  But perhaps this argument is true only at steady-state conditions.  If 

DCV resulted in low ventilation rates with only a few people in the room, and a group of people including 

an infected person entered, the ventilation rate would not increase until room CO2 concentration rose in 

response.  This time delay is acceptable for bioeffluent control, which is why using CO2 for DCV works, but 

perhaps it can result in temporarily high airborne droplet nuclei concentration.  If virus shedding rates 

were proportional to CO2 emissions, then perhaps not.  But until we know more, we agree that until this 

epidemic is resolved, DCV should be disabled.  This can be readily done by setting all CO2 setpoints to 400 

ppm.  Furthermore, if ventilation rates and VAV box minimums are being reset based on occupancy 

sensor status, e.g. “occupied standby” mode using in ASHRAE Guideline 36 control logic and required by 

ASHRAE Standard 90.1 and Title 24 Energy Standards, this also should be temporarily disabled by 

overriding and locking occupancy sensor status to “occupied”.  (Note that this refers to occupancy sensors 

used for HVAC setpoint reset logic, not to occupancy sensors tied to lighting controls.  So locking these 

points to “occupied” status will not keep the lights on.) 

24/7 operation of ventilation systems 

The recommendation for extended operation of ventilation systems is intended to flush the building of 

any viable airborne droplet nuclei that may be still suspended in the air after occupants leave.  No one 

knows for sure how long droplet nuclei remain both airborne and viable; we found references to several 

minutes, to at least 3 hours (but at much reduced infectious titer), half-life of 2.7 hours, and to as long as 

7.24 hours (although without substantiation).  Does this merit 24/7 operation?  We do not believe so: 

https://www.ashrae.org/file%20library/about/position%20documents/pd_infectiousaerosols_2020.pdf
https://www.techstreet.com/standards/guideline-36-2018-high-performance-sequences-of-operation-for-hvac-systems?product_id=2016214
https://www.ashrae.org/technical-resources/bookstore/standard-90-1
https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-standards
https://www.pnas.org/content/early/2020/05/12/2006874117
https://www.pnas.org/content/early/2020/05/12/2006874117
https://www.nejm.org/doi/full/10.1056/nejmc2004973
https://www.medrxiv.org/content/10.1101/2020.03.09.20033217v1.full.pdf
https://www.medicinenet.com/script/main/art.asp?articlekey=229248
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• Even at the longest projected airborne lifetime we found in the literature to date, the virus should 

be nonviable by the next day, and even if some were not, because infectivity continuously falls, 

the concentration of viable droplet nuclei would be much, much lower than it was when 

occupants occupied the building at the end of the previous day.   

• Even if the virus remains both airborne and viable at the same concentration as it was when 

occupants were there at the end of the day, the concentration can be no worse at the beginning 

of the next day so there is no additional risk.  Airborne virus does not multiply overnight.   

The energy impact of running a system 24/7, roughly double the normal schedule for commercial 

buildings, is significant, especially with constant volume systems where fan energy would literally double.  

To force ventilation systems to operate 24/7, most operators would simply change the occupancy 

schedule to 24/7, which causes not only the ventilation to operate but also occupied thermostat setpoints 

to be maintained, causing heating and cooling systems to also operate 24/7.  For HVAC systems with 

sophisticated digital controls, it is possible to mitigate the energy impact by creating an “unoccupied 

ventilation” mode, where ventilation is maintained while thermostat setpoints are still set back, but the 

programming effort would be significant and therefore unlikely to be implemented.  Systems with simple 

programmable thermostats, the most common HVAC system controller, are generally incapable of 

operating ventilation without also operating heating and cooling with occupied setpoints.   

So the increase in energy use of operating HVAC systems 24/7 will be significant, as will the subsequent 

negative impact on the environment and climate change.  As with the issue of increasing ventilation rates 

above, the benefits with respect to transmission reduction appear to be negligible, while the significant 

increase in energy use is 100% certain.   

Title 24 120.1 (d) 2. ventilation requirements already require that ventilation systems operate 1 hour 

before expected occupancy.  With the information currently available, we believe this is sufficient purging 

even with this new COVID-19 risk. 

Testing/commissioning 

A surprising oversight of the ASHRAE Position Document, also missing from similar guidance from 

ASHRAE’s European counterpart REHVA, is any recommendation about making sure ventilation systems 

and controls are working properly, including outdoor air measurement and controls, proper filter 

installation, etc.  It is common for system performance to degrade over time due to failing equipment or 

controls, and simply incorrect setpoints.  Recommissioning and retrocommissioning have been shown to 

be beneficial in improving energy efficiency and comfort control, and ensuring ventilation systems 

operate as intended, as summarized in this Harvard School of Public Health paper.  If there are questions 

about whether the buildings’ current control sequences are meeting current energy and ventilation codes, 

consider engaging an engineering team to implement ASHRAE Guideline 36 best-in-class control 

sequences, which ensure ventilation code compliance at minimal energy costs.   

Disable zonal fans such as ceiling fans 

The Chinese Restaurant case studied discussed above, and others such as Dbouk et al, show that high 

velocity air currents can make droplets carry longer distances, such as perhaps from one workstation to an 

https://www.rehva.eu/fileadmin/user_upload/REHVA_COVID-19_guidance_document_ver2_20200403_1.pdf
https://www.rehva.eu/fileadmin/user_upload/REHVA_COVID-19_guidance_document_ver2_20200403_1.pdf
https://buildingevidence.forhealth.org/research-summary/building-commissioning/
https://www.techstreet.com/standards/guideline-36-2018-high-performance-sequences-of-operation-for-hvac-systems?product_id=2016214
https://aip.scitation.org/doi/pdf/10.1063/5.0011960?download=true&
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adjacent one that may be outside the “social distancing” range.  Local ceiling or desk fans can create such 

high velocity airflow, although we have seen no studies that implicate zonal fans in amplifying disease 

transmission.  However, if the fans are an optional amenity, it seems prudent to disable them.  If the fans 

are an integral part of the cooling system, they should be enabled only during warm weather to prevent 

high levels of discomfort.   

How does space humidity affect COVID-19 transmission? 

Higher room relative humidity (RH) has been purported to reduce disease transmission in three ways: 

1. By reducing susceptibility of occupants’ due to the impact of dry air on mucous membranes 

2. By reducing desiccation of droplets emitted by infected people so fewer become airborne droplet 

nuclei and more readily transmitted longer distances from the source 

3. By reducing the time the virus survives and remains viable  

Humidity as a factor in disease transmission is not a new theory; it has been debated for years as a 

possible explanation for seasonal diseases such as influenza.  Research has both supported and not 

supported this hypothesis.   

The American Institute of Architects Re-occupancy Assessment Tool and other authorities recommend 

that RH be maintained between 40% and 60%.  The upper limit is not considered a SARS-CoV-2 issue but 

a general requirement to minimize the risk of mold growth on building surfaces.  In buildings with well-

designed air conditioning systems, the upper limit is usually maintained inherently through the normal air 

conditioning process.  But to maintain indoor relative humidity at 40%, or even 30%, in most of the US, 

including California despite the mild climate, requires the use of humidifiers.  Humidifiers are all but 

nonexistent in commercial buildings in California; they are found only in special occupancy types such as 

some areas of hospitals and process applications such as museums and vivariums.  So meeting this 

recommended minimum relative humidity is not as simple as adjusting the humidistat; first a humidistat 

and humidifier would have to be installed.   

Recent research supporting humidification with respect to disease transmission include: 

• One of the most common references by proponents of humidification is to a recent meta-analysis 

by Dietz who suggests that studies of lipid enveloped viruses similar to SARS-CoV-2 indicate 

“relative humidity above 40% is detrimental to the[ir] survival”.   

• Another common reference is to a meta-analysis by Wolkoff summarizing a dozen studies that 

support viruses surviving longer in drier air. 

• Noti et al “found that an hour after being released in a room at a relative humidity of 23% or less, 

70-77% of viral particles retained their infectious capacity, but when humidity was increased to 

about 43%, only 14% of the virus particles were capable of infecting cells.” 

• Reiman et al in an intervention study in a school found 2.3 times as many influenza-like-illness 

cases in the rooms that were not humidified compared to the humidified rooms.  This is one of 

https://www.aia.org/resources/6292441-re-occupancy-assessment-tool
https://msystems.asm.org/content/5/2/e00245-20/figures-only
https://www.sciencedirect.com/science/article/pii/S1438463917306946
https://www.sciencedaily.com/releases/2013/02/130227183456.htm
https://msystems.asm.org/content/5/2/e00245-20/figures-only
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the only recent intervention studies we could find that show use of humidifiers directly correlated 

with reduced cases of disease.   

Some studies found positive health impacts of humidity above ~40%, e.g. Razjouyan et al and Taylor and 

Tasi, but they did not entail the use of humidifiers; indoor humidity simply varied with ambient humidity.  

There are of course many confounding factors that could explain the results.   

To address the varied evidence of both comfort and health impacts of humidification, ASHRAE 

commissioned research project RP-1630 (Derby 2017), which found that while “scientific evidence 

demonstrates that there are some negative impacts of low humidity levels on building occupants,” “there 

was not compelling evidence to set one minimum humidity level for all cases”.  “Anecdotal evidence of 

low humidity effects may be interesting and beneficial for identifying research needs, but published and 

peer-reviewed scientific evidence are required to inform decisions. Experimental designs with sufficiently 

large sample sizes to obtain statistically significant results should be a priority.”  

The evidence apparently has not convinced many experts in the lead engineering societies that benefits of 

humidification are sufficient to outweigh the costs: 

• ASHRAE Standard 62.1 which applies to non-residential buildings has no lower humidity 

requirement at all. 

• ASHRAE Standard 170 requires a minimum of 20% RH for most hospital areas, and 30% to 40% 

for intensive care.  But patient rooms and nursing facilities have no minimum requirements. 

• ASHRAE’s Position Document on Infectious Aerosols recommends: “Maintain temperature and 

humidity as applicable to the infectious aerosol of concern.” and “This position document does 

not make a definitive recommendation on indoor temperature and humidity set points for the 

purpose of controlling infectious aerosol transmission. Practitioners may use the information 

herein to make building design and operation decisions on a case-by-case basis.”   

• REHVA COVID-19 guidance document states: “…coronaviruses are quite resistant to 

environmental changes and are susceptible only for a very high relative humidity above 80% and 

a temperature above 30˚C [86°F], which are not attainable and acceptable in buildings for other 

reasons (e.g. thermal comfort and microbial growth)… SARS-CoV-2 stability (viability) has been 

tested at typical indoor temperature of 21-23℃ [70-73°F] and RH of 65% with very high virus 

stability at this RH. Together with previous evidence on MERS-CoV it is well documented that 

humidification up to 65% may have very limited or no effect on stability of SARSCoV-2 virus. 

Therefore, the evidence does not support that moderate humidity (RH 40-60%) will be beneficial 

in reducing viability of SARS-CoV-2, thus the humidification is NOT a method to reduce the 

viability of SARS-CoV-2. Small droplets under interest (0.5 – 10 micron) will evaporate fast under 

any relative humidity (RH) level.”  These statements were supported by references that can be 

viewed by opening the linked document.   

Humidifier use also has its own negative impacts: 

https://onlinelibrary.wiley.com/doi/full/10.1111/ina.12618
https://www.viethconsulting.com/members/secure/filearchive/file_secure_check.php?fid=90064745&fac=6596035&org_id=ISIA
https://www.viethconsulting.com/members/secure/filearchive/file_secure_check.php?fid=90064745&fac=6596035&org_id=ISIA
https://www.techstreet.com/standards/effects-of-low-humidity-on-health-comfort-and-ieq?product_id=1991597
https://www.ashrae.org/file%20library/about/position%20documents/pd_infectiousaerosols_2020.pdf
https://www.rehva.eu/fileadmin/user_upload/REHVA_COVID-19_guidance_document_ver2_20200403_1.pdf
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• Microbial growth in duct systems and water reservoirs are relatively common due to poorly 

designed or poorly operated humidification systems, common enough to have a fever named 

after them: humidifier fever.  Retrofits can be more prone to moisture problems because there is 

often insufficient space in the duct or air handling system to install the humidifier dispersion tube 

with adequate absorption distance, causing wetness of elements downstream.   

• Humidification in cold weather can cause condensation and subsequent mold growth inside the 

building envelope construction unless they have adequate vapor barriers in the right location with 

respect to insulation.  To minimize that risk, ASHRAE’s Residential Indoor Air Quality Guide 

suggests limiting humidity setpoints based on outdoor air temperature: 

 

In summary, while humidification may provide some benefits to reducing transmission of SARS-CoV-2 and 

COVID-19, the evidence is so far not compelling, as indicated by the lack of recommendations and 

requirements in ASHRAE’s and REHVA’s indoor air quality standards and guides.  We therefore do not 

recommend the installation of humidifiers in commercial buildings in California.   

Recommendations for existing buildings 

Measures that mitigate the comfort and health impacts of airborne contaminants can be broken into 

these broad categories: 

1. Source control 

2. Source removal 

3. Dilution 

Source control refers to reducing the source strength of the contaminant.  Source removal refers to 

measures such as air cleaning that remove those contaminants that are released from the air.  And 

dilution refers to reducing the concentration of the pollutant using ventilation.  They are listed above in 

general order of effectiveness, first cost, and energy cost for most applications.  So, in general, always start 

with source control, followed by source removal, and finally, when necessary, with dilution ventilation.   

This paper has focused on source removal measures, item 2, and dilution, item 3.  Source control has 

largely not been addressed because HVAC systems have no impact on source strength.  But, as noted 

above, source control should be the first step in minimizing disease transmission.  However, this is not our 

area of expertise, so we refer the reader to recommendations from experts such as the CDC’s Guidance for 

Implementing the Opening of America Again Framework (the link is to the original unabridged version; 

the final published version can be found here).  We have incorporated these ideas and those from other 

authorities in our recommendations below, but the assessment of their effectiveness is as indicated by 

others. 

https://medical-dictionary.thefreedictionary.com/humidifier+fever
https://www.techstreet.com/ashrae/standards/residential-indoor-air-quality-guide-best-practices-for-acquisition-design-construction-maintenance-and-operation?product_id=2016212
https://assets.documentcloud.org/documents/6889330/Guidance-for-Opening-Up-America-Again-Framework.pdf
https://assets.documentcloud.org/documents/6889330/Guidance-for-Opening-Up-America-Again-Framework.pdf
https://www.cdc.gov/coronavirus/2019-ncov/downloads/php/CDC-Activities-Initiatives-for-COVID-19-Response.pdf
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The table below summarizes our best interpretation of the evidence for use by our customers who build 

and manage commercial buildings in California.  Measures in green text are those we believe are effective 

at mitigating disease transmission and have a reasonable impact on first costs and energy/environmental 

impact.  Those in red text we believe have minimal benefit that cannot justify their high first costs and/or 

their negative energy/environmental impacts.     

In the discussions above and the table below, we have tried our best to review and interpret all of the 

relevant research and information with respect to the effectiveness of HVAC measures that may mitigate 

COVID-19 transmission, balanced by the cost and energy/environmental impact concerns.  We 

acknowledge others will disagree with our conclusions, so we recommend that building owners and 

operators solicit opinions from other experts to determine the best course of action for their buildings. 

Measure 

Effectiveness in 

Mitigation 

COVID-19 

Transmission 

First Cost Impact 

Energy/ 

Environmental 

Impact 

Maintain social distancing 
 

$$$  
(note 1) 

− 

Frequently wash hands 
 

− − 

Frequently disinfect common area 

and restroom surfaces  

$ − 

Conduct meetings via computer 

video, not in-person  

− − 

Work from home as often as possible   
 

$$  
(note 2) 

− 

Require employees with symptoms or 

diagnosed to stay home  

− − 

Implement flexible paid sick leave 

policies so sick employees stay home  

$$$  
(note 3) 

− 

Require masks be worn at all times 

indoors in areas where more than one 

person can gather 
 

$ − 

Reduce office workstation density and 

install plexiglass guards  

$$$$$ − 

Require and pay for employees to be 

regularly tested  

$$ − 

Install fever warning system thermal 

imaging equipment at public entries  

$$ − 



COVID-19 White Paper  

May 28, 2020 

Page 28 

 

 

Measure 

Effectiveness in 

Mitigation 

COVID-19 

Transmission 

First Cost Impact 

Energy/ 

Environmental 

Impact 

Convert restroom fixtures, doors, and 

toilet seats to be automatic and 

touch-free 
 

$$$$ − 

Install upper-room UV-C in restrooms 
 

$$$ 
 

Install upper-room UV-C in public 

waiting rooms  

$$$ 
 

Install portable HEPA air cleaner in 

elevators  

$ − 

Upgrade to MERV 13 filters 
 

$ 
 

Deactivate demand-controlled 

ventilation and occupied-standby  

$ 
 

Recommission HVAC systems, update 

control sequences  

$$  
(note 4) 

Disable zonal fans such as ceiling fans 

where not essential for thermal 

comfort 
 − − 

Install portable HEPA air cleaner in 

workstations  

$$ 
 

Increase ventilation rates, DOAS 

systems  

$$$$ 
 

Increase zone ventilation rates, VAV 

systems  

$ 
 

Increase AHU outdoor air rates, VAV 

systems  

$ 
 

Operate ventilation systems 24/7 
 

$ 
 

Install UV-C in air handers 
 

$$$ 
 

Add humidification, control to 40%RH  
 

$$$ 
 

Notes: 

1. Cost of social distancing would be indirect in management of employee scheduling to 

minimize density. 

2. Cost increase is for remote office setup and possible productivity reduction. 

3. Paid sick leave may already be required in California. 

4. Energy use is usually reduced when systems are recommissioned and substantially reduced if 

Guideline 36 control sequences are implemented. 

https://www.shouselaw.com/employment/sick-leave.html
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What are HVAC system design considerations for new projects?  

VAV or DOAS? 

The two most prevalent HVAC designs for large commercial buildings are central VAV systems, followed 

by DOAS plus a zonal system, such as VRF fan-coils.  Which is better from a disease transmission 

standpoint? 

Taylor Engineering has a strong preference for VAV systems in the climates we practice in because they 

are cost effective, energy efficient, and provide excellent comfort and indoor air quality control.  This is in 

no small part because of the design and control enhancements we have developed and written about 

over the years; please see the publications tab of our website for 75+ peer reviewed papers we have 

authored, many of which discuss optimizing VAV system performance and design. 

With respect to disease transmission involving aerosols, whether SARS-CoV-2 (assuming the airborne path 

exists) or any other airborne contaminant, here is how VAV and DOAS compare: 

• DOAS uses 100% outdoor air, thus avoiding any concern about recirculating viable aerosols.  But 

recirculation is of no real concern with efficient filtration, as we have demonstrated above, and 

while DOAS systems do not recirculate air, they typically only supply ~1 ACH of outdoor air, at or 

slightly above the code minimum ventilation rate, at all times.   

• VAV systems supply between ~1 ACH and 5 ACH of supply air overall annual average, and zones 

with high loads can see supply air up to 20 ACH.  However, except when the system is operating 

on full economizer, supply air includes both outdoor air and filtered recirculated air.  But if filters 

are MERV 13+, then the risk of viable aerosols being recirculated and causing infection are 

minuscule.  And from a zone ventilation perspective, the higher overall supply air rate of VAV 

systems will provide equal or lower concentrations of pollutants in the space compared to DOAS.  

This conclusion is supported by Mousavi et al.   

• VAV systems with outdoor air economizers provide much higher annual outdoor air rates than 

DOAS systems.  The figure below of a simulation of an Oakland office building shows an annual 

http://www.taylor-engineering.com/articles
https://doi.org/10.1016/j.proeng.2015.08.398
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average outdoor air rate that is 2.5 times the minimum rate and as high as 11 times the minimum 

rate for some zones at times.   

 

It is our opinion, therefore, that VAV systems will provide better indoor air quality and equal or lower risk 

of disease transmission compared to DOAS systems.   

Fewer large AHUs or many small AHUs? 

The more zones a VAV system serves, the more diluted recirculated air will be from zones that do not 

have COVID19 infected persons, the majority of spaces. This dilution further reduces the risk of 

recirculating viable aerosols at a concentration that can cause infection.  So very large air handling 

systems should provide better performance with respect to airborne disease transmission than smaller air 

handlers.  Taylor Engineering has pioneered the design of “Mega-AHUs” including the design of AHUs 

sized for 240,000 cfm, 440,000 cfm and 500,000 cfm.  As the linked article shows, these systems are much 

less expensive and more energy efficient.  To those advantages, we add that they are safer with respect to 

disease transmission.   

 

http://www.taylor-engineering.com/Websites/taylorengineering/articles/ASHRAE_Journal_-_Designing_Mega_AHUs.pdf
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