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INTRODUCTION 
This white paper is intended to provide 
guidance for owners of commercial 
buildings, including K-12 schools, higher 
education campuses, and office buildings, 
to consider while returning to occupancy 
during the COVID-19 pandemic. The 
recommendations contained herein are not 
intended for healthcare facilities with large 
numbers of infected patients or long-term 
care facilities with elderly and particularly                        
vulnerable populations.

The recommendations presented represent 
LAN’s opinions given the extent of scientific 
research and recommendations of health and 
professional organizations such as the Centers 
for Disease Control and Prevention (CDC), the 
World Health Organization (WHO), American 
Society of Heating, Refrigeration, and Air 
Conditioning Engineers (ASHRAE), and others 
that we have reviewed to date. As new 
discoveries are made relating to COVID-19, this 
document may require revision in the future.

It should be noted that we do not necessarily 
agree with all of the published guidance 
that we have reviewed regarding making 
modifications to existing building systems and 
their operations. We acknowledge that it is 
difficult to give general guidance that will be 

applicable to all facilities and systems. We 
have attempted to clarify what we believe to 
be misconceptions in some cases regarding 
transmission of SARS-CoV-2 (the virus that 
causes COVID-19) and the effectiveness of 
certain technologies in mitigating transmission 
of this and other viruses.

SARS-CoV-2 TRANSMISSION
Research has shown that transmission of 
SARS-CoV-2 most often occurs through the air 
via respiratory droplets sized >5-10 microns 
in diameter.1 This transmission occurs when 
a person comes into close contact within 
three to six feet of an infected individual 
who releases respiratory droplets into the 
air by coughing, sneezing, talking, shouting, 
singing, laughing, etc. These respiratory 
droplets can contain the virus and may result 
in infection if they reach the mouth, nose, or 
eyes of a susceptible person. The reason why 
transmission in this manner occurs within 
close contact situations is that these larger 
droplets mostly fall out of the air within three 
to six feet. It is also suspected that direct 
contact with an infected person’s saliva, for 

example through kissing, can transmit the virus 
from person to person.

The second mode of SARS-CoV-2 
transmission can occur when respiratory 
droplets from infected individuals land on 
and contaminate objects and other surfaces. 
These contaminated surfaces are referred to 
as fomites. Studies have concluded that this 
virus can remain viable on surfaces for periods 
ranging from hours to days depending on the 
type of surface and environmental factors such 
as temperature and humidity levels.2,3 Fomite 
transmission of SARS-CoV-2 may occur when a 
susceptible person touches objects or surfaces 
contaminated with virus and then touches his/
her mouth, nose, or eyes, or those of  
another person.

The third possible mode of transmission of 
SARS-CoV-2 is airborne transmission from 
smaller droplet nuclei, referred to as aerosols, 
that remain infectious when suspended in air 
for greater distances and over longer time 
periods. Aerosols generally have diameters 
equal to or less than five microns. There have 

Most of the discussion in this paper will 
be related to Heating, Ventilation, and 
Air Conditioning (HVAC) systems. 
It is intended to provide guidance to 
owners who have various concerns such 
as reopening their facilities safely, costs 
associated with modifying and operating 
their buildings during the current 
pandemic, and planning for future design 
and construction projects.
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been several studies and many more are still 
being conducted to determine the risks of 
airborne transmission of this virus, but the 
current consensus is that short-range aerosol 
transmission of SARS-CoV-2 is possible and 
most likely to occur when a susceptible person 
inhales aerosols containing the virus long 
enough to be exposed to a sufficient quantity 
of the virus to cause infection.4,5,6 

It should be noted that these studies were 
unable to conclude to what extent droplet 
transmission through the air and fomite 
transmission may have factored into the 
spreading in these situations. The Guangzhou 
restaurant and South Korea call center studies 
seem to suggest that long-range aerosol 
transmission did not occur in these cases.

There have been studies showing that it 
may be possible for SARS-CoV-2 to become 
aerosolized when flushing toilets, potentially 
leading to fecal-oral transmission.10,11 Although 
it may be possible to detect SARS-CoV-2 in air 
samples from an infected person’s feces after 
flushing a toilet, it has not been determined if 
these aerosols contain enough of the virus to 
cause infection.

It is currently accepted that for any of the 
possible transmission modes, it is likely 
possible for an infected person to transmit 

the virus whether they are symptomatic, 
pre-symptomatic, or asymptomatic. The role 
of asymptomatic transmission in community 
spreading of the virus is difficult to study, 
although case studies have shown that 
infected people that show no symptoms can 
transmit the virus.12 It has also been shown 
that infected people can transmit the virus to 
others before having symptoms themselves.13

ISOLATION OF INFECTED PEOPLE
We recommend office building owners to 
develop a COVID-19 workplace health and 
safety plan that follows CDC guidance. 
Since the best way to prevent SARS-CoV-2 
transmission inside a building is to prevent 
infected people from entering, we encourage 
occupants who may have been in close contact 
with others exposed to COVID-19 to self-screen 
and check for symptoms.

The CDC also has published guidance that 
we recommend following for operating K-12 
school and universities. Special attention 
should be given to make nurse offices in K-12 
schools and university student health centers 
safe environments for staff, people infected 
or exhibiting symptoms of COVID-19, and 
others seeking medical attention not related 
to COVID-19. Following ASHRAE guidance, we 
recommend performing a risk assessment to 
determine an appropriate number of isolation 
rooms for a particular school or campus. 
Isolation rooms should be designed as close 

to the requirements of ASHRAE Standard 170 
for airborne infection isolation (AII) rooms 
as possible. These requirements include 
maintaining negative pressure, providing two 
outdoor air changes and 12 total air changes 
per hour, and exhausting all air directly to the 
outdoors without recirculating isolation room 
air to other spaces. If 12 air changes cannot be 
provided, ASHRAE Standard 170 permits using 
supplemental recirculating devices equipped 
with HEPA filters to provide equivalent air 
changes for isolation rooms as long as two 
outside air changes are still being provided.

HVAC SYSTEMS
Most facilities that we will consider in this 
paper for schools and offices are served by 
large central air handling units (AHUs) with 
air supplied to ceiling supply diffusers. These 
systems provide ventilation, heating, cooling, 
and dehumidification as required for each 
space. We will also discuss concerns with local 
recirculating systems such as fan coil units 
coupled with dedicated outside air systems 
(DOAS). For this paper, we will assume that 
facilities are currently providing ventilation 
sufficient to satisfy the requirements of the 
latest version of ASHRAE Standard 62.1. We 
recommend facilities that lack mechanical 
ventilation or have insufficient ventilation to 
meet the ASHRAE Standard 62.1 minimum 
requirements to consider modernization 
projects. This will not only help mitigate 
transmission of airborne viruses, but also 
provide a level of indoor air quality (IAQ) 
sufficient to enable building occupants to 
be more productive. Filtration also plays an 
important role in providing improved IAQ 
and will be discussed. Several studies have 
shown that improved IAQ not only increases 
occupant productivity, but also improves 
occupant comfort and decreases absenteeism 
due to illness.14,15 This results in better learning 
environments for students coupled with 
improved attendance for students and faculty, 

Studies of a poorly ventilated restaurant 
in Guangzhou, China,7 a poorly ventilated 
Starbucks in South Korea,8 and a 
crowded call center in South Korea9 

showed patterns of infection indicating 
that short-range aerosol transmission is 
possible over longer exposure times.
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which in turn leads to improved standardized 
testing scores for schools. Several states 
such as Texas and California also allocate 
funding to public schools based on attendance 
records. In office environments, improved 
work productivity paired with less sick days 
have been shown to increase productivity per 
employee as well as offer the potential for 
increased employee retention.16,17

Air can exit a room either through return 
registers and exhaust grilles or exfiltrate to the 
exterior since the interior is most often 
maintained at a positive pressure with respect 
to the exterior. Ceiling return registers and 
ceiling exhaust grilles will not be effective in 
removing respiratory droplets containing 
SARS-CoV-2 from a space since these droplets 
are too large and heavy to reach the ceiling 
registers or exhaust grilles. Most virus particles 
are believed to be contained in these larger 
droplets due to their size. Commercial HVAC 
systems with overhead return registers and 
exhaust grilles can only be effective at diluting 
smaller aerosolized virus particles within                  
a space.

It should be noted that increased airflow rates 
will not be effective in reducing transmission 
from respiratory droplets. These larger droplets 
can be transmitted directly in the air within 
six feet or less of the source and indirectly 
from fomite transmission where these droplets 
attach to surfaces and retain viable virus 
particles for some time. For these reasons, 
we strongly advocate the CDC’s guidance to 
maintain at least six feet of social distancing 
in any crowded environment and to wear a 
mask whenever possible. These preventative 
measures along with frequent surface cleaning, 
disinfection, and frequent hand washing of 
occupants appear to be the best way to reduce 
transmission of the SARS-CoV-2 virus.

Starting in early May 2020, ASHRAE and 
other organizations published recommended 
guidance for reopening of schools and 
returning to workplaces. Schools and offices 
in the United States largely shut down on-site 
operations to slow the spread of SARS-CoV-2 
after initial outbreaks in different parts of the 
country. As this happened, increased attention 
was put on healthcare facilities that had to 
prepare quickly to care for large numbers of 
patients infected with COVID-19. It appeared 
that a lot of the initial guidance published for 
returning to schools and offices attempted to 

borrow some principles of healthcare facility 
design mixed in with other recommendations 
that might not hurt, but also most likely offer 
little to no significant benefits in reducing virus 
transmission. We stress the importance of 
performing risk assessments for all occupied 
spaces within facilities and implementing 
changes that can have their effectiveness 
validated.

In addition, many of the recommendations for 
making buildings safer at this time also have 
significant increased energy use implications. 
We advocate implementing changes to 
operation and control of HVAC systems that 
will make indoor environments safer for 
building occupants as the primary objective at 
this point and recommend that energy use be 
a secondary consideration. In many cases, this 
will require facilities to operate in a way that 
will not meet the requirements of local energy 
codes. We encourage facilities that are making 
changes to implement them in a way that can 
be set in a building management system (BMS) 
and rolled back to normal operating conditions 
after transmission of SARS-CoV-2 is no longer 
a concern. It is important to note that although 
this paper provides general guidance relating 
to the systems we most often see on projects 
with our clients, each facility is unique and 

Since studies have shown that there is 
some possibility of short-range aerosol 
transmission of SARS-CoV-2, particularly 
when exposed for extended periods 
of time in crowded environments, we 
recommend increasing airflow rates, 
if possible, to all densely occupied 
spaces where occupants are confined 
in close proximity. These spaces and 
activities include classrooms, lecture 
halls, auditoriums, gymnasiums, 
cafeterias, restaurants, fitness classes, 
church congregations, choir practices, etc.

We advocate implementing changes to operation and control 
of HVAC systems that will make indoor environments safer for 
building occupants as the primary objective at this point and 
recommend that energy use be a secondary consideration. 
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should be assessed by competent professionals 
to make appropriate recommendations on a 
case-by-case basis.

FILTRATION
As previously discussed, respiratory droplets 
will not be captured by overhead return air 
systems and thus not reach filters in the 
supply air system. Only aerosolized virus 
particles have the potential to be captured 
in these return airstreams. There is no 
evidence to indicate that replacing filters with 
higher efficiency filter media in large central 
system AHUs has any effect in mitigating 
transmission of SARS-CoV-2 or other viruses 
such as measles that are believed to be much 
easier to transmit via aerosols. No research 
that we have reviewed has suggested that 
SARS-CoV-2 is transmittable via aerosols to 
the extent that the aerosols could be captured 
from a contaminated air mass in a particular 
building space, returned to a central system, 
diluted with much larger quantities of return 
air and outside air, and then recirculated 
throughout a building in a new supply 
airstream in concentrations sufficient to 
infect other building occupants. If this was 
occurring, then we would most likely be seeing 
very different patterns of infection and much                                
larger outbreaks.

We recommend providing levels of filtration 
adequate to provide good IAQ in commercial 
buildings. Our standard for commercial 
buildings prior to the current pandemic was 
to provide two-inch MERV 8 pre-filters and 
12-inch MERV 14 final filters in central AHUs 
and do not believe this will immediately 
change as a result of the current pandemic. We 
recommend MERV 13 filtration at a minimum 
for the supply air serving most commercial 
buildings. Filtration for airborne viruses is 
more critical when large amounts of air is 
recirculated within a particular space or small 
zone via local fan coil units, blower coil units, 

evaporator coils in a variable refrigerant 
flow (VRF) system, active chilled beams, etc. 
These units often are supplied with near 
code-minimum quantities of outside air from 
a DOAS with most of the air supplied to the 
space recirculated from within that same 
space. Although these system configurations 
offer potential energy savings from less reheat 
required when performing simultaneous 
heating and cooling or heat transfer as in a 
VRF system, there is far less dilution from 
uncontaminated spaces in the return air 
makeup compared to larger central systems. 
At this time, it is much more critical that these 
local units be equipped with at least MERV 
13 filters, if possible. We will later compare 
variable air volume (VAV) systems and DOAS 
and discuss some potential advantages and 
disadvantages of each.

Installing higher efficiency filters will increase 
the pressure drop across the AHU filter bank. 
Central AHUs are generally selected with some 
degree of conservativeness that will allow 
replacing lower efficiency filters with MERV 
13 or higher filters. A testing and balancing 
contractor should measure supply fan suction 
pressure at the fan inlet and take traverse 
readings at the AHU supply air outlets to verify 
supply airflow and external static pressure 
before filters are replaced. The pressure drop 
across the existing filter bank should also be 
taken to determine the relative dirtiness of the 
existing filters to account for the additional 
static pressure that will be needed for higher 
efficiency filters. The fan performance data 
can then be evaluated to determine whether 
the existing supply fans can accommodate 
higher efficiency filters without reducing supply 
airflow rates. We do not recommend installing 
higher efficiency filters if the system cannot 
maintain design supply airflow rates since less 
dilution of potentially contaminated spaces       
will occur. 

COMPARISON OF DOAS AND  
VAV SYSTEMS
As previously mentioned, DOAS typically 
supply near code-minimum quantities of 
outside air to local fan coil units, blower coil 
units, evaporator coils in a variable refrigerant 
flow (VRF) system, active chilled beams, 
etc. where this outside air is mixed with 
recirculated air from the space, conditioned, 
and then supplied to the space it is serving. 
DOAS have smaller supply air distribution 
ductwork since only outside air is distributed 
compared to the full supply airflow from 
central AHUs located in dedicated mechanical 
equipment rooms. Since DOAS supply 100 
percent outside air, relief air from each space 
is exhausted to the building exterior and thus 
cannot recirculate to other areas of the building 
via ductwork and mechanical ventilation 
systems. DOAS often have enthalpy recovery 
wheels between the outside air and relief 
airstreams and some leakage between the 
airstreams can occur depending on the supply 
and relief fan arrangement. However, we do 
not consider carryover leakage significant 
to transmit viable virus aerosols from 
contaminated relief air to incoming outside 
air in concentrations sufficient to infect a 
susceptible building occupant.

As we previously discussed, case 
studies have shown that SARS-CoV-2 is 
transmitted in crowded indoor spaces 
where occupants are in close proximity 
for durations of about one to two hours 
with poor ventilation. We believe that 
increased dilution from removing a greater 
portion of a potentially contaminated air 
mass from a space will be more effective 
than installing higher efficiency filters in 
central AHUs.
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VAV systems generally consist of larger central 
AHUs supplying conditioned air to multiple 
zone VAV boxes. These systems supply outside 
air sufficient to at least meet ASHRAE 62.1 
requirements with return air from all zones 
mixed and recirculated at the central AHUs. 
VAV systems can operate in economizer mode 
to provide up to 100 percent total supply air 
as outside air. AHUs must have sufficiently 
sized outside air and relief air dampers to 
accommodate full economizer operation. For 
indoor AHUs, outside air intake and relief air 
louvers and plenums must also be sized to 
allow full economizer operation. AHUs often 
have separate minimum outside air dampers 
and economizer outside air dampers. Airflow 
measuring stations should be provided 
for all AHU outside air intakes to ensure 
that the minimum required outside air is               
always provided.

Both all-air VAV systems and DOAS have 
advantages and disadvantages that need to be 

evaluated for each new project. Either system 
can provide excellent thermal comfort, indoor 
air quality, and energy efficiency. As discussed, 
VAV systems can provide 100 percent of the 
supply air as outdoor air when operating 
in full economizer mode. VAV systems can 
provide chilled water to central AHUs at high 
temperature deltas without having to distribute 
cold water to local zone units. DOAS can utilize 
energy recovery and has smaller ductwork to 
distribute only the outdoor air to local zones. 
DOAS can utilize desiccant dehumidification 
effectively and in some cases an active 
desiccant wheel can have the regeneration 
airstream heated from a waste heat source.

HUMIDITY
Research from the engineering as well as 
the medical communities has shown that 
maintaining indoor relative humidity levels 
in the 40-60 percent range prevents building 
occupants from becoming more easily infected 
from airborne contaminants, including viruses.18 

Dry air causes the mucous membranes in the 
nose to become drier and thus more permeable 
for viruses to enter through the nose. 

Airborne respiratory droplets containing viruses 
float in the air for a longer time period in drier 
air since the droplets contain less moisture and 
are thus lighter. Airborne droplets containing 
more moisture will be heavier and fall out of 
the air quicker.

Maintaining humidity levels above 40 
percent increases the ability of the 
mucous membranes to absorb virus 
particles and offers more ability to prevent 
viral infections. Studies have shown 
that the human immune system is more 
effective at capturing, removing, and 
fighting infections when humidity levels 
are between 40 and 60 percent.19,20

SUMMARY OF VAV AND DOAS OPTIONS

VAV with Hot Water Reheat DOAS with Chilled Water Cooling DOAS with Dry Active Desiccant Dehumidification

A
dv

an
ta

ge
s

• Centralized chilled water in AHUs

• Can operate with large chilled 
water temperature differential

• Simple and conventional operation

• Can operate in up to 100% 
economizer mode

• Smaller AHUs and duct 
distribution

• Central energy recovery available

• Simple and conventional operation

• Reduced size of central system 
from providing air for ventilation 
and dehumidification

• Further reduction in size of central system from 
providing drier air

• Central energy recovery available

• Reduced room design dewpoint temperatures allow 
for colder chilled water to be delivered to local cooling 
units

• Can supply higher chilled water temperature to local 
cooling units

• Ability to maintain or improve occupant comfort with 
higher space temperature due to reduced relative 
humidity

• Desiccant regeneration can utilize a waste heat source 
if available

D
is

ad
va

nt
ag

es

• Larger AHUS, vertical shafts 
for ducts, and horizontal duct 
distribution

• Low chilled water supply 
temperature required

• Not suitable for energy recovery

• Reheat energy required

• Low chilled water supply 
temperature required

• Limited dehumidification 
capability

• Reheat energy required

• Additional AHU components lead to increased 
operating and maintenance complexity
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Studies of patients in healthcare facilities have 
shown that hospitals that maintain relative 
humidity levels between 40 and 60 percent in 
all patient areas including patient rooms have 
lower levels of hospital acquired infections 
(HAIs).21 The increased costs of maintaining 
relative humidity in hospitals at a minimum 
of 40 percent, which is above the minimum 
required relative humidity for almost all 
healthcare occupancies governed by ASHRAE 
Standard 170, is negligible in comparison to 
the increased costs associated with HAIs for 
hospitals. It should be noted that patients in 
hospitals are more likely to have compromised 
immune systems due to being currently 
infected with disease, having pre-existing 
medical conditions, being elderly, etc. Studies 
so far have not shown that SARS-CoV-2 
becomes significantly less viable at humidity 
levels below 60 percent.22 Relative humidity 
in buildings should not exceed 60 percent as 
it can cause mold and microbial growth inside 
the building. 

Most commercial buildings, including schools 
and offices, do not have humidification 
systems. Installing humidification systems 
in commercial buildings will increase the 
operating costs associated with HVAC 
systems. Colder and drier climates require 
more humidification to be provided by building 

systems compared to hot and humid climates 
to maintain relative humidity above 40 percent 
year-round. We recommend commercial 
buildings that are designed for humidification 
to be humidified with steam directly injected 
into the supply airstream either within AHUs 
or supply air ductwork. We caution against 
using adiabatic humidifiers for increasing 
indoor humidity levels. Humidification systems 
will add more maintenance requirements for a 
facility. A steam source needs to be available, 
which can include on-site steam generation, 
utility-supplied steam, or a campus district 
steam system. We agree that maintaining 
year-round humidity levels above 40 percent 
can improve indoor environmental quality 
(IEQ) and some studies have concluded that 
this could also potentially reduce the spread 
of influenza during flu season.23,24 It must be 
noted that steam-generating boilers may have 
chemical water treatment systems for the 
boiler feedwater consisting of neutralizing 
amines that can cause eye and skin irritations 
as well as upper respiratory discomfort. The 
Food and Drug Administration (FDA) has 
established limits for maximum amine levels in 
steam used for food production and packaging. 
ASHRAE Standard 170 requires steam used 
for humidification in healthcare facilities 
to meet the FDA requirements. Although 
ASHRAE Standard 62.1 does not address 
the amines typically used in steam systems, 
our recommendation is to follow the FDA 
requirements when providing humidification 
for commercial buildings as well. If a 
building currently has a steam generation 
system for heating or other process loads, an 
unfired steam generator can be provided to 
produce clean steam acceptable for building 
humidification. New installations can utilize 
boilers that can produce clean steam for building 
humidification without any chemical water 
treatment and instead utilize water softeners, 
carbon filters, chlorine absorption, etc.

INCREASING OUTSIDE AIR
Guidance from ASHRAE and others recommend 
increasing outside air to provide more dilution 
and reduce recirculation of SARS-CoV-2 
aerosols. As we stated before, for most 
systems, increasing the outside air alone will 
have little to no meaningful effect in diluting 
a contaminated air mass in a particular space. 
Each supply air system should be evaluated 
based on its overall size, the number of zones 
served, the occupancy of the individual zones, 
etc. For larger central AHUs, there should be 
enough dilution occurring from uncontaminated 
spaces to dilute a contaminated space 
whether it is accomplished from outside air or 
uncontaminated return air from other spaces. 
For these larger systems, we do not see a need 
to increase outside air above code-minimum 
levels if it will result in consuming more 
energy to condition the additional outside air. 
We advocate providing additional outside air 
beyond code-minimum requirements in some 
cases to improve IAQ, but not to mitigate 
SARS-CoV-2 transmission for larger systems.
If a system is capable of economizer operation, 
then economizer mode should take place as 
normal if the outside air enthalpy is less than 
the mixed air enthalpy. We recommend setting 
VAV boxes to design maximum airflow rates 
for any occupied spaces, if possible. This 
will be effective in providing faster dilution 
for a contaminated space, but the feasibility 
of doing this needs to be evaluated for each 
system. For example, systems that have an 
occupant diversity factor or are designed based 
on the total block load could result in the total 
maximum design airflow rates for all VAV 
boxes being greater than the maximum supply 
airflow of the AHU. Such systems may not be 
able to supply the maximum design airflow to 
all occupied spaces. Spaces and zones served 
by VAV systems without reheat may also be 
overcooled if boxes are set to maximum design 
airflow rates and the space loads are relatively 
low. Again, each system must be assessed 

Given the research we have reviewed 
to date regarding SARS-CoV-2 and its 
viability at different humidity levels, 
we are not recommending commercial 
buildings, including schools and offices, to 
install humidification systems to mitigate 
the transmission of this virus inside a 
building.
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on an individual basis to determine the best 
way to operate at this time to provide a safer 
environment.

For smaller systems such as a rooftop unit 
serving one or two classrooms, we would 
recommend increasing the outside air as 
much as possible if room temperature and 
humidity setpoints can be maintained even if 
it consumes more energy. As stated earlier, 
building occupant safety should take priority 
over energy consumption while transmission 
of SARS-CoV-2 remains a concern. We do not 
recommend increasing outside air in situations 
where it would result in temperatures beyond 
design setpoints. This could cause thermal 
stress for occupants which can reduce a 
susceptible person’s resistance to viral 
infections.25,26 Humidity should not surpass 
60 percent as this could lead to mold and 
microbial growth inside a building.
For DOAS, we recommend providing maximum 
outside airflow to all local zone units if 
possible. This will provide the greatest 
opportunity to remove any potentially 
contaminated air mass from a space. As 
discussed earlier, DOAS are designed to 
only provide near code-minimum quantities 
of outside air required for ventilation with 
recirculated air from the room mixed in and 
conditioned at local units to heat or cool a 
space. Therefore, increasing outside air in 
these systems is typically not feasible.
Some published guidance has recommended 
disabling demand control ventilation (DCV) for 
all spaces at this time.27,28 We have already 
stated that for any occupied spaces, we 
recommend supplying as much air as possible 
through diffusers to a space to dilute more 
virus aerosols within a contaminated space. 
We do not agree that oversupplying 
unoccupied spaces is beneficial in mitigating 
SARS-CoV-2 transmission. At this time, we 
would recommend setting carbon dioxide (CO2) 
setpoints for individual spaces to 900 parts per 
million (ppm) which is 500 ppm above the 

typical outdoor ambient of about 400 ppm. This 
exceeds typical CO2 setpoints of 1000 ppm.  
If multiple spaces share a common CO2 sensor, 
we recommend that these CO2 sensors be set 
to 800 ppm at this time and extra care be taken 
to ensure that all occupied spaces are 
adequately ventilated. 

We have not discussed natural ventilation in 
this paper. Opening operable windows could 
provide benefits associated with increased 
ventilation and contaminant dilution if 
temperature and humidity can be maintained 
at appropriate levels within a space. We still 
recommend operating mechanical ventilation 
systems to provide the highest airflows 
possible. Some attention might be warranted 
to consider the changes in airflow patterns 
associated with combining mechanical and 
natural ventilation within a space.

ULTRAVIOLET GERMICIDAL IRRADIATION
The use of ultraviolet germicidal irradiation 
(UVGI) in commercial buildings such as 
schools and offices has traditionally been 
limited to applications inside AHUs. Low-
pressure mercury lamps that emit short-wave 
ultraviolet (UVC) rays are generally located 
immediately downstream of cooling coils in 
AHUs to prevent mold and microbial growth 
from occurring on cooling coils and drain pans. 
These lamps are beneficial for any cooling 
coils performing latent cooling that will result 
in condensation and thus moisture on cooling 
coil and drain pan surfaces. The intensity of 
the UVC rays emitted from these lamps is 

not sufficient to kill viral aerosols in a moving 
airstream given the short exposure time as 
the supply airstream moves through an AHU 
at design velocities between 400 and 500 feet 
per minute. Installing UVC lamps in AHUs or 
in supply ductwork downstream of AHUs with 
intensities sufficient to kill virus aerosols in a 
moving airstream would be more expensive 
and energy-intensive with no proven benefit at 
reducing transmission of aerosolized viruses. 
Airstream disinfection UVC lamps typically 
consume about four times the energy compared 
to UVC lamps used to disinfect cooling coil 
and drain pan surfaces. Since large respiratory 
droplets will not be captured by ceiling return 
registers, they will not be returned to an AHU 
from a return airstream and recirculated in 
a new supply airstream. Since there is no 
evidence to support that viable concentrations 
of viral particles can be recirculated through 
central AHUs and later cause infection, we 
do not recommend installing UVC lamps for 
airstream disinfection in AHUs or the supply 
air ductwork downstream of AHUs as a way to 
mitigate SARS-CoV-2 transmission.

These devices can only be used when a space 
is unoccupied. For facilities that are unoccupied 
overnight, it is unlikely that virus aerosols in 
room air will be viable at concentrations high 

We also recommend spaces such as 
classrooms have visible CO2 monitors to 
reassure teachers and students that CO2  

levels conducive to learning and good IAQ 
are being provided.

CO2

Portable whole-room UVC devices can 
be used to sanitize and disinfect both 
surfaces and air with concentrated high-
energy UVC lamps and can be particularly 
effective for classrooms, conference 
rooms, etc., that tend to have larger 
numbers of transient occupants touching 
common surfaces. We recommend these 
devices be considered primarily for 
surface disinfection.

UV
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enough to transmit SARS-CoV-2 the following 
day. The time for adequate disinfection of 
surfaces generally ranges from 15 to 60 
minutes depending on the size of the room, 
intensity of the UVC lamps, number of lamps, 
furniture arrangement, etc. We suggest 
planning for at least 30-45 minute cycles for 
each space. We recommend portable whole-
room UVC for room sanitation and disinfection 
over using chemicals due to the greater effect 
chemicals can have on IAQ.

The third application of UVC lamps to consider 
is upper-room UVC lamps. These lamps are 
typically either installed on walls or suspended 
from the ceilings in a space. The bases of 
these lamps are fitted with light shields to 
minimize direct exposure to occupants.  We 
recommend following published guidance 
from the Department of Health and Human 
Services (HHS), CDC, and the National 
Institute for Occupational Safety and Health 
(NIOSH) in relation to upper-room UVC as this 
has traditionally been applied in healthcare 
settings to protect workers from patients 
with undiagnosed cases of tuberculosis.29 For 
upper-room UVC to be effective in mitigating 
the transmission of SARS-CoV-2 and other 
viruses, airflow patterns in a space should be 
considered as these lamps only treat air in the 
upper portion of the space. Adequate air mixing 
is required to treat contaminated air in the 
upper portion of a space and then mix it with 
air in the breathing zone to effectively dilute 
the contaminated air mass. We recommend 
upper-room UVC be considered in conjunction 
with and not as a substitution for increased 
airflow to a space as research at this point 
has shown that the dilution provided by faster 
air changes to a space is considered to be 
more effective than upper-room UVC for this 
virus.30 The effectiveness of the UVC lamps 
will be higher at lower room airflow rates 
because more contaminants are removed 
by the mechanical ventilation system with 

higher airflow rates and thus concentrations 
of viral particles will be lower and exposure 
times will be decreased. Studies have shown 
that upper-room UVC can potentially offer 
incremental benefits to the dilution provided 
by mechanical ventilation systems under most 
conditions.31 Given the costs associated with 
installing and operating these devices across 
a facility or campus when compared to the 
apparent marginal benefits, our opinion is that 
upper-room UVC lamps do not warrant serious 
consideration at this time.

PORTABLE AIR CLEANERS
Portable air cleaners equipped with 
HEPA filters have some ability to remove 
contaminants in the air that could include 
particles with SARS-CoV-2. We do not 
recommend portable air cleaners to be used 
as a replacement for mechanical ventilation 
systems. Additional noise will be added to 
the occupied space that may make them 
difficult to place in both classroom and 
office environments. If used, the placement 
of portable air cleaners should be carefully 
considered to account for the impact they will 
have on existing airflow patterns in the space. 
It is possible to create a situation where a path 
of contaminated air containing SARS-CoV-2 
particles could be inadvertently directed to 
flow towards occupants within a space. This 
could subject them to a higher dose of viral 
particles even if the overall mass of viral 
particles is reduced by using these devices. We 
currently are not recommending using portable 
air cleaners for most situations, although 
they can be useful in special applications. 
We recommend ceiling mounted recirculating 
air cleaners equipped with HEPA filters over 
portable air cleaners at the floor level due 
to reduced noise levels and better airflow 
patterns. We do not recommend ozone-
generating air cleaners as these could have a 
negative effect on IAQ and occupant health.

CONTROLS
We recommend facilities review their HVAC 
system operations and controls along with 
BMS data to ensure that systems are operating 
as intended. Emphasis should be placed on 
outdoor air monitoring to ensure that airflow 
measuring stations are providing accurate 
readouts to provide the required and intended 
quantities of outdoor air. We also recommend 
performing testing and balancing of supply air 
outlets to ensure that the code minimum 
required ventilation is provided to all spaces. 
Documenting that systems are operating as 
intended can help prevent liability if an 
outbreak occurs inside a facility and it is 
subsequently determined that the facility’s 
systems did not provide adequate ventilation.  
It should be noted that ventilation for 
commercial buildings, including schools and 
offices, does not necessarily have to be 
provided completely from outside air. The 
ventilation rate procedure (VRP) in ASHRAE 
Standard 62.1 determines the outside air 
required for the critical zone in a multi-zone 
system. As a result, all zones on this system 
will have the same percentage of outside air 
delivered to the space, thus over-ventilating 
every space that does not have the same 
outside air percentage requirement of the 
critical zone. Per the VRP, the design outdoor 
intake airflow required is calculated by dividing 
the uncorrected outdoor air intake flow by the 
system ventilation efficiency.

We encourage facility owners to perform 
retro-commissioning of building systems 
and review their sequence of operations 
for systems and equipment. This includes 
recalibrating sensors, if necessary, and 
implementing modern control sequences 
to operate more efficiently and reduce 
overall energy consumption.
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CONCLUSION
The COVID-19 pandemic has brought a new 
set of concerns for commercial buildings. 
Facility owners need to first assess the 
capabilities of their building systems and 
the potential risks associated with each 
space inside their facilities. By considering 
the building system recommendations 
given within this white paper and the 
recommendations of qualified engineers who 
have performed a risk assessment, owners 
can mitigate the risks associated with SARS-
CoV-2 transmission and increase the safety 
of their occupants.

Matt Lusardi, PE, CEM, 
HFDP, is a senior mechanical 
engineer at Lockwood, 
Andrews & Newnam, Inc. 
(LAN), a national planning, 

engineering, and program management firm. 
Matt can be reached via email at  
MMLusardi@lan-inc.com.
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