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Disclaimer 
This document was created to be used for informational purposes 
only. The purpose of this document is to inform interested parties 
of the modifications and functionalities that an HVAC system has 
in place to improve the quality of air in a building. The information 
within this document shall not constitute any type of solicitation or 
medical advice. While we have made every effort to ensure that 
this document is comprehensive, accurate, and factual, we do not 
accept any responsibility for any omission, error or inaccuracy 
within this document or any action taken based on reliance 
thereon.  

  

2 



 

Introduction 
Diseases like COVID-19, measles, tuberculosis, the common cold, influenza, and more are 
frequently spread through the air. One way these pathogens spread is by moving through the air 
and into the Heating, Ventilation and Air Conditioning (HVAC) system of a building.  

While social distancing and improved hygiene may help to reduce the chance of transmission, 
airborne or aerosol transmission via HVAC systems must be tackled. The good news is that 
airborne transmission rates can be reduced by making improvements to the HVAC system. 

Abstract 
The HVAC system is designed to move air throughout the building. While its primary function is 
to provide comfort to building occupants, certain modifications can be made to help reduce the 
spread of infectious diseases that are transmitted through the air.  

The modifications that can be made to reduce airborne transmission of infectious agents are: 
● Dilution Ventilation 
● Improved Filtration  
● Relative Humidity Modification 
● Remediation Using Ultraviolet Radiation  

By adding these changes to your system, you can effectively reduce the spread of most 
airborne diseases that will result in improved the safety and health of building occupants. 
 
Overview of Infectious Agents 
Infectious agents come in different microorganism forms. A microorganism, also known as a 
microbe, is a microscopic organism usually referring to a bacterium, virus, or fungus. Commonly 
known infectious microorganisms include SARS-CoV-2 (the disease that causes COVID-19), 
influenza, tuberculosis, measles, E. Coli, and staph. Microorganisms also include the many 
fungal spores that can cause respiratory problems in humans. 

These infectious agents have multiple routes of transmission. The ability of an infectious 
disease to transmit itself from an infected individual or animal to another host is called 
cross-transmission or person-to-person transmission. 

Cross transmission can occur in the following ways: 
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Direct Contact - Contact based on touch. This includes transmission modes where an 
individual comes into direct contact with an infected person and either touches them or 
comes into contact with their bodily fluids. HVAC systems have little impact on transmission.  

Indirect Contact - For the purposes of this paper, indirect contact is defined as when an 
uninfected individual comes into contact with an object or substance (like food or water) that 
has come into contact with an infectious agent. As with direct contact, this method of 
transmission is unaffected by HVAC systems. 
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Airborne Exposure - Often included as a form of indirect contact, 
airborne exposure is when an uninfected person is infected by 
cross-transmission by droplets or small particles. A droplet is an 
airborne infectious agent that has a mass median aerodynamic 
diameter (MMAD) of between 2.5 m and 10 m. A small particle 
can be approximately 30 m MMAD. 

Airborne exposure typically happens by the spread of infectious 
agents into the air in the form of aerosols. Aerosols are often 
released into the atmosphere by a variety of activities. While most 
focus on the spread of infectious aerosols through coughing and 
sneezing, pathogens can be released into the air by other 
methods including shouting, breathing, toilet flushing, some 
medical procedures, singing, and talking. HVAC systems can 
have positive impacts on transmission of airborne infectious 
agents. 

Previous studies show that with improper design and operations, 
airborne infectious agents can be spread by HVAC systems . In a 1

2005 study of a SARS outbreak in Hong Kong, researchers noted 
that the disease SARS-CoV, a member of the coronavirus family of 
diseases, was spread in part, by the forced air circulating systems 
inside the building . Furthermore, recent research about the 2020 2

COVID-19 outbreak in China indicates that diners in one restaurant 
were likely infected due to airborne transmission assisted by the air 
conditioning in the restaurant . 3

When trying to mitigate disease propagation there are certain 
measures that can be taken. For direct contact transmission, the 
best method of mitigation is social distancing which requires that 

1 American Society of Heating Refrigeration and Air-Conditioning 
Engineers (ASHRAE), ASHRAE Position Document on Airborne 
Infectious Diseases, (Atlanta, ASHRAE, 2020), 7 
2 Chung-Ming Chu et al., “Viral Load Distribution in SARS 
Outbreak,” Emerging Infectious Diseases 11, no. 12 (2005): pp. 
1882-1886, https://doi.org/10.3201/eid1112.040949, 1886. 
3 Lu, Jianyun, Jieni Gu, Kuibiao Li, Conghui Xu, Wenzhe Su, 
Zhisheng Lai, Deqian Zhou, Chao Yu, Bin Xu, and Zhicong Yang. 
2020. "COVID-19 Outbreak Associated With Air Conditioning In 
Restaurant, Guangzhou, China, 2020". Emerging Infectious 
Diseases 26 (7). doi:10.3201/eid2607.200764. 
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individuals remain at least 6ft (2m) apart at all times where reasonable. For indirect contact 
transmission, frequent  

handwashing and limited contact with contaminated surfaces are recommended. For mitigating 
airborne exposure, social distancing is also recommended because many droplets are large and 
cannot travel more than 3ft (1m). But the greatest mitigating strategy to address airborne 
transmission is accomplished by making specific adjustments to the HVAC systems. 

HVAC Best Practices for Disease Prevention 
The best way to limit occupant exposure to airborne infectious agents spread through an HVAC 
system is to ensure that the HVAC system is not only fully operational but clean and well 
maintained as the system will not be able to fully mitigate disease propagation. 

 
 
Moreover, if the system is not clean it will negate any disease mitigation efforts and can possibly 
cause further harm to the health of occupants because of contaminants like mold and fungal 
spores within the unclean system. 

While there are six methods that can be employed to reduce the chances of disease 
transmission using the HVAC system of a building, only three (dilution ventilation, filtration, and 
disease deactivation) are commonly applied outside a health care facility.  

Most airborne infectious agents are neutralized using these three strategies. There are specific 
guidelines outlined in the American Society of Heating Refrigeration and Air Conditioning 
Engineers (ASHRAE) Standard 170 for health care facilities.  

ASHRAE Standard 170 discusses ventilation of health care facilities and these standards can 
help designers address the unique needs of facilities with a higher need for airborne pathogen 
control.  
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Dilution Ventilation 
Dilution ventilation is the process of supplying and exhausting large amounts of air to and from 
an area or building. Typically this system involves the use of large exhaust fans that have been 
placed in the walls or on the roof of the building.  

The goal of dilution ventilation is to reduce the concentration of airborne infectious diseases by 
reducing or removing the droplet nuclei by ventilating the entire area . The term droplet nuclei 4

refers to droplets that are smaller than or equal to 5μm MMAD and that due to their small size 
have the ability to remain suspended in the air for significant periods of time.  

 

According to a paper published by the World Health Organization in 2009, a systematic review 
of studies showed not only was a lack of appropriate ventilation associated with increased 
infection rates and outbreaks of airborne diseases but also that higher ventilation rates have 
been associated with a lower risk of transmission of diseases like tuberculosis (TB).  

4 World Health Organization. 2009. "Natural Ventilation For Infection Control In Health-Care Settings". 
Geneva: WHO Press, 19 
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To achieve an appropriate ventilation rate that will help lower the 
risk of infectious agents, research suggests  that the appropriate 5

dilution ventilation rate of fresh outside air is two air changes per 
hour (ACH). An air change per hour is a measure of the air volume 
added to or removed from a space per hour. To achieve two ACH, 
the entire volume of air in a room will need to be replaced twice 
per hour. For exact minimum airflow rates and recommended 
ventilation for residential, commercial, educational, and other 
facilities see ASHRAE Standards 55, 62.2, and 170. 

While the Centers for Disease Control (CDC) does not give any 
guidance on specific air changes per hour for non-health care 
facilities, they do suggest that to achieve peak efficiency of particle 
removal, health care facilities should utilize an ACH of between 12 
and 15. While it may be tempting to increase a non-health care 
facility’s airflow to 12 to 15 ACH, it is best to avoid exceeding 30 
percent of the minimum airflow parameters as outlined in 
ASHRAE Standards 62.1, 62.2, and 170 as they pertain to a 
specific facility type. 

 

Filtration 
Filtration is another method that reduces the level of infectious 
agents in the air. Filtration works by trapping particles in the 
fibrous net that is commonly called a filter. The purpose of a filter 
is to remove the particles from the air and trap them. For infectious 
agents, once they are trapped they are removed from the 
airstream and are left in the filter where they can be naturally 
rendered ineffective.  

5 Johnson Controls. 2020. "Infectious Disease Response: Commercial 
Ducted HVAC Systems". York., 1. 
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Not only do filters work to intercept particles out of the airstream, 
they also work in two other important ways. First, filters diffuse the 
particle. The goal for diffusion is to impede and delay the passage of 
an infectious agent through the filter so that the particle will be 
stopped in its path by either interception or impaction. Secondly, 
filters work by impaction. This is where the droplet nuclei of the 
infectious agent are unable to avoid the fibers of the filter and are 
embedded into one of the fibers directly. Combined together with 
impaction, diffusion, and interception are ways that filters work to 
make the air safer for occupants using an HVAC system. 

In a paper by the Department of Health and Human Services 
(DHHS), Centers for Disease Control (CDC), and National Institute 
for Occupational Safety and Health (NIOSH) the various levels of 
protection provided by filters is discussed. One problem that HVAC 
designers commonly come across is filter bypass . A filter bypass 6

occurs when air is able to pass around the filter, defeating the 
purpose of the system. This commonly occurs due to poorly fitting 
filters or applying filters that don’t comply with the HVAC 
manufacturer’s specifications. 

Another consideration they discuss is ensuring a high-quality filter is 
being used. HVAC systems should use the highest efficiency filter 
(filter efficiency refers to ability to stop small airborne particles, not 
energy efficiency) compatible with the system to minimize chances 
of disease proliferation. The industry accepted measurement of filter 
efficiency is the MERV rating or Minimum Efficiency Reporting 
Value.  MERV is a filter rating from one to 20 given by ASHRAE and 
indicates what kinds of particles may go through the chosen filter. 
For most particles, a filter of MERV 8 or higher is satisfactory.  

6 National Institute for Occupational Safety and Health. 2020. 
"Filtration And Air-Cleaning Systems To Protect Building 
Environments From Airborne Chemical, Biological, Or Radiological 
Attacks". Cincinnati: NIOSH Publications Dissemination, 5. 
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According to NAFA, the National Air Filtration Association, low-efficiency filters rated below 
MERV 8 are unlikely to make a difference in filtering out the virus that causes COVID-19 . 7

 

A building has many options when it comes to filtering the air. There are two main options for 
filtration, particulate filtration and air cleaning systems. Under the scope of particulate filtration is 
mechanical, like HEPA filtration, and electrostatic filtration. For cleaning the air, the options are 
bipolar ionization, electronic, and gas-phase. The air cleaning methods typically add either 
electronic ionization or a gaseous chemical to the air to assist in cleaning.  

7 "COVID-19 (Corona Virus) And Air Filtration Frequently Asked Questions (Faqs) | National Air Filtration 
Association". 2020. National Air Filtration Association. 
https://www.nafahq.org/covid-19-corona-virus-and-air-filtration-frequently-asked-questions-faqs/#I%20kno
w%20that%20hospitals%20have%20good%20filtration,%20why%20don%E2%80%99t%20we%20all%20
just%20use%20systems%20like%20these?. 
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Fibrous Filtration  8   

Targets: 
How it works: 

Advantage: 
 

Disadvantage: 

Particles 
Relies on mechanical forces 
Can change to lower or higher 
particle removal efficiency easily 
Requires regular replacement 

 

Electrostatic Filtration  9   

Targets: 
How it works: 

 
 

Advantage: 
 

 
Disadvantage: 

Particles 
Uses mechanical fibers with 
electrostatic charge to collect 
oppositely charged particles 
Can achieve similar filtration as 
fibrous filtration with less pressure 
loss in HVAC system 
Less efficiency as filter becomes 
dirty’ 

 

Bipolar Ionization  10   

Targets: 
How it works: 

 
 

 
 

Advantage: 
Disadvantage: 

Particles 
Uses high voltage wire or carbon 
filter brush to electrically charge air 
molecules, charged particles will 
collect on oppositely charged 
plates 
Low power requirements 
May generate ozone 

 

8 U.S. Environmental Protection Agency. 2018. "Residential Air Cleaners: A Technical Summary". EPA, 
19-20. 
9 U.S. Environmental Protection Agency. 2018. "Residential Air Cleaners: A Technical Summary". EPA, 
25-26. 
10 U.S. Environmental Protection Agency. 2018. "Residential Air Cleaners: A Technical Summary". EPA, 
25-26. 
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Gas-Phase Air Cleaning  11   

Targets: 
How it works: 

 
 

 
Advantage: 

Disadvantage: 

Gasses 
Specialized filtration media is used 
in combination with gasses to 
absorb into the filter or chemical 
compounds 
Permanently captures pollutants 
Can generate harmful byproducts 
 

 

Disease Deactivation 
Disease deactivation techniques should be included as part of an infection control bundle  or 12

a combination of multiple processes put into place to control the spread of infection. An 
effective infection control bundle for an HVAC system will include filtration, dilution ventilation, 
and disease deactivation. In an HVAC system, disease deactivation happens primarily 
through controlling relative humidity (RH) or by introducing ultraviolet irradiation to the 
system. HVAC designers should consider both methods. 
 

 

  

11 U.S. Environmental Protection Agency. 2018. "Residential Air Cleaners: A Technical Summary". EPA, 
28-33. 
12 "ASHRAE Position Document On Infectious Aerosols". 2020. Atlanta: ASHRAE. 
https://www.ashrae.org/file%20library/about/position%20documents/pd_infectiousaerosols_2020.pdf, 6. 
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Relative Humidity is the amount of water vapor present in the air. It is 
often presented as either a ratio or percentage that refers to the 
equilibrium vapor pressure at a given temperature. RH works to 
prevent the spread of viruses and other infectious agents. 

There are several theories relating to the mechanics of how RH 
works to deactivate microorganisms. A leading theory suggests that 
RH affects the pH of the aerosol and as a result inhibits its viability. 
pH is a figure that expresses the acidity or alkalinity of a solution. For 
example, room temperature pure water is a 7 on the pH scale and is 
neither acidic or alkaline. 

A study by Wan Yang and Linsey C. Marr, found that at 90 percent 
RH a droplet not only shrank to 0.24 of its original diameter but also 
the droplet had a decrease in pH by 1.8 units . At 60 percent RH, 13

the pH of a droplet decreased by 2.3 units. The decrease in pH 
makes the environment for the virus more acidic and due to the 
acidity, the virus is likely to be damaged and compromises the 
viability of the virus. 

A study found that an hour after a cough five times more influenza 
virus remain infectious at the RH level of seven to 23 percent than at 
RH levels of 43 percent or higher . To control the spread of airborne 14

infectious microorganisms research links an RH of between 40 and 
60 percent as optimal for reducing transmission . This range is 15

linked not only to shorter airborne survival times but also to less 
effective aerosol travel, shorter surface survival times, lower 
transmission rates, and a more effective patient lung repair function. 

13 Yang, Wan, and Linsey C. Marr. 2012. "Mechanisms By Which Ambient 
Humidity May Affect Viruses In Aerosols". Applied And Environmental 
Microbiology 78 (19): 6781-6788. doi:10.1128/aem.01658-12, 6785 
14 Noti, John D., Francoise M. Blachere, Cynthia M. McMillen, William G. 
Lindsley, Michael L. Kashon, Denzil R. Slaughter, and Donald H. Beezhold. 
2013. "High Humidity Leads To Loss Of Infectious Influenza Virus From 
Simulated Coughs". Plos ONE 8 (2): e57485. 
doi:10.1371/journal.pone.0057485, e57485 
15 Kardis, George, and Rob Thompson. 2020. "Climate-Informed HVAC 
Increases In Relative Humidity May Fight Pandemic Viruses". Building 
Design + Construction. 
https://www.bdcnetwork.com/blog/climate-informed-hvac-increases-relative-
humidity-may-fight-pandemic-viruses. 
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HVAC systems are designed to control both temperature and humidity and American Society of 
Air Conditioning and Refrigeration Engineers  (ASHRAE) has time tested and proven standards 
of control and measurement of relative humidity.  Fortunately, the recommendations by 
ASHRAE for control of RH for comfort and energy efficiency is consistent with the desired RH 
levels required to mitigate infectious agents. The good news here is that energy efficient HVAC  

design will result in monitoring and control of RH that meets or exceeds the disease deactivation 
goals of this white paper.  

The most effective way to deactivate airborne infectious agents is through ultraviolet irradiation. 
Ultraviolet radiation comes in three forms: UVA, UVB, and UVC. UVA and UVB are the types of 
UV radiation most often associated with suntans and sunburns, while UVC is most often 
blocked by the atmosphere. UVC is most useful for the purposes of disease deactivation and 
when used for this purpose is called UVGI or ultraviolet germicidal irradiation. 

UVGI deactivates microscopic organisms by disrupting the DNA of the organism . UVGI can 16

deactivate a variety of microorganisms, including viruses, bacteria, mold, and fungi. For UVGI to 
be effective, lamps must be sufficiently intense, the pathogen must be exposed for a minimum 
length of time, lamps must be located and spaced at the appropriate locations, and lamps 
should be sufficient in number. Other factors influencing UVGI effectiveness are: 

● An organism’s ability to withstand UVGI. 
● The presence of shielding particulates. 
● Humidity levels that may protect the organism. 
● Ambient temperature 

There are a few safety factors to consider when installing UVGI into an HVAC system and many 
of these safety factors are discussed in depth in the 2019 ASHRAE Handbook, Chapter 62: 
Ultraviolet Air Surface and Treatment. The following issues are a probable factor when placing 
UVC lamps into an HVAC system: 

● Human Exposure to UV radiation 
● Possible Mercury Exposure 
● HVAC Component Material Degradation 

16"Chapter 62: Ultraviolet Air And Surface Treatment". 2019. In ASHRAE Handbook, 62.1-62.15. Atlanta: 
ASHRAE, 62.1 
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Disease Deactivation Through UVC Irradiation 
UVC irradiation is one part of an HVAC systems infection control model and should be used 
when trying to mitigate occupant exposure to airborne infectious agents. To give more insight 
into the application of UVGI, this section provides an in-depth discussion of ultraviolet radiation, 
UVC control of infectious agents, the energy efficiency of UVC, and the safety precautions that 
are needed to institute a comprehensive UVGI program as part of an HVAC infection control 
bundle. 

Ultraviolet Overview 
UV or ultraviolet light is a type of light that has shorter wavelengths than visible light . The 17

human eye cannot see ultraviolet light; however, some creatures, like bumblebees, can see 
them. Ultraviolet light is the light that comes from beyond violet in our spectrum of light. There 
are three types of UV light, UVA, UVB, and UVC. The wavelength of UV ranges from 10 
nanometers (nm) to 400nm and is naturally present in sunlight. 

 

  

17 "Ultraviolet Waves | Science Mission Directorate". 2020. NASA Science. 
https://science.nasa.gov/ems/10_ultravioletwaves. 

15 



 

 

UVA Light 
UVA light has the longest wavelength on the UV spectrum of light. UVA light wavelength 
ranges from 400nm to 315nm. It is also known as long-wave UV light or blacklight. This type 
of UV light is not absorbed by the ozone layer.  Commonly UVA light is used for black lights 
and tanning beds. 

UVB Light 
UVB light is medium-wave UV light and is mostly absorbed by the ozone layer. Its wavelength 
ranges from 315nm to 280nm. Just like UVA light UVB is commonly known for its 
skin-damaging effects and it is often referred to on sunscreen packages. 

UVC Light 
In wavelengths 280nm to 100nm, UVC light is the type of short-wave ultraviolet light. It is also 
known as hard UV. While almost completely absorbed by the atmosphere, it is the most 
harmful of all the UV wavelengths. UVC is germicidal in nature and can disinfect surfaces. It 
does this by altering the DNA of microorganisms. 
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UVC to Support Control of Infectious Agents 
UVC’s used as a disinfectant can be traced back to the early 1900’s. In its earliest stages, 
sunlight, which is mostly UVA and UVB radiation, was used by Neils Ryberg Finsen to treat 
lupus vulgaris a type of tuberculosis, for which he won the Nobel Prize in Physiology or 
Medicine  in 1903. Since then, UVC radiation has been used to disinfect hospitals, starting with 18

surgical rooms in 1936 . While UVGI did have initial early success, it fell out of use until the 19

1980’s when it regained popularity in hospitals due to a rise in tuberculosis and other infectious 
diseases. 

 

 
 
UVGI is a good tactic to use in conjunction with filters and dilution ventilation to ensure that air is 
sufficiently clear of viruses and bacteria that could infect the occupants of a building. While 
dilution ventilation and filtration are helpful, they do not remove all of the infectious airborne 
agents from the air. This can be detrimental to occupant health since, even in a well ventilated 
room, airborne droplets can remain viable for six minutes.  

Furthermore, for some infectious diseases that spread by coughing or sneezing, like measles 
and the flu, the virus can linger in the air and infect susceptible individuals for up to two hours. 
When trying to reduce the chances of infection by airborne infectious diseases the use of UVC 
at the 254nm germicidal wavelength can be beneficial. 

According to UltraViolet Devices Inc. (UVDI), the inactivation efficiency or efficiency of UVC to 
deactivate airborne bacteria and viruses depends primarily on the type of microorganism that is 
exposed to UVC irradiation.  

For spore bacteria, like anthrax, the inactivation efficiency is 71 percent . The efficiency of 20

UVGI for vegetative bacteria and viruses is greater than 99.98 percent and 98 percent, 

18"The Nobel Prize In Physiology Or Medicine 1903". 2020. Nobel Prize. 
https://www.nobelprize.org/prizes/medicine/1903/finsen/biographical/. 
19 Reed, Nicholas G. 2010. "The History Of Ultraviolet Germicidal Irradiation For Air Disinfection". Public 
Health Reports 125 (1): 15-27. doi:10.1177/003335491012500105, 22 
20 UltraViolet Devices Inc. 2020. "Effectiveness Of UVC Light To Mitigate Coronavirus (COVID-19)". 
Valencia: UVDI, 2. 
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respectively. Furthermore, in the study sponsored by UVDI, they found that in lab results testing 
both the human coronavirus (not COVID-19) and MERS (Middle East Respiratory Syndrome 
Coronavirus) that they were able to achieve a greater than 99.99 percent reduction of these 
viruses when exposed to in-room UVC. In another study cited by UVDI, in airstream UVC 
irradiation was able to achieve a 90 percent reduction of viruses like SARS and influenza A. 

 

 

For HVAC, the use of UVGI is primarily based on using upper air in-room and in-duct airstream 
disinfection. For upper-air UVC disinfection the devices are designed and installed so that they 
only irradiate the air in the upper part of the room . By placing the UVC lamps in this manner, 21

designers make use of the natural flow of air in a room and also protect room occupants from 
unnecessary UVC irradiation.  

Typically in-duct HVAC airstream UVGI is installed in the air handling units or AHUs and 
downstream of the heating and cooling coils. This placement facilitates the deactivation of 
airborne infectious agents and can help to maintain the cleanliness of cooling coil surfaces and 
condensate pans, if they are in close proximity.  

Upper-Air In-Room UVGI 

Upper-air in-room UVGI is used in combination with filtration and ventilation designs to protect 
occupants from infection. Both natural and mechanical ventilation designs should be used to 
promote air mixing so that rooms equipped with UVC lamps are effective.  

However, even in rooms where there is little to no ventilation, UVC upper-air in-room radiation 
is effective . For the best possible results from this method of air disinfection it is best to 22

21 "Chapter 62: Ultraviolet Air And Surface Treatment". 2019. In ASHRAE Handbook, 62.1-62.15. Atlanta: 
ASHRAE, 62.5 
22 Ibid. 
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ensure that between 2 and 6 ACH is achieved. While there are multiple designs of upper-air 
UVC fixtures, the most commonly applied fixtures are the ceiling and wall mounted options. 

 
For wall mounted fixtures the following is recommended : 23

 

 Corner Mount Wall Mount 

Beam pattern 90° 180° 

Minimum ceiling height 8ft (2.44m) 8ft (2.44m) 

Fixture mounted height 6.9ft (2.1m) 6.9ft (2.1m) 

Ideal UVC intensity >10μW/cm2 >10μW/cm2 

 
For ceiling mounted fixtures the following is recommended : 24

 

 Pendant Pendant with fan 

Beam pattern 360° 360° 

Minimum ceiling height 9.5ft (2.89m) 9.5ft (2.89m) 

Fixture mounted height 7.9ft (2.4m) 7.9ft (2.4m) 

Ideal UVC intensity >10μW/cm2 >10μW/cm2 

In-duct Airstream UVGI 
Like upper air UVGI, in-duct airstream UVGI is part of an HVAC infection control bundle. 
Typically, designers choose either in room or in-duct systems and not both. In-duct UVC 
should be designed for either improving indoor air quality or improving the cleanliness of 
condensate pans and cooling coil surfaces because trying to do both with one system will not 
always work . When using in-duct UVGI it is important to remember that the disinfection 25

system should be designed so that on a single-pass the inactivation level remains even under 

23 "Chapter 62: Ultraviolet Air And Surface Treatment". 2019. In ASHRAE Handbook, 62.1-62.15. Atlanta: 
ASHRAE, 62.7 
24 "Chapter 62: Ultraviolet Air And Surface Treatment".2019. In ASHRAE Handbook, 62.1-62.15. Atlanta: 
ASHRAE, 62.7 
25 "Chapter 62: Ultraviolet Air And Surface Treatment". 2019. In ASHRAE Handbook, 62.1-62.15. Atlanta: 
ASHRAE, 62.7 
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the worst case conditions that the HVAC system may have for air 
temperature and velocity . 26

In-duct UVGI should be installed so that they can provide a minimum of 
0.25 seconds of UV exposure. The UVC lamps should offer between 
1000 μW/cm2 and 10000 μW/cm2 of radiation but this level can be 
higher or lower depending on the requirements of the application . 27

In-duct UVGI is typically located downstream of the heating or cooling 
coils but they can also be mounted upstream. The latter configuration 
can result in lower duct temperatures which will provide more optimal 
lamp performance temperature and a more cost-effective disinfection . 28

There is, however, a trade off because this configuration will reduce the 
effectiveness of the cooling coil and will forgo irradiation of the drain 
pan which is provided by a downstream mounting of UVC in the AHU. 
For more guidance on the placement and recommended design of 
UVC see the 2019 ASHRAE Handbook Chapter 62: Ultraviolet Air and 
Surface Treatment. 

Energy Efficiency of UVC 
When annualized, the cost of installing a UVC system is between $0.38 
per square feet (ft2) and $1.79/ft2  for most systems and is dependent 29

upon the type of UVC system installed and the equipment used. In 
addition to the installation cost, there is the added energy cost for the 
addition of UVC in an HVAC system. According to the 2019 ASHRAE 
Handbook, adding UVC to a system can add between $0.01/ft2 to as high 
as $0.25/ft2 to the annual energy spending for a building.  

 
However, any increase in energy consumption due to the addition of 
UVC in the system will be offset by three factors: 

● Improved Indoor Air Quality 

26 "Chapter 62: Ultraviolet Air And Surface Treatment". 2019. In 
ASHRAE Handbook, 62.1-62.15. Atlanta: ASHRAE, 62.8.  
27 "Chapter 62: Ultraviolet Air And Surface Treatment". 2019. In 
ASHRAE Handbook, 62.1-62.15. Atlanta: ASHRAE, 62.8. 
28 "Chapter 62: Ultraviolet Air And Surface Treatment". 2019. In 
ASHRAE Handbook, 62.1-62.15. Atlanta: ASHRAE, 62.8. 
29 "Chapter 62: Ultraviolet Air And Surface Treatment". 2019. In 
ASHRAE Handbook, 62.1-62.15. Atlanta: ASHRAE, 62.10 
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● Reduced Need for Maintenance 
● Improved HVAC Operating Performance  30

 
Improving indoor air quality through UVC disease deactivation will help to reduce incidences of 
sickness in building occupants. In one study, the use of UVC was associated with a 44 percent 
decrease in viral infections . For commercial buildings this reduction is most closely related to 31

reduced employee sick days and improved occupant productivity. 
 

The benefits associated with reduced maintenance need and improved system functionality are 
the most easily monetized. With the addition of in-duct UVC, a building can reduce the HVAC 
systems energy consumption by up to 35 percent . For the typical commercial building HVAC 32

accounts for 40 to 60 percent of a building's energy use . So a 35 percent reduction in energy 33

consumption can be a significant savings in annual energy spending.  
 

A 2017 BOMA (Building Owners and Managers Association) International report, stated that the 
average electricity cost for a building based on occupied commercial space was $1.60/ft2.  If 34

HVAC energy use accounts for approximately 60 percent of that figure, a 35 percent reduction 
in energy consumption, because of the use of UVC, can mean an overall annual electricity 
savings of up to $0.34/ft2. These savings combined with decreased need for HVAC 
maintenance can more than pay for the installation and additional energy consumption for 
UVGI. 

 

 

30 "Ultraviolet Energy Slashes HVAC Energy Use By 10-25% And More". 2020. UV Resources. 
http://www.uvresources.com/blog/ultraviolet-energy-slashes-hvac-energy-use-by-10-25-and-more/. 
31 Pavia, Marianne, Edwin Simpser, Melissa Becker, W. Keith Mainquist, and Katherine A. Velez. 2018. 
"The Effect Of Ultraviolet-C Technology On Viral Infection Incidence In A Pediatric Long-Term Care 
Facility". American Journal Of Infection Control 46 (6): 720-722. doi:10.1016/j.ajic.2018.01.014. 
32 Fencl, Forrest. 2020. "UV-C Light Benefits In HVAC Applications". ACHR News. 
https://www.achrnews.com/articles/125256-uv-c-light-benefits-in-hvac-applications. 
33 Hyde, Kristin. 2015. "Trends In HVAC & Energy Efficiency In Commercial Buildings |". 
News.Carrierenterprise.Com. 
http://news.carrierenterprise.com/trends-in-hvac-energy-efficiency-in-commercial-buildings/. 
34 Building Owners and Managers Association International. 2020. "2017 BOMA Experience Exchange 
Report". BOMA. 
https://eer.boma.org/BOMA/HelpFiles/HelpDocuments/2019/Sample_Office_EER_Report.pdf. 
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Newer UVC Technology 
There are two types of newer UVC technology that make the application of UVGI safer, more 
energy efficient, or more effective. The two newer technologies are LED UVC lighting and 
far-UVC. When choosing a UVC installation for disease deactivation, knowledge about far-UVC 
and LED UVC is invaluable. 

Far-UVC 
Over the past few years a newer type of UVC has emerged, it is called far-UVC. Far-UVC is a 
UV based sterilization technique that uses single-wavelength UVC light at the 222nm range . 35

Using UVC at this range has been proven to inactivate microorganisms while avoiding causing 
biological damage to exposed skin and eyes . In studies far-UVC has been shown to 36

deactivate more than 95 percent of aerosolized H1N1 influenza virus  and has been the focus 37

of study by Columbia University as a way to reduce the transmission of SARS-CoV-2, the 
disease that causes COVID-19 . 38

LED UVC 
LED UVC is another newer technology available for installation designs. In contrast to 
traditional UVC lamps, LED UVC lamps do not have mercury and can be manufactured to 
target specified and narrow wavelengths . While the lack of mercury makes LED the safer  39

option, the ability to target specific wavelengths make these lamps even more useful to those 
choosing to employ the newer far-UVC option. 

35 Welch, David, Manuela Buonanno, Veljko Grilj, Igor Shuryak, Connor Crickmore, Alan W. Bigelow, 
Gerhard Randers-Pehrson, Gary W. Johnson, and David J. Brenner. 2018. "Far-UVC Light: A New Tool 
To Control The Spread Of Airborne-Mediated Microbial Diseases". Scientific Reports 8 (1). 
doi:10.1038/s41598-018-21058-w. 
36 Welch, D. et al. 2018. "Far-UVC Light: A New Tool To Control The Spread Of Airborne-Mediated 
Microbial Diseases". Scientific Reports 8 (1). doi:10.1038/s41598-018-21058-w. 
37 Welch, D. et al. 2018. "Far-UVC Light: A New Tool To Control The Spread Of Airborne-Mediated 
Microbial Diseases". Scientific Reports 8 (1). doi:10.1038/s41598-018-21058-w. 
38 Cantor, Carla. 2020. "Could A New Ultraviolet Technology Fight The Spread Of Coronavirus? | 
Columbia News". News.Columbia.Edu. 
https://news.columbia.edu/ultraviolet-technology-virus-covid-19-UV-light. 
39 "How To Light: How Effective Are UVC Leds? - Lux Review". 2020. Lux Review. 
https://www.luxreview.com/2017/09/19/how-effective-are-uvc-leds/. 
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Safety Precautions 
When installing an HVAC UGVI system there are certain safety 
hazards that need to be considered. The main concerns for UGVI 
are material exposure to hazards, human exposure to UVC 
radiation, and human exposure to mercury. While there are many 
hazards to consider, there are also ways to combat them. 

Material Exposure 
The exposure of UVGI to various materials can cause a variety of 
problems, these problems are usually reserved for organic materials 
like those that make up filters, gaskets, and wiring insulation . The 40

degradation of these materials can cause air leaks, fire hazards, and 
a loss of system performance.  

These hazards can be mitigated by choosing installation sites that 
provide less exposure to these organic materials, using shielding, or 
by choosing different materials. For example, HEPA filters or those 
with laid up glass media tend to maintain integrity under intensive 
UV . 41

Human Exposure to UVC Radiation 
Care should be taken to avoid exposing workers to UV. UVC is 
hazardous to the skin and eyes and if exposure is unavoidable 
workers should wear protective clothing, gloves, and eyewear. One 
risk that comes from exposure to UVC is photokeratitis  also known 42

as ultraviolet keratitis. Photokeratitis is a painful eye condition  

40 National Air Duct Cleaners Association. 2020. "NADCA White Paper On 
Ultraviolet Lighting Applications In HVAC Systems". NADCA. 
http://Ultraviolet Lighting Applications in HVAC Systems, 5. 
41 "Chapter 62: Ultraviolet Air And Surface Treatment". 2019. In ASHRAE 
Handbook, 62.1-62.15. Atlanta: ASHRAE, 62.13. 
42 "OSHA Technical Manual (OTM) Section III: Chapter 6 - Laser Hazards 
Biological Effects Of The Laser Beam". 2020. OSHA. 
https://www.osha.gov/dts/osta/otm/otm_iii/otm_iii_6.html#3. 
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caused by exposure to UV light and one example of this condition is snow blindness . 43

 
To protect workers from UVC exposure the following steps should be taken: 

1. Use Warning Signs: Place adequate warning signs in all places where UV exposure might 
be possible. Make sure that signs are posted in all appropriate languages . 44

2. Disconnect Devices: Include electrical disconnect devices next to UVC lighting chamber 
access doors or panels. It is best to use a positive disconnect device instead of a switch and 
should not be located in the same area as general room lighting . 45

3. Door Degenerizers: Doors and access panels should be wired so that when they are 
opened the system is denergized and UV lamps cannot be accidentally turned back on .  46

4. Viewports: Viewports should be installed so that workers can view the operation of the UVC 
system from outside the HVAC system. Viewports should be made from ordinary glass or 
another UVC absorbing material . 47

Human Exposure to Mercury 
The other human risk associated with UVC lamp installation in an HVAC system for 
eradication of airborne infectious agents is mercury exposure. Most, if not all, UVC lamps are 
compact fluorescent lamp (CFL) type bulbs. CFL bulbs contain, to operate effectively, a small 
amount of mercury that can be toxic to humans. Under normal circumstances the mercury 
remains inside the bulb where there is no chance of human exposure; unfortunately, a bulb 
may break causing exposure. 
 
In the event of a bulb breakage, there are certain steps that should take pace to minimize 
exposure to humans. There are two processes, one for if the UVC lamp breaks in the hands of 
a worker and another for if the lamp breaks elsewhere. 

43 "Ultraviolet Keratitis Or Photokeratitis: Symptoms, Causes, Tests And Treatment". 2020. Cleveland 
Clinic. https://my.clevelandclinic.org/health/diseases/15763-ultraviolet-keratitis. 
44 "Chapter 62: Ultraviolet Air And Surface Treatment". 2019. In ASHRAE Handbook, 62.1-62.15. Atlanta: 
ASHRAE, 62.12. 
45 "Chapter 62: Ultraviolet Air And Surface Treatment". 2019. In ASHRAE Handbook, 62.1-62.15. Atlanta: 
ASHRAE, 62.13. 
46 "Chapter 62: Ultraviolet Air And Surface Treatment". 2019. In ASHRAE Handbook, 62.1-62.15. Atlanta: 
ASHRAE, 62.12. 
47 "Chapter 62: Ultraviolet Air And Surface Treatment". 2019. In ASHRAE Handbook, 62.1-62.15. Atlanta: 
ASHRAE, 62.12. 
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If a bulb breaks in an individual’s hand, the following steps should 
be taken : 48

1. Place the broken bulb on a surface inside the unit, do not 
exit the unit with the broken bulb in hand. Try to avoid 
setting the broken lamp down in standing condensate water. 

2. Open all access panels and doors to provide appropriate 
ventilation. 

3. Do not turn on AHU fans. 

4. Wait 15 minutes to reenter the unit and begin cleanup. 

5. Have a worker trained in broken bulb cleanup enter the unit 
wearing cut resistant gloves and safety glasses to protect 
against glass fragments. 

6. Large pieces should be picked up and placed in a bag that 
will not allow materials to pass through. 

7. Use a HEPA vacuum to remove remaining pieces. 
Vacuuming should be avoided if possible but if it is 
necessary limit vacuuming to one to two minutes and 
properly ventilate the area. 

 

When a bulb breaks elsewhere the following steps are necessary : 49

1. When a bulb breaks, have all workers exit the HVAC unit. 

2. Open all panels and doors to provide ventilation to the area. 

3. Do not turn on AHU fans. 

4. Wait 15 minutes before reentering to begin cleanup. 

5. Make sure workers tasked with cleanup duty are 
appropriately trained and wearing cut resistant gloves. 

48 National Air Duct Cleaners Association. 2020. "NADCA White 
Paper On Ultraviolet Lighting Applications In HVAC Systems". 
NADCA. http://Ultraviolet Lighting Applications in HVAC Systems, 
6. 
49 National Air Duct Cleaners Association. 2020. "NADCA White 
Paper On Ultraviolet Lighting Applications In HVAC Systems". 
NADCA. http://Ultraviolet Lighting Applications in HVAC Systems, 
7. 
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6. Pick up large pieces and place in an impervious bag. 

7. While vacuuming should be avoided if at all possible, if it is 
necessary make sure to use a HEPA vacuum to clean up smaller 
pieces and only vacuum for one to two minutes. 

Conclusion 
An HVAC system can be used for more than just providing comfort 
to occupants. HVAC can also be used for improving indoor air 
quality and controlling the spread of airborne infectious agents. 
Filters and dilution ventilation help with both control of infectious 
agents and indoor air quality. 

When using an HVAC system as a means of support for the control 
of airborne infectious agents, it is important to utilize an infection 
control bundle that uses all three methods of HVAC control: disease 
deactivation, dilution ventilation, and filtration. While filtration and 
dilution ventilation provide some protection from airborne viruses 
and bacteria, some of these viruses and bacteria will get through 
which is why disease deactivation is so important. 

The two most prevalent forms of disease deactivation through an 
HVAC system are controlling relative humidity and the application of 
ultraviolet germicidal irradiation. While RH control can use already 
installed HVAC controls to reduce the spread of airborne pathogens, 
it often comes with problems like condensation in buildings that can 
cause ill effects that make RH’s use less than ideal. 

While UVGI may add a slight increase of spending due to increased 
energy usage and the cost of installation and maintenance, the 
addition of UVC radiation to an HVAC system is quite effective in 
terms of cost and disease deactivation. Unlike RH disease 
deactivation there are not the same detrimental building effects that 
come from increased air humidity. 

The purpose of an HVAC system is to improve the daily lives of 
building occupants. Employing the strategies outlined in this white 
paper will ensure that building occupants are in an environment that 
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is virtually free from hazards, making the HVAC system even more valuable to the occupants of 
the building. 
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