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and healthier indoor air quality (IAQ) for the built environment. 

ü Save on HVAC equipment first cost
ü Reduce HVAC energy use up to 30%
ü Lower carbon emissions & improve IAQ
ü Earn LEED and WELL points
ü ASHRAE 62.1 & IMC compliant (IAQP)

enVerid HLR Modules

ü HEPA filter captures 99.99% of aerosols
ü Boost clear air changes by 3-5x hour
ü Optimize air flow and minimize sound
ü Commercial grade, permanent solution

enVerid Air Purifier 
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Recent News 

• Expertise in IAQ, ventilation, filtration, and 
energy efficiency 

• Over 70 patents related to IAQ, HLR and 
filtration technology

• View our white papers, webinars, videos, 
blogs, and byline articles at enVerid.com
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enVerid Webinar Series - Covid & IAQ: New Best Practices

ASHRAE’s COVID-19 Mitigation 
Recommendations for HVAC Systems

William Bahnfleth, PhD, PE, FASHRAE, FASME, FISIAQ
Professor, The Pennsylvania State University

Chair, ASHRAE Epidemic Task Force



ASHRAE recommendation overview

■ Public health guidance – masks, 
distancing, hygiene, etc.

■ HVAC system assessment –verify 
design intent

■ Ventilation rate (outdoor air), 
filtration, and air cleaning

– Required minimum OA
(e.g., ASHRAE 62.1)

– MERV 13 for recirculated air
– HEPA, GUV or other air cleaners 

if needed
– Use equivalent outdoor air 

approach 

■ Air distribution – mixing without 
strong drafts

■ Controls
– Maintain T & RH set points
– Maintain design OA flow 
– Occupied mode when people are 

present
– Flush pre-occupancy 3 

equivalent air changes
■ At-risk populations/high risk activities 

- evaluate need for additional risk 
mitigation
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Outline

■ A brief history of the ASHRAE 
Epidemic Task Force in context

■ Where to find ASHRAE’s guidance/ 
what is NOT ASHRAE’s guidance

■ Where recommendations started

■ Where they are now and why they 
have evolved
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Inception of the pandemic and ASHRAE’s 
Response – a personal time line
■ December 31, 2019 – WHO receives first report of 

“viral pneumonia” in Wuhan

■ January 11, 2020 – First reported death in China

■ January 21, 2020 – First reported case in US

■ January 30, 2020 – ASHRAE Winter Meeting begins

■ February 1 – Diamond Princess cruise ship outbreak

■ March 2 – ASHRAE EHC tasked with organizing 
ASHRAE response (221 cases/6 deaths in US)

■ March 6 – 16 Penn State Spring Break
– March 12 – Initiation of ASHRAE Epidemic 

Task Force (147,974/41)
– March 16 - Penn State moves to remote 

instruction “until at least April 3”

■ March 29 – First meeting of task force 
(1,074,110/3,284)

■ April – First ETF guidance posted
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ASHRAE Epidemic Task Force
■ 26 members/staff + liaisons 
■ ETF members organize and lead teams –

team membership now >150 involved in 
total

■ Some teams meet weekly, full task force 
meets bi-weekly

■ Scope – HVAC Guidance
– Initial, expedited guidance
– Refined guidance, re-opening 

guidance
– Post-pandemic recommendations

■ Research
■ Standards
■ Education
■ Guidance

■ Activities
– Guidance development
– Responses to questions
– Communications
– Partnerships
– Advocacy
– Education

■ Exposure
– State, congressional briefings
– > 6 billion media impressions
– ~300 news articles
– ~150 media requests
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ASHRAE Epidemic Task Force Teams

■ Communications
■ Developing economies
■ External partnerships
■ Literature review
■ Science applications
■ Research
■ Filtration and disinfection
■ Building readiness

■ Healthcare
(including long-term care)

■ Residential
(including multi—unit)

■ Commercial/retail
■ Schools
■ Laboratories
■ Industrial
■ Transportation
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ashrae.org/covid19
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Currently, 119 pages



One-page summaries – re-opening, schools, 
residential, polling places, more in development

10/22/2020 enVerid Webinar Series



The ASHRAE Position Document on Infectious 
Aerosols is not ASHRAE’s COVID-19 Guidance

■ First issued as Airborne Infectious 
Diseases in 2009

■ Latest update in April 2020

■ Expedited completion at a time 
when ETF had not issued its first 
recommendations

■ Good background, but 
recommendations superseded by 
ETF guidance
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Foundation of guidance – the precautionary 
principle applied to airborne transmission
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“One should take reasonable measures to 
avoid threats that are serious and plausible.”

D. Resnik. 2004. The Precautionary Principle and Medical Decision Making.  Journal of 
Medicine and Philosophy, 29(3):281-299.



If transmission is airborne, HVAC 
systems impact risk

Transmission of SARS-CoV-2 through the air is 
sufficiently likely that airborne exposure to the 
virus should be controlled. Changes to building 
operations, including the operation of heating, 
ventilating, and air-conditioning systems, can 
reduce airborne exposures.
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Guidance was, and is, being developed 
in spite of significant knowledge gaps
■ Infective characteristics of SARS-CoV-2 are not well established

– Viral shedding rate
– Distribution of virus by droplet size
– Infectious dose

■ Relative weight of infection modes is not well established
– Short range/droplet
– Aerosol/Airborne
– Fomite
– Other?

■ Fundamental problem – risk cannot be quantified very accurately

10/22/2020 enVerid Webinar Series



HVAC is only one layer of an effective 
control strategy
■ Source elimination

– Testing, contact tracing
■ Substitution – NA
■ Engineering controls

– HVAC interventions
■ Administrative controls

– Behavioral rules and 
recommendations

■ PPE
– Masks, but they can also be 

source controls
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ASHRAE guidance assumes adherence to 
recommendations of public health authorities

■ Use of masks

■ Distancing

■ Avoiding large 
gatherings

■ Hygiene
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Credit: M. Staymates/N. Hanacek/NIST
https://www.nist.gov/blogs/taking-measure/my-stay-home-lab-shows-how-face-coverings-can-slow-spread-disease



Initial guidance driven by perceived risk and possible 
effectiveness, not $$ and operational impacts

■ Maximize outdoor air intake of mechanical systems/minimize recirculation

■ Disable demand controlled ventilation

■ 24/7 system operation at maximum achievable outdoor air flow

■ Shut off energy recovery wheels

■ Upgrade filters to at least MERV 13

■ Open windows, induce ventilation with fans

■ Add air cleaners of demonstrated safety and effectiveness, e.g., UVC

■ Control humidity to 40 – 60% RH range
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What has changed since April/May that 
would affect guidance
■ Science – not much…mainly confirmation of original approach

– SARS-CoV-2 penetration of HVAC systems
– Sampling of viable SARS-CoV-2 from air
– More superspreader events associated with low ventilation rate
– No clear evidence of transmission through HVAC systems

■ Risk analysis
– Use of Wells-Riley modeling of airborne infection to provide preliminary quantitative 

estimates of risk
– Related movement toward an “equivalent outdoor air” approach to requirements

■ More consideration of economic and operational factors in prioritizing controls
■ + a few key technical insights
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Risk analysis with the Wells-Riley model

■ Steady-state conditions
■ Time-dependent risk
■ Quanta determined from data

■ P = probability of new infections
■ C = new infections
■ S = number of susceptibles
■ I = number of infectors
■ q = quanta generation rate (1/hr)
■ p = pulmonary ventilation rate per 

susceptible (m3/h)
■ t = exposure time (hr)
■ Q = flow rate of uncontaminated air (1/hr)
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Equivalent clean (outdoor) air flow for other 
removal factors can be included in Wells-Riley
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Substitute outdoor air changes, αv for Q

For an air cleaner with CADR = QAC,
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α α = − − +  
Equivalent ACH = αOA+ αAC, so

Can include outdoor air, mechanical filtration, air cleaners, deposition, natural decay if quantifiable
Applies contaminant by contaminant
Placement of filter or air cleaner in system matters



Exposure time and air flow are the main 
independent parameters
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■ Stephens (2012) HVAC filtration and 
the Wells-Riley approach to 
assessing risks of infectious airborne 
diseases. Final report to NAFA.

■ Risk of infection for an average adult 
susceptible (p = 0.48 m3/h) in a 500 
m2 office for 8 hours with one 
infected person



Quanta emission rates have been 
estimated for SARS-CoV-2
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https://docs.google.com/spreadsheets/d/1NEhk1IEdbEi_b3wa6gI_zNs8uBJjlSS-86d4b7bW098/edit#gid=1836861232

Harvard-CU Boulder Portable Air Cleaner Calculator for Schools.v1.2



Energy, economic, and operational 
considerations
■ Ventilation

– Increasing it is expensive and energy intensive
– There are limits based on environmental control constraints
– Increasing outdoor air decreases air recirculated through filters
– Theoretical ability to vary outside air varies widely among system types
– Not all energy recovery wheels pose a re-entry risk
– Need for 24/7 operation is questionable given clearance time

(3 air changes→ 95% clearance)
– There is evidence that enhanced filtration is as effective and lower cost
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Azimi and Stephens, Building and Environment 70 (2013) 150-160

Azimi and Stephens, Building and Environment 70 (2013) 150-160



Temperature and Humidity Control

■ Air temperature and humidity 
influence infection risk

■ Elevated temperature reduces 
survival

■ Several recent studies recommend 
40 – 60% RH to minimize infection 
risk, but pathogen-specific behaviors 
vary widely

■ Relative contribution to Covid-19 risk 
is not clear and some believe 
infection patterns demonstrate 
significance is minor
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Temperature and Humidity
■ Possible concerns about humidification and temperature manipulation to control 

infection risk
– Different responses for different pathogens
– Risk of moisture damage/mold growth 

■ ASHRAE Covid-19 guidance for existing buildings limits humidity adjustments based 
on evaluation of system and building limitations

■ REHVA Covid-19 guidance – “Humidification and air-conditioning have no practical 
effect” – based on regional climate and their literature review
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Core Recommendations
(my paraphrase)
■ Public Health Guidance: follow it – masks, distancing, hygiene, etc.

■ HVAC System Assessment – verify design intent

■ Ventilation, Filtration, Air Cleaning
– Required minimum outdoor air (e.g., ASHRAE 62.1)
– Filtration – MERV 13 or equivalent for recirculated air
– Air cleaners – standalone HEPA filters, UV-C or other technologies 

demonstrated to be effective/safe
– Use equivalent outdoor air approach to exceed baseline outdoor air and 

filtration requirements (e.g., air change targets) 
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Core Recommendations (continued)

■ Air distribution – promote mixing while avoiding strong air currents in occupied zone
■ Operations

– Maintain T and RH set points
– Maintain design maximum outdoor air when occupied (so disable demand 

control of ventilation)
– Use occupied mode whenever people (e.g. housekeeping staff) are present
– Flush buildings with 3 equivalent air changes pre-occupancy
– Energy recovery wheels – evaluate to determine whether safe to operate

■ At risk populations/high risk activities – evaluate need for additional risk mitigation 
measures.
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Summary

■ Making recommendations during the pandemic requires judgment where evidence 
is lacking

■ ASHRAE recommendations, like others, were initially very conservative

■ Ongoing reassessment has led to modifications that achieve similar levels of 
protection with lower cost and energy use impact (next webinar topic!)

■ Equivalent outdoor air approach provides flexibility for meeting goals – but hard to 
quantify

■ HVAC protections affect only one of several transmission risk elements and must be 
combined with other measures known to be effective
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Questions?
Bill Bahnfleth

wbahnfleth@psu.edu
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