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Document history
Position Document titled Airborne Infectious Diseases was initially
approved by ASHRAE in June 2009
It went through multiple revisions until February 2020
It was superseded by the new position document titled
Infectious Aerosols on 14 February 2020
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Presentation scope
To reference ASHRAE resources in the context of the COVID-19
outbreak
To provide an overview of ASHRAE's approved position document
on Infectious Aerosols, relating to the operation of heating,
ventilating and air-conditioning systems
To discuss practical implications for building owners, operators, and
engineers
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Online resources
The ASHRAE COVID-19 Preparedness Resources webpage:
https://www.ashrae.org/technical-resources/resources
Including ASHRAE’s Position Document on Infectious Aerosols
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ashrae.org/COVID19 resources
“ASHRAE recently announced the creation of the ASHRAE Epidemic
Task Force to help deploy ASHRAE's technical resources to address
the challenges of the current pandemic and future epidemics as it
relates to the effects of heating, ventilation and air-conditioning
systems on disease transmission in healthcare facilities, the
workplace, home, public and recreational environments.
Members will be kept informed as ASHRAE adapts to these rapidly
changing circumstances.”
2019-20 ASHRAE President Darryl K. Boyce
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ashrae.org/COVID19 resources
The preparedness resources page contains a variety of documents:
•
•
•
•
•
•
•

Recommendation of the ASHRAE Epidemic Task Force
ASHRAE Position Document on Infectious Aerosols
Environmental Health Emerging Issue Brief
Guidance documents
Press releases
ASHRAE Epidemic Task Force Featured in Media
…and others
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ashrae.org/COVID19 resources
We will focus on:
ASHRAE’s Position Document on Infectious Aerosols
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Infectious Aerosols position
document (PD)
Information on the following:
• the modes of transmission of airborne infectious diseases
• the implications for the design, installation, and operation of
heating, ventilating, and air-conditioning (HVAC) systems
• the means to support facility management and planning for
everyday operation and for emergencies
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Infectious Aerosols PD
• The PD covers the spread of infectious disease by small airborne
particles (an aerosol) that contain microorganisms
• The PD does not cover transmission via direct contact with
individuals or surfaces
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Infectious Aerosols PD
Effective transmission prevention strategies include:
• dilution and extraction ventilation
• pressurization
• airflow distribution and optimization
• mechanical filtration
• ultraviolet germicidal irradiation (UVGI)
• humidity control
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Infectious Aerosols PD
Airborne dissemination occurs through:
• coughing
• sneezing
• shouting
• breathing
• toilet flushing
• some medical procedures
• singing
• talking
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Diagram of aerosol movement

Higher transmission rates within 1 to 2 m (risk zone 6-8m and beyond?)
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Breathing, coughing and sneezing (non-ASHRAE)
50 – 100 m/s, to 8m distance

Sneezing

10 m/s, to >2 m
Coughing

1 m/s, to 1m
Breathing
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Exposure to airborne infection
D=I⋅q⋅p⋅t/Q
I – number of infectors
q - number of doses of airborne infection
p - pulmonary ventilation per person
t – exposure time
Q – volume of fresh or disinfected air
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Exposure to airborne infection
Wells-Riley standard model of airborne infection
C = S(1 – e–Iqpt/Q)
C – number of new infections
S – number of susceptibles
I – number of infectors – reducing I (people density) decreases exposure
q - number of doses of airborne infection – reducing q (2m distance) decreases exposure
p - pulmonary ventilation per person – individual
t – exposure time – reducing t (duration in high density areas) decreases exposure
Q – volume of fresh or disinfected air - increasing Q decreases exposure
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probability of a single infection

S – number of susceptibles
I – number of infectors – reducing I (people density) decreases exposure
q - number of doses of airborne infection – reducing q (2m distance) decreases exposure
p - pulmonary ventilation per person – individual
t – exposure time – reducing t (duration in high density areas) decreases exposure
Q – volume of fresh or disinfected air - increasing Q decreases exposure

17

Exposure to airborne infection
Wells-Riley standard model of airborne infection
C = S(1 – e–Iqpt/Q)
degree of exposure to infection
C – number of new infections

probability of a single infection

S – number of susceptibles
I – number of infectors – reducing I (people density) decreases exposure
q - number of doses of airborne infection – reducing q (2m distance) decreases exposure
p - pulmonary ventilation per person – individual
t – exposure time – reducing t (duration in high density areas) decreases exposure
Q – volume of fresh or disinfected air - increasing Q decreases exposure

18

Prof Ljubomir Jankovic

9

30/04/2020

Exposure to airborne infection
Wells-Riley standard model of airborne infection
C = S(1 – e–Iqpt/Q)
degree of exposure to infection
probability of a single infection
degree of exposure to
infection

probability of a single
infection

0.10

0.10

0.99

0.63
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Practical implications for

building owners, operators, and engineers
• transmission through HVAC systems and interzone air flows must
be considered
• HVAC systems may contribute to both to transmission of
disease…
• …and, potentially, to reduction of transmission risk
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Practical implications for

building owners, operators, and engineers
In healthcare facilities:
• indoor air management has become critical to successful
prevention
• multiple modalities used simultaneously, such as
• administrative regulations,
• environmental controls,
• and personal protective equipment protocols
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Practical implications for

building owners, operators, and engineers
Ventilation and Air-Cleaning Strategies:
• laminar and other in-room flow regimes
• differential room pressurization
• personalized ventilation
• source capture ventilation
• filtration (central or unitary)
• relative humidity
• upper room ultraviolet germicidal irradiation (UVGI)
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Practical implications for

building owners, operators, and engineers
Ventilation and Air-Cleaning Strategies:
• ventilation represents a primary infectious disease control
strategy through dilution of room air
• highly efficient particle filtration is likely to reduce the airborne
infectious particles
• directed supply and/or exhaust ventilation is important in several
settings, including operating rooms
• exhaust capture ventilation
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Practical implications for

building owners, operators, and engineers
Ventilation and Air-Cleaning Strategies:
Dilution

Filtration

100%

< 100%

Cough-generated droplets 0.65 μm to 3.3 μm
Exhaled breath droplets: 80% in range 0.3 μm - 1 μm
Corona virus size 0.12 μm is contained in droplets
HEPA filters eliminate 99.95% of droplets size ≥ 0.3 μm
UV radiation can be combined with filtering
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Practical implications for

building owners, operators, and engineers
Ventilation and Air-Cleaning Strategies:
Unidirectional low
velocity flow

~

single-space high-efficiency filtration
units achieve directional airflow

High velocity
turbulent flow

~
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Practical implications for

building owners, operators, and engineers
UV strategies:
• UV radiation needs to be in the UV-C spectrum with wavelength
of 100-280 nm
• it deactivates or destroys RNA and DNA
• 265 nm is the optimum wavelength
• it can penetrate the outer surfaces of the eyes and skin
• the eyes are most susceptible to damage
• shielding is needed to prevent direct eye exposure
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Practical implications for

building owners, operators, and engineers
Ventilation and Air-Cleaning Strategies:
• energy-conserving strategies, including demand controlled
ventilation should be used with caution
• natural ventilation by user-operable windows, is not covered as a
method of infection control by most ventilation standards and
guidelines
• …but in many countries the transmission control measures
include natural ventilation and social isolation
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Practical implications for

building owners, operators, and engineers
Ventilation and Air-Cleaning Strategies:
• room pressure differentials are important for controlling airflow
between areas in a building
• airborne infection isolation rooms (AIIRs) are kept at negative
pressure with respect to the surrounding areas
• hospital rooms with immune-compromised individuals are kept at
positive pressure in protective environments
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Practical implications for

building owners, operators, and engineers
airborne infection
isolation rooms

negative pressure

surrounding
rooms

positive pressure
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Practical implications for

building owners, operators, and engineers
rooms with immunecompromised individuals

positive pressure

surrounding
rooms

negative pressure
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Practical implications for

building owners, operators, and engineers
Ventilation and Air-Cleaning Strategies:
• personalised ventilation systems
supplying 100% highly filtered or UV
disinfected air may be protective
• there are no known epidemiological
studies that justify the efficacy
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Practical implications for

building owners, operators, and engineers
Temperature and Humidity:
• no definitive recommendation on indoor temperature and
humidity for controlling infectious aerosol transmission
• RH between 40% and 60% is the most unfavourable for survival of
microorganisms
• proper selection, operation, and maintenance of humidification
equipment is required
• RH below 40% is associated with factors that increase infections:
• infectious aerosols shrink to become droplet nuclei, and are suspended in
the air and travel great distances
• many viruses and bacteria have increased viability in low RH
• RH below 40% impairs mucus membrane barriers and other steps in
immune system protection
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Practical implications for

building owners, operators, and engineers
Emergency Planning:
• Control banding - risk management to apply hierarchy of controls
to emerging pathogens
• This needs to be based on:
• the likelihood of a pathogen
• duration of exposure
• the infectivity/transmission capability
• the virulence/severity of the pathogen
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Practical implications for

building owners, operators, and engineers
Emergency Planning:
• increasing dilution ventilation, increasing relative humidity, or quickly
applying upper room UVGI, provided that this does not create either
• flow of air to less contaminated areas or
• conditions of extreme discomfort
• creating pressure differentials may be the appropriate strategy
• actions should be undertaken in collaboration with infection control
professionals
• knowledge of the system operation and the nature and source of the
threat are important
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ASHRAE Positions
• all facility designs should follow the latest published standards
and guidelines
• mitigation of infectious aerosol dissemination should be a
consideration in the design of all facilities
• the design and construction team should through integrated
design incorporate appropriate infection control bundle in the
early design stages
• buildings and transportation vehicles should consider designs that
promote cleaner airflow patterns
• design of airborne infection isolation rooms should include
anterooms where significant transmission risk through aerosols
exists
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ASHRAE Positions
The following should be included based on risk assessment:
• Enhanced filtration with higher minimum efficiency reporting value
filters over code minimum
• Upper-room UVGI (with possible in-room fans) as a supplement to
supply airflow
• Local exhaust ventilation for source control
• Personalized ventilation systems for certain high-risk tasks
• Portable, free-standing high-efficiency particulate air (HEPA) filters
• Temperature and humidity control
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ASHRAE Positions
Healthcare buildings should consider design and operation to do the
following:
• Capture expiratory aerosols with headwall exhaust, tent or snorkel with
exhaust, floor to-ceiling partitions with door supply and patient exhaust,
local air HEPA-grade filtration
• Exhaust toilets and bed pans (a must)
• Maintain temperature and humidity as applicable to the infectious
aerosol of concern
• Deliver clean air to caregivers
• Maintain negatively pressurized intensive care units (ICUs) where
infectious aerosols may be present
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ASHRAE Positions
Healthcare buildings should consider design and operation to do the
following (continued):
• Maintain rooms with infectious aerosol concerns at negative pressure
• Provide 100% exhaust of patient rooms
• Use UVGI
• Increase the outdoor air change rate (e.g., increase patient rooms from
2 to 6 ach)
• Establish HVAC contributions to a patient room turnover plan before reoccupancy
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ASHRAE Positions
Non-healthcare buildings should have a plan for an emergency response.
The following modifications to building HVAC system operation should be
considered:
• increase outdoor air ventilation
• disable demand-controlled ventilation and open outdoor air dampers to
100% as indoor and outdoor conditions permit
• Improve central air and other HVAC filtration to MERV-13 or the highest
level achievable
• Keep systems running longer hours (24/7 if possible).
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ASHRAE Positions
The following modifications to building HVAC system operation should be
considered (non-healthcare buildings – continued):
• Add portable room air cleaners with HEPA or high-MERV filters with due
consideration to the clean air delivery rate.
• Add duct- or air-handling-unit-mounted, upper room, and/or portable
UVGI devices in connection to in-room fans in high-density spaces such
as waiting rooms, prisons, and shelters.
• Maintain temperature and humidity as applicable to the infectious
aerosol of concern.
• Bypass energy recovery ventilation systems that leaks potentially
contaminated exhaust air back into the outdoor air supply.
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ASHRAE Positions
In general:
Design and build inherent capabilities to respond to emerging threats and
plan and practice for them
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ASHRAE Commitments
• Address research gaps with future research projects
• Partner with infection prevention, infectious disease, and occupational
health experts and building owners to evaluate emerging control
strategies and provide evidence-based recommendations
• Educate stakeholders and disseminate best practices
• Create a database to track and share knowledge on effective, protective
engineering design strategies
• Update standards and guidelines to reflect protective evidence-based
strategies
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More information
This presentation was an overview with some of my personal
professional interpretations.
For the original source, please consult the following for further
details:
COVID-19 (CORONAVIRUS) PREPAREDNESS RESOURCES
https://www.ashrae.org/technical-resources/resources
including
ASHRAE Position Document on Infectious Aerosols

43

Other relevant information (non-ASHRAE)
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Thank you for listening
Prof Ljubomir Jankovic
University of Hertfordshire
L.Jankovic@herts.ac.uk
www.zerocarbonlab.com
www.ashrae-london.com
You can find these slides on:
http://www.ashrae-london.com/latest.html
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