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HOW CAN IMPROVED

VENTILATION REDUCE THE
RISK OF AEROSOL EXPOSURE?

The effects of ventilation in removing virus-containing aerosols from
From Morawska et al. (2020)
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Size of Droplet/Aerosol is Critical

1. Airborne virus is not naked
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https://cibse.force.com/CPBase__item?id=a0q3Y00000I0NBYQA3
https://www.sciencedirect.com/science/article/pii/S0160412020317876
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Infectious SARS-CoV-2 in Aerosols

Exemples of fransmission in hospitals and long term care institutions ‘
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Risk Management — HVAC is one layer of an
effective mitigation strategy

» Source elimination Mo Hierarchy of Controls

« Testing. contact fracing B
» Substitution — NA

- Engineering conftrols
» HVAC interventions to control aerosols

« Administrative controls

« Rules and procedures

- Personal protective equipment
= N?5 mask — mainly protects wearer I

= Surgical/cloth masks mainly protect others




ASHRAE EPIDEMIC TASK FORCE

Core Recommendations for Reducing Airborne Infectious
Aerosol Exposure

The following recommendations are the basis for the detailed guidance issued by ASHRAE
Epidemic Task Force. They are based onthe concept that within limits ventilation, filtration, and air
cleaners can be deployed flexibly to achieve exposure reduction goals subject to constraints that
may include comfort, energy use, and costs. This is e by setting targets for equivalent clean air
supply rate and expressing the performance of filte - cleaners, and other removal mechanisms in

these terms.

1. Public Health Guidance - Follow all regulatory and statutory requirements and
recommendations for social distancing, wearing of masks and other PPE, administrative
measures, circulation of occupants, reduced occupancy, hygiene, and sanitation.

Ventilation, Filtration, Air Cleaning
- . - b . — . - .
2.1 Provide and maintain at least required minimum outdoor airflow rates for ventilation as
specified by applicable codes and standards.
2.2 Use combinations of filters and air cleaners that achieve MERV 13 or better levels of

performance for air recirculated by HVAC systems.

2.3 Only use air cleaners for which evidence of effectiveness and safety is clear.

2.4 Select control options, including standalone filters and air cleaners, that provide desired
exposure reduction while minimizing associated energy penalties.

 AVAILABLE RESOURCES
covid-19@ashrae.org

1S POSSIBLE WITH BETTER
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MITIGATION
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Below are some general parameters for non-COVID emergency surge spaces
outside of a licensed hospital

h’r’rps //WWW ashrae. o::g/flle%ZOI|b\r@ory/’rechn|col7ﬁeso nges/covié

(I;/Iin_iméjm 2 ACH Outdoor air and 2 ACH Total air, though higher total air is
esire

for large volume spaces with high ceilings, such as conference rooms, minimum OA and total
ACH may be calculated as 2ACH Outdoor divided by 0.8 ACH, or 2.5 Total air, (ASHRAE 62.1
ventilation effectiveness) and supply air temperatures kept no more than 8.3°C (15 °F) above
room temperature to minimize stratification and short circuiting of air within the space.

No less than MERV 13 and MERV 14 preferred for systems that are not serving
specialized environments that may require even higher efficiency filtration.

Temperature 21-24°C (70-75 °F)
Humidity —— consider maintaining 40-60% RH.


https://www.ashrae.org/file%20library/technical%20resources/covid-19/core-recommendations-for-reducing-airborne-infectious-aerosol-exposure.pdf

HAT IS POSSIBLE WITH BETTER
USE OF EXISTING VENTILATION

IN HIGH-RISK SETTINGS?

Droplets Can Travel More Than 2 m

Spread, Dilution, Resuspension

Position of droplets released from a height of 1.5 m
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HAT IS POSSIBLE WITH BETTER
USE OF EXISTING VENTILATION

IN HIGH-RISK SETTINGS?

Spread, Dilution, Resuspension |
\ |




Faster inactivation of SARS-

CoV-2 at higher T and RH

P

Limited ability to vary T in
comfort zone

A0-60% RH — lower infection
raftes in some studies

WHAT IS POSSIBLE WITH BETTER
USE OF EXISTING VENTILATION

IN HIGH-RISK SETTINGS?

Time (mins.) required for removal 99% Time (mins.) required for removal 99.9%
efficiency efficiency

138 207

4 69 104
6" 46 69
8 35 52
10° 28 41
12' 23 35
15° 18 28
20 14 21
50 6 8

* Liters/s/person is the best indicator (better than ACH)
* Outbreaks of COVID-19 at ~1-3 L/s/p
* Recommend at least 12.5 L/s/p (REHVA), more if possible

outdoor air supply
rates < 25 L/s per
person increase
the risk of sick
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CO2 concentrations in 1230 ppm
rooms

1490 ppm

Dorm rooms' ventilation 6 L/s/person 2 L/s/person

rates building symptoms,
# ARI cases / total 1/11 47/109 increase short-term
subjects sick leave, and
decrease
ventilation rates of < 5 L/s per person may be productivity

impacting acute respiratory infections
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This becomes Temporary Exhaust from
patient rooms, Consider location of this

Temporary Exhaust—ReHefAir from
Patient Rooms

exhaust in relation to outside air intakes to
avold re-entrainment, Provide temporary

Optional, not required:

signage and means to prevent people from

going near the exhaust termination location.

May want to consider
increase of bathroom
exhaust airflow.

Return Air from
Patient Rooms

Outside Air

VN
Supply Air to
Patient Rooms

Pre-Conditioned Outside Air

Lower Chilled Water Supply
Temp as Needed for Humidity
Control / Capacity
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WHAT RETROFITTED SOLUTIONS
ARE RECOMMENDED?

Removal Mechanisms

l nte rve nt 1ONS * Settling: main removal mechanism, efficient for large but not small droplets
1. Source control 2. Ventilation and filtration 3. Distance and PPE 4. Hygiene * Ventilation: effective for all sizes, important in public buildings

* |nactivation: depends on the virus, may depend on humidity

[ #1ACHat50%RH =10 ACH at 50% RH |
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WHAT RETROFITTED SOLUTIONS
ARE RECOMMENDED?

Removal Mechanisms
Ventilation through Air Exchangers, HRV, ERV
* Settling: main removal mechanism, efficient for large but not small droplets

* Ventilation: effective for all sizes, important in public buildings

EXHAUST AIR = VR + Vp RETURNAIR = VR | EXHAUST AIR = VR + Vp EETIRN AR = Ve * Inactivation: depends on the virus, may depend on humidity
o Filters
} Fresh
PURGE = Vp PURGE = VP air from
outside
pr— o [ O — —_  Stale
OUTDOOR AIR = Vs + vP. SUPPLY AIR = Vg . SUPPLY AIR = Vs sy

OUTDOOR AIR = VS + VP inside

ADE A ADDA i

EXHAUST AIR = VR + VP RETURN AIR = VR EXHAUST RIR.= VR + VP RETURNATA = VR 3 |
} Exhaust .
to outside
e - PURGE = Vp / -
— -  E— E
= Fan
OUTDOOR AR = Vs + Vp. SUPPLY AIR = VS OUTDOOR MA = Vs + VP .

SUPPLY AlR= VS
Heat exchanger
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'''' WHAT IS THE VALUE OF AIR
PURIFIERS?

« Effectiveness of HEPA filters

« Potential impact of HEPA/UV
Filters on infection rates for
different systems for 2 room
configurations (from the SAGE-
EMG November report)
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The best air purifiers (sometimes known as “air
cleaners”) help to eliminate dust, pollen, smoke and : 5 ; :
other irritants from the air, but a good air purifier could ventilation rate (ACH
also go a long way towards eliminating dangerous no devic | o o
. s 300 1 3/ hr s 500 13 hr s 200 M 3/ w500 m3/hr
airborne threats. 000 m3fhr 1000 m3hr
» The CDC says air purifiers “can help reduce airborne
contaminants, including viruses, in a home or
confined space.”
The EPA (Environmental Protection Agency) adds
that air purifiers are helpful “when additional

ventilation with outdoor air is not possible”
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Figure 4: Simulation from Wells-Riley model for airborne transmission over a 2 hour period, | 10
quanta/hr and breathing rate of 10 I/min. Results for device flow rates between 100 and 1000 m3/hr
in a 100 m3 room (left) and 500 m3 room (right).



https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/disinfecting-your-home.html
https://www.epa.gov/coronavirus/air-cleaners-hvac-filters-and-coronavirus-covid-19
https://www.gov.uk/government/publications/emg-potential-application-of-air-cleaning-devices-and-personal-decontamination-to-manage-transmission-of-covid-19-4-november-2020
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WHAT IS THE VALUE OF AIR

» Effectiveness of HEPA filters

« Potential impact of HEPA/UV
Filters on infection rates for
different systems for 2 room
configurations (from the SAGE-EMG
November report)

 One layer in the « Swiss Cheeze »
(from Dr. |.Mckay and Dr. J.L Jimenez)

The best air purifiers (sometimes known as “air
cleaners”) help to eliminate dust, pollen, smoke and
other irritants from the air, but a good air purifier could
also go a long way towards eliminating dangerous
airborne threats.

» The CDC says air purifiers “can help reduce airborne
contaminants, including viruses, in a home or
confined space.”

The EPA (Environmental Protection Agency) adds
that air purifiers are helpful “when additional
ventilation with outdoor air is not possible”

PURIFIERS?

Calculated with:
https: S oyl comyd cowid -estima tor

Swiss cheese graphic from Dr. lan McKay


https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/disinfecting-your-home.html
https://www.epa.gov/coronavirus/air-cleaners-hvac-filters-and-coronavirus-covid-19
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HOW CAN ENGINEERS HELP

IDENTIFY SOLUTIONS PROPERLY
ADAPTED FOR SPECIFIC FACILITIES?

In a multidisciplinary mindset, Engineering support is important in selecting and
Implementing devices.

» To properly consider all aspects, not just the potential ability to remove or kill the virus.
« Within a class of devices, some are high quality and likely to be more effective.

« To optimize ventilation and supplement with (effective) air purifiers (where necessary).
To use engineering solutions effectively and safely.

« Advices and guidance to identify appropriate technologies and high quality products

« Guidance and training for facilities managers and building services practitioners on
the selection, design, installation and maintenance of air cleaning devices.

On the longer term:




