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Modes of COVID-19 Transmission: The Debate

ARTICLE: Published August 25, 2020
By: Jose-Luis Jimenez

(Professor of Chemistry and a Fellow of the Cooperative Institute for
Research in Environmental Sciences at the University of Colorado-Boulder)

COVID-19 Is Transmitted Through Aerosols. We Have Enough Evidence,
Now It Is Time to Act

“Contrary to public health messaging, |, together with many other
scientists, believe that a substantial share of COVID-19 cases are
the result of transmission through aerosols.”
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Modes of COVID-19 Transmission: The Debate

COVID-19 Is Transmitted Through Aerosols.
We Have Enough Evidence, Now It Is Time to Act

“There are three possible ways the virus is transmitted, of which two have been
emphasized by the WHO and the CDC.”

e Fomite Transmission
 Droplets
« Aerosols
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Modes of COVID-19 Transmission: The Debate

COVID-19 Is Transmitted Through Aerosols.
We Have Enough Evidence, Now It Is Time to
Act

“Fomites and droplets have dominated our everyday understanding of
COVID-19 transmission. While the WHO and CDC both state that
aerosols could lead to transmission under highly specific situations,
both organizations maintain that they are less important.

“I believe this is a significant mistake and on July 6 |, along
with 239 scientists, appealed to the WHO to reevaluate their
stance. WHO updated their position in response, but the
agency’s language continues to express skepticism of the
importance of this pathway.”
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Modes of COVID-19 Transmission: The Debate

CDC

CENTERS FOR DISEASE’
CONTROL AND PREVENTION

« “COVID-19 can sometimes be spread by airborne
transmission.”
« Some infections can be spread by exposure in

small droplets and particles that can linger in the air
for minutes or hours.

* These viruses may be able to infect people who are further than 6

feet away from the person who is infected or after that person has

left the space.

This kind of spread is referred to as airborne transmission...

There is evidence that under certain conditions, people with COVID-
19 seem to have infected others who were more than 6 feet away.
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Modes of COVID-19 Transmission: The Debate

M AR I I N In August, Senator Heinrich brought together engineering experts from thr-
ico chapter of the American Society of Heatir '_ erating ¢

UNITED > ng Engineers (ASHRAE) and ASHRAE's E

H E I N R I < I I a u::1i-5=:-.1.1:3--5:ion on air decontamination in schools and busine&se&.

Senator Martin Heinrich of New Mexico:

* Introduced the Keeping Schools Safe Act bill on October 15t to
award grants...

* “This is why | am introducing this legislation to provide elementary

and secondary schools with funding to improve air quality and

ventilation...”

What is ASHRAE's position on pathogen transmission?
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ASHRAE Epidemic Task Force

ASHRAE: American Society of Heating,
Refrigeration and Air Conditioning Engineers
(www.ashrae.org)

Resource for latest information:

« ASHRAE Position Document on
Infectious Aerosols

* Guidance for:
* Reopening
» Buildings
» Filtration/Disinfection
» Transportation
 Resources
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Infectious Aerosols

ASHRAE Epidemic Task Force

ASHRAE

/

Position Document on

< AbStraCt ASHRAE Position Document on

Infectious Aerosols

“Some diseases are known to spread
by infectious aerosols.”

* The risk of pathogen spread ... can be affected both positively and
negatively by the airflow patterns in the space and by heating and
ventilating, and air-conditioning (HVAC) and local exhaust ventilation
(LEV) systems.
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« ASHRAE Epidemic Task Force

statement on Operation of ASHRAE Issues Statements on Relationship
heating, ventilating, and air-conditioning o
systems to reduce SARS-CoV-2/COVID-
19 Transmission.

“Ventilation and filtration provided by heating, ventilating, and air-
conditioning systems can reduce the airborne concentration of
SARS-CoV-2 and thus the risk of transmission through the air.
Unconditioned spaces can cause thermal stress to people that may
be directly life threatening and that may also lower resistance to

~ infection.”
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ASHRAE Epidemic Task Force

The Challenge: Navigating the Task Force website

Building Readiness ASHRAE.ORG / COVID19
 Maintenance * Position Document on Infectious Aerosols
Filtration « ASHRAE Statements
UV Light

 Energy Recovery
Ol __Building Guides
S¥oRY School & University
Multifamily
Residential
Commercial
Healthcare
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ASHRAE Epidemic Task Force
Task Force Navigation: b 3

“All roads lead to Rome”
(Alain de Lille, 1175 A.D.)

A ™~ T E
(B 1 ",{ il /?l;
o e
N 7 /’u’uﬂ\

(Ceasar Agustus)

irus (COVID-19) Response
Resources from ASHRAE and Others

“All roads lead to Dilution”
(Varitec Sales Engineer)
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ASHRAE Epidemic Task Force

* Today’s Goal:
« Distill, consolidate and expand upon major
concepts drawn from the various navigation tabs.

Bardstown Bourbon Company
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ASHRAE Epidemic Task Force

Task Force Navigation:
* Primary Obijective:
« HVAC systems to reduce airborne
active pathogens at the breathing zone

« Fact: Dilution of active pathogens reduces
the threat of transmission

HVAC design dilution solutions:
« Ventilation

 Filtration

« Humidification

UVGI (Ultraviolet Germicidal Irradiation)
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ASHRAE Epidemic Task Force

« ASHRAE’s Position Document on Infectious Aerosols

i

ASHRAE Position Document on
Infectious Aerosols

d by ASHRAE Board of Directors
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ASHRAE Epidemic Task Force

« ASHRAE’s Position Document on Infectious Aerosols

» Abstract:
« ASHRAE believes that these techniques, when properly

applied, can reduce the risk of transmission of infectious

diseases through aerosols”

« “...Chief among these ventilation related strategies

are:
- * Dilution
“U H Airflow patterns
/ﬂ“ : Pressurization
lﬂ “ Temperature and humidity distribution and control
/ Filtration = Ai: .
Zg/- Ultraviolet germicidal irradiation (UVGI)” LN =
2 s
B0, &




ASHRAE: Position Document on Infectious Aerosols

2. Background:

» This position document covers the dissemination of infectious aerosols
and indirect-contact routes of transmission.

Airborne Dissemination: | ;
+ (Bischoff et al. 2013; Yan etal. 2018) ~  p|

Pathogen dissemination through the air - 5“‘3“3 o
'\"\ | \\ occurs through droplets and aerosols - nnoplﬂ's
(I =
1!

typically generated by coughing, s e
_ sneezing, shouting, breathing...talking. Firsth®
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ASHRAE: Position Document on Infectious Aerosols

2.1 Airborne Dissemination:

..small aerosols, which can stay
airborne and infectious for extended
periods (minutes, hours, days) and
thus can travel longer distances and
iInfect secondary hosts who had no
contact with the primary host.”

hmr!

Ballistic trajectory of  «
large droplets
°

e Large droplets (>100 pm) : Fast deposition due to the domination of gravitational force
*  Medium droplets between 5 and 100 pm

Small droplets or droplet nuclei, or aerosols (< 5 ym): Responsible for airborne transmission
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ASHRAE: Position Document on Infectious Aerosols

2.1 Airborne Dissemination:

Mechanics of Infections: Droplets in Air

Droplet diameter in microns (um

« While ventilation systems cannot
interrupt the rapid settling of large
droplets, they can influence the
transmission of droplet nuclei

Infectious aerosols.
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ASHRAE: Position Document on Infectious Aerosols

2.1 Airborne Dissemination:

« The majority of larger emitted droplets ———
are drawn by gravity to land on surfaces |7 © ¢ ‘@
within 3-7 feet from the source.

» General dilution ventilation and pressure
differentials do not significantly ?

Figure 1 (a) Comparative settling times by particle diameter for particles settling in still air (Baron n.d.) and
(b) theoretical aerobiology of transmission of droplets and small airborne particles produced by an infected patient

i nfl u e n Ce S ho rt ran ge trans m iSS I O n . with an acute infection (courtesy Yuguo Li).

Conversely, dissemination of smaller infectious aerosols, including

droplet nuclei resulting from desiccation, can be affected by airflow

patterns in a space in general and airflow patterns surrounding the
, source in particular.
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ASHRAE: Position Document on Infectious Aerosols

2.1 Airborne Dissemination:
* Directional airflow can create
clean-to-dirty flow patterns and
move infectious aerosols to be
captured or exhausted
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ASHRAE: Position Document on Infectious Aerosols

3.2 Ventilation and Air-Cleaning Strategies:

« (Pantelic and Tham 2013): “Ventilation with effective
airflow patterns is a primary infectious disease
control strategy through dilution of room air
around a source and removal of infectious agents
(CDC 2005).”

* However, it remains unclear by how much infectious particle loads
must be reduced to achieve a measurable reduction in disease
transmissions (infectious doses vary widely amount different

pathogens)...
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ASHRAE: Position Document on Infectious Aerosols

3. Practical Implications for Building Owners, Operators,
and Engineers:

Be Aware:

“Even the most robust HVAC
system cannot control all
airflows and completely prevent
dissemination of an infectious
aerosol or disease transmission
by droplets or aerosols.”
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ASHRAE: Position Document on Infectious Aerosols
3.2 Ventilation and Air-Cleaning Strategies:

e Dilution:
* Increase space OSA air
changes per hour.
* Mixed Air System: Maximize
mixing in a space.
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Questions?
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ASHRAE Epidemic Task Force

Dilution
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ASHRAE: Dilution

 Dilution: Increase Outside Air
« Epidemic Task Force — Building Readiness [JEESIIUSFS

JrT

Guidelines (Increased Ventilation Control):
* Itis also important to note that demand

controlled ventilation, static pressure reset 1

strategies and the typical supply air Y -
temperature reset strategies should be ’M“M
disabled. S

Light Sense Technologies

Fresh-air intake tuned to occupancy
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ASHRAE: Dilution

* Dilution: Increase Outside Air ACH
« Epidemic Task Force — Building Readiness

Guidelines (Outdoor Air):
* Increased OSA air changes per hour:

The Building Guidance clearly
encourages building operators to
Increase their systems outdoor air
ventilation to reduce the recirculation
air back to the space

The guidance indicates that this must
be done as much as the system and
or space conditions will allow.

—
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ASHRAE: Dilution

Dilution: Increase Outside Air ACH
« Epidemic Task Force — Building Readiness Guidelines

(Outdoor Air):
» “The team should consider adjusting the space comfort set
points to increase the system’s ability to use more outside air.
» Most buildings do not have the capacity designed into the air
handling unit to adequately condition air to a space with a
higher percentage of outside air.

« ASHRAE states: “..Another way to potentially increase the
guantity of outside air is to clean your cooling colil to recapture
, lost heat transfer from fouling.”
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ASHRAE: Dilution

* Dilution: Increase Outside Air ACH

« Epidemic Task Force — Building Readiness Guidelines (Increased
Ventilation Control):
« Two options to increase the outside air:
« Option #1.:
 If the cooling coil control valve is less than 90% AND the
discharge air temperature (or space temperatures) are
satisfied, OPEN the Outside Air Damper [Close the Return
Air Damper] 3% every 15 minutes
If the cooling coil control valve is greater than 90% OR the
discharge air temperature (or space temperatures) is
exceeded by 1 degree F, CLOSE the OAD [OPEN the
Return Air Damper] 6% every 15-minutes
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ASHRAE: Dilution

* Dilution: Increase Outside Air ACH

« Epidemic Task Force — Building Readiness Guidelines (Increased

Ventilation Control):
* Option #2: Increased OA based on Space Conditions:

« This option assumes that a colil leaving air temperature controls
the chilled /hot water valve (CHW) to maintain a constant set
point.

If the space temperatures are satisfied and the (outdoor) relative
humidity is less than 55%, OPEN the OAD [CLOSE the RAD]
3% every 15 minutes

If the space temperatures are exceeded by 1 degree F OR the
relative humidity is greater than 60%, CLOSE the OAD [OPEN
the RAD] 6% every 5 minutes
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ASHRAE: Dilution

Dilution: Increase Outside Air ACH

« Epidemic Task Force — Building Readiness Guidelines (Increased
Ventilation Control):
« These options require different sensors to be installed in the unit to
work properly.

* OSA Temp Sensor
« OSARH Sensor

y CHW COII LAT V,, = 7,000 cfm
sensor R, =2,000 cfm
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ASHRAE: Dilution

 Dilution: Increase Outside Air
« Epidemic Task Force — Building Readiness Guidelines (Building &

Space Pressure):
« Care should be taken when increasing outside air but keeping exhaust
and relief air systems as designed.

COMMON PROBLEMS CAUSED BY AN UNBALANCED HVAC SYSTEM

Maintain building zone
pressure relationships
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ASHRAE: Dilution

 Dilution: Increase Outside Air
« Epidemic Task Force — Position Document on Infectious Aerosols:

4.1 ASHRAE'’s Positions:

« HVAC design teams for facilities of all types should follow, AS A
MINIMUM, the latest published standards and guidelines and good
engineering practice.

« Based on risk assessments or owner project requirements, designers of
new and existing facilities could go beyond the minimum requirements
of these standards, using techniques covered in various ASHRAE
publications...

- Y VARITEC"
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ASHRAE: Dilution

 Dilution: Mixed Air within the space
« ASHRAE Standard 62.1
« Sets minimum OSA requirements
« Based on total airflow to the space

» Design Objectives:
« Create uniform temperature in the

cubic volume of space Airflow Design:
» Create thorough OSA mixing in + Inject air at high velocity

space .
* Induce room air into supply
jet for maximum mixing
* Uniform (maximum) pathogen
dispersal

(Mixed Air Condition 100% flow)

Y
I "
1 \
i | R
—~ T Tl
IEY vy
[} 1}
4 Y/ o '
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ASHRAE: Dilution

Dilution: Mixed Air within the

Space
« VAV System at Part Load:

« What if supply air is 50% of
design max flow

 Insufficient air results in dumping

 Insufficient mixing results in
varying concentrations of
pathogen released in the space

Typical diffuser

Result: Insufficient OSA potential atccupant breathing zone.
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ASHRAE: Dilution

. . . index patient Al " s W<——patient C2
» Dilution: e *‘.u%‘if*’*szzzzzzéﬁ
. . patient B2 ——— ' 3 patient A2
« (Taylor Engineering: October 14, 2020) patient A m/ S—
 Guangzhou Restaurant Study . 5 I —
(Li et al. 2020) M g WY T
« Asymptomatic carrier (Al) . % *%n’: s _ o[
« Meal duration, 1 to 1.5 hours ol & /:acz ﬂ{ e
* Release of droplets and aerosols via breathing, i pp— sicondiloning
talking loudly, laughing. . JH e

elevator

HVAC system:

! + Ductiess Fan Col Uni el
« Ventilation: 1.6 CFM/Person (10% T o

of California Code)
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ASHRAE: Dilution

Epidemic Task Force — Building Readiness:
* Pre- or Post-Occupancy Flushing Strategy

Flushing Air Changes Calculations for Well-Mixed Spaces

One air change = c/ C, = exp™' = 0.368
Three air changes = ¢/ C, = exp™ = 0.050

Therefor, three air changes result in the removal of

gf::sez:lheoomaminanlsinthespaoeforawellmixed PY Flush building for Sufﬁcient duratlon to
P reduce concentration of airborne infectious
- Gy-Totl a fow particles by 95%.

* ¢ = space concentration

15 iy * For a well-mixed space, this would reugire

+ N = number of air changes

D T e (3) air changes of outside air

Change of contaminant in space is equal to flow of
contaminant in minus flow of contaminant out during a
time interval dt
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Questions?
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Filtration
ASHRAE: Standard 52.2 (2017):

« Particle Removal Efficiency & Testing

« This standard describes a method of
laboratory testing to measure the
performance of general ventilation air-
cleaning devices

« The standard also defines a method

for counting airborne particles of
0.30 to 10.0 microns in diameter
upstream & downstream of the air-
cleaning device.

tar 2-2012)
/i E addenda listed in Appendix H

Method of Testing
General Ventilation
Air-Cleaning Devices
for Removal Efficiency

by Particle Size
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Filtration

ASHRAE: Standard 52.2-2017
«  Minimum Efficiency Reporting Value (MERYV)

» l|dentifies “Dust Holding Capacity’, i.e. “the
total weight of synthetic loading dust
captured by the air cleaning device over all
of the incremental dust loading steps.”

» EXxpresses efficiency as a function of

specific particle size (PSE).

Group E1: Size: 0.30 to 1.00
Group E2: Size :1.00 to 3.00
Group E3: Size: 3.00 to 10.00

TABLE 2: ANSI/ASHRAE 52.2 PARTICLE SIZE RANGES

7.00 to 10.00
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Filtration

ASHRAE: Standard 52.2 (2017)
« Minimum Efficiency Reporting Value (MERV)

MERVS8: (microns/%)
- Composite Average Particle Size Ny, ¥ ° 030 tO 10 N/A

D010 Ton T o « 1.0to03.0: 20% or less
A + 3.0t0 10.0: 70% or less

N/A
N/A

- - MERV13: (microns/%)
' v 0.30to 1.0: 50% or less

1.0 to 3.0: 85% or less

3.0t0 10.0: 90% or less

MERV14: (microns/%)
0.30to 1.0: 75% or less
1.0 to 3.0: 90% or less

3.0to 10.0: 95% or less

Y VARITEC"
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Filtration

ASHRAE: Epidemic Task Force
* Filtration & Disinfection Guidelines

« Mechanical Air Filters
« High-Efficiency Particulate Air (HEPA)

Filters
 Electronic Air Filters
o H * Gas-Phase Air Cleaners
ﬁluu | In-Room or Portable Air Cleaners
A5 A
/ pete
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Filtration

ASHRAE: Epidemic Task Force

 Filtration & Disinfection Guidelines
* Mechanical Air Filters:
« MERV Ratings:
« MERYV ranges from 1 to 16: Higher MERV = higher
efficiency
« MERV 13 or greater: Efficient @ capturing airborne
viruses
« MERYV 14: Preferred
» High Efficiency particulate air (HEPA) filters

e

- Y VARITEC"
==F




Filtration
ASHRAE: Epidemic Task Force

* Filtration & Disinfection Guidelines

MERVS8: (microns/%)
0.30to 1.0: N/A
1.0 to 3.0: 20% or less
3.0t0 10.0: 70% or less

Composite Average Particle Size Efficiency. % in Size Range, pm

MERV13: (microns/%)
0.30to 1.0: 50% or less
1.0 to 3.0: 85% or less

3.0t0 10.0: 90% or less

1

MERV14: (microns/%)
0.30to 1.0: 75% or less
1.0 to 3.0: 90% or less
3.0to0 10.0: 95% or less

Y VARITEC"
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Filtration

ASHRAE: Epidemic Task Force

 Filtration & Disinfection: Mechanical Air Filters
« MERV > 13: Efficient at capturing airborne viruses
« MERYV 14 filters are preferred
« High Efficiency particulate air (HEPA) filters are more efficient than MERV 16

Velocity, Pressure
EHE
500 14

0.55

500 13 0.38

500 1 0.29
TABLE 1. Clean pressure drop.

Particles with a diameter around 0.3 microns are most penetrating
Y VARITEC"



Filtration

ASHRAE: Epidemic Task Force
 Filtration & Disinfection: Mechanical Air Filters

- Overall effectiveness of reducing 1 p—
particle concentrations i N
» Filter efficiency
 Airflow rate through the filter
» Size of the particles
Location of the filter in the
HVAC system...

Fractional Efficiency

0.10 1.00

Particle Mean Diameter, ym

MERV Rating/Particle Mean Diameter/Fractional Efficiency
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Filtration

ASHRAE: Epidemic Task Force
e Filtration & Disinfection: HEPA Filters

« HEPA filter efficiency is better than MERV16

« HEPA filters may not be an appropriate option for some HVAC
systems due to high pressure drops and the likelihood that
systems will need new filter racks to allow sufficient sealing to
prevent filter bypass.

« To function properly, HEPA filters must be sealed properly in
filter racks

» Filters are often delicate and require careful handling to prevent
\ damage and preserve performance.
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Filtration

ASHRAE: Epidemic Task Force
Filtration & Disinfection: HEPA Filters

« High Efficiency Particulate Air (HEPA) Filters
« By definition, true HEPA filters are at least 99.97%
efficient at filtering 0.3 micron mass median diameter
(MMD) patrticles in standard tests.

HEPA Filter Efficiency by Particle Size

« Most penetrating particle size
may be smaller than 0.3 micron,
so filtration efficiency of most
penetrating particles can be

~ slightly lower
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Filtration

ASHRAE: Epidemic Task Force
» Building Readiness: Commercial

* Practical Approach to Increase MERYV in an AHU

Practical Approach to Increase MERV in an AHU: | Return to Top

HEALTHEARE
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Filtration
ASHRAE: Epidemic Task Force

» Building Readiness: Commercial
« Atrticle #5: HVAC Systems
« General: If there are significant energy
impacts, use minimum outside air as
required by Std 62.1 with MERV-13
filter minimum

* Operate & Maintain HVAC System

i um  Update or replace existing HVAC air
ﬁm\ filtration to a minimum of MERV 13 or the
|} highest compatible with the filter rack, and

seal edges of the filter to limit by-pass.
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Filtration

ASHRAE: Epidemic Task Force

Building Readiness: Commercial

« Design Consideration:
* ‘“Increased filter efficiency generally results in increased pressure
drop through the filter. Ensure HVAC systems can handle filter
upgrades without negative impacts to pressure differentials and/or air
flow rates prior to changing filters”.

Increase in fan motor HP will require
higher electrical demand. Is
additional electrical service
available?




Filtration
ASHRAE: Epidemic Task Force
Fan Affinity Laws

Existing:
« Fan supplying 2000 CFM @ 0.5” esp
« HP =0.389 BHP
CFM, = CFM, X (gﬁ:ﬁ)  FRPM =1089
« Nominal HP = 0.5 HP
SP, = 5Py X (%’:’,j)z With “CLEAN” MERYV 13 Filtration:
- « Fan supplying 2000 CFM @ 0.8” esp
\\\ HP, = HP, X (%)3 « HP =0.51BHP

 FRPM = 1195
e Nominal HP = 0.75 HP

What happens with filters load
{ VARITEC"



Filtration
ASHRAE: Epidemic Task Force _.,

« Design Considerations:
« To enhance filtration without
Increasing static pressure drop
apply particle agglomeration

technologies s
‘ll*l:\u‘
> \ \ \ . - . ",? :\“
\\,\\ * Bi-Polar lonization 5
[\\.\\ . Polarized-Media Air .
; Cleaners S
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Questions?
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ASHRAE: Dilution

Session Two:
Minimizing & Neutralizing Pathogen Transfer

Wednesday October 28, 2020
Time: (12:00 Noon)

* Humidification

« UV Technology

« Bi-Polar lonization
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Thank you.
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VARITELC™

SOLUTIONS

VaritecSolutions.com
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Filtration

ASHRAE: Epidemic Task Force
Filtration & Disinfection: HEPA Filters
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