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Current Research

Winter is Coming

Our Built Environment



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.

ASHRAE POSITION



4

WHO’s POSITION – JULY 9th, 2020

https://www.who.int/news-room/commentaries/detail/transmission-of-sars-cov-2-implications-for-infection-prevention-precautions

https://www.who.int/news-room/commentaries/detail/transmission-of-sars-cov-2-implications-for-infection-prevention-precautions


750 PROFESSIONALS, 51 NATIONS, 1 PETITION 

Apply building best 
practices to save lives



“…Today’s update acknowledges the existence of some published reports 
showing limited, uncommon circumstances where people with COVID-19 
infected others who were more than 6 feet away or shortly after the COVID-
19-positive person left an area….”

CDC, Oct 5th, 2020

https://www.cdc.gov/media/releases/2020/s1005-how-spread-covd.html



Viable SARS-CoV-2 in the air of a hospital room with COVID-19 patients 2 John A. Lednicky, PhD1,2*, Michael Lauzardo, MD2,3, Z. Hugh Fan, PhD4,5, Antarpreet Jutla, PhD,6 3 Trevor B. Tilly, 
PhD,6 Mayank Gangwar6 , Moiz Usmani6 , Sripriya Nannu Shankar6 , Karim Mohamed5 4 , Arantza Eiguren-Fernandez, PhD7 , Caroline J. Stephenson1,2, Md. Mahbubul Alam1,2 5 , Maha A. 

Elbadry, PhD1,2, Julia C. Loeb1,2, Kuttinchantran Subramaniam, PhD2,8, Thomas B. Waltzek, PhD2,8 6 , Kartikeya Cherabuddi, MD,3, J. Glenn Morris, Jr., MD2,3, and Chang-Yu Wu, PhD

ACTIVE VIRUS FOUND 4.8 M (15.7’) AWAY FROM SUBJECT
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Long-distance airborne dispersal of SARS-CoV-2 in COVID-19 wards 
Karolina Nissen Uppsala University 

Janina Krambrich Uppsala University
Dario Akaberi Uppsala University 

Tove Hoffman Uppsala University
Jiaxin Ling Uppsala University

Åke Lundkvist Uppsala University
Erik Salaneck (  erik.salaneck@medsci.uu.se ) Uppsala University

VIRUS FOUND IN CEILING VENT AND 56 M INTO THE DUCTWORK
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Identification of SARS-CoV-2 RNA in Healthcare Heating, Ventilation, and Air Conditioning Units
Patrick F. Horve, Leslie Dietz, Mark Fretz, David A. Constant, Andrew Wilkes, John M. Townes, Robert G. Martindale, William B. Messer, Kevin G. Van Den, Wymelenberg

VIRUS FOUND IN AHU



“…Never before has spread of the virus via air circulation been 
so plausible. RIVM has revised the ventilation directive…”

“…17 of the 21 residents in the De Tweemaster nursing home 
ward became infected...The virus was subsequently found in 
high values ​​on the mesh of the air-conditioning unit and in the 
filters of four ventilation boxes...”

https://www.volkskrant.nl/nieuws-achtergrond/vertrouwelijk-rivm-rapport-ventilatiesysteem-verspreidde-virus-in-verpleeghuis~bdc4943d/

DUTCH NURSING HOME

https://www.volkskrant.nl/nieuws-achtergrond/vertrouwelijk-rivm-rapport-ventilatiesysteem-verspreidde-virus-in-verpleeghuis%7Ebdc4943d/
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US NEW COVID CASES, 7 DAYS MOVING AVERAGE

https://en.wikipedia.org/wiki/COVID-19_pandemic_in_the_United_States

?

https://en.wikipedia.org/wiki/COVID-19_pandemic_in_the_United_States
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Rule of 1000

RULE OF “1000”:
A POLLUTANT RELEASED INDOOR IS 1000 TIMES MORE LIKELY TO BE INHALED 

SOURCE: Lai, Thatcher, Nazaroff, 2000



SOM MAKES NO GUARANTEES OR WARRANTIES, EXPRESS OR IMPLIED, REGARDING THE EFFECTIVE ABILITY OF THE INTERVENTIONS ILLUSTRATED HEREIN TO PREVENT ONSET OF COVID-19 OR OTHER COMMUNICABLE DISEASES.
COPYRIGHT SKIDMORE, OWINGS & MERRILL 2020

https://en.wikipedia.org/wiki/COVID-19_pandemic_in_the_United_States

SUN VS. NO SUN

https://www.dhs.gov/science-and-technology/sars-airborne-calculator
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https://www.burnhamnationwide.com/final-review-blog/ada-building-requirements-for-elevators

• 70 F
• 25% RH
• 219 FT3
• 350 CFM fan
• Infected person speaking (9.4 Quanta/hour)
• Risk of 2 minutes ride
• 1 person out of 4 infected

OFFICE IN CHICAGO WINTER - ELEVATOR
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OFFICE IN CHICAGO WINTER - ELEVATOR

•0.02% no mask, 
exhaust on

•0.005% with Mask, 
exhaust on
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• 1% risk with no mask
• 100 outside air ≈ MERV-13 filter

With Masks, 
0.2%
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• 1% risk with no mask
• 100 outside air ≈ MERV-13 filter
• With masks, 0.2%

50% density 
reduction,  50% 
risk reduction
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• 100 outside air ≈ MERV-13 filter
• 50% mask reduced risk by 25%
• 50% density reduction, 50 risk reduction

50% density with 
mask, risk below 
0.1%
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https://en.wikipedia.org/wiki/COVID-19_pandemic_in_the_United_States

SARS-COV2 AIRBORNE DECAY CALCULATOR

https://www.dhs.gov/science-and-technology/sars-airborne-calculator






SOM MAKES NO GUARANTEES OR WARRANTIES, EXPRESS OR IMPLIED, REGARDING THE EFFECTIVE ABILITY OF THE INTERVENTIONS ILLUSTRATED HEREIN TO PREVENT ONSET OF COVID-19 OR OTHER COMMUNICABLE DISEASES.
COPYRIGHT SKIDMORE, OWINGS & MERRILL 2020

https://en.wikipedia.org/wiki/COVID-19_pandemic_in_the_United_Stateshttps://www.dhs.gov/science-and-technology/sars-airborne-calculator

SARS-COV2 AIRBORNE DECAY CALCULATOR
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https://en wikipedia org/wiki/COVID 19 pandemic in the United States

ENVIRONMENT

Indirect Health Effects of Relative Humidity  Indoor Environment Arundel AV, Sterling EM et al.

Relative Humidity 40-60%
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https://en.wikipedia.org/wiki/COVID-19_pandemic_in_the_United_StatesIndirect Health Effects of Relative Humidity  Indoor Environment Arundel AV, Sterling EM et al.

ENVIRONMENT

Relative Humidity 40-60%
viruses

Viruses
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HUMIDIFIER

https://www.walmart.com/ip/230ml-Mini-Portable-Cool-Mist-Cup-Humidifier-USB-Ultrasonic-Air-Humidifier-Purifier-Office-Desk-Bedroom-Home-Babies-Kids-Car-7-Colors-LED-Night-Light/549868696
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1.  THE GREEN SPACES
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2.  THE FLEXIBLE SPACES
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3.  THE MATERIAL SPACES

Copyright: Skidmore, Owings, Merrill, 2020
Detection of air and surface contamination by SARS-CoV-2 in hospital rooms of infected patients
Po Ying Chia, Kristen Kelli Coleman, for the Singapore 2019 Novel Coronavirus Outbreak Research Team

https://www.nature.com/articles/s41467-020-16670-2#auth-1
https://www.nature.com/articles/s41467-020-16670-2#auth-2
https://www.nature.com/articles/s41467-020-16670-2#group-1
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4.  THE MEASURED SPACES

Copyright: Skidmore, Owings, Merrill, 2020
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5.  THE FILTERED SPACES

https://www.secondnature.com/blog/staying-healthy/what-merv-rating-should-I-use

https://www.secondnature.com/blog/staying-healthy/what-merv-rating-should-I-use
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6.  THE PEDESTRIAN CITY
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7.  THE 15 MINUTES CELLULAR CITY
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Community Outbreak Investigation of SARS-CoV-2 Transmission Among Bus Riders in Eastern China Ye Shen, 
PhD; Changwei Li, PhD; Hongjun Dong, MD; Zhen Wang, MD; Leonardo Martinez, PhD; Zhou Sun, MD; Andreas 

Handel, PhD; Zhiping Chen, MD; Enfu Chen, MD; Mark H. Ebell, MD, MS; Fan Wang, MA; Bo Yi, MD; Haibin Wang, 
MD; Xiaoxiao Wang, MD; Aihong Wang, MD; Bingbing Chen, MD; Yanling Qi, PhD; Lirong Liang, MD, PhD; Yang 

Li, PhD; Feng Ling, MD; Junfang Chen, MD; Guozhang Xu, MD

LAST MILE TRANSPORTATION
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8.  THE NETWORK CITY
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Winter Is Coming
HVAC Strategies during

COVID-19:
Inpatient Medical HVAC

Kim Shinn, TLC Engineering Solutions
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ASHRAE - https://www.ashrae.org/technical-
resources/resources

ASHE Website for more information – Public Access
https://www.ashe.org/COVID19resources

The current ASHRAE Standard 170 pressure
relationships, air change rates and filtration
efficiencies have proven to have served us well and
there is little evidence that going beyond those
requirements yields cost-justified improvements in
COVID-19 viral transmission mitigation.  There is
probably no safer place in the US built environment
than a code compliant, well-operated and -
maintained hospital.

Now, if we could just reduce the number of
infectious people in those buildings…



https://www.cdc.gov/coronavirus/2019-ncov/index.html
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https://www.cdc.gov/coronavirus/2019-ncov/hcp/us-healthcare-
facilities.html

C
ur

re
nt

C
D

C
G

ui
da

nc
e



https://www.cdc.gov/coronavirus/2019-ncov/hcp/infection-control-
recommendations.html
• Place patients in a single-person room with the door closed.  The

patient should have a dedicated bathroom. To the extent possible,
the patient should stay there for the length of stay – minimize
room transfers.

• Airborne Infection Isolation Rooms (AIIRs) should be reserved for
patients who will be undergoing aerosol generating procedures.

• As a measure to limit exposure and conserve PPE, facilities could
consider designating entire units within the facility, with dedicated
personnel, to care for patients with suspected or confirmed SARS-
CoV-2 infection.
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Airborne Infectious Isolation
Room
• Minimum 12 Air Changes /

Hour

• Negative Relative Pressure
(Clean to Less Clean)

• All Air Exhausted Directly to
Outdoors

• Anteroom strongly
recommended
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Airborne Infectious Isolation Room
• Air changes dilute contaminant level

• Exhaust removes contaminants

• Filtration removes contaminants

• Anteroom preserves pressure relationship
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Ventilate the room and terminal clean before re-use

Follow CDC air change clearance rates

Dilution is the Solution
to Pollution!



Establish solutions beyond A.I.I. rooms as needed
• Negative relative pressure helps contain contaminants,

but only while the door is closed, which is the reason for
an anteroom

• Do not depend on a single door to maintain a pressure
relationship

• Corridors outside both AIIRs and negative pressure segregation rooms
contain virus particles.

• Healthcare personnel should maintain PPE whenever they are in a unit
housing COVID or suspected-COVID patients

• Negative pressure does not equal 100% exhaustAI
IR
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0.1 – 0.3 micrometers



HEPA to Hallway
• Single exam or patient room
• Create “sealed” vestibule to patient

room
• Vestibule should be a minimum 3'-0" x 6'-0"
• Need minimum 5’-0” egress clearance in

the corridor
• Seal off return air grill in patient room
• Place HEPA fan filter unit in hallway

ceiling
• Keep door to vestibule closed but door

to patient room open
• Verify negative pressure prior to

placing room in service and monitor
negative pressure while in service

• Limit patient transport and patient
transfers

• Terminal cleaning after ACH removes
potentially infections particlesSm
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https://www.ashe.org/negative-pressure-rooms
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Doffing Zone

Donning Zone

`

ENTRY

EXIT

HEPA UNIT
discharge to
COVID suite

Staff Respite

Respite
Doffing
Vestibule

HEPA UNIT
discharge to
create suite
negative
pressure

HEPA UNIT
discharge to
COVID suite

COVID Zone

COVID Zone

The benefits of designating
COVID patient suites includes
the ability to establish the
suite as a negative relative
pressure zone to adjoining
suites.

Use a HEPA fan filter unit to
establish negative relative
pressure in the suite.
Consider using at least two
units for redundancy
purposes.

This arrangement avoids the
need for HEPA units in each
patient room and the
necessary HVAC air re-
balance and correspondent
make-up air issues.



• Alternate Care Sites (ACS)
• Parking Garages
• Tents
• Convention Centers

• What about “putting patients in single occupant rooms with the
door closed” did you not understand?

• The hotels and dormitories in town are pretty much empty, and
they would love the business:

• Already have plumbing, HVAC and power
• Probably won’t fall down in a windstorm
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• The practical reality is that NOTHING we do to an
HVAC system is going to make it safe to share an
indoor space with people who aren’t wearing
masks.

• MORE practical reality:  If everyone in an indoor
space wear their masks, properly applied and
operating ASHRAE 62 ventilation and filtration will
make the risk of infection pretty effing low.

• The most effective gizmo in this pandemic would be
summary justice for anyone not wearing a mask in
an indoor space.  We kill enough of those dumb

and the risk of infection will drop to
zero.W
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OCTOBER 2020

Building Systems & IEQ 
Informed by COVID-19

Pete Jefferson, PE



Timeline

2017

2000

1995

1990

2007

Created a rudimentary model of 
viral transmission to analyze 
benefit of underfloor air 
distribution vs. overhead systems

Built First Calculator 
for Flu Risk

Led by Marcel Harmon, PhD –
focused on studying existing 
relevant research, monitoring new 
research, and developing building 
science tools

Formed Internal 
COVID-19 Task 
Force

Focused on Influenza A as proxy 
for SARS-CoV-2. Used to assess 
Probability of Infection in indoor 
spaces.

Released Flu Infection 
Risk Estimator (FIRE) 
Web Tool

Tool significantly 
improved to model for 
SARS-CoV-2, as well as 
adding additional 
strategies such as UVGI 
and masks.

Released FIRE v2.0 –
Changed from Flu to 
“Facility”

Using FIRE in concert with energy models to develop 
holistic strategies to achieving building energy and 
health outcomes. 

Continuing: Modeling Building 
Systems for Energy + Health

SEP 2018

FEB 2020

APR 2020

JUN 2020

Work included K-12 
Schools, Universities, 
Workplace, and Aviation 
Projects representing over 
100,000 daily occupants

Began Modeling Viral 
Risk in Buildings

OCT 2020

v1.0

v2.0



DEMOGRAPHICS + 
ROOM 
INFORMATION



VIRAL 
PARAMETERS



BASELINE + 
DESIGN 
CONDITIONS



PROBABILITY 
OF INFECTION



THE GOOD



INDUSTRY RESPONDING 
WITH FREE RESOURCES

• Harvard Chan School of Public Health
• https://covid-19.forhealth.org

• ASHRAE Epidemic Task Force
• https://www.ashrae.org/technical-resources/resources

• AIA COVID Resources for Architects
• https://www.aia.org/pages/6280670-covid-19-resources-for-

architects

• BranchPattern Facility Infection Risk Estimator
• https://branchpattern.com/research/facility-infection-risk-

estimator-v2-0/

@ShellyMBoulder

@linseymarr

@jljcolorado

@j_g_allen

@CorsIAQ

Suggested Follows

@MarcelHarmon1

https://covid-19.forhealth.org/
https://www.ashrae.org/technical-resources/resources
https://www.aia.org/pages/6280670-covid-19-resources-for-architects
https://branchpattern.com/research/facility-infection-risk-estimator-v2-0/


Link

https://www.weforum.org/agenda/2020/04/united-states-eneregy-electricity-power-coronavirus-covid19


PEOPLE CARE ABOUT INDOOR AIR 
QUALITY NOW



LONG OVERDUE 
BUILDING 
ASSESSMENTS AND 
RETRO-CX BEING DONE 



THE BAD



RAMPANT 
VENTILATION 
PROBLEMS

Occupied building. The outside air dampers are 
shut despite the BAS system showing them open.



AT LEAST HE GOT A 
WINDOW…



From the Book: Healthy Buildings 
Joseph Allen, Director Healthy Buildings Program

Harvard T.H. Chan School of Public Health

”CROWDED AND 
POORLY 
VENTILATED” OFTEN 
MEANS SCHOOLS

MULTIPLE STUDIES REPORTED 70-
90% OF SCHOOLS ARE 
UNDERVENTILATED 



Elementary School: CO2 Levels During School Hours on 10/7/2020

Recommended: 600-800 ppm
ASHRAE 62.1 Std: ~1,100 ppm max
Actual: 1,023 avg / 1,273 peak

WELL / RESET 
STANDARDS

ASHRAE STD 
62.1 MAX



SCIENCE TEACHERS 
DON’T MISS A CHANCE TO 
EXPERIMENT



NOT JUST LIMITED TO 
SCHOOLS…

OFFICES ~ 40-50% UNDERVENTILATED1

HIGHER ED
PLACES OF WORSHIP
GYMS2

CIVIC & GOVERNMENT3

SENIOR/ASSISTED LIVING

1. Two NIST studies of 114 office buildings. 
2. Based on my own observations of every Crossfit “Box.” Trust your nose.
3. This includes an unnamed Senator’s office, which had no outside air.  



LOTS OF THE SOLUTIONS 
*CAN* REQUIRE MORE 
ENERGY AND $$$

INCREASED OUTSIDE AIR
DISABLED ENERGY RECOVERY
BETTER FILTERS
HUMIDIFICATION
UVGI
PORTABLE AIR CLEANERS



THE UGLY



CHEMICALS + POORLY 
VENTILATED SPACES… 
WHAT COULD GO WRONG?

(GBA EVENT ON THIS SUBJECT NOV. 5TH!)

Image: Los Angeles Times



MANIPULATING SCIENCE 
FOR SALES

(ASK FOR THE ACTUAL RESEARCH)

Kills 99% of Coronavirus!!!

(He’s wearing a lab coat, so you can believe it)



MOVING FORWARD



WE HAVE A LOT OF 
EXISTING BUILDINGS 
TO DEAL WITH

Assess 
Retro-Commission
Continuous Commissioning 

Make a plan based on science - not 
sales

Sanctuary 
Analysis:
Probability of 
Infection (POI)

99.8%

78.3%

48.0%

25.9%

4.7%
0.9%

99.9%

92.2%

66.4%

39.4%

7.7%
1.5%

0.0%

20.0%

40.0%

60.0%

80.0%

100.0%

120.0%

Baseline -
Singing

Baseline -
Speaking

Baseline -
Breathing

Strategy #1 Strategy #2 Strategy #3

Adult POI Child POI



GET OUTSIDE AIR 
RATES RIGHT

ASHRAE STD 62.1 + 30%
600-800 ppm CO2
Operable Windows*

Erie PK-8 – Net-Zero Ready (25 kBtu/sf/yr)
Cuningham Group Architects

*Outside air quality matters too
Red light: Close windows
Green light: Open windows



DEDICATED OUTSIDE 
AIR WITH ENERGY 
RECOVERY

How we get better air quality for less 
energy than traditional systems

MuseumLab
PWWG | Koning Eizenberg



DISPLACEMENT 
VENTILATION 
(NEW BUILDINGS)
Reduced mixing of air within the space = 
lower transmission of viruses

Increases “ventilation effectiveness”
Means less outside air to achieve the same 
CO2 levels as overhead 

Saves energy

Bloch School of Entrepreneurship
BNIM Architects | Moore Ruble Yuddel



DISPLACEMENT 
VENTILATION 
(NEW BUILDINGS)
Reduced mixing of air within the space = 
lower transmission of viruses

Increases “ventilation effectiveness”
Means less outside air to achieve the same 
CO2 levels as overhead 

Saves energy

Erie PK-8 – Net-Zero Ready (25 kBtu/sf/yr)
Cuningham Group Architects



DISPLACEMENT 
VENTILATION 
(EXISTING BUILDINGS)

Existing overhead systems can be 
modified to become Underfloor Air 
Distribution (UFAD) or displacement 
ventilation systems 

Improved energy, thermal comfort, and 
reduced viral transmission

Image: Global IFS Solutions

FactSet World Headquarters
Perkins Eastman Architects



HUMIDIFICATION

40-60% RH good for inactivating viruses… 
but we’re playing with fire (technically 
water)

Don’t throw it into an existing building 
casually

Requires a great envelope, really careful 
detailing, and robust controls and 
maintenance

Plays nicely with PassiveHouse

State Historical Society of Missouri
Gould Evans Architects



AIR QUALITY 
MONITORING

Increased use of tools for continuously 
monitoring indoor air quality1

Allows us to diagnose system issues that 
go years without being noticed – which is 
how we got here in the first place

Image: Kaiterra

1. If we don’t do it, our occupants will. Basic units can be found for less than $100 on 
Amazon.



Pete Jefferson
412.727.8388

pete.j@branchpattern.com

B E T T E R  B U I L T  E N V I R O N M E N T S ®

Q&A

1421 Blake
Lake | Flato Architects



LAGNIAPPE
(A little something extra)
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B E T T E R  B U I L T  E N V I R O N M E N T S ®

AIR QUALITY AND COGNITIVE FUNCTION

+15%



RESEARCHER 
THOUGHTS ON BI-
POLAR IONIZATION



CDC & ASHRAE 
THOUGHTS ON BI-
POLAR IONIZATION



MY THOUGHTS ABOUT BI-
POLAR IONIZATION

• Why is the research cited so hard to obtain?
• Lack long-term healthy studies to address:

• Breathing ionized air long term
• What ions do to healthy lung tissue

• Potential ozone generation in lower quality 
units

• CO2 a byproduct that’s casually dismissed 
by manufacturers, or worse, justified by 
misapplied research

• It’s easier than getting ventilation right, 
hence it’s popular

• Does it work? Maybe. But there’s a lot we 
don’t know compared to primary strategies

"Initial testing has demonstrated the ionizers 
ability to neutralize the pathogen, namely SARS-
CoV-2, on a static surface. Further studies 
required for reproducing testing as well as 
variation in environment and environmental 
factors.”

Interpretation: When they say it “kills 99% of the 
virus in 30 minutes”, it was the virus in a petri 
dish in a box flooded with ions. Most people 
probably believed it was addressing the 
airborne virus. 



MODELING A SENIOR 
HOUSING DISASTER:
SYMPHONY OF JOLIET (IL)

Infected maintenance worker visited 40 
rooms to assemble dining furniture

Worker described “physical exertion” of 
assembling tables

Resulted in 26 deaths

Senior living projects recipe for 
disaster, not just because of resident 
risk

Image: BranchPattern



MODELING A SENIOR 
HOUSING DISASTER:
SYMPHONY OF JOLIET (IL)

Assumptions:
• 264 SF, 8.5’ ceiling
• Worker in space 42 min (0.7 hr)
• Moderate activity level
• Medium viral shedding
• Speaking to resident
• 20% RH
• 20 CFM OA (leakage)
• 50 CFM Recirculated (probably generous)
• MERV 7 Filter
• No masks

Temps were mostly too cool to open windows, 
meaning units were heating. But it wasn’t cold 
enough to create much load, so even recirculation 
air was probably minimal.Probability of Infection: 81.2%



MODELING A SENIOR 
HOUSING DISASTER:
SYMPHONY OF JOLIET (IL)Facility Infection Risk Estimator v2.0

Probability of Infection

Baseline: 81.2%

Easy Changes:
Both Wear a Mask: 68.1%
+Portable HEPA filter ($200): 20.6%

Better Systems:
50 CFM OA, 75 CFM RA, MERV 13: 46.1%
+Masks: 37.3%
+Add Portable HEPA filter: 16.4%

If (1) resident per room, reduced infected from 
32 people to 7.

https://branchpattern.com/research/facility-infection-risk-estimator-v2-0/


