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Schoen Engineering, Inc.
Lawrence J. ”Larry” Schoen, PE, Fellow ASHRAE

Larry@SchoenEngineering.com
� Building Services Engineering Consultant (MPE) 

and Air Quality - using latest research to meet 
practice since 1995. Clients include office, retail, 
restaurant, manufacturing, educational, 
institutional.

� Property Operations Mechanical & Electrical 
Rouse Co. 1985-95. 

� ASHRAE Airborne Infectious Disease Position. 
� Fellow, ASHRAE, Environmental Health Award.
� Vice-Chair Standard 189.1 for the Design of High-

Performance Green Buildings (LEED, IgCC).



ASHRAE Journal, November, 2014,
by L. Schoen 
§“Statistically, it seems 
like we have had the 
recent good fortune of 
avoiding a truly 
devastating pandemic 
such as these historical 
ones. Another way of 
saying this is that such a 
tragic event is long 
overdue.”



BOMA Emergency Preparedness 
Guidebook, 2012 by L. Schoen

“There have been about three 
influenza pandemics in each 
century for the last 300 years.” “… 
infectious disease outbreak 
could result in multiple illnesses 
and deaths … the threat of such 
medical consequences would 
trigger public health infection 
control measures that severely 
affect operation of facilities, 
metropolitan areas, nations and 
the world.



“HVAC System Has Small Role”
L. Schoen 24 March 2020 ASHRAE Journal Newsletter

� IF THERE IS AN HVAC SYSTEM WITH 
OUTSIDE AIR AND FILTRATION.

� Preliminary research released, but scientific 
consensus takes years.

� HVAC systems have roles, though smaller than 
other interventions.

� Transmission through HVAC system is possible, 
though speaker has not seen evidence of it.

� THE ABSENCE OF A MINIMAL HVAC SYSTEM
HAS ALLOWED DISEASE TRANSMISSION.



COVID-19 Non-contact Transmission
� 100-minute RT bus ride 

to Buddhist worship in 
Ningbo city of Zhejiang 
province, China, Jan. 19, 
2020. HVAC in recirc. 
mode.
� Bus #2: 23 of 66 

passengers infected by 
one index patient. 

� Bus #1: None infected. 
All attended the same 
150 minute worship 
event. Shen, Ye et al.. Community Outbreak Investigation of SARS-CoV-2 Transmission 

Among Bus Riders in Eastern China (September 1, 2020). Available at 
https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2770172

Index Patient



COVID-19 Non-contact Transmission
Lunch at restaurant X, 
Guangzhou, China, 
Jan. 24, 2020. 
� 5 infected at tables 

adjacent to index 
person + 4 family at 
same table as index 
person.

� No servers or other 68 
patrons infected.

� About an hour; 1.5-2.0 
cfm/person

Li, Y. et al. (2020). "Evidence for probable aerosol transmission of SARS-CoV-2 in a poorly ventilated restaurant" 
Posted April 22, 2020. Available at https://www.medrxiv.org/content/10.1101/2020.04.16.20067728v1



Commonalities of Studied 
Outbreaks
� Very minimal or no air filtration – no MERV rating.
� Very low dilution with outdoor air.
� Small space crowded with people, one of whom was 

infected, shedding virus and pre- or asymptomatic.
� Loud talking or singing likely.
� Significant exposure time: 60-100 minutes.
� Infected person and susceptible people in same room 

with air recirculated in that room.



System Actions & Policies
� Closing the system is not an 

option – service is essential. 
During active transmission:
� Discourage non-essential 

occupancy
� Screen people at entry
� Increase disinfection
� Hand sanitation dispensers
� Signage to educate public
� Masks
� Etc., etc.



Airborne transmission

Wei and Li. Airborne spread of infectious agents in the indoor 
environment. American Journal of Infection Control 44 (2016) S102-S108

Short range:
- 6 ft separation
- Wear a mask

Long Range:
- Dilute/Ventilate
- Filter

The HVAC part





Bourouiba. Turbulent Gas Clouds and Respiratory Pathogen Emissions: Potential 
Implications for Reducing Transmission of COVID-19. JAMA online March 26, 2020

A cough, singing, 
or yelling, for 
instance, over the 
sound of 
machinery can 
produce a plume, 
too.

§ Wear masks.
§ Avoid yelling 

esp. at close 
distance (use 
electronic 
communication 
or gestures)



Airborne Transmission
� Droplet (large) vs. small particle (aerosol).
� Someone who coughs, sneezes or even talks or sings, 

releases both large and small.
� Large droplets fall to surface in 1-2 meters.
� Droplet or aerosol can infect, so maintain 1-2 meters, 

masks help.
� WHO July 9*: “…avoid crowded places, close-contact 

settings and confined and enclosed spaces with poor 
ventilation; wear fabric masks when in closed, overcrowded 
spaces to protect others; and ensure good environmental 
ventilation in all closed settings…”

*WHO: Transmission of SARS-CoV-2: implications for infection 
prevention precautions. Scientific Brief. 9 July 2020.



What is a Building Operations Team 
to do?
� WHO Brief 9 July 2020: “People who come 

into contact with potentially infectious 
surfaces often also have close contact with 
the infectious person, making the 
distinction between respiratory droplet and 
fomite transmission difficult to discern.”

� It can take years to for researchers to know!
� Spread w/o contact has been in densely 

occupied, poorly ventilated spaces.
� Practical implications: use “infection control 

bundles” (i.e., use of multiple modalities 
simultaneously).



HVAC System Strategies in non-healthcare 
Buildings – Offices, Retail, Hotel, Education, etc.

� Increase outdoor air ventilation; disable energy saving 
controls that reduce outside air, e.g., CO2 demand vent.

� For recirculated air, improve air filter ratings.
� For central systems with MERV-13, F7 or higher, seal edges.
� Keep systems running longer hours, continuously while 

occupied, to enhance above.
� Use portable room air cleaners with HEPA filters especially 

if ventilation poor or outside air has high level of PM 2.5.
� Advanced:  Ultraviolet germicidal irradiation (UVGI).



Use Caution
� Don’t turn off ventilation systems

� Exception: first disinfect system where infected 
individuals have been present.

� Exception: systems with inadequate outside air or 
inadequate filtration.

� Exception: major outdoor contamination.
� Don’t use ozone generator.
� Electronic air cleaners difficult to compare to media 

and may emit ozone.



Building Operation
� Know the building and its systems
� Consider type of occupancy:

� Known persons or unknown? 
� Densely occupied?
� Fixed or transient? 
� Unknown infected?
� Informed or uninformed? General public?

� Risk can be reduced but not eliminated.
� HVAC system is NOT the first line of defense.
� For more information, consult ASHRAE, Journal 

Newsletter, March 24, 2020, Handbooks, BOMA, ULI, etc.



Building Operation Details
� Visually check 

outdoor air (OA) 
intake and 
damper.

� Measure OA: 
ASHRAE 
Standard 62.1 @ 
5 yr. intervals.

Good
Good

Not 
Good



Building Operation Details
� Check for, or measure air to each room.
� Disable carbon-dioxide (CO2) based 

demand-controlled ventilation (DCV).
� HVAC system runs continuously for 

dilution ventilation with outdoor air. This 
could be as simple as setting the 
thermostats to “Fan on”.

� NOT THIS ------------à



Building Operation Details
� VAV systems require consultation with engineer to 

calculate required air flow and VAV box minimum 
setting. 

� Technician to re-set minimum.
� May require changing temperature settings at air 

handler and outside air “tracking.”VENTILATION
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TABLE 403.3—continued
MINIMUM VENTILATION RATES

(continued)

OCCUPANCY CLASSIFICATION O CCUPANT DENSITY
#/1000 FT2 a

PE OPLE OUTDOOR 
AIRFLOW RATE IN 

BREATHING ZONE, 
Rp CFM/PERSON

AREA OUTDOOR 
AIRFLOW RATE IN 

BREATHING ZONE,
 Ra CFM/FT2 a

EXHAUST AIRFLOW 
RATE

CFM/FT2 a

Hotels, motels, resorts and dormitories       
   Multipurpose assembly 120 5 0.06 —
   Bathrooms/toilet—privateg — — — 25/50f

   Bedroom/living room 10 5 0.06 —
   Conference/meeting 50 5 0.06 —
   Dormitory sleeping areas 20 5 0.06 —
   Gambling casinos 120 7.5 0.18 —
   Lobbies/prefunction 30 7.5 0.06 —
Offices     
   Conference rooms 50 5 0.06 —
   Office spaces 5 5 0.06 —
   Reception areas 30 5 0.06 —
   Telephone/data entry 60 5 0.06 —
   Main entry lobbies 10 5 0.06 —
Private dwellings, single and multiple         
   Garages, common for multiple unitsb — — — 0.75
   Garages, separate for each dwellingb — — — 100 cfm per car
   Kitchensb — — — 25/100f

   Living areasc 

Based upon number 
of bedrooms. First 
bedroom, 2; each 

additional bedroom, 
1

0.35 ACH but not less 
than 15 cfm/person

— —

   Toilet rooms and bathroomsg — — — 20/50f

Public spaces         
   Corridors — — 0.06 —
   Elevator car — — — 1.0
   Shower room (per shower head)g — — — 50/20f

   Smoking loungesb 70 60 — —
   Toilet rooms — publicg — — — 50/70e

   Places of religious worship 120 5 0.06 —
   Courtrooms 70 5 0.06 —
   Legislative chambers 50 5 0.06 —
   Libraries 10 5 0.12 —
   Museums (children’s) 40 7.5 0.12 —
   Museums/galleries 40 7.5 0.06 —
Retail stores, sales floors and 
showroom floors 

        

   Sales (except as below) 15 7.5 0.12 —
   Dressing rooms — — — 0.25
   Mall common areas 40 7.5 0.06 —
   Shipping and receiving — — 0.12 —
   Smoking loungesb 70 60 — —
   Storage rooms — — 0.12 —
   Warehouses (see storage) — — — —
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Building Operation Details
� MERV-13 filter in central air handler.
� Good edge seal.



Size demarcation of respiratory aerosols 2.5 
- 10 μm compared to Human Hair



Performance of Various MERV Filters
MERV 
Level

Dust 
Spot %

Typical Particulate 
Filter Type

%
0.3-1 pm

%
1-3 pm

%
3-10 pm

1 N/A
/RZ�HI¿FLHQF\�¿EHUJODVV�DQG�
V\QWKHWLF�PHGLD�GLVSRVDEOH�
SDQHOV��FOHDQDEOH�¿OWHUV

7RR�ORZ�HI¿FLHQF\�WR�EH�DSSOLFDEOH�WR�
$6+5$(�6WDQGDUG�������$6+5$(�

������GHWHUPLQDWLRQ

� N/A
3 N/A
4 N/A

� N/A
3OHDWHG�¿OWHUV��FDUWULGJH�FXEH�
¿OWHUV��DQG�GLVSRVDEOH�PXOWL�
GHQVLW\�V\QWKHWLF�OLQN�SDQHOV

�����

�����

6 N/A �����
� ������� �����
8 ������� !��

9 �������
(QKDQFHG�PHGLD�SOHDWHG�¿OWHUV��
EDJ�¿OWHUV�RI�HLWKHU�¿EHUJODVV�RU�
V\QWKHWLF�PHGLD��ULJLG�ER[�¿OWHUV�
XVLQJ�ORIWHG�RU�SDSHU�PHGLD

!�� !��

�����

�� ������� ����� !��
11 ������� ����� !��
�� ������� !�� !��

13 �������

%DJ�¿OWHUV��ULJLG�ER[�¿OWHUV��
PLQLSOHDW�FDUWULGJH�¿OWHUV

!�� !�� !��

�����

14 ������� ����� !�� !��
�� !��� ����� !�� !��
16 ��� !�� !�� !��

Example 
Filterμm μm μm



Best practice, portable air cleaners
� Air cleaners in all sleeping rooms with “tobacco smoke 

clean air delivery rate1” > room volume in ft3 /12.  

1 Tested in accordance with ANSI/AHAM AC-1. 
Figure Courtesy ASHRAE and Amy Musser



Specialized Actions for High Risk 
Occupancies (e.g., crowded rooms or areas likely to 

have infected individuals)

� Upper 
room 
ultraviolet 
germicidal 
irradiation 
(UVGI). Figure Courtesy ASHRAE

� See ASHRAE Handbook Applications 
Chapter 62.





Summary
� Have a good HVAC system running.
� Check the systems to see that outside air damper is open.
� Measure outside air & increase if clean.
� Recirculated air goes through filters MERV-13 or better.
� Keep systems with outside air and filtration running while 

occupied and longer, reduce occupancy.
� Air flow to each room – check or better yet, measure.
� Ultraviolet and other advanced techniques for crowded 

rooms and those likely to have infected individuals.
� Questions:  Larry@SchoenEngineering.com


