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Learning Objectives 
Webinar participants will learn how to— 

• Operate and maintain efficient HVAC systems to provide clean and healthy

air in schools.

• Apply findings from scientific research and guidance on ventilation to

reduce the spread of viruses and bacteria through the air using

comprehensive indoor air quality (IAQ) plans and practices.

• Put in place key strategies for quality HVAC, including developing a plan to

regularly inspect and maintain HVAC systems, as well as provide outdoor

air in accordance with American Society of Heating, Refrigerating and Air-

Conditioning Engineers (ASHRAE) standards.

• Gain buy-in from senior management and other stakeholders by

successfully communicating how health and academic performance can be

improved with a comprehensive IAQ management program, which

includes providing optimal ventilation.



Maintaining Healthy Indoor Learning Environments 



 

IAQ Management and Respiratory Health 

IAQ management includes— 
• Control of indoor air pollutants

• Ventilation and filtration

• Maintenance of acceptable

temperature and relative

humidity

Ventilation brings in outside air and 

exhausts building air, which dilutes the 

concentration of indoor pollutants. 

IAQ management practices can also help 

reduce the spread of viruses, such as 

SARS-CoV-2 (i.e., the virus causing 

COVID-19). 



Guidance for Schools 



Guidance for Schools 



EPA Resources for Responding to COVID-19 



EPA Resources for Responding to COVID-19 in Schools 



EPA Resources for Responding to COVID-19 in Schools 



IAQ Tools for Schools Action Kit 

What is it? A practical plan for improving your IAQ knowledge 

using straightforward solutions and individuals already on staff. 

The Action Kit includes— 

• Reference guides

• Checklists

• Fact sheets

• Sample policies

• Comprehensive IAQ

management plans

• The Framework for Effective

School IAQ Management

• The Seven Technical Solutions



 

The Framework for Effective School IAQ Management: 

Six Key Drivers 



The Framework for Effective School IAQ Management: 

Seven Technical Solutions 
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Outline 

Which airflows and their magnitudes 

Reducing aerosol exposure with airflow 

Ventilation suggestions to reduce viral exposure 

Summary 



 

 

 

 

   

 

Some Key Concepts 

Ventilation: (ASHRAE Standard 62.1) the process of supplying 

air to or removing air from a space for the purpose of controlling 

air contaminant levels, humidity or temperature within the space 

Every building is different. 

Buildings are not tight unless built that way. 

Air moves based on physics, not design intent. 

Airflow has been studied in very, very few buildings. 

Outdoor air isn’t necessarily fresh air. 



 

Which Airflows 

Mechanical 

ventilation 

(filtration) 

Infiltration 

Natural ventilation 

(windows, 

designed systems) 

Outdoor air 

intake Mechanical 

system (HVAC) 

VENTILATED/OCCUPIED SPACE 

Local filtration 

Portable air cleaners 

Local 

exhaust 



 

Magnitudes 

Mechanical/Commercial 

Outdoor air: ~1 h-1, highly 

variable, up to ~5 h-1 

Supply air: ~ 3 to 5 h-1, 

higher in health care 

Mechanical/ 

Residential 

OA: ~0.1 to 0.5 h-1 

Infiltration 

~0.1 to 1.0 h-1 

~5 to 1 variation in 

individual building 

Natural ventilation 

>1 h-1, hard to 

measure and predict 
CADR ratings 

(~Local exhaust flows) 

Local filtration 

Local exhaust 

(Residential, 25 L/s to 

50 L/s, ~1/4 to 1/2 h-1) 



Interzone Airflows 
Magnitudes similar to airflows from outdoors 

Residential Commercial 

Return air plenums, plumbingCrawl spaces, basements, attics ... 
chases, mechanical rooms ... 

Level 6

Level 5

Level 4

Level 3

Level 2

Level 1

Office Office

Office Office

Office Office

Office Office

Office Office

Atrium
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Stack

Office
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Utility 

Room

Utility 

Room

Utility 

Room

Utility 

Room

Utility 

Room

N S

Parking

Self-Regulating

Inlet Vent

Transfer

Duct
Transfer

Gril l

Assist

Fans



 

 

Buildings are diverse 

USA: 100 million dwellings; 6 million commercial 

Building systems vary and matter 

Layout, design & controls, occupant activities, 

operation & maintenance (O&M) … 

Ventilation has been studied in very few buildings 
Impacts of HVAC & ventilation on aerosol transport in even less 



Reducing Aerosol Exposure with Airflow 

Build tight, ventilate (filter) right 

Overpressure buildings (careful with moisture) 

Airflow/pressure from clean spaces to dirty 

Commissioning, O&M 

Ventilation limited for strong, local sources 





 

 

Some Suggestions to Reduce Viral 
Exposure 

Increase outdoor air ventilation rates 
System capacity 

Outdoor air quality 

Moisture management 

Assuming good HVAC control 

More efficient filtration 
System capacity 

Sealing 

Maintenance 



  

Some Suggestions to Reduce Viral 
Exposure 

Change relative humidity 
Do we know the right number? 

System capacity 

Condensation potential/microbial growth 

Open windows 
Outdoor air quality 

Moisture 

Direction, magnitude, distribution 

Change air distribution 
System configuration 

Options may be limited 



  

Summary 

Do no harm. 

Good ventilation is good practice. 

Excellent time to check system, review O&M 

practice (Schoen 2020 and ASHRAE guidance): 
https://www.ashrae.org/technical-resources/resources 

NIST online tool for comparing impacts of 

ventilation, filtration, etc., on indoor aerosols: 
https://www.nist.gov/services-resources/software/fatima 

Schoen, L.J. (2020) Guidance for Building Operations During COVID-19 Pandemic, 

ASHRAE Journal, 62 (5), 72–74. 

https://www.ashrae.org/technical-resources/resources
https://www.nist.gov/services-resources/software/fatima


School Ventilation Basics 
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Outline 

• To be or not to be

• Transmission routes (as far as they know)

• List of resources

• Specific guidance made available

• Summary



 

 

To be or not to be 

What this talk is— 

• Summary of available guidance provided

by reputable organizations

• Focused on commercial buildings

(e.g., offices but applicable to schools)

• Focused on HVAC-related O&M

What this talk isn’t— 

• Guidance for disinfecting buildings, social

distancing, etc.

• Transmission of infectious diseases

• Comprehensive, mandatory guidance



  
 

 
 

 

Transmission routes of SARS-CoV-2 

Updated April 3, 2020 

“Two transmission routes are dominant: via large 
droplets (droplets/particles emitted when sneezing or 
coughing or talking) and via surface (fomite) contact 
(hand-hand, hand-surface etc.). A third transmission 
route that is gaining more attention from the scientific 
community is the faecal-oral route.” 



 

 
 

Position Document on 
Infectious Aerosols 

“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.” 

Updated April 14, 2020 



  

 
 

   

Letter to WHO 

It is Time to Address Airborne Transmission 
of COVID-19 

Lidia Morawska, Donald Milton 
+ 239 scientists

Studies by the signatories and other scientists have 
demonstrated beyond any reasonable doubt that viruses 
are released during exhalation, talking and coughing in 
microdroplets small enough to remain aloft in air and 
pose a risk of exposure at distances beyond 1 to 2 m 

from an infected individual. 
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Available guidance 

• Outdoor ventilation

• Filtration

• Relative humidity

• Toilet areas

• UV-C and air cleaners

• Maintenance personnel



 

 

 

  

 

 

 

 

 

 

 

  

Outdoor Ventilation 

Mechanical 

ventilation 

(filtration) 

Natural ventilation 

(windows, 

designed 

systems) 

Infiltration 

(penetration 

losses) 

Local filtration 

Local 

exhaust 

Mechanical 

system (HVAC) Outdoor air 

intake 

VENTILATED/OCCUPIED SPACE



Outdoor Ventilation 

Increase ventilation 

Reduce recirculation 



  

 

Outdoor Ventilation 

Maintain 24/7 outdoor ventilation 
• Perhaps lower rates during unoccupied hours

• Ventilation at “occupied rates” 2 h prior to and
after occupied hours

Disable or increase setpoints for demand 
controlled systems (DCV) 



 

Outdoor Ventilation 

Check heat recovery devices for 
leaks 

• Possible recontamination of supply air
stream

Check airflow directions and 
pressures 

• Especially for critical spaces

Clean/disinfect intakes and returns 



Filtration 

Ensure proper filtration 
• Install high-efficiency filters

Continue routine maintenance 



Filtration 

MERV-13 minimum 
• MERV-14 preferred

• HEPA better

• Must consider equipment and
operating conditions

Dispose of existing filters 



Relative Humidity 

Maintain between 40 percent and 60 percent 
RH 



 

Relative Humidity 

The evidence does not support that moderate 
humidity (RH 40–60%) will be beneficial in 
reducing viability of SARS-CoV-2, thus the 
humidification is NOT a method to reduce the 
viability of SARS-CoV-2. 

Humidity kept in the 40% to 60% range 
may be ideal. 

Several recent studies recommend 
40–60% RH for disease-specific infection 
risk. 



Toilet Areas 

Close lid when flushing 

Maintain underpressure 

• Exhaust fans 24/7

• Keep windows/doors
closed



UV-C Air Cleaners 

“Consider” as supplementary 



 

Maintenance Personnel 

No PPE recommended 

* 

*Most in-home services workers are unlikely to need PPE beyond what they use to 
protect themselves during routine job tasks. However, employers should consider 
whether their hazard and risk assessments warrant the use of more protective PPE 
ensembles. 

“Common protective measures” 



 

Maintenance Personnel 

PPE recommended 

• N95

• Surgical masks

• Face coverings

• Face shields

• Goggles

• Gloves

• Booties



 

 

 

Summary 

Increase ventilation, reduce recirculation 

• Specific recommendations available

Filtration 

• Higher efficiencies with practical limitations

Relative humidity 

• 40–60 percent

Toilet areas 

• Maintain underpressure (e.g., 24/7 operation)

UV-C and air cleaners 

• Supplementary

Maintenance personnel 

• PPE level depends on circumstances



 

 

 
 

 

 

Links to School-Specific Guidance 

ASHRAE—ASHRAE Epidemic Task Force – Schools and 
Universities (July 7, 2020) 

Harvard T.H. Chan School of Public Health—Risk Reduction 
Strategies for Reopening Schools (June 2020) 

Johns Hopkins Center for Health Security—Filling in the 
Blanks: National Research Needs to Guide Decisions about 
Reopening Schools in the United States (May 15, 2020) 

The National Academies of Sciences Engineering Medicine 
(NASEM)—Reopening K-12 Schools During the COVID-19 
Pandemic: Prioritizing Health, Equity, and Communities 
(July 2020) 

WHO Considerations for school-related public health measures 
in the context of COVID-19 (May 10, 2020) 

https://www.ashrae.org/file%20library/technical%20resources/covid-19/ashrae-reopening-schools-and-universities-c19-guidance.pdf
https://schools.forhealth.org/
https://www.centerforhealthsecurity.org/our-work/publications/2020/filling-in-the-blanks-national-research-needs-to-guide-decisions-about-reopening-schools-in-the-united-states
https://www.nap.edu/catalog/25858/reopening-k-12-schools-during-the-covid-19-pandemic-prioritizing
https://www.who.int/publications/i/item/considerations-for-school-related-public-health-measures-in-the-context-of-covid-19


  

 

 

   

  

 

  

 

 

 

  

 

 

 

  

 

Links to Resources 
ACHR News—Comprehensive Guide: HVAC Service Calls During COVID-19 (March 24, 2020) 

AIHA: American Industrial Hygiene Association—Reopening: Guidance for General Office Settings and Recovering 

from COVID-19 Building Closures 

APPA—Leadership in Educational Facilities (FAQs) 

ASHRAE: American Society of Heating, Refrigerating and Air Conditioning Engineers Epidemic Task Force 

(Apri and May 2020) 

BOMA: Building Owners and Managers Association International—Getting Back to Work: Preparing Buildings for 

Re-Entry Amid COVID-19 (May 1, 2020) 

CDC: Centers for Disease Control and Prevention—CDC Activities and Initiatives Supporting the COVID-19 

Response and the President’s Plan for Opening America Up Again (May 2020) 

DOE: U. S. Department of Energy—Webinar: Managing HVAC Systems to Reduce Infectious Disease Transmission 

(May 2, 2020) 

NIBS: National Institute of Building Sciences—COVID-19 Virtual Town Hall: Preparing for Re-entering Buildings 

(May 7, 2020) 

OSHA: Occupational Safety and Health Association—Guidance on Preparing Workplaces for COVID-19 (March 9, 

2020) 

REHVA: Federation of European Heating, Ventilation, and Air Conditioning Associations—How to operate and use 

building services in order to prevent the spread of the coronavirus disease (COVID-19) virus (SARS-CoV-2) in 

workplaces (April 3, 2020) 

TUA: The United Association of Journeymen and Apprentices of the Plumbing and Pipefitting Industry of the United 

States and Canada—Guidelines to Protect Workers Related to Coronavirus (COVID-19) and Other Potential 

Infectious Materials (OPIM) in Plumbing and HVAC Systems (March 25, 2020) 

https://www.achrnews.com/articles/142890-comprehensive-guide-hvac-service-calls-during-covid-19
https://aiha-assets.sfo2.digitaloceanspaces.com/AIHA/resources/Guidance-Documents/Reopening-Guidance-for-General-Office-Settings_GuidanceDocument.pdf
https://aiha-assets.sfo2.digitaloceanspaces.com/AIHA/resources/Public-Resources/RecoveringFromCOVID-19BuildingClosures_GuidanceDocument.FINAL.pdf
https://www.appa.org/covid-19-raqs/
https://www.ashrae.org/technical-resources/resources
https://www.boma.org/BOMA/Research-Resources/3-BOMA-Spaces/Newsroom/Press_Room/2020/Getting_Back_to_Work.aspx
https://www.cdc.gov/coronavirus/2019-ncov/downloads/php/CDC-Activities-Initiatives-for-COVID-19-Response.pdf
https://betterbuildingssolutioncenter.energy.gov/sites/default/files/slides/Managing%20HVAC%20Systems%20to%20Reduce%20Infectious%20Disease%20Transmission%20-%20Slide%20Deck.pdf
https://www.nibs.org/page/covid-19-virtual-town-hall
https://www.osha.gov/Publications/OSHA3990.pdf
https://www.rehva.eu/activities/covid-19-guidance
https://uanet.org/pdf/GuidelinesWorkerHealthPlumbingHVACSystemsCOVID-19.pdf


Thanks! 

lisa.ng@nist.gov 

Twitter: @lisacng 

mailto:lisa.ng@nist.gov
https://twitter.com/lisacng


 

  

 

 

 

  

 

 

Quality HVAC 

 Inspect HVAC systems regularly.

 Establish a maintenance plan.

 Change filters regularly and ensure

condensate pans are draining.

 Provide outdoor air ventilation

according to ASHRAE standards or

local code.

 Clean air supply diffusers, return

registers and outside air intakes.

Control of Moisture/Mold 

 Establish a mold prevention and

remediation plan.

 Maintain indoor humidity levels

between 30 percent and 60 percent.

Outdoor Ventilation 

Filtration 

Relative Humidity 

Toilet Areas 

UVC and Air Cleaners 

Maintenance 

Personnel/Practices 

Photo credit: EPA Walkthrough of Langston Hughes Elementary 

School, New Orleans, LA 
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GET EDUCATED 

Know 
Where You 
Stand:  
Gather 
HVAC plans 
and system 
manuals; 
educate 
yourself on 
your 
options 

Speed & 
Cost: 
Establish 
your 
budget 

Prepare: 
With your 
HVAC P.E., 
create your 
statement of 
work plan 

Execute Phase 
1: 
Put into place 
the 
fast, short-
term interim 
adjustments 

Execute 
Phase 2: 
Mid- to 
longer 
term 
projects; 
harden 
your 
buildings 

Audit: 
Is it 
working? 
Adjust 



Who do you listen to – filter the noise for me          

 

  

GET EDUCATED 

ASHRAE’s (American Society of Heating and Air-Conditioning Engineers):

Transmission of SARS-CoV-2 through the air is sufficiently likely…. 
Changes to building operations, including the operation of HVAC 
systems, can reduce airborne exposures. 

Ventilation, disinfection and filtration provided by HVAC systems can 
reduce the airborne concentration of SARS-CoV-2 and the risk of 
transmission through the air. 

CDC guidance states: 
“Intensify cleaning, disinfection, and ventilation.” 



      
    

    
   

  
   

  

Room air recirculation can spread contaminants?
GET EDUCATED

 
 

Partitions are not the solution. 

HVAC diffusers are meant 
to mix the air 

Chinese restaurant 
case study of 
transmission via 
HVAC 



      

 

 

GET EDUCATED 
What do we know about viruses? 

Viruses can be categorized into 

3 groups

For detailed SARS/COVID guidance: 
https://www.cdc.gov/coronavirus/2019-
ncov/index.html 

1. Enveloped Viruses
Easiest to kill

(e.g., influenza A virus) 

2. Large, Non-enveloped Viruses
Difficult to kill

(e.g., a rotavirus) 

3. Small, Non-enveloped Viruses
Hardest to kill

(e.g., rhinovirus, norovirus) 

Coronaviruses are Enveloped Viruses — 
one of the easiest types of viruses to kill 
with the appropriate approach. 

https://www.cdc.gov/coronavirus/2019-ncov/index.html


         

 

WORK THE PLAN 
Wells-Riley Equation – Can I model transmission risk? Use Setty modeling spreadsheet. 

C = S[1-exp(Iqpt/Q)] 
C = new infections 
S = number of susceptibles 
I = number of infectors 
Q = number of infectious doses 
P = pulmonary ventilation rate per susceptible 
t = exposure time 
Q = flow rate of contaminated air 

Translate? 
We have the factors to individually adjust to 
reduce “C.”  We can apply engineering 
principles to reduce airborne transmission. NIST, FaTima 



      

 

  
    

GET EDUCATED 
What do we know* about airborne transmission? 

Relative humidity between (40%-60%) slows the 
transmission of viruses 

Influenza A 
is the 
subject of 
the study 
*High RH results in
droplet stability

* Noti, John D., et al. "High humidity leads to loss of infectious influenza virus from simulated coughs." PloS one 8.2 (2013).
* Wan Yang and Lindsey Mars, "Mechanisms by Which Ambient Humidity May Affect Viruses in Aerosols", 2012 Oct.



   Filtration – target MERV 13 
GET EDUCATED 



     

 

   

ation
units

DISINFECTION
GET EDUCATED

 
 

UV-C and IAQ Tech to Consider 

▪ Electronic air filters/air cleaners – Agglomer 
▪ UV-C in air handlers and UV-C in upper-air 
▪ UVGI – ultraviolet germicidal irradiation
▪ UV-V can generate ozone
▪ UV-A (400-315 nm)
▪ Photocatalytic Oxidation (PCO)
▪ Bipolar Ionization (Refer to ASHRAE)
▪ Vaporized Hydrogen Peroxide (VHP)
▪ Pulsed Xenon (Pulsed UV)
▪ 405 nm visible light (“Near UV”)
▪ Non-Ionizing Polarization
▪ Far UV (205 to 230 nm)
▪ Glass Filters

Watch out for ozone 



   

 

GET EDUCATED 
Outside Air Ventilation – Dilution 

▪ Outside air requirements are
governed by ASHRAE 62.1.

▪ There is no relaxation in the
code requirements.

Outside air ventilation rates should be increased to as much as the systems 
can accommodate (up to 100 percent), depending on outside climate 
conditions and the systems’ ability to maintain air handling system discharge 
air conditions, airflow rates, temperature, and humidity conditions necessary 
in order to maintain good thermal, humidity, and indoor air quality. 



    
 

 

 

 

  

 

 

GET EDUCATED 
Air Change of Clean Air 

Increasing air change rate can decrease in-
room concentration of infectious particles 
or quanta. 

There is a point of diminishing return in the 
reduction of quanta within a room: 

6 Air Changes per Hour 

An air change per hour is defined as how 
many times the air in the room is turned 
over and passed through a filtered device 
or outside air and complies with ASHRAE 
Std. 62.1 and the ASHRAE position 
document on filtration and cleaning. 



   
 

What is the 
game plan? 



    

BUILD A PLAN 
First: Financial Budgeting Guiding Principles 

As you establish a budget, use CABA scorecard. 
1) Cost per building or per system

2) Speed of implementation – done by the fall of 2020?

3) Level of risk mitigation

4) Increase maintenance and staffing needs, such as extra cleaning and

disinfecting



  

 

 

BUILD A PLAN 
Second: Stakeholders Team 
Owner 

Architect 

HVAC Engineer of Record 

Building Officials 

Installing Contractor(s) 

TAB Agents 

Building Automation System (BAS) Provider 

Commissioning Provider (CxP) 

Operators 

Maintenance Technicians 

Building Users 

▪ Create a District or Campus Health and
Safety Committee:

▪ Include key stakeholders (environmental health and
safety, administration, education staff, operations
staff, local healthcare providers)

▪ Identify Key Reference
Standards/Authorities to Follow:

▪ Consider OSHA, CDC, State Agencies, Insurance
Provider Recommendations



      

   

   

  

 

 

 

BUILD A PLAN 
Third: Get Organized, HVAC Pre-Assessment and Begin 

Gather Information – Administrative Phase 

▪ Baseline/Indoor Air Quality – Professional Engineer

▪ Check temperatures and humidity – find out how much OA you have

▪ Gather HVAC plans and manuals and maintenance information on
systems in place

▪ Understand your Building Management System (BMS)

▪ Maintenance – Prioritize HVAC backlog – Building Engineer
▪ Ex: outside air dampers, building management systems

▪ Review filter order information for existing MERV 13 or higher

▪ Work with vendors and procurement officers to make sure supplies will
not be interrupted



 

 

    

BUILD A PLAN 
Fourth: Develop Playbooks for Operations 

▪ Entry/Circulation – Security and Entry Protocols

▪ Phased entry, thermographic scanning, disinfection
protocols, questionnaire, telepresence, temperature
apps

▪ Operational – Sick child? Develop metrics for
action – 10% out sick, close school?  People flow



 

 

 

  

  

BUILD A PLAN 
Fifth: Facilities/Maintenance PPE 
▪ Eye Protection and Masks

• Surgical or cloth mask respiration filtering

• Safety glasses (side shields preferred)

• Face shields

▪ Disposable Gloves

• Can be vinyl, rubber or nitrile

• Double gloves reduce likelihood of cuts/punctures

• Can be worn under work gloves if necessary

▪ After maintenance activities, wash hands with soap and water, or use an alcohol-based hand
sanitizer. Change clothes if soiled.

▪ Staff needs to wear PPE while doing service calls.

▪ Dispose of filters per OSHA guidelines and treat with CAUTION. Flush with bleach
solution before disposing.

▪ Create a PPE storage area with decontamination ability.



   
 

   

Easy to Implement 
Recommendations – 
Short & Long Term 



    

 

 

WORK THE PLAN 
Common Sense Recommendations – Short Run 

▪ Test and balance – Know the real numbers
▪ Switch to MERV13/14 filters on major AHUs

▪ Compensate for reduction in airflow – filter change
impact to be evaluated with HVAC professional

▪ Remote operation of BAS systems where possible
▪ Introduce portable HEPA/UV-C machines
▪ PPE storage cabinet and separate waste stream
▪ Evaluate exhaust fans, create a non-occupied air flush

routine
▪ Recommend two hours before and two hours after

occupancy
▪ If there is a DOAS – Increase OA – Strive for dilution



       

WORK THE PLAN 
Recommendations – Long Run – Areas where you can’t 
social distance 

Survival of Severe Acute Respiratory Syndrome Coronavirus, Dept. of Health Hong Kong, 
extended survival in stool samples vs. air 



 

 

 

 

 

     

WORK THE PLAN 
Recommendations – Future Strategies to the Plan 
▪ Disinfectant mats at all entrances

▪ Evaluate by climate zone, DOAS with energy recovery per ASHRAE 90.1

▪ Convert all AHUs to operate with MERV 13/14 with motor upgrades

▪ Include UV-C to all AHUs

▪ Plan for humidifiers in the class, 40% RH

▪ Operator to switch to “building air flush” mode

▪ Mailroom and loading isolation

▪ Consider airflow paths, supply high/return low

▪ Upgrade restrooms exhaust to minimize transmission

▪ Isolation suites and janitors’ closets

▪ Big spaces – Increase OA percentages? Limit occupancy? Air scrubbers?

▪ Advanced building management controls to create a Pandemic Mode



    

WORK THE PLAN 
Recommendations – Long Run – Specialized Areas 

▪ Nurses Stations

▪ Isolation rooms – Follow ASHRAE 170

▪ Conduct risk assessment by area

▪ Provide one isolation per 500 students

(minimum of 2)

▪ 100% outside air unit

▪ Anteroom/protective equipment room

▪ Normal non-isolation nursing station

▪ Biohazard waste and PPE storage

Dedicated HVAC▪



    

WORK THE PLAN 
Recommendations – Long Run – Specialized Areas 



 

 
 

  
 

 

 
 

WORK THE PLAN 

Know 
Where you 
Stand:  
Gather 
HVAC plans 
and System 
Manuals 

Speed & 
Cost: 
Establish 
your 
budget 

Prepare: 
With your 
HVAC P.E., 
create your 
statement of 
work plan 

Execute Phase 
1: 
Put into place 
the 
fast, short-
term interim 
adjustments 

Execute 
Phase 2: 
Mid- to 
longer 
term 
projects; 
harden 
your 
buildings 

Audit: 
Is it 
working? 
Adjust 



Questions? 

Raj Setty, PE, CxA 

rsetty@setty.com 

mailto:rsetty@setty.com


  

  

 
  

 

  
 
 

 

  

When a Plan 

Comes Together 

Know 
Where you 
Stand: 
Gather 
HVAC plans 
and System 
Manuals 

Speed & 
Cost: 
Establish 
your 
budget 

Prepare: 
With your 
HVAC P.E., 
create your 
statement of 
work plan 

Execute Phase 
1: 
Put into place 
the 
fast, short-
term interim 
adjustments 

Execute 
Phase 2:  
Mid- to 
longer 
term 
projects; 
harden 
your 
buildings 

Audit: 
Engage 
your 
HVAC P.E. 
to audit 
and re-
certify the 
building 
changes 



Build a Plan 

Work the Plan 



Build a Plan 

Work the Plan 



 

Fred Remelius 
Director of Operations 

Upper Merion Area School District (UMASD), 

Pennsylvania 



The REAL Director of Operations at UMASD 





Indoor Air Quality (IAQ) 



    
     
     

  

      
 

         
      

     

           

         

        
       

    

National Academy of Sciences 

Poor-quality school buildings (i.e., those that have bad indoor air quality, 
are not clean or have inadequate bathroom facilities) complicate reopening 
and may make it difficult for school districts to implement the recommended 
health and safety measures. 

1. SARS-CoV-2 is transmitted primarily by respiratory droplets from close contact 
with infected persons, and 

2. by surfaces that have been contaminated by infected persons and then 
touched by previously uninfected persons who then touch their mouth, nose 
or eyes without first properly washing their hands. 

The average number of secondary cases per infectious case ranges from 2.5 to well 

over 3.0, making this virus considerably more infectious than influenza (Inglesby, 

2020). Current evidence suggests that, given how the virus is spread, prolonged 
close contact in indoor environments is particularly high-risk (Centers for 

Disease Control and Prevention [CDC], 2020). 



              
          
   

           

     
             

 
            

               

             
          

      
      

     

CDC: Key Findings About Transmission 

• The virus is transmitted primarily through exhaled respiratory droplets that contain the virus,
though aerosol (very small, floating droplets) transmission and transmission from contaminated
surfaces may also play a role.

• When breathing or talking normally, droplets are thought to be capable of traveling about 3-6
feet.

• Sneezing, coughing, singing or loud talking can propel droplets farther.
• Inhaling or ingesting droplets, or getting droplets in your eyes (face shields), are the main

mechanisms of transmission.
• Droplets can land on surfaces and then be transferred to the hands and into the mouth, nose or

eyes. It is unclear how much exposure to the virus through surface contact is necessary to cause
an infection.

• Aerosols containing the virus can accumulate in the air in a closed space with limited
ventilation such that people can become infected by breathing in virus-containing
aerosols.

• The virus does not enter the body through the skin.
• People can be contagious before they show symptoms.
• The role of children in transmission is unclear.



                

               

         

            

  

         

          

              
   

              
             

   

My Plan for COVID-19 

I’m going to double down on what I do best and let the rest of the world decide if they 

can/want to come back to school. These are the items that I’m going to focus on: 

• Protect my staff from themselves and each other – per CDC, wearing a mask is the

primary safety precaution, washing hands secondary. Keep beating that drum until

your staff is deaf!

• Help protect district employees who have high contact with the general public or lots of

students and staff (e.g., front office secretaries, IT technicians and food service cashiers) using

sneeze guards.

• Our custodians will disinfect as many high touch points as often as they can to help stop physical
transfer of the virus.

• No extra funding to hire more people to do more disinfecting. We are reassigning some second-
shift custodians to day work so they can dedicate more time doing real-time disinfecting while
getting some general cleaning done.



          

        

        

          

           

             

             

           

         

      

       

     

My Plan for COVID-19 (continued) 

• Provide teachers and staff with approved disinfectant so they (not students) can 

disinfect high touch surfaces in their classrooms and workspaces during the day as they 

wish. 

• Encourage principals, teachers and staff to declutter their classrooms/workspaces. Over 

the years many classrooms, especially in elementary schools, become filled with filing 

cabinets, bookshelves, storage totes, rocking chairs, bean bags, couches, carpet squares, 

horded art supplies, etc., etc., etc. All custodians can do in some cases is just empty the 

trash and run away. One silver lining from COVID-19 is the opportunity to get teachers and 

staff to shovel out their spaces so we can be clean and disinfect efficiently. 

• Recognize and reinforce with our maintenance staff that COVID-19, as with asthma, 

allergies and a whole host of other ailments, is an airborne/respiratory problem. This is 

why good indoor air quality is so very important in K–12 schools, where children are 

often packed very close in classrooms. PREVENTIVE MAINTENANCE IS KEY!! 



    
      

  
  

      

   

    
     

  

UMASD took advantage of the shutdown to double 
down and follow the U.S. EPA’s IAQ Tools for Schools 

guidelines on cleaning and disinfecting 
UNIVENTS & AHUs. 

We are focusing on boosting our performance of 

PREVENTIVE MAINTENANCE on HVAC SYSTEMS. 

Huge side benefit: A study by Jones Lang LaSalle 
shows the Return On Investment from PREVENTIVE 

MAINTENANCE can be as much as 

545%! 



























AHUs are just really big Univents that serve multiple classrooms 



 A Totally Uncleanable Classroom 

Because of All of the CLUTTER! 



 
 

 
  

 
 

William Bahnfleth, ASHRAE presidential member and professor of architectural 
engineering at Pennsylvania State University: 

• There have been thousands of papers and articles published since the pandemic started, and 
in all of the reports of how COVID-19 is transmitted, there are no reports of space-to-space 
transmission through an HVAC system. 

• There’s no reason to change out filters on a really high frequency schedule. Changing them 
as often as they’re supposed to be changed would be a good thing to do. 

• Another important issue is maintenance/retro-commissioning, because how systems are 
designed and how they operate can be quite different. 

• One myth is this idea that the HVAC system itself is going to be highly contaminated. 

• Contractors should impress upon their customers the need to make sure that their system is 
operating as intended and designed. Customers could spend a lot of money to try to block this 
virus, but if the equipment isn’t working right, if the whole system isn’t working right, then 
it could all be for naught. 

www.achrnews.com/articles/143255-can-hvac-systems-spread-the-covid-19-virus 

https://www.achrnews.com/articles/143255-can-hvac-systems-spread-the-covid-19-virus


      

      

    

     

 

    

        

 

   

          

  

       

     

  

Summary 
• Recognize and reinforce with maintenance staff that COVID-19, as with 

asthma, allergies and a whole host of other ailments, is an airborne, 

respiratory problem. Good indoor air quality is so very important in K–12 

schools because children are often packed very close together in confined 

spaces. 

• Protect staff from themselves and each other—enforce mask wearing. 

• Protect employees who have high contact with the general public or lots of 

students and staff—sneeze guards. 

• Purchase, stockpile and use approved disinfectants. 

• Reassign second-shift custodians to day work so they can dedicate more 

time doing real-time disinfecting. 

• Provide teachers and staff with approved disinfectant (not for student use). 

• Declutter so custodians can actually clean and disinfect. 

PREVENTIVE MAINTENANCE IS KEY!! 



The IAQ Tools 
for Schools 
Guidance 



Download the App Today 

✓ Android: Google Play

✓ Apple: iTunes

✓ www.epa.gov/iaq-schools/school-iaq-assessment-mobile-app

http://www.epa.gov/iaq-schools/school-iaq-assessment-mobile-app


IAQ Preventive Maintenance: 
Guidance, Tools and Resources  



Get Started Today! 

These resources are available to you at no cost at 

www.epa.gov/iaq-schools/indoor-air-quality-tools-schools-preventive-maintenance-guidance-documents. 

https://www.epa.gov/iaq-schools/indoor-air-quality-tools-schools-preventive-maintenance-guidance-documents


 

 

Professional Training 

Webinar Series 

IAQ Master Class Series 

Ten technical trainings to build your 

knowledge base to start, improve or 

sustain an IAQ management 

program. Complete all 10 to join the 

IAQ Master Class. 

IAQ Knowledge-to-Action Series 

Technical trainings to deepen your 

IAQ knowledge and build capacity to 

take immediate action. 

Technical Knowledge 

• Asthma Triggers

• HVAC Systems

• Moisture and Mold

• Energy Efficiency

• Integrated Pest Management

• Cleaning and Maintenance

• Materials Selection and Source Control

Capacity Building 

• Funding

• Assessment and IAQ Mobile App

• Staff Training

• Gaining Buy-In

• Evaluation and Data

www.epa.gov/iaq-schools/ondemand-training-webinars 

http://www.epa.gov/iaq-schools/ondemand-training-webinars


  
 

 

 

 

EPA Resources to Get You Started! 

IAQ Tools for Schools 

Action Kit 
IAQ Tools for Schools 

Mobile App 
Framework for Effective 

IAQ Management 

IAQ Master Class 

Professional Training 

Webinar Series 

Energy Savings Plus Health Guide IAQ Tools for Schools: 
and Interactive Air Quality Planner Preventive Maintenance 

Guidance 

www.epa.gov/iaq-schools 

http://www.epa.gov/iaq-schools


 

 

Thank you for attending! 

Your next action steps— 

• Fill out the webinar 

evaluation form. 

• Access your personalized 

certificate of completion. 
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