
We will start in just a few minutes. Tell us…

What questions do you have about healthy 

buildings?

Better Buildings Discussion Series

Please go to slido.com and use event code #DOE to submit your 
responses.
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About Me

• Ph.D. in mechanical engineering, minor in high performance 
computing
– Thesis topic: particle resuspension and transport

• R&D Staff at ORNL since 2019, previously at NREL

• Member of the EnergyPlus development team

• Past chair of ASHRAE TC 2.10, Resilience and Security

• Member of ASHRAE’s Epidemic Task Force
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Outline

• Introduction

• Multizone Transmission?

• Energy Impacts

• ASHRAE Epidemic Task Force: Core Recommendations

• Conclusions



Introduction
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Why Do We Do Heating, Ventilation, and Air 
Conditioning?
•Fundamentally, we do it 

because we have to:
– Spaces uninhabitable 

otherwise
– Must maintain acceptable 

indoor environmental quality

•This is not especially 
aspirational or inspirational
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What is IEQ?

• Indoor Environmental Quality (IEQ) is often defined as the combination of 
the quality of four factors:
– Indoor air
– Lighting
– Acoustics
– Thermal conditions

• This makes IEQ subjective, influenced by 
– Climate
– Cultural factors
– Building use
– Occupant behavior
– …
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Space Heating, 
19.6%

Space Cooling, 
11.7%

Lighting, 11.0%

Water Heating, 
9.1%

Refrigeration, 
5.8%

Electronics, 
5.5%

Ventilation, 
4.2%

Computers, 
3.1%

Wet Cleaning, 
2.3%

Cooking, 2.2%

Other, 18.7%

Adjust to SEDS, 
6.7%

2025 U.S. BUILDINGS ENERGY END USE

IEQ Control ~ Half of 
Building Energy Use
• This data set is a little 

old now, but still 
instructive

• Heating, cooling, and 
ventilation account for 
over a third of energy 
use in buildings
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What is IAQ?

• Indoor air quality is defined by the U.S. EPA as “the air quality 
within and around buildings and structures, especially as it 
relates to the health and comfort of building occupants.”

• Poor IAQ is often associated with 
– Uncomfortable humidity
– Unpleasant smells
– …

• ASHRAE Standards 62.1 and 62.2 set acceptable standards
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Acceptable IAQ?

• Fundamentally, acceptable IAQ is about 
controlling contaminants

• Contaminants include:
– Particulate matter (dust, smoke, etc.)
– Volatile organic compounds
– Radon
– Pathogens (bacteria, viruses)
– …

• Control measures include
– Ventilation
– Air cleaning (filtration, etc.)

• Acceptable ≠ healthy

Feline Endpoint Filtration System
Photo credit: Rob Guglielmetti
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IAQ and the Pandemic

• IAQ is the IEQ factor that 
connects HVAC to management 
of pathogens

• Proper ventilation has been 
shown to be an important 
defense against COVID-19

• We need to recognize that we 
must be prepared for the next 
pandemic
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SARS-CoV-2

•SARS-CoV-2 Knowns:
– Virus size (diameter ~0.1 μm)
– Droplet sizes
– Basic physics
– Infectious quanta (Wells Riley)

•SARS-CoV-2 Unknowns:
– Production rate
– Infectious dose
– … Image credit: https://phil.cdc.gov/details.aspx?pid=23312
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Particle/Droplet Outcomes

• For airborne transmission, we need to worry about droplets or 
particles carrying multiple viruses

Particle/Droplet Size Typical Outcome upon 
Respiration

5-10 microns
Caught in upper part of 

respiratory system, do not make 
it to alveoli

~1 micron Reach alveoli, can enter blood 
stream

<0.5 micron Reach alveoli, but are too small 
and are exhaled



Multizone Transmission?
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Some Background and Assumptions

• Office buildings are usually conditioned using central systems

• Multiple zones within a building share the same air handling 
system (multizone)

• Systems will be assumed to be working properly unless 
otherwise noted
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Does Multizone Air Distribution Increase Risk?

• Answer:

Yes and No
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Does Multizone Air Distribution Increase Risk?

• Answer:

Yes and No
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Discussion Scenario

• Medium-sized three-story office building
• Each floor has a separate air handling system
• Basic building uses a plenum return strategy
• An infected person is in one zone
• Assume 30 similarly-sized zones

Volumestory ≈ 10 Volumezone
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Yes, Risk is Increased

• Zones without a pathogen source would have no pathogen 
without multizone air distribution

• Introducing pathogen into those zones therefore increases the 
exposure of occupants in those zones

• Increased exposure means increased risk
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No, Risk is Decreased

• Spreading the pathogen around reduces the concentration by 
an order of magnitude in the source zone:

masspathogen
Volumestory

=
1

10
masspathogen

Volumezone
• Including ventilation and filtration further reduces exposure in 

the source zone
• Reduced exposure means reduced risk
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Details Matter

• The COVID-19 virus does not appear to be able to survive the 
trip though the HVAC system

• Viral genetic material has been found throughout systems

• There is evidence of transmission through plumbing systems

• What about the next pandemic?
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Detailed Medium Office Prototype Building

• 3 stories + plenums above each level

• 1660 m2 per level

• 2 stairwells

• 3 air handling units (1 per level)

• 1 exhaust fan per bathroom
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CONTAM Model

• CONTAM is NIST’s multizone airflow and 
contaminant transport modeling 
program

• Building representation is built Similar to 
energy modeling tools, a representation 
of the building is developed

• Movement of air and contaminants are 
simulated

Middle & Top Levels

Plenums

Bottom Level
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Results: Contaminant Concentrations

0% OA

Level 3

Level 2

Level 1 Index 
Person

31% OA 100% OA
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What is “Exposure”?

• Exposure is the state of being in contact with a pathogen

• Define the exposure dose (the quantity of exposure as)

𝐷𝐷 = 𝐶𝐶𝐶𝐶 or 𝐷𝐷 = �
0

𝑇𝑇

𝐶𝐶 𝑡𝑡 𝑑𝑑𝑑𝑑

• Higher values mean more impact
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Assess Impact via Exposure Dose

• Explore impact of an infected person by 
plotting exposure versus floor area

• Normalize exposure and floor area

• The source zone always sees the greatest 
impact

• Greater “drop off” mean less spread
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Alternative Return Strategies

• This test case uses a plenum return

• It has been suggested that ducted return strategies would do 
better to prevent transmission

• This makes some logical sense, ducts better contain a 
pathogen

• But ducting reduces the volume involved (dilution?)
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Exposure Dose Results

• The results are mixed

• Ducted return does better 
in some ways, but not 
others

• It short-circuits return and 
tends to spread 
contaminants more

• The results indicate that 
other factors may be just 
as important
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Details Matter (cont’d)

• Ventilation is still the #1 countermeasure

• Other strategies may work in conjunction with ventilation, but 
building-specific details matter:
– Height
– Number of vertical shafts
– Environmental conditions
– … 



Energy Impacts
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Assessing the Energy Impacts of Mitigation Strategies

• NREL used the ComStock platform to evaluate the energy 
impacts of several measures:
– Upgrade to MERV-13 filters
– Disable demand control ventilation (DCV)
– HVAC flushing mode operation

• There’s good news and bad news
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Energy Use Intensity by Climate Zone
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Total Energy Consumption by Climate Zone
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Good News and Bad News

• Good news
– Filter upgrade does not have a significant energy cost
– Flushing is not as bad as it could be

• Bad news
– Increased outdoor air is pretty costly
– Flushing is not as good as it could be



ASHRAE Epidemic Task Force:
Core Recommendations
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Is HVAC Part of the Problem?

• It is easy to understand why HVAC professionals were worried:
– Are HVAC systems making this worse?
– What can we do differently?
– Can we do anything differently?
– …

• ASHRAE (and other professional societies) starting getting questions 
from membership
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ASHRAE Guidance Development

• Set up the Epidemic Task Force in March of 2020 to respond
• Teams for subareas

– Schools
– Healthcare
– Commercial buildings
– Residential buildings
– Transportation
– Applications
– …

http://ashrae.org/covid19

http://ashrae.org/covid19
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Result: Guidance

• Guidance is focused on HVAC 
operations

• The web page has been up for 
some time now and has generally 
been well received

• Content includes
– Building-type specific guidance
– Frequently asked questions
– Reopening guidance
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Core Recommendations

• Publication of the guidance led 
to a lot of questions:
– Why recommend this?
– Why recommend that?

• The guidance shares common, 
core ideas

• We decided to break them out in 
order to help others understand 
the guidance
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Core Recommendations

1. Public Health Guidance

2. Ventilation, Filtration, Air Cleaning
3. Air Distribution
4. HVAC System Operation

5. System Commissioning
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Ventilation, Filtration, Air Cleaning

Provide and maintain at least required minimum outdoor airflow 
rates for ventilation as specified by applicable codes and 
standards.

• The dilution of pathogens with ventilation is an effective 
approach to risk reduction

• Provide at least minimum ventilation before considering other 
measures
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Ventilation, Filtration, Air Cleaning

Use combinations of filters and air cleaners that achieve MERV 13 
or better levels of performance for air recirculated by HVAC 
systems.

• MERV 13 has good efficiency against biologically-generated 
infectious aerosols

• Allows trade-offs, allows achievement of performance target 
with combinations of strategies
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Ventilation, Filtration, Air Cleaning

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

• Allows for controls selections to meet overall airborne risk target

• While one can quibble over the use of “minimizing” here, the 
overall point is that energy use is can be considered
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Air Distribution

Where directional airflow is not specifically required, or not 
recommended as the result of a risk assessment, promote mixing 
of space air without causing strong air currents that increase 
direct transmission from person-to-person.

• Stratified ventilation may keep clouds 
of infectious aerosols “locked up” 
together

• Mixing reduces the concentration of a 
pathogen at any particular location

J Korean Med Sci. 2020 Nov;35(46):e415.
https://doi.org/10.3346/jkms.2020.35.e415

https://doi.org/10.3346/jkms.2020.35.e415
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System Commissioning

Verify that HVAC systems are functioning as designed.

• Guidance only makes sense 
if systems are functioning 
properly

• Maintenance is a known 
issue!

www.gao.gov/assets/710/707374.pdf



Conclusions
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Conclusions

• Multizone transmission has not been demonstrated to be a 
factor in the COVID-19 pandemic, but the next time could be 
different

• Building-specific details (geometry, climate, maintenance, 
etc.) are very important

• Research continues to point to ventilation as the primary 
countermeasure – but ventilation is expensive

• There’s a lot of work to do, but hopefully there’s better 
understanding of the building-to-health relationship now
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Additional Resources

• COVID-19 Resource Center
• https://betterbuildingssolutioncenter.energy.gov/covid19

• HVAC Resource Map
• https://hvacresourcemap.net

• ASHRAE COVID-19 Resources
• ashrae.org/covid19

https://betterbuildingssolutioncenter.energy.gov/covid19
https://hvacresourcemap.net/


2021 Summer Webinar Series  

The COVID-19 pandemic changed the commercial real estate landscape, causing building 
owners and operators to invest in innovative solutions that ensure healthy, safe, and 
productive workplaces while continuing to pursue ambitious energy and carbon reductions. 
Join this webinar for an interactive discussion between DOE and industry leaders that 
emphasizes the connections between energy efficiency and occupant health and unveils 
strategies for maximizing impact in the evolving CRE market.

WORKPLACE EVOLUTION:
SUPPORTING OCCUPANT HEALTH WHILE 
ACHIEVING ENERGY EFFICIENCY

Tue, July 20, 2021 |  3:00 - 4:00 PM ET

https://attendee.gotowebinar.com/register/4725532065879673868?source=bbsc-W7


• Learn from the experts with resources from 

ASHRAE, EPA, DOE, and more…

• View resources grouped by technology type

• Watch webinars & register for upcoming 

virtual learning opportunities

Learn more at: https://betterbuildingssolutioncenter.energy.gov/covid19

COVID-19 Resource Center

Explore COVID-19 Resources today.
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BetterBuildings@retechadvisors.com

Program Support
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Follow us on Twitter
@BetterBldgsDOE

Dr. Jason DeGraw
Oak Ridge National Laboratory
degrawjw@ornl.gov

Marcus Bianchi
National Renewable Energy Laboratory
Marcus.Bianchi@nrel.gov
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