Better Buildings Discussion Series

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

What questions do you have about healthy

buildings?

Please go to slido.com and use event code #DOE to submit your
responses.
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Agenda & Housekeeping

‘X You have joined on a

1 Introduction & Polls muted line.

= Questions for the speakers?

208 Join the conversation at
- slido.com #DOE

2 Presentation from NREL

Chat Technical Support
'- through the GTW Chat
function.

3 Q&A
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Please go to www.slido.com

using your mobile device, or by opening a new window

Enter Event Code
#DOE

Better EEEEEEEEEEEE

Buildings ENERGY



Better Buildings HVAC Technology Research Team at NREL

Marcus Bianchi Greg Shoukas Michael Deru
Senior Research Engineer Research Engineer Senior Research Engineer
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HVAC Resource Map

Better
Buildings’ https://hvacresourcemap.net

U5, DEPARTMEMNT OF EMERGY

HVAC Home Central Plant Distribution Space Loads Contributors

HVAC Resources

C CENTRALPLINT

What is this resource?

The Central Plant Resource Map is an intuitive graphical interface that prowvides quick access to a bread amray of
guality infermation cn operations and maintenance best practices and energy and water efficiency measures.
The resources cover the central plant, distribution systems, snd zone systems. The primary audiences for this
resource are fecility menagers, operations staff, and design engineers who are locking to improve central plant
gnd distributicn effidency but don't heve time to search for these resources.

This Rescurce Map is not a repetition of guidance provided in codes and standards. It should not be used in
lisu of professional engineering services.

Explore HVAC Resources

Use the horizontal navigation above or the interactive disgram to dive into rescurces on different HVAC
COMPOnEnts.

The resources listed on this site have been carsfully selected to help narmow your seerch for helpful information.
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Today’s Presenter

Dr. Jason DeGraw
Oak Ridge National Laboratory
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Office Buildings and Ventilation: How.
COVID-19 and Other Pathogens Spread..
Between Zones
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Jason W. DeGraw, Ph.D.
Prateek Shrestha, Ph.D.
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About Me

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

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

« Member of the EnergyPlus development tfeam

e Past chair of ASHRAE TC 2.10, Resilience and Security
« Member of ASHRAE's Epidemic Task Force
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Outline

 Infroduction

e Multizone Transmissione

 Energy Impacts

« ASHRAE Epidemic Task Force: Core Recommendations

e Conclusions
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Why Do We Do Heating, Ventilation, and Air
Conditioninge

 Fundamentally, we do it
because we have to:

- Spaces uninhabitable
otherwise

- Must maintain acceptable
indoor environmental quality

e This is not especially
aspirational or inspirational
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Whatis [EQ?

* Indoor Environmental Quality (IEQ) is often defined as the combination of
the quality of four factors:

— Indoor air

— Lighting

— Acoustics

— Thermal conditions

e This makes IEQ subjective, influenced by
- Climate
— Cultural factors
- Building use
— Occupant behavior

%NOAK RIDGE

ional Laboratory




2025 U.S. BUILDINGS ENERGY END USE

Adjust to SEDS, IEQ Control ~ Half of
6.7% . oy
space Heating, Building Energy Use

19.6%

 This data setis a little
old now, but still
Instructive

Other, 18.7%

Space Cooling

o+ Heating, cooling, and
ventilation account for
over a third of energy
use in buildings

Cooking, 2.2%

Wet Cleaning,

2.3%
Computers,

3.1%
Ventilation,
4.2%

Electronics,
5.5%

Lighting, 11.0%

Refrigeration, Water Heating,
5.8% 92.1%
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What is IAQ?

e Indoor air guality is defined by the U.S. EPA as “the air quality
within and around buildings and structures, especially as it
relates 1o the health and comfort of building occupants.”

e Poor IAQ is often associated with
— Uncomfortable humidity
- Unpleasant smells

« ASHRAE Standards 62.1 and 62.2 set acceptable standards

%OAK RIDGE
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Acceptable [AQ?

« Fundamentally, acceptable IAQ is about
controlling contaminants

o Contaminants include:
— Particulate matter (dust, smoke, etc.)
- Volatile organic compounds
- Radon
- Pathogens (bacteria, viruses)

o Control measures include

— Ventilation Feline Endpoint Filtration System

. . . . Photo credit: Rob Guglielmetti
- Air cleaning (filtration, etc.) J

o Acceptable # healthy

%OAK RIDGE
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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

%OAK RIDGE
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SARS-CoV-2

e SARS-CoV-2 Knowns:
— Virus size (diameter ~0.1 pm)
— Droplet sizes
— Bassic physics
— Infectious quanta (Wells Riley)

e SARS-CoV-2 Unknowns:

— Production rate
— Infectious dose

Image credit: https://phil.cdc.gov/details.aspx2pid=23312
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Particle/Droplet Outcomes

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

Caught in upper part of

5-10 microns respiratory system, do not make
It fo alveali
: Reach alveoli, can enter blood
~] micron
sfream

Reach alveoli, but are too small

<0.5 micron
and are exhaled

%OAK RIDGE

National Laboratory




NR8L0010; 135305
-l01010101010°1011Q

3
QS
“%

R
1101011018110101011‘;\\

. e@01001010110‘ha1°f§§§§$ﬁ¢
010101010101 gy 0110001 200y
Multizone Tra nsmigﬁ@@%ﬁ%ﬁ‘;ﬁmm‘i‘s;f“\‘i“‘a\
Q S0

'.\.() R .
1010100100101011010101& - 101 “%“i?fff N
w101010101010101QXXQ1101010£§$§2§1§§23%§§”;:
01010

0

'LQY\.Q'\.()'\.‘\.Q'\.Qlﬁllﬁ'&_ﬂ'\.(n.\.ﬁxaxﬁ Q1 0O\ 0\ 0
11010820011 0L 0ADAD




Some Background and Assumptions

« Office buildings are usually conditioned using central systems

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

e Systems will be assumed to be working properly unless
otherwise noted

%OAK RIDGE
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Does Multizone Air Distribution Increase Riske

e ANSWEr:

Yes

%OAK RIDGE
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Does Multizone Air Distribution Increase Riske

e ANSWEr:

Yes and No
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Discussion Scenario

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

Volumeg,, = 10 Volume, .

%OAK RIDGE
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Yes, Risk is Increased

e /ONnes without a pathogen source would have no pathogen
without multizone air distribution

 Infroducing pathogen into those zones therefore increases the
exposure of occupants in those zones

e Increased exposure means increased risk

%OAK RIDGE
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NoO, Risk is Decreased

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

MA>Spathogen 1T M9Spathogen
Volumegion, 10 Volumezone

* Including ventilation and filtration further reduces exposure In
the source zone

 Reduced exposure means reduced risk

%OAK RIDGE
National Laboratory




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

e There is evidence of fransmission through plumbing systems

« What about the next pandemice

%OAK RIDGE
National Laboratory




Detailed Medium Office Prototype Building

e 3 stories + plenums above each level
e 1660 m? per level

e 2 stairwells

« 3 air handling units (1 per level)

* 1 exhaust fan per bathroom

- I
d |
BN BN =

%OAK RIDGE Bottom Floor Plan Mid and Top Floor Plan

National Laboratory

OpenStudio Model

Office - enclosed

Active Storage
Conference Meeting
Stairway

' Lobby
Restrooms
Electrical/Mechanical
Lounge/Recreation

Dining/Food
Classroom/Lecture




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

e Movement of air and contaminants are
simulated

%0AK RIDGE Bottom Level

National Laboratory

Plenums



Results: Contaminant Concentrations

Level 3
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What is "Exposure’e

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

e Define the exposure dose (the quantity of exposure qas)

T

D=CT or D=fC(t)dt
0
e Higher values mean more impact

%OAK RIDGE
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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

%OAK RIDGE

National Laboratory
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Alternatfive Return Strategies

e This test case uses a plenum return

|t has been suggested that ducted return strategies would do
better to prevent fransmission

e This makes some logical sense, ducts betfter contain a
pathogen

e But ducting reduces the volume involved (dilution?)

%OAK RIDGE
National Laboratory




Exposure Dose Results

d The reSUHS Ore mlxed Plenum Returns - Baseline Ducted Returns - With Plenums
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in some ways, but not
others
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e |t short-circuits return and
tends to spread
contaminants more
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e The results indicate that =0

other factors may be just = o
as important
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Details Matter (cont’d)

e Ventilation is still the #1 countermeasure

o Other strategies may work in conjunction with ventilation, but
building-specific details matter:

- Height
— Number of vertical shafts
— Environmental conditions

%OAK RIDGE

National Laboratory




1 0] i S
TR
”»1010101010102101331“\
Q (N

019 s
101 0 Oy, SAla
1010101010707 a2 100, Siouiiig
e\l 010]_101 11011“]‘“}\%\\355

Energy Impact

0 0 x
Sﬁ1010110101101010111%11%10116“1‘6%%“5?%%\
Q1 S
t’)10101001001010110101012_161&101031 S e

161 flﬁl“ Q‘LQ?}}Q? f_*@%t? e
i

11110101010101010101101101 03 o S SRS

i . e

1Q1XQX31151Q13X1610XDX1QxQ1Qquxmxa-
3001101 0ADAD

Y




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

e There's good news and bad news

%OAK RIDGE
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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 prefty costly
— Flushing is not as good as it could be

%OAK RIDGE

National Laboratory
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s HYAC Part of the Problem?@

e |t 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

%OAK RIDGE
National Laboratory




ASHRAE Guidance Development

e 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

%OAK RIDGE

National Laboratory



http://ashrae.org/covid19

Result: Guidance

 Guidance is focused on HVAC
operations

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

e Content includes
- Building-type specific guidance
- Frequently asked gquestions
- Reopening guidance

%OAK RIDGE

National Laboratory

SHARE THIS

) Main

00 x5 <

Questions? Email COVID-19@ashrae.org
% ASHRAE Epidemic Task Force Full Roster

Frequently Asked Questions and Glossary of Terms:

FAQ / GLOSSARY

This page is updated as new information becomes available.

.” Reopening o Buildings (3 Filtration/Disinfection




Core Recommendations

509 e Publication of the guidance led
ASHRAE EPIDEMIC TASK FORCE TO O |O-I- Of C]UeSTIOﬂS:

Core Recommendations for Reducing Airborne Infectious

hy recommend this?e
Aerosol Exposure - W y r O d T IS .
The following recommendations are the basis for the detailed guidance issued by ASHRAE

Epidemic Task Force. They are based on the concept that within limits ventilation, filtration, and air 2
cleaners can be deployed flexibly to achieve exposure reduction goals subject to constraints that —_ y re < O I I I I I I e | I O ~
may include comfort, energy use, and costs. This is done by setting targets for equivalent clean air

supply rate and expressing the performance of filters, air cleaners, and other removal mechanisms in
these terms.

1. Public Health - Follow all regulatory and statutory req and

.
recor i for social distancing, wearing of masks and other PPE, administrative .
, circulation of reduced hygiene, and sanitati ’

2. Ventilation, Filtration, Air Cleaning

2.1 Provide and maintain at least required minimum outdoor airflow rates for ventilation as M

specified by applicable codes and standards. < : O re I e O S
2.2 Use combinations of filters and air cleaners that achieve MERV 13 or better levels of

performance for air recirculated by HVAC systems.
2.3 Only use air cleaners for which evidence of effectiveness and safety is clear.

2.4 Select control options, including standalone filters and air cleaners, that provide desired
exposure while ¢ energy penalties.

L] L]
s — e We decided to break them out in
the result of a risk assessment, promote mising of space air without causing strong air currents

that increase direct transmission from person-to-person.

S order to help others understand

4.2 Maintain equivalent clean air supply required for design occupancy whenever anyone is

present in the space served by a system.

.
4.3 When necessary to flush spaces between occupied periods, operate systems for a time
required to achieve three air changes of equivalent clean air supply. l ' I
4.4 Limit re-entry of contaminated air that may re-enter the building from energy recovery

devices, outside air intakes, and other sources to acceptable levels.

5. System Commissioning — Verify that HVAC systems are functioning as designed.

%OAK RIDGE
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Core Recommendations

1. Public Health Guidance
Ventilation, Filtration, Air Cleaning
Air Distribution

HVAC System Operation

System Commissioning

A

%OAK RIDGE
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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.

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

e Provide at least minimum ventilation before considering other
measures

%OAK RIDGE
National Laboratory




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
iINnfectious aerosols

o Allows trade-offs, allows achievement of performance target
with combinations of strategies

%OAK RIDGE
National Laboratory




Ventilation, Filtration, Air Cleaning

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

» 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

%OAK RIDGE

National Laboratory




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 stfrong air currents ’rha’r INCcreqase
direct tfransmission from person-to-person.

 Stratified ventilation may keep clouds

of infectious aerosols “locked up”
together

« Mixing reduces the concentration of @ gaw
pathogen at any particular location o |o o @I" o S

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



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

System Commissioning

Verify that HVAC systems are functioning as designed.

- ________________________________________________________________________________|
Figure 2: Estimated Percentage of School Districts in Which at Least Half the Schools Need Updates or Replacements of Key
Building Systems or Features

Bullding system or feature

« Guidance only makes sense e e st o s s

Interior light fixtures

If systems are functioning o

Safety and security (e.g., cameras, alarms, access control)
properly
Windows

Exterior light fixtures

* Maintenance is a known

Doors
.
I S S l ' e I Electrical systems
d Indoor air quality monitering
Fire protection (e.g., alarms and suppreasion syatems)
Water quality monitoring
Conveyance |e.g., elevators and lifts)
Other features or retrofits for physical accessibility

Structural integrity (e.g., walls, foundation)

Environmental conditions (e.g., exposure to asbestos, lead, mold)

20 30 40 50 B0 70 80

Parcentage of school districts

OAKR
b SO www.gao.gov/assets/710/707374.pdf
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Conclusions

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

e Building-specific details (geometry, climate, maintenance,
etfc.) are very important

e Research continues to point to ventilation as the primary
countermeasure — but ventilation is expensive

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

%OAK RIDGE
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Q&A

Submit Questions
www.slido.com event code #DOE
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Additional Resources

« COVID-19 Resource Center

o https://betterbuildingssolutioncenter.energy.gov/covid19

« HVAC Resource Map

 https://hvacresourcemap.net

« ASHRAE COVID-19 Resources

« ashrae.org/covid19

Better
Buildings’
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https://betterbuildingssolutioncenter.energy.gov/covid19
https://hvacresourcemap.net/

2021 Summer Webinar Series

WORKPLACE EVOLUTION:

SUPPORTING OCCUPANT HEALTH WHILE
ACHIEVING ENERGY EFFICIENCY

3y
i\

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

e REGISTER TODAY

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.

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

COVID-19 Resource Center

- - - < VENTILATI FILTRATION, \ E SYSTEMS AND
ENERGRELCS e AND OTHER HVAC PLUMBING

ALL RESOURCE GUIDES

Click MORE to view all general COVID-19 resource guides.

ASHRAE Resources

American Society of Heating, Refrigerating, and Air Conditioning Engineers

Resource Hub

This resource hub is a one-stop resource for all of ASHRAE's guidance on reopening, buildings,
filtration & disinfection, and transportation.

MORE

ENERGY IMPLICATIONS

Click MORE to view all energy resources.

Optimizing Sustainability & Wellness: A Guide for Managing Office Buildings During
CoVID-19

Institute for Market Transformation
Guidance Document

Checklists for increasing occupant health, reducing energy and operations expenses, expanding
future opportunities, and increasing building performance.

COVID-19 VIRTUAL EVENTS AND WEBINARS

The webinars below bring together building experts and partners who discuss and provide updates on relevant resources, research and
technologies.

UPCOMING EVENTS:

-y ~

Fault Detection and Diagnostics in the Age of COVID-19
Thursday, January 14, 2021 1 2:00 - 3:00 PM ET

Fault detection and diagnostics is the process of using building operational data to identify system and equipment

faults and optimization opportunities by using algorithms specific to the building systems. What strategies can be

applied to support a healthy efficient building operation under “pandemic-mode” & what are the consequences?

Better Plants Online Learning_Series: Energy Management During a Pandemic

The pandemic has had wide-ranging impacts on how we manage energy, find opportunities and implement projects.
This webinar highlighted how various companies are strategically modifying their industrial energy management
programs and systems to be successful going forward.

Explore COVID-19 Resources today.

* 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

U.5. DEFARTMENT OF

Buﬁirngs- Learn more at: https://betterbuildingssolutioncenter.energy.gov/covid19 ENERGY



Additional
Questions?

Please Contact Us

Dr. Jason DeGraw
Oak Ridge National Laboratory

degrawjw@ornl.gov

Marcus Bianchi
National Renewable Energy Laboratory

Follow us on Twitter i :
Marcus.Bianchi@nrel.gov

@BetterBldgsDOE

Better Buildings Solution Center
https://betterbuildingssolutioncenter.energy.gov/

General Inquiries
BetterBuildings@retechadvisors.com

Mariana Egea-Casalduc

U.S. Department of Energy
mariana.egea-casalduc@ee.doe.qov

Program Support
ksanderson@retechadvisors.com

U.5. DEFARTMENT OF
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