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One of my earliest AIVC memories Is a presentation by
Andrew Persily where he casually shared his insight thate
I Jt RDUWYel W2WUqRGTEqRY UThé n Y I
precise underpinning for many of the requirements includec
In prescriptive ventilation standards is unclear and this is o
purpose. The consensus process from which they originate
IS a cherished resource to create support and consistent
adoption but is not conducive to clear scientific reasoning.
An insight that would haunt me ever since.

JelleLaverge Ghent University (July 2025)
https://www.aivc.org/sites/default/files/CR22.pdf
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AVentilation means dilution with outdoor air

AMany air contaminants have indoor sources
A Building materials
A Indoor processes
A Occupants

AConsequences of exposure are bad
A Odors
A Chronic toxicity
A Oncogenesis
A Productivity loss
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make indoor air fresh, too!
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Dilution
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Css = C:O -|§

Q

A C.s= Steady state concentration of a contaminant

A C, = Concentration of contaminant in ventilation air

A S = Source strength (emission rate of a contaminant)

A Q = Flow rate of uncontaminated ventilation air (e.qg.,
cfm or L/s)
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Dilution has diminishing returns, exponentially
growing costs

Suppose ventilation air is contaminantfree (¢, = 0)

Q/Qref
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Interactive Map of Air Quality
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https://www.igair.com/in -en/air-quality-map

8/4/2025 27th Westford Building Science Symposium



JUqRGCgRYUWXWYeaql YYI

ADefinitions of ventilation in standards:

A(T)he 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. (ASHRAE Standard 62.1)

A(T)he process of supplying or removing air by natural or mechanical
means to or from any space. Such air may or may not have been
conditioned. (ASHRAE Standard 62.2)

ARelated concept- ventilation air:

A(T)hat portion of supply air that is outdoor air plus any recirculated air that
has been treated for the purpose of maintaining acceptable IAQ

8/4/2025 27th Westford Building Science Symposium 9



Outdoor Mixed AHU Supply

Air Air o (Ventilation) VAV Terminal Units
Air
yeat Coil
Return { I T
Exhaust :
Air X —
Room/Zone Room/Zone
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Recirculating systems supply outdoor air,
filter particles

AOutdoor air acts similarly (sort of) on
many contaminants

AMechanical filters remove particlesT
outdoor and indoor sources

ACan add other controls for gases and
Infectious aerosols

Ot eciii! etoRYa ARVIT oM oR1! Ut q 1o
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Recirculation I1s a mixed blessing

AGood

AHigher air change rate clears contaminants faster
AEnables control of indoor contaminant sources with air cleaning
A Air economizer capacity increased

ANot so good
AMultiple space recirculation spreads contaminants
ATransport energy increased compared to dual path (DOAS) systems
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Two-Zone Example
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Exhaust —<— < <

l Recirculated

‘ Air

§ A Supply A Return
Outside %é . A:'r Air

Air I il
Filter
Zone 1 Zone 2

Area: 1000 ft?
Volume 9000 ft*

Area: 1000 ft?
Volume 9000 ft

Release in Zone 1-Initial
concentration of 100%

27th Westford Building Science Symposium



Recirculation spreads contaminant to other space, but recirculation through filter speeds up clearance
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Equivalent clean airflow (ECAA better
measure of control?

AThe effect of any control can be expressed in terms of dilution with
uncontaminated air

Alf all controls and removal rates are expressed as ECAs,
performance-based IAQ becomes more attainable

AMust also rate performance of controls in terms of ECA

If used comprehensively, need at least three typesgas, particle,
Infectious aerosol
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Equivalent clean airflow of a filter

Filter hasactual airflow Q; and efficiencyh

If Q,is equivalent clean air for filter, G* O. Q — th
vV

can show for a weltmixed space:
h D Filtration Only

Y

Dilution Only

A
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Y
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How much ventilation?

ARecommendations have varied o - o I
widely over two centuries s | W e

APhysiological —_—

A Limit infection risk : 2l 'll .:I_;Lfél'!::.ﬂ.'u

APerceived air quality / — | A

A Safe contaminant exposures E | ‘ - |
AStated in terms of outdoor air : / | |
AEmphasis on energy impact i

InCI’eaSIng Over t|me 1825 1850 1875 muuﬁ_:”mza. 1950

1975 2000

Janssen, J.E., 1999. The history of ventilation and temperature control:
The first century of air conditioning. ASHRAE Journal, 41(10), p.48.
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Ventilation is only one way to improve 1AQ

Hazard

Vulnerability
to Failure

Accident

Reason, J., 2000. Human error: models and management.
Bmj, 320(7237), pp.768-770.

Mnst
effectiv

Hierarchy of Controls

Physically remove
the hazard

Substltutlun
'5 :--'.‘.‘_' \gineering
'%‘L]fﬁtjf ;

Administrative
Controls

Protect the worker with
Personal Protective Equipment

Replace
the hazard

Isolate people
from the hazard

Change the way
people work

Least
effective
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2019

ANSI/ASHRAE Standard 62.1-2019
(Supersedes ANSI/ASHRAE Standard 62.1-2016)
Includes ANSI/ASHRAE addenda listed in Appendix O

Ventilation
for Acceptable
Indoor Air Quality

See Appendix O for approval dates by ASHRAE and the American National Standards Institute

This Standard is under continuous maintenance by a Standing Standard Project Committee (SSPC) for which the Standards
Committee has established a documented program for regular publication of addenda or revisions, including procedures for
timely, documented, consensus action on requests for change to any part of the Standard. Instructions for how to submit a
change can be found on the ASHRAE® website (www.ashrae.org/continuous-maintenance).

The latest edition of an ASHRAE Standard may be purchased from the ASHRAE website (www.ashrae.org) or from
ASHRAE Customer Service, 1791 Tullie Circle, NE, Atlanta, GA 30329-2305. E-mail: orders@ashrae.org. Fax: 678-539-
2129. Telephone: 404-636-8400 (worldwide), or toll free 1-800-527-4723 (for orders in US and Canada). For reprint per-
mission, go to www.ashrae.org/permissions.

© 2019 ASHRAE ISSN 1041-2336

gahmercan N-%%%
o

%

www.ansi.org

2022

ANSI/ASHRAE Standard 62.1-2022
(Supersedes ANSI/ASHRAE Standard 62.1-2019)
Includes ANSI/ASHRAE addenda listed in Appendix Q

Ventilation
and Acceptable
Indoor Air Quality

See Appendix Q for approval dates by ASHRAE and the American National Standards Institute

This Standard is under continuous maintenance by a Standing Standard Project Committee (SSPC) for which the Standards
Committee has established a documented program for regular publication of addenda or revisions, including procedures for
timely, documented, consensus action on requests for change to any part of the Standard. Instructions for how to submit a
change can be found on the ASHRAE® website (www.ashrae.org/continuous-maintenance).

The latest edition of an ASHRAE Standard may be purchased from the ASHRAE website (www.ashrae. org) or from
ASHRAE Customer Service, 180 Technology Parkway, Peachtree Corners, GA 30092. E-mail: orders@ashrae.org. Fax:
678-539-2129. Telephone: 404-636-8400 (worldwide), or toll free 1-800-527-4723 (for orders in US and Canada). For
reprint permission, go to www.ashrae.org/permissions.

© 2022 ASHRAE ISSN 1041-2336
ML/ PDF includes hyperlinks for convenient navigation. Click on a reference to a section, Mw\ﬂ"“"""iwu%
:O: table, figure, or equation to jump to its location. Return to the previous page via the & -
= bookmark menu.

wiww.ansi.org
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Perception + safety have prevailed for ~100
years In nofhealthcare facilities

AAcceptable indoor air quality 0
(ASHRAE Standard 62.1):

NWx ot WHLW=W#HNG

h
=

p-9
=

air in which there areno known
contaminants at harmful
concentrations, as determined
by cognizant authorities, and
with which a substantial

=y CATEGORY O
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P2 Lad
] ]

-
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=
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majority (80% or more) of the VENTILATION RATE , s pr of

p60p|e exposed dO ﬂOt eXpreSS Fie. 5 Percentage of Dissatisfied Persons as a Function of
- : : Ventilation Rate per Standard Person (i.e., per OIf)

dissatisfaction. (CEN 1998)
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Current noaresidential standards

AVentilation Rate Procedure (VRP, prescriptive)

APer-person rate (R) and area rate (R

\JLZ:: Rp :3F% qu A%

Table 6-1 Minimum Ventilation Rates in Breathing Zone (Continued)

Area Qutdoor
Air Rate R,

People Outdoor
Air Rate R,

Default Values

Occupant Density

cfim/ L/s-

person person cfm/ft?  L/s-m*

Occupancy Category

#/1000 £t
or #/100 m?

Air
Class

oS
(6.2.6.1.4)

Cateteria/fast-food dining 7.5 3.8 0.18 09
Kitchen (cooking) 7.5 3.8 0.12 0.6
Restaurant dining rooms 7.5 3.8 0.18 09

100
20
70

2
2

2

General

Break rooms 5 2.5 0.06 03
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ANSI/ASHRAE Standard 62.1-2022
(Supersedes ANSI/ASHRAE Standard 62.1-2019)
Includes ANSI/ASHRAE addenda listed in Appendix Q

Ventilation
and Acceptable
Indoor Air Quality

See Appendix Q for approval dates by ASHRAE and the American National Standards Institute.

This Standard is under continucus maintsnance by a Standing Standard Project Committee (SSPC) for which the Standards
Commitzee has established a documented program for regular publication of addenda or revisions, inuding procedures for
timely, documentad, consensus action on requests for change to any part of the Standard. Instructions for how to submit 2
change can be found on the ASHRAE™ website (www_ashrae orgfcontinuous-maintenancs).

The latest edition of an ASHRAE Standard may be purchased from the ASHRAE website (www.ashrae.org) or from
ASHRAE Customer Service, 180 Technology Parkway, Peachtres Corners, GA 30092. E-mail: orders@ashraz.org. Fax:
£78-539-2129. Telephone: 404-636-8400 (worldwide), or toll free 1-800-527-4723 (for orders in US and Canada). Fer
reprint permissicn, g0 to www._ashrae. org/permissions.

82022 ASHRAE ISSN 1041-2336

' /_  PDF includes hyperiinks for convenient navigation. Click on a reference to a section,

- g My,
;Q: table, figure. or equation to jump to its location. Return to the previous page via the g N&,
= bookmark menu @

=
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Current noaresidential standards

Alndoor Air Quality Procedure (IAQP, performance)
ADesign compounds (14 chemicals, 3 mixtures) and PM 2.5

ADesigner specifies controlsT outdoor air, air treatmentT to
comply with design limits

AMust also satisfied perceived air quality requirement
ASubijective and objective verification required

8/4/2025 27th Westford Building Science Symposium
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Table 6-5 Design Compounds, PM2.5, and Their Design Limits

Cognizant Authority

Design Limit

[ YI WOR+qel Ut AWBaGR+FIT W+

1000 pg/m’
. C

Compound or PM2.5
Acetaldehyde Cal EPA CREL (June 2016) 140 pg/m’
Acetone AgBB LCI 1.200 pg/m’
Benzene Cal EPA CREL (June 2016) 3 nug/m’
Dichloromethane Cal EPA CREL (June 2016) 400 pg/m?
Formaldehyde Cal EPA 8-hour CREL (2004) 33 ugm®
Naphthalene Cal EPA CREL (June 2016) 9 pg/m’
Phenol AgBBLCI 10 pg/m?
Tetrachloroethylene Cal EPA CREL (June 2016) 35 ug/m’
Toluene Cal EPA CREL (June 2016) 300 pg/m’
1.1, 1-trichloroethane Cal EPA CREL (June 2016)
AgBBLCI

Xylene, total
Carbon monoxide
PM2.5
Ozone

Ammonia

U.S. EPA NAAQS
U.S. EPA NAAQS (annual mean)
U.S. EPA NAAQS
Cal EPA CREL (June 2016)

500 pg/m’
E, =8 —-
12 ungS m D L

70 ppb

200 ug/m’

Table 6-6 Mixtures of Compounds

Central Nervous System

Upper Respiratory Tract Irritation Eye Irritation
Acetaldehyde Acetaldehyde Acetone
Acetone Acetone Dichloromethane
Formaldehyde Xylene, total

Xylene. total

Ozone

Xylene,total

Ozone

1.1,1-trichloroethane

Toluene

23

Source: ACGIH (2017) (See Informative Appendix P. “Informative References™).
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Current residential standards

ASame definition of acceptability as 62.1

ASimilar prescriptive approach
A# Bedrooms ( = people) + area

Qu|cfm =0.03A.. 8t g74 N, %
A Credit for infiltration

Table 4-1a (I-P) Ventilation Air Requirements, cfm

Bedrooms
Floor Area, ft* 1 2 3 4 5
<500 30 38 45 33 60
501 to 1000 45 53 60 68 75
1001 to 1500 60 68 75 83 90
1501 to 2000 75 83 90 08 105
2001 to 2500 90 98 105 113 120

8/4/2025 27th Westford Building Science Symposium

ANSI/ASHRAE Standard 62.2-2022
(Supersedes ANSI/ASHRAE Standard 62.2-2019)
Includes ANSI/ASHRAE addenda listed in Appendix E

Ventilation and
Acceptable

Indoor Air Quality in
Residential Buildings

See Appendix E for approval dates by ASHRAE and by the American National Standards Insticute

This Seandard is ance by a Standin gS[andardP oject Committee (sspcu r which the Standards
Committee hasescabl rogram for regular publica of addenda o Idmgproceduresfor
time Iyd cumented, ¢ equeslsf hang oany part of the Sta dardl ns for how to submit a
change can be found o n ASHRAE web te (www ashrae org/co maintenance)

The latest edition of an ASHRAE Standard may be purchased from the ASHRAE website (www.ashrae.org) or frem
ASHRAE Customer Service, 180 Technology Parkway, Peachtree Corners, GA 30092. E-mail: orders@ashrae.org. Fax:
678-539-2129. Telephone: 404-636-8400 (worldwide), or toll free |-800-527-4723 (for orders in US and Canada). For
reprint permissicn, go to www.ashrae org/permissions.

© 2022 ASHRAE ISSN 1041-2336
ML/ PDF includes hyperlinks for convenient navigation. Click on @ reference to a section, ap e
—,’: table, figure, or equation to jump to its location. Return to the previous page via the & %‘a
bookmark menu. @

wwwansi.org
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Current residential standards

ARecent addenda have addressed
AUse of equivalent clean air approach
AAILJI nYl G¢cURNDWHYUOGIRcURIDWGEq6BH2 qWIl RN
A Control of infectious aerosols by adaptation of ASHRAE Standard 241
requirements (informative appendix)
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Observations on the status quo

AWe generally know what the rationale is
AA2cUqRqc¢c qR2IWI Dgc¢c RGOt Wel ywWwéel 1 Wa
Alronically, evidence basis is weaker for health care ventilation

AMany would like to see the bar raised on what is acceptable

AMore transparency regarding basis for requirements
APerformance approach or evidencebased prescriptive

AExpand requirements to new areas health and productivity
ABigger role for air cleaning/disinfectionr but are we ready to do it?
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Recent research seeks to rationalize |IAQ control

for chemical and particulate contaminants

Built on work of Logue, et al.
(2012)

Objectives

AQuantify and compare harm
from indoor air contaminants

ADisability-Adjusted Life-Year
basis

nalysis suggests that a small
number of contaminants are
significant

Research

A Method to Estimate the Chronic Health Impact of Air Pollutants

in U.S. Residences
Jennifer M. Logue, Phillip N. Price, Max H. Sherman, and Brett C. Singer

Environmental Energy Technologies Di

BACKGROUND: Indoor air pollutants (IAPs) cause multiple health impacts. Prioritizing mitigation
options that differentially affect individual pollutants and comparing IAPs with other environmental
health hazards require 2 common metric of harm.

OBJECTIVES: Our objective was to demonstrate a methodology to quantify and compare health
impacts from IAPs. The methodology is needed to assess population health impacts of large-scale
initiatives—including energy efficiency upgrades and ventilation standards—thar affect indoor air
quality (IAQ).

METHODS: Available disease incidence and disease impact models for specific pollutant—disease
combinations were synthesized with data on measured concentrations to estimate the chronic heath
impact, in disability-adjusted life-years (DALYs) lost, due to inhalation of a subset of IAPs in U.S.
residences. Model results were compared with independent estimates of DALY lost due to disease.

RESULTS: Particulate matter < 2.5 pm in aerodynamic diameter (PM, 5), acrolein, and formaldehyde
accounted for the vast majority of DALY losses caused by IAPs considered in this analysis, with
impacts on par or greater than estimates for secondhand tobacco smoke and radon. Confidence inter-
vals of DALYs lost derived from epidemiology-based response functions are tighter than those derived
from toxicology-based, interspecies extrapolations. Statistics on disease incidence in the United States
indicate that the upper-bound confidence interval for aggregate IAP harm is implausibly high.
Concrusions: The approach demonstrated in this study may be used to assess regional and national
initiatives that affect TAQ) ac the population level. Cumulative health impacts from inhalation in
U.S. residences of the IAPs assessed in this study are estimated at 400-1,100 DALYs lost annually
per 100,000 persons.

KEY WORDS: air toxics, criteria pollutants, DALYs, exposure, impact assessment, indoor air pollut-
ants, indoor air quality. Environ Health Perspect 120:216-222 (2012). hrtp://dx.doi.org/10.1289/
¢hp.1104035 [Online 17 November 2011]

Air pollutant concentrations in many homes
exceed health-based standards for chronic and
acute exposures (Logue et al. 2011). On aver-

that impact. The U.S. EPA and the California
EPA (CalEPA) each publish health standards
or guidelines for long-term exposure concen-

sion, Lawrence Berkeley National Lab, Berkeley, California, USA

discase incidence models for use in the cost-
benefit analysis of the Clean Air Act (U.S.
EPA 1999). Several studies have estimated the
health impacr per incidence of specific diseases
(Hong et al. 2010; Lvovsky et al. 2000; Melse
et al. 2010). Huijbregts et al. (2005) pub-
lished cumulative impact and effect factors for
exposure to air pollutants, including air toxics
and ozone. These models provide the basis for
performing a human health impact assessment
for inhalation of IAPs.

In this study we combined disease inci-
dence and DALY-based health impact models
to develop a methodology for estimating the
population-average health costs due to chronic
inhalation of a broad suite of air pollutants in
U.S. residences. We first analyzed published
data to calculate mean exposure concentra-
tions and estimated age-dependent inhalation
intakes. We used disease incidence and disease
impact models to predict pollutant-specific
impacts and total DALY-based health costs to
identity the residential IAPs that have the great-
est impact on health in the United States. As a
check on the method, and the estimated aggre-
gate impact of IAP, we compared our findings
with independent estimates of DALY losses
related to secondhand smoke (SHS) to diseases
that could potentially result from air pollutant

Environmental Health Perspectives 120:2 CID:https://doi.org/10.1289/ehp.1104035
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Morantes, et al. reexamined residential data

AScreened over 300 indoor air
contaminants to obtain 25 with
useable data

AConsidered harm (toxicology and
epidemiology data

AQuantified harm in DALY per unit
of exposure

AApplied estimates of typical
iIndoor concentrations

ASimilar results to Logue, et al.

AProposed basis for an IAQP in
ASHRAE Standard 62.2

8/4/2025
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Harm from Residential Indoor Air Contaminants

Giobertti Morantes, Benjamin Jones,® Constanza Molina, and Max H. Sherman

Cite This: Environ. Sci. Technol. 2024, 58, 242-257

I: I Read Online

ACCESS|

|l Metrics & More |

Article Recommendations ‘

© supporting Information

ABSTRACT: This study presents a health-centered approach to
quantify and compare the chronic harm caused by indoor air
contaminants using disability-adjusted life-year (DALY). The aim
is to understand the chronic harm caused by airborne
contaminants in dwellings and identify the most harmful.
Epidemiological and toxicological evidence of population morbid-
ity and mortality is used to determine harm intensities, a metric of
chronic harm per unit of contaminant concentration. Uncertainty
is evaluated in the concentrations of 45 indoor air contaminants
commonly found in dwellings. Chronic harm is estimated from the
harm intensities and the concentrations. The most harmful
contaminants in dwellings are PM, 5, PMyo , 5, NO,, formaldehyde,
radon, and Oy, accounting for over 99% of total median harm of
2200 DALYs/10° person/year.
global burden from all diseases.

The chronic harm caused by all airborne contaminants in dwellings accounts for

P, T ——

Pormaldshyde

b lity-uatod Hio-yesrar1o parsonaiyes

I

7% of the total

Comaminants of Coneern in Dwellings

KEYWORDS: DALY, Ju'c‘”fn_q, harm intensity, harm fzutigc‘h F'unkfug, acceptable indoor air quality

1. INTRODUCTION

There is strong evidence that exposure to harmful airborne
contaminants commonly found in dwellings, such as volatile
organic compounds (VOCs), particulate matter (PM), bio-

data, such as risk estimates, the population attributable
fraction, or disease incidence rates, whereas a toxicology-
based approach is derived from toxicological data, such as the
median effective dose (EDS0). It is important to note that AP-
HRAs are evidemioloev-based. while LCIAs can use EFs

https://doi.org/10.1021/acs.est.3c07374
Environ.Sci Technal 2024, 58, 2425257
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Six contaminants (2 are PM) responsible for
99% of harnt particles pose greatest risk

OOOOOOO
contaminants
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Morantes, et al. now extended to offices

ASame methodology as in prior
residential work Journal Pre-proof

ASomewhat d i_ffe rent outcome Harm from indoor i conaminants i offices
because of differences in g o s Comr ot o
Contamlnant prOfIIeS PII: S0360-1323(25)00841-8

AParticles are still the most DL bups/idoiong/10.1016) bilden 2025.113365

Building and Environment

harmful oot dae a8
ATop four cause > 99% of harm

- Please cite this article as: G. Morantes, . Lara-Ibeas, C. Molina et al.. Harm from indoor air
AAS H RA E S S P C 6 2 1 I S contaminants in offices, Building and Environment (2025), doi:
. - " https://doi.org/10.1016/j.buildenv.2025.113365.
considering relevance to IAQP
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DALY may not be the answer to everything,
but has a role to play

ATradeoffs can be tricky
ACalculation of some DALY is not very precise

AWork so far has trimmed the list of contaminants of serious
concern

ASomeone still needs to draw the line to define acceptability

AMost promising T suggests performance based control may be
practical
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New developments resilience Iin standards
and guidelines: infectious aerosols

AAddresses risk of airborne infection
transmission in all facility types

AApplies during periods of elevated risk
(Infection Risk Management Mode, IRMM)

AGeneral IAQ standards are prerequisites (e.g.,
ASHRAE 62.1, 62.2, 170)

ASpecifies equivalent clean airflow requirements
per person ECAI)

ALevel playing field for air cleaners

ABased on populationtlevel risk assessment,
documented in an open publication

8/4/2025 27th Westford Building Science Symposium

ASHRAE Standard 241-2023

Control
of Infectious
Aerosols

This standard includes links to online supporting files.
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Building and Environment 283 (2025) 113318

Contents lists available at ScienceDirect

Building and Environment

journal homepage: www.elsevier.com/locate/buildenv

Building and
Environment

Risk modeling for ASHRAE Standard 241-2023 — Control of infectious
aerosols

Benjamin Jones *®>*, Christopher Iddon ", Marwa Zaatari ““, Pawel Wargocki ¢,
Richard Bruns©

Table 1
Input parameters common to all occupancy categories.
Parameter Distribution Values Source
Viability fraction remaining after exhalation, RD 1.0 [22]
Exposure duration, D (h) 1.0
Constants Community infection rate, (%) Healthcare 3.0
All other 1.0 [28]
Probability of infection, P(I) (%) 0.10
Respiratory particle evaporation factor, E Beta a=35.0,0=20 min=2.0,max = 5.0 [15]
Genomic viral load®, GV'L; (log;, RNA copies ml1) Normal u=70,6=14 [29]
Viable fraction, V' F Beta a=5.0,=20 min = 10~*, max = 102 [19]
Variables Respiratory tract absorption fraction, RT' D Uniform min = 0.43, max = 0.65 [30]
Dose constant, DK Uniform min = 5.0, max = 15 [19]
Biological decay rate, 1 (h™1) Log-normal GM=052.GSD=1.9 [31]
Surface deposition rate, y (h™1) Uniform min = 0.42, max = 0.61 [32]

i, mean; o, standard deviation; GM, geometric mean;
GSD, geometric standard deviation; « and § are shape parameters.
4 GV L, is converted into RNAcopies perm® by multiplying by 10°.
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ECA;

Susceptible person
breathing rate

1 hour
exposure

Total quanta
emission rate

Probability
of infection

Deposition
rate

Biological
decay rate

Community

Infection rate

Number of
infected people

Quanta emission
rate per person

Respiratory tract

deposition fraction

Viable virion
emission rate

Probability single
virion initiates

infection

Ratio of volumes
of respiratory fluid]
to exhaled air

Viral load of
genomic material

Infected person

breathing rate Viable fraction

Respiratory

Mean droplet Evaporation particles per unit Unui]ue for
diameter coefficient volume of each infected
exhaled air person

Fig. 1. A model of the relationships between infection risk probability and pathogen removal rate. Blue: deterministic input; Red: biological; Green: unique inputs for each infected
person.
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Required ECA depends on space type,
number of people and activity

A Occupancy categories — ECAi X P
A C(r))rrect?c/)nal fa?:ilities Y kcai CAL X Z,IRMM
A Commercial/retail
A Educational facilities
A Industrial
A Health-care oo
A Public assembly/sports & entertainment m
A Residential cocee

A 25 space typesr office, classroom, food and
beverage, etc.

A ECAirange 2090 cfm/pers (10-40 L/s-pers)
values doubled if there is loud vocalization Design IRMM

occupancy occupancy
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Table 51 T Minimum Equivalent Clean Airflow per Person in Breathing Zone in IRMM

ECAI ECAI
Occupancy Category cfm/person L/s/person Occupancy Category cfm/person L/s/person
Correctional Facilities Health Care
Exam room 40 20
Cell 30 15 Gr
oup treatment area
r Te— i Patient room 70 35
Food and beverage facilities 60 30 Resident room 50 25
Gym 20 40 Waiting room 90 45
Office 30 15 Public Assembly/Sports and Entertainment
Retail 40 20 Auditorium 50 25
Transportation waiting 60 30 Place of religious worship 50 25
Educational Facilities Museum 60 30
Classroom 40 20 Convention 60 30
Lecture hall 50 25 Spectator area 50 25
Industrial Lobbi 50 75
. ies
Manufacturing 50 25 idential
Sorting, packing, light assembly 20 10 o
v 0 0 Common space 50 25

i  Dwelling unit 30 38 15




Comparing standard 62.1 outdoor air, CDC
recommendations, and ECAI

ANSI/ASHRAE Standard 62.1 VRP inputs

A ST RS g WG v - OSQE,S-";‘?
§ Wl ¢qlJt sBHe qWHG Y | ; A e
" . [cfm/ pers] [cfm/ft 4] [#/1000 ft<]
filters Is added :

Office 0.06

AConstant risk ECAivalues give very Classroom 0.12

different ACH values for different Restaurant 0.18
space types

ACDC recommends 5eACHall the time - ASTIRAS 021 | ASFIREEAL | FlRAZ 24

_ _ efault ECAI ACH_s_ Raq 6
AECAihas units of flow rate per person [Cfm/ pefsl [Cfm/ pers] ceiling
1.1

because personal risk of infection Office .
scales with ECA per person Classroom 10.5
Restaurant 10 60 31.5
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New developments resilience Iin standards
and guidelines: wildfire smoke

AASHRAE Guideline 42024
AGuidance, not codeintended
ACommercial, institutional,

health care, multi-unit

residential o Protecting Building
ACan use for prescriptive or Occupants from Smoke

performance-based design During Wildfire and

Ll
AFocuses on PM control with Prescribed Burn Events
filt d 1zati
- Approved by on November 13, 2024
Ad d r‘ !: 5: 5‘ e: 5 O ‘ ! ratl O I I tI I rO u I l ASHRAE? Guidelines are scheduled to be updated on a five-year cycle; the date following the Guideline number is the year
of ASHRAE approval. The latest edition of an ASHRAE Guideline may be purchased on the ASHRAE website
(www.ashrae.org) or from AS Customer Service, 180 Technology Parkway, Peachtree Corners, GA 30092. E-mail
orders@ashrae.org. Fax: 678-539-2129. Telephone: 404-636-8400 (worldwide) or toll free 1-800-527-4723 (for orders in
US and Canada). For reprint permission, go to www.ashrae.org/permissions
R l i P I © 2024 ASHRAE ISSN 1049-894X
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5.4 Design Calculations and Processes

Schematic for single-zone design equation.

5.4.1 Removal Need Calculation. The design calculations related to smoke protection (required flow rate
and filtration efticiencies) are versions of the conservation of mass of contaminants into the building, which
can be presented with the following equation for a given zone:

VijCo + Vo:(l - Ef) Co

C. = (D)
- V-t F.RV.E,
where
C. = 1ndoor contaminant concentration in the zone, ug/m3
Viy = infiltration flow rate to the building, m’/h (ctm)
C, = -concentration of contaminants (PM2.5) in the outdoor air, p g/rn3

v, zone outdoor airflow, m3/h (cfim)

E, filter removal efficiency

F,. = design flow reduction factor (=1 if the system 1s constant flow)
R = recirculation flow factor (=1 if system 1s 100% recirculating)
V. = recirculating or return airflow, m®/h (cfm)
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One more layer of complexityair distribution

AAIl ventilation standards assume
Gl nIAqd RFRUNDE

ASome adjust with factors like |
ventilation effectiveness

AEffectiveness depends on the
application

Aln reality, details of air
distribution matter

AThey are hard to address
prescriptively and expensive tc
address by testing.

Well-mixed space

Mixing ventilation
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Air cleaners are finally getting

the attention

they need performance and safety

ACovid-l | R21IJUWIc RI WHGJI¢c U

A Most performance claims were unsupported by strong
evidence

A Reporting of performance tests was highly misleading
A Safety testing for anything but ozone production

APositive outcome

A Updated and new performance test standards (e.g.,
ASHRAE 185.3)

A Research on emissions from all air cleaner types

A Byproduct test standard is under development
(ASTM WK81750, New Test Method for Chemical
Assessment of Air Cleaning Technologies)
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