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Why IAQ Maters to
Employee Health,
Well-being, and
Productivity and
Why Workplace

Leaders Should
Take Action.

Respiratory Cardiovascular INDOOR AIR QUALITY: A VITAL
issues diseases FACTOR FOR HE
. WORKPLACE PERF

Long-Term
o~ . Health Effects

of Indoor Air ("Ih,dqor\Ai'rf'QuaIity

Pollution “for Health a__nd :
Well-being

H&WO002

Cancer ¥ ) Cognitive
: impairments

Allergies and
Asthma
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pesapraverees

— = 1 In considering the economics of 1AQ, it is
I: important to note that the salaries of
building occupants are the largest cost
associated with building operation,

dwarfing energy by a factor of 50 or even
100.
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Mean Value of Satisfaction

e T e o L s L

User Satisfaction Level on Indoor Air Quality

HHiq

Overall  Overall Air Air Moisture Ability tt_‘r Natural Level of
ventilation indoor air freshness movements controlled adjustthe ventilation indoor air

comfort  quality ventilation  room quality that
ventilation support
you to do
job
properly

% EEC ACADEMY

Art of @R

Salle s



NAAQS

Particl
articles PM10

NAAQS Gases

EEC ACADEMY  Artof @82
Engineering



Very high

Moderate

Low
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WORKPLACE RADON EXPOSURE:
What Business Owners Should Know
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Pollutant Averaging time Interim target AQG level

1 2 3 4
PM, .. Hg/m? Annual 35 25 15 10 5
24-hour® 75 50 375 25 15
PM,, pg/m? Annual 70 50 30 20 15
24-hour? 150 100 75 50 45
0,, pg/m? Peak season® 100 70 - - 60
B-hour= 160 120 - - 100
NO,, pg/m? Annual 40 30 20 - 10
24-hour? 120 50 - - 25
SO, pg/m? 24-hour® 125 50 - - 40
€O, mg/m? 24-hour? 7 - - - 4

* 98th percentile (i.e. 3-4 exceedance days per year).
w H o I o b a I B Average of daily maximum 8-hour mean O, concentration in the six consecutive months with the highest six-month
running-average O, concentration.
[ J I L] t
ideli
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The first study (Shendell et al. 2004)
documented the associations between
classroom attendance in Washington and
Idaho and CO2 concentrations, which
were used as a surrogate for ventilation
rates. For classrooms where the
difference between indoor and outdoor
CO2 concentrations exceeded 1000 ppm
(1800 mg/m3), student absences were

: } — = 10%-20% higher than for classrooms

(R o ’}; Vs _— where the difference in CO2 was below

~ “Poor Indoor Air Quality 1000 ppm (1800 mg/m3).
~in Schools Affects Learning

People Outdoor  Area Outdoor Default Values Maxi
. . . Maximum
Air Rate Rp Air Rate R,  Occupant De::sm CO, above
cfm/ L/s- #1000 ft~ Air 0s Ambient,
Occupancy Category persom  person cfm/ft! Lis'm? or #/100 m? Class (6.2.6.2) ACg1
Educational Facilities
Art classroom 10 5 0.18 09 20 2 NA
Assembly without fixed seats—concentrated ] 38 0.06 0.3 63 1 v 1200
(chairs only—fixed)
Classrooms (ages 5 to 8) 10 5 0.12 0.6 25 1 600
Classrooms (age 9+) 10 5 0.12 0.6 35 1 600
Comidors (ages 5+) — — 0.12 0.6 — 1 NA
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1%,

Poor IAQ can reduce
worker productivity
by up to 11% due to
health-related
absences.

World Green Building Council

First, better IAQ leads to more productive and happier occupants. In commercial real
estate, satisfied occupants are tied directly to return on investment and bottom-line
economics, while in schools and institutional buildings they are tied to learning outcomes
and organizational missions. While it is hard to put firm numbers on these benefits, there
is increasing evidence of measurable productivity increases and reduced absentee rates in

spaces with better 1AQ.
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INDOOR AIR QUALITY STUDY OFFICE ENVIRONMENT POLLUTANTS

Formaldehyde (HCOH) - ~ s

Bioaerosols and
7" furniture and materials -~

Bioaerosols and
Mold Spores

] = / > \ ) | E= -
{ === I} 9' : =
Volatile Organic Compounds (VOCs)

- various sources

Second, IAQ problems that get out of hand can be quite costly in terms of lost work time,

lost use of buildings, expensive building or mechanical system repairs, legal costs, and bad
publicity. While extreme IAQ problems are rare, they do occur, and the consequences can

be dramatic. Less severe problems are more common and can erode occupant

productivity, affect occupancy and/or rent levels, and lead to costs for smaller legal
disputes or repairs.
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Florida’s Plague: Sick Building Syndrome : Months after opening,
one courthouse had moldy walls and workers complaining of
nausea and headaches. The problem is widespread in the humid
state--and the cure can be costly.
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Deaths by risk factor, Thailand, 2023

The estimated annual number of deaths attributed to each risk factor. Estimates come with wide
uncertainties, especially for countries with poor vital registration.

M Table ™ Bar

High blood gressure
moking
High blood sugar
Air pollution (outdoor & indoor)
Outdoor particulate matter pollution
besity M 30,70
High alcohol use HE——————————— 75,000
High cholesterol I ————— 3,600
Unsafe sex IEmm—— 15,400
Diet low in whole grains E——————
Secondhand smoke N 14 800
Diet high in sodium
Diet low in fruits nE—————— 1
Diet low in vegetables n—m——" 10,500
Drug use mmmm——— 5450

wn

I=}

E
£

Diet low in nuts and seeds mm—6,44
Low physical activity m—— 5570
Unsafe water source i 5180
Low bone mineral density H— 4,530
No access to handwashing facility s 2,780
Indoor air pollution W= 2,160
Child wasting ™® 1,840
Low birthweight m 926
Unsafe sanitation I 483
Child stunting | 151

» 1990

Data source: IHME, Global Burden of Disease (2025) - Learn more about this data

Note: Risk factors are not mutually exclusive. The sum of deaths attributed to each risk factor can
exceed the total number of deaths.

w

~l o~

g

Our World
inData

< Change

68,000

7,400

® 2023

Deaths by risk factor, Thailand, 2000

Our World
inData

The estimated annual number of deaths attributed to each risk factor. Estimates come with wide

fB Table ™ Bar

Air pollution (outdoor & indoor)
High blood pressure
Smoking
Unsafe sex
Qutdoor particulate matter pollution
igh blood sugar 26,100

Indoor air pollution 22,300

High cholesterol
High alcohol use 17,800
Diet high in sodium
Diet low in whole grains
Obesity 11,700
Secondhand smoke
Drug use
Diet low in fruits
Diet low in vegetables
Diet low in nuts and seeds
Unsafe water source
Low bone mineral density
Low physical activity
Child wasting
Low birthweight
Unsafe sanitation 1,600
No access to handwashing facility 1,400
Child stunting m 792

> 199 ()

Data source: IHME, Global Burden of Disease (2025) - Learn more about this data

exceed the total number of deaths.
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& Change

51,700
46,900
46,300

2023
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ANSI/ASHRAE Standard 62.1-2025
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ANSI/ASHRAE Standard 62.1-2025

(Supersedes ANSI/ASHRAE Standard 62.1-2022) &l A wq o] &9 141 S o995
Includes ANSI/ASHRAE addenda listed in Appendix Q T’m ENIILAZIRALATUITLAUATA teNU

©

*  AUUALNTIEUAN UNNTRANULL RAFY ATIRAALNNT
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Indoor Air Quality i

d’j Y o a o L% dld %
o wmsguilldivenaamntistuazanntiunianldiu
whi ldsunaninaAascazena (Non-transient

See Appendix () for approval dates by ASHRAE and the American MNational Standards Institute.

This Standard is under continuous maintenance by a Standing Standard Project Committee (SSPC) for which the Standards reS I d e nt I a I )
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 submic a

change can be found on the ASHRAE® websire (wrwrer 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(@ashras.org. Fax:
678-539-2129. Telephone: 404-636-8400 (worldwide), or toll free |-800-527-4723 (for orders in US and Canada). For
reprint permission, go to www.ashrae.ong/permissions.

@ 2025 ASHRAE ISSM 1041-2336

—  section, table, figure, or equation to jump to its location. Return to the previous

ﬁwm‘%%
-~ page via the bookmark menu. ('\
@ Includes online access to Ventilation Rate Procedure (WVRF) and Indoor Air Quality

- I - PDF includes hyperlinks for convenient navigation. Click on a reference to a

Frecedure (lAQF) calculators and more.
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Basic Ventilation System

Infiltration
Other A1 -Xxhaus e .
.he All hxl]jlht Bhadis Air Conditioning Other Air
Cleaner Alr Ri R 2 ir C1 ; Ut C it
Location & ey Alr Cleaner : : Cleaner
|141] Ventilation Location ! ; e - Location
| R Svystem - A 1 - s
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L.LJ~_ Other Air
Conditioning
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Figure 3-1 Ventilation system.
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VRP Procedure

Exhaust Air Relief Air Outdoor Air Intake, V',

Recirculated Air J

o

Fully Mixed Fraction of
Secondary Recirculation
(Where Applicable)
E1-E WV,

LLLL
LLLL
LA

=
- Pri
(1-E, W, Primary

Secondary Recirculation e
Discharge Air

(Where Applicable)

T Zone

(1-E)V e I
Secondary

ion t
¢ from Zone Breathing
Applicable) Zong
(-EMN1-E DV I

Vi =R P+ RA.

Ventilation system schematic.

6.2.1.1 Breathing Zone OQutdoor Airflow. The flow rate of eutdoor air required in the breathing zone
(V},.) of the occupiable space or spaces in a ventilation zone shall be not less than the value determined in
accordance with Equation 6-1.

V=R, % P+ R, % A, (6-1)

H . . 2 2
A, = zone floor area, the net occupiable floor area of the ventilation zone, ft* (m*)
P, = zone population, the number of people in the ventilation zone during use

R, = flow rate of outdoor air required per person as determined from Table 6-1 (Informative Note: These
values are based on adapted occupants.)

R, = flow rate of outdoor air required per unit area as determined from Table 6-1

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

People Outdoor

Area Qutdoor

Default Values

Air Rate R, Air Rate R, m Eg::::::
cfm/ Lis- #1000 fe* Air 0s Ambient,
Occupancy Category person  person cfm/f  Lis-m? or #/100 m® Class  (6.2.6.2) ACsq
Cafeteria/fast-food dining 7.3 3.8 018 0.9 67 2 900
Kitchen {cooking) 75 38 0.12 0.6 5 2 NA
Restawrant dining rooms 715 3.8 0.18 0.9 67 2 1500
General
Break rooms 5 25 0.06 0.3 25 1 v 1500
Coffee stations 5 2.5 0.06 0.3 20 1 v 1200
Conference/meeting 5 25 0.06 0.3 50 1 v 1500
Corridors — — 0.06 0.3 — 1 v NA
Occupiable storage rooms for liquids or gels 5 25 012 0.6 2 2 NA
Hotels, Motels, Resorts, Dormitories
Barracks sleeping areas 5 25 0.06 0.3 20 1 v 900
Bedroom/living room 5 25 0.06 0.3 10 1 v 600
Laundry rooms, central 5 25 0.12 0.6 10 2 NA
Laundry rooms within dwelling wnits 5 25 012 0.6 10 | NA
Lobbies/prefunction 75 iR 0.06 0.3 30 1 v 1500
Multipurpose assembly 5 25 0.06 0.3 120 1 v 1800

6.2.1.4 Zone Outdoor Airflow. The zone outdoor airflow (V,,) provided to the venrilation zone by the
supply air distribution system shall be determined in accordance with Equation 6-2.
Ve = VilE. % E, ©2)
6.2.2 Single-Zone Systems. For ventilation systems wherein one or more air handler supplies a mixture
of outdoor air and recirculated air to only one ventilation zone, the outdoor air intake flow (V,,) shall be
determined in accordance with Equation 6-3.
Vor="o: (6-3)
6.2.3 100% Outdoor Air Systems. For ventilation systems wherein one or more air handler supplies only
outdoor air to one or more ventilation zone, the outdoor air intake flow (V) shall be determined in accor-
dance with Equation 6-4.
v,

ot = Zail zonesVoz (6-4)
6.2.4 Multiple-Zone Recirculating Systems. For ventilation systems wherein one or more air handler
supplies a mixture of outdoor air and recirculated air to more than one ventilation zone, the outdoor air
intake flow (V) shall be determined in accordance with Sections 6.2.4.1 through 6.2.4.4.
6.2.4.1 Uncorrected Outdoor Air Intake. The uncorrected outdoor air intake flow (¥,,) shall be deter-
mined in accordance with Equation 6-5.
Vou= Dol zones Ry * P2 Za zonest Ry * A) (©-5)
6.2.4.1.1 Occupant Diversity. The occupant diversity ratio (D) shall be determined in accordance
with Equation 6-6 to account for variations in population within the ventilation zones served by the system.
D= E/Zy1z0nes P: (6-6)

where the system population (P,) is the total population in the area served by the system.

Zones all zones(
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IAQP Procedure

Table G-1 Required Zone Qutdoor Airflow or Space Br Zone Co

1ant Concentration with

Recirculation and Filtration for Single-Zone Systems
Required Recirculation Rate
Filter Outdoor Required Zone Outdoor Airflow Space Breathing Zone
FV Location Flow Airflow (V,; in Section 6) Contaminant Concentration
, Fr
v None VAV 100%% w N
1., Vo st Cpe = Ot e
i ° EF(C,.-C) : E.F.V,.
VE B
[ -—.-‘ o A Constant ~ Constant v N-ERV,EC,. o - N+EV,C,
F RV, AV T TELG,.-C) P EAV,.tRV,E)
l A VAV Constant . N+EV C
. . Vo Co EAV,.+F.RVE)
Occupied Zone Occupied Zone o Dz
E, NCy. ¥V, E. N Cp Vo B Constant  Constant ,oo N—ERV.EC,, o -
T EJC,.—(1-EXNC,)] "’
B VAV 100% v N
“ T EFIC,~(1-E)(C,)] Cox =
Figure G-1 Ventilation system schematic—constant-volume  Figure G-2 Ventilation system schematic—variable-air-vol- B VAV Constant FRVEC

. ™ . " . = : f i . ; "= . et st il - -
system with no infiltration/exfiltration. (*V,, = V,,, for ume system with no infiltration/exfiltration. (*Vy, = V, for 2 C,. =

single-zone systems.) single-zone systems). EL Gy~ (1 = ENC,)]

Table 6-6 Design Compounds, PM2.5, and Their Design Limits

Compound or PM2.5

Cognizant Authority

Design Limit

Acetaldehyde OEHHA CREL™ 140 pgm®
Acetone AgBB LC1?7 120,000 pg/m’
Benzene OEHHA 8REL® 3 pg/m?

Dichloromethane OEHHA CREL 400 ug.-'m"

Formaldehyde CARB™ 33 j.lg;"m"

Naphthalene OEHHA CREL 9 pg/m’

Phenol AgBB LCI 70 pg/m’
Tetrachloroethylene OEHHA CREL 35 ug."'m"Jt
Toluene OEHHA CREL 420 pgm’
Xylene, total AgBB LCI 500 !.ug.-'m'1
Carbon monoxide 40 CFR 50° 9 ppm
PM2.5 40 CFR 50 (annual mean) 9 ug/m’
Ozone 40 CFR 50 70 ppb
Ammonia OEHHA CREL 200 pg/m?
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Natural Ventilation Procedure

Table 6-8 Minimum Openable Areas: Single Openings ?

Total Openable Areas in Zone as a Percentage of A,

Visd, =, Vs =,
{Lis)ym? cfm/fet HyWe= 1 01 <HgWe=1 HeWe=1
1.0 0z 40 29 25
Stack Effect
- Air Pressures that Cause 20 0.4 6.9 5.0 4.4
Infiltration & Exfiltration
e an 0.6 0.5 6.9 6.0
U Stack Pressure
4.0 0.8 12.0 87 7.6
5.5 11 15.5 1.2 9.8
whers

P = breathing zone outdope airflow, per Section 6.2.1.1,

lth of all sigle outdoar apemings locabed at the 5 evation

| dimension of the single opening or the least vertical dimension of the apenings where there are multiple openings

Tlumetne airflow rates used o estimate required apenable aes 1sed on the Tallowin,

= D density of 0,075 Ihda'fi (1.2 k[ﬂ]:l'lﬂ';J at a barometric pressure of 1atm (1013 kPa) ond an air tempemture of TEF {21°C)
ctween mdeors and cutdaors of 1LEF (170
3

mperature difference

Controlling = Giravity constant of 32.2 fo's” (9.81 m's")
Convection * Window discharge coefficient of L6

in Enclosure

Assemblies

. Table 6-9 Minimum Openable Areas: Two Vertically Spaced Openings ®
'.-‘\"nr\
Pres:

Total Openable Areas in Zone as a Percentage of A,

Dvffursion

‘ = - ARG :
e VydA. <, VoA, <, H,, <82t (2.5 m) 8.2 ft (2.5m) < H,, < 16.4 ft (Sm) 16.4 ft{Sm) < H,,
Controlling -~ Wing Jsyme = (.8 = (.5 e = (.5 < 0.5 = 1.
Candensation s -a-....rf‘% (L/s)'m Ay =, Ay =10, SAy= 05 Ay =0 0 Ay = 0.5
Due to Diffusion - 1.0 0.2 2.0 I3 1.3 0.8 0.6
Recommendations for-—-- 2.0 0.4 4.0 1.6 2.5 1.6 1.8 1.2
Building Enclosures -
3.0 0.6 6.0 19 3.8 25 7 1.7
WAinchow
4.0 0.8 8.0 52 50 33 36 23
- eIt 5.5 1.1 1.0 7.1 6.9 4.5 49 3.2
Airtightness
where
‘ Air Barier Design Fi. = brenthing zone autdoor airflow, per Secrion 6.2,1.1,
Requirements A= gome floar area, the net socupable foor anca of the v

free operable area: in case of multiple horizontally spaced pairs of openings,

H,.,. = vertical separation berween the center of the top and botem ope
use shortest distance encountered

e area of smallest apening (op or bottom; i case of multiple horsontally spaced pairs of top-amd- hotiom openmgs, use aggrepated areas

ehele area of largest opening (top or bottom): in case of multiple horizontally spaced pairs of top-and-botten openings, use aggregated areas

Volumetne airflow rabes used bo estimale requined operable area are based on the following:

* Diry-nir density of 0,075 Ihda'f® (1,2 k[ﬂ]:l'lﬂ';J at a barometric pressure of 1atm (1013 kPa) ond an air tempemture of TEF {21°C)
mperature difference between mdoors and outdoors of 1LETF (170)

- E 3

= Giravity corsiant of 3 fuis® (9.81 m's")

= Window dischurge coefficiens of 0.6
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VRP

The prescriptive baseline.

@ Mechanism:
Dilution

4 Energy Impact:
High

-— Best For:

Standard spaces
without unusual
contaminant sources.

7

IAQ Procedure

Mechanism:
Dilution + Active
Extraction

Energy Impact:
Optimized / Low

Best For:

Enhanced IAQ,

heavily polluted outdoor
environments, high
energy-efficiency goals.

-2~ Mechanism:
—2 Wind / Thermal
buoyancy

Energy Impact:
0 Zero

‘ Bgst qu:

Mild climates with
pristine outdoor air
quality.
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ANSI/ASHRAE Standard 62.2-2022
(Supersedes AMNSIVASHRAE 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 Mational Standards Institute.

This Standard is under continuous maintenance by a Standing Standard Project Committee (S5PC) 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 ASH RAE™ 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.
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Table 4-1b (SI) Ventil Air Requir Lis Table 5-1 Demand Controlled Local Exhaust Airflow Rates
Bedrooms Application Airflow
Floor Area, m* 1 2 3 4 s Enclosed kitchen = Vented range hood (including appliance-range hood combinations): 100 cfm (50 L/sy
=47 I 8 51 35 28 = Other kitchen exhaust fans, including downdraft: 300 cfim (150 Lfs) or a capacity of 5 ach
471093 21 2 28 31 35 Nonenclosed kitchen = Vented range hood (including appliance-range hood combinations): 100 cfm (50 L/s)
+ Other kitchen exhaust fans, including downdraft: 300 cfm (150 L/s)
94 t0 139 28 3l 35 38 42
Bathroom 50 ¢fm (25 L/s)
140 1o 186 35 38 42 45 49
18710232 42 45 49 52 36 Table 5-2 Continuous Local Exhaust Airflow Rates
233t0 279 49 52 56 59 63
Application Airflow
280 to 325 56 59 63 66 70 = =
Enclosed kitchen 5 ach, based on kitchen volume
32610372 63 a6 70 73 77
Bathroom 20 ¢fm (10 Lis)
37310418 70 73 77 80 84
419 to 465 77 80 84 87 91 Table 5-3 Prescriptive Duct Sizing
NL normalized leakage Fan Airflow Rating, | <50 | =80 | <100 | <125 | <150 | <175 | <200 | =250 | <350 | <400 | <450 | <700 | <800
i = CFM at minimum | (25) | @0y | 500 | 60y | 70y | 85) | @%) | ci2o0| 165y | 190y | 2100 | (330) | (380)
wst weather and shielding factor from Normative Appendix B static pressure of
r - 2 0.25 in. of water
flaor — llOOrarea, (L/s at minimum
NL = wsfx A, . 62.5 Pa)
0, (Lfs) = = tlos (4-Th) — - p 0
144 Duct Type Minimum Duct Diameter, in. (mm) *
where Rigid duct 4 5 5 [ 3 7 7 8 9 10 10 12 124
NL normalized leakage C100Y | (125) [ (125) | (150) | (1503 | (1800 | (180) | (205} | (230) | (255) | (255)] (305) | (305)
) . . . ) Flex duct © 4 5 6 6 7 7 3 ] 9 0 | ne | np | NP
wst weather and Zhleldmg factor from Normative Appendix B a0y | a2sy| aso| aso | asoy| asw| 0| @os| 230 | @55
Afigor = floor area, m 4. For nencircular ducts, calculate the diameter as four limes the cross-sectional area divided by the perimeter.

oo

e A

. NP = application of the preseriptive table is not permitted for this seenario.
Use of this table for verification of flex duct systems requires flex duct w be fully extended and any flex duct elbows to have a minimum bend radius 1o duct diameter
ratio of 1.0,
. For this scenario, usc of clbows is not permitted
For this scenario, 4 in. (100 mm} oval duct shall be permitted, provided the minor axis of the oval is greater than or equal to 3 in. (75 mm).
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ASHRAE Guideline 42-2023

Enhanced Indoor Air
Quality in Commercial
and Institutional Buildings

WHO 2021 (Enhanced)

= | PM2.5at 15 pg/m3 (24h) /
- | 5pg/m3 (Annual)

i
h(ll

e

Approved by ASHRAE on Movember 30, 2023. mnn”{[ﬂim it
il e

ar! WA (Y Al

This Guideline is under continuous maintenance by a Standing Guideline Project Committee (SGPC) for which the Stan- - . . £ TG ‘hﬁmmllm:

dards Committee has established a documented program for regular publication of addenda or revisions, including proce- : , :

dures for timely, documented, consensus action on requests for change to any part of the Guideline. Instructions for how to

submit a change can be found on the ASHRAE® website {wrww.ashrae org/continuous-maintenance).

The latest edition of an ASHRAE Guideline may be purchased from the ASHRAE website (www ashras.org) or from

ASHRAE Customer Service, |80 Technology Farkway, Peachtree Corners, GA 30092. E-mail: orders@ashras.org. Fax:
678-539-2119. 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.

@ 2023 ASHRAE 1SS 1049-894%
< : & PDF includes hyperlinks for convenient navigation. Click on a reference to @ section, MERV 8 $c°de Minim“m) MERV 13 (Enhﬂnced Defeﬂse)
- O: table, figure, or equation to jump to its location. Return to the previous page via the Captures 70% of coarse dust (3-10pm), Captures >85% of fine particles
= bockmark menu. but lets the most dangerous fine particles bypass. (1-3um) and at least 50% of ultrafine

particles (0.3-1.0pm).
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Inputs

Select method:

PMV method

Operative temperature

24

Air speed

0.025 © m/s

No local control

Relative humidity

50 %

Metabolic rate

Relative humidity

Typing: 1.1

Thermal Comfort

« Complies with ASHRAE Standard 55-2023 1
.
PMV = -0.19 PPD=6%
Sensation = Neutral SET = 24.0°C

Environmental Factors

1.1 met
Clothing level
0.61 _ clo

Trousers, long-sleeve shirt:

Create custom ensemble
Dynamic predictive clothing
Solar gain on occupants
Set pressure SI/IP
Local discomfort
Reset Save Reload Share

Documentation

Relative air speed = 0.06 m/s

Psychrometric (operative temperature)

tae 264 °C

th 664 %

W 14.4 gulkg a=
twe 217 °C

tap 195 °C

h 63.2 klikg

Humidity Ratio [gw fkgda]

*Air Temperature

*Humidity

*Air Velocity/Air Movement
*Radiant Temperature

2. Personal Factors
Metabolic Rate

* Clothing Insulation

Operative Temperature [°C]

NOTE: In this psychrometric chart the abscissa is the operative temperature and for each point dry-bulb
temperature equals mean radiant temperature (DBT = MRT). The comfort zone represents the combination
of conditions with the same DBT and MRT for which the PMV is between -0.5 and +0.5, according to the
standard.

Limits of Applicability: This standard is only applicable to healthy individuals. This standard does not apply
to occupants: a) whose clothing insulation exceed 1.5 clo; b) whose clothing is highly impermeable; or c) who
are sleeping, reclining in contact with bedding, or able te adjust blankets or bedding

The CBE comfort tools automatically calculates the relative air speed and the dynamic clothing insulation .

3. Others
*Occupant Control
*Space Layout
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Mold

Decrease in bar width indicates decrease in effect
OPTIMUM ZONE 1 |
BACTERIA Moist food source
Spore lands on a moist surface
VIRUSES Enzymes use surface moisture to
dissolve food
FUNGI
MITES
RESPIRATORY 2 |
INFECTIONS™
Spore germinates, producing filaments (hyphae)
ALLERGIC RHINITIS
AND ASTHMA Hyphae extend both reach and area of absorptive
surface. Fungal metabelism generates more
CHEMICAL surface moisture to accelerate growth,
INTERACTIONS
OZONE
PRODUCTION

" . 0 10 20 30 40 50 60 70 80 90 100
nsufficient data
above 50% rh RELATIVE HUMIDITY, % 3 |

Hyphae grow thickly, digaing into the
surface and forming a protective mat
{mycelium| that keeps the surface moist
even if surrounding air is dry.

Fig.1 Optimum Humidity Range for Human
Comfort and Health
(Adapted from Sterling et al. 1985)

The mold grows conidia, which
generate and release spares to
the air.
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Ventilating Dehumidification Load In Tampa, FL * Peak Dew Point vs. Peak Dry Bulb
Drying ventilation air to a 50°F dew point, to maintain a 55°F dew point in the space
[Drying ventilation air to a 10°C dew point, to maintain a 12.8°C dew point in the space]

Load per 472 I/s
----------------------- 145.5 kg/h

31% higher load at the peak dew point [cite: 1]. 0.4% Dew Point:
Occurs at moderate temperature,
------------------- 100 kg/h and in absolute terms is a far higher
humidity level than what occurs at

the peak dry bulb temperature. [cite: 1]

0.4% Dry Bulb:

[cite: 1, 2]

Occurs at a much lower
absolute humidity. [cite: 1]

[cite: 1, 3]

21 g/kg

Humidity Ratio

Load @ Load @
dew point  dry bulb -1.1°C
design design :

*Insufficient data above 16.2 g/kg humidity. [cite: 1)

1360
3,000
1130
i 2,500
£
E 680
g 2,000 S
=
€ 450 E
| 1500 =
230 g
3
1,000 =
Sma\\_hosp’\\a_\
ot e :
Nursinghnme
16 classrooms
Military parracks

poot

gwimming A “— Ventilation air
Low-tise O
Low-rise offic® b Air leaking into the building
mallretel

People

Door openings
Domestic loads
Humid inventory
Wet surfaces

Vapor permeation

Dry Bulb Temperature
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128
Annual Cooling Load - South Windows

— Ton-hrs/ft2/yr W/m2r - 140

400 - 120

— 100

300 _
- 80
200 60 . y
Neutral *; v - t_'
100- o ) /' | Negative
20 ; N Pressure
il >

Clear  Low-e Llow-e+ Low-e+
Glass Glass 2 ftshade 3ft shade

0.79 0.55 : 0.31
SHGC
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Dedicated Outdoor Air System (DOAS)

Flow Present.
FAN SPEED

Wheel SSP.
Wheel SP. 90 %
ALARM NORMAL

Room Temp
Room HUM

1L AR TSR

| i
Pre Filter 0A Tp uct Smoke
LEA 25.3°C
MED Filter OA HUM
CLEAN BT 60.8 %

PA DUCT SP.
PADUCT

L
UV Monitor

1 ¢l OAU FAN

i ‘ | ALARM
LITETER b Flow Present.

FAN SPEED

-,

\§ _@c_.:_/j . QL =0.69 x Vo; = (Wvﬂnae - Wcu) I-P
==N 3 3
} 5 =)

22 OL=3.0% Vo, % (Wypeo—Weg)  SI

g &
1. Outdoor Air N g £ where
Hot and humid in summertime, it must ~c— : ; E 5 oL = latent load in the space, Btu/h (W)

. _ i i i E
be cooled and dehumidified @ ‘ ; | I 145 207 V. = zone outdoor airflow, cfin (L/s)
2 DOAS i 125 178 W\,',m.e maximum limit for the humidity ratio in the space, gr/lb (g/kg)
: . a Humid Season i ~  required humidity rai it i
Dries the incoming air to a condition . épefaﬁg:so 105 15.0 W, = required humidity ratio of the conditioned outdoor air, gr/lb (g/kg)
below the desired indoor humidity set T i a5 124
point ~_ . i 5
B = = = =85 [93] Dehumidification
™ - o : - Set

3. Dry Ventilation Air : - o i 45 64 Point
Will remove the moisture loads i T i | 25 36

generated inside the building ; i

4. Air Inside the Building o
Is at or below the desired
indoor humidity setpoint
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Dedicated
OA Unit

Figure 3.2 Direct to zone—local units.

OA = outdoor air CA = conditioned outdoor air RA = recirculated air

EA = exhaust air SA = conditioned supply air
Mumma et al. (2013)

Dedicated Central
OA Unit AHU

Figure 3.3 Direct to zone—central AHU.

QA = putdoor air  CA = conditioned outdoor air  RA = recirculated air

EA = exhaust air 54 = conditioned supply air
Mumma ecal. (2013)

EEC ACADEMY

anmuuuHomsisoud

eecacademy

Art of GBR

Engineering



Dedicated
OA Unit

Dedicated
OA Unit

Figure 3.4 Air supplied to intake of local units. Figure 3.5 Air supplied to supply side of local units.

OA = outdoor air  CA = conditioned outdoor air  RA = recirculated air OA = gutdoor air  CA = conditioned outdoor air  RA = recirculated air
EA = exhaust air  SA = conditioned supply air

EA = exhaust air SA = conditioned supply air
Mumma et al. 20013

Mumina et al. {2013)
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Dry Bulb (°C)
Wet Bulb (°C)
RH (%)

Humidity Ratio
{kg/kg)
Enthalpy (kl/lg)

Dew Point (*C)

Adr Flow

Incoming Air
362
269
489

0.019

Pre Cool Coil

Total Energy

Sensible Energy

Latent Energy

Maisture Difference

SHR

Compute WAHX Performance

47 ™/

Passive Cool

286
250
750
0.019

762

2
LS
80
w3
ro
>0
Oy
o

mn:
zI:L
w

238

-42.3 kW

-42.3 kW
0o kW
0.0 | lg/hr

1.000

Effectiveness

COOLING COIL

Total Energy

Difference

Sensible Energy

Latent Energy

Moisture Difference

5HR

792 %

Active Cool
105
10.4

98.8

Active Cooling Coil

WA

-254.6

12.0

-107.6

-147.0

2159

0423

wio WATD

-296.9

Tons

-149.9

-1470

2159

0.505

Units

°F

ENERGY RECOVERY
RE-HEAT COIL

C

Total Pressure

109.59 Pa
Drop
Supply Air
180
135
508
0.008
373
104
Re Heat Coil
Total Energy 423 kW
Sensible Energy 473 KW
Latent Energy 00 kW
Moisture Difference 0.0 lg/hr
SHR 1.000
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al
B
|

Cooling Total-energy
Coil Wheel

SRR
D
-5

KK

L.

Bypass
Dampers
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Combined Cooling and Constant Volume Ventilation

» Poor match of ventilation to occupancy
* High operational costs

Too little Too much Just right Too much
Ventilation Constant
Air > | Volume
Cooling

A0 | W

Dedicated Duct Work with Variable-Volume Ventilation

* Excellent match of ventilation to occupancy
e Lower operational costs

More MNone Less Much Less

Ventilation
Air Only
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Relationship
between Outdoor
Air Flow Rate and -
Steady State CO,
Concentration

Signal
Converter

DCV
Applications

DCV Systems
Design Considerations

Supply Air duct
(to building)

Return Air duct

CO,-Based DCV

Design and Other
Considerations

: Code and Green
Zosaus AT Sk A L Building Requirements
for CO,-Based DCV

---------- Appropriate
Applications for DCV

- Non-CO,-Based DCV

.- Alternatives
" to CO,-based
bev

..... -DCV in Multiple-Zone
=7 Systems

The reality of Demand-Controlled Ventilation (DCV).

Modern Proximity/
Occupancy Counters

Ventilation Rate

CO2 Sensor

Time

é EEC ACADEMY

The CO2 Trap:

« CO2 sensors have massive
lag times.

« Waiting until a room hits a
specific ppm target results in
under-ventilating during the
buildup, and over-ventilating
after people leave.

The Enhanced Solution:

« Combine CO2 limits with
modern proximity sensing,
point-of-sale data, or ID
badge counters to instantly
increment the exact
ventilation rate per person.

Art of @R
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...the dew point is

62 °F
[16.6 °C]
o So humidity will
60:/" N 770 : condense on cold
[60% rh @ 25°C] surfaces like ductwork
meets the limit set | and diffusers
by Std 62.1 but... Which will provide

water for mold in (@:s
building cavities
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Total Exhaust - 2799 ¢fm tLdu — From Cavities - 1475 cfm

[1316 I/s] A [693 |/s]

- x| B - From Toilets - 1324 cfm
A= T o)) 1622 1/s]

V2
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1. Fan Suction Provides Negative Pressure 2. Wind Creates
The system uses a plenum above the dropped
ceiling for return air instead of a hard-

'
4 ‘: connected duct, This may lead to suction and
@ infiltration through joints in the exterior wall,
Ea Yy
M

AVAVANE VAV l7AS AR
]

| NOT Recommended
E K —

Positive Pressure
Pressure difference
between inside and
outside is increased
by wind.

3. Pressure Difference Causes Air Leaks
Untreated infilration air finds its way through
any minor gap in construction joints, creating
high dew points in cool building cavities. This
often leads to condensation and mold growth,

1
(O,

-

—_

avavaivavllvavavewioa
o
|

I Recommended

- 2 ]

4, The HVAC Designer Can Control Pressure

Hard-connect the return air with sealed duct Run the wallboard all the way to the bottom
work, rather than using a ceiling plenum, Fan of the roof deck instead of stopping just

suction no longer creates negalive prassure above the dropped ceiling.
in building cavities.

5. The Architect Can Control Air Gaps

6. Some Construction Gaps Remain,.
But they allow less infiltration because the
pressure difference is smaller, and because
the air barrier is more continuous,

EEC ACADEMY
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Beware of Accidental Suction ...

All walls leak air. The rate of leakage depends on the pressure
difference across the wall. Leaks on the return (suction) side
of the HVAC equipment create negative pressure in building
cavities. This increases infiltration, which causes condensation
and building damage.,

.= Gaused by Incomplete Return Air Connections

This unit pulls air from the room-but also pulls air from building
cavities, increasing infiltration from eutside. Hard<onnecting
and sealing the return grill to the unit's inlet with ductwork
avoids wall suction, reducing condensation and mold growth

in the walls.
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Salle s



1. Eliminate Air Handler Leaks
Most commercial-grade air handlers leak a great deal of air. Seal open seams with
tape and mastic, and make sure all access panels are gasketed, with all screws
in place.

2. Seal Return Ducts
If return ductwork leaks, it creates low pressure in building cavities, which sucks
untreated air into the wall from the outdoors. Sealing return duct work helps avoid
condensation from untreated air in these cavities.

<o 3. Seal Supply Ducts
~ When supply ductwork leaks in summer, cold air leaks into building cavities, cooling
> surfaces, which condense moisture, In winter, warm supply air carries moisture
into cold building cavities, where it condenses once again. Sealing supply air ducts
a prevents these problems.
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4%

N
o

1
(=]

Latitude Center (Degrees North)

)
[
o

-09 -
-180 -135 -30 -4% 0 45 90 135 180

Longitude Center (Degrees East)
PM2.5 (ug/m?)

| mT———— >
0 10 20 30 40 5 60 70 8 9 100 10 120
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FILTER CLASS COMPARISON CHART

1ISO16890 EN779 EN1822 ASHRAE 52.2
Em Em Ei Ea Am Em Emin Ei Em
EN EN
ePM1 ePM2,5 | ePM10 Coarse ; Merv
’ 0.08-0.15
Class | amethic] o4pm | oapm | e 0310 | 1030 | 30100
0.3-1.0 0.3-2.5 0.3-10 1SO Dust pym
pm pm pm Dust
Gl 50%-65% 1 < 20%
2 < 20%
I:‘I..-'
B G2 | 65%-80% 3 <20%
4 < 20%
kL
63 | 80%-90% e : 52022
>50% 3 ==
% =
i a2 8 20% = 70% <
9 35% < 75% =
50% M5 40%-60% 0 0% < 0% <
50% 20% M6 60%-80% 11 20%< | 65%s | 85%s
' = 12 55%s< | 80%< | 90%s
50% 65% 80% F7 80%-95% | 35%s= 13 50% = 85% = 95% =
70% 80% 80% F8 909%-95% | 55%< 14 75% = 90% < 05% <
15 85% < 90% = 85% =
95% = 70% =
s i 16 85% < 85% = 95% =
E: Efficiency Am: Average Arrestance E10 85% < MERV Minimum Efficiency Reporting Value
Em: Average Efficiency Emin: Minimum Efficiency E11 95% < Em: Average Particle Size Efficiency
Ei: Initial Efficiency E12 88,5% =< |EPA Efficiency Particulate Air
Ed : Discharge Efficiency H13 98,95% < |HEPA High-Efficiency Particulate Air
Em = (Ei+Ed)/2 H14 99,995% < |ULPA Ultra-Low Penetration Air
Ea: Arrestance Efficiency U16 99,9995% <
U16 99,99995% =
U7 99,999995% <
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Ventilation air filtration levels (MERV) needed to reduce entering outdoor PM, ; concentrations to U.S.

Estimates of particle removal efficiency for PMs 5 of outdoor origin for

NAAQS maximum level of 12 pg/m?.

filters tested according to ASHRAE Standard 52.2-2012.23

| Melbourne, Australia © §
[ Belo Horizonte, Brazil 7

[ Atlanta, USA 10
Toronto, Canada ® 10 MERV & HEPA
Monterrey, Mexico ® 11
Nairobi, Kenya » 12 MERV 16
| Bagota, Colombia © 14
Chicago, USA * 14 MERV 7
London, UK » 14 MERV 14
Lo Angeles, USA ® 5
Barcelona, Spain e 16
St. Petersburg, Russia ® 16 MERV 8 MERV 12
Paris, France © 16
Buenos Aires, Argentina * 16 MERV 10
Tokyo, Japan ® 16
Singapare 17
Ho Chi Minh Ciy, Vietnam » 17 S MERV 8
| Rio de Janelro, Brazil ® 17
Dsaka, Japan » 17
| Berlin, Germany * 19 MERV 7
Istanbul, Turkey * 19
| Surabaya, Indonesia * 21 MERY 12 MERV 6
i ! luanda, Angola® 21
| Moscow, Russia » 21
E— MERV 5
-'. ala Lum m‘z‘ T T T T T
0% 20% 40% 60% 80% 100%
Supply air class
Outdoor air B PRY SUPS
ualit
qnaty (Highest) sUP2 el =i (lowest)
0DA1 M5 + F7 F7 F7 F7 -
0ODA 2 F7 + F7 M5 + F7 F7 F7 G3,M5
ODA 3 F7 + Fo F7 + F7 Mé + F7 F7 F7

Table 6: Recommended minimum filter classes per filter selection de-
pending on supply air class and outdoor air quality acc. to EN16798-3:2017

0 10 20 Rl 40 50 60 10 80 90 100 110
Annual Average Outdoor Air PM, ; Concentration (ng/md)
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..~ UVGlin HVAC Systems

‘ | "
Exhaust ! = <t s
Air z = - %
%
»
"X
%
b
Ar “ Cooling -

= * Heating ;
Coil T ol

G g

Air Handling
Units

UVGI and Infeé.t;on

Control, Upper-Air ol covs
uvaGl

Protect inhabitants from
UV Light in Upper Room

UVGI and
IAQ

The Spectrum of Light
X-rays Ultraviolet Visible Light | Infrared
100 200 §m31s 400 780 Wavelength (nm)

Peak Germicidal
EMM 264 nm

. UV-C-Radiation used for disinfection is most
effective at a wavelength of 253.7 nm.
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o3 HARVARD TH.CHAN
%/ school oF pustic Heatth | [ EALTHY BUILDINGS

Harvard T.H. Chan School of Public Health (The COGfx Study)

‘Viuq“luLmawammmﬂwmﬂmmmwﬂu’mmi HVAC mﬂwﬁﬂiuﬂiﬁmu Tae Dr. Joseph Allen cmﬁﬂmﬂ:n;ufmwmiim’mﬂmﬂmmmﬁmﬂ“lummiﬂu
Wendumsshauneawes (Cognitive Function)
*NITBTEY NMIANSATIMITE 1N fu1fmWligmﬁ"a"lﬂ!,ﬂuizﬁ’uﬁqqsﬁwﬁamﬁuﬂizﬁﬁmwmiéi’ﬂ?m“lfuuazmiﬁmummwﬁ’mmeﬁuﬁﬂ 61% - 101%
'ﬂwiﬁunmﬁaﬁmamuﬁﬂmﬁﬂuwﬂﬁwﬂ'ﬂwmaw‘i'ﬂammzizwﬂ%’ua1mﬁﬁG’i’aqi]"lﬂl,ﬁu%uﬁuﬂiz?m%n’lwmmWﬁ’mmﬁ!ﬁu%uwuiwﬁ’unuwﬁ’wmﬁgﬁuﬁuﬁmﬂu

Juifisslszina S1 - $S40 deauded) Tuvaziinatlsz TemidmilszaniammsnhauildnduAuiniiyanigeds $6,500 deaudeil Fananeanuiwaneuuny

Qe

UUGINNAUNURENUHINALagAUN UL U T egsne
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- INDOOR AIR QUALITY
H SCIENTIFIC FINDINGS RESOURCE BANK

BERKELEY LAB

Discover the Science on Indoor
Air Quality

See research topics

Human Performance

Lawrence Berkeley National Laboratory (LBNL)

1
o a

A uAdtwTRYIauiTY Annsviauuuanaesuarsumndeyanamsegaanfineaiu I1AQ Misaienne (Indoor Air Quality Scientific Findings Resource

Bank)
* LBNL ?:qd'}miﬂﬁ"uﬂg\wzumzu’mmmmﬁ'@@mm'mLﬂ’u%’ummm?‘mﬂmfmﬂhm’ mewmﬁwﬁ'uj AMN30angRINITATA/AN L EBINTINIUAS LA 9% - 20%
o nshuu: nalsrlaminnaasegiassAuAanazluanigy aannisaneinisiduthaainenans (Sick Building Syndrome: SBS) fiyarngatia 10-30
fiudruneaafied vinAaiduntenarsdiinauial N19a9YBLFULITTULNIBI0INIALAZNNTIZLNER NI AR HIZHZIIAT AU fagj'ﬁﬂi:mm 0.5 % 1.5 winniu
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Health, Wellbeing &
Productivity in Offices

The next chapter for green building

September 2014

WORLD
GREEN
BUILDING
COUNCIL

Spossons

({()h19 8 LendLoase  SKANSKA

Health, Wellbeing and Productivity in Offices Report by WorldGBC
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