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Abstract

Abstract

Keywords: ventilation regulations, epidemic prevention building regulations, indoor space exchange,

deep learning
General Background Information
The severe special infectious pneumonia (Coronavirus disease 2019, COVID- 19) in 2019 has
caused a significant impact on the world. From the perspective of global international policies
and strategies, the international trend has adjusted the relevant environmental impact factors
of "buildings and communities" as a response to the epidemic Policy and measure objectives
in the shock and post-pandemic era. There are many factors involved in the transmission of the
new coronavirus between individuals, including the built environment and human behavior.
Like other respiratory viruses, the possible routes of exposure for COVID-19 are (1) touching a
finger to a virus-contaminated surface and then touching the face; (2) inhalation of airborne
particles of virus exhaled from coughing or talking; and (3) Airborne particles of virus exhaled
by coughing or speaking come into direct contact with the face.
CFD simulated the route of SARS-CoV-2 transmission indoors and assessed the possibility of
airborne transmission, and computer simulations were performed to simulate the transmission
of fine exhaled droplets, comparing the subsequent indoor location of the source of infection
with the simulated virus-laden air. Dissemination of sol tracers. Measuring ventilation rates
using the tracer gas concentration decay method, from aerodynamic analysis indicated that
infection distribution was consistent with transmission patterns representing long-range
transmission of exhaled virus-laden aerosols (C. C. Wang et al., Science 373, eabd9149, 2021 ).
SARS-CoV-2 virus may be transmitted airborne person-to-person in crowded spaces with a
ventilation rate of 1.0 L/s/person (per person per second). According to a report published by
the World Health Organization in March 2020, SARS-CoV-2 may be transmitted through contact,
droplets, airborne, pollutants, fecal-oral, blood-borne, mother-infant, and animal-to-human
transmission. The researchers of this project have pointed out that the space design, waterway

system planning, equipment installation, use behavior and maintenance management of public
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toilets have erroneous or flawed concepts, which cause users to be exposed to the spread of
infection sources in the air environment and become a hotbed of cross-infection ( Lee & Tham,
2021).

Therefore, environmental factors in buildings (such as public places, medical facilities,
restaurants, hotels, entertainment venues, or residences where people are close), including
temperature, humidity, stability on vectors, ventilation and filtration systems, etc. have a
significant impact. Researchers in this project investigated 111 public restrooms and found that
the design, ventilation or facilities of public restrooms were improper, resulting in complaints
from users (Lee et al.,, 2013). When the carrier is in the space, the droplets, excrement or
bioaerosol stay in the space, and the air exchange rate cannot be achieved due to poor
ventilation. In addition, user behavior and defects in facilities and materials make it easier It
becomes a breeding ground for virus cross-infection, especially when the air contains Omicron
variant virus, which is short-term contact but has a strong transmission capacity. Considering
the ventilation volume for effective epidemic prevention is the focus of this study.

Research Methods and Process

1. The purpose of this study is to collect existing research on COVID-19 and its variant strains and
understand its transmission characteristics to improve the marking system, confirm and improve
the content to prevent and reduce the risk of human-to-human transmission in buildings, to
achieve Contingency measures to prevent the same situation that may occur in the future, and
finally formulate the feasibility content of the discussion that is in line with the international
context.

2. With the maturity of green building and green building material labeling technology, coupled
with the quality requirements for living health, in order to achieve the purpose of improving the
environment and improving the health and well-being of users. Collect and integrate relevant
research data on "International Sustainability Assessment System", "Green Building Materials
Evaluation Tool", "Healthy Building" and "Epidemic Prevention Building" from various countries.

3. On this basis, we will discuss the evaluation mechanism of innovative green building materials.
Through the mutual matching and joint use of relevant research methods, we will obtain expert
consensus and obtain different suggestions as considerations for decision-making directions, and
formulate the foundation of the project and the framework for subsequent theoretical
development. , to provide a reference for the formulation of government policy tools.

4. This research uses high-end computing computer to carry out the numerical simulation of
computational dynamic fluid dynamics (CFD), analyze the ventilation status of buildings under
different conditions, and propose the appropriate ventilation rate.

Xl
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important discovery
Indoor air environmental quality and bioaerosol transmission are fine substances suspended in
the air, such as the smoke produced by burning cigarettes, the PM2. Aerosols are typical
examples of aerosols.
COVID-19 super-spreading infection events, as well as the analysis of the ratio of indoor and
outdoor infections in this literature (more than 95% of infections occurred in indoor
environments), all point to aerosol transmission as the main transmission route. Airgel is mainly
produced by breathing or speaking, and it will have a significant impact on the rate of drifting
with the indoor wind environment.
It is easier to take it lightly than the droplets produced by a symptomatic infected person
coughing or sneezing. Unlike droplet transmission, which requires direct contact with the
mucous membranes of the eyes, nose or mouth, the other party only needs to inhale the
infectious virus aerosol exhaled by the infected person to cause lung infection. In addition, a
review of multiple studies has also found that most of the exhaled aerosols come from the deep
lungs, and the amount of virus carried by the particles is actually higher even though they are
small. Droplets larger than 100 microns tend to fall to the ground or surfaces within seconds due
to gravity dominance. Traditional cognition often mistakenly believes that aerosol transmission
only occurs in long-distance transmission. In fact, aerosol transmission is more likely to occur at
short distances, because the closer the distance to the infected person, the higher the particle
concentration of the virus aerosol exhaled.
The current 2-meter social distance rule is designed based on droplet and contact transmission,
and cannot effectively prevent aerosol transmission. Social distancing is an effective measure to
prevent the spread of the contagious coronavirus (COVID-19).
According to the research of our research team, the recommended ventilation for medical
institutions is positive pressure ventilation, and the air intake is about 2 times that of Spetzen
(Research on Air Quality Improvement Strategies for Home Kitchens 2022) for kitchen ventilation
with high home pollution. The recommended ventilation is also positive pressure ventilation,
and the air intake is about 1.5 times
Based on the results and WHQ's epidemic improvement method (roadmap), this study puts
forward suggestions for medical construction, the ventilation volume of homes and non-homes
proposes the standard value in Article 102 of the Design and Construction of Health Technical
Rules, and proposes a weighted derivation of the epidemic situation. Compare the weighted
ventilation volume with the ventilation volume recommended by WHO for epidemic
improvement, 10L/S/person, and verify it with CFD, hoping to get a proper suggestion, and put
forward the weighted in the green building standard epidemic prevention chapter coefficient.

X1
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Recommendations
Suggestion 1
Comparison of ventilation standards and regulations at home and abroad: immediate and
feasible suggestions
Sponsor: Ministry of Interior Construction Administration
Co-organizer: Institute of Architecture, Ministry of the Interior
Article 102 of the Building Technical Regulations compares the ventilation rate of the World
Health Organization, using a 1.5-fold growth rate as the ventilation standard during the
epidemic prevention period. After the 1.5-fold increase, the ventilation standard must increase
mechanical ventilation, and this study It is suggested that the fresh air exchange rate should be
added to Article 102 of the Building Technical Regulations.
Suggestion 2
Measure in ppm to prevent excess energy consumption: immediate actionable
recommendation
Sponsor: Ministry of Interior Construction Administration
Co-organizer: Institute of Architecture, Ministry of the Interior
It is recommended that when the mechanical ventilation system is started, use the ppm
concentration fluctuation to judge the space usage. This method can ensure whether people
are using the space without causing excessive energy consumption.
Suggestion 3
In the future, it will optimize the evaluation of airflow direction, external air quality and air
conditioning energy consumption; long-term recommendations
Sponsor: Institute of Architecture, Ministry of the Interior
Co-organizer: Ministry of the Interior
In the future, the optimal evaluation will be carried out on the air exchange rate, airflow

direction, external air quality and air conditioning energy consumption.
Airflow direction using CFD simulation
Air-conditioning energy consumption using energy analysis (eQUEST) to evaluate between
ventilation and energy saving

3. The air quality of the external air volume can be investigated and given a substantive policy
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ASHRAE (The American Society of Heating, Refrigerating and Air-Conditioning

Engineers)i # 1 % 2.

ERARR o WA R

7+ % ¢ (The American Society of Heating,

Refrigerating and Air-Conditioning Engineers, ASHRAE) »% 2019 = *R# SARS-CoV-2

RN EANEY P

s

y 2=

T

RS A N

ZHEE R L RWE RS e 2 (COVID-19 Response)#c

FER AT

w s > r2% S SARS-CoV-2 2 % § @4t §

AELFEY

Rk BAE -

RN T AR EAZE | 2AER 2

322 ARLAENE §HELP

N

(=

2 a5

Liaiain

mFIEE

HRZE AT R ER

ANSI/ASHRAE
Standard 62-1,2019
(update )

Ventilation for
Acceptable Indoor Air
Quality

b R4

HVAC & %tz if

LEEH TR N b
b2 5 4o RTH L F R 5
MR RGBSR
* i Rie ¥ MERV-13 %
Bl b ORE AR O
HAv b 3R b HF K
# % %R UV/Ozone-= i
Hpe vRAEFTF &R
FRE 5 B s 3
ACH % %

ANSI/ASHRAE
Standard 62-2,2019

Ventilation for

Acceptable Indoor Air

Quality in Residential
Buildings

\I

W

o Bk
R

(=3

R I EEEr I}
FogE i h 2(5
BH AR 4
EICR RS BN -
deet § £ 7.5¢fm (3.5
L/s)/* FBts ~ g &3
i b # % 100 cfm
(50L/s) ~ 50 cfm (25 L/s)
Pevid i b # F 5 ACH
#* WEmim s MERV-13
B Ry A

"J":‘«L’—B‘T)
s

ANSI/ASHRAE
Standard 52.2,2017

Method of Testing
General Ventilation

Air-Cleaning Devices

for Removal Efficiency

et

IR AR B 54
‘]: ’:-‘f /F Fé‘jﬂ/ﬁ& P-";\‘
AEITFERR T g

e MERV-13 % & 12
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by Particle Size

i ’?&%%1&3omm)
T O85%1L b 2 ik
8k MERV-13 4%
PM2.5 & 3 70%14 *

% 2-3 R4 K%

THE§RER

0 I 2 il HRBEAY B2 K
ERNAE A SLRa
E F'&ii NS e e
ANSI/ASHRAE/ASHE | Ventilation of Health | i b 4% % H it & P, i ::;1
Standard 170,2017 Care Facilities e 2 2 v ar: iR
E ﬁﬁqf#— o fi _— Lﬁd%# i -

R 45 2-10 ACH

Method of Testing
Ultraviolet Lamps for
Use in HVAC&R Units

HVAC %23 4 %

UV 2Rl = 2

ANSI/ASHRAE ] N R N UV-A(400-320nm) ~ UV-
or Air Ducts to i L
Standard 185.2,2020 ) g % UV YRR & B(320-280nm) ~ UV-
Inactivate -

. i ol C(280-100nm)

Microorganisms on

Irradiated Surfaces

Legionellosis: Risk THRLITREE T

ANSI/ASHRAE

Management for

> B %, L L
T k2L

KT E L )

LEAFEREE

51
#
1.

2.

4.

ildi KA RS T Ry
Standard 188,2018 Buﬂsdy|:tgenV:/:ter L EpiE Kk kz;ﬁf’% g
HarrE M SARS-CoV-2 22 F B4 P2 FBREERE  HUFELLTIERE, ~ T F
R TiERREy ~ TFEEE & TUV Lanp R, 2EAE O RERALAZHTE
4 SARS-CoV-2 & ikwg » 3 M T £ & Mg pl -
BEHR 2Rt c ¥ 2B A ks s (PPE) ~ R3FAL L BEH ~ p 1460 ~ 33
FER b mEFES SRR A LR
Hh#HfF B fpEEL-REL RFERERES | FI0E o HVAC R

* MERV-13 % v il o @ % b 245 - gkl S0 %
ROl RO B

f§4in°%E°

Nip o RFTEASRLEER

i A o

SRR 3 R S

HVAC s iffe TR R ERARZ A~ FE 2§ bR FEINET R e v R 2 <3
F o3 ACH S REBGEELF ~HHI TSR F R w b R T BRRGFE S Ny
BEFTRLLZF &



5.

L 45 g1 A

e
=

N

=

'b}F 1
FER HVAC K B2t B p Bk % - &R o
% 2-4 ¥ W4 ”ﬁg}gﬁIFGZl*ﬁpiﬂVA%L}i%
It CRMFE B F & LERR
Cfm/person | L/S/person | Cfm/ft2 L/S « m2 #/100m2
imE~ 5 2.5 0.06 0.3 -
[ oS 20 10 0.18 0.9 7
P - - 0.48 2.4 -
RER 7.5 3.8 0.12 0.6 15
12 L 20 10 0.12 0.6 25
<A E 3 7.5 3.8 0.18 0.9 10
Ag 7 7.5 3.8 0.06 0.3 8
AIES RN 5 2.5 0.06 0.3 15
B3 4 7.5 2.5 0.12 0.6 10
ALY 4 5 2.5 0.06 0.3 150
5 A 7.5 3.8 0.06 0.3 40
PEN 2 5 2.5 0.06 0.3 5
FES AT X B | D 2.5 0.06 0.3 10
A E 5} 2.5 0.12 0.6 50
ERt R 7.5 3.8 0.18 0.9 70
RS 7.5 3.8 0.12 0.6 20
= VA T I O 3.8 0.18 0.9 100
Bk~ 7.5 3.8 0.06 0.3 30
BLAE S | D 2.5 0.06 0.3 10
1 BERE 10 5 0.12 0.6 35
#»aFp 4 |10 5 0.18 0.9 25
e bz |10 5 0.12 0.6 25
TR E 10 5 0.12 0.6 25
7 FHTE 10 5 0.18 0.9 20
-He®mE |[1.0 3.8 0.12 0.6 20
(F 4% %k : ASHRAE, 2020)
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S IE SRk RS R S )

2 25 FRAAREATEHRF 222 ME L2 RER E

rFafm |7z L/S
() 1% 2 % 3% 1% 5 5
<47 14 18 21 25 28
4'7-93 21 24 28 31 35
94-139 28 31 35 38 42
140-186 35 38 42 45 49
187-232 42 45 49 52 56
233-279 49 52 56 59 63
280-325 56 59 63 66 70
326-372 63 66 70 73 7
373-418 70 73 7 80 84
419-465 7 80 84 87 91
(F 4% %k : ASHRAE, 2020)

2 26 AMARZATEHRFED2-2 L WREE B b
MERV Filters PM %(0.3-1.0) um | PM% (1.0-3.0) um | PM2.5 (%)

Factor
11 4.3 65 39
12 3.0 80 50
13 2.1 25 85 70
14 1.8 i) 90 90
16 1.6 95 95 95

(F# kR : ASHRAE, 2020)
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ELIMINATION Most effective
— to physically remove the pathogen

ENGINEERING CONTROLS
—to separate the people and pathogen

ADMINISTRATIVE CONTROLS
- to instruct people what to do

PERSONAL PROTECTIVE EQUIPMENT
- to use masks, gowns, gloves, etc. Least effective
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6.2 Non-residential settings

‘ natural ventilation ‘

+. Assess the opening location and opening surface considering potential
new openings (add/modify window or door dimensions).
— ings (add/modify window or door dimensi
Enable cross ventilation, if not yet present, instead of single-sided
ventilation. Keep the doors open to allow air movement.
+
_> > «— single side ventilation
\ﬂ tilati — v |
Ccross ventnation 1
22 — | iH
Mlnlmurz d Does the ventilation ﬁﬂ%}s‘&
recglmtmen T : rate meet the minimum i> The use of a pedestal fan placed close to an open window could > ‘;?,,‘
YENHIATION [ate: requirement? NO enable ventilation. >
To estimate the
*10 L/s/person o
(EN 16798-1) Vef‘*{'gm“ rate consult +. Installation of air extractors or whirlybirds (33); building works to @73
42 43 point:z. improve stack effect of other natural ventilation strategies.
(42, 43)
If no other strategy can be adopted, consider using a stand-alone
air cleaner with MERV 14 / ISO ePM1 70-80% filter (44). The air .
cleaner should be positioned in the areas used by people and
+_ close to people. Air cleaner capacity should at least cover the gap
—> between the minimum requirement and the measured ventilation
rate — compare the device clean air delivery rate (CADR) (m%hr)
with the room ventilation rate.
Note: Consider that filtered recirculated air does not replace
ventilation in any circumstance.
YES
As a 4 The use of fans and/or fan coil or split units for cooling and heating as well
contaminant as ceiling fans increase the air mixing within the room or the space (44).
iluti This strategy should be implemented only if the minimum ventilation rate
d"‘m‘;”inssfgfgy Is the air within the NO s has been oE . ¥
: space well mixed? 1) pedestal f:
air should be ) pedestal fan
changed as 2 ce”’:”,’gsfalg
uniformly as ) <P
possible
YES
¥

Open the windows to allow proper ventilation before and after occupied

Does the facility yES . fimes. Windows should be opened for approximately 15 minutes when

Occupancy and

ventilation have perioc’is of non- ———> entering the room (especially when the room was occupied by others
QeeHpancys beforehand) (37).
NO

In collaboration with a HVAC professional, if the device is equipped with
filters, consider replacing existing air filters with MERV 14 /1SO ePM1 70-

v 80% or the highest compatible with the filter rack. Make sure the units can
Heating and air Are air conditioning overcome the additional pressure drop of the new filters.
conditioning with and heating performed Note: Consider that non-ducted recirculating units do not replace ventilation
recirculating by non-ducted (with in any circumstance.
units should indoor air recirculation) v
be assessed, convectors such as . o ) ) ) .
maintained and split system or fan coil Air-conditioning and heating units performed by split system and fan coil
cleaned units? units should be periodically cleaned and maintained. Filters should also be
. periodically cleaned or changed.
Note: Consider that non-ducted recirculating units do not replace ventilation
in any circumstance.
NO
END
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mechanical ventilation ‘

Minimum
recommended
ventilation rate:

« 10 L/s/person
(EN 16798-1)
(42, 43)

As a
contaminant
dilution strategy,
the indoor
air should be
changed as
uniformly as
possible.

Occupancy and
ventilation

Verify air
recirculation

Does the ventilation
rate meet the minimum
requirement?

To assess the
ventilation rate consult
point 1.

Is the air within the
space well mixed?

YES

v

Does the facility
have periods of non-
occupancy?

NO

Does the HVAC system
work with recirculation
mode?

NO

NOJ

In consultation with a HVAC professional, assess the opportunity to
increase the ventilation rate according to system capabilities.
— Disable demand-control ventilation controls that reduce air supply based
on temperature or occupancy.

Ifthe ventilation rate cannot be increased mechanically, consider maximizing
—> ventilation by using natural ventilation through opening windows (37) (see
natural ventilation section for more strategies).

If the system does not allow increasing the ventilation up to the
—> recommended minimum per person requirement, consider reducing the
maximum room occupancy to meet the L/s/person standard.

If no other strategy can be adopted, consider using a stand-
alone air cleaner with MERV 14 / ISO ePM1 70-80% filter. The
air cleaner should be positioned in the areas used by people and

NO

close to people. Stand-alone air cleaners should be operated
continuously. Air cleaner capacity should at least cover the gap
between the minimum requirement and the measured ventilation
rate (44) — compare the device clean air delivery rate (CADR) (m%/
hr) with the room ventilation rate.

Note: Consider that filtered recirculated air does not replace
ventilation in any circumstance.

¢+

The use of fans and/or fan coil units or split system units for cooling and
heating increase the air mixing within the room or the space (44). This
strategy should be implemented only if the minimum ventilation rate has

—~ 3 been met.
1) pedestal fan
2) ceiling fan
3) split
YES Operate the HVAC system with maximum outside airflow for 2 hours (37) at

——> normal speed before and after occupied times.

YES

Increase the percentage of outdoor air as air supply, using economizer
— modes of HVAC operations, potentially up to 100%. Before increasing

outdoor air percentage, verify compatibility with HVAC system capabilities
(38).

In consultation with a HVAC professional, assess the opportunity to install
MERV 14 /1SO ePM1 70-80% filter on air return duct according to system
capability. Increased filter efficiency generally results in increased pressure
—> drop through the filter (45). Ensure HVAC systems can handle filter
upgrades without negative impacts to pressure differentials and/or airflow
rates prior to changing filters (39).

If no other strategies can be adopted, consider using stand-alone
air cleaners (often called air purifiers) with particle filters. These
should be operated continuously. Air cleaner capacity should at

|

—> least cover the gap between the minimum requirement and the
measured ventilation rate. Use high-efficiency media filters (such
as MERV 14 /1SO ePM1 70-80% or higher) (44).
Note: Consider that filtered recirculated air does not replace
ventilation in any circumstance.

12
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be assessed,
maintained and
cleaned

Air should be
exhausted
directly to the
outside away
from air-intake
vents, people

and animals (34)

v

Is the exhausted air
correctly managed?

END

ERAPER A RRIEK P F PRI G2
Virus particle transmission via heat recovery devices is not an issue when a
HVAC system is equipped with a twin-coil “run around loop” heat exchanger
—> that guarantees air separation between the return and supply side (40).
Virus particle transmission via heat recovery devices is not an issue when a
HVAC system is equipped with cross-flow air-to-air heat exchangers, if the
heat exchanger is not compromised.
For rotary heat exchangers, fitted with purging sectors and properly
— maintained seals, leakage rates are very low, and cross contamination is
inimal risk.
Verify heat Is the HVAC system aminimat s
recovery unit designed with heat YES| Ifcritical leaks (>3%) are detected in the heat recovery device, in consultation
recovery? with a HVAC professional, assess the opportunity to install MERV 14 /
=N ISO ePM1 70-80% filter according to system capability. Increased filter
efficiency generally results in increased pressure drop through the filter.
Ensure HVAC systems can handle filter upgrades without negative impacts
to pressure differentials and/or airflow rates prior to changing filters (39).
If critical leaks (>3%) are detected in the heat recovery sections and the
system does not allow MERV 14 / ISO ePM1 70-80% filter installation or
—> the highest compatible with the filter rack, pressure adjustment (37) (higher
pressure on supply air side than exhaust air side), deactivation or by-pass
of the heat exchanger could be adopted (417).
NO
HVAC system N
should be ) .
operated HVAC systems should be regularly inspected, maintained and cleaned
continuously Is the HVAC system according to the manufacturer’'s recommendations. Contact a HVAC
L hen beople are regularly inspected, professional, manufacturer or a specialized company to verify that the
in thgbuﬁdin maintained, cleaned system complies with the manufacturer's maintenance requirements.
and shouldg and operated, including
be reqular] filter cleaning and
s gctedy replacement? Clean or replace the air filter according to the manufacturer's
maintgined e;nd recommendations.
cleaned
YES
Conditioning and ) ) ) ) o ) )
heating is performed In collaboration with a HVAC professional, if the device is equipped with
by non-ducted (with filters, consider replacing existing air filters with MERV 14 / ISO ePM1 70-
indoor air recirculation) 80% filter or the highest compatible with the filter rack. Make sure the units
. ) convectors such as can overcome the additional pressure drop of the new filters.
Heating and air split or fan coil units. Note: Consider that non-ducted recirculating units do not replace ventilation
condl?lon:n?_ with _ in any circumstance.
recirculating > S
units should = YES

Air-conditioning and heating units performed by split system and fan coil
units should be periodically cleaned and maintained. Filters should also be
periodically cleaned or changed.

Note: Consider that non-ducted recirculating units do not replace ventilation
in any circumstance.

If the system does not allow air filter installation, consider fencing the area
nearby the exhausted outlet, keeping people or animals at a distance at
least of 4 m. The air intake should be at least at 2 m if air outlet is above
and 4 m if air outlet is below (EN 16798) from the exhaust.

In consultation with a HVAC professional, assess the opportunity to install
MERV 14/ 1SO ePM1 70-80% filter according to system capability.

13
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6.3 Re?jdent{'ehl settings including homes and self-
quarantine at home

This section refers specifically to the isolation area, space or room previously identified for home care or
self-quarantine according to the available guidance. The recommendations proposed are based on the
assumption that the house and the identified isolation area can be considered as separated spaces. Hence,
the following strategies should not be considered for the whole residential area but for the isolation space
only. Note: Long-term care facilities are not included.

natural ventilation

Mltumum Steps = key S
requirements questions

+. Assess the opening location and opening surface considering potential
> new openings (add modify window or door dimensions).

N If available, exhaust fans in bathrooms, toilets and kitchen should be
operated continuously within the isolation area (44).

Ensure cross ventilation, if not yet present, instead of single-sided
ventilation. Keep doors open to allow air movement.
L —> Note: Consider step below prior to implementing cross ventilation.

— <<— single side ventilation

Minimum %ﬁ cross ventilation ———=>
recommended J
ventilation rate: Does the ventilation
rate meet the minimum
» 10 L/s/person requirement? M—)
(42) (EN 16798- To estimate the
1) ventilation rate, consult

o point 2. The use of a pedestal fan placed close to an open window could ?&
~ within the —> enable ventilation. A fan facing towards the window (i.e. facing A
isolation area outside) serves to pull the room and exhaust air to the outside. ‘

Window-installable products are available to provide
exhaust ventilation (44).

If no other strategy can be adopted, consider using a stand-alone
air cleaner with MERV 14 / ISO ePM1 70-80% filter (44). The air
cleaner should be positioned in the areas used by people and =,
4+ Close to people, to provide the maximum possible treatment of the
“—> source(s) of infection. Air cleaner capacity should at least cover
the gap between the minimum requirement and the measured
ventilation rate — compare the device clean air delivery rate
(CADR) (m?/hr) with the room ventilation rate.
Note: Consider that filtered recirculated air does not replace
ventilation in any circumstance.

YES

If available, choose a room with a private toilet with an air extractor. That air
—> extractor should run continuously at high speed.

Separate the : '
isoI’;tion area The isolation area has Consider using stand-alone air cleaners with MERV 14 / ISO —

from the rest of a separate ventilation ~ NO ePM1 70-80% filter. Air cleaner capacity should at least cover |

the house (44) from the other rooms. the gap between the minimum requirement and the measured
ventilation rate. The air cleaner should be positioned in areas

i) used by people and close to people, to provide the maximum
possible treatment of the source(s) of infection.
Note: Consider that filtered recirculated air does not replace
ventilation in any circumstance.

YES

14
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Asa
contaminant
dilution strategy,
the indoor air
(within the
isolation area)
should be
changed as
uniformly as
possible

Heating and air
conditioning with
recirculating
units should
be assessed,
maintained and
cleaned

2

Is the air within the
isolation area well
mixed?

h 4

Air conditioning and
heating are performed
by non-ducted (with
indoor air recirculation)
convectors such as
split system or fan coil
units.

NO

The use of fans and/or fan coil or split system units for cooling and heating
increases air mixing within the room or space. This strategy should be

&) implemented only if the minimum ventilation rate has been met.

1) pedestal fan
2) ceiling fan
3) spiit

Air-conditioning and heating units performed by split system and fan coil
+_ units should be periodically cleaned and maintained. Filters should also be

periodically cleaned or changed.

Note: Consider that non-ducted recirculating units do not replace ventilation

in any circumstance.

In collaboration with a HVAC professional, if the device is equipped with
filters, consider replacing existing air filters with MERV 14 / ISO ePM1 70-
—> 80% filter or the highest compatible with the filter rack. Make sure the units
can overcome the additional pressure drop of the new filters.

Note: Consider that non-ducted recirculating units do not replace ventilation
in any circumstance.

Create negative pressure relative to the corridor (outside the room) by

END

L increasing general or toilet exhaust airflow. Carefully perform room unit
cleaning and disinfection.

15
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Minimum
requirements

Minimum
recommended
ventilation rate:

« 10 L/s/person
(42) (EN 16798-
1)

within the
isolation area

Separate the
isolation area
from the rest of
the house (44)

As a
contaminant
dilution strategy
the indoor air
(within the
isolation area)
should be
changed as
uniformly as
possible

Steps — key
questions

Does the ventilation
rate meet the minimum
requirement?

To assess the
ventilation rate, consult
point 1.

The isolation area has
a separate ventilation
from the other rooms.

Is the air within the
space well mixed?

mechanical ventilation

NO

Strategies

Ifthe ventilation rate cannot be increased mechanically, consider maximizing
+_ Ventilation by using natural ventilation through opening windows (37) (see
natural ventilation section for more strategies).

Forced air systems should be run as much as possible, such as by using
“FAN ON” settings (44).

In consultation with a HVAC professional, assess the opportunity to
increase the ventilation rate according to system capabilities.

—> Disable demand-control ventilation controls that reduce air supply based
on temperature or occupancy.

If no other strategy can be adopted, consider using a stand-alone

air cleaner with MERV 14 / ISO ePM1 70-80% filter (44). The air g
cleaner should be positioned in areas used by people and close
to people, to provide the maximum possible treatment of the

NO|

source(s) of infection. Air cleaner capacity should at least cover
—> the gap between the minimum requirement and the measured

ventilation rate — compare the device clean air delivery rate

(CADR) (m?hr) with the room ventilation rate.

Note: Consider that filtered recirculated air does not replace

ventilation in any circumstance.

If there is a forced air system that would mix the air between the household
and the isolation space, return grilles or supply grilles within the isolation
area should be sealed (44). Therefore, the isolation area should switch the
ventilation mode to natural (refer to the natural ventilation section for more
strategies).

¢+

Portable room heaters or room air conditioners could be used in the
isolation space (44) instead of heating and cooling based on air provided
by the HVAC central system. Clean and disinfect the device once isolation
is over.

\L+

Consider using stand-alone air cleaners (often called air purifiers) e
with particle filters. They should be operated continuously. Use

]
|

NO;

L high-efficiency media filters (such as MERV 14 / ISO ePM1 70-
80% filter or higher) (44).
Note: Consider that filtered recirculated air does not replace
ventilation in any circumstance.

The use of fans and/or fan coil or split system units for cooling and heating
increases the air mixing within the room or space. This strategy should be
implemented only if the minimum ventilation rate has been met.

Note: Air mixing should be enhanced within areas but considering the
isolation area and the rest of the house separately.

1) pedestal fan
2) ceiling fan
3) split

16
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Verify air
recirculation

Verify heat
recovery unit

HVAC system
should be
regularly
inspected,

maintained,

cleaned and
operated

continuously

Heating and air
conditioning with
recirculating
units should
be assessed,
maintained and
cleaned

Does the HVAC
work with centra

recirculation mode?

NO

Is the HVAC system
designed with heat

recovery?

NO

v

Is the HVAC system
regularly inspected,
maintained, cleaned

Increase the percentage of outdoor air as air supply, using economizer
modes of HVAC operations, potentially up to 100%. Before increasing the
outdoor air percentage, verify compatibility with HVAC system capabilities

(38).

system YES

lized Update or

the HVAC
filters.

maximum

any case.

Virus particle transmission via heat recovery devices is not an issue when a
HVAC system is equipped with a twin-coil “run around loop” heat exchanger
that guarantees air separation between the return and supply side (40).

—
YES

capability.

HVAC systems should be regularly inspected, maintained and cleaned
to the manufacturer's recommendations. Contact a HVAC
professional, manufacturer or a specialized company to verify that the
system complies with the manufacturer’s maintenance requirements.

according

NO

and operated, including

filter cleaning and

replacement?

YES

Conditioning and
heating is performed
by non-ducted (with
indoor air recirculation)
convectors such as
split or fan coil units.

-

<!
[ne]
z

—>

17

If there is a forced air system that would mix the air between the household
and the isolation space, return grilles or supply grilles within the isolation
area should be sealed. Therefore, the isolation area switches the ventilation
mode to natural (refer to the natural ventilation section for more strategies).

replace existing air filters with MERV 14 / 1ISO ePM1 70-80% or
the highest compatible with the filter rack on the air return duct. Make sure
system can overcome the additional pressure drop of the new

If no other strategy can be adopted, consider using stand-alone air cleaners
with MERV 14 / 1ISO ePM1 70-80% filter (44). The air cleaner should be
positioned in areas used by people and close to people, to provide the
possible treatment of the source(s) of infection. Pay attention
to the airflow direction (from clean to less clean areas) when positioning.

Note: Consider that filtered recirculated air does not replace ventilation in

Virus particle transmission via heat recovery devices is not an issue when a
— HVAC system is equipped with cross-flow air-to-air heat exchangers, if the
heat exchanger is not compromised.

For rotary heat exchangers, fitted with purging sectors and properly
maintained seals, leakage rates are very low, and cross contamination is
a minimal risk.

If critical leaks (>3%) are detected in the heat recovery sections, in
consultation with a HVAC professional, assess the opportunity to install
MERV 14 / ISO ePM1 70-80% or higher filter according to system
Increased filter efficiency generally results in increased pressure
drop through the filter. Ensure HVAC systems can handle filter upgrades
without negative impacts to pressure differentials and/or airflow rates prior
to changing filters (39).

If critical leaks (>3%) are detected in the heat recovery sections and the
system does not allow MERV 14 / ISO ePM1 70-80% filter installation or
the highest compatible with the filter rack, pressure adjustment (37) (higher
pressure on supply air side than in exhaust air side), deactivation or by-
pass of the heat exchanger could be adopted (47).

Clean or replace filter according to the manufacturer's recommendations.

Air-conditioning and heating units performed by split system and fan coil
units should be periodically cleaned and maintained. Filters should also be
periodically cleaned or changed.

Note: Consider that non-ducted recirculating units do not replace ventilation
in any circumstance.

In collaboration with a HVAC professional, if the device is equipped with
filters, consider replacing existing air filters with MERV 14 / 1ISO ePM1 70-
80% filter or the highest compatible with the filter rack. Make sure the units
can overcome the additional pressure drop of the new filters.

Note: Consider that non-ducted recirculating units do not replace ventilation
in any circumstance.

Create negative pressure relative to the corridor (outside the room) by
increasing general or toilet exhaust airflow. Carefully perform cleaning and
L—> disinfection of room units.
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Table 6-1 Minimum Ventilation Rates in Breathing Zone

People Outdoor Area Outdoor Default Values

Air Rate R, Air Rate R, Occupant Density

cfm/ Lis #1000 £ Air os
Occupancy Category person person ctm/ft> | Lism? | or #100 m? Class | (6.2.6.1.4)
Animal Facilities
Animal exam room (veterinary office) 10 5 0.12 0.6 20 2
Animal imaging (MRI/CT/PET) 10 5 0.18 0.9 20 3
Animal operating rooms 10 5 0.18 0.9 20 3
Animal postoperative recovery room 10 5 0.18 0.9 20 3
Animal preparation rooms 10 5 0.18 09 20 3
Animal procedure room 10 5 0.18 0.9 20 3
Animal surgery scrub 10 5 0.18 0.9 20 3
Large-animal holding room 10 5 0.18 09 20 3
Necropsy 10 5 0.18 0.9 20 3
Small-animal-cage room (static cages) 10 5 0.18 09 20 3
Small-animal-cage room (ventilated cages) 10 5 0.18 0.9 20 3
Correctional Facilities
Booking/waiting 75 38 0.06 03 50 2
Cell 5 2:5 0.12 0.6 25 2
Dayroom 5 25 0.06 03 30 1
Guard stations 5 2.5 0.06 03 15 1
Educational Facilities
Art classroom 10 5 0.18 0.9 20 2
Classrooms (ages 5 to 8) 10 5 0.12 0.6 25 1
Classrooms (age 9 plus) 10 5 0.12 0.6 35 1
Computer lab 10 5 0.12 0.6 25 1
Daycare sickroom 10 5 0.18 0.9 25 3
Dayecare (through age 4) 10 5 0.18 0.9 25 2
Lecture classroom 7.5 38 0.06 03 65 1 v
Lecture hall (fixed seats) 7.5 38 0.06 03 150 1 v
Libraries 5 2.5 0.12 0.6 10
Media center 10 5 0.12 0.6 25 1
Multiuse assembly 75 38 0.06 03 100 1 v
Music/theater/dance 10 5 0.06 03 35 1 v
Science laboratories 10 5 0.18 0.9 25 2

a. Outpatient facilities to which the rates apply are freestanding birth centers, urgent care centers, neighborhood clinics and physicians offices, Class 1 imaging facilities, outpatient
psychiatric facilities, outpatient rehabilitation facilities, and outpatient dental facilities.

b. Therequirem ents of this table provide for acceptable IA Q. The requirements of this table do not address the airborne transmission of airborne viruses, bacteria, and other infectious
contagions.

Informative Nofe: These rates are intended only for outpatient dental clinics where the amount of nitrous oxide islimited. They are not intended for dental operatori ¢s in institutional
buildings where nitrous oxide is piped.

ANSIVASHRAE Standard 62.1-2019 17
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Table 6-1 Minimum Ventilation Rates in Breathing Zone (Continued)

People Outdoor Area Outdoor Default Values

Air Rate R, Air Rate R, Occupant Density

cfm/ Lfs #1000 £ Air os
Occupancy Category person person ctm/ft> | Lism? | or #100 m? Class | (6.2.6.1.4)
Educational Facilities (continued)
University/college laboratories 10 5 0.18 0.9 25 2
Wood/metal shop 10 5 0.18 0.9 20 2
Food and Beverage Service
Bars, cocktail lounges D 38 0.18 09 100 2
Cafeteria/fast-food dining 1.5 38 0.18 0.9 100 2
Kitchen (cooking) 7.5 38 0.12 0.6 20 2
Restaurant dining rooms 75 38 0.18 09 70 2
Food and Beverage Service, General
Break rooms 5 2.5 0.06 03 25 1 v
Coffee stations 5 2.5 0.06 03 20 1 v
Conference/meeting 5 2.5 0.06 0.3 50 1 v
Corridors — — 0.06 03 — 1 v
Occupiable storage rooms for liquids or gels 5 2.5 0.12 0.6 2 2
Hotels, Motels, Resorts, Dormitories
Barracks sleeping areas 5 2.5 0.06 03 20 1 v
Bedroonvliving room 5 2.5 0.06 03 10 1 v
Laundry rooms, central 5 2:5 0.12 0.6 10 2
Laundry rooms within dwelling units 5 2.5 0.12 0.6 10 1
Lobbies/prefunction 75 38 0.06 03 30 1 v
Multipurpose assembly 5 2.5 0.06 03 120 1 v
Miscellaneous Spaces
Banks or bank lobbies 7.5 38 0.06 0.3 15 1 v
Bank vaults/safe deposit 5 2.5 0.06 03 5 2 v
Computer (not printing) 5 2.5 0.06 03 4 1 v
Freezer and refrigerated spaces (<50°F [10°C]) 10 5 0 0 0 2
Manufacturing where hazardous materials are not | 10 5.0 0.18 0.9 7 2
used
Manufacturing where hazardous materials are 10 5.0 0.18 09 7 3
used (excludes heavy industrial and chemical
processes)
Pharmacy (prep. area) 5 2.5 0.18 0.9 10 2
Photo studios 5 2.5 0.12 0.6 10 1
Shipping/receiving 10 5 0.12 0.6 2 2

a. Outpatient facilifies to which the rates apply are freestanding birth centers, urgent care centers, nei ghbothood clinics and physicians offices, Class 1 imaging facilities, outpatient
psychiatric facilities, outpatient rehabilitation facilities, and outpatient dental facilities.
b. Therequirem ents of this table provide for acceptable IA Q. The requirements of this table do not address the airborne transmission of airbome viruses, bacteria, and other infectious

contagions.

Informative Nofe: These rates are intended only for outpatient dental clinics where the amount of nitrous oxideislimited They are not intended for dental operatori es in institutional

buildings where nitrous oxide is piped.
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Table 6-1 Minimum Ventilation Rates in Breathing Zone (Continued)

People Outdoor Area Outdoor Default Values

Air Rate R, Air Rate R, Occupant Density

cfm/ Lfs #1000 £ Air os
Occupancy Category person person ctm/ft> | Lism? | or #100 m? Class | (6.2.6.1.4)
Miscellaneous Spaces (continued)
Sorting, packing, light assembly 7.5 338 0.12 0.6 7 2
Telephone closets — — 0.00 0.0 — 1
Transportation waiting 7.5 38 0.06 03 100 1 v
‘Warehouses 10 5 0.06 03 — 2
Office Buildings
Breakrooms 5 2.3 0.12 0.6 50 1
Main entry lobbies 5 2.5 0.06 0.3 10 1 v
Occupiable storage rooms for dry materials S 2.5 0.06 03 2 1
Office space 5 2.5 0.06 0.3 5 1 v
Reception areas 5. 2.5 0.06 0.3 30 1 v
Telephone/data entry 5 2.5 0.06 0.3 60 1 v
Outpatient Health Care Facilities >
Birthing room 10 5 0.18 09 15 2
Class 1 imaging rooms 5 2.5 0.12 0.6 5 1
Dental operatory 10 5 0.18 09 20 1
General examination room %5 38 0.12 0.6 20 1
Other dental treatment areas 5 2.5 0.06 03 5 1
Physical therapy exercise area 20 10 0.18 0.9 7 2
Physical therapy individual room 10 5 0.06 03 20 1
Physical therapeutic pool area — — 0.48 24 — 2
Prosthetics and orthotics room 10 D 0.18 0.9 20 1
Psychiatric consultation room 5 2.5 0.06 03 20 1
Psychiatric examination room 5 2.5 0.06 03 20 1
Psychiatric group room 5 2.5 0.06 0.3 50 1
Psychiatric seclusion room 10 5 0.06 03 5 1
Speech therapy room 5 2.5 0.06 03 20 1
Urgent care examination room 7.5 38 0.12 0.6 20 1
Urgent care observation toom ) 2:5 0.06 03 20 1
Urgent care treatment room 75 38 0.18 0.9 20 1
Urgent care triage room 10 5 0.18 0.9 20 1

a. Outpatient facilities to which the rates apply are freestanding birth centers, urgent care centers, nei ghborhood clinics and physicians offices, Class 1 imaging facilities, outpatient
psychiatric facilities, outpatient rehabilitation facilities, and outpatient dental facilities.

b. Therequirem ents of this table provide for acceptable IA Q. The requirements of this table do not address the airborne transmission of airbome viruses, bacteria, and other infectious
contagions.

Informative Nofe: These rates are intended only for outpatient dental clinics where the amount of nitrous oxideislimited They are not intended for dental operatori es in institutional
buildings where nitrous oxide is piped.

ANSIVASHRAE Standard 62.1-2019 19
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Table 6-1 Minimum Ventilation Rates in Breathing Zone (Continued)

People Outdoor Area Outdoor Default Values
Air Rate R, Air Rate R, Occupant Density
cfm/ Lfs #1000 £ Air os
Occupancy Category person person ctm/ft> | Lism? | or #100 m? Class | (6.2.6.1.4)
Public Assembly Spaces
Auditorium seating area 5 2.5 0.06 03 150 1 v
Courtrooms 5 2.5 0.06 03 70 1 v
Legislative chambers 5 2.5 0.06 0.3 50 1 v
Libraries 5) 2.5 0.12 0.6 10 1
Lobbies 5 2:5 0.06 03 150 1 v
Museums (children’s) 7.5 38 0.12 0.6 40 1
Museums/galleries 7.5 38 0.06 03 40 1
Places of religious worship 5 2.3 0.06 03 120 1 v
Retail
Sales (except as below) 75 38 0.12 0.6 15 2
Barbershop 75 38 0.06 03 25 2 v
Beauty and nail salons 20 10 0.12 0.6 25 2
Coin-operated laundries %5 38 0.12 0.6 20 2
Mall common areas 7.5 38 0.06 0.3 40 1 4
Pet shops (animal areas) 7.5 38 0.18 09 10 2
Supermarket 7.5 38 0.06 03 8 1 v
Sports and Entertainment
Bowling alley (seating) 10 5 0.12 0.6 40 1
Disco/dance floors 20 10 0.06 03 100 2 v
Gambling casinos 7.5 38 0.18 0.9 120 1
Game arcades 7.5 38 0.18 0.9 20 1
Gym, sports arena (play area) 20 10 0.18 0.9 7 2
Health club/aerobics room 20 10 0.06 03 40 2
Health club/weight rooms 20 10 0.06 03 10 2
Spectator areas 75 38 0.06 03 150 1 v
Stages, studios 10 5 0.06 03 70 1 v
Swimming (pool and deck) — — 0.48 2.4 — 2
Transient Residential
Common corridors — — 0.06 03 1 v
Dwelling unit 5 2.5 0.06 03 F 1 v

a. Outpatient facilities to which the rates apply are freestanding birth centers, urgent care centers, nei ghborhood clinics and physicians offices, Class 1 imaging facilities, outpatient
psychiatric facilities, outpatient rehabilitation facilities, and outpatient dental facilities.
b. Therequirem ents of this table provide for acceptable IA Q. The requirements of this table do not address the airborne transmission of airbome viruses, bacteria, and other infectious

contagions.

Informative Nofe: These rates are intended only for outpatient dental dinics where the amount of nitrous oxideislimited They are not intended for dental operatori es in institutional

buildings where nitrous oxide is piped.
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Table 6-2 Minimum Exhaust Rates

Exhaust Rate, | Exhaust Rate, Exhaust Rate, | Exhaust Rate, | Air
Occupancy Category cfim/unit cfvft? Notes | L/s-unit L/sm? Class
Animal Facilities
Animal imaging (MRI/CT/PET) — 0.90 — 45 3
Animal operating rooms — 3.00 — 15 3
Animal postoperative recovery room — 1.50 — 75 3
Animal preparation rooms — 1.50 — 75 3
Animal procedure room — 225 — 11.3 3
Animal surgery serub — 1.50 — 75 3
Large-animal holding room — 225 — 11.3 3
Necropsy — 2.25 — 11.3 3
Small-animal-cage room (static cages) — 225 — 11.3 3
Small-animal-cage room (ventilated cages) — 1.50 — 75 3
Arenas — 0.50 B — — 1
Art classrooms — 0.70 — 35 %
Auto repair tooms — 1.50 A — 7.5 2
Barber shops — 0.50 — 25 2
Beauty and nail salons — 0.60 — 30 2
Cells with toilet s 1.00 s 5.0 2
Copy, printing rooms — 0.50 — 2.5 2
Darkrooms — 1.00 — 5.0 2
Educational science laboratories — 1.00 — 5.0 2
Janitor closets, trash rooms, recycling — 1.00 — 5.0 3
Kitchenettes — 0.30 — 1.5 2
Kitchens—commercial — 0.70 — 35 2
Locker rooms for athletic, industrial, and health | — 0.50 — 2.5 2
care facilities
All other locker rooms — 0.25 — — 1.25 2
Shower rooms 20/50 Gl 10/25 2
Paint spray booths — — F — — 4
Parking garages — 0.75 C — 37 2
Pet shops (animal areas) — 0.90 — — 45 2
Refrigerating machinery rooms — — F — — 3
Residential kitchens 50/100 — G 25/50 — 2
Soiled laundry storage rooms — 1.00 F — 5.0 3
Storage rooms, chemical — 1.50 F — 75 4
Toilets—private 25/50 — E.H |12525 — 2
Toilets—public 50/70 — D,H |25/35 — 2
Woodwork shop/classrooms — 0.50 — — 25 )
NOTES:
A Stands where engines are run shall have exhaust systems that directly connect to the engine exhaust and prevent escape of fumes.
B Where combustion equipment is intended to be used on the playing surface, additional dilution ventilation, source control, or both shall be provided.
C Exhaust shall not be required where two or more sides compose walls that are at least 50% open to the outside.
D Rate is per water closet, urinal, or both. Provide the higher rate where petiods of heavy use are expected to occur. The lower rate shall be permitted to be used otherwise.
E Rateisfor a toil et room intendedto be occupied by one person at a time. For continuous system operation during hours of use, the lower rate shall be permitted to be used. Other-

wise the higher rate shall be used.
F See other applicabl e standards for exhaust rate.
G For continuous system operation, the lower rate shall be permitted to be used. Otherwise the higher rate shall be used.
H Exhaust air that has been cleaned to meet Class 1 criteria from Section 5.18.1 shall be permitted to be recirculated.
I Rateis per showerhead.
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