Role of Ventilation and
Prevention of COVID-19

“Emso



Introduction

2 main roles of Electrical and Mechanical Services
Department (EMSD):

Regulatory Services Branch
e enforcement of 15 E&M related ordinances

(e.g. electrical, gas, lift & escalator safety, etc.)
to protect public safety.

Trading services branch

e provision of E&M related engineering and
advisory services to the Government and other
statutory organizations.
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Role of EMSD
in Tackling

To be well prepared for the COVID-19 Pandemic... CO\/ | D_ 1 9

i

Wards to Community Treatment Facility
Nards in Asia World-expo

Assessment of Ventilation Systems for
ccination Centres quarantine facilities and premises with
4 infectious cases

mmunity Testing

Control Centre (HKICC)






Role of Ventilation
in Infection Control

Two Objectives:

i11/171= the “Zone” clean - =\
 Remove contaminants in the air /
from the “Zone” =

2.1/ the “Zone” clean
* Prevent contaminants from
entering the “Zone”



- Airflow Direction

@ Contaminant

1. Dilution Ventilation

Dilute concentration of the with incoming
clean air.

Corridor A \Q\‘\Q\\“\\T\\ -‘
_F \‘\\:\ : S

‘ Airflow Direction Xy Clean Air Supply
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@ Contaminant

2. Displacement Ventilation

are removed by the air exhaust at high level
of the space

Corridor Outdoor

“ ~ Airflow Direction Xy Clean Air Supply



3 Principles for Good Ventilation:
* Volume Flow Rate (Amount of Fresh Air)
* Even Distribution of Ventilation

* An Airflow Pathway (From Clean to Dirty Zone)

. Contaminants

-Clean Air

-' 1 ]Wf’: O '

Air Stagnation Zone



Clean Zone

Contaminated Air

3 Principles for Good Ventilation: | ﬂﬂ: :[:l: | Clean Ar

* Volume Flow Rate (Amount of Clean/ACH) o ! ‘ &

Air
Exhaust

* Even Distribution of Ventilation

* An Airflow Pathway (From Clean to Dirty Zone)

CLEAN ZONE > DIRTY ZONE EXHAUST
=———% | T— :_.L_ L — SN SN e
LYo “‘ Airflow Direction must be 't
Controlled! "

Contaminated Air Clean Zone



What drives the air movement? Outdoor :

Wind Blows Toward the
Window 4> Room Pressure

Wind Direction

What drives the air movement? -

Low Pressure (Relatively)
 Wind

* Differential air pressure

High P> Low P

Low Pressure (Relatively)

Wind Blowing : Wind Blowing
Away From Towards
The Room The Room




Clean Air 7AY Clean o
CLEAN Zone Contaminated Air EX

Recall: Pressure (P) difference creates air
movement

* HighP->LowP

Mechanical Equipment (Fans) - Create
Pressure Difference

y CLEAN ZONE DIRTY ZONE EXHAUST
—m w— — i e — ***MNAirflow direction controllability
“ Mechanical Ventilation "' windows should be CLOSED

Mechanical Ventilation (Fans) Used to i Airflow Path Design: | Minimized the Risk of
Control Pressure of Different Zone “J Low Risk Zone -> High Risk Zone = Air Exhaust Spreading Virus




Natural
Ventilation

VS

Pros Cons
High ventilation rate may sometimes be * Depends on Weather Condition
achieved (climate dependent) (e.g. Wind speed and direction)

Lower energy consumption * Difficult to control




Ventilation Terminology

ons & Engineering Standards

Air Changes Per Hour - ACH Ventilation Flow Rate (L/s)

Vary with the occupancy status
and types of work activity

Office Space

e.g. ACH =6

People Outdoor Air Rate: 5.0 cfm / Person
Area Outdoor Air Rate: 2.50 cfm / sf
. Y AIOIII01000112011 8 L/s/person
. . 2 ’
Volume of Air Flowing into the
Z Z
. . : i Z Z
Room within an Hour
’ 4 |

| 7
2 Z
Z 7z
} ?
Yrrornsonssonsosasosnsossosasosssissornsorosel
5 Occupants / 190 sf Total: 40 I/s

Types of Work Activity Minimum Ventilation Rate

"'— - 1 -

Private offices 0.6 m3/min/person or 10 L/s/person

Room Volume

Conference rooms 1 m3/min/person or 16.7 L/s/person

Hotel rooms 18 L/s (exhaust)

n7 = — L S m3
Volume of Outdoor Air Flowing into the Room per Hour (m?) o Ventilation Rate (E) X 3600 (H) X 0.001(;)

Room Volume (m3) Room Volume (m3)

Formula from WHO guideline
13
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Table E.1 Decay of droplet nuclei concentration in an isolation room for

What happen when ACH = 12 ? il

WHO Publication/Guidelines (ACH} {o/u}
Time (minutes) 6 12 18 24
o _ o . 100.00 % of Pollutant
fecion prevention and conirol during healh care T entiation rates and quanta genration for an infector entering | ' R
en coronavirus disease (COVID-19) is suspected an enclosed space with a dimension 6 m x 6.7 m x 2.7 m | 1.83 Remalnlng ina

Natural Ventilation for
Infection Control in
Health-Care Settings

Space

i 003
Ventilation rate (air per hour) (%)

_ | 0.00
Guanta generation 1 3 6 12 15 18 24 30 -

(quanta/min} |
a 005 002 001 0.00 0.00 0.00 0.00 0.00 —000

0.10 003 002 001 001 0.01 000  0.00

IPC Guidanse Group (COVID-19 I GOG)

= A A 014 005 003 001 001 001 001 001
. . EEcTEne s massage e 019 007 005 001 001 001 001 001
James Atkinson, Yves Chartier,  |[BRE A ra i o Quanta 023 008 004 002 002 001 001 001
Carmen Licia Pessoa-Silva, | ... oe increases 027 010 005 003 002 0.02 001 001 Decay of Droplet Nuclei Against the Ventilation Rates in a
Paul Jensen, Yuguo Li  JE=r=resm et 030 011 006 003 002 002 001 001 Period of Time
and Wing-Hong Seto e eesoemy-  zosomoseowres 03 013 007 003 003 002 002 001
T e e Pt 037 014 0.04 003
s, DRSS SvoSNe i , 016 0 0.04 003
| TR T T L
COVID-19. a5 well s those paticnts whose COVID-19 m':l?;:hnmh::ﬂ:, WHO

and pollutant
Wh-n
1. However...*

 ACH fr1to 12 (+11) > JRisk = 0.4 - 0.04 (1 10 Times (0.36))
© « ACH 1 fr15t0 24 (+9) > LRisk=0.03 -> 0.02 (1.5 Times (0.01 ONLY))

patcnic- nd pandcre-
proec scne nfocsion i heakh care, soemiic
okh o medes of COVID19 rammimion

Sy 019,
Tyt 19 Maeh 230 e
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High-Efficiency Particulate Air Filter

Standard EN 1822 Efficiency

E10 > 85%

Filter frame

EPA E1l1l > 95% Al

separator

= >99.5% b

H13 > 99.95%

ilter sheet fibres
randomly arranged

H14 >99.995% eI | 2
"y FJ‘ o . Micro:aor.t‘ilc:‘len:'lltraﬁon

HEPA

Ul5 > 99.9995%

Y

ULPA U16 > 99.99995%

Special Requirement on Fan >
Enough power to move air through the filter

ul7 > 99.999995%

T2, S—
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- .‘&\M 4 —— - : — =
‘_\>,,,:,f!\‘: %& o -

A\ Y



International Guidelines on
Ventilation - WHO

Roadmap to improve and ensure good indoor

ventilation in the context of COVID-19

gﬂ%ﬁ, World Health
W% Organization

Roadmap to improve and ensure
good indoor ventilation
in the context of COVID-19 i

Minimum
Requirements

Healthcare
Settings (where
AGP are
performed)

Healthcare
Settings
(General

application)

Non
residential /
Residential
Settings

WHO
recommendation

Ventilation Rate
(L/s/person)

160

60

10

ACH

12

Not specified

WHO top up
provision if the
ACH cannot be

Filter grade air
purifier if cannot
meeting the
requirement above

HEPA

HEPA

MERV 14

Air Purifier
16



Example: Elderly Home

Typical Negative Pressure Isolation Room

Arteroom

Bathroom

Outdoor / Dining/Assembly Area [
Corridor |=

Clean Zone Dirty Zone Dirty Zone
(Corridor) (Anteroom) (Isolation Ward)

High Pa Negative Pressure Differential Low Pa High Pa Negative Pressure Differential Low Pa

0 Pa

CLEAN ZONE LESS CLEAN ZONE DIRTY ZONE EXHAUST

CLEAN ZONE LESS CLEAN ZONE

DIRTY ZONE EXHAUST

Legend

1
|

Min X Pa " Differ ;



Fresh Air Source & Air Exhaust

Constant air volume system

Distance between fresh air inlet and any sources
of air contamination should be 225 ft

Safe Distance: 225 ft

Exhaust Outlet

Stale
indoor air
exhausted

Fresh air
from

Drainage Vent Pipe Outlet

|
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STANDARD STANDARD STANDARD STANDARD STANDARD STANDARD STANDARD STANDARD
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Air Exchange Through Doorways

Scenario 1 Scenario 2

b 4 \ %\\..“‘ % - 'k, \
i \-‘\ \ ‘- o % - >
v ‘ { /

o —

oom 19.8°C | Corridor 23.6°C Room 23.6°C | Corridor 23.6°C
Room ~ 4 °C Colder Room = Corridor



Air Exchange Through Doorways

Scenario 1

]
Room: Cold Corridor: Warm A Room: Cold Corridor: Warm

Warmest Air

Coldest Air =]

F
L B

21



Why We Use Sliding Door For

Isolation Ward?

Scenario Simulation

What happen if 1
swing door is used?

B Air Outside the Room

Vacuum zoom

1. Small amount of
air outside the room
is dragged inward by
the vacuum zone
created by the door
movement.

Outside

Inside

Inside

Air inside
the Room

2. The air inside the
room is forced to move
outward to fill up the
wake / vacuum zone
behind the door
(outward side of the
door)

Outsid

Inside



What Role Do YOU Play?

Engineering Control is effective and re
properly maintained and oper:

NI

Users of the Venue should always...

* Proper housekeep to ensure the ventilation system operates as

designed and desired o l
* Identify opportunity for upgrading the ventilation system R = :QJ
2 G |
* Upkeep proper maintenance of mechanical ventilation - ﬂﬁ%\\ , ‘”\" : e
A -y N
* Appoint the right person to check the ventilation . \“ L‘j-~~ o

L :
\_I\ - "1 - T
P ontk .1'- i i
- | .!



Thank You



	Structure Bookmarks
	Slide
	Span
	Figure
	Figure
	Role of Ventilation and 
	Role of Ventilation and 
	Role of Ventilation and 
	Prevention of COVID
	-
	19


	Figure
	10 December 2021
	10 December 2021
	10 December 2021


	Ir
	Ir
	Ir
	Eric LEE

	Chief Engineer
	Chief Engineer
	Electrical & Mechanical Services Department

	The Government of HKSAR
	The Government of HKSAR



	Slide
	Span
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Span
	Introduction
	Introduction
	Introduction


	Regulatory
	Regulatory
	Regulatory
	Services
	Branch

	•
	•
	•
	•
	enforcement
	of
	15
	E&M
	related
	ordinances
	(e
	.
	g
	.
	electrical,
	gas,
	lift
	&
	escalator
	safety,
	etc
	.
	)
	to
	protect
	public
	safety
	.



	Trading
	Trading
	services
	branch

	•
	•
	•
	•
	provision
	of
	E&M
	related
	engineering
	and
	advisory
	services
	to
	the
	Government
	and
	other
	statutory
	organizations
	.




	2 main roles of Electrical and Mechanical Services 
	2 main roles of Electrical and Mechanical Services 
	2 main roles of Electrical and Mechanical Services 
	Department (EMSD):



	Slide
	Span
	Figure
	Figure
	Figure
	To
	To
	To
	be
	well
	prepared
	for
	the
	COVID
	-
	19
	Pandemic
	…


	COVID
	COVID
	COVID
	-
	19


	Role of EMSD
	Role of EMSD
	Role of EMSD

	in Tackling
	in Tackling


	Figure
	Span
	Community Treatment Facility 
	Community Treatment Facility 
	Community Treatment Facility 
	in Asia World
	-
	expo 



	Figure
	Figure
	Figure
	Span
	EMSD Together with the HA 
	EMSD Together with the HA 
	EMSD Together with the HA 
	Developed the MMHU



	Figure
	Span
	Conversion of General Wards to
	Conversion of General Wards to
	Conversion of General Wards to

	2
	2
	nd
	tier Isolation Wards



	Figure
	Figure
	Span
	Setup of Community Testing 
	Setup of Community Testing 
	Setup of Community Testing 
	and Vaccination 
	Centres



	Figure
	Figure
	Span
	North Lantau Hospital Hong Kong Infection 
	North Lantau Hospital Hong Kong Infection 
	North Lantau Hospital Hong Kong Infection 

	Control Centre (HKICC)
	Control Centre (HKICC)



	Figure
	Span
	1
	1
	1



	Figure
	Span
	2
	2
	2



	Figure
	Span
	3
	3
	3



	Figure
	Span
	4
	4
	4



	Assessment of Ventilation Systems for 
	Assessment of Ventilation Systems for 
	Assessment of Ventilation Systems for 
	quarantine facilities and premises with 
	infectious cases


	Figure
	Figure
	Span
	6
	6
	6



	Figure
	Figure
	Span
	5
	5
	5




	Slide
	Span
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Span
	Role of Ventilation in Infection Control
	Role of Ventilation in Infection Control
	Role of Ventilation in Infection Control


	Figure
	Figure
	Figure

	Slide
	Span
	Figure
	Figure
	Figure
	Figure
	Figure
	Span
	Role of Ventilation
	Role of Ventilation
	Role of Ventilation

	in Infection Control
	in Infection Control


	Figure
	Figure
	Figure
	Two Objectives:
	Two Objectives:
	Two Objectives:

	L
	LI
	LBody
	Span
	1.
	Span
	MAKE
	Span
	the
	Span
	“Zone”
	Span
	clean


	•
	•
	•
	•
	Remove contaminants in the air 
	from the “Zone”




	L
	LI
	LBody
	Span
	2.
	Span
	KEEP
	Span
	the
	Span
	“Zone”
	Span
	clean


	•
	•
	•
	•
	Prevent contaminants from 
	entering the “Zone”






	Slide
	Span
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	1.  Dilution Ventilation 
	1.  Dilution Ventilation 
	1.  Dilution Ventilation 


	Dilute concentration of the 
	Dilute concentration of the 
	Dilute concentration of the 
	contaminant
	with incoming 
	clean air. 


	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Span
	Room
	Room
	Room



	Figure
	Span
	Outdoor 
	Outdoor 
	Outdoor 



	Figure
	Span
	Corridor 
	Corridor 
	Corridor 



	Figure
	Figure
	Figure
	Figure
	Contaminant
	Contaminant
	Contaminant


	Figure
	Span
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Airflow Direction
	Airflow Direction
	Airflow Direction


	Figure
	Figure
	Legend
	Legend
	Legend
	Span


	Figure
	Window
	Window
	Window


	Airflow Direction                               Clean Air
	Airflow Direction                               Clean Air
	Airflow Direction                               Clean Air
	Supply


	Figure
	Figure
	Figure
	Figure
	Door
	Door
	Door


	Figure
	Figure
	Span
	“Make the Area Clean”
	“Make the Area Clean”
	“Make the Area Clean”

	Dilution Ventilation & Displacement Ventilation
	Dilution Ventilation & Displacement Ventilation



	Slide
	Span
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	2.  Displacement Ventilation 
	2.  Displacement Ventilation 
	2.  Displacement Ventilation 


	Contaminants
	Contaminants
	Contaminants
	are removed by the air exhaust at high level 
	of the space


	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Span
	Room
	Room
	Room



	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Legend
	Legend
	Legend
	Span


	Figure
	Window
	Window
	Window


	Airflow Direction                               Clean Air
	Airflow Direction                               Clean Air
	Airflow Direction                               Clean Air
	Supply


	Figure
	Figure
	Figure
	Figure
	Door
	Door
	Door


	Figure
	Figure
	Figure
	Figure
	Span
	Outdoor 
	Outdoor 
	Outdoor 



	Figure
	Span
	Corridor 
	Corridor 
	Corridor 



	Span
	“Make the Area Clean”
	“Make the Area Clean”
	“Make the Area Clean”

	Dilution Ventilation & Displacement Ventilation
	Dilution Ventilation & Displacement Ventilation


	Figure
	Span
	Figure
	Figure
	Figure
	Figure
	Figure
	Span
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Contaminant
	Contaminant
	Contaminant


	Figure

	Slide
	Span
	Figure
	Figure
	Figure
	Figure
	Span
	Ventilation Plays an Important 
	Ventilation Plays an Important 
	Ventilation Plays an Important 

	Role in Infection Control
	Role in Infection Control


	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	3 Principles for Good Ventilation:
	3 Principles for Good Ventilation:
	3 Principles for Good Ventilation:

	•
	•
	•
	•
	Volume Flow Rate (Amount of Fresh Air)


	•
	•
	•
	Even Distribution of Ventilation


	•
	•
	•
	An Airflow Pathway (From Clean to Dirty Zone)




	Textbox
	P
	Span
	Ensure
	Span
	Air
	Span
	in
	Span
	the
	Span
	Whole
	Span
	Room
	Span
	is
	Span
	“Changed”


	Figure
	Clean Air
	Clean Air
	Clean Air


	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Contaminants
	Contaminants
	Contaminants


	Figure
	Span
	4.5m
	4.5m
	4.5m



	Figure
	Span
	Air Stagnation Zone
	Air Stagnation Zone
	Air Stagnation Zone



	Typical Room with Single
	Typical Room with Single
	Typical Room with Single
	-
	side Window for 
	Natural Ventilation


	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Textbox
	P
	Span
	↑
	Span
	Amount
	Span
	↓
	Span
	Virus
	Span
	Concentration


	Figure

	Slide
	Span
	Figure
	Figure
	Figure
	Figure
	Span
	Ventilation Plays an Important 
	Ventilation Plays an Important 
	Ventilation Plays an Important 

	Role in Infection Control
	Role in Infection Control


	Figure
	Figure
	Figure
	Figure
	Figure
	Span
	Airflow Direction must be 
	Airflow Direction must be 
	Airflow Direction must be 
	Controlled!



	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Span
	Textbox
	P
	Span
	Clean Zone



	Figure
	Figure
	Figure
	Figure
	Span
	Contaminated Air
	Contaminated Air
	Contaminated Air



	Figure
	Span
	Clean Air
	Clean Air
	Clean Air



	Figure
	Span
	Air 
	Air 
	Air 
	Exhaust



	Figure
	Span
	Air 
	Air 
	Air 
	Exhaust



	Textbox
	P
	Span
	Ensure
	Span
	Air
	Span
	in
	Span
	the
	Span
	Whole
	Span
	Room
	Span
	is
	Span
	“Changed”


	Textbox
	P
	Span
	↓
	Span
	Chance
	Span
	of
	Span
	Contact
	Span
	with
	Span
	the
	Span
	Virus


	Figure
	Figure
	Span
	EXHAUST
	EXHAUST
	EXHAUST



	Figure
	Span
	DIRTY ZONE
	DIRTY ZONE
	DIRTY ZONE



	Figure
	Span
	CLEAN ZONE
	CLEAN ZONE
	CLEAN ZONE



	Textbox
	P
	Span
	↑
	Span
	Amount
	Span
	↓
	Span
	Virus
	Span
	Concentration


	Figure
	Figure
	Span
	Textbox
	P
	Span
	Clean Zone



	Figure
	Span
	Contaminated Air
	Contaminated Air
	Contaminated Air



	Figure
	3 Principles for Good Ventilation:
	3 Principles for Good Ventilation:
	3 Principles for Good Ventilation:

	•
	•
	•
	•
	Volume Flow Rate (Amount of Clean/ACH)


	•
	•
	•
	Even Distribution of Ventilation


	•
	•
	•
	An Airflow Pathway (From Clean to Dirty Zone)





	Slide
	Span
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	What drives the air movement?
	What drives the air movement?
	What drives the air movement?

	•
	•
	•
	•
	Wind


	•
	•
	•
	Differential air pressure




	Figure
	Span
	High P
	High P
	High P
	→ 
	Low P



	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Outdoor :  
	Outdoor :  
	Outdoor :  


	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Span
	Wind Direction
	Wind Direction
	Wind Direction



	Figure
	Span
	Textbox
	P
	Span
	Wind Blowing 

	P
	Span
	Towards

	P
	Span
	The Room



	Outdoor :  
	Outdoor :  
	Outdoor :  


	Figure
	Span
	High Pressure (Relatively)
	High Pressure (Relatively)
	High Pressure (Relatively)



	Figure
	Span
	Wind Blows Toward the 
	Wind Blows Toward the 
	Wind Blows Toward the 
	Window 
	↑
	Room
	Pressure



	Figure
	Span
	Low Pressure (Relatively)
	Low Pressure (Relatively)
	Low Pressure (Relatively)



	Figure
	Figure
	Span
	Low Pressure (Relatively)
	Low Pressure (Relatively)
	Low Pressure (Relatively)



	Figure
	Span
	Wind Direction
	Wind Direction
	Wind Direction



	Figure
	Figure
	Span
	Low Pressure (Relatively)
	Low Pressure (Relatively)
	Low Pressure (Relatively)



	Figure
	Span
	High Pressure (Relatively)
	High Pressure (Relatively)
	High Pressure (Relatively)



	Figure
	Span
	Textbox
	P
	Span
	Wind Blowing 

	P
	Span
	Away From

	P
	Span
	The Room



	Figure
	Span
	Passing by Wind = 
	Passing by Wind = 
	Passing by Wind = 
	Low Pressure Zone 



	Span
	What drives the air movement?
	What drives the air movement?
	What drives the air movement?



	Slide
	Span
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Span
	Contaminated Air
	Contaminated Air
	Contaminated Air



	Figure
	Span
	Clean Air
	Clean Air
	Clean Air



	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Span
	CLEAN Zone
	CLEAN Zone
	CLEAN Zone



	Figure
	Span
	Mechanical Ventilation
	Mechanical Ventilation
	Mechanical Ventilation



	Figure
	Span
	Airflow Path Design:
	Airflow Path Design:
	Airflow Path Design:

	Low Risk Zone → High Risk Zone → Air Exhaust
	Low Risk Zone → High Risk Zone → Air Exhaust



	Figure
	Span
	Minimized the Risk of 
	Minimized the Risk of 
	Minimized the Risk of 
	Spreading Virus



	Figure
	Figure
	Span
	Mechanical Ventilation (
	Mechanical Ventilation (
	Mechanical Ventilation (
	Fans
	) Used to 
	Control Pressure 
	of Different Zone



	Figure
	Recall: 
	Recall: 
	Recall: 
	Pressure (P) difference creates air 
	movement

	Mechanical Equipment (Fans) 
	Mechanical Equipment (Fans) 
	→ 
	Create 
	Pressure Difference 
	→
	Control Air 
	Span

	Movement
	Movement
	Span


	Figure
	Span
	•
	•
	•
	•
	•
	High P
	→ 
	Low P





	Span
	Mechanical Ventilation
	Mechanical Ventilation
	Mechanical Ventilation


	Figure
	Span
	FA
	FA
	FA



	Figure
	Span
	FA
	FA
	FA



	Figure
	Span
	FA
	FA
	FA



	Figure
	Span
	FA
	FA
	FA



	Figure
	Span
	FA
	FA
	FA



	Figure
	Span
	FA
	FA
	FA



	Figure
	Span
	FA
	FA
	FA



	Figure
	Span
	EX
	EX
	EX



	Figure
	Span
	EX
	EX
	EX



	Figure
	Span
	EX
	EX
	EX



	Figure
	Span
	EX
	EX
	EX



	Figure
	Span
	EX
	EX
	EX



	Figure
	Span
	FA
	FA
	FA



	Figure
	Span
	EX
	EX
	EX



	Clean outlet
	Clean outlet
	Clean outlet

	Air Exhaust 
	Air Exhaust 


	Figure
	Figure
	Span
	***
	***
	***
	↑
	Airflow
	direction
	controllability
	windows
	should
	be
	CLOSED



	Figure
	Span
	EXHAUST
	EXHAUST
	EXHAUST



	Figure
	Span
	DIRTY ZONE
	DIRTY ZONE
	DIRTY ZONE



	Figure
	Span
	CLEAN ZONE
	CLEAN ZONE
	CLEAN ZONE




	Slide
	Span
	Figure
	Figure
	Figure
	Figure
	Figure
	Span
	Natural Ventilation 
	Natural Ventilation 
	Natural Ventilation 
	VS

	Mechanical Ventilation
	Mechanical Ventilation


	Figure
	Figure
	Figure
	Table
	TBody
	Span
	Pros
	Pros
	Pros
	Pros
	Pros



	Cons
	Cons
	Cons
	Cons




	Natural
	Natural
	Natural
	Natural
	Natural
	Ventilation



	•
	•
	•
	•
	•
	•
	High ventilation rate may sometimes be 
	achieved (climate dependent)


	•
	•
	•
	Lower energy consumption





	•
	•
	•
	•
	•
	•
	Depends on Weather Condition
	(e.g. Wind speed and direction)


	•
	•
	•
	Difficult to control






	Mechanical 
	Mechanical 
	Mechanical 
	Mechanical 
	Mechanical 
	Ventilation



	•
	•
	•
	•
	•
	•
	Volume Flow Rate 
	can be controlled


	•
	•
	•
	Filtration / purification systems can be 
	installed


	•
	•
	•
	Airflow
	path can be controlled


	•
	•
	•
	Even air distribution 
	can be achieved





	•
	•
	•
	•
	•
	•
	High cost


	•
	•
	•
	Consume energy


	•
	•
	•
	Require space for equipment and duct work
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