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WHAT IS VENTILATION?

“Ventus” = wind
=> Replacing air in an enclosed space with new and clean air...

Air from outdoor is being forced indoor due to
natural forces such as winds, thermal buoyancy
through windows, doors, chimneys, etc.
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«s Fresh incoming ai
aul Warmed, fitered fresh air
o Sulai

o Mechanical Ventilation

Extracted cooled stale air
N4 # Exhaust outlet
E

Air from outdoor is being forced indoor by
mechanical fans via air ducts and / or extracted
from indoor to outdoor by exhaust fans




NATURAL VS MECHANICAL VENTILATION
I S S,

Natural » Capable of achieving high « Weather dependent
Ventilation ventilation rate « Climate dependent (i.e. Wind
* Protect the environment due direction)

to lower energy consumption

Mechanical * Reliable in delivering the * Expensive to install
Ventilation required flow rate regardless + Consumes electricity
of ambient conditions « Requires proper maintenance
 Filtration systems can be
installed

» Airflow path can be controlled



Ventilation Terminology

2. Ventilation Rate (L/s)

Q i
(Ventilation i
Rate) '

-------------------------------------

<"V (Volume

m3
of Space) ) % 0'001(?)

ventilation rate <£> X 3600 (i
S hr

ACH =

= Room Volume (m3)

1. Air Change Per Hour
(ACH)

Ratio of Volumetric Flow Rate
to Volume of Space
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Negative Air Pressure
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Ventilation Terminology

P=""N

3. Negative Pressure Differential &

Airflow Direction

4. Filtering Efficiency /2=>:

(A}

» Minimum Efficiency Reporting Value (MERV)
& By ASHRAE
€ Efficiency: 1 (Low) — 16 (High)
€ Hospital: Min. MERV 14

» High efficiency particulate filter (HEPA)
¢ By EN1822-1/ASTM Ff3150-18

@ Efficiency: (EN1822-1): H13 (0.3um, 99.
& H14 (0.3um, 99.

€ Hospital: H13 Grade

909NDD

These filters are used
in ventilation and
air-conditioning

system and technical
process, e.g. clean

room, pharmaceutical v
industry.
[ JEEOLE

LOWER <4 EFFICIENCY P HIGHER

MERV Range

A A A A

FIBERGLASS PLEATED ELECTROSTATIC HIGH EFFICIENCY
Basic filters that Cottenand These filters can These filters are
block debris and polyester paper block microscop- used in hospitals
lint but cannot filters that block ic particles like and clean rooms
captures smaller small household smoke, smog, to capture all
particles. dust and lint pollen, mold microscopic
particles. spores and dust. particles,
95%);
995%)



Typical Ventilation System

Fresh Air =——p | ,
I |

Air Handling Unit / Fan Coil Units = | Occu p|3d
= Fresh Air + Return Air 1 Space
Return Air
Exhaust Air G

Air Ch Per H Total) =
ir Changes Per Hour (Total) Air Volume in Occupied Space

Fresh Air Flow
Air Volume in Occupied Space

Air Changes Per Hour (Fresh air) =



Typical Ventilation System

Fresh Air =—p i :

Air Handling Unit / Fan Coil Units g 1

= Fresh Air + Return Air 1

Return Air

Exhaust Air S

Occupied
Space

Fresh Air Flow (L/s) > Exhaust Air Flow (L/s) Positive pressure

Exhaust Air Flow (L/s) > Fresh Air Flow (L/s) Negative pressure




Statutory Requirements on Ventilation System

01

Building
(Planning)
Regulation
(Cap.123F)

=
—
=
m
=
—

02

Public Health
and Municipal
Services
Ordinance
(Cap 132)
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Statutory Requirements

Building (Planning) Requlations (Cap. 123F)

Premises Requirements

Office Supplying fresh air at a rate of not less than 5
changes of air per hour for premises without
openable windows

Public Health and Municipal Services Ordinance (Cap. 132)

Scheduled Premises No. of m3/ hr for each person who may be
accommodated in the premises

Cinemas 13
Dancing establishments 17
Factory canteens 17
Funeral parlours 17
Restaurants 17
Theatres 13
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Statutory Requirements

Guidance Notes on Ventilation and

Maintenance of Ventilation Systems

Open plan offices,
schools (non- 0.43
smoking)
Private offices :
(with moderate The normal daily
smoking) 0.6 working hours or
Iaborato?iés hours of stay are
long, e.g. 8 hours
Conference Shops,
rooms or office 1.0 supermarkets, 0.18 Generally no
(with heavy department ' smoking
smoking) stores
0.3 On average Additional
Canteens (based on the people may not Kitchen 19 exhaust for
’ seating capacity : (restaurants) - working areas
restaurants and the no. of stay in the area g
' for a long period required
employees)




Demonstration: Office

Volume: 46.5 m3
Area: 18.6 m?

Given Data 3

Area & Volume

Minimum Fresh Air Supply
Rate (1.0 m3/min/person)

Occupants

1.0(=""_)x 10 60 (mi
ﬁ L )X%f(’;’;j""”x Skl Calculated ACH 12.9
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Table E.1

100

80

[=y]
[ ]

% of Pollutants
=y
=

20

Decay of droplet nuclei concentration in an isolation room for
different ventilation rates and duration of time

Ventilation rate (ACH) (%)

Time (minutes) 3 12 1
0 100.00 100.00 100.00
10 37.00 13.50 498
20 13.50 183 0.25
a0 0.67 0.00 0.00
60 029 0.00 0.00

183
0.03
0.00
0.00,

ACH, arr changes per hour.

Decay of Droplet Nuclei Against the Ventilation Rates in a

|Implic:ation 1. Pollutant Removal Effectiveness
with Different Ventilation Rate

% of Pollutant

Period of Time

The higher the ACH, the
more effective removal
of pollutant is.

10 20

30

Time (Minutes)

—8—6ACH —8—12 ACH

#— 18 ACH

40

24 ACH

Remaining in a Space

Table E.2 Infection risk with 15 minutes exposure with different
ventilation rates and quanta generation for an infector entering
an enclosed space with a dimension 6 m * 6.7 m * 2.7 m

Ventilation rate (air changes per hour) (%)

Cuanta generation

(quanta/min) 1 3 i} 12 15 18 24 30

e ~N 005 002 001 000 000 000 000 000
010 003 002 001 001 001 000 000

0144 005 003 001 001 001 001 001

019 007 003 001 001 001 001 001

No. of 023 008 004 002 002 0.01 001  0.01

027 010 005 003 002 002 001 001

Quanta 030 011 006 003 002 002 001  0.01
034 013 007 003 003 002 002 001

037 014 007 004 003 003 002 002

g J 0.40 016 008 004 003 0.03 0.02 0.02

—

The higher ventilation rate, the lower the )

60 infection risk. )
’

Implication 2: Infection Risk with No. of Quanta under
Various Ventilation Rates
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Typical Design of Isolation Room

Legend:-

‘ Airflow Direction
Min. X ACH Fresh Air Ventilation Rate

Differential Pressure

All only

Dirty zone



Typical Design of 29 Tier Isolation Ward

Additional balancing

l + exhaust (if required) T

B &0 Legend:-

E HEFA 1 ,/’_-~\\

- =~ Patient { y Local Exhaust c/w HEPA Filter
Cubicle . 7

[ e
- Air flow
direction

LB ]
- TS

- ~ (if site allowed)
-’ ~
‘I, &D Cubicle \\ ‘
exhaust unit |
\ with HEPA )/ C
SO HEPA x
SQ filter

- Patient

~~-—————

’
4
I

Sample Airflow Pattern in




General Ward 4#

\
N \e’

-
\ ‘“@

Smoke
Flow Test

MMHU
Sectional
View

A\

@ Room Pressure Measurement

\’
o
-
@“ Commutated Fan

‘Negative Pressure Ward

Air Volume Regulator

e

Supply
Outlet

| o

Electronically

Control
Panel

Inlet

—

HEPA Filter
/)

_—
/,—”’

Pre-filter

- Discharge
Module

Fan
Module

Air Filtration
Module

F

\

Three Main Design Criteria:

v/ Achieve 12 ACH

v/ Maintain -2.5 Pa Differential

+ 100% Fresh Air Supply




Asia World Expo N Ventilation
Community Treatment Facilities S Assessment on
Community Treatment

Facilities and Testing
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Ventilation Assessment in Hotel

EMSD Role

()- Review the ventilation setup at

" various hotels as a quarantine
facilities




Ventilation Assessment In

@ Site Inspection @::z

\ \
,/ \ ,/ \
\ Y \
v\ Y
1\ \
1] 1
11 1
I\ ]
i1 \ J
U \ /
\\ ,I \\ ,I
\ s N 4

Drainage Openable

Vent Pipe Windows

EMSD Role

@ Ventilation X)- Review the ventilation setup at

Assessment 2 . .
: : various hotels as a quarantine
Against Vent Pipe facilities

Hotel




Guiding Principle for Assessment on Elderly Homes

Fresh Air Supply at Dormitory Min. 10L/s/person

Distance between fresh air intake and
other sources of contamination

7.5m

Distance between fresh air intake /
openable window and cooling tower

Air Flow Pattern Slean ))) 2k )) Exhaust
Zones Zones
Isolation Room Ventilation Negative A'r. Pressure
(Inward Air Flow)
Toilet / Bathroom Ventilation 10 ACH (Exhaust)

Kitchen Ventilation (separate system) 5 ACH (Exhaust)

7.5m

Dining Area Ventilation (separate system) 4 ACH (Fresh Air)

Laundry Ventilation 10 ACH (Exhaust)




entilation Assessment of Elderly Homes

Exhaust

(260L/s)  Approx.4m Fresh air (105L/s)

J1° 4?»‘* ﬁqul; (< 7.5m) —+ Case 1:

Isolation
Room




Ventilation Assessment of Dormitory




Ventilation Assessment of Fithess Centre and Public Market

% Fithess
Q Centre

{’z‘) Public Market
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