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Basic principles %ﬂé@

The building 1s not just a shelter, or a barrier
against unwanted influences (rain, wind, cold)

The building envelope should be considered a
selective filter to exclude the unwanted
influences, but admit the desirable & useful
ones, such as daylight, solar radiation in
winter or natural ventilation

Building envelope affects the interior/indoor
environment & determines the building aesthetics




Examples of building envelopes




Basic principles %ﬂé@

A building envelope (or building enclosure) 1s
the physical separator between the conditioned
& unconditioned environment of a building

Respond to natural forces & human concerns

Provide protection by enclosure and by balancing
internal and external environmental forces
(including the resistance to air, water, heat, light,
and noise transfer)

Related terms: building fagade, building skin




Building envelope as the “Shelter’:
the primary thermal barrier between interior and exterior

Shelter
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Building envelope and the interior thermal environment

INSULATION THERMAL  AIR TIGHTNESS

INERTIA % VENTILATION

THE BUILDING ENVELOPE CAN GREATLY AFFECT
THE \ANTERIOR THERMAL ENVIRONMENT THROUGH

(Source:

THE MANAGEMENT OF THESE PARAME TERS.




Basic principles %ﬂé@

Building envelope components

Roof, walls, windows, skylights, doors, floor,
basement (below grade), foundation

Related 1ssues: thermal insulation, air leakage,
ventilation, material durability

Safety requirements: fire, floods, wind, seismic

walls

foundation
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BUILDING ENVELOPE




Building Enclosure Components:

Base Floor System(s)
Foundation Wall System(s)
Above Grade Wall Systems(s)
Windows and Doors

Roof System(s)
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(Source:
Energy efficient building envelopes)

Walls

Windows and doors

Floor/basement

& 2013 IEA Technology Roadmap --




Exterior envelope and semi-exterior envelope

- Exterior Envelope

Semi-Exterior Envelope

Ventilated Attic

e

Semiheated Storage

Conditioned Space

Unconditioned
Space

Ventilated
Crawlspace

(Source: US Department of Energy)




Building envelope/enclosure and 1its functions

Extermal Interface
Exienor

Environmenl

Micro
Climate
Modifiers

Interior
Environment
Enclosure N

(Source: )




Basic principles %ﬂé@

Major functions of a building envelope

Structural Support: to ensure strength & rigidity;
providing structural support against internal &
external loads and forces

Climate Control: to control the exchange of water,
air, condensation and heat between the interior &
exterior of the building

Finish: for aesthetic purposes. To make the
building look attractive while still performing
support & control functions




Basic performance requirements of the building envelope

Walls Glazing Roof Below grade

Thermal X X X

Moisture protection X X X X
Acoustics X (X)

Light transmission X (X)

Indoor air quality (X) (X)

Mold protection (X) (X)

HVAC integration X X (X)

Natural ventilation X

Durability X X X X
Sustainability X X X (X)

Key: X = Major determinant or influence
(X) = Minor determinant or influence

(Source:




Building-relevant types of water
(throughout the years, a building 1s exposed to various types of water
loads that need to be considered during planning)

Precipitation
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Vapour
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(Source: Knaack U. & Koenders E. A. B., 2018. Building Physics of the Envelope: Principles of Construction, Ebook Central.)




Rain fall

carried at various angles \

by the wind \ \ \ \

How to control moisture penetration in buildings

ing vertically or being \ \
Snow may be driven

horizontally or be

carried upwards by the wind
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Condensation phenomena

Vapour

1

Change of state (condensation)

Water Latent heat

B
!

Liquid Capillary

run-off ~ movement
Reduced thermal Local
resistance temperature
increase

(Source: Burberry P., 1997. Environment and Services, 8th ed., Longman.)
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Environmental conditions that affect thermal, visual & acoustic comfort

- Air temperature range

- Relative humidity range
- Wind velocity

- Solar radiation

* Building dimensions
- Latitude & location
* Time of day

- External horizontal
illuminance

» Ground reflectivity

Environmental | Thermal comfort Visual comfort Acoustic comfort
conditions

Outdoor design | - Sun & wind obstructions | * View & daylight * Noise obstructions
criteria * Building dimensions obstructions * Building dimensions

- Exterior noise level
- Exterior noise
source

Indoor design
criteria

- Space dimensions
- User’s activity level
- User’s clothing insulation

* Space dimensions

» Colours of surfaces
* Working plane
location

* Space dimensions

- Absorption
coefficients of interior
surfaces

Indoor comfort
criteria

- Air temperature

- Relative humidity

- Air velocity

- Mean radiant temperature

* [lluminance level &
distribution
 Glare index

- Acceptable interior
noise levels

(Source: Aksamija A., 2013. Sustainable Facades: Design Methods for High-performance Building Envelopes, John Wiley & Sons, Inc.)




Facade elements properties that affect thermal, visual & acoustic comfort

Environmental | Thermal comfort Visual comfort Acoustic comfort
conditions

Opaque * Material properties of * Window-to-wall - Material selection &
facades cladding ratio properties

- Amount of insulation
- Effective heat resistance
properties (R-value)

Glazing * Orientation * Orientation * Number of layers
* Number of glass layers - Window properties, | * Layer thicknesses
- Layer thicknesses size, location, & shape | - Layer density
- Heat transfer coefficient | - Glass thickness &
(U-value) colour
* Visual transmittance * Visual transmittance
* Solar heat gain coefficient | - Reflectance
(SHGC)
Frames & » Thermal properties of the - Material types
supporting frames

structure for
glazed facades

(Source: Aksamija A., 2013. Sustainable Facades: Design Methods for High-performance Building Envelopes, John Wiley & Sons, Inc.)




Design factors

Building envelope (or skin)
Walls, roofs, windows, skylights, etc.

Area, thermal properties, mass, shading

Good design

Consider & respond to local climate

Good thermal performance

Appropriate window areas

Proper solar control

Need to balance with other requirements e.g.
aesthetics & view (connect to outside)




* Face House, Kyoto, Japan

-

Look at me.
Is my face (building
envelope) energy
efficient?

J

Main criteria:

» wall area
 window area

e thermal properties
e orientations

e thermal mass

* shading device




1

Design factors

Major factors determining envelope heat flow:
Temperature dlffere.ntl.al, AT O=UAAT
Area of exposed building surfaces, A
Heat transmission properties, like U-value

Thermal storage capacity
Window-to-wall ratio (WWR)
Effect of thermal mass

Delay heat transfer or act as a cooling source

Important for intermittently cooled spaces




transmission

reflection
absarption primary transmittance
Re-radiate secondary transmittance
outward

(Source: )

Solar heat gain and heat loss through window glass

I l I radiation through glazing

conduction through the glazing spacer bars

air leakage around opening lights & frame

conhduction through the window frame

» overall gain

Absorbed & re-radiate inward




Understanding window performance

Ufactor=0.25  [J-factor (or U-value) =
overall thermal transmittance
(W.m= K1)
SHGC = 0.39 .
10°. of solar heat  SOHGC = solar heat gain
Tangmitied coefficient
VT =0.70
70% of visible e :
lighttransmitted ¥ 1 — Visible transmittance

, . Solar heat gain of the window glazing
Shading Coef ficient (SC) =

Solar heat gain of unshaded 3 mm clear float glass




(Source:

Heat transmission 1n a single glazing clear glass

Heat transmitted
directly inside

Solar radiation
incident on the glazing

Heat reflected

< )

Re-radiated outside Re-radiated inside

8% 8%
OUTSIDE INSIDE

ABSORBED




OUTSIDE

(Source:

Major properties of fenestration

1 Solar Heat Gain Coefficient (SHGC)

Measure of soalr heat transmitted through the window
Lower values mean less solar heat gain

Solar Radiation

SHGC S:DUIE‘ be lower for warm climates and higher for cold climates

Visible Light

2 Visual Light Transmission (VLT)

Visible light that passes through the glazing
Higher VLT denotes higher daylight penetration

:’ INSIDE

U value
Denotes conduction heat gain through glazing unit (frame + glazing)
Lower U value means less heat is conducted

Light to Solar Gain Ratio (LSG)
Ratio of VLT to SHGC
Higher values better for daylight harvesting




Shading coefficient (SC)

Properties and selection of window glasses

Q5 10
1.0 ' L] ' ' L] ] L J‘J' L] l L ‘I L l -—-‘I_-~" L] ] ’
/ Clear %

QS - /’J - F -

I / Tints
a8 |- . o -

I /| Selective Tints |

/ ~— /.
Q7 / o S \ <15
; /A ,.

- / \___ .
0s | / -

. / _

/

. : 120
05 - Reflective / o

- e ,“" B \
04 / B -
a3 f | Selective low-e i

! -_-__-____,.

2 o . _
Q1 / 2 | -

L/ =
00 é‘--‘-l | 4 | | M | a2 | 3 1 x | 1 1 L | 4

G0 01 02 03 04 05 06 Q7 08 Q09 10

Visible transmittance (T, . )




Design factors

Building envelopes today
Old techniques: local materials for local climate

Passive design & natural ventilation

Insulation New buildings: advanced
Air sealing design & codes

: Existing buildings: How to
Wlndov.vs upgrade the building
Reflective surfaces envelopes?

Promote energy-efficient building materials &
innovative designs




Examples of passive cooling designs — earth tube cooling

(outdoor fresh air cooled by the earth before entering the building)

Cool tube (for earth cooling)
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Earth tube cooling (Japan)

(Source: )




Design factors

Examples of current envelope technologies:
Double-glazed low-e (emissivity) glass
Window films (solar control)

Window attachments (e.g. shutters, shades)

Highly insulating windows (e.g. triple-glazed)
Typical insulation & exterior insulation
Advanced 1nsulation (e.g. aecrogel)

Air sealing

Cool roofs, advanced roofs, green roofs




Shading devices (external and internal) for sun control

(reduce direct sun light => reduce cooling energy & glare)

1N

Crerhane len
4 g length

r

s d
Window height

1

| Drapes and Venetian Roller
Overhang curtains blinds shades




Advanced window and insulation technology

(reduce solar heat gain => reduce cooling energy)

T\
Outside Inside
Solar g
Radiation Infra-red
Radiation

sealed
Double
Glazed
Lo ity 1
MISSVI

: Infra-red

Coating Radiation
—A-- Gas filled panel (high
Low-e (emissivity) performance insulation)

glazing




Design factors

Advanced/emerging technologies

Highly msulating windows

Building envelope material .
Air-sealing technologies (systems-level approach)

Dynamic windows and window films

Visible light redirection
Highly msulating roofs

Double-skin/active facades

More R&D are needed




Smart windows or switchable windows
[Changes light transmission properties when voltage, light or heat is applied]

lon Conductor/

Smart glass technologies include on storge SectoMe ___ miacmockmome
electrochromic, photochromic, mmﬂ | |
thermochromic, suspended particle, | '
micro-blind and liquid crystal devices I

( ) '

L '!I _
Large-scale demonstration of electrochromic glazing OFF

at Chabot College, California:
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2003 HowStuffWorks
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(Source: Source: Sage (Sage Electrochromics) (2013), “Portfolio - Chabot College, Hayward, California”
)




Facade design strategies for different climate zones

Climate type Design strategies for sustainable facades

Heating- - Solar collection & passive heating: collect solar heat through envelope

dominated * Heat storage: storage of heat in the mass of the walls

climates * Heat conservation: preserve heat through improved insulation

Zones 5, 6,7, 8 | - Daylight: use of natural light sources & increased glazed areas of the
facade, use of high-performance glass, and use of light shelves to redirect
light into interior spaces

Cooling- - Solar control: protect the facade from direct solar radiation through self-

dominated shading methods (building form) or shading devices

climates * Reduction of external heat gains: protect from solar heat gain by

Zones 1,2,3 infiltration (by using well-insulated opaque facade elements) or conduction

(by using shading devices)

- Cooling: use of natural ventilation where environmental characteristics &
building function permit

* Daylight: use of natural light sources while minimizing solar heat gain
through use of shading devices and light shelves

Mixed climates
Zone 4

- Solar control: protect facade from direct solar radiation (shading) during
warm seasons

- Solar collection and passive heating: solar collection during cold seasons
- Daylight: use of natural light sources & increased glazed areas of the
facade with shading devices

(Source: Aksamija A., 2013. Sustainable Facades: Design Methods for High-performance Building Envelopes, John Wiley & Sons, Inc.)




Response to local climate

Building envelope design: response to climate

Hot, dry climate with clear skies

At night, the building radiates to the clear sky & cool
air accumulates 1n the courtyard & the ground floor

The fabric 1s cooled by both convection & radiation

During the day, the sun shines on the building, where
the white surfaces reflect some of the radiation
The courtyard & the ground floor remain shaded from the sun

A fountain can be used to give evaporative cooling




Control of environment through construction

Hot, dry climate

VAT T NN

Rad:armn to the cold night sky
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() During the day

\F ountain gives
evaporative cooling

(Source: Burberry P., 1997. Environment and Services, 8th ed., Longman.)

Hot and humid climate

Open veranda for
circulation and
outdoor living

Lightweight fabric

’I:wno space with
7 louvres for ventilation

/
ya

dddddddddd

Building raised to allow ventilation

Cold/mild climate

Thick external insulation

—5

Double-window
wall with

Massive roof and floors controlled
il ventilation
o Y o " o Yo
Tungsten lighting
—

(e)




Response to local climate  \_ &/

Building envelope design: response to climate

Hot and humid climate

Opportunities to improve comfort are very limited due
to high air temperature & relative humidity

Encourage air movement (ventilation) as much as
possible to help the evaporative cooling of perspiration

Use open verandas as living spaces & provide privacy
with louvred walls which restrict air flow less

Cold/mild climate

Thick walls & the roof with massive insulation

The windows are small, with controlled ventilation




Response to local climate

Passive building design strategies

Form & orientation

Sun shading & cool roofs @;
Fenestration & thermal insulation o.lel N
Daylighting L
Natural ventilation

Thermal mass v
Evaporative cooling [n
Vegetation e

(Source: )
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mass cooling
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vegetation & tools




Facade concept for the subtropics (strategies for a south facade optimised
in terms of energy, room climate & daylight)

Glazing percentage, 60%

Double thermal protection glazing

Revolving Iight-redirecting slats

Lamellar blind, Fc = 0.2

Sun protection glazing, g = 0.4

Glare protection

Amorphous photovoltaic system

Insulation thickness, 5 cm

(Source: Liedl P., Hausladen G. & Saldanha M., 2012. Building to Suit the Climate: A Handbook)




Building form and orientation

LN

L |

O] D=

U

Orient longer facades along the north. This will provide glare free light in summer from north without shading and winter sun penetration from the south.

if a site has multiple buildings, they should be arranged in
ascending order of their heights and be built on stilts
to allow ventilation

Lo
negatlve pressure

B

Taller forms in the wind direction of
prevailing wind can alter the wind movement pattern
for low lying buildings behind them

(Source:
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Place buildings at a 30 or 45 degree angle to
the direction of wind for enhanced ventilation.

Form can be staggered in the

wind facing direction

also to achieve the same result.

staggered layout helps in
accentuating wind movement
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SB > WD




Building envelope design for hot region and extreme climates

‘ Maximise mutual shading through built forms

N

closely placed forms narrow streets - keep building height to street width ratio minimal
. Minimise S/V ratio in extreme climates

<

increase compactness by reducing
surface area for the same volume

. Minimise P/A ratio in extreme climates

O e K h(n(

(Source: )
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(Source:

Design of side fin and overhang for solar shading

Sun

Sun L
T, Altitude

:L\" Altitude
ﬁ
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Video: Process for Designing Climate Specific Solar Shading Devices (16:59)
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Design and analysis of shading devices

Vertical Shading Horizontal Shading

.~ ~Shadow Angle
SV AN Protector
Shading mask of vertical shading device Shading mask of horizontal shading device
vertical shading devices horizontal shading devices
protect from sun at sides protect from sun at high angles
of the elevation such as and opposite to the wall to be shaded
east and west side such as north and south sides

(Source:

)

Horizontal & Vertical Shading

VSA

TS [
OSANAFYSAA N
< HSA_E (HSA

&

Shading mask of egg crate shading device

comination of horizontal and
vertical shading devices protect
from sun in all orientations




Example of external shading devices




Reflected Sunlight
>.7

Incident
Sunlight
Convectién _

Conduction

Performance of cool roofs can be assessed in terms of thermal
emittance, solar reflectance or Solar Reflectance Index (SR1), which is a

measure of both emittance and reflectance.

(Source:

Cool roof properties and performance

Emitted Thermal
Radiation > .75 00®

o
34°C
Ambient
~ Temperature

- 0Ol roof —3
¢ 50°C

o
27 C
Indoor Air
Temperature

Indoor Air
Temperature

Cool roofs are able to maintain a temperature differential of
6-8 deg celcius between ambient and indoor air temperature due
to high thermal emittance and solar reflectance.




Vegetation for shading and modifying microclimate and wind

\ IFI - ;'Ef:,r plantation for funneling
b \ \ y;, i {J wind to the building

=TT
|
“

| -
-
| ff B

i
¥ 1

F |~.' I|| I
B - 1 r
o

‘f"ﬁ AN

f

trees should be at a diStancE*
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allow daylight J

evergreen, closely spaced
trees and shrubs for shading w#
west facing walls
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deciduous trees allow sun penetration in winter and block sun access during
summer

(Source: )

evergreen tress spaced at a
distance for shading east
facmg walls

~
-~

) deciduous trees

" that can provide
solar access during
winter alongwith
deep verandahs on
south side for




(Source:

Thermal insulation in walls and roofs to reduce heat transfer
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Air Conditioned Unconditioned
Space Parking Space
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Forces driving air flow through building envelopes/enclosures

Wind Effect Stack Effect Combustion and
Ventilation

Video: Natural Ventilation - Passive Cross Wind System Explained (1:40)

(Source: )




Ventilation strategy 3@)/' |

Maximise natural & wind-induced ventilation
Allow for adequate internal airflow

Consider the use of fan-assisted cooling
strategies & mechanical cooling

Air flow & ventilation

Stack effect: occurs when the air inside a vertical
stack 1s warmer than the outside air

Wind effects: windward side > positive pressure,
leeward side > negative pressure

(See also: Natural Ventilation (WBDG) )




Stack effect and wind effect

Stack effect in a
room and 1n a
chimney

Wind effect:
cross-ventilation

(Source: Szokolay S. V., 2008. Introduction to Architectural Science: the Basis of Sustainable Design, Second edition.)




(Source:
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Stack effect in real buildings
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(Left) Floors leakier than walls: building acts like a perforated tub

(Right) Top leakier than bottom: NPP rise




Stack Ventilation Analysis

Stack ventilation rate g, through
two openings 1s:

gy = ch*Jz(Tf ;Tong I )

o

where T
/A2 =1/4,"+1/4,°

the Neutral Plane Level 4, 1s:
A

H
AL+ A7

hN:

and C, = discharge coefficient for
opening, C, = 0.61 for sharp-edge orifice.




Ventilation strategy 3@)/' |

Key factors affecting natural ventilation:

Depth of space related to ventilation openings
Ceiling height

Thermal mass exposed to the air

Location of building & possible air pollutants

Climate, e¢.g. outdoor temperature or wind velocity

Can achieve passive cooling effect

Technologies or design features used to cool
buildings without power consumption




Ventilation openings in the facade

Air exchange
rate [1/h]

Adjustability

Acoustic
protection

Ventilation
through
window

0.5-20

medium

low

Ventilation
through
window with
exterior impact
pane

0.5-5

low

high

Ventilation
flaps

low

low

Gap
ventilation

0.5-2

high

high

o

Ventilation
opening
(sensor-
or pressure-
controlled)

0.5-2

low—medium

very high

j
E
)

-—

—

(Source: Knaack U. & Koenders E. A. B., 2018

. Building Physics of the Envelope: Principles of Construction, Ebook Central.)




Design strategies of natural ventilation

Stack ventilation

through a rooflight
Wind-assisted _
0 external ventilator Roof vent and glazing
~ for lower floors with glare protection

Louvres 7

adjusted to 2

reject summer : . e [

radiation Smgle-mded
ventilation

& Air supply through .r_
Y floor diffusers

Louvres s, | \‘

adjusted to \\ ' = = ¥ [ ‘

i g N WY [T T T T T I TT1 ~ [TTT1] \

sky luminance R R |

o ! Air intake on
North elevation
to floor duct
i "7[Coce =0 :

Louvres ' N 4 LLLL

adjusted to ; Transfor

act as lightshelves grille o Manually
operable
windows in
summer with
BMS control
of fanlights

\ ' : - Q000 = Q ]
N y ——

(Source: Pennycook, K., 2009. The lllustrated Guide to Ventilation)
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Windward side

High pressure zone
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~ Low
pressure
zone

Pressure effect from wind
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Pressure effect from
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Low pressure zone

t t 1

Inlet

High pressure zone




Design of building openings for good natural ventilation

2 meter nigh
“Living zone™
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(Source:
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Living zone is the space commaonly
used by occupants. Air movement
should be directed through this space.

inlet openings placed at high level deviate air flow away from the living zone
irrespective of outlet position
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Thermal mass and nocturnal (night-time) cooling

al mass in the solar chimney
will warm air during daytime.

fe >~ ~

& .. Nignet,
b=

‘ opened to exhaust air.

i

precast concret: l
panels

o
T

N—————water pipes embedded
] \”‘i abs to carry water

for night purge

v
DAYTIME

Heat gain through solar radiation, occupants & equipment is stored
in the thermal mass during daytime. Concrete slabs, precast ceiling
panels, heavy weight mass walls, can add thermal mass to buildings.

NOCTURNAL COOLING

Water or outside air is passed through the building at night
to carry the heat stored in the thermal mass during daytime.
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(Source: )




Example of evaporative cooling using a water pond and solar chimney

evaporative cooling can be made more
efficient by coupling it with a solar chimney
to increase air movement and velocity
through the building

shade water bodies to further reduce
temperature of the water and
enhance its capacity to absorb

heat from incoming air
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spray devices and screens
can be used instead

of water pools for the same effect

(Source: )




Techniques of passive evaporative cooling

e
.........
-

air is cooled
thrgugh evaporation.

.
-----

water bodies in enclosed
courtyards are ideal for
evaporative cooling

in hot and dry climates

== nozzles can be used to spray water or mist
la’! to cool incoming air sucked by passive

louwvers to catch wind B

e e e T

- ;
= pa |

T S R - | j‘/{
i % 4
insect screens B gy .

earthen pots filled with water placed in the
path of air flow are a traditional
technigue of passive evaporative cooling
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(Source: )




Building codes in HK

First energy efficiency regulation in HK %

Building (Energy Efficiency) Regulation, Cap.
123 sub. Leg. M [1mplemented 1n July 1995]

Using Overall Thermal Transfer Value (OTTV)
method for building envelope design control

Applied mainly to commercial buildings and
hotels; requirements revised in 2000, 2011, 2016

OTTYV for Tower must not exceed 21 W/m?, and OTTV
for Podium must not exceed 50 W/m?

(Ref: Hui S. C. M., 1997. Overall thermal transfer value (OTTV): how to improve its control in Hong Kong, In

Proceedings of the One-day Symposium on Building, Energy and Environment, 16 October 1997, Shangri-la Hotel,
Kowloon, Hong Kong, HKIE BS Division/CIBSE/ASHRAE/PolyU, p. 12-1 to 12-11. )
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Building codes in HK

OTTYV equation for Hong Kong:
(4,-U,-a-TD, )+ (A, -SC-ESM -SF)
A

l

OTTV, =

Two major differences from the general form:
(Glass conduction term was omitted

Solar absorptivity and external shading multipler
were introduced




Overall Thermal Transfer Value (OTTYV)
OTTYV requirement in Hong Kong

*The OTTV code was subsequently amended (for all buildings
except residential buildings) in 1995 as follows: (revised 2010)
* In the case of a building tower, the OTTV should not exceed
24W/m?
* In the case of a podium, the OTTYV should not exceed
56W/m?*
 open-front shops or the like on ground level may be exempted
from the OTTYV calculations upon applications

(Source: Calculation and Application of OTTV and U-value (Science Teaching Kit for Senior Secondary Curriculum))




Overall Thermal Transfer Value (OTTYV)

Exercise 1

Study the drawing and figures below and calculate the OTTV of this building.
Assume that the four elevations of the building are identical. Calculate the OTTV of

the building. Determine if this building follows the OTTV code in Hong Kong
(24W/m?).

2m

2m

U-value of a wall Uw = 1.9 W/m’K
Glass Outdoor temperature = 28.4°C
Indoor temperature = 27°C
Solar absorptivity of wall o = 0.58
External shading multiplier ESM= 1
Shading coefficient of window glass SC= 0.4
Solar factor SF = 191W/m?

32m

Concrete

om

(Source: Calculation and Application of OTTV and U-value (Science Teaching Kit for Senior Secondary Curriculum))




Overall Thermal Transfer Value (OTTYV)

Reference answer

Considering the tower part of the building:
Total area of all windows on one fagade A;=2m x 2m x 18 = 72m?
Area of the wall Aw = (32m x 10m)-72m2= 248m? 2m
Equivalent temperature difference TDeq = 28.4'C-27C=1.4C

2m

ch+ Qgs
OTTV =

2A

_ (Ay X Uy X @ X TDeq ) + (Ar X SC X ESM X SF)
Ay + Af
E

_ (248 x1.9x058x14)+(72%x 0.4 x1x191) A
- 248 + 72
_382.6 + 5500
- 320

= 18.39 W/m? (<24 W/m?)

mnom

(Source: Calculation and Application of OTTV and U-value (Science Teaching Kit for Senior Secondary Curriculum))

Glass

Concrete




Building codes in HK

Residential Thermal Transfer Value (RTTV)

(Ref: BD, 2014. Gu

(BD), Hong Kong.

To promote energy efficiency of residential
buildings in Hong Kong

The overall RTTV of external walls and roof

should not exceed 12.5 W/m? and 3.5 W/m?
respectively (revised 1in 2022)

Also, promote natural ventilation in window
design for maintaining thermal comfort

idelines on Design and Construction Requirements for Energy Efficiency of Residential Buildings, Buildings Department

)




RTTV,,, Calculation Formula

= [41.75WWR* SC *ESC X G,] + [3.57(1-WWR)* U, * a* G,] + [0.64 WWR *U,*G,]
Radiation Conduction Conduction
Through Through Through
GIazmg Opaque Wall Glazmg

WWR: Window to Wall Ratio
G,: Wall Orientation Factor
ggc:. Shading Coefficient u,,: U-value of the opaque wall Us: U-value of the glazing
' 322325 Laeil. ol Extanl a : Absorptivity of the wall

RTTV,_ Calculation Formula
= [41.10(SRR)(SC)(G)] + [3.47(1-SRR)U,a, G, + [0.40(SRR)U,G]

Radiation Conduction Conduction
Through Through Through
Skyllght Roof Skyllght
SRR: Skylight to Roof Ratio
G;: Roof Orientation Factor
SC,: Shading Coeff. of Skylight Ur: U-value of the roof Uy : U-value of the

Glazing a,: Absorptivity of the roof skylight glazing

(Source: )




Calculation of Residential Thermal Transfer Value (RTTV) for
submission of General Building Plans in Hong Kong

Main Roo)‘ ®“ Roofs 3
ol Ui S
Typical Floor

ﬂ w Windows

1. Revit Model 2. Differentiate Orientations 3. Obtaining Areas from Revit

@__RTTV Calculation Sheet @
¢ Gross Woll Areo
.ﬁ * Gross Glazing Areo

* Gross Roof Areo
» Externcl Shoding Coefficient

4. RTTV Calculation 5. Result of RTTV

o
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(Source: HKIP Journal Volume 34 (2020) )




Promote cross ventilation in window design for residential buildings

“ <12m
I\ I5m M

<90° o

(Source: )




Pie
Further Reading @A\&%

Building Envelope Design Guide
BSD-018: The Building Enclosure

BSD-014: Air Flow Control in Buildings




Pie
Further Reading @A\&%

Back to Basics: Natural Ventilation and its Use 1n
Different Contexts

Hu1 S. C. M., 1997. Overall thermal transfer value
(OTTV): how to improve its control in Hong Kong,
In Proceedings of the One-day Symposium on
Building, Energy and Environment, 16 October 1997,
Shangri-la Hotel, Kowloon, Hong Kong, HKIE BS
Division/CIBSE/ASHRAE/PolyU, p. 12-1 to 12-11.




