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## 457 41932 25: MAJOR ARCHITECTURE
KEY WORD: COMPUTER SOFTWARE FOR ENERGY CONSERVATION ANALYSIS OF BUILDING FORMS,
ENVELOPED MATERIALS AND SHADING DEVICES / OTTV / SHADING DEVICE / ENERGY
CONSERVATION ANALYSIS
WERASAK CHIEWCHENGCHOL: COMPUTER SOFTWARE FOR ENERGY CONSERVATION
ANALYSIS OF BUILDING FORMS, ENVELOPED MATERIALS AND SHADING DEVICES THESIS
ADVISOR: ASST. PROF. KAWEEKRAI SRIHIRAN, THESIS COADVISOR: ASST. PROF. TANIT
JINDAWANIK, 131 pp. ISBN 974-17-4699-7.

With awareness growing in energy conservation, this has lead to energy-saving building design. To
open some space at the side of a building and design enveloped materials and shading devices are
considered major building designs for energy conservation. However, an architect needs to have basic
knowledge to interpret values and decide on the relevant formulas to design such enveloped materials and
shading devices. The whole process is quite time-consuming. Hence, computer programs have been
developed to help an architect design such devices. Most computer programs for building design basically
require users to input related numbers. After processing, the output will be shown in either numerical or
graphic manners. Accordingly, such computer devices simply enable an architect to calculate and analyze
heat protection rapidly and accurately. They are definitely inappropriate for the purpose of architectural
design since the design should not be limited to rapid and accurate calculation and analysis of heat
protection, but also include style in the buildings. Therefore, if the researcher develops a new computer
program that can fulfill all requirements, including the accurate and rapid calculation and analysis of the
heat protection and stylish designed, it will enable an architect to design the perfect enveloped materials
and shading devices.

It can be concluded that a computer program can be developed in line with the process of
architectural design for energy conservation by developing a real designing program, not just calculating
program. Details include the creation of the learning process while using the computer program, the
selection and adjustment of the related information instead of input, quick response and analysis after
changing input, and a demonstration of design guidance. Besides, it can be applied to developing other
computer programs in other architectural fields to produce effective computer programs in conjunction with

architectural designs.

Department . Architecture Student’'s signature............ccoeeeeevivviviineinen,
Field of study  : Architecture Advisor's signature.............oooi
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HORIZONTAL VERTICAL EGGCRATE
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1. TUSUWNTNATUIUAINISTANELNAIINSAUSINTBIANATS (Q-SAVE SFG-OTTV

Calculation Program)
Fwsunldsunsa : 155 aennviuainana aarin

szunl§iiAnsnld : Windows 95, 98, ME, XP (home)

% () SAVE OTTV Calculation Program
Fila Edt View Lbrary Took Heb

Jo o O BEHIBRE RE S

P Witimierierdur i p\ )1

* Ler's help saving Energy

Building Mame bel
Description [Hone)

[ oTTy RTTY |
Noeth Moth-East|  East | South-East| South | South-West|  West | Moth-West |

Section Code | Aw  Uw | TDeq | Al Tur  TToal [SF[sC @

Nosth-001 [ 046 120 - - - - - 554.27

Naorth-002 . . - 800 453 50 16960 0862 135055

Nosth-003 - - - 800 453 50 16960 0.862  1.350.56

OTTV of This facade 2006376 Wim 2

OTTV of this Building 99965165 W/m2  RATTV of this Building [Mone]  Wim &

[ [O%F . 07dn08 1809

7171 2.5 uaavAnEEnm a9l UNINATNIAINITINENAINFIUIINTENE 1S

(Q-SAVE SFG-OTTV Calculation Program)
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i — | Select Shading Device
= - EEE Buikding Name | | el Orient Norh
- el - [ Doy [T:Voha  [Tohowss | g orion Eod] | North002 NootUn|[ 2
| Ashestor cament dheel = | [1650.0000 01560 [Mane] | =
Ll 3 s — e e L T iue
|3 [Asbestos cement sheet =] [wso0000 o560 [ Monel
| =] [iNenel | [~ ooehi] ([ Monel &R
| ww || Coledse |
Help
Cancel
711 2.6 uasvanmauznstloudayaresli/sunsy Q-SAVE uasdauaed
mstlaudeyalagninaananninnsnin
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SIAM FIBERGLASS CO. LTD.
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* Let's help saving Energy * \ ) SIAM FIBERSLASS CO., LTD. } i
- win aerbuodnana S \ }
Building Name bel .
Description {Wone) Heporiofi Oponue
ok orTY
Buldnp Nare | bel
[ onTy RTTY Ot | Marth
e ; : N Section Code | Nonh 001
Hoith Norh-Ezst| — Eaat South-East]  South | SeuthWwest]  West | N Mo ctum | 2 uner |
- - —— | MNodlgs | 3 Lopst |
Section Code| Aw | Uw | 1Deq | Af [Ur [ TD#F |SF [sc 1o T e -
Morth-001 | 100.00; 046 120 Z 2 : : - _ Total Ares L] mE
Morth-002 - - 8.00 453 50 16960 O0BEZ2 1 Deks T 12 L5
T A - Tota 2365 m A
Morth-003 8.00 453 5.0 16960  0B62 1 e S i
0 -V sue 2TTE W
_ 0-Tad | 554272 W
OTTV of Thiz facade 2806376 W/im 2 I ] || i
OTTY of this Building 9996185 Wim 2 RTTY of this Building [Mome] —
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awuloumasii
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“ Let's help saving Energy ~
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2. TdsunsumauianasdrusuiinszusUnsiuazianilaanaiaisinanis

o o

@qinﬁwﬁ'ﬂmu (Magic Energy Estimated Zoftware version 1.5)

a g

gwnunldsunsy : @3gns 9aneAn (nendnusiFoaisvndgn arendanidnanses
nedaianninenssudtans anzandnanssuAans aWnaensal
NUWNINENAE, 2544.)

szuLlFridn1sld : Windows 95, 98, ME, 2000, XP

2 Welcome to Magic Energy Estimated Zofiware wersion 1.5 E|

version 1.5

Start Calulation ﬂaterialhlanagerJ About ‘ Exit ‘

717 2.8 uameniaeFusdureslunsn AeuiamasaLTIAT LN MAS

FanLaane1AINaN17UNWAIIY (Maagic Enerav Estimated Zoftware version 1.5)

2.1 qatszasdniaimuninanisidauidsunsy

| '
e A A o

WuldsunsungnimunaulaaidnglszasAinenaswaunllsunss
a rtﬂl 1 o A tﬂl tﬂl
panawmafiiedas luniseeniuuglnssuazdanilaanainisiivinnzanivanis
BYINHNANIUY  UATABAARBIAIN W51, NIFAUATUNITAUTNINANU WAL,
2535 lfatinaazaanuazaaniia
2.2 syuudsaseszud g ldidsunsuiultsunsu
Tsunsudntihasudnlunisaruguuiisaaniily 2 doundn Asdoun’ldly
nsdpnisgudeys wardndauiudiuzesnistlewdeyauaznisAtuon Geay
wiselasaaniludouaasnisilandayaninaadasiufimes OTTV uaz RTTV @n
%
fogl
221 nszuaunistlendaya nistleudayaresidsunsuifunisieudeya

faanigsiaet Asugluiunisldnsmindne lunsdeanslidnla
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M'NLW’ﬂIgﬂuﬂﬁiﬂﬂMumﬂﬁmqﬂj1mﬂﬂ®Qﬂ W SARBINIUTANIZAN
BRG]

Material ... El
Material Manager

‘Wall Solid Matesials

‘Wal Glazing Matensl

Fioof Soid Materials Rioct Glazing Materisl

[ 1 List[MatedalName | Thickness] __________LUvale
1 2.954

wilanaunte 250 s

2| widgnawnsn 250 ww

250

3 wlamawnin 500 um

4 vianaunto + Louds
7|eadaigacuyn 485 |

B3 Jdumdumsiy +unsie

55 yuaru +ewanna 03 -

Calculation... 5]

Material Name ||

Thickness min.

0 Buiding F oTTvV
! {_u'x S oTTV 1 RTTV : [—0
i [~ Modify Propesties in each Face
& ! watls/sq.m.
Material Proportion Building Slope RTTV
¥ Slope [ 90 Degiee 0
[Tl \ h % watts/sq.m.
W Sokaea[ g % (f 00 0 9 Orientation
7 :
c W Glazing e [ 1o %~ Wall Color 5 I >
HERERE T ~ -
c - r & C ek =
- G U-value of Solid Wall . 1 v
[Nﬁ'maunin 250 1w, LI
» . I | Nathan)
A . N U-Value
U-value of GlazingWatl —
[Cleal Float & inch LI
I
(e, ¢ oo DN, PO, SC U-Value | Prist |

k4 o ]

U7 2.9 uanvdauzeamiiaendn 2 dou AsdaunFlun1sdanisgudeya AuddureInIsAII

U
i

y9lt/sunsn Maagic Enerqv Estimated Zoftware version 1.5 Han131ga1mnsanan

22.2

FLUUNTUAAINA  TUNNTUAAIHATBINITANUINIAG 9 1RaTLsUnTN
ALANTUAAINAGNLAIANET Lazfalaadunan wanantulilsunsy
fangasninnainasradnainaliannuisadnlanenauaanig

Aunnuaaslilsunsulaansog

2.3 ngzuaunIInIauesilsunsy

Tudouaaszuunisszananarasllsunsniiy TUsunsnddnenizaaang

Uszananareslilsunsn Real-time Interactive’ #evinlWEldTdsunsnannisniin

=

nisAuanikaresllsunsnldnaannanluansninsUfuaaursaudssing

denasianismaziioulssineinandeclfiduadneg

1 . . = N = o o Vv
Real-time Interactive N8N ﬂ’]TLL@ﬂQN@U%@ﬂﬂWWi‘L‘LgﬂLLLI'LWRN Faiinsmeuaued wasuulawiuiilnglsiseasanaann

o A 9 ) o & A o o ,
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2.4 qasulazdedninuesilsinss
2.4.1 f«gmLﬁiummiﬂmmuﬁuﬂi:ﬂﬂuiﬂé’fm AINNAINITD IUAIUNIAALIL
uteyalnaianilugiusesnislddeyaresianse vesmiiuay
m‘mﬂL%’qif’ﬂugm‘*ﬁmﬂa%qﬁﬂﬁ@%mmmﬁmummLﬁmﬁﬂmu
nende ludauresnisdszananazesldsunsnlussuy  Real-time
Interactive feiluqniiudnataismesllsunsy Geazin g4
ANAzAIN NIz AauL s AT uaEn9R ugnaniuly
daura9nsuaninaiuaaseanlugluuunawiniidearseananlst

¥
dnlalddne Mldldldsunsnluszduiugiuansnsadilanazes

nnauannllsunsn g Tnaluasingls Avdalus

Magic Energy Estimated Zoftware wversion 1.5 : Calculation... E] X
Buidng Forms 5 oTTYV °
oTTV | RTTV .
7 g 38.01
fi'\ I~ Modify Propesties in each Face ..' @ =
| : Roof Slope H mallsen oy
‘; = = ‘@ ~ Slope [ 40 Dedres RTTV
~1 oof Color = : ® 206.16¢
& EEE EEE 7T T DAl 2 .16¢
- l ' o r i i~ R W walts/sq.m.
. D Orientation
- I Bl Material Proportion ‘.. l
== B Soidaea [ 37 % Tl NS ¢
~ R —_— Cea e’
e B Glazingacea [ B3 %, 4.0, .0, — 0
9 U-value of Solid Reof 7, 1 W
~ [nszsiiaslanita -l
i e — e [ West Notthwmest
| d U-Value | -345
U-value of Glazing Roof venfire e
|Clear Fioat 6 inch ~|

L —
T st Wivaial

7171 2.10 uamsdanaesnisuaninastnmnsWingdi laladie

a8911/5un34 Maaic Enerav Estimated Zoftware version 1.5

o o ¥ o o

242  desnfnresidsunsn  InsqndiAtyesdesninvesidsunsuiiazes
Tudouaasnisilaudayannndnagnaanmis ludauaasglnssannnsi
a6 v A 1 o 1 =3 1
HliaengUnaslalainnnidn  uazlinseunguiedausasniseaniu
weailanas WiduanA1sanaas

3. TﬂitLﬂ%‘Nﬂ’ﬂNﬁ’JLﬁl’ﬂ‘g The Solar Tool
;j'”rfum‘iﬂsunsu : Square One research/ Dr. Andrew Marsh and Ms. Caroline Raines of
Square One research and the Welsh School of Architecture at Cardiff

University
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szuulfiimanisnld : Windows

gU71 2.11 uaavanenizreauiinae vevlisunsy The Solar Tool

3.1 qadszasAnisimunivenisldeulsunssy
dulilsunsungnitmunauainanniunisinen  Tnaddnguseasd udiu
= & e dll = AN aAa X
NNFANENTIUNAN A M MNIT9 LA ZH DA N USRI LAILAL LN LN ATUAN N AN
apsuanAlaeAse 2Nl Aneuiudetlauazineauan  sonlitena
o N, [ Y = o & =& o |
NIELNUUBILAILALINIAIAIANT T Ae IFanaae TeliFunsuas AT anaAIwALa
NHLALRANIIaINTLT AN
3.2 szuummsiaseudney Midsunaniuldsunss
Tsunsudnisutiautinaaniminuuanaanidy 2 491 Aaludiuaadnig
WAASNIW 2 RWA189 Sun Chart FLUALEAININ 3 WA 1990119 daTlAlasNgils
wan Tnevie aasdruiiludassaniuusiniadenlasiuon Adayavasdauls

A7)

# SunTool - 3D Shading Model
DISPLAY OPTIONS
® 0V | @
o33 .

WINDOW MODEL

)

[ Hosgoreal Shacs =

Optimea Shade

il |ml

[setect node ta edk: hocizontal shade parameters

JU7 2.12 uaavANBUZIeNUEIAauANIN 2 49w 98911/sunsa The Solar Tool
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Draft Building Energy Code

“Scope of Application

The following requirements for energy performance are meant to apply to new designated

buildings.

PartI: Enérgy Performance Requirements

The building envelope system, lighting system, and air-conditioning system, of a new
designated building shall each comply with energy performance requirements set out in
Section 1 to Section 3.

If one or more systems specified in the first paragraph cannot meet the requirements, a
building shall still be considered to comply with the energy performance requirements if it
meets the whole building energy performance under the procedure described in Section 4.

Section 1

Building Envelope System

The Overall Thermal Transfer Value of wall (OTTYV) and the Overall
- Thermal Transfer Value of roof (RTTV) of an air-conditioned building

1.1 ° The Overall Thermal Transfer Value (OTTV) of wall of a building is used as a-
measure of thermal performance of the envelope of the building. Its value represents
the size of the average heat gain through the envelope (inclusive of walls and
windows) as sensed by the air-conditioning system of the building.

(a) The Overall Thermal Transfer Value (O-OTTV) of the exterior walls of the air-
conditioned building of an office or an educational institute or of the air-
conditioned part of such building shall not exceed 50 watts per square meter of its

exterior walls.

(b) The Overall Thermal Transfer Value (S-OTTV) of the exterior walls of the air-
conditioned building of a department store, retail store, shopping center or
- hypermarket or of the air-conditioned part of such building shall not exceed 45

watts per square meter of its exterior walls.

(c) The Overall Thermal Transfer Value (H-OTTV) of the exterior walls of the air-
conditioned building of a hotel or a hospital/convalescent home or of the air-

conditioned part of such building shall not exceed 30 watts per square meter of its'

exterior walls.
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The OTTV of the exterior walls of an air-conditioned building or of its air-conditioned part -
shall be calculated as a weighted average value of the OTTV; of individual exterior walls of -

the air-conditioned building or of the air-conditioned part of a building.

1.2 . The Overall Thermal Transfer Value of Roof (RTTV) of a building is used as a
measure of thermal performance of the roof of the building. Its value represents the
size of the average heat gain through roof and skyhght as sensed by the air-

conditioning system of the building.

(a) The Roof Thermal Transfer Value (O-RTTV) of the air-conditioned building of an
office or an educational institute or of the air-conditioned part of such building

shall not exceed 15 watts per square meter of the roof area.

-

(b) The Roof Thermal Transfer Value (S-RTTV) of the air-conditioned building of a’
department store, retail store, shopping center or hypermarket or of the air-
conditioned part of such building shall not exceed 12 watts per square meter of the

roof area.

(c) The'R_oof Thermal Transfer Value (H-RTTV) of the air-conditioned building of a
hotel or a hospital/convalescent home or of the air-conditioned part of such

building shall not exceed 10 watts per square meter of the roof area.

For a building used for many purposes, each area of use corresponding to one of the category -
of buildings above, the building envelope requirements appropriate to each category shall

apply to each envelope section.

. Note The prefixes O, S and H are used 'h_ere to distinguish the OTTV and RTTV of a building
- using the new formulation from the value calculated using previous formulation. .
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Section 2
Lighting System

Rated power requirement of electric lighting within a building, excluding its
car parking area

2.1 Electric lighting within a building shall be at a sufficient but not excessive illuminance
level for each category of work, and the level complies with acceptable engineering

standards.

2.1 Rated power of the electric lighting equipment in a building, not including its car
parking area, shall not exceed the following values in Table 2.1:

Table 2.1 Allowable rated power for lighting.

Category of building ¥ g&ﬂ!ﬁg’;;g{;‘ig‘gf)
(a) Offices or educational buildings 14
{(b) Hotels, hospitals/convalescent homes 12
(c) department stores, retail stores, shopping 18

centers or hypermarket

@ For a building used for many purposes, each area of use corresponding to a function
specified in the table, shall comply with the corresponding value in the table.
@ Including electric lighting generally used for advertisement of goods, excepz‘zng of those

used in store-front display window.
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Section 3
Air-conditioning System
‘Energy performance of air-conditioning system(s) within a building

Axr—condltlomng system(s) msralled in a building shall comply thh the requirements set out

below.

3.1 Unitary Air Conditioners

Unitary air conditioner(s) of a building shall have minimum efficiency in terms of

coefficient of performance (COP) or energy efficiency ratio (EER), at accepted
standard rating condition, not less than the values shown in Table 3.1.

Table 3.1 Minimum performance for unitary air-conditioners

Minimum
‘Category and size performance, COP
| (EER)
. Air cooled (split system and single package)

Less than 3500 Wy, (0.995 TR) 2.82(9.62)
From 3,500 Wm:and less than 7,600 Wy, (2.16 TR) 2.82(9.62)
From 7,600 Wy, and less than 12,000 Wy, (3.41 TR) - 2.82(9.62)
From 12,000 Wy, and less than 17,600 Wy, (5.00 TR) 2.82 (9.62)
Over 17,600 Wy, (5.00 TR) 2.56 (8.74)
Water-cooled

3.99 (13.62)

All sizes

Note One ton of refrigeration (TR) equals 12,000 British Thermal Units per hour (BTU/hr)
" and equals 3,516.7 thermal watts (Way).

3.2 Large air-conditioning system

When a large air-conditioning system is used, energy performance is requnred on the water
chillers, and on other parts of the air-conditioning system.

(a) Water chiller

Each water chiller shall have minimum efficiency in terms of coefficient of performance
(COP) or kilowatt per ton of refrigeration (kW/TR), at accepted standard rating condmons not

less than the values shown in Table 3.2.
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Table 3.2 Minimum performance for water chillers.

Minimum performance, COP

Category and size | (KW/TR)
Air-cooled water chillers
Up to 351.7 kWi (100 TR) 2.70(1.30)
Over 351.7 kWy, (100 TR) 2.93(1.20)
' Water—cooled water chillers.

Less than 527.5 kWy, (150 TR) 3.91 (0.90)
From 527.5 kW, and less than 703.3. kW (200 TR) 4.69 (0.75)
From 703.3 kW, and less than 879.2 kWi, (250 TR) 5.25(0.67)
From 879.2 kWi, and up to 1,758.3 kWi, (500 TR) \ 5.40 (0.65)

r1,7: 5.67 (0.62)

Over 1,758.3 kW,

(b) Other parts of the air-conditioning system

Electrically driven chilled water air-conditioning "system comprises water chiller(s), a_i_r-'
handling systems, condenser water cooling system, and chilled water transport system.

The air-handling system, condenser water cooling system, and chilled water transport syétem
shall be considered to comply with the requirement if taken together has a rated coefficient of

performance of 7.03 (0.5 kW/TR).
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Section. 4 "
- Whole Building Energy Compliance -
Alternativevmeavnsrof compliance when one or more systems do not comply. '___'_-

I the performance of any one or more systems (i.. envelope system, lighting system, and air-
conditioning system) of the proposed  design of a building does/do not comply with the
performance requirement(s), the building design shall be evaluated for compliance under the

whole building energy compliance procedure.

Under the whole building energy compliance procedure, a reference building model shall be
used. The reference building model shall possess the same functional areas as those of the
. proposed building design.- Each fagade shall possesses the same area and of the same

orientation as that of the proposed building design. However, the building envelope system,

lighting system and air-conditioning system of the reference building model shall each comply -

with the perfonnance requirement of each respecfxve system.

The proposed building design is considered to comply under whole building energy
compliance procedure when its computed annual energy consumption is less than or equal to

that of the reference building model
Part II: Computation Methods and Standard Data
| Section 1
| Calculatiron of OTTV and RTTV
1.  Method and Data for Calculation of OTTV

1.1 The OTTY of an Exterior Wall

The OTTYV of each of the exterior surface wall (OTTV;) shall be calculated from

OTTV; = (U)(I-WWR)( D) + (UYWWR)(AT) + (WWR)SHGC)SCHESR)  (L.1)

where

or1TYV; is the OTTV of the wall under consideration in unit of W/m?,

Uy is the thermal transmittance of the opaque wall in unit of W/(m”.K),

WWR is the window to wall ratio, a ratio of area of transparent windows and/or
transparent walls against the gross area of the wall under consideration,
+ TDeq is the equivalent indoor-outdoor temperature difference in unit of degree Celsius

that accounts for absorption of solar radiation of the opaque wall, -
Uy is the total thermal transmittance of glass or transparent wall in unit of W/(m .K,)
ar is the exterior-interior temperature difference, :

SHGC is the solar heat gain coefficient of window,
SC is the shading coefficient of window, and
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ESR  is the effective solar radiation on transparent windows and/or walls in unit of
W/m® ' '

—

The Overall Thermal Transfer Value of gross exterior walls of a building (OTTV) is. the
- weighted average value of OTTV of each exterior wall (OT7TV;) which shall be calculated from

the following equation:

orry . e XOTTV )+ (A4, OTTV,) ..o (A, OTTY) o
A A, A, -
where | |
A, is an area of the wall under consideration which includes areas of opaque wall and

windows or transparent wall in unit of sq.m and _
OT1TY; is the individual OTTV of each exterior wall, which can be calculated as in

Equation (1.1).
1.2. Thermal Transmittance

The thermal transmittance (U value) of a section of a building envelope shall be calculated as
in the followings:

1.2.1. Thermal Transmittance (U value) of a Section of Buildix;g Envelope

" Thermal transmittance (U-value) is the inverse of thermal resistance, which can be calculated

as follows:

1 -
=g A (13

where R is the thermal resistance.

1.2.2. Thermal Resistance (R)

Thermal resistance value of a section of building envelope comprising a homogeneous
material can be calculated by the foilowing equation:
Ax _
(1.4)

R=22
k

R - is the thermal resistance, m?. K/W,
| Ax is the thickness of the section, m, and
-k

is the thermal conductivity of the material of the section, W/(m.K).

1.2.3. Thermal Resistance of an Envelope Section Comprising Multiple Layers

For an envelope section composing multiple layers, thermal resistance of the section is the
sum of thermal resistance of each layer. '
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_ Heat from exterior environment is transferred to the surface of an envelope section through an
exterior air-film. Also, at the interior surface of the envelope section, heat is transferrcd from

the interior surface to the interior environment through an interior air film.

(a) Envelope Section Comprising Multiple Layers

The total thermal resistance Ry of an envelope section comprising n layers of different
materials in Figure 1.1 is calculated as follows

Ax"+R,- L (LS)

R, =R, +%+£2—+...+
ko Kk k,
Section 1.01 where Ax;,..., Ax, are sicknesses of the layers,
ki, ..., kn are thermal conductivities of the materials of the layers,
R, is the thermal resistance of the exterior air film, and
R; is the thermal resistance of the interior air film.

exterior interior

Figure 1.1 Configuration of an envelope section comprising multiple layers.

(b) Envelope Section Comprising an Air Gap

Air gap(s) or air space(s) between layers in an envelope section also offer(s) resistance to heat
transfer. All mechanisms of conduction, convection and radiation heat transfer are present in
the air gap at different degrees. In Figure 1.2, R, represents thcnnal resistance of air gap. The
total thermal resistance Rrof the envelpoe section'is obtained as

Ry =Ro+ﬁ+

] 2 n

(1.6)

where the terms are defined in (1.5).

interior

exterior

Figure 1.2 Envelope section of multiple layers comprising an air gap.

1.2.4. Thermal Resistance of Air Films and Air Gaps.
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Thermal resistance of an air film on the surface of a wall 1s mnfluenced by the speed of wind

movement near the surface and by thermal emittance of the surface.
materials used in envelope sections are highly emissive, with emittance close to 0.9. Table 1.1

shows values of the thermal resistance of air films for a wall.

Table 1.1 Thermal resistance values of air films on a wall.

| Interior wall, (R:) | Exterior wall, (R,)
0.12 0.044 '

Thermal Resistance, (m”.K/W)

Thermal resistance of an air gap or air space within an envelope section or an opaque wall is
highly dependent on thermal emittance of the surfaces facing each other across the air gap.

Values of such thermal resistance are given in Table 1.2.

Table 1.2 Thermal resistance values of air gap.

' Thermal resistance value of air-
Type of wall surface gap of different width, (m°.K/W)
Smm | 20mm [ 100mm
0.11 0.148 0.16
0.578 0.606

Surface with high emittance
Surface with low emittance 0.25

The values in the first line corresponding to those for surfaces with high thermal emittance
shall be used in all common situations. The values in the second line corresponding to those
- for surfaces with low thermal emittance apply only to cases when highly reﬂectwc matenals ,

such as reflective foils are used.

For an air gap of width falling in between the given widths in the table, linear interpolation
shall be used to obtain its thermal resistance. For an air gap of width greater than 100 mm, the

value at 100 mm shall be used.
1.2.5. Thermal Conductivity (k) and Other Properties.

Thermal conductivity is a property of material. Thermal conductivity values of common
materials used in building construction are given in Table 1.3. For a construction material
different from those in Table 1.3, property values tested and certified by a recognized institute

" shall be used.

For most construction materials, thermal properties' relevant to heat gain are thermal
conductivity, £ (W/(m.K)), specific density, p (kg/m’) and specific heat, ¢, (ki/(kg.K)). The
values of the latter two properties are also given in Table 1.3. These two properties are
relevant in determination of the extent of heat absorption and the extent of delay of heat
transmission across the opaque section of a wall. For a material used to cover an exterior wall
surface-that is exposed to solar radiation and to sky, solar absorptance and thermal emittance
properties of such material are also relevant to heat gain and loss through the given wall. .

Surfaces of most
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~

[

No. ‘Materials Conductivity, k| Density, p |Specific heat,
W/(m.K) kg/m’ ¢, KI/(kg K)
1 Asbestos cement sheet 0.398 1860 ' 1.00
2 |Asbestos insulation board 0.108 720 1.00
3 |Asphalt, roofing 1.226 1100 1.51
4 [Bitumen 1.298 - 1100 1.26
S Brick
B (a) dry and pla_stered or covered by cement 0.807 1760 0837
mortar or tile ,
(b) wall (no plaster and exposed) -~ 1.154 1600 0.79
6 [Concrete - 1.442 2400 0.92
7 Concrete, light weight of different density
density 620 kg/m’ 0.160 620 0.84
density 960 kg/m’ 0.303 960 0.84
density 1120 kg/m’ 0.346 1120 0.84
density 1280 kg/m’ 0.476 1280 0.84
8 [Concrete block 1.02 1370 0.92
9 Cork board 0.042 144 - 2.01
10 [Fiber board 0.052 264 0.59
11 [Fiber glass e '
(a) blanket 0.038  [Actwalvaliebyl g6
(b) rigid board 0.033 . Alfgﬁ N f;‘;;y 096
~ (c) rigid pipe sections 0.038 Actual value by|
. manufacturer - 0.96
12 Glass sheet 1.053 2512 0.88 -
13 Gypsum plaster board 0.191 880 1.09
14 Hard board B
(a) standard 0.216 1024 1.34
(b) medium 0.123 640 1.30
15 [Metal ‘
"~ (a)aluminum alloy-typical 211 2672 (.896
(b) copper, commercial 388 8784 0.390
(c) steel 47.6 7840 0.500
16 Mineral fiber board 0.05 290 0.80
17 |Plastering materials
- (a) gypsum 0.235 720 1.09
(b) perlite 0.115 616 1.34
(c) sand/cement 0.553 1568 0.84
18 [Polystyrene, expanded 0.035 16 121
19 [Polyurethane foam 0.024 24 . 1.59
20 [Polyethylene foam 0.029 45 11.21
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21 [PVC, flooring 0.713 1360 | 126
22 Stone ) o
sand stone 1.298 2000 | 079
granite 2.927 12640 079
marble 1.298 2640 | 080
23 [Roof tiles 0.836 1890 1.00
24 Timber ' '
~ softwood , - 0.125 608 1.30
hardwood ' 0.138 702 1.30
plywood 0.138 528 1.21
' . 0.065 Actual value by
25 Vermiculite, loose granules manufacturer 1.34
26 [Chipboard plywood 0.144 800 1.30
27 [Paper board 0.086 400 1.38

- Note:  The property values are based on data in 2001 ASHRAE Handbook of Fundamentals

().
1.3. Equivalent Temperature Difference (7D.,)

This is the equivalent temperature difference between the exterior and the interior surface of
an opaque wall that accounts for absorbed solar radiation on the wall. Its value is dependent
on the duration of absorption of solar radiation, the solar absorptance value of exterior surface,

mass of wall, direction and inclination angle of a given wall.

1.3.1 Solar Absorptance
The value of solar absorptance of fhe extenor surface of an opaque wall is relevant to

the extent of absorption of solar radiation on the wall and is to be used for determining the
“valuc of equivalent temperature difference of the wall. These values are given in Table 1.4.

Table 1.4 Values of solar absorptance of exterior surfaces of walls

Surface finish Solar absorptance Remark
Article II. ~ Surfacing ) :
Material 0.3 | Reflective and white surface
Reflective aluminum cladding
White marble

White washed gravel
Article ITI.  Paint

White

Silver_

Silver or bronze reflective
Surfacing Material
Cream or pale color marble
Cream or pale color granite
- Cream or pale color gravel
Light colored cladding
Paint

0.5 | Surface of pale color
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Cream ;
Pale blue

Pale green

| Pale yellow

Pale orange

Surfacing Material
Unpainted concrete
Unpainted brick .
Unpainted fiber board
Washed gray gravel
Unpainted asbestos

Paint

Red

Blue

Green

Orange

Rustic

Surfacing Material

Red brick

Asphalt-coating

Dark gray and black concrete
Dark green or dark red roofing
Paint |
Dark blue or dark green
Dark gray

Dark brown

Black

0.7 Surface of slightly dark color |

0.9 Surface of dark color

1.3.2 Density-Specific Heat Product

. The capacity of an opaque wall to absorb heat, store and delay its transmission is related to the
vproduct of density and specific heat of the wall material.

For an opaque wall comprising a matenal of density p; specific heat ¢,; and thxckness Ax;, the
den51ty specific heat value is caiculated as :

DSH, =( p,)(cp,)(Ax,), kJ/(m’K) (1.7)

For an opaque wall comprising n layers, the density-specific heat and material thickness of the
multiple layered wall is to be calculated as

DSH = DSH, + DSH, + ...+ DSH,, kJ/(m” K) (1.8)

where DSH, = (p,)(cp,.)(Ar,) is the densit-specific heat and material thickness product, and

pi  =density of layer i, kg/m’ :
cpi = specific heat of layer 1, kJ/(kg.K)
Ax; = thickness of layer 1, m.
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If a wall contains an air gap, the air gap does not contribute any dcn51ty—specxﬁc heat to the
wall . .
1.3.3 Equivalent Temperature Difference (7D,,) of an Opaque Wall of Buildings

- Table 1.5 gives a series of values of equivalent temperature difference for an opaque wall of
~ an office or school building, tabulated with respect-to value of solar absorptance of surface,
density-specific heat product, direction the wall faces, and the inclination angle. '

The inclination angle of a wall is the angle (in degrees) that the wall makes with earth. A
vertical wall has an inclination angle of 90°, and a flat roof has an inclination angle of 0°.

Table 1.6 gives values of cqhivalent temperaturg ‘difference for a department store or a
hypermarket- and Table 1.7 gives similar values for a hotel or a hospital building building.

When the material and thickness of each layer of a wall is given, values of densi.ty and specific
heat in Table 1.3 is to be used to calculate its density-specific heat product using Equation
(1.7) and (1.8). For a construction material different from those in Table 1.3, property values

tested and verified by a recognized institute shall be used.

Table 1.5 Values of Equivalent ten;perature Difference (TD.g) of an opaque wall of an office -
or school building. '

Table 1.6 Values of Equivalent temperature Dxfference (TD.,) of an opaque wall of a
department store or hypermarket buﬂdmg _

Table 1.7 Values of Equivalent temperaturc Difference (TD,,) of an opaque wall of a‘hotel or..
hospital building.

 These three table are shortened for letter of invitation
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1.4. Thermal Transmittance of Glazing (U)

- Thermal transmittance of glazed fenestration shall be calculated using the same method of
calculation of thermal transmittance of wall. Equation (1.5) and Equation (1.6) shall be used
depending the type of glazing. Manufacturers of glazing products also provide thermal
transmittance values using certified testing or calculation procedure. In case such certified

values are unavailable, the following methods shall be used.

1.4.1 Single Glazing

The thermal transmittance ({) of a single-pane glazed window.system shall be calculated

from

, _
U, =— , and
I R, y (1.9a)
Ax
szRi+k_+R0’ : (19b)
g .
Where Ry - Isits thermal resistance- _
R;and R, - are the thermal resistance of the interior and the exterior air film
respectively, the value of each shali be obtained from Table 1.1.
Ax is the thickness of the pane
kg is the conductivity of the glass material.

1.4.2 Laminated Glazing

- The thermal transmittance of laminated glazing shall be calculated using..E'quation (1.5).
1.4.3 Window System Comprising Multiple Panes
In case a window system comprises multiple glass panes, equatien (1.6) shall be used to

calculate its thermal resistance. For such a window system, temperatures of the panes and of
the air in the pane are high. Thermal resistance values for air gaps between glass panes/

transparent matenals in Table 1.8 shall be used.

Table 1.8 Thermal resistance values for air gaps between glass panes.

- Width of air gap Thermal resistance value of air gap, m” K/W
' mam High surface emittance Low surface emittance
13 0.119 0.345
10 0.110 ' 0.278
7 0.097 0.208
6 0.091 0.196
5 0.084 - 0.167

The value of surface emittance of a glazmg is considered high, unless low emissivity coating

1S present
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If the width of an air gap falls in between the values in the table, interpolation shall be used to
find appropriate-value of its thermal resistance. For an air gap with width exceeding 13 mm,

the value corresponding to that of 13 mm shall be used.

1.5. Exterior-Interior Temperature Difference

The exterior-interior temperature difference is the difference of exterior and interior air
temperature of air-conditioned building. Its value is to be used in calculation of the term
representing heat conduction across glazing in the OTTV formulation of Equation (1.1). The
value of the exterior-interior temperature difference for each category of building appears in

Table 1.9.

Table 1.9 Exterior-interior temperature difference

- ; Department store
Category of Building Office and school | Hospital and hotel and hypermart
Exterior-interior temperature 5 . 5
difference, degree celcius

1.6.Solar Heat Gain Coefficient (SHGC)

This coefficient represents a fraction of average incident solar radiation or solar heat gain on'a
glazed window that is transmitted and contributes to heat gain in the interior space. It
comprises a term that represents direct transmission of solar radiation and a term that
represents thermal transfer of an inward-flowing fraction of absorbed solar radiation on the
glazing. Manufacturers of glazing products normally provide values of solar heat gain
coefficients using certified testing or calculation procedures. In case such certified values are

unavailable, appropriated values-n Table 1.10 shall be used.

Table 1.10 Values of and solar heat gain coefficient and visible transmittance of glazing of

window system i

Glass thickness, mm | Glass type [ Visible transmittance | SHGC
Uncoated single glazing
6 Clear glass 0.88 0.73
6 Bronze glass 0.54 0.54
6 Green glass 0.76 0.54
6 Gray glass 0.46 0.52
6 Bluegreen glass 0.75 0.55
Reflective single glazing
' Stainless steel reflective coating
0 20% on clear glass , 0.20 0.28
6 Titanium reflective coating 20% 020 0.97
on clear glass
6 Titanium reflective coating 30% _ 0.30 0.35
on clear glass
Uncoated double glazing
6 Clear glass, clear glass 0.78 0.60
6 Bronze glass, clear glass 0.47 0.41
6 Green glass, clear glass 0.68 0.41
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6 Gray glass, clear glass - 041 0.39
6 Bluegreen glass, clear glass 0.67 17043
6 High performance green tinted 0.59 033
glass, clear glass
Reflective double glazing
— - - 5
6 Titanium reflective coating 30% 027 0.25
on clear glass, clear glass
Low-e double glazing, € = 0.2 on surface 2 :
6 Low-emissivity coated glass, 0.73 ] 0.53
clear glass
Low-e double glazing, e = 0.1 on surface 2
6 Low-emissivity coated glass, _ 0.72 0.44
clear glass ;
High performance green tinted
6 glass, low-emissivity coated 0.57 0.27
glass

1.7.Shading Coefficient (SC)

The shading coefficient of an external shading device represents the effective fraction of
average incident solar radiation that passes through the shading device on the glazed window.

Its value shall be calculated by the following procedure.

1.7.1. Geometrical Position of the Sun

The geometrical position of the sun relative to a location is determined by 2 solar altitude
angle, q, that is the angle measured between the line drawn towards the sun from a point on
earth and the horizontal surface, and a solar azimuth angle, ¥, that is the angle the projection
of the line to the sun makes with the southern direction. Figure 1.3 illustrates the geometrical
configuration. The reference coordinate is set in the cardinal directions, and its center is

located at the point of observation on earth.

Azimuth angle
(positive due west)

e ee——

Geometrical position of the sun relative to a point on earth.

Figure 1.3
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(a) Solar Time

This is the time based on the physical angular motion of the sun. Solar noon is the time when.
the altitude angle of the sun reaches its peak. Solar time can be calculated from :

£ = ] - 4(Lg: _Lg() + eq (1.10)
- where ¢, = solar ime,
t; = local standard time,
Lgs = standard local longitude, Lgs, which is 105°E -
Ly = actual longitude, Lgy, which is 100.5° E and
E, = equation of time (min).
The last two termas in (1.10) are in minutes. The equation of time is computable from
Eqy = 9.87 sin 2B - 7.53 cos B - 1.5 sin B, minutes, (1.113)
B = 360° (j-81) / 364, 1<j4 <365, (1.11b)
where jq is Julian date, which is the day number of the year.
(b) Mathematical Relationships of the Position of the Sun
The solar altitude angle and the solar azimuth angle shall be obtained from
sina, =sinlL,. sind+ cos L,. cosS. cosw (1.12)_.
siny, = cosd. sinw/ cos o (1.13)
where L, = the latitude of the location, which is 13.7° N),
6 = declination angle, .
~@ = solar hour angle, the physical angular position of the sun, and .
(1.14)

= qa(t; — 12)/12, radian.

The declination angle is the angle that the ray of the sun to the center of the earth makes with
the plane of the equator. The declination angle for a given date j; can be obtained from '

) = 23.45 sin [360(284+4) / 365] (1.15)

1.7.2 Calculation of Shading Coefficients of Shading Devices

Consider Figure 1.4 in the following.
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x;, Zenith

X3, NOrth

X;, East

Figure 1.4 Geometry of a Plane and of a Point above the Plane Relative to the Sun.

A coordinate (x;, x;, x3) is identified with the zenith, East and North direction. A unit vector
representing the direction of the sun and a unit vector representmg the normal to the inclined

plane, based on the x-coordinate, are given as

sina, |
st = -COS a;.sihys , solar vector (1.16)

-C08Q,.COS ¥, |

cos

-sin f.siny,, |, plane normal (1.17)

V.

-sin fl.cosy,

The angle between the solar vector and the plane normal, 8, can be obtained from the
following relationships

cos@ = (V) V)

=  sing;.cosf+ cosa;. siny. sinff. siny, + COSQ . COSY; . sinff. COSpp. (1.18)

(a) Solar Radiation on Unshaded Plane
For an unshaded plane, the total solar radiation on the plane F,¢ is given as

: I+ o
Eqg = E830056’+E,d(—2Lﬂ) S (1.19)
where E,s = the beam normal component of the solar radiation, in the direction
- of the sun, W/m’
cos@ = cosine of angle between the plane normal and the solar vector,

Eed diffuse component of the solar radiation on a horizontal plane, W/mz,

~
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(b) Shading by a Point above the Inclined Plane

~

A shading device can be represented by its corner points. Shading calculation is simplified by
considering the shading points. '

Let X, be the vector representing the coordinate of a point P above the inclined plane. Let the
distance of point P from the inclined plane be .

Let S be the shadow of the poini P casted by the sun on the inclined plane. Vector X,
represents the coordinates of the point S. The vector X, X, and V/" are related, as

X = X,-hV{/cosO (1.20)

There will be a shade casted if the shading point is above or is in front of the plane and the sun
is up and facing the plane. '

(c) Shading of a Window by a Shading Device

Consider a horizontal shading device in front of a window in Figure 1.5.

PR
\\\ Aﬁl
S
X2 <t - West
X3
North
.Figure 1.5 Sun shading by a horizontal shading device in front of a window.

The window faces north. A point P is identified at a corner point of the shading device. If the
coordinate of point P is represented by X, the coordinate of point S, the shade point casted by
P on to the plane of the window is represented by X;. The vector X is calculated from
Equation (1.20). In this case, h is the distance between the shading device and the window.
The shade of the shading device is identified as the area formed by the shade points casted by
the corner points of the shading device. The area Ag is the area on the window that is under
shade. The area Ag is the unshaded area on the window. Both direct and diffuse solar
radiation falls on unshaded area Ay, while only diffuse radiation falls on the shaded area Ag.
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(d) Solar Radiation on a Window with Shadi.ng Device

If the unshaded area of a window is 4y, and the total area of the window is 4, effective solar
radation on the window (with inclination angle f) is given as

- E =AﬁE¢SCOSQ+AfEed@ | o (1.21)

_ (e) Shading Coefficient (SC) of an Exterior Shading Device

Shadmg coefficient accounting the shading effect of an exterior shading devxce is to be
ca!culated from the following procedure. :

The instantaneous Shading Coefficient of a shading device is expressed as

SC = Eew /EeIG (122)
Where E,,, is the effective solar radiation reaching the wmdow through the shading device and .-
E.;9is the total radiation on the unshaded window. o

-To calculate the annual value of the Shading Coefficient (SC) of a shading device, it suffices
to treat it as the ratio of the cumulative net solar radiation reaching the window through the
shading device, E,,, cver the working hours of four reference days to the cumulative solar
radiation on the unshaded window, £, over the same period. The four reference days are 21
% of March, 21 ¥ of June, 21 ¥ of September, and 21 # of December. The annual value shall be

obtained from

=) ) o) )]
=i 2iMarch h=i 23September 22 December (1 23)

/ 2June

[(ZEdﬂ) +(Z Ee:&) +[ZE40) +(2Eclej J
h=i 21March h=i 22June h=i 23September h=i 22 December

where (SC), is annual shading ceefficient of the shading device
h is hour number of solar radiation corresponding to each type of building.

(5C), =

For 1) Office and school h=8§, ...,17
2) Hotel and hospital h=1,...,24
h=10,...,22

3) Depariment store and superstore

The beam normal component of the solar radiation in the direction of the sun, and diffuse
component of the solar radiation on a horizontal plane of four reference days are given in

Table 1.11.
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Table 1.11. Beam and diffuse solar radiation of four reference days.

Solar radiation (W/m2)

Time
Mar-21 Jun-22 Sep-23 Dec-22

(hour) [Beam|Diffuse/Beam|Diffuse/Beam|Diffuse Beam’_Difﬁlse
1.00 00| 00 | 00| 00 [00] 00°]00] 0.0

200 [ 00| 00 [00] 00 |00{ 00 |00]| 00
30000 00 |[00] 00 {00] 00 [00] 0.0

400100| 00 [00] 00 00| 00 {00/ 00

500[00] 00 00/ 00 {00/ 00 {00] 0.0

6.00 [00| 00 | 56| 75 00| 00 [00] 00

7.00 | 68.5| 44.9 |77.8| 105.0 [94.4| 77.1 |64.4] 19.9

8.00 |185.7| 121.6 {145.4] 196.2 [202.3] 165.1 (270.0. 83.5

9.00 {290.1] 190.0 [204.3] 275.6 [296.2] 241.8 |454.4| 140.5
10.00 |374.8| 245.4 (250.9| 338.6 {369.9] 302.0 |603.3] 186.5
11.00 [433.8{ 284.1 [282.6] 381.2 |418.3] 341.4 {704.9] 217.9
12.00 |463.2| 303.4 [297.3] 401.1 [437.9] 357.5 |751.3| 232.2
13.00 [461.0| 301.9 {294.2] 397.0 427.6| 349.0 [738.9] 228 .4
14.00 (427.3| 279.8 [273.6] 369.1 {388.0| 316.7 |668.7| 206.7 |
15.00 |364.5| 238.7 [236.5] 319.1 [321.7] 262.6 |546.1| 168.8
16.00 {276.7| 181.2 1185.3] 250.0 [233.5| 190.6 [380.8| 117.7
17.00 {170.0| 111.3 {123.0| 165.9 {129.2{ 105.5 |185.6] 57.4
18.00|51.71 33.9 1533} 72.0 [16.1] 13.1 | 0.0 { 0.0
19.00/ 00 { 00 {00 00 [0.0| 00 {00 00
2000{ 00| 00 00| 60 [00{ 00 |00 00
2100/ 00| 00 |00 | 00 |00 00 |00 00
2200100 00 {00]| 00 {00 00 |00 0.0
23.000 00| 00 {00| 00 |00 00 |00{ 00
24001 00| 00 [{00] 00 [00] 00 [0.0]| 00

1.8.Effective Solar Radiation (ESR)

Table 1.12 gives a series of values of effective solar radiation tabulated with respect to value
of the inclination angle of the wall. The inclination angle of a wall is the angle (in degrees)
that the wall makes with earth. A vertical wall has an inclination angle of 90°, and a flat roof

has an inclination angle of 0°.

Table 1.13 gives values of effective solar radiation for a hotel or hospital building and Table
1.14 gives similar values for a department store or hypermart building. :
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Table 1.12 Effective Solar Radiation (ESR) of an office or school building, (W/m™).

Inclination T o
Direction
angle,
degree North North East South South South West North
_ east east west west
0 437.38{437.38] 437.38| 437.38| 437.38] 437.38! 437.38] 437.38
15 405.00{421.74| 433.61] 440.00{ 441.62| 438.90| 431.51] 419.53
30 358.99/390.20| 412.96| 425.48] 428.59| 422.98| 408.39] 385.65/

45 - 306.68/348.31| 379.58| 397.17| 401.47| 393.20| 372.57| 341.61
60 255.37|301.60| 337.61] 358.44| 363.45 353.18; 328.62] 293.33
75 212.39|255.60| 291.21| 312.65] 317.70] 306.52| 281.11| 246.70
90 185.06|215.84] 244.53| 263.14| 267.41| 256.82] 234.58] 207.62|

Table 1.13 Effective Solar Radiation (ESR) of a hotel or hospital building, (W/m?).

Inclination e
Direction
angle, .
degree | North North | p o | South | o . | South | o | North
. east east west west
0 191.44 {191.44 191.44 | 19144 | 191.44 | 191.44 | 191.44 | 191.44

15 177.49 | 18524 | 190.45 | 193.01 | 193.33 | 191.76 | 188.38 | 183.39
30 157.51 |171.84| 181.79 | 186.87 | 187.63 | 184.64 | 178.12 | 168.59
45 134.67 {153.68| 167.29 | 17448 | 175.71 | 171.59 | 162.54 | 149.52
60 112.13 J133.17 | 148.76 | 157.33 | 158.93 | 154.12 | 143.54 | 128.65
75 93.08 1112.74| 128.05 | 136.87 | 138.66 | 133.74 | 123.01 | 108.45
90 80.68 | 94.81 | 106.98 | 114.57 | 116.26 | 111.96 | 102.86 | 91.40

Table2 1.14 Effective Solar Radiation (ESR) of a department stbre or a hypermart building,
(W/m”). _ : .

Inclination : Direction
angle,
: l
degree North North Bast South South ! South West North
ecast - east west west
0 326.55 1326.55] 326.55 | 326.55 | 326.55 | 326.55 { 326.55 | 326.55
1 303.15 1307.90| 315.66 | 323.63 | 330.14 | 333.80 | 331.91 | 321.31

30 268.08 [278.60| 293.82 | 308.44 | 319.42 | 324.35 | 319.10 | 299.32
45 227.46 [243.07| 264.27 | 283.71 | 297.18 | 301.59 | 292.50 | 266.04
60 187.41 {205.70| 230.29 | 252.20 | 266.21 | 268.90 | 256.53 | 226.97
75 154.06 {170.92| 195.12 | 216.63 | 229.31 | 229.66 | 215.55 | 187.56
90 133.52 [143.11] 162.04 | 179.75 | 189.27 | 187.26 | 173.98 | 153.31
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2. Method and Data for Calculation of RTTV

2.1 RTTYV of a Roof

The RTTV of each roof (RTTV,;) shall be calculated from

RTTVni = (U)(I-SRR)( TDey) + (UJ(SRR)(AT) + (SRR)(SHGC)(SC)(ESR) (2.1)

RTTV ,; is the RTTV of the roof under consideration in unit of W/m?

U, is a thermal transmittance of the roof in unit of W/(mz.K)

SRR is the skylight to roof ratio, a ratio of area of transparent skylights and/or
transparent roofs against the gross area of the roof under consideration

D, is an equivalent indoor-outdoor temperature difference in unit of degree Celsius
that accounts for absorption of solar radiation of the roof.

Us is a total thermal transmittance of skylight or transparent roof in unit of W/(m”.K)

AT is the exterior-interior temperature difference

SHGC is the solar heat gain coefficient of skylight

SC is the shading coefficient of skylight

ESR is effective solar radiation on transparent skylights and/or roofs in unit of W/m?

The Roof Thermal Transfer Value of gross roofs of a building (RTTV) is the weighted average
value of RTTV of each roof (RTTV,;), which shall be calculated from the fellowing equation:

r7V, = o) RITV) + (A JRITV, ) .. (A JRTTV, ) 22
A, +A4,+.+4,

where 4, is an area of the roof under consideration which includes areas of roof and

skylights or transparent roof in unit of sq.m.
RTTV,; is the individual RTTV of each extertor wall, which can be calculated as in

Equation (2.1).
2'27 Thermal Transmittance

"The thermal transmittance (U) of a roof shall be calculated using the method in section 1.2.
Thermal property of materials in Table 1.3 shall be used also in this case. However, thermal
resistance of air film and of air gaps for the case of roof shall be taken from Table 2.1, Table

2.2, and Table 2.3.

Table 2.1 Thermal _resi_stance values of air films on a roof.

) Interior surface of roof, (R;)
at different slope angles Exterior surface, (R,)
from horizontal surface at any slope angle
0 22.5 45

Thermal Resistance, (m”.K/W) 0.162  0.148  0.133 0.055
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Thermal resistance of an air gap or air space within a roof section is highly dependent on
thermz! emittance of the surfaces facing each other across the air gap. Values of such thermal

resistance are given in Table 2.2.

Table 2.2 Thermal resistance of air gap within a roof.

Thermal resistance value of air-

Type of roof surface : gap of different width, (m”.K/W)
Smm | 20 mm | 100 mm

Surface with high emittance

Slope angle form 0° _ 0.11 _ 0.148 0.174
horizontal surface 225 . 0.11 0.148 0.165
' 45° 0.11 - 0.148 0.158
Surface with low emittance :
Slope angle form 0° . 0.25 0.572 1.423. '
horizontal surface 22.5 0.25 0.571 1..095
45° 0.25 0.570 0.768

The values in the first line corresponding to those for surfaces with high thermal emittance
shall be used in all common situations. The values in the second line corresponding to those
for surfaces with low thermal emittance apply only to cases when highly reflective materials

such as reflective foils are used.

For an air gap of width falling in between the given widths in the table, linear interpolation
shall be used to obtain its thermal resistance. For an air gap of width greater than 100 mm, the

value at 100 mum shall be used.

Vaiues of thermai resistance of air film at the surface of ceiling under a roof are given in Table
2.3.

Table 2.3 Values of thermal resistance of air films at the surface of ceiling under a roof.

T £ surk £ ceili ‘Thermal resistance of air-fiim
ype of surface of ceiling (mZ.K/W)
Surface with high emittance 0.458
Surface with low emittance ' 1.356

2.3. Equivalent Temperature Difference (7D.,)

This is an equivalent temperature difference between the exterior and the interior surface of a
roof that accounts for absorbed solar radiation on the roof. Its value is dependent on the
duration of absorption of solar radiation, the solar absorptance value of exterior surface, mass

of roof, direction and inclination angle of a given roof.

2.3.1 Solar Absorptance of Roof Surface

The value of solar absoptance of the exterior surface of a roof is related to the extent of

absorption of solar radiation on the roof and is to be used for determining the value of . -

equivalent temperature difference of roof. These values are given in Table 1.4.
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2.3.2 Denéity—Speciﬁc Heat Product

The capacity of a roof to absorb heat, store and delay its transmission 1s related to the product
of density and specific heat of the roof material.

The density-specific heat product of a roof shall be calculated by the method in section 1.3.2
2.3.3 Equivalent Temperature Difference (T Deq) of Roofs

Table 1.5 gives a series of values of equivalent temperature difference applicable to the roof of
an office or school-building. :

Table 1.6 gives values of equivalent temperature difference applicable to a roof of department
store or hypermarket building and Table 1.7 gives similar values for a a hotel or hospital

building.

When the material and thickness of each layer of a roof is given, values of density and specific
heat in Table 1.3 is to be used to calculate its density-specific heat product using Equation
(1.7) and (1.8). For a construction material different from those in Table 1.3, property values’

tested and verified by a recognized institute are to be used.

2.4 Thermal Transmittance of Skylight (U;)

Thermal transmittance of glazing of skylight shall be calculated using the same method of
calculation of thermal transmittance of glazing. Equation (1.5) and Equation (1.6) shall be
used depending the type of glazing. Manufacturers of skylight products also provide thermal
transmittance values using certified testing or calculation procedure. In case such certified
values are unavailable, the methods of calculation of thermal transmittance (U)) of glazed
window shall be used. Furthermore, values of resistance of internal air film of Table 2.3 shall

be used.
2.5 Exterior-Interior Temperature Difference (47)

The exterior-interior temperature‘ difference i1s the difference of exterior and interior air
temperature of air-conditioned building. Its value is to be used in calculation of the term
representing heat conduction across skylight in the RTTV formulation of Equation (2.1). The
value of the exterior-interior temperature difference for each category of building appears in

Table 2.4.

Table 2.4 Exterior-interior temperature difference

_ - . Department store
Category of Building Office and school Hosl?ltal and hotel and hypermart
Exterior-interior temperature s 3 ' 5
difference, degree celcius :
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2.6 Solar Heat Gain Coefficient (SHGC)

This coefficient represents a fraction of average incident solar radiation or solar heat gain cn a
skylight that is transmitted and contributes to heat gain in the interior space. Manufacturers of
skylight products normally provide values of solar heat gain coefficients using certified testing -
or calculation procedures. In case such certified values are unavailable, appropriated values in

Table 1.10 shall be used.

2.7 Shading Coefficient (SC)

The shading coefficient o/f,_an external shading device for roof skylight shall be calculated by
the same procedure as that in se_ction 1.7

2.8 Effective Solar Radiation (ESR)

The values of effective solar radiation for skylight for an office or school building, a .
department store or hypermarket building, and a hotel or hospital building are given in Table

1.12, Table 1.13, and Table 1.14 respectively.
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Section 2

Evaluation of System Performance Compliance and Whole Building Energy
Compliance of the Design of a Proposed Building

For a building or a floor of a building comprising different air-conditioned zones and

unconditioned spaces illustrated in Figure 2.1, performance of its lighting system, air-
conditioning system and building envelope system shall be evaluated under the procedure -

described in Subsection 2.1.

Whole building energy compliance of such building shall be evaluated under the procedure
described in Subsection 2.2.

Figure 2.1 illustrates the configuration of a building or a floor of a building..

orTV} OTTY,

1
A A,

. |l LpPD, occu, | LPp, occu,
OrTY, EQD, VENT, | EQD, VENT,
y cor, ¢ cory -G

wl A I A2

LPD;, EQD; A; unconditioned space

LPD, OCCU;
EQD; VENT,
COP, C

A

orTY,
A

wi

Figuré 2.1 Configuration of a building or a floor of a building.

In each air-conditioned space i,

LPD;  is the lighting power density, mcluswe of the power of ballasts (Wm™),
EQD; is the equipment power density (Wm’ )

OCCU;  is the density of occupancy {person m 3,
VENT; - is the ventilation rate per area (I/s.m )

COP; is the coefficient of performance of the air-conditioning system servmg the
space, and ' : -
G is the capacity of the unitary air-conditioner serving the space or the capaCIty of
- the air-handling system,
A, is the floor area of the space.

If there is an external wall enclosing the space,
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OTFV;  is the overall thermal transfer value of the external wall, and -
Ay is the corresponding area of the external wall. o '

For an unconditioned space j, LPD, EQD, and A; are the corresponding lighting power
density, equipment power density, and area of the space respectively.

2.1  System Performance Compliance

The performances of building envelope system, lighting system, and air-conditioning system -
of a proposed buxldmg design and the compliance with the energy eff' iciency reqmrement are

to be evaluated as in the followings.

2.1.1 Building Envelope System

The building envelope system of a proposed buﬂdmg design shall comply with the
requirements in Section 1 of Part I. _ _

2.1.2 Lighting System
The average rated lighting power density of a building shall be calculated from

S (4)LPD))
o L F (2.1.1)

>4
i=l

The value of LPD, shall comply with the minimum performance reamrements in Section 2 of
Part 1,

LPD, =

2.1.3 Air-conditioning System
(a) Perfomance compliance of a large air-conditioning system

A large air-conditioning system comprising water chillers shall be considered to comply with
- the minimum performance requirement when each water chiller complies with the
requirements in Table 3.2 of Section 3.2 of Part I and other parts of the air-conditioning -
system complies with the requirements of Subsection b) of Section 3.2 of Part I.

The combined coefficient of perfomance of the air-handling system, condenser water
cooling system, and chilled water transport system is taken as the ratio of the design water-
side cooling capacity of the system to the combined rated electric power of air-handling
system, condenser water cooling system, and chilled water transport system excluding rated
electric power of spare or standby units.

‘The design water-side cooling capacity of an air-conditioning system is taken as the
combined rated cooling capacity of water chillers, excluding spare or standby unit(s). - '

In case the combined rated cooling capacity of air-handling systems is larger than the
design water-side system cooling capacity, electric power of the air-handling systems to be
used in the system performance calculation shall be taken proportionately to the ratio of the.
design water-side coolmg capacity and the combined rated cooling capacity of the air- handhng

systems.
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(b) System compliance of air-conditioning systems of a building

The air-conditioning system(s) of a building shall be considered to comply with the minimum
system performance requirement if each unitary air-conditioner complies with the
requirements in Table 3.1 of Section 3 of Part I and each large axr—condltxomng system

comphes with the requirements in Subsection a) in the immediate foregoing.

(c) Performance of a large air-conditioning system

For a Iarge air—conditioning systemn using water chiller(s), the coefficient of performance of the
whole system, COP, is obtained as the ratio of the design water-side system cooling capacity
to the combined rated electric power of all equipment, .excluding that of spare or standby

unit(s), of the system.

2.2 Whole Building Energy Compliance

In case one or more systems of a proposed building design. do(es) not comply with the
requirements under the procedure in Section 2.1 of this part, the proposed building desxgn 1s
still ehglble to be evaluated under tne path of whole building energy compliance. : '

2.2.1 Rated Power Requirement of a Proposed Building Design

The rated power requirement of a proposed building design shall be calculated as follows

COFR

i=1

£, zﬁ(om) g

1:/
4 {C(LPD)+C(EQD)+13OC L(0CCU)+ 24C, (VENT)}] - @2
_ | |

COFR

+3 4(LPD, + EOD)

where C;, C,, C,, and C, represents the fraction of thermal power contributed.to the load of the
air-conditioning systems by lighting, equipment, occupants and ventilation respectively. The
values for these coefficients are given in Table 2.2.1. In unccnditioned space j, there is no air-
conditioning power and the first summation in (2.1.1} excludes air-conditioning terms

corresponding to this space.

Table 2.2.1  Values of coefficients of thermal power contribution

Building Category G C. C, C,
Office, School and 0.84 0.85 090 0.90
Department store or hypermarket '
Hotel and hospital 1.0 1.0 1.0 1.0
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2.2.2 Rated Power Requirgment of Reference Building

A reference building model is used as part of the whole building energy compliance
- procedure.. The shape and layout of the model is identical to that of the proposed building
design. The model possesses air-conditioned zones and unconditioned spaces identical ‘to
those of the proposed building design. Each zone and each space comprises equipment power -
density (EQD), density of occupancy (OCCU; and ventilation rate (VENT) 1dentical to those
in the zones and spaces of the proposed buﬂdmg design.

However, the OTTVs of the walls and RTTVs of the roofs in ai_l facades of the reference -
building comply with required values of OTTV and required values of RTTV of building of -
that category in Section 1 of Part I. Lighting power density in each zone and space takes on a -

common value LPD, that complies with the relevant minimum performance requlrements of .

the relevant category of building in Section 2 of Part 1.

The coefficient of performance of each standards complying air-conditioning system serving a
space i, COP,;, complies with the required performance of Section 3 of Part I and of Section.
2.1 of this part. For a large air-conditiom'ng system using water chiller(s), its coefficient of
performance is calculated as in Subsection {(c¢) of Section 2.1.3 under system pe"formance :

comphance

The configuration of the reference building or of a floor of the reference building is shown in

Figure 2.2.1.
OTTY, oT7Y,
A 4

wl w2

LPDe OCCU, | LPD. OCCU,
OTTV. || EQD, VENT, | EQD, VENT:
y COP, G Ve

wi . A i A2

LPD, EQD; A; unconditioned space

LPD, OCCU,
EQOD, VENT,
COP (4] C'r
A

OoTTY,
Ab‘

Figure 2.2.1 Configuration of the reference building used for evaluating whole building
energy performance requirement. o

~ In the figure, all wall OTTVs are identical and equal to OTT¥.. Also, lighting power densxty
in each zone and space is identical and equal to LPD.. ,

The related power requirement of the reference building shall be calculated follows



130

A,,(OTTV)+ 4(LPD,)
COP.

[=]

“M

+ 4,
4 . COP,

ci

{CC(EQDi )+130C,(OCCU,)+ 24C,(VENT, )H 2.2.2)

o+ Z A(LPD, + EQD,)

The proposed building design is considered to comply with whole building energy
requirement when £, is less than or equal to E,.
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