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This paper reports the analysis of the thermal performance of building envelopes 
of high-rise commercial buildings in the subtropical climate and their interactions with 
cooling system. Building constructions of commercial buildings in Hong Kong have been 
investigated and categorized. Their thermal performance and the resulting chiller load is 
studied with the building energy simulation tool DOE-2. lD. The characteristics of sub­
tropical climate, coupled to high internal gains of commercial buildings, are discussed. 
Accordingly, an approach of assessing the year-round envelope heat gains summed for all 
hours of net heat flow into the building is proposed. Parametric runs are conducted to 
study the effect of individual envelope features on the heat gain. Sensitivities of the 
envelope parameters are determined, and proper design of envelopes for energy 
effectiveness are discussed. The interaction of envelope designs on daylighting and 
cooling requirement is also investigated. It is concluded that the possible range of cooling 
energy requirement subjected to influence of envelope designs is substantial. Professional 
input in the design of building envelopes for energy effectiveness is needed. 

Introduction 

Commercial buildings in Hong Kong are numerous. They are high-rise, enclosed 
and air-conditioned throughout the year. Curtain walls are common, but their 
constructions vary from light-weight to massive, reflective to absorptive, insulated or 
non-insulated, single or double glazing, and vary in the glazing areas. These commercial 
buildings are subjected to cooling requirement throughout most of the year, and the 
electricity consumption for operation of the air conditioning system accounts for about 
60% of their total consumption. The cooling load is particularly dependent on the 
construction of the building envelope and the weather conditions. Here, a Building 
(Energy Efficiency) Regulation dealing with envelope construction designs stipulating a 
limit on the overall thermal transfer value (OTTV) has been enacted since 1995. The 
OTTV is defined to describe the maximum thermal transfer permissible into the building 
through its wall or roof, due to solar heat gain and outdoor-indoor temperature difference. 
It was initiated (ASHRAE Standard 90-1975, 90A-1980, 90.1-1989) as a cooling criteria 
to limit the amount of heat gain through the building fabric, hence the energy 
consumption for cooling could be reduced. Other Southeast Asia countries (e.g. Singapore 
Building Control Regulations 1979, Malaysia 1989) have also similar OTTV requirement 
stipulated in their building control regulation, but they have tropical climate where the 
outdoor air temperature is high throughout the year. 
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Design .of the envelopes will significantly affect the! heat gains and the;loooling 
load on the 'air conditioning system, ; and. consequently determine rthe . require~ ' cooling 

_.capacity. tea: be installed· and the year-round ·. energy :oonsumpti'om• :\fheir ' thtmnal 
perfoqnance is characterized with a het summer, tnilciiwiriter, and .intermediate ~seasons 
during 1w;hich the outdoor air temperature.imay be close, to .. but fower than the indoor air 
temperature. These commercial building&, are also cha11acterized with high internal heat 
gains. This will mean that there will be a net cooling load on the system even on cool 
days, during which,; .the heat loss thrnugh tbe envelope will requce the cooling demand 
and energy GQJ1sumptiiQn . .Broper. design of 1!he 1enveJ~pes sho.wld be. ·an optimization of 

.: both Hrniting ~he '.h~at: g~in& .in. hot)days andi·takirilg into· · ac~QURt oJ the .!de.sirabl~1heat loss 
~hrougp;t,he envelo,p,es in t}le1r::,ool1days. The confli.ctingjntetest of;using, r:eflectiv.e: glazing 

'!., tp reduce:~olar loaq,and· utili.g;~~ion of daylighting shpµld als,Q, be r.ationalize.d!, · :: . : 11 

: t . ! ~ ; ~ , 1 j · i . I .. ~ · r ~ · , I , 1 ·,I ; • , i 1 '. ., 

Parametric Study of .External Wall Constl'.'utdon ' ~ 
' " • " J I'' I r_ ; 11 

Construction characfefistic of corrtmercial buildings fo 'Holig Koi!g were reviewed 
by studyi11g tile existing buildings. A 'total of 57 ouilding~ wire myestigate'd. The 'fihilings 
showed'.that tlie · external walls can be; classified ;in'.to.:s· t)'pes 'l)a1sed 011- tlie con~truction 
methods, de~ignated type fto V as illu_istra ed ~in' ~·1gure °I'. Local ~~f:fices are also ·g; aded as 

u ' ~; ·B or C (Rating an:d' ValUation Department 1995'). 'GrMe A1<Jfftces lia ·e:mgh qnality 
· · 'Jflillsn'cs and good· ihanagement, Grad~ C offices : I:i'ave·1basic ·• flnisnes '·atid1 minimal 

' l,1n ahag.emen't •arid.grade B offices are avera~e. The five types·are·! ·iJ r . '-' · "". · 
),· , 

,, 
I J .. , 1·.:·., 

'(ci) ii Typ'e I external wall construction is traditional, ' and is 1foilnd in most grade C and 
· ' sbm'e grade 'B bulldirtgs. It has • mass! commorily 1 exc~eding" 300 kgni:z, ~· d is 

'JJ': - ~""''·· · clfardcterized·'witlfhigh 'wall U~\rahie and tinted giass. It is als'o fom1d in some 
· ·grad·e .A· buiidihgs for external wairs) ·embracing ilo'n <fir'..conditlorted'service areas. J ),• \ 

' . , ;i i . 1: . :~~ 11 r lJ.. ' fJ ;· !:~: , .,,. :1 1 ll ' / I :Ill f J • , .: 

·' r;. \b) Type II I ~nd 'III are medium th ;heavy-weight c6ristniction, . having inner' :neavy-
,; ;::.weight ccincret1e layerwith spandrel glass'6r granite paneYfacade>with or'-lvifhout 

a fibreglass insulation.layer in between. ,. 
,.1 1 ' • Ii 1{) t; ':. ) ( l ! I '' ,·. ' ' ; ' .,': t ! I ('. : '! ! • , • t' I J I I ; l : · .... I • 

J'i (c)'i ':.rLType IV and Y. ·arein'on load-bearmg construction; characterized Witll ll'ghtqVeight, 
: ' ·; ' 1 • thlck fibreglass 'insulation layer giving ·tow' U-value; ·highly re.tlectiV"e visioh giass, 

.. : : . ,, 1
1 

,. attractive spandrel rglass· or sometim S' 'aluminun'i-: Wail panel f~ca:de . and an 
· . .. ·1,, · ' · ·· ihhetniost layer of gypstltri board~ · · •. :: . , : ' ;.. 1 · · ;·1 :· · '! .; '.i ii ;• 

·• lJ , 'I; 

. 1: .. ( . :, :~, Gracile A buildihgstypic'ally -haviexfomai wall fonstrtietfo'n of type 1r,1·IU,'IV or 
,,\ ; V, which in·effeot are various:fol'ins'of curta:fu ·wall. Single' pane re:tlecti e glaz~ng with 

1 • , very: •low shading· coefficient: :a'i•e coinmoh, ·though occasionaily double gla.Zingtrn·ay be 
' : '·:• used: These 't"l:lrtai'n1wal1S' differ iri the cdristruction ·weight1ai1d·th spandrel faelide .. ~ ; ii 

~ -;· i ~ !n :I; t rr 1· :~. 1 ! j '_ii; .'' j ~) ~ ·:;· /r .~:: ~·,··.l r d1 ' ):·. ·;· . .r: 'H:i f lj : . (,Pl I,' .,:,JI I • Id -
1

' ,,, : 'lj I !~l. 1". 

')! '.Ji i 6 I ; ii' '1Beihgi bf\subi.itrdptfa} '.climat'ehh~fe !a.rel irtt~rntedtafe Seas'OrtS'Jbettveen 1Sl.UTimef and 
1 'I;, :winter 'Cl wing• whfo.li 1tllc"outddaY ai1?t ttip'ci~tufo 'fs i1il the rarikt ·bf 181 ~r25 °C!. E ~n' 1

n the 
i ·':/\ 1 intei- -th.e weather1:.ii)'. 'iitild:· so th t · 0'01lirlg·is st.ili1 'r~uirecl' ~in 'd:nmnercia11 lfUil&iligs .' 'At a 

particular I our, tliefo1'tanrlbe ~cdi:1'duct1bi1~ !Heat .'flov.t1 ou' cif' fHe ~lfo.ilcllrrg' ahCi I shl'ai raffiation 
into the building. The algebraic sum of these components may be positive or negative, 
contributing to increase or off-set the overall cooling load, respectively. The thermal 
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. ;i : ,; performance of aµ envelope constf!.!ction can be indicated by the effective total heat gain 
·.: 1-11 ~ obtaimed' by· summing the wall conduotion· gain~ glass conduation gain c and glass solar 
1 :. ~ , radiation gain fmr aU1hours withmet ~nvelope gain and uonnalized over nhe total exterior 

) wall ·area, expte$sed1in kWhml'r?. IT'hisaenn(.catt be interpreted as an inde~ for. a particular 
form' of envelope -constructi.on?telling the 'possible amo'unt of heat gain per 'llliit area of the 

\' exterior wan that constitute -th!C!: cooling requirement throughout a year. r; 

I . 

The thermal, performance of various ·envelope constructions can!he studied with 
the use• o~ a hyp@theticat squ~e. shapei llliigh-ris«~· office lbuilding\,with sides' of 36 metres, 

·· havingi•prescci:bed bu~Ming operation: ~haraeteristios- given in·:Table' L The ihternal :heat 
·'' 1 1 ·gains 1are charactertized :,with 0(;1cuparlt1y -intensity 6f q· Jin~ i floor aiiea~>per person, lighting 

power intensity ofi 2:0 wat-ts per m11 ;flow1ai;e~· and1 equipment power intensi~y;: 12 watts per 
m2 floor area. Outdoor air is provided at 7 l/s per person. Air conditioning is provided by 
a variable air volume system with Goo4ng .set point at 25,S ~C: .. '· ,, ,,, . : "ll'llir 

11,J V/ c A . b'.~(j , c~~.e11 :p.avip._$-: typy(' II en,y,<?~ppe constrµq~ion . is 11~sed as ,-the basis for 
<""" ~Rmiw-ris<?~~ : ThisJ~~~e q:t~.e)~pil4im~ h~ . si;i~l~ pane f~J¥?str~Hq1? !'YY1do~-t~1:val.l ratio 
'· .. ;(~ "". .• i9·5r~ sh~qirw coeffici((m.(SC) = o,~5,.J opaque wall ~~s~ _(Mw) =1 ~1 l 2*gw~~ , wall 

. S1;lr~~ce,JlbSot:ptan,9~ ,<a) = 0.5,8, ,~P.d ~~11 V-Xf11Ue (Uw) =;=, t2~34 .. )YJil-2K1, ~ijicff, ,reprn~ents 
; t1 an l ~v~ra~~I ~onst~tion. of,;l,9;Cal~ffj,ce ,puildit?-&,;· The P~w-by;hour heat1c-sm~u~{iop and 

· 1.; , , solar ~'1d~ati9p., .co~po,µents)lu;c;mgh, ~he b~ildi~g ·_walls and w~ndpw_s, , an~ .. th.~ ~g,iilJt:;r,•load, 
are studied with the building eq.ergy simulation to912DOE-2.1D (LB,~J)~81). The,,94iller 
load represents the energy extracted by the air conditioning system to offset the 
ins~antanep~s cpqliJ1.R 1l9ad r<t~ulting fijom ext~rn~Land, internal he~~ gaJ.i?s, that imssed 

.. . ;9Jt,Wat;~~as a loa4RPJhe chijl~r plant._ ThiS;iYh,q~ec\oad : is ~ ,9;umulati;y,.e amo,1W;t for a year, 
,and can . ~e 0dlyided1 by the t_9tal tr.ef,lted f!Qor ar,~a · to glv.y . a n<?fD),al~~ value. The 

. ,,calcul~te4,~ qhjllt;f : lo~sh pmvAQ,e~, &iJ~((fr.~Q.c.e only1 a~_ ,it is; 1c~i;istra~ned ,~Y tbe prescribed 
specification of the air conditfoning system and the building operation patterns. The 

C· .ayf.ual load i,~ expectf;(~ . to Y;ai;Y, for ~ifferyQ! .. in!f:frnal constructiqns awf ~i!lp"e, different 
, , , :: .~ui~ding op,e~a~i.~m P~!te~ ¥1d part~9ul~r.1!' d~~~t;re?t air condition,W,g ~ystemJlysigns. 

" .. ' 'I .. J J: I '' '. . ' ~ ~. •. '. ~ J I i. ,'.~ : ! 

The effect of varying envelope parameters on the year-round heat gain from the 

It. env:ehqpf1 ~~1,1,oW, .• fllf~ :Ch~ 1,W!r~) . ;q!ln, be ~l;io'\\'~ qy p~raiµ~tJ.jG an~ly~is, ,fumrnarized in 
.?:H'Figµr,<t. :2. :f\lp.o,ip.g_ ,tber\'~r.amet~s of,erw~19pe~ con~vuc~~oµ, Jpe wingowrt$i)-)Mall ratio and 
;1,; !4~ gla~~; spading co~f:tlci~n~.have much Ictrgyr im~act Q.nJh:e envelope l;ipat ga,ins than the 

other parameters. The envelope heat gains cap ini(fyf:l~ by more thap ·fPur times as these 
two parameters are increased through their possible range. A point of interest is the 

'j ' J t4eimal; 1ef(ect of doub\~, gr, .tppJ.e, ml.¥i!J.g.~that)~a~ lo:Weli ,tran~ittance -{tat) ·single pane 
r' , ,,,.}\'iii4ow:~ In ~9,p.tr;:\ry 1to ~ th;e .~pf)ctatio~ . J>f many-,-ai:ch*ct~ , and engineers tp:ijl-multiple 
~. &~W:~1g ~~y _h_elpc-t9 ~~! i i'CJ.le~gy co~~uw,pti,oq.~ 1 !toe ., c~'QiI:l.e9;1etJ.s:ct~.Qf, l9paL .cl~ate· and 

liighj~J:i1£¥~4nlm~q,P4¥'lq~~tj~~~ .. 9f, ,qffi~1~ 1,buH~.fig~. -d~~~ :J1qt .fav.~wr 1tl:i.e µ~v ~o( .d~mble 
glazing for its low U-value. There will be an increase in the envelope heat gain summed 

'.; r 1 :; fP!J 1~\l ; }tcw:H · .P£ ,1JlY.t1,g~t~h ~9!~1 Wi11iw~J,..~· f9!:'149J.tbm : ;gl~zj~g,_ ia.i:i1~mp~r.~d i with single 
~dJ ft\¥~11,S! ~f" ~~~il~~ ,~J;la,~inJ?i '.~~iif!i<!i~nt~ JIM\l;~1illl~i1gi~~i»gs , i:;9;Q.s~rµ9ti~~r.<ilQ~$ -1 :WDit 1have 

1; iA~~PP.ill rJ?(CfIJ.~A; .. )?~{riA~J>riJcrnr'.iJ.l".lVia~m.r1 JJ-qtri ~Y JJb~ '.Mi.'fJlffiag~qlJs n:fQ~ : o~eru1design 
i l~ i.99n~fci,Y:~aj:icm~i' ~1H4ipg'.pqi~@ ~\~~WltiOJ\1JW4};1jlp.i~~MW,;C@_i,:1GWflr5~~imJ. pFpblero.• ·' : :L ,; '. 

. . . ' ., . ' , ;· .. . . . r ,", .. 
,:i•/tff ~:l'I JC'~ '.!l'~?·Yj ~)(I <ri!)'i :'.Jlt':L',i(,[f·if; .J?[jf,'I ,(l :l l.li! '.;•,_,]()'1~: ·: ·:,1L; i!JUllc.'! ~! 1 

:• rwHii 8.'.'1 .yh\1il'.Y1 q;~·-· r ,L1;.J; ~111[:· . :l:>"~1,,J ' :J '1.,.:i 10 <' f'I! ' ) Jit. '' ,~'-' -"' J1 ··-· : 
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, ,Th~;opaque wall ,theymal.mass has a counter-effectJon the envielope ID.wt gains and 
, ~h~ chiller load. There · is . a significant reduction , of heat gain of more th.an 10%, 'when 
Ghanging a light weight construction to heay,y weight. However, this; ,energy reduction 
credit is diminishing with increasing thenna.L'.mass, and there is virtually no·'extra benefit 
asrthe thermal mass is increased beyorid,!<500 kgmr2. An optimum waH construction may 

have thermal rti:ass of about 300 kgm-2 by having a concrete ·layet ' 0:f merely 100 mm 
thickness: · ,) ·· '-' .' '. r: ! Y i1 , J" • , :;r; 

~ i ' I '. : : . l : (:. 

Changing the wall U-value from 0.5 to 3.79 Wm-2..Krl will brib.g abo·ut a reduction 
of envelope gain by 15.5%. The influence of the wall U-value on envelope gain has also a 
diminishing effect ·as; its magnituclie becomes: smallei'.1 Unlike· rhahy European countries 

I '"that have cold clun'ate 'arid specifi6atfort1for1 wall U-\rafoe to bd 1ie:ss than'~0~145·W'm-1K-l, 
the local climate do"es nor awardll6w!transmitta'rice less than 1 Wni'2KJJ~ 1 This1 'suggests;that 
. - -· . . .. ;, . ... .i , .. ! ,l., . .,, , , , , . .. • I ~ ;... .. ·r . . ,..i , • .::•-' 11• • 

ll lll>e!'glass 1s useo as an rnsu1atn1g layer ot Ule' envelope, a· ttucKnesS' or L''J mm is 
adeq ate. ' 'bicker insul\:ltidn t 1 brin~ th6 w~ti:U-~a1ue belo.tv '11'Wm-2K-MYill' ndt give 
extra' energy cred1 '.1 The 'a1bsorP anc . of ·ext~rnaHvall surface'haS ~ 1 rdpoftionhJ :effedt on 
cooling energy requirement, and its importance increases ·with tli6 opaque portion o'f the 
envelope. As its magnitude is changed over its practical range from 0.2 to 0.88, there will 
be a reduction .of envelope gain by 17. 7%. 1.- i · . · i. u, ; , . , 

sensitivity A~alysis 
I ~) r 1 • 

1,:1 . 

., 'ti 'f. ... ,, . .·. 

·i··n.. ReHl.tive impact of various eilvelopei feathl'es "ori the :effective y~M-round heat 
~I. gruns carl 'be 'compared by plotting graphs ·of the r~lative h~at'dains again'.st t1ie envelope 
' (>'ararneteis~ as in Figure 2. However!:they do ·1~01" allow direcf ·comp~riso~ of the· slopes in 
.~" th(; e figtites · bec~use of the va"y~g ranges and' w1its 'of'tlle 'abscis 1a. This ~iffi.culty can 

•
11

• 'b'e avoided wi·~ll 1 the ti'se 'Oft.a ~en:sitivity C'oefficie11if"(O'Nei t ' '~t 1al ·1991y oh ained by 
' () j iidrmalizih~( th~ envelope' 1paramjetef during tlle :calb'ula ion'. l)f the I Slope. l'fhb d attge in 

value of an envelope parameter can be n6rmalized by:1hp 1essing· lt as ~ · rli.U!tiple (or 
fraction) of its no~inal value in the base case. That is, for an envelope parame,ter i, 
\ ( ) ~ .. ! ; ( I ' ;.; ! I I .I J . I J i. ! ~ ' l ' • '. l ' ' I I - . • ' J j I ~ • . I , I ' 

· Nonriali~ed ~alu'e1 change :i:fi! L\Pi; "IL c ·; 'c 1 ;· i " • 

. , .· t" j J ,j '!'; ;. :. .1 i ! < j ~ ! ; i .. · 'iJ pi ti '';' 1. -· ~. ; , , t ' .j 

' 
r! '' ! , •,; I •• • I I 1 • '·•, • •• , • • 

. , , A,ls~, the c~1a~ge 11} the .amount o( heat . gams resµltu;ig . frqm th~ change m 
' • Illagnitude I Qf aD en\/e}Qpe· pJi.ameter Can

1 
be .. exp

1
reSSed aS a ' fraction' Of the Il~IDinai 

.,., · :en~el~pe 
1

hea~ .gain : in 'the ba~~'. case. Th~p: ' t~~1 . Urip~~t 1~f ~i'~~l~~lop~ pa,ra~~t6r· ~{ the 

'.) ·. 
/ 
~1i~eio_gy peai gairi 'can, b~ 1 ~cli~~t¥~ . .bY .~J ~ep~~tivity 'coefvciemi.s~-~· which)~ defln?d as 

, 1 the p~rce~tage cha~ge Rf..~e , r,eJativ~ 1 ~nve qpe ,g~;Pet,' ~niLnonp~li~est, va~ue: , pl?an&e of 

t~~t parC;tµieler. 1F<;'r1 fhP.~flll};e~e~ i~ s.Qt;i:YW?)e. ~:p~~~~lf4 a~; ~r . ., , .'.;' ( : ': ' 1 I J ~ '; f: ·:, r 
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1, ! :::: Tlaie sensitivities o£the six etlvelope parameters on the !heat gains are compared in 
, 1~ .Figure· 3r.1iThe:iglass shading icoeffieient has the larg~st sensitivity coeffi:cient/folloWoo by 
< 1 (J ,,rthe win~ow-t@-wall ratio, both are r<tlatively : :milch more 'significant than the other 
·· parameters. If that of the :shading coeffieiient is .taken to 'be unity, the sensitivity cf the 

others relative .t©. the. shading coeffieient, 'caMed the relative sensitivity,1 can be obtained, in 
descending ,ordei.; o(.signjficap.ce: . sha,ding coefficient (1), window-to-wall ratio {0.83), 
wall surface absorptance (0.152), wall U-value (0.13), window U-value (-0.091),~followed 
by the wall thermal mass (-0.07). The negative sign indicates that increase in its value will 
rvduce the he,a~ gain ~<l chiller load . . r-

, . , : , . . , • .. • . : . , . i I r ~ l. .: ! 1 · 

· · "11;:) :)n.t]].est::i se~itivjty anµ.ly~es, the Xf!nge of ~_gnitu.de l)f envelope parameters must 
. be defive~Ho duly rflfl~ct the ~e..'1;listic, ,<;t11d full ,e.~tenctof va~µes: With a combined change 
\: .<?fdwo <:>r,: ,,mor~ par,an)eter~,.rthe.'.7effecton the h~~ gains and c~ller lqad will even be 

lfilig~r~ thpvgh indiv,igual effects sh(j)uld not be ~~de9 , ,alg~b.raic.a~~y to giv:~ the combined 

·: . , pf,t~~t. !,.~~ comp~Jtrdr e(fr,ct .of hj~~ ~h<l:d.il}_g .coefH,eien!, an,~ :~PNtP .he~t.; Calj>~city .p~ wall on 
••) }he q~illt:!r lo'}4 will q~:~rominent, sq ,i~ Jhe c9mbinect emwt of high shading c9<rfficient 

·1!l~d large windo(w-t9Twall xatio. '.! ! ) . •. , 
1 
:i ' I· " ~) fJ( 

. " ' ' q ,, "' ~)\ 'j · . • •. 

Range of Heat Gains and Chiller Load Influenced by Envelope •Constructions· 

The ultimate purpose of controlling the overall thermal trans~% vaiue of)?M~l.ding 
envelope is to reduce the cooling load, hence cutting down the chiller load and 
conseq~y~tly th~ :r.nefg~ ~ons.um._i:itiP?· H.e~t gajns through the buildinf; eqvelope account 
f5)f . abqp~ 31~ .,.,qf P1~ ·9uil9ing coqlip~ ~oa.~ .~~in_g the ;~?~ ,summer sea~?nJ. i ~or an average 

. .. :9Jti~e.1~_µ~l_9.iJt~ · (Chf?W .~d Chan. ~1~~.~) •. J '1e ma~nitt. ~e of this env,e!9pe ~l?~d v~:~~s in 
!' ·; :- wp.~vAd~~I ;.• bµ,il~ng~~ .. • ~g, f Jc~ ~ Jle I ~.ub~~anti~lY I P.gP,er :W ;, io~e.r'>.}i~~;.nding .. ,O~ : the 
,,. ,1 ~911R!JYstioQ.: of ~~eJ.bu1l~i.Q.g ·~. ~Di4 ~~ tJ~e9?.cWiB~Yeir.<Y ,pf.ppe1~ti~~ . ,9.f :~h~ const\ uent 

11 .~~rie~~· !ffince, coptrol ·qf. % 1\heqpCi;I p1~rf9rn:.~11c.~ pf t~e 9nyLt(lope is i.n:itP£F,~nt as p~rt of 
,,, tb9ioyep1ll s,s~~m~rfor gml~mg energY;;Y~ptivene~s .. , , .. ., . ,:•i .;c' :' . .. 1 ·J!r:-. 

t JJ~J . .-~ u ··1 _;q ... , ,, ·1~ i ~ j ~~ , , .: ~Li rh\•, .l . , (:L·.,,, , !i 

To reflect the extreme, but possible, amount of envelope gains and chiller load of 
a building, a prototype energy effective erty<;:lqpe_,co~tµicti~p. . ap.~ .H,,Pwtotype energy 
intensive envelope construction are estab~ished. Their monthly chiller load profiles, 
compared with the base case, is shown in Figure 4, and their relative performance in heat 

''. 'i~His ~11 chlµer. l~~d· is"~iiuit!_ated1
1

in1 l7i~1:~ 5:.'Th.e ~~·~rg.Y,. effe~tive .fo~ i~ o,~t.~ed by 
~J . •., fav~~.lt~bl<? c~riibi9:~~oh 'o_f .~nv~loye ~eat~e~ ~0~1~ . ahi?zj;g_ 'ti1e s~~y~~ .bthl~big~ .. with 
.Jr." ct9u~ie'gf~i~g. ~vtR.)~ 1~.~~~ '~C = 0~.~·~,, .,1'4w ~ ·68'9 1kgllf2,~~ .J.·.b~.t:·~·d _lfw "."' Li971

_Wm· 
.., ,, 2K41:1He'fr; doubl'e\.g1a1zillg 'iS ·Kc?optea 1for because· ·dt its · 1aw u~Va1Ub; bUt 1bec~us'e 1 or the 

. 'extrdinely'%w shatil1tg cbefficient 'wbicn ls "avaiia1:Jld fu ~ ttre 1 marke\1 1:6:6'ri(doubl~ gJ.~ing 
reflective glass. Its resulting nOinilllized 1enve1011€ ga1n ··)<ilid1"Chilie/ 1oid" ru£T4.41 . and 

163.9 kWhm-2, respectively. The energy intensive fo~, comprises unfavourable 
combination of observed envelope features, with singlt:. glkiftg' WWR = 0.79, SC = 0.8, 
MW= 302.8 kgm-2

, a= 0.85, and uw = 3.46 Wm'2K 1,.,. ;F°_<?F .~-<s pOQJ prot~type form, the 
year-round normalized envelope gain is 284.8 kWbm-f, ' i't'O.Q the ch'ifr~r load is 264.5 l f I kWhm-2 . ,. ' 

• \ ii j ~ ; 

Interaction of Envelope Designs on Daylighting and Cooling Requirement 
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' ' J , ~; • ~ ., I ' , r 

Electric µsage for lighting in)ocal commercial CQ:t;nplex has,_been found to ·P~ in 
. the~ ::>rder of 30% of the total electr.ictty consumption (Lau and Cl;i<;tn 199.!2)., Il)ri.s will ~lso 
impose, 1 load on tthe cooling system,; meaning a· further en~rgy 1 im.plica~iqt1.,. ;JJQ.e, en~rgy 

~: · requirement for lighting a:nd air :conditionir~g. is an ;i~te~·-related. :issue,, in p(:lrticmlw if 
·. daylighting· is 1tak~p. into .. , c,onsj9,eration. Greater wind,o,w-to-walil .. ratio and sh<!4ing 

· coeffici-e)1t of fe1ws..tr,ati011 will,~~rtainly pro~ide more natur,al lighting1 ap.d reduc~ lighting 
·J. powe.r r@quiremen~, but it wiU ~sq .increase, tpe ~eat ga~11s throug~ tp.~ ~u,ilding. ~Jilye~Qpe. 

T.\lc;:, 1energy impact~ of d~Y.}igbt~ng in some ,gec;nuetrical _i;egions h<;lY~. 9e~n r~ported · (e.g. 
Sullivan et al. 199~), and ~ug;ge~~ectthat th_e y~sible tran~mittance, of ~h~: ~l~zip~ ~nd the 

'.'I orientation are1crjti9al. Th~, ip.ipjiCts ?f dayligh:t~ng fil).d t.Q,y ,interac;ti~p. ?f ~m~~lop,e; des,~gns 
on illuII)iµat~~~.·~P.~ cooling ~equire,p1Fnt. under,.the s~~Q:-ti;oP;iq~l, cli;w,~tic c~ndit~O";f~.s in 
Hon~ Kong l;lf,e )'!yt to be ~l}vest.~~ated. _, · -~, ~· , .'. 

1
: ! , 

{ ' . I . ' .. r (. i I ' ·• ' ; j 1 \ ~~- . ' ~ ~ r i ' 't ; ' ' I j l ' ; j /, 
An integrated envelope and lighting system together with lighting control 

strategies is established to investigate the energy impact of daylighting and envelope 
design. The base case office building, with construction and cooling system described 
above, is designed to have illuminance level of 500 lux (CIBSE 1994) and provided with 

. ·': movable inrerior drapes; Visible transrt:1ittance of glas's is important fol' usi1ig daylighting 
to1 '0ffset intema!f'electfrc lighting loaa"1md associated"tooling load. In this· test:the visible 
transmittance ·is 0.3 at 'norm'~l irlcidence, and the interior shading :de'7ice' has:a shading 

. , I coefficienl and visiblt(lransmillance mulfiplit:r uf 0.6 and o~35/respectively. Dayligh'ling 
I saVing ;is investigated· with perimeter zones of dept:h:'4J.B metres, 1:With photocell! that 

controls the continuously dimmable electric lighting system' respond to the 1ight 1level at a 
reference point placed two-thirds of the zone depth from the window to maintain a 

,. : :hghtirigilevel of500 lux. 1'he shading~idevice and1'the '1ighting rfuntrnl system will be 
· -~ ··: 1 deployed if difoct' tsolar gain' transmitted through'. one square 'metre window area 1 exbeeds 

'. · 9'5 watts or the. gi.are index at the 'l'efetenc~; point exceeds 22 (CIBSE 1994 ). . ; . : 1 r: 
~'. :1 \ ,f i; :; ~i ijf'[' L;' 1j ~ ~i ~ /~ j ''l!,~ . ,l 

, J,, Restilts· bf ·simulation with 1the ba:se case' building 1 and the. described lighting 
'IUi control •system indicate that 'daylight can1·often provide'!illllmtnance· of 500 ·lUX a!J the 

perim~ter zone. without the use of instalted elettiic light. In' this prototype bhildihg the 
peak; space cooling lbad ;normalized over the floor area is redticed:>hy 8.3% from 51.2 
Wirf2 to become .. '46.5 'Wcl'2• This wcfold enablef the I use of smaller' installed !cooling ·plant 

" 'and faii capacity. The amount of lighting energy reduction by 'daylighting ·is 27% on an 
annual basis. Associated with this is a reduction of-the '.annual .ch'iller load ·by rr. 7o/o ·from 

204.1 kWhnr2 to become 188.4 kWhnr2 of air-conditioned floor area. As a result of the 
. '' Teducetl electric lighting, reduded chiller load and S~aller fan power consumption, the 
1 ·i-; Y'ear-iouu'denerfy-s~vingis-12.'6%'.'''' 1 

" " 11 , : ,' . 
1

• , .·, 1 .: • • 

• t IJ I j i I • • ' : I , ! ,: , I! J j I L •' .. ' : . ~ l 1 '·'I l r • ' 'j • I ' :. I I; ! . } ! r}J 1. j: '11 ! ·; t ,. t' '. 

;_,I! I ' i I , . The' abO've ;finding supports' ifflat 'there· is' significant opporlunitf of' energy saving 
through utilization of daylighting with deployment of shading device and 'apprdptiate 
lighting control system. However, the overall thermal transfer value (OTTV) of an 

• ,, 
1 etivelope desigtl; ~hiclHs a11legfalativtiirequiremerl't!'u'ncier' the build!ilg regti1ation to be 

• i 1· ·Tower thati a· prescril:ied· Iifult;' 1does(lribt 'accoJiif :for 'Hre · :~tfe:ct'of 'daylignti'rig.:Tll:i's iwill 
- ~ '"dis~duhige 'tfte lus'e· 6Fslcylight1 ind 1 ·sia'fecbf-the.L~rt 1 !retleistratio1~1: of'· ~fohancea': ·visible 
,, . ; : tra'tlsmis'sidri becaus~ r that 'riiay bookt the· c~ldtilated;brrv~ bti 6i±e 'hand it 1is ·reas'onable 
:;. , rur ·exdude 'any,'-'iiiforibr .. shading1 -in'.!'ass1essingi!fh:1f :th'ermaL ~erforfuaiice ·-t>!f":6'uilding 
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envelope, as the interior shading device is not a fixed installation and is subjected to 
.; probabil~ty of not ·being1rdeployed by the occupants. However, the promising energy 
3 !Jsaving from dfRylighting coupled with :appropriate lighting control scheine suggests that a 

'. L; 'proportional ire lax in the OTTV; ·can be granted fot erivelope designs 'that are· beneficial to 
; i "utilization of daylighting~· Fot;ithis, :futther:,investigatio:d <>n the· 'visible solar gaih with 
'1, 1:relatioo· to the 'irit!egrated·envelope andthghting design is >needed, ·and the1incremental 
· · r: ·electricity consurtii:)tion· with respect to the solar aperture 'WWFJfx SC and :the effective 
· "c''a~ertiire ·WWR x't\;i~ (Sullivarfet al f992)'has to be a'rlalyzed' fotithe local meteorological 

and)'buildirlg' -chfu.icteristics. · Anotffer iwindow ·vetformance parameter, the luminous 
II' eft.1cacf · b·6hs'i~t' ( tvjs / SC') ' that .=i~ilici'ate~ · !h~ "· h~iative perf6tmancci· of windb~ in 

~.1• ~1;~!~~~1m ~?!ar ~~~~~}"¥: tl~~~tting_1\J!.~i6:le li.~t ~ts~~lM~~d et al · i'~(>~S), :&m be compared 
w1ili the i.dcremental energy· use. Thd"patameter'w1ll be· 1complem:entary ·tb the OTTV 
that, otherwise, can be made low by simply having 'h:i'ghly reflectl.'ve 1 ·glaztng with 
extremely sma~l shadin~ coefficient but blocking the visible light as well . 

• 1 '-J • l ~ ,: '-. · r · .: 1. , 1: ~ r1.. '--· r ) , ( . . 

' [J 

Conclusion, i. 

, I I I r. ! ;.: ' . >) . I 

'!. ..• di ;f Di~for,el).t envelope constructiq_ns Q.ave substanti~~- eff~ct on the m~gnitude, pf the 
· ·! :, :990lill-K: ener,gy requirement. Jl;ie e~t~µt,9f influenc~ :ha,s been. illus~~atysi, by, par~UJ.etric 
.' f . JIDlialysis 1With the practic_a;l ,rang~ s>f ea~h. p~rameter identified fr9pi exi~ting b~ild~J}gS. The 

~fluenqe ,of. jndiv~d"1a~ -en;velope features, :Ollt 1heat gain i~ weather dependent, ;P)fl.k!µg the 
, . d¢~ign consid~liattpni; for b\lilc:\tJ1g env,elopei;, under the sub-tropical climate t~, be dif[erent 
1::ftom1th~t}.UJ~f~r th~. topical, or cold climate. ~ ',,, 1 1 

J/ · ;,. . .r·. ~ 

' J ,j i ii '!' Owjng to Jhe., ,Vjarry;ijla.g. ranges ~p.Q. uajts o( the ynV_;..elope fea~ure,~, ,ith_~jr ;i;elative 
.. i .vimpa9tl' on the h,eat g~iiljls ,:~nd · 9hWvr~ 1load, folj:.ch~g~s ~nr Ilf,l!gnitude. c,anp.ot qe. compared 

on equal basis. Th,iJ;.:~an .l]e cryer.9orp.t; with; t]J,e u~e1 of:a s~nsiiiyicy c9;effj.cient obtained by 
normalizing the amount of change of the envelope parameters and their corresponding 
heat g41ins.· Th~ impac;t:Pf;:,,an :~n.y~lope pap\rneter:on:the thennal ner(o,n~aµ(;e of envelope, 

1:·'1 qn a cpmparatjv:e p(lsis, :viay)han be indicat~d hy: an e,nve~ppe g_ain,!~~n~tiyity ;coefficient 
'ii ~fiped.~s ~4e percentage chang;e qf,t)le re~9111iity;~ envelop_e gain per unit:r1orill.ali~eQ..;!jalue 

ch~nge qf that: pru;~~ter. It proyiqes insight and guidelip.~i; .to the building de~igner~ on 
·, . 1th~ effective m.eap.s.,tp optimize .the,thefll;1~1 P\::rfprm~ce· qf,~nvelopy"c9nstrqetio.ns; and 

;p9ssibleJ;rade1off among the: p~~eter~ii!J. ge'!i.i.JJ.g the desAgns to m~et with µny ~tjteria - . .. - . ' \ . .. . . 

u1<,Jm·env:elppeJ:i~t tra~~Qrt aJJi~ ~:w;:rgy,t~tget. , ·; · • ,_,:'1 ,Li .. ;.'. :. r~; ;1: 

~:d~ '_; l,1'."..'1~.i.~, J .~_·'!J if,'-li_,·~,,J ~ -i!!'[\rr . · )r ~):~~Jdt_,~· ·:{' ·1' . .P,). 

11 1J L· , .. ,;rh~re i~_,goo1dj opppi;tun,ity of e~~rny"~av~ng~thfo.ygh ~n~.YJP°at~d . envelo.pei1Jifsign 
and utilization of daylighting. Resulting from appr~pr,i~tF ,day)ightl~g s,yp.ep;i,~, d~~igA- and 
proper implementation, the reduced electric lighting, reduced chiller. load and smaller fan 

~:J!i pcrni;~J'i'.:.~gn~µIl(p,~jpn 1~JillW1J.P.L tq ::F:6%s~ftr]rn1Jl~;, yn~rgx,,; 1~ay~ng, .o~,.a" 1~)fpical office 
"•' IDl,lj\rling.J.· .. ,., .-,'. .. >rt>.,.,,.,··,,.. 1·1·11··1 olfJ'J 1 1J11"·1· ,•r111 '· 1 ,,,; ... ., 1 ·1 Jw·:',,,.;l1' r '-'11·,-1 1··1·· ·'''·~ ,J .. I,~~'' •..Jc.•-l·C.• .• t"'''.,- ,~J lr:,-~l .. Ji_(°:'il.1...(-·LI..,.~ -- .\..1 _. C"~. J_l. 

:•1; ~\-. ::\ JTU, :1 <il L . · t ~.1 ~ 1 11;· 11 f1,; 1'J :;r! ; .! · . ..i " () :·:·i: ,'.l.f'.:.lN'Jil Ll'JI;.;·;;: Hn;.,,) _,uJJi~.:1 

.,d 111 il•J 1J·:fiWW .1tlii~,. f!\w1Y~~s~~;~! r&8*1Pff1:.f,GWf.~~d~~JMi~t1~!\u:, r~ng~•1Pf ~h~aj. :P~sf.<;>nµance 
I l; I/ 1i~~~qes '~~e~µ,Ui.n~~Y<?P.1 t9tff ~r~~~e~, in;. fu~ mv~~~P~Amn,~~m~tiQ9rJl~'..l~Jfµ~t~fli1ii~l1 TF}t\ year­
.;,:,; iJ,;9µntj._ yrQrV.~\~Pei ga~111Jf~~HJFjH81 frq1Jl·:~~,e"JI?J.<?;W~Y.P91Wern;:Yi ~~nsiye~~v~.\'P.iPe· i~ ... ~.Ri~inws as 
':; 11.1 J1j,ghAl:8 c~~h,(;f p,ri9,t9~WY [~~ct~N'~lfO.~r: '. U~\~g._,the·Jm~5 c~w :P.}H14.ins: 1g~I ~<;; "12"'~~M:q~ the 
:! I I (q~ff~re;nce;i i~ 1 the .. ff~a:.t W.\J?iS c}?j<t~q(jm #¥1:r;e,l);~fgy1 ;ef{~Rtiwr;• a11fli ~IJ.~fgy iv.tensiy.e-{OgTIS is 
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272%, and for the chiller load· the difference is 51 %. The~e 1i11dicate the possible1 rarlge of 
cooling energy requirement subjected to influence by the envelope desigri' 'under the local 

- climate. It supports the nl.ed fofprofessional input in the design of building envelope's for 
energy effectiveness. " · : : 
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Table 1 Operating Schedule of Buildings 

~-------. _ 40/F 

,_____ _ ______, ~ 

1----------1 13.2 m 

. ' '' I 

l/F 

Days Hours Occupancy 
; 

-.. 
weekday 1-7 . 0 
" '8 ' 0.05 
' 

9 0.4 

' 10 0.95 
. 11 0.95 

I 12 0.95 . 13 0.95 
l 

14 0.45 -l 

15 0.95 I 

16 
. 

0.95 : 

17 0.95 
18 0.5 

I 19 0.25 
20 0.1 

i 21 0.05 
' 22-24. 0 
Saturday 1-7' ' I 0 

8 0.05 
I 9 0.3 

' - 10-13 0.6 
i 14-17 0.1 

I 18 0.05 
1 19-24 0 

Sunday - ruli~9111 .. it 0 
~ : ~' ~ . ~ 

lQ;-17, 0.05 ~ ,; I '-'I " ( ,) '· ' 

18-'24 0 .i-}·; 

iJ! • 

* 

' 

36m 

Perimeter Zone 

Interior Zone 

CO-';ffi 

NonJ.\ir­
Condi*oned 

k 15 m ~ .. . ,. , 

Typical;Floor Plan 
I 

Lighting* :Ci~htib:g' '* 
(Perimeter) (Iiifori'or) 

... 
0.05 0.05 

' 
0.1 I T •• 0.1 " 
0.5 ' 0.5 
0.9 1 
0.9 1 ' 

0.9 1 
0.9 

: 
1 

0.8 0.9 "·' 11.1 

0.9 1 
0.9 1 . 
0.9 I' 1 -

-
0.8 I F 0.8 
0.5 0.5 
0.3 0.3 
A,.., 0.2 V."-

0.05 0.05 
0.05 0.05 
0.1 0.1 
0.5 0.5 
0.75 0.8 
0.2 0.2 
0.1 0.1 
0.05 0.05 
0.05 0.05 
0.1 0.1 
0.05 0.05 
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36m 

Fans 

Off 
Off 
On 
On 
On 
On 
On 
On 
On 

" ©n 
On 
On 
On 
Off 
Off 
Off 
Off 
Off 
On 
On 
Off 
Off 
Off 
Off 
Off 
Off 
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Fig. 2 Effect of Envelope Parameters on tlie Y t{ar-round 
Envelope Heat Gain (relative to the reference case) 
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Fig. 3 Parameter Sensi~ivities on Envelope Heat Gain 
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Fig. 4 Com,par.i~9n of Qhi~l~r Load B~.tween ~nl(rgy 
-:~-(fect~ve an~ Energy-1~,tensiye Jiinvelopes 
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Fi'g(S ·'Range of Envelope Heat' Gain and Chiller Load 
•· · · 1• Infltienc~d by Envelope Constthctions 
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