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Abstract

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-2.1D. 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 1s 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.



Design .of the envelopes will significantly affect the' heat gains and the lcooling
load on the :air conditioning system, :and. consequently determine the.required: cooling
capacity: to; be instailed- and the year-round: energy ‘vonsumptioni. :Their - thermal
performance is characterized with a hot-summer, mild winter, and intermediate Seasons
during ;which the outdoor air temperature.may be close:tobut lower than the indoor air
temperature. These commercial buildings. are also characterized 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 through the envelope will reduce the cooling demand
and energy consumption. Proper, design of the envelopes should be an optimization of
iboth limiting the heat: gains in hotdays and:taking into-account of the!desirable heat loss
through.the envelopes in the,cool,days. The conflicting.interest of using;veflective glazing
tp reduce solar load.and utilization of daylighting should also be rationalized:, - ./«

; W T S T, L h T Lt Nl L

Parametric Study of External Wall Construction " % i 0

Construction charactefistic of commercial buildings in Hoiig Koilg were reviewed
by studying the existing bulfdrngs A'total of 57 buildings | were investigated. The findings
showed that the exterral walls can be'classified into"’5 types based on-the construction

- méthiods, désignated type I'to V as illustrated in blgure 1. Local 'offices are also graded as
" A;B or C (Rating and Valuation Department 1995).' Grade A’offices have’ hlgh quality
’ﬁmshcs and good inanagement, Grade C offices ' have ’baSm finishes and mrmmal

g management ‘anid grade B offices are averagé. The hve types are .“ S S

T
(a) i Type I external wall construttion is tradltlonal and is found i in most grade C and
" some grade 'B buildirigs. Tt has inass commonly" exceedlug 300 kgm™, and is
Wt charactérized with high ‘wall U-value and tinted glass. It is dlso found in some
: grade A buﬂdmgs ‘for external walls' embracing non dir-conditioned’service areas.
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o) Mypé I'and III are medium to heavy-welght éonstructron havmg inner' heavy-
.““weight concrete layer with spandrel glass'or granite panel‘facade;“With or- Without
a fibreglass msulatlon layer in between. (
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(c )1‘ i Type IV and V are non load-bearing construction, characterized with light-weight,

" 1 thick fibreglass insulatioi layer giving low U-valie, highly reflective visioh glass,

St affractive spandrel glass or sometimes' aluminum wall panel facade, ard an

St 4 ihhermost layer of gypsiim board. = - - s ot A - e e ot

0 R ‘ <IN b R : bpatiea sl g Vi . ¥

g

ol Grade A bulldmgs typically have' extemal wall Constriiction of typé II." L, ‘IV or
¢V, which in-efféct are various:fotms:of curtain ‘wall. Single pane reflective glazmg with
' very low shading coefficiént ‘are common though occasionally double glazing' may be
s used These curtain'walls dvf'ﬁex1 1in: the constructlon welght'and the spandrel facade I
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SOTRIE Bemg of ‘aubutropwal ¢limatelithete are lnterMedrate oeasons”betWeen 'summer -and
- dvinter during which the -outddor air'temperatuic'is'in the rangc of 18225 °C. Evén'in the
i winter the weatlier is miild, o that ¢ooling'is still required in ‘commercial bmldmgs. ‘Ata
particul‘ar Hour, thefecan be conduction Heat flow' out of 'the building and’'solar radiation
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



1. performance of an envelepe construction can be indicated by the effective total heat gain
- obtained: by summing the wall conduction: gain, glass conduction gain-and glass solar
...~ radiation gain for all;hours withinet envelope gain and mormalized over the total exterior
»wall area, exptessediin kWhm!2, This'term-can be intetpreted as an index fora patticular
form-of envelope construction;telling the pogsible amount of heat gain pertinit area of the
exterior wall that constitute the cooling requiremént throughout a year. ;
e 13
The thermal performance of various 'envelope constructions can-be studied with
the use:of a hypothetical square shape high-rise-officetbtilding: with sides' of 36 metres,
» having prescribed building operation characteristics given in:Table 1. The internal heat
11 gains ‘are characterizedwith ogcupariey-inténsity 6f 7’ floor atea’per person, lighting
power intensity of 20 watts per m? floos ared and' equiptent power intensity-12 watts per
m’ floor area. Outdoor air is provided at 7 1/s per person. Air conditioning is provided by
a variable air volume system with cooling set point at 25.5°C. , ., ... . ¢
Wi e 4 base case, lhavmg typg- IT enyglope constryction .is used as the basis for
. §ompAarison.,. Th1s ‘bage case buildjng has single pane fengstration, window-togwall ratio
(WWR) =0. Sr, shadlng coefﬁment (SC) = 0,45, opaque wall mass (M) = :312:kgm’?, wall
. surface, cabsorptan(;e: (o) = 0.58, and- Wa,ll U-\(alue U,) ,2 34.Wm?K"', which reprgsents
.1, an, avgrage constrction of local effice buildings. The ho.ur by-hour heat,conduction and
 solar radiatign components through, the building -walls and windpws, and the ghiller;load,
are stud1ed with the building energy simulation tool, DOE-2.1D (LBL,“19|81) The.¢hiller
load represents the energy extracted by the air conditioning system to offset the
instantaneous cpqling load resulting from external.and internal heat gams that passed
onwal,d, as a load on the chlller plant. Thls(chlller load is g cumulatiye amount for a year,
.and can be, d1v1ded by the total treated floor area to give a normalized value. The
calculated chllle;' load pI‘pVJ(dCS & neference only; as it is constrained by the prescribed
spec1ﬁcat1on of the air conditioning system and the bu1ld1ng operation patterns. The
ac,tual load is expectgd. to vary for different intgrnal constructions and fum1tnre different
bu11d1ng operatmn pattern a and part1cular1y d;ﬁferent air conditioning system. des1gns
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The effect of varying envelope parameters on the year -round heat gam from the
. envelopg (Ghow, and.Chan 1995).can be shownq by parametric anglygis, summarized in
., Figure 2. Among, the,payameters of,envel()pe construction, the windoyyrte-wall ratio and
.. the glass,shading coeff cient have much larger impact on.the envelope heat gains than the
other parameters. The envelope heat gains can ingrease by more than four times as these
two parameters are increased through their possible range. A point of interest is the
1, themmaleffect of double or. triple: glazing that.fras lower trangmittance-than single pane
e \w1ndow In .¢ontrary to, the expectation, of many-, archu;ects .and engineers that- multiple
glaz1ng n;gay help, to cut, energy consumption, the. combmeg effect. of logal climate and
high. mterpal load charactenstlc of..office, buildings ‘dogs not, favowr,the use of double
glazing for its low U-value. There will be an increase in the envelope heat gain summed
5r0:E0n 4kl howss. of mef, gain, thowgh minimal,.for;donblg: glazing, ;a5 compared; with single
;1) Blazing of similay shading coefficient. Multiple; glazing; construgtion dogs 1mot-/have
; 1/thermal.; benefit., by, dts law- -yalue, .but imay ,bg -adyaniageaus;ifor -other,design
.o Sonsiderations, m&lyd.lpg noisg aitenuation and mp;lﬁwq.csmd@nsatmn problent iy
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»The opaque wall thermal mass has a counter-effect on the envielope heiat gains and

.the chiller load. There is. a significant reduction: of heat gain of more than 10%: when
changing a light weight construction to heavy weight. However, this..energy reduction

credit is diminishing with increasing thermal mass, and there is virtually no-extra benefit

asithe thermal mass is increased beyond:!600 kgmr2. An optimum wall construction may

have thermal rass of about 300 kgm 2 by hang a concrete layer” of merely 100 mm
thickness:' s by A5 1 F O L uas ;
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Changing the wall U-value from 0.5 to 3.79 Wm-2K+! will bring about a rediction

of envelope gain by 15.5%. The influence of the wall U—value on envelope gain has also a

diminishing effect as- its magnitudé becomes:smaller. Unlike many European countries

“that have cold climate and spec:ﬁcatlon for wall U-Vilueé to be 'éss than'0:45 Wm-2K-1,

the local climate does not award' low transmit. tafnce less than 1 Wni”K™. This’ suggests that
il [iberglass is used as an msulatmg layer ot the envelope a’'thickness ‘of 75 riim is
adequiate. Thicker insuldtion to bring the wall U-value below '1° Wm-2K-V Wil not give
extra energy credit. The absorptance of external ‘wall surface has a propox’tnonhl ‘effect on
cooling energy requirement, and its importance increases with the opaque portion of 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%.  » 1T 1 iy Sand
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Sensmwty Analysis
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Relative impact of 'various envelope feamres on the- eftectlve year-round heat

'gains can'be compared by plottmg graphs of the relative heat’ gams against the envelope

parameters, s in Figure 2. However, they do not allow direct cotiparisons of the slopes in

" those figures because of the varymg ranges and units 'of the ‘abscissa. This d1£ﬁculty can
" "be avoided with'the use of a sensttnvxty coefficietit (O'Neill, ‘et’al 1991) obtained by

o
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' fiormalizing thé envelope parameter durmg the calculation of the slope. T he charige in

value of an envelope parameter can be normalized by ‘expfessing it as a'multiple (or
fractlon) of its nominal value in the base case. That is, for an envelope parameter 1,

sl L l‘. el sl i il
NormahZed Value change = L e e gy At
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Also “the change m the amount of heat. gains resultmg from the change in

‘magmtude of an envelope parameter can be expressed as a tractlon of the nommal
“envelope heat gam in the base case. Then the impact of an envelope parameter on the

envelope heat gain can be mdu:ated by a sensntlvny coefﬁment SQt, which is deﬁned as

Wt the percentage change of. the relatlve envelope gain per umt norrnallzed value change of

o
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that parameter. For g, par,ameter 1, SQt i ¢an be expressed as;., . ., .. '
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The sensitivities of the six envelope parameters on the heat gains are compared in
. .Figure 3uThe-glass shading icoefficient has the largést sensitivity coefficient;'followed by

nouthe window-te-wall ratio, both are relatively: much more 'signifitant than the other

parameters. If that of the shading coefficient is taken to'be unity, the sensitivity of the
others relative to the shading coefficient,‘calléd the relative sensitivity, can be obtained, in
descending order of :significance: shading 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
reduce the heat gain and chiller load. - :
el - REE . (t AR

e - In these sengitivity analyses, the range of magnitude of envelope parameters must
be defined to duly reflect the.realistic and full extend .of values. With a combined change

of two or, more parameters, the.effect. on the heat gains and chiller load will even be

larger; thpugh individual effects should not be added, algebraically to give the combined

.. effect. The compn}edf effect of high shadmg coefﬁment ,and small heat capacity of wall on
., the ehﬂler load will be. promment s0, 1§ the combmed effeet of hlgh shadmg coefﬁment

and large Wmdow-t0+wall ratio. i i de 3

o b TR ' ‘“ s S Y

Range of Heat Gains and Chiller Load Influenced by Envelope Constructions:

The ultimate purpose of controlling the overall thermal transfer, value of huilding
envelope is to reduce the cooling load, hence cutting down the chiller load and
consequently the energy consumption. Heat gains through the building envelope account
for abqpt 31% of the bulldmg cogling ! load dupng the ot summer seasons, for an average

... pdividual buildings, and, can besubstantially higher gr, lower, depending. on. the

. copstruction. of the, building skin.and the thermal/physical properties of the constituent

layers. Hence, control of the therpal performance of the envelope is 1nmoﬂant as part of
the; oyetall scheme for bu11d1ng energy, efféptlveness e ;
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To reﬂeet the extreme but p0551ble amount of envelope gams and ch111er load of
a building, a prototype energy effective eﬁvelope construction, and a prototype energy
intensive envelope construction are established. Their monthly chiller load profiles,
compared with the base case, is shown in Figure 4, and thexr relative performance in heat

1571

ation of envelope features found among t’he surveyed bulldmgs with

'gams and clnl]er lozjd is illustrated in'Figtre 5. The energy effectlve form i is obtained by
“favourable combit ng th
" double"glazing, WWR’ "b 24 SC = 014, M,, ='689'kgm™, & 03 ‘and U, = 1. 07 W

K" "Hete, double: glazmg is ad’opled not bécause of its low U—value bt because of the
extremely“low shading coefficient Which is aviulable in“the’ market from‘double glizing
reflective glass. Its resulting normilized 'envelope gain “ahd'chillér load" aré' 14.41 and
163.9 kWhm2, respectively. The energy intensive form, compnses unfavourable
combination of observed envelope features, with single; glazmg, WWR = 0. 79, SC = 0.8,
M, = 302.8 kgm?, o = 0.85, and U, = 3.46 Wm?K". For this poor prototype form, the
year-round normalized envelope gain is 284.8 kWhm’ﬁ ,aznd the chiffér load is 264. 5
kWhm-2.
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Interaction of Envelope Designs on Daylighting and Cooling Requirement



1 Electric usage for lighting in local commercial complex has been found to.be in
_the order of 30% of the total electricity consumption (Lau and Chan 1992)., This will also
-impose.load on ithe cooling system, ‘meaning a-further energy jimplication.,The. energy

- requirement for lighting and air conditioning. is an jinter-related..issue,: in particular if

- daylighting - is jtaken into.:consideration. Greater windqw-to-wial,l- ratio and shading
- coefficient of fenestration will,certainly provide more natural lighting,and reduce lighting

- 5 power requirement; but it will also increase;the heat gains through the building envelope.
.. The, energy impacts of daylighting in some geometrical regions have been reported (e.g.
Sullivan et al. 1992), and suggested,that the visible transmittance, ‘of the .glazing and the
, orientation are critical. The impacts of dayllghtmg and the interaction. Qf envelope des1gns
on 111um1nat1on and coolmg requirement, under the sub- troplcal clu;natlc condltﬁoqel qs in
Hong Kong are yet to be ;nvestlgated ' g w s -
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An illfegfated enVelepe 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 intériot drapes: Visible transmittance of glass is important for using daylighting
" to'offset intemal electric lighting load and &ssociated cooling load. In this test:the visible
" transmittance s 0.3 at normal incidence, and the interior shading ‘device has:a shading
P coefficienl and Visible transmittance multipliérof 0.6 and 0.35;/respectively.: Daylighting
" saving i§ investigated with perimetér Zones of depth:'4.6 metres, 'with photocell' that
controls the continuously dimmable electric lighting system'respond to the light‘level at a
reference point placed two-thirds of the zone depth from the window to maintain a
"lighting "level of 500 lux. The shading’device and:the lighting ‘€ontrol' system will be
“deployed if difect'solar gain'transmitted through ong sdiiare ‘metré window area:exceeds

95 Watts or the glare indek at the i‘eferende p01nt exceeds 22 (CIBSE 1994) R £
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edsg " Resiilts of -simulation with 'the base case¢' building' and the déscrlbed lighting
121 control systefi indicate that ‘daylight can'often provide”illuminance of 500-lux at’ the
pemmeter Zone without the use of installed electric light. In:this ptototype building the
peak space cooling: load hormalized over the floor area is reduced-by 8.3% from: 51.2
Win to become 46.5 Wi, This would enable'the iise of smaller‘installed ‘cooling plant
nd fafi capacity. The amount of lighting ehergy reduction by daylighting is 27% on an
annual basis. Associated with this is a reductioni of-the ‘annual chiller load by 7.7% from
204.1 kWhm? to become 188.4 kWhm-2 of air-conditioned floor area. As a result of the
“reduced electric hghtmg, reduced chiller 1oad and smaller fan power consumptlon the
b ‘year-round energy savmg is 12'6% l '_ T T T b Bt gl b e e
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el ' The above finding qupporfé"t‘hat ‘there-is significant opportunity of énergy savin
through utilization of daylighting with deployment of shading device and’ appropnate
lighting control system. However, the overall thermal transfer value (OTTV) of an

ca éh(felope demgﬁ' which is & ‘legialattve‘requlremérrt tinder’ the' buildihg regiilation to be
*“Tovier thati a prescnb'ed limit;"'does’ ot ‘account ‘for 'thé ‘ffect of” 'daylighting.’ ”lhls will
dlbbdurage the ‘use of " ‘skylight” and ‘$tatetof-theHrt! fetidsiraiion P of” enhanced vidible
tra‘l’lsmlsSldn because that thay baost-the- Saldulated’ OTTV Un o€ ‘Hand it 'is reasonable
“ito'exclude "any.ifiterior- shaditig “in “4sSessing  the' thermAl: perforinance “6f buxldlng



envelope, as the interior shading device is not a fixed installation and is subjected to
-t probability of not being!'deployed by the occupants. However, the promising energy
2'isaving from dlylighting ¢oupled with appropriate lighting control scheme suggests that a
propor*tional irelax in the OTTV'.can be granted foft erivelope designs‘that are'beneficial to
i “utilization of daylighting: For'this, fufther- “investigation -on the 'visible solar gain with
2:tipelation to the integrated ‘énvelope and‘lighting desipn is'needed, and the'incremental
"1t electricity consurripﬁoh with respect to the solar- aperture "'WWRix SC and the effective
agbertiire WWR x t‘V‘ls (Sullivarfet al 1992)'has to be afialyzed forithe local meteordblogical
and’ bulldmg characterlstles Anothiér *window ' perférmance parameter, the luminous
effi cady {onsfant (tyis /SC') “that ‘ihdicates ﬂlg ‘relative performance’ of window in
. rejec:l“ $6lar Heat while traﬁénjuttmg visible llght (Shéﬂard et al 1995); tan be compared
* With"he incremental erergy tise. This parametet’will be''complententdry 't the OTTV
that, otherwise, can be made low by simply havitig highly reflectiVe'glazing with
extremely small shadlng coefﬁcrent but blocklng the V1s1b1e hght as well.

J ..

r " ¢ B i C A R ¢ ‘ G d s
Conclusion, i
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4 1\ jDifferent envelope constructions have substantlal effect on the rnagnltude of the

-1, epoling :energy requirement. The extent, of influence, has been 111ust;1;ateg1 by parametric
- -1analysis with the practical range of each parameter 1dentr_ﬁed from existing buildings. The
snfluenge of individual -envelope features onheat gain is weather dependent, making the

design consiglerations for building envelopes under the sub-tropical climate to.be different
ofrom|that under the, topical or cold climate. gy
QRN i R ey il B K
iy Owing to the, varying. ranges ca;ld units of the envelope features, ~the1r relatlve
-4, Aimpacts on the heat gains, and chiller-load. for. cha,nges n, magmtude cannot be compared
on equal basis. This-can he overcome with. the use of a sensitivity coefficient obtained by
normalizing the amount of change of the envelope parameters and their corresponding
heat gains. The impact of-an gnyclope parameter.on;the thermal performance of envelope,

/1 qn a comparative basis, may-than be indicated by an envelope gain,sensitivity coefficient

« defiped. as the percentage change ofithe relative envelope gain per unit normalized., value
change of that parameter. It provides insight. and guidelines to the building des1gner,s on
'the effective means-fo optimize the thermal performance' of gnvelopeg constructions, and
,poss1b1e,nrade'off among the parameters in gearing the designs to meet with any criteria

rne-@n-envelope heat transport and energy target P e i Canwunm
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Al o here i$, good opportumty of energy savmg through mtegrated envelope,, design
and utlllzatlon of dayhghtlng Resulting from appropgiate daylighting scheme, design and
proper implementation, the reduced electric lighting, reduced chiller load and smaller fan

i Power; consumption a]ngount to12.6%., year-roynd, energy, saving, .ofj, a, typical office

'bulldmg} J g 2riband e tasarealaat, Ay wnihoh il Yo peinsiln T 3 puand
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w0 o Frem this, analysisy it, can be, cqnf:%udﬁmlnﬁt the, rangg; of thermal performance
wmd%ces resultlng fromdifferences.jn the epvelaps, CPHS}WQ“QD(ll%sub?tﬁnﬂﬂal The, year-

eitound. ep,ve],g)pe} gal,rbrqsu!tmg; from. the protatype energy; it intensiye.envelope,i 1§; 1 times as

,1.-high as the prototype effective forms, Wsing. the-base case building.as, the baseline, the

2 difference, in,the heat gains hetwaen the energy, effectivie, and; energy jntensive-forms is



272%, and for the chiller load the difference is 51%. These indicate the possible'rarige of
cooling energy requirement subjected to influence by the unvelope design under the local

" climate. It supports the nced for professional input in the de51gn of bulldlng onvelopes for

energy effectiveness.
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Table I Operating Schedule of Buildings

__40/F 36m
K 3
7
Perimeter Zone
Interior Zone
N
CORE .
7E3'2 m Non Air- e
Condit}ioned
I_> K— 15m s
4.6m '
- = — Ny
Typical Floor Plan
_1F
Days Hours Occupancy” | Lighting * Li‘g':h'ting"* Fans
; (Perimeter) | (Interior)
Weekday 1-7 0 0.05 0.05 Off
1 g 0.05 01 1 [ol ~Toff
9 0.4 0.5 - 0.5 On
10 0.95 0.9 1 On
11 0.95 0.9 1 On
12 0.95 0.9 1 On
13 0.95 0.9 1 On
14 0.45 0.8 0.9 .. On
| 15 0.95 0.9 1 On
16 0.95 0.9 1 On
17 0.95 0.9 1 On
18 0.5 0.8 ‘ 0.8 On
19 0.25 0.5 0.5 On
20 0.1 0.3 0.3 Off
; 21 .05 0.2 0.2 if
22-24 - 0 0.05 0.05 Off
Saturday 1-7 ™ 0o 0.05 0.05 Off
8 0.05 0.1 0.1 Off
9 0.3 0.5 0.5 On
10-13 0.6 0.75 0.8 On
: 14-17 0.1 0.2 0.2 Off
; 18 0.05 0.1 0.1 Off
19-24 0 0.05 0.05 Off
Sunday rd9u 0 0.05 0.05 Off
« i 10-17 ., 0.05 0.1 0.1 Off
oy 18-24 - 0 0.05 0.05 Off

10

*"The decimal fractions denote percentage of maximum: ocgupancy or, lighting powet.!
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Fig. 2 Effect of Envelope Pafameters on the Year-round
Envelope Heat Gain (relative to the reference case)
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Fig. 3 Parameter Sensitivities on Envelope Heat Gain
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Fig. 4 Comparison of Glxiglﬁr Load Between Energy
- Effective and Energy Intensive Envelopes
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Fig. 5 Range of Envelope Heat Gain and Chiller Load
"¢ Inflienced by Envelope Constructions
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