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1. Introduction

The invention of air-conditioning can be regarded as the invention Wwehniost
profound influence in tropical countries. Never before had it been pogsildiee in
complete thermal comfort. Prior to the emergence space caolitgyMalaysians were
obliged to adjust their way of living to the climate. With air-ditoned indoor
environments Malaysians have adopted lifestyles largely indifferenthe climate.
Unfortunately, the same climatic indifference applies to mamgme house designs
resulting in unreasonably large energy expenditures for air-conitij. There is much
energy and much money to be saved by employing climatic design pricige
adjusting the building to the climate. The potential for energingawcan be determined
rather accurately through the use of computer simulations. Two maegrams, Heat2
and TSBI3, will be presented in this report and used for calculations and simutatians
prototype low-energy house built at the Centre for Thermal Comfort Studiesvatriti
Putra Malaysia. Actual temperature measurements from the house are atéedrnclthe
report.

The major work of this study was the construction of a Malaysianheredata-year — or
TRY (Test Reference Year) — for the TSBI3 simulation. Th&',TRhich is constructed
from 21 years of hourly weather data from Subang Meteorologicabigtatias only

finished two weeks before the report deadline. Hence, the TSBI3 building sonalate

not very elaborate for this report. However, more simulations and it aé@gtysis will

be presented in a new report in June 2000. The report will also insilngations for

one or two different houses for the sake of comparison.

The four month project period in Malaysia has been eventful (seecpmipry in
attachment 1). The co-operation with the Kuala Lumpur Danced-office proveovery
fruitful. The same can be said about the co-operation with otheayMah universities
through which a good network was established. During the stay in Néat@iyse papers
were written in addition to this report. Two of the papers weesgited at separate
seminars in Malaysia, while the last paper was submitted to the World Reedweergy
Congress to be held in England later this year. A seminaralgasco-organised with
supervisor Mohd. Peter Davis; the seminar program is found in attachment 2.

2. Energy Balance of Buildings

A prerequisite for undertaking energy savings in building oactugh understanding of
the mechanisms, which influence the energy balance of houses. This chapter villedescr
each of the mechanisms individually - the outset being the dhistr in Figure 1
displaying the various heat flows for buildings. The aim of subsequent chaptéres i
determine the magnitude of each heat flow in order to reveal thatipbter energy
savings.
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Figure 1: Energy balance for house (Koenigsberger, 1973).

The formula in Figure 1 is described in greater detail below:
Q+Q+xQ.+Q,+Q,, - Q. =0 Equation 1

where

Q =Internalheatgain (humanbodiesJamps,appliancegtc.)

Q, =Solarheatgain throgh windows

Q. = Conductionof heat throgh walls,roofsandfoundation

Q, = Heatexchangdy ventilaion

Q., = Heatremoval/spply by mechanicatontrols(e.g.air - conditione andheater)
Q. = Evaporatiecoolingfrom building surfacee.g.aroof pool)

All the respective heat fluxes in Equation 1 must add up to zeroitdamathe desired
indoor temperature. If the heat fluxes add up to a positive number thertgore of the
house will increase and vice versa. Figure 1 applies to aktdsmas the heat transfer by
conductance (£, ventilation (Q) and mechanical control ¢ can be both positive and
negative. The outdoor climate and usage of the house are constantlinghangd the
indoor temperature will therefore vary accordingly. The aim of lowgnaouses is to
keep the temperature variations within the comfort zone of tbhepaats at a minimal
(energy) cost — i.e. minimising.Q
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Internal Heat Gain (Q ))

The internal heat gain stems from all heat emitting objagtisin the house. This
includes human beings, lamps and other electric appliances likgerafors, freezers,
microwave ovens, fans, televisions and computers.

Human beings emit about 100 Watt when awake and 50 Watt whilepa@fanger,
1992). The internal heat contribution of electric appliances equaiswhtage. A 100-
Watt incandescent lamp will, for example, give off 95% of the enesdyeat, while the
remaining 5% energy emitted as light will convert into heat when reaching theesidf
the room.

Fans, refrigerators and freezers are often thought, mistakenlyéacahehilling effect on
the room, but quite contrary they help to heat up the room in accoreaticehe
principle of conservation of energy. Thus, the internal heat gainspamds once again
to the wattage of the appliances.

For cold climates the internal heat gain is welcomed as it contributes heating of the
housé, whereas for warm climates the internal heat gain must ibenised because
additional heating of the house is undesirable. The benefit of decrehsiredectrical
internal heat gain in warm climates is therefore twofold:

1. The electricity (cost) for the appliances is reduced.
2. The electricity (cost) for removal of the internal heat gain is reduced.

EXAMPLE: ENERGY EFFICIENT CEILING FAN

Ceiling fans are found in the vast majority of the households in warm and humid
climates. Compared to air-conditioning units, fans are much chéaequire
and to operate. However, a study at the Florida Solar Energy Cexrgtrehowr
that ceiling fans with aerodynamic blades compared to conventiofiagdans
use 50% less energy and reduce levels of noise and wobble (Parker,Th@d9).
potential for further energy savings is considerable as the shadedanpbbrs
used in conventional ceiling fans are highly inefficient (0.026<0.13). Thus
there exists a big potential for reduction of internal heat gain famsy it seem
logical to improve the efficiency of fans because the wasted)eaets counte
to the sole purpose of using them.

U7

=

Solar Heat Gain (Q s)

The solar heat gain takes place when direct and diffuse sumighitowed to pass
through windows. It is desirable to reduce this heat gain in warnhamdd climates,

Y Internal heat gain stemming from electric appliances eaflgrtbrresponds to electric heating, which
usually is more expensive than alternative sources of heatingli@rgct heating and natural gas). Hence,
maximising internal electrical heat loads is not an economicalbivheating a house, however, the
electrical energy is not wasted either.
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either by blocking out the sun by shading devices or by applying special window coatings
that only allow the visible light — and not the UV and infrared light — to penetrate.

One has to be careful not to block out too much of the daylight awithiacrease the
demand for artificial lighting, which also will heat up the houdereover, the artificial
lighting has to be paid for whereas daylighting is free.

Conductance (Q )

Conductance of heat through walls, roof and foundation can go both ways — even in
warm and humid climates, where the night temperature falls bet@v indoor
temperature. The conductance in warm and humid climates willdsé motable through
structures that are exposed to sunlight and therefore experiehigh daemperature
gradient. This applies mainly to the roof and to the East and West facisg wall

Ventilation (Q )

The indoor air must be ventilated in order to stay fresh. If the outdotgmperature is
hotter than the indoor temperature it will help to heat up the indoor climate. If the outdoor
air on the contrary is cooler it will have a chilling effecheTdinural temperature
variations of the outdoor air can for some climates be used advantggeomtluence

the energy balance of the house via appropriate ventilation schedules.

Heat gain/loss from ventilation can be reduced considerably by thefusmntilation
using heat recovery units. This especially applies for very cold and very hot slwvidte
a substantial difference between outdoor and indoor air temperatures.

Evaporative Heat Loss (Q )

The evaporation of water from building surfaces or people (swedt)aasubsequent
removal of the water vapour will exert a cooling effect. Thenaheat of evaporation
(water, 20°C) is approx. 2400 kJ/kg, but it is often difficult to deiteenthe rate of
evaporation and thus the exact cooling effect caused by evaporation.

Mechanical Controls (Q )

The mechanical controls make the energy balance for the house eea¢Equation 1).

For cold climates the mechanical controls (heating units) wilvetethe final heat
contribution for the houses to stay comfortable whereas for warmatelmair-
conditioning units will remove excess heat from the indoor clim@ltee usage of
mechanical controls is thus dependent on all the above heat flows, adaan are
dependent on the house design and on the habits of the house residents. Hosisgs that
thermally comfortable with small energy consumption for mechanaatiols are called
low-energy houses.

2 The energy habits of the house residents has no influence tabégiling of “low-energy houses”;
however, the energy habits has a significant influence on the ogeestly consumption of the household.
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Habits

Studies have shows that the habits of the house residents canccagsierable
variations in the energy consumption (up to 100%) of identical huEes reason being
different usage patterns of the house. Some inhabitants may spenaf shisit time in
the house while some might not (e.g. eating out). Some like dodieor temperatures
than others do. Some use a lot of electrical equipment, while atbarst. And finally,
some have energy conscious behaviour (e.g. turning off the lights whemgl@aroom)
while others do not. This “energy conscience” may be pushed by econom&atives,
i.e. the desire to get a low energy bill by the end of the month. Txamples of
markedly different household habits are given below. The three Mataywiuseholds
are compared with an average Malaysian household.

EXAMPLE: Comparison of different households in Malaysia (C=average household)

A. Scandinavian family (4 persons) with two local maids living in big bungalow.

B. English-Malay family (5 persons) with one local maid living in big energy efficient
bungalow.

C. Average Malaysian family (4.8 persons) living in terrace house (Loke, 1999).

D. Five “poor” Malaysian students sharing an apartment flat.

Household No. of  Energy Indoor Use of Electric Monthly
(in Malaysia)  people efficient temperature air- appliances  electricity
home conditioner consumption
A 6 no cool yes many 8160 kwh
B 6 yes medium no average 406 kwh
C 4.8 no medium-hot no average 300 kWh
D 5 no hot no few 118 kWh

Energy Consumption during the Life Span of House

To get a truthful picture of the energy performance of a housenédsssary to sum up

the energy used throughout the life shafithe house including the energy spent for its
construction (embodied energy) and disposal. These computations can be rather laborious
and associated with uncertainty. It is not the scope of this repelalborate on the topic

of life span energy for houses apart from noting that approx. 2/3 obtdleenergy is

spent when the house is in use (Fausi, 1999). Hence, the biggest pdoergia¢rgy
savings lies in the design of the house to minimise the operational energy demand.

3 Source: Guest lecture given at The Technical University of Ddart@®8. The study was undertaken in
Germany in a number of identical low-energy houses, but | do not reealaime of the study.
* The life span is typically set to be 50 years.
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3. Energy Regulations for Buildings

There is not much to say about this topic because Malaysia does naaryaeaergy
regulations for buildings. The Malaysian building regulatiams stated in the UBBL
(Unified Building By-Laws), but they do not address any energy issues for buildings. The
current UBBL is 15 years old; it needs to be updated and to includdateey energy
standards (Fong, 1999).

Building Recommendations

In warm and humid climates the outdoor air temperature only varies slifitly {0°C)
from day to night. The building structures of high thermal mass do not cool suiffica¢
night to act as an effective heat buffer during the day. Instead, luitimctures
exposed to sunlight overheat. The principle of thermal storage cafotieenot be used
to achieve indoor thermal comfort. Thus, buildings are advised totsructed from
lightweight materials with low thermal mass. Moreover, consbost exposed to
sunlight should be insulated and have a reflective surface (Koerggshet al., 1973).
Figure 2 shows the reflective and emissive properties for diffeserfaces; the best
surfaces properties are high solar reflectance and high hesgiwtyj both are found in
the top left hand corner (Cler et al., 1998).

Solar reflectance
1.0 09 08 0.7 06 0.5 04 03 02 0.1 0
0 00 120 14D 160 180
White White Red Roofing tar Dark 08
plaster paint @bick  andgravel g 35933"
09 ® o Light green @ <) 0.1 B wiite coating
paint o Sand  Black @
Light paint 07-
0.8 concrete ® 2
@ Whitewashed Asbestos R Lioht beige coating
galvanized roofing slate
0.7 03 06-
Pine Vo lioht gray coating
= Old alu.mmum wood 3
> 06 ® paint ® 04 S i :
§ s
. 3
D Y 'v y 4
2 05 .Brome paint 5 05 3 ; o
8 New aluminum < Lo i
< aint ] g W
5 04 3 o 0s 5| % |
= Stainless copper ¢ . L
steel 301, ; s [ TarBgravel RENERS
03 316 New galvanized Oxidized 07 03 ik v B
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sheet it
i : s G
Polished 02- ) 2
aluminum Polished
0.1 foil copper @®Aluminum 03 S—
o= sheet
? o1
0 10 e

0 0.1 02 03 04 05 0.6 0.7 08 09 10
Solar absorption 0
Figure 2: 1) Properties for solar reflectance and far-infrared e ngsivity 2) Te mperatures for different

surfaces at clear sky conditions in Texas with an ambientemperature of 90°F (32C). The
temperature scale runs from 100°F (32°C) to 190°F (87°C). Both figures are from @let al., 1998).
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The Singapore Experience

Energy regulations for buildings have been strictly enforced iméhghbouring country
Singapore since the 1970’s. Malaysia has often looked to Singapore datingf the
countries’ rapid economic development over the past decades. It seesisSle for
Malaysia to adopt the energy regulations of Singapore as both esuh&ive a very
similar climate.

The energy regulations in Singapore only apply to air-conditioned bgddiA design
criterion — the OTTV (Overall Thermal Transfer Value) — pleed to the building
envelope. The idea is to set a maximum level for the heat gaogthrthe building
envelope (walls, roof and windows) in order to reduce the cooling.ld#e maximum
allowable OTTV is 45 W/infloor area (Singapore Building Regulations, 1999). Table 1
lists some recommended maximum values for thermal transmittdhe@lues) for
compliance to the OTTV limit.

Table 1: Figure taken from (Singapore Building Regulations 1999). An identical recomme ndation
for lightweight roof structures is found in (Koenigsberger et al., 1973).

Potential for Energy Savings in Buildings

Integrated resource planning shows that it is five times chetpesave energy in
buildings (US$ 400/kW) than to increase the power production capacity ZO@/kW)
(Kannan, 1999). It is economically feasibly to save an estimated 40-50%eaxidhgy in

new buildings and 15-25% in existing buildings (Kannan, 1999). The potential for energy
savings in buildings is no doubt present in Malaysia; however, theategis and
implementation strategies to harvest the savings are missing.

EXAMPLE: THE DANISH EXPERIENCE
Denmark has been very successful in attaining energy savings in
buildings. The energy consumption for space heating pfloor area
has been reduced by 50% over the last 20 years. During this period the
building codes have gradually become more stringent.
(Longhi, 1999)

® The indoor temperature must be in the interval 23-27°C with a maximativeshumidity of 75%.
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4. Thermal Comfort Zone

A person attains thermal comfort when he is no longer aware of the ambipetature.
This happens within a temperature interval denoted as the comfort Hoaendoor
climate should be kept within the comfort zone or else people wiiersumhentally
(lowered concentration levels, difficulties sleeping etc.) andipaljs (headaches, flues
etc.). Both of which decrease the productiveness of people and théiy adalife
(Davis, 1999). Such violations of the thermal comfort zone are critical inydial where
people spend the bulk of their time indoors. The thermal comfort zaerisfore an
important parameter when it comes to structural design of housegrajedtion of
mechanical indoor climate control units.

Several thermal comfort studies exist seven of, which will beepted in this chapter. It
is important to note that many factors influence the perceptidgheothermal comfort.
(Fanger, 1992).

clothing

activity level

air movement
relative humidity

air temperature
radiant temperature

Moreover, local parameter variations like asymmetrical surfackation (e.g. a hot
ceiling) and fluctuations in air movement will also affect thermal comfort (Fanger,
1992). Complicating things further is the fact that people aferdift and therefore not
necessarily attain thermal comfort within the same temperatuszvals. In fact,
Fanger’'s work shows that it is impossible to satisfy everyone at any given taumpera

Figure 3: (1) Percentage of people dissatisfied when themperature of the surfaces are different.
Note that people are most sensitive to a “Warm ceiling”, whichsi often found in the tropics. (2) The
general level of dissatisfaction never reaches zero, i.e. people are défe. (Fanger, 1992)
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Fanger

P.O. Fangérhas set the international standard for thermal comfort studies by quantifying
all of the above parameters and putting them into a unified “thexomalort equation”.

This equation predicts the mean thermal comfort of people under any stietwo®s. The
elaborate theory will not be presented here but can be found in thencfgiFanger,
1992). However, the thermal comfort zone for Malaysian clothing levgVvé in Table

2:

Table 2: Thermal Comfort Zone for Malaysians doing office work (Fager, 1992).

Clothing (clo = 0.5) Thermal resistance of Light clothing (light pants,
clothing: 0.5 (M K)/W shirt with short sleeves,
not correct underwear, light socks, shoes)
Activity level (met = 1.2) 70 Wi(fskin surface) Office work, sitting down
Air movement 0.2 m/s
Relative humidity 80%
Thermal Comfort Zone 24.5-26.5°C

The thermal comfort equations by Fanger are based on climate aghexpeeiments of
primarily university students from Denmark. To check whether the #lecomfort
equations are versatile, Fanger has undertaken experiments with groups of sldeily a
as foreign people (Japanese and North Americans). No significaigtiole from his
previous findings was detected, thus indicating versatility of fisagons contrary to
other studiesthat incorporate adaptive measures.

Zain Ahmed

This study was carried out on 300 Malaysian university students who slad t fill

out a questionnaires regarding their thermal comfort at the eledtafes. The average

air movement and relative humidity was 0.3 m/s and 73%, respectiMedy.comfort

zone was found to be 24.5 — 28.0 °C (Zain Ahmed, 1997). This study lists a number of
other thermal comfort zone studies, which will be included in final section oftthger.

Davis
The leader of the Centre of Thermal Comfort Studies at Universiti Patiayba, Mohd.
Peter Davis, has found the thermal comfort zone of Malaysians to be284C. This

comfort zone is based on many years of surveys and experience withieltheff
thermal comfort studies.

® Professor at Technical University of Denmark. (Centre for Indoor Gli@aidies).
" Studies by Humpreys (England) and Abdulmalik (Malaysia). The sthdies not been read by the
author, but they are often referred to in literature concerningttiero mfort.
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Summary of Studies

This paragraph comprises seven thermal comfort studies, four of which have b&eh ca
out on Malaysians either in climate chambers or as field stuthesconclusions of the
studies differ slightly due to different test procedures. Howevert ofidbe studies seem
to agree on a Malaysian comfort zone around 25°C.

Table 3: Thermal comfort studie for sedentary activity (e.g. office work)

Study Comfort Type of study Humidity Air

Zone range movement
[°C] [%] [m/s]

3 Fanger 245 -26.5 Climate chamber 80 0.2

b) Zain-Ahmed 24.5 - 28.0 Field study 72 -74 0.3

®) Abdulmalik 25.5-29.5  Climate chamber 45 — 90 -

b) Davis 24 - 28 Field study - -

Y METP 22.0 - 26.0 - - -

°) Brooks 23.0 - 29.0 - - -

9 ASHRAE 23.0 — 25.0 - - -

) Danish study: light clothing (clo = 0.5)

b) Malaysian study; light clothing (clo 0.5)

© English study; presumably light clothing (cld.5)

9 North American study; presumably western office attire clothing (dlp

The comfort study used in the subsequent work of this report is tiizdwve$. In other
words, the air conditioner set point is 28°C for all the computewulatons; a
presentation of the different computer programs is given below.

5. Computer Tools

Computing the thermal performance of a building before it is evelh as several
advantages. It becomes possible in the pre-construction stagefine the thermal
properties for each building element. Moreover, correct dimensioofingechanical
control units (air-cons, dehumidifiers, heaters etc.) is feasilibptimisation of the
building design and mechanical control units makes it possikd¢tao indoor thermal
comfort at sensible energy expenditures to the benefit of house owdertha
environment.

Heat transmission occurs by conduction, convection and radiation. The amhalytica
methods for heat transfer calculations do no suffice when it conuEsrplex composite
structures with thermal bridging. Thermal bridging occurs whenaterial of relatively
high thermal conductance penetrates a building structure. In tlas mash heat will

8 The studies of Abdulmalik, METP (Ministry of Energy, Telecoms Rasts), Brooks and ASHRAE are
taken from another paper: (Zain-Ahmed, 1997).
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flow through the “thermal bridge”, thus increasing the thernaadgmittance (denoted as
“U-value”, see page 13) of the building structure. Just how much eflergy through
the thermal bridge is difficult to determine with conventionallyital methods, but
with numerical computer calculations it becomes possible. The comgotgram Heat2
can perform such calculations with a margin of error specifiethéyser. The U-value
of the building structure is one of many outputs from the programamheal heat flows
through the building envelope can be calculated with another prograldi3;Tisoth
programs are presented later in this chapter.

U-value

The heat transmission coefficient of a building structure is ddnasea U-value. For
simple building structure with no thermal bridging the U-valuecaskulated by the
following formulas:

U-value of building structure: U=1/R [W/n? K]
Thickness of material: d [m]

Thermal conductance: I [W/m K]
Thermal resistance of building material: r=dl [m2 K/W]
Total thermal resistance of building structure: R=Sr [m2 KIW]

Heat transmission through building structure: Q=(A)(L)(DT) (W]

where A is area of the building structure A [m3]
and [T is the temperature difference DT [°C]

The formulas above to not suffice for more complex building strestexperiencing an
inhomogeneous heat transmission (i.e. occurrence of thermal bridgohgtiom in
cavities etc.). Another set of formulas does exist for more conipléding structures,
but the formulas are time consuming to use and do not reveal howe#heflow is
distributed across the building structure. A faster and better méihbéat transmission
calculations is possible using computer programs that calculate théoleatimerically.

Numerical Calculations

The principle of the heat transmission calculations of the compugram Heat2 will
be described. The compound through which the heat transmission is tridated is
divided into a mesh (see Figure 4).
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Outline of materials in cross section of roof stae
(see Figure 2 for labeling of materials)

ﬂ A mesh is applied to the roof structure. Heat2vadlo
the user to vary the mesh density.

ﬂ Principle sketch of the nodal points of the mesh

°® heat exchange with
/ neighbouring nodal points
( ®

Figure 4: Mesh applied to cross-section of roof structure for numeral heat
transfer calculations in Heat2.

Each nodal point of the mesh represents the suliograrea, the size of which is
determined by the density of the mesh. The nodaitpearry information about the
thermal properties of the material at any giveretim

1. Thermal conductivity [stationary]

2. Heat capacity [stationary]
3. Temperature [changing]
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A temperature gradient across the material is &ési@iol by defining the desired
boundary conditions (e.g. roof temperature outdaarsindoors). The heat flibetween
each nodal point and its neighbouring four nodahisais calculated using Fourier’s law
of heat conduction

Heatflux = - kccjj—: [W/mz]

where k = thermal conductivity [W/m K]

After each calculation the temperature change o @@dal point depends on the net heat
flow to or from the nodal point. The calculation ntioues iteratively until the
temperatures of the individual nodal points haabised within the specified margin of
error. The output specifies the heat flow throughleboundary surface (e.g. indoors and
outdoors), and the U-value of the building struetcan be determined.

Heat2

This computer program can calculate two-dimensitreat flows through materials and
air cavities® or any combination of these. The program contaiterge material library
with thermal properties for different building masds; entering new materials is also
possible.

Heat2 is an user- friendly window based progrant,ébtew days of familiarisation are

required. The results of the simulations can belayged in a multitude of fashions —
numerically as well as graphically. Both types @asily be transferred to Excel and
Word. A roof structure with isotherms and boundaegt flows (q) is displayed in Figure
5. The U-value is determined by dividing the heatvf(10.3 W/nf) by the temperature

difference across the roof (22°C) and is founde®®l7 W/M K.

° Heat flow per unit area perpendicular to the flow direction

9 Heat2 has two types of air cavity calculations. One requiresek&ikering of information regarding
emissivity of surface walls, surface film resistance, vetitatate of cavity etc., and is called “Hole
(ventilation + radiation)” under the memput > modification typesThe other air cavity type is more
simple assuming zero ventilation and surface emissivity of 0.9; itlesdcd&rame cavity” in the material
library.
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Figure 5: Isotherms and boundary heat flows [W/rf] for cross section of roof structure (Rapidwall)
with an outside temperature of 50°C and indoor temperature of 28°C. The Igth of the cross section
is 810 mm.

The sum of the boundary heat flows in Figure 5 aplto zero (approximately) indicating
that it is a steady-state calculation. In the weailld a roof structure will not experience
stationary boundary conditions, but they are neddedetermination of the U-value.

The graphical display can be done in colour orgugirey-scale. The latter has been used
for Figure 6 and Figure 7.

Figure 6: Heat flux (Q) is displayed in grey-scale. The dark patcheshow thermal bridging of the
vertical fibre-gypsum fortifiers in the roof structure (see Figure5). Please note that heat flux can not
be displayed in the air cavity immediately under the metal sheet roof
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Figure 7: The magnitude and direction of the heat flux [W/rfi can be displayed by arrows. The
maghnitude is seen to be much greater through the fibre-gypsum thahrough the Glass-wool.

TSBI3

The computer program TSBI3 is useful when evalgathre indoor climate and energy
conditions of buildings on an annual, monthly, ylait even hourly basis. The program is
also a good tool when designing mechanical contnils for establishment of indoor
thermal comfort.

The input to TSBI3 is very detailed and encompaskessize measurements for the
house and the rooms, the orientation of the hahsethermal properties of the building
material$® including windows, the internal heat gdihand the ventilation rates to the
outside and between the rooms. Moreover, the typaeahanical control units must be
entered in the program together with their theratosettings and operational schedules.

TSBI3 utilises a weather-data-y&afor the region where the building is located. The
weather data are carefully chosen from a perioctoleast 10 years in order to be
representative of the surrounding climate (see obapter Test Reference Year (TRY),
page 18).

The output from TSBI3 is very detailed; output walet for this report is:

Heat gains for solar radiation, persons, lighting and equipment
Solar radiation through windows

Cooling and ventilation

Power and energy balance

Temperature conditions

Heat and air exchange between rooms

Shade conditions

NoaswhpE

The program is somewhat difficult to use and manseonfusing to the untrained user.
An improved version is soon to be reledéed

1 TSBI3 calculates the U-value for the building elements, but doesike thermal bridging into account.
Thus, it is recommendable to refine the U-value calculatioms) lideat2.

2|nternal heat loads: people, lighting, equipment etc.

3 Annual hourly data for solar radiation, ambient temperature, relatinidity, wind speed, wind velocity
and cloud cover.

% For more information about TSBI3 and a price list go to http://www.sbi.dk&EiBlublishing/Software/
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6. Test Reference Year (TRY)

A Test Reference Year (TRY) consists of annual iwelatlata for a given location. In
order for the TRY to be representative of the clenashould be constructed on the basis
of at least 10 years of weather data. The TRY idem# from actual monthly data (not
average values) that are picked after having bejested to three different types of
analysis. The analysis and construction of a Maay$RY (Subang, Klang Valley) will
be given in the following.

Weather Data from Subang

The 21 years of weather data come from the Malaysieteorological Station in
Subang, Klang Valley, Selangor. The meteorolog&takion lies in a region that is
experiencing urbanisation and socio-economic growth

Table 4: Weather data obtained from Subang

Subang Meteorological Station

(Klang Valley, Selangor, Malaysia)

Longitude 101deg 33'
Latitude 3deg 7'

Parameters Units
(hourly ™)

Cloud cover [oktas]
Dry bulb temperature [°C]
Wet bulb temperature [°C]
Relative humidity [%0]
Global solar radiation [100*MJAN
Sunshine hours [hours]
Wind direction [deg.]
Wind speed [m/s]
Weather data for TRY

The purpose of constructing a TRY was to run thenmpaer program TSBI3. This
simulation program requires a TRY that containsng@ather parameters — two of which
are not measured at the meteorological statiorubmag, namely diffuse solar radiation
and beam solar radiation.

> The values are integrated over a period of one hour, but the exact émalihis not been specified.
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TRY for TSBI3

Parameters (hourly) Units
Cloud cover [oktas]
Dry bulb temperature [1/10 °C]
Absolute humidity [o/r¥]
Diffuse solar radiation (on horizontal surface) [VE¥m
Beam solar radiation (on perpendicular surface) [¥V/m
Wind speed [m/s]

It is not customary for The Malaysian MeteorologiSarvice to take the measurements
for diffuse’®, direct’ and bearf radiation. However, it has been possible to géd bb
five years measurements (1991-1995) taken at tkedie Jaya meteorological station,
but a TRY ought not to be based on merely five yeeeather data. Thus, the missing
radiation data had to be deduced from the othethgeaata.

Erbs’ Estimation Model for Solar Radiation

Different models exist for the estimation of diffusbeam and direct solar radiation.
Some models are rather accurate and incorporatsumaents of sunshine hours and
detailed cloud cover information (i.e. the heightiaype of clouds). The latter was not
available from Subang meteorological station. Meexp some models work better at
certain latitudes.

Erbs’ estimation model was chosen because it vaimet to yield accurate results for
Malaysian weather data. The model uses the glael sadiation to calculate the diffuse
solar radiation (Erbs, 1982). More specificallyb&rmodel uses the hourly clearness
index (kr) to calculate the diffuse fraction of the hourgdration (I/1). The clearness
index is calculated from an extensive number ofaldes, which are accounted for in
attachment 3. The beam radiation can be calculated the diffuse radiation by a
subprogram (TRYCYV) of TSBI3.

|
Td =1.0- 0.09k kr£ 0.22 Equation 2
|

Td =0.9511- 0.160k+ 4.388k 16.638k 12.336k 0.22<k<0.80 Equation 3

|
Td =0.165 kr3 0.8 Equation 4

An example of the estimation model is shown inftere below.

18 Diffuse solar radiation is measured on a horizontal surface.
" Direct solar radiation is measured on a horizontal surface.
8 Beam solar radiation is measured on a surface perpendicular tditteora
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Erbs' Solar Radiation Model
(January 1, 1993. Subang)

[W/m~2]
800
600 —o— Diffuse, calc.
400 ~ —o— Direct, calc.
200 —A— Global, data
O -4

5 7 9 11 13 15 17 19 21
hour

Figure 8: Global solar radiation split up into diffuse and direct radiation calculated
using Erbs’ method.

Selection of months for TRY

Each of the 12 months in TRY, say April, is repregse by an April selected among the
many years’ Aprils in the meteorological databa$hkis selection is a major task
consisting of three parts (Andersen et al., 1986):

1. Quality check of data
2. Evaluation of data by experienced weatherman
3. Statistical treatment of data

Part 1

The quality check consists of checking the raw datanissing and/or invalid data (e.g.
no solar radiation in the day or solar radiatiomaght). Small strings of missing data
must be filled in by interpolation. Dummy valuesshilikewise be replaced with sensible
data. All the substitutions must be recorded; hanth has too many missing and/or
faulty data it must be abandoned. If the monthniy gubject to alteration it can be used
for the statistical analysisbut should not be picked for the TRY.

Part 2

The evaluation of the data by an experienced weakia man is often neglected, but it
is an equally important as the two others. The s&peed weatherman will look at all the
weather data collectively and determine whethep tfie together from his personal
knowledge of the local climate. The months are gdadccording to his evaluation. To
give a crude example, a month that has rain camgidith high temperatures gets a poor
grade, while a month with rain coinciding with ld@mperatures gets a good grade. The
“good” month will be picked over the “poor” monthhen the statistical treatment is
performed.

¥ ncluding the month in the statistical computations williefice the total average and mean values,
which should be calculated from as many months as possible.
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Part 3

The statistical analysis is carried out for theethweather parameters that are most
significant for the local climate. These parametgessubjected to statistical methods that
reveal how the variation within the months anda®rage compares to the rest of the
months. This is done by a) calculating the dailgrages and averaging the values for
each month of the year b) calculating the standaxdation of the daily values, relative
to the monthly mean for each month of the year @ndormalising the averages and
standard deviations for each month. The months thighsmallest normalised values are
the most representative.

Daily mean = dm

T
T, = Equation 5
24
Monthly mean = mm n
T Equation 6
T =21
mm n
where n = number of days in that month
Standard deviation = S
" 2
g2 1 (Tan= Tom) Equation 7
n
Average monthly mean
X
Tmm
T =-1 Equation 8
X
Average monthly standard deviation
X
=1 S Equation 9
X
where X = number of years
Normalisation
s-§
Stom = |
orm S Equation 10
T~ T,
T o _‘ o mm‘ Equation 11

where X = number of years
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Selection

The three parts to the construction of a TRY asrilesd above have not been fulfilled in
every detail for this TRY. The main reason beingoastraint of time. Part two (the
evaluation of data by experienced weatherman) kas lomitted. The quality check of
the data has only been partial, meaning that maxirand minimum values as well as
suspiciously big jumps between hourly values haeenbchecked. Part three (the
statistical evaluation) is therefore the only parhave been done fully.

The three weather parameters that are most signffitor the Malaysian climate have
been taken to be:

Dry bulb temperature
Global solar radiation
Absolute humidity

The dry bulb temperature and the global solar tamhizare very influential on the heat
gain for buildings, whereas the absolute humiditys han effect on the energy
consumption of air-conditioners.

The absolute humidity was calculated from the redahumidity using the correlation
(Rode, 1998):

4043
exp 24.35 T+235.57 Equation 12
Absolutehumidity) = (relativehumidity %)x . g
( ty) =( ty %) Y7315 /ns

The minimum and maximum values for dry bulb tempes absolute humidity and
global solar radiation are displayed in the grampdlew. All the values seem to fall within
a reasonable interval.
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Figure 9: Minimum and maximum values for the three mostsignificant weather
parameters used for the TRY selection process. Subang Merological Station, 1975-
1995.

If the measurements experienced high jumps from btoer to the next, the
measurements were checked to insure that the suddeation was not due to
dysfunctional equipment. For example, a big droph&temperature could be caused by
rainfall. Table 5 shows what cross check criter&aevapplied to the weather data.

Table 5: Check of measure ments for absolute humidity and dry bulb taperature

High jumps between hourly values for weather dageevehecked if:

Check criteria: No. of checks:
D(absolute humidity) > 5 g/m3 70
D(dry bulb temperature) > 10°C 3
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None of the months for the humidity and temperatmeasurements had to be discarded
unlike the monthly measurements for global soldratgon, where many of the months
contained dummy values. The months containing duwehyes were subjected to the
following procedures:

A. No. of dummy values pr. month 10: The dummy values were replaced with the
values from the preceding day. The month was usethé statistical analysis but

could not be picked for the TRY.

B. No. of dummy values pr. month > 10The month was discarded and was not
included in the statistical analysis.

Table 6: Months that were either altered (A) or discarded (B) for theTRY selection process.

19751976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991} 1992 1993 1994 1995
Jan B B
Feb Al B B
Mar A A
Apr A B B Al A
May B A
Jun A A
Jul
Aug B A
Sep B A B B A
Oct A A B B Bl A
Nov B B Al A A B
Dec B B B B A

The three weather data were finally analysed szl as described in Part 3, page 21.
The normalised values for each month (six valuasely 3 x 2 values) were compared
to the values of the same months in the 21-yeaogheiThe month with the lowest
maximum value was chosen for the TRY (see attachderAn example is given below
in Figure 10.
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Normalised values for dry bulb temperature, absolu
solar radiation. July, 1975-1995.

te humidity and global
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Figure 10: The months with the smallest maximum normalised value selected for TRY. In this case

1981 is chosen with a maximum value of 0.069 for temp. (S). [Standard deviation = (S)erage
value = (avr.)]

A similar graph to Figure 10 was made for eacheftivelve months. The resultant TRY

was found to consist of the following months:

Table 7: Months selected for TRY from the 21-year weather data from Suban

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Ded

1993

1995

1991

1980

1990

1983

1981

1987

1985

1977

1986

1984

Validation of TRY

Due to the lack of time it has not been possiblesibject the TRY to a thorough
validation. Such a validation would include:

Cross check of weather data by experienced weagimerm

Validation of Erbs’ radiation model comparing cd&ted and measured values.
Check of hour intervals of weather data.
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7. Presentation of Houses

The endeavour of this report is to optimise thergnmeonsumption of different houses
through computer simulations. The report is limiteddo energy optimisations for two
kinds of residential houses:

1) Existing terrace houses (a typical single storyseois chosen)
2) UPM Thermal Comfort Houses (low-energy house indésigning phase)

Both energy optimisations are interesting in a Msilan context: a) Approximately two
million energy deficient terrace houses are foumdMialaysia (Davis, 1998). b) There
exists a big market for house constructfoftach of the houses will be described in the
following. Please note that time did not allow @ory TSBI3 simulations on the terrace
house. However, a description of the house wilgiven for the sake of future work.

This chapter also includes a few remarks and mstof other houses in Malaysia.

Terrace House

The terrace house is found in every urban settiugisi largely built according to English
building principles. Thus, the house is not atsaited for the Malaysian climate. In the
words of Davis:

“The terrace houses is a very sensible design for England, its coontry
origin, where poorly ventilated houses keep out the cold. The present
generation of high density terrace houses are just as ludicrous in the
humid tropics as Malaysian kampung houses would be in England.
Instead of protecting against the harsh environment, the Malaysian
terrace houses and other modern houses punish the population by making
the night almost as uncomfortable as the day. All the while the cool night
air waits patiently outside, rarely invited indoors”

(Davis, 1998)

A site visit was paid to a terrace house in ordetake measurements of the house. The
house sketch and photos will be shown in the falguw

2 According to the 8 Malaysian Plan: 800,000 houses built over 5 years, 90% of houses should be low-
cost.
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Figure 11: Single story terrace house in a row of houses (Serdang, lslgsia)

Figure 12: 1) Air-shaft in terrace house. The louvers are open at the top dfie¢ shaft for removal
of hot air by natural ventilation. 2) No insulation or radiant barrier (aluminium foil) is usually
found on the attic; this house is an exception (Serdang, Malaysia).

The house is built with concrete walls and with @ate beams supporting the tiled roof.
The ceiling is a wooden board, which normally won&t have any insulation or radiant
barrier (e.g. aluminium foil) to the attic.

The terrace house has a living room, a dining raera,or three bedrooms, a kitchen and
a bathroom; a basic structural sketch of the terlammise depicted above is shown here:

- Page 27 -



Energy Simulations for Buildings in Malaysia
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Figure 13: Principle sketch of terrace house; a very common resideatihouse in Malaysia.
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UPM Thermal Comfort House

A prototype of a low-energy, low-cost house hasnbkeilt at the Centre for Thermal
Comfort Studies, UPM. The house (the UPM Thermainfdot House) is the last in a
row of low-energy houses built by Mohd. Peter Datisthe UPM campus. The house is
constructed from the building system RapidWall, ehhconsists of pre-fabricated wall
panels made from gypsum reinforced with glass-fibrke walls are delivered in a
container and the house is erected in only 10 daysther 4 weeks are needed to finish
the interior of the house. The cavities in Rapidv¢ah be filled with insulation — this
especially applies to the cathedral ceiling wheepiBWVall panels also have been used
(see Figure 143"

Figure 14: 1) RapidWall slab; the panels are made up to size of 3
X 6 meters. 2) Insulated Rapidwall roof. For wall panels the
cavities have not been filled with insulation.

A few photos of the house are presented below:

2L A lesson learnt from the UPM Thermal Comfort House is thatd®sall panels are impractical as roof
panels. Thus, a different insulated roof will be used in the future.
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Figure 15: Mohd. Peter Davis and myself in front of the UPMIhermal Comfort House. It is
a semi-detached house, i.e. a house comprising two families. (UPM, Malaysi

Figure 16: UPM Thermal Comfort House from the side. Each househdlis 60 ns.

The house fulfils all the requirements for low-chestises regarding number of rooms and
living space. The floor plan below is purposely ridal for commercial reasons; the
names of the different rooms will be used in subsat|chapters.
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?

Figure 17: Floor plan of UPM Thermal Comfort House (60 r#).
Reference will be made to the room names in later chapters.

Other low-cost houses

Many Malaysians live in very cheap houses that db e¢onform to any building
standards. These houses are sometimes self-builtatdérials at hand (see Figure 18).
The roof is typically nothing but a rusty metal shaevhich absorbs much of the sunlight.
Thus, the ceiling quickly heats up causing an wgdat indoor climate (see Figure 3,
page 10). No doubt that the Malaysians deserversttutions for low-cost houses.

- Page 31 -



Energy Simulations for Buildings in Malaysia

Figure 18: Low-cost houses with rusty metal sheet roofs (Melaka, Malaysia)

Malaysian Architecture

The original Malaysian houses were constructedfeaonith the hot and humid climate

before relying on air-conditioners. General feasurethe houses were elevation from the
ground, high ceilings and high levels of naturahtitation. These buildings do heat up

during the day, but the high ventilation ensured they do not “overheat” and that they
stay cool at night. “Cool” meaning close to ambigmperature.

The traditional Malaysian houses are not attragtiveday’s urban society for a number
of reasons:

1. They are too expensive to build and maintain compared to concrete houses

2. The openings and wooden structures make the houses easy targets for burglary

Returning to traditional design may be considered as a step backwards for many
Malaysians, who want to develop.

4. Appearance is more important than functionaty.

Two pictures of an original Malaysian house areught below. The pictures were shot
in Mini Malaysia, Melaka, where traditional houdesm all over Malaysia are displayed.

2 An example of this is an advertisement for window film coatings, whielsald on the catch line:
“Make your home or office look better”. The advertisement explainshbacoating will “provide the look
of expensive tinted glass”. The energy benefits of the coating omlg apsecond.
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Figure 19: Traditional house from Sarawak, Malaysia. The house is plad on
stilts and is made from bamboo allowing high rate of natural verlation.

8. Measurements

People in Kuala Lumpur regularly complain that tmy has become hotter during the
past couple of decades. This general increase nmpdmture is denoted as the
“urbanisation effect”, and it occurs when the natemvironment is transformed into city.

A number of temperature measurements were takeandnaround the UPM Thermal

Comfort House to shed light on this phenomenon. ddeer, the measurements were
used as reference for the computer simulations.

Measuring Equipment

Hobo thermocouple data-loggers the size of a matchiere used to measure the
temperature every 6 minutes. Each data-logger vedibrated; the temperature was
measured with an accuracy of +0.2°C.

The Experiment

The experiment ran for seven full days (Decembé&591999) at the UPM Thermal
Comfort House. Information about the house utilisatand the outdoor climate during
the days of the experiment is listed in Table 8emglas Table 9 states where the
temperature sensors were placed.
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Table 8: Use of UPM Thermal Comfort House (used as office buildingjuring experiment.

Date

#H $
% & %

Table 9: The name, place ment and re marks to the temperature measuremts at the UPM Thermal
Comfort House (December 9-15, 1999).

1%& # # % &) $
I( # * %# 4 &, * (
( ( (- " /
0 # #*x ¥ &, #
% # $ &$$ * ) $(
#$
1 # * %# " &, (
% # & % % # $ - 2
# ) $ # $
# # % #  *
# #)$ %
3 # #)$ % % % #
* # # # (., % &)
* % % 45 6 ( * % % 4( 6 +
Results

The aim of the measurements was to shed light eriattors adding to the urbanisation
effect. More specifically, temperature measuremergre taken on different surfaces in
the urban and natural environment for direct comspar The same was done for air
temperatures in the two environments.

Urbanisation Effect

A sure sign of urbanisation is the increased useootrete and asphalt for houses and
roads. When greenery is exposed to sunlight muckhefsolar energy is used for
evaporation of water. For example, a full-grownetigan evaporate up to 400 litres of
water pr. day (Cler et al., 1998). When sunlighs kibncrete it is another story. Much of
the solar heat gets stored in the thermal madseofdncrete and the heat dissipates to the
surroundings throughout the night. This is cleasydent from Figure 20.

% The additional measurements were primarily taken indoors and alebéea
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Outdoor Temperatures
(December 9-15, 1999)

-O—- Ambient
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Figure 20: Average temperature measure ments from outside the UPVhermal Comfort House.

The temperature of the concrete apron never drelosvithe grass temperature, but stays
2 -15°C higher throughout the day and night exckping the morning hours when the
two temperatures equal.
Temperature outside Window The considerably higher
positioned over Concrete Apron temperature of the concrete
(December 9-15, 1999) Y .
apron is indicative of the
urbanisation effect (see
Figure 22). Figure 20 also
shows that the metal sheet
roof heats up far beyond the
grass temperature.
However, the thin metal
sheets have very little
thermal capacity and cool
quickly at night. In fact,
Figure 21: Higher air temperature outside window than ambient. they become colder than
UPM Thermal Comfort House with concrete apron. ambient temperature due to
radiation to the cool night
sky.
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Interestingly, the ambient temperature is alwayseroor equal to the ground (i.e. apron
and grass) temperature. Thus, houses should poéfdra built on stilts with no thermal
contact to the ground. Lifting the house off theugrd will make it cooler, but the house
will still be subject to the urbanisation effectdhgh increased heat radiation from the
ground and higher air temperatures. The measuramsov how the hot concrete apron
affects the envelope of air around the house. Aptaature difference of up to 3°C is
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detected during the day. This will contribute te tieat transmission into the house from
increased heat gains through conduction and véatila

28.0 1 URBANISATION EFFECT
Subang Meteorological Station (1975-1995)
(Area experiencing urbanisation)

27.5 -
@)
T W
g X 27.0; R®=0.75
c D
5 <
¢
o L 265 1 SLOPE= 0.06 °Clyr
<
= CONCLUSION :

The outdoor temperature

26.0 A has increased
1.2C in 20 years
25.5 T T . ,
1975 1980 1985 1990 1995

Figure 22: A gradual increase in temperature is observed foan area subject to urbanisation.
Precautions must be taken in projection of the trend-lie; 21 years is a relatively short period by
climatic standards.

Night Cooling

The UPM Thermal Comfort House employs a high vatitih rate at nigh in order to

cool the interior of the house. At night the outda@ temperature usually drops below
the comfort zone of 24-28°C. Indoor air is suckeud through two ceiling exhaust fans
and is replaced by cooler outdoor air drawn indigrowindows and ventilation grills.

For the night ventilation to be effective it is essary for the cool night air to heat
exchange with the indoor structures of high thermass (i.e. the concrete floor and the
partitioning walls). Drawing air through the windswvill not necessarily cause an
effective heat exchange. Instead the outdoor aitdcbe sucked through air channels in
the floor slab and/or through cavities in the Ruéyadl. This would most certainly
increase the heat exchange efficiency.

Another option is to use water instead of air (Begire 23). The concept is cool the
water by sprinkling it onto the roof at night. Dt® night sky radiation the roof cools
below the ambient temperature at night. The wasecdllected from the roof and
channelled through pipes in the floor slab befarmdp sprinkled onto the roof again.
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Figure 23: Night sprinkling of roof in order to cool floor slab. This system is
called WhiteCabF (Cler et al., 1998).

The question is whether it is economical to builetls cooling systems in Malaysia,
which has small dinural temperature variations. Tustion will be left open for
discussion; Figure 24 displays the measured temypesainside and outside the UPM
Thermal Comfort House; the roof temperature is axprately 4°C lower than the floor
and walls at night.

Conditions for Night Cooling
(December 9-15, 1999)

-©—- Ambient
£, -X~- Roof
o
=]

o
(]
o
IS -~ Floor
()]
l_
—X-Indoor
0123 456 7 8 9101112131415161718192021222324

Time

Figure 24: Temperature difference of indoors and outdoors for the UM Thermal Comfort House.
The question whether night cooling is a good idea is left open.
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9. Simulations and Results

Due to lack of time the simulations for this repare restricted to the UPM Thermal
Comfort House. The Malaysian weather data year (TR TSBI3 was only completed
two weeks before the report deadline. Hence, timebewn of TSBI3 simulations is limited,
and the results have not been thoroughly chéékédcontinuation of the work will be
undertaken in the spring of 2000, and a report sansmng the collective findings for the
UPM Thermal Comfort House and the terrace houskbgilcompleted by June 2000.
Three areas have been in focus for the simulatbtisis report:

1. U-values of the roof and walls (Heat?2)
2. Mapping of heat gains to the indoor climate (TSBI3)
3. Reduction of solar heat gain through windows (TSBI3)

Roof and Wall Simulations (Heat?2)

Simulations were carried out to determine the Wwalof the roof and walls of the
existing UPM Thermal Comfort House; computationgevalso performed for a new
insulated panel roof, which will be used for futin@uses instead of the RapidwWall panel
roof. The extensive input and output data are abklon disketfé. Table 10 and Table
11 list the thermal and surface properties of thatemals used for the computer
simulations, while Figure 5 and Figure 25 show tesign of the two different roof
systems.

Material Conductivity Thermal Density Solar
) capacity absorption

[W/m K] [J/kg K] [kg/m3]

Insulation (Rockwool) 0.037 848 50 -
Metal sheet roof 17 460 7820 0.9
Steel frame 17 460 7820 -
Wooden battens 0.125 2500 450 -
Cement board 0.49 1000 1100 -
RapidWall (glass-fibre 0.4 1000 1300 0.3

reinforced gypsum)

Table 10: Thermal properties used in computer simulations

Indoor Outdoor RapidWall Aluminium

cavity foil
Surface film resistance énk/W) 0.13 0.04 0.17 0.17
Heat radiation emissivitye] 0.9 0.9 0.9 0.1

Table 11: Surface properties used in computer simulations

4 Talking from experience models typed into TSBI3 usually contairesanity entering of data. Basic
checks have been performed and the simulation results seemeeisinever, a thorough check of the
model ought to be undertaken.

%It the diskette is not enclosed contact the author.
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555 mm
50°C
| | metal sheetl (=17)
f1 = foll . .
. air cavit
¢ h = ventilation rate (H, 33°c;/ f0 = no foil reavity
b rockwool ( =0.037)
a rockwool ( =0.037)
V\ cement board! (=0.49)
steel profile (=17) 28°C

Figure 25: 1) Cross sectional cut of steel frame roof drawn tecale. The width (shown here) is 555
mm, the length is 6000 mm, and the height depends on thevel of insulation (see principle sketch

below) 2) Principle sketch of the edge of the steel fr@e panel; the wooden battens have not been
included. The conductivity of the materials are includedn the parenthesis. The variables a, b, c, f

and h have been used for the simulations; the results ashown in Figure 26. The value “h” denotes

the ventilation rate of the air cavity below the metal sheet.

Computed U-values

The Heat2 roof simulations were steady-state simoma with a fixed indoor surface
temperature of 28°C and a roof temperature of 50%& margin of error was set to
0.1%. The results for the steel frame roof andRapidWall roof are found in Figure 26
and Table 12, respectively.
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Figure 26: Computed U-values for different steel frameroofs using Heat2. The letter codes are
explained in Figure 25; for example, the first roof “a80, b0, ¢50, f1, hOis composed from a 80mm
thick insulated steel frame (a80), Omm additional insulabn (b0), an air space of 50 mm (c50), an
aluminium foil (f1), and with a cavity that has an air change of 0 times pr. dur (h0).

The steel frame roof is a lightweight structure. céiding to the Singapore
recommendations the U-value should be no higher hda W/ni K (see Table 19). All
of the roofs except A and B comply with this recoemdation. Several interesting
observations are made from Figure 26:

1. Thermal bridging markedly affects the U-value. Egample, Roof A and
Roof C have the same amount of insulation, yet\Hvalue of Roof A is
31% higher because the highly conductive steeldrpenetrates the entire
insulation layer. The same effect is observed fwoffF and Roof G. Note
that Roof A has a bigger air cavity than Roof Cjoltonly adds to the
difference in U-value in a direct comparison.

2. Usage of aluminium foil as a radiant barrier isoramendable. Roof B is
identical to roof C but does not have an aluminfoitresulting in a 13%
higher U-value. The aluminium foil starts to plagraater role for less
insulated roofs (Please refer to U-value formypage 13).

3. Mechanical ventilation of the air cavity under thetal sheet roof has
little effect. For three identical roofs (Roof C,dnd E) the air change
rates were 0 b, 3 ht and 1000 H, respectively. The increased ventilation
rate when compared to Roof C did not have any eféedRoof D and
only reduced the U-value by 13% for Roof E. The 1&%rgy savings
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will surely not outweigh the power consumption émforcement of such a
high air change. The benefits of ventilation wisimilarly to the use of
aluminium foil — be more outspoken for poorly iregield roof structures.

4. Not surprisingly — a thicker layer of insulationcdeases the U-value.

All of the above roof structures can be testecha TSBI3 computer model for the UPM
Thermal Comfort House, but due to time constrathis has not been accomplished.
Only a the RapidWall roof and a pure metal sheeff ttave been used for these
simulations (see Table 12).

Table 12: Roof structures used in TSBI3-simulations

Name in TSBI3 U-value Description

[Wimz K]
Roof, metalsheet 5.9 Metal sheet roof on wooddte hs
Roof, Rapid-air 17 Air-filled RapidWall panel, wooden battens and rhetseet

roof.

RapidwWall panel with Rockwool insulation in the das,

1 *
Roof, Rapidwall 0.47 wooden battens and metal sheet roof

RapidWall panel with Rockwool insulation, additibiayer

Roof, Rapid+100 0.22 of 100 mm insulation, wooden battens and metaltgoed

* Existing roof on UPM Thermal Comfort House

A few simulations addressing the heat gain throwgihdows were also undertaken. In
one of the simulations the eaves were all incre&ead approx. 0.5 meters to 1.5 meters,
whereas for the second simulation the light trattemce and solar heat factors were
reduced by 48% for the window glazing. First, hoeg\the simulation for the existing
UPM Thermal Comfort House will be presented.

Simulation for UPM Thermal Comfort House (TSBI3)

The input data for the model of the UPM Thermal @minHouse is very extensive and
will only be presented here in general terms. Tiut file for the model is found on
diskett&®. The house is inhabited by a family of five witbrmal energy habits. Only the
living-room is equipped with an air-conditioAe(750 W), which is set on a thermostat
setting of 28°C. Each bedroom has a ceiling fanijchviruns throughout the night
together with three exhaust fans for night timetiation. The walls are made from air-
filled RapidWall (U-value = 2.7 W/&K) and the roof from RapidWall with insulation in
the cavities (U-value = 0.47 WHK). No shading devices (trees, hills, buildings.pare
found around the house for the simulation.

% the diskette is not enclosed contact the author.
27 Air-conditioner information: National CS/CU-90KH, 750 Watts, cooling cipad 2550 Watts. The
efficiency is 11.6 (Btu/h)/W.

- Page 41 -



Energy Simulations for Buildings in Malaysia

Figure 27: Annual heat balance (kwh) for UPM Thermal
Comfort House inhabited by average Malaysian family of five.
All the values, which are explained in Table 13, add up to ze@
The indoor heat removal by the air-conditioner is denoted
“qCooling”; the value must be divided by the coefficient of

performance (heat removal/watt) to obtain its power

consumptior?®,

Name in TSBI3 | Name in | Description

Figure 1

gHeating Q@ Heat supplied to keep the house thermally comftatétero for
Malaysia)

gCooling @X Heat removed to keep the house thermally comfaatabl

glnfiltration Q Heat gain/loss by air seepage through windows aodsd

gVenting Q Heat gain/loss by natural ventilation through op@&mdows and
doors

gSolRad Q Heat gain from solar radiation through windows

gPeople 0] Heat gain from people

gEquipment Q Heat gain from equipment and appliances (includiogking)

gLighting Q Heat gain from lighting

gTransmission Q Heat gain/loss from conduction through buildingedope (walls,
roof, floor, windows and doors)

gMixing - Heat gain/loss from air mixing betweemnis

gVentilation Q Heat gain/loss from mechanical ventilation of house

Table 13: Explanation of output names in TSBI3, Figure 27.

B For the air-conditioner used at the UPM Thermal Comfort Hchesedefficient of performance is 3.4.
This gives an annual power consumption of 4955 kWh / 3.800 kWh.
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Figure 27 shows that the majority of annual indbeat gain stems from the use of
electrical equipment (primarily from cooking) angl beat emission from people. Solar
radiation through windows only comes in third. Heansmission through the building
envelope is virtually zero, however, this is notpsising as the indoor temperatures on
average are rather close to the average outdoqetature of approx. 28°C (see Figure
28). For a fully air-conditioned house the net hgahsmission heat gains would be
considerably higher, and at the same time coolorgrdbutions from the ventilation and
infiltration would approach zero. The heat remobgl ventilation (1500 kWh/year)
happens on the expense of power consumption fas (&0 kWh/year). The same
cooling effect could have been obtained for aelititss energy by using the air-
conditionef®.

a
b
c

d d

Cc

e e

b

a

Figure 28: Statistic for annual temperatures in the respetive rooms of
the UPM Thermal Comfort House. The bedrooms are primaily hot
(above 28°C) during the day when they are not in use.

The annual temperature profiles in Figure 28 shbat the temperatures in the three
bedrooms and toilet frequently exceed the maximimmit bf the thermal comfort zone
28°C; the living room performs better due to thecanditioner and virtually never
exceeds 30°C. A closer look at the daily tempeeafupfiles for each room reveals that
the bedrooms only heat up during the day (when Hreyunoccupied) and stay cool at
night. Thus, the violations of the thermal comimhe in Figure 28 are not as bad as they
look (see Figure 29).

®The UPM Thermal Comfort House air-conditioner has a coeficieperformance of 3.4.

- Page 43 -



Energy Simulations for Buildings in Malaysia

a
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Figure 29: Typical daily temperature profile for the UPM Thermal
Comfort House. The bedrooms get hot during the day but drop withinhe
thermal comfort zone of 24-28°C around bedtime 23 O’clock uniti9
O’clock in the morning.

Roof-simulations in TSBI3

The UPM Thermal Comfort House has been simulatedttie four different roof
structures listed in Table 12. To make the simaieti comparable each room was
equipped with an air-conditioner with sufficientatiog capacity to keep the room within
the thermal comfort zone of 24-28°C. Figure 30 shawhat effect it would have on the
annual energy consumption to change from the agistiapidwWall roof panel filled with
Rockwool insulation to any of the three other rtygfes.

Different roof alterations for existing
UPM Thermal Comfort House

— < 250% - 199%
© 0
> 2 200% O Metal sheet

o
s £ 150% 1 Rapidwall
£ 2 100% - O Rapicival -
v O without insulation
g 2 50% 10% tional
® > 0% I . IAddltlon_a _
o o 0 100mm insulation
S c -50% - 1%

o

Figure 30: TSBI3 simulations for different roof structures with the
existing insulated RapidWall roof as the reference.

The cooling demand skyrockets if only plane metadet roof is used. Removing or
adding 100mm Rockwool insulation to the existingpid&Vall roof has minor effect
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( 10%) on the cooling demand. This is due to a redfiti high thermostat setting of

28°C, which is close to the average outdoor tentpezaFor buildings with lower indoor

temperature (e.g. office buildings) the level outation will play a greater role, as the
heat flow primarily will be one way, namely outdedo indoors.

Simulations for Solar Heat Gain

The facade of the UPM Thermal Comfort House fadesctly South. This prevents the
morning and evening solar radiation at low inchoas to enter through the windows at
the facade and back of the house; no windows aredfan the end gable walls facing
East and West. However, a considerable amountlaf sadiation does pass through the
windows (see Figure 27). This is partly due to shaall eaves (especially for the bay
window in the master bedroom) and partly due tolilgh transmittance (83%) of the
windows. Two methods for cutting down the solarthggan are shown in Figure 31.

Measures to reduce
solar heat gain for existing
UPM Thermal Comfort House

@ 60% - 9

§ 48% O Big eaves (1.5 m)
5 40% - 28%

S 0,

i 20% 1 5o, 11% @ Window coating
= 0% (48% less

< 0 ' ' transmittance)

Cooling load Solar heat gain

Figure 31: TSBI3 simulations for reduction of solar heat gain;the effect on the
annual cooling load is also shown. To make the simulations roparable each room
was equipped with an air-conditioner with sufficient cooling capacity to keep the
room within the thermal comfort zone of 24-28°C

Both of the measures in Figure 31 provide redustionsolar heat gain as well as the
cooling. Care must be taken when interpreting #eilts as both measures will reduce
the amount of daylight indoors. This will increabee demand for artificial lighting,
which to a certain extend will replace the solaathgain (each fluorescent lamp
contributes with 40 W). Moreover, the additionad ug artificial lighting will add to the
electricity bill - daylighting will not. The use ofindow coatings and big eaves are
therefore best used either for windows experienemgh direct sunlight and/or for
windows in rooms that have a small lighting requeat during daytime. For the UPM
Thermal Comfort House this especially applies ®liig window in the master bedroom,
but more simulations are needed to confirm thismemendatior?.

0 TSBI3 is able to calculate the amount of light (Iux) in each room. Thegmogan be asked to switch on
the artificial light when the lux falls below a specified levelnéts computations for how window coatings
and/or bigger eaves affect the utilisation of artificial lightang feasible.
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10. Recommendations and Future Work

The major accomplishment of this report is the twsion of a Malaysian TRY (Test
Reference Year), which can be used for annual grimrdding simulations in TSBI3 and
other computer programs employing climatic datae TRY is constructed from 21 years
of hourly weather data from Subang Meteorologidaki&n. It is recommended that the
validity of TRY is checked and approved by and egreed weatherman.

A few TSBI3-simulations have been undertaken fer ti°M Thermal Comfort House.
The simulations revealed that the three main dauiors to the indoor heat gain are 1)
use of equipment, primarily cooking 2) heat emisgiom people, family of five 3) solar
radiation through windows. The annual power condionpfor cooling and night
ventilation was 1500 kWh and 500 kWh, respectively.

More simulations are needed in order to give smeoficommendations for alteration of
the UPM Thermal Comfort House. The preliminary deions show that the house
performs well to the Malaysian climate. For exampite two biggest heat contributions
to the interior of the house do not relate to tbade design but rather to the presence of
people and their usage of equipment. However, theeens to be a potential for reduction
of solar heat gain — especially in the bedroomsredeer, the night ventilation can
probably be optimised.

This report has only scratched the surface of itmelation work for the UPM Thermal
Comfort House. More simulations and in depth analyall be presented in a new report
in June 2000. The report will also include simuwlas for the terrace house presented in
this report.
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11. List of Abbreviations

DANCED Danish Corporation for Environment and Deypghent
DUCED Danish University Corporation for Environmemtd Development

Heat2 Computer program for numerical heat flow glaltons
TRY Test Reference Year

TSBI3 Computer program for energy simulations ifdigs
UPM Universiti Putra Malaysia
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