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Solar radiation on building envelope is the main reason for heat gain and thermal
discomfort. In the case of Malaysia being a tropical country with high solar radiation,
solar heat gain through building envelope is the main reason for cooling requirement.
The design criterion for minimizing solar heat gain into a building envelope is known
as the Overall Thermal Transfer Value (OTTV), which consists of three main parts:
heat conduction through walls, heat conduction through fenestration, and solar
radiation through fenestration. Although various strategies such as wall insulation and
shading with plants have been developed to control the heat transfer through opaque
fagades, these strategies have some disadvantages. However, there is no study about
the effect of controlling direct solar radiation on opaque facades in Malaysian climate
conditions via external fixed shading system. Moreover, since the current OTTV
equation and coefficient for Malaysia were initially introduced to apply to buildings
with bare envelope, building designers have the problem of computing the OTTV for
buildings with external shading.

The purpose of this research is to examine impact on heat gain of buildings under
Malaysian climate conditions by introducing external fixed shading system on opaque
facades. To achieve this aim, a computerized simulation method was used and
ECOTECT simulation software was selected as a simulation engine. First, an existing
cell in the Faculty of Design and Architecture at Universiti Putra Malaysia camp‘s was
selected to validate the model in the simulation package.

After preparing the base line model, solar analysis tool was run to assess the solar
radiation on building envelope. Thermal analysis was run to consider the indoor
thermal comfort condition and cooling requirement. After analyzing the base line
model, the effect of external shading on opaque facades was evaluated by introducing
the horizontal louver fixed shading devices to the base line model and reassessing the
model with louver shading system. Finally, findings for the base line model without
shading system and with shading system were compared and the effect of external



fixed shading on opaque facades was discussed. Based on the results of solar analysis,
variations for solar heat gain through envelope and OTTV were calculated to present
the external fixed shading effects on opaque facades.

The findings of this research show that the reduction of solar radiation on opaque
facades achieved by external shading on opaque surfaces, decreases the solar
absorption and as a result of this, there is less solar heat gain by buildings. Equivalent
temperature differences (TD.q) for opaque facades are affected by solar radiation and
less direct solar radiation on building envelope reduces the TD., Thus, heat
conduction through opaque facades shows a decrease. It means less solar radiation on
building envelope reduces the OTTV for Malaysian climate buildings. Moreover, the
results for thermal analysis indicate that by rejecting excess solar radiation from walls,
external fixed shading on opaque facades limits the mean radiant temperature (MRT).
Therefore, indoor temperature comes down and PMV variation is low. Thus indoor
thermal performances improve, and less cooling requirement is needed for providing
thermal comfort.

The results of this study contribute toward finding optimal ways for architects to
design buildings with better understanding of thermal transfer of building envelope as
well as energy efficient standards in tropical regions especially in Malaysia for future
research.
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Sinaran suria kepada sampul bangunan adalah sebab utama bagi peningkatan haba dan
ketidakselesaan terma. Dalam kes Malaysia sebagai sebuah negara tropika dengan
sinaran suria yang tinggi , peningkatan haba solar melalui sampul bangunan adalah
sebab utama untuk keperluan penyejukan. Kriteria reka bentuk untuk mengurangkan
peningkatan haba solar ke dalam sampul bangunan dikenali sebagai Nilai Keseluruhan
Pemindahan Haba ( OTTV ), yang terdiri daripada tiga bahagian utama: konduksi haba
melalui dinding , pengaliran haba melalui fenestrasi , dan radiasi solar melalui
fenestrasi.

Walaupun pelbagai strategi seperti dinding penebat dan teduhan dengan tumbuh-
tumbuhan telah dibangunkan untuk mengawal pemindahan haba melalui bahagian
hadapan legap , strategi ini mempunyai beberapa kelemahan.Walau bagaimanapun,
dalam pengetahuan penyelidik , tidak ada kajian dibuat mengenai kesan kawalan
radiasi solar secara langsung pada facades legap dalam keadaan iklim Malaysia melalui
sistem teduhan tetap luaran . Lebih-lebih lagi , kerana persamaan OTTV semasa dan
pekali bagi Malaysia pada awalnya diperkenalkan untuk memohon kepada bangunan
dengan sampul kosong , pereka bangunan mempunyai masalah pengiraan OTTV untuk
bangunan dengan teduhan luar.

Tujuan kajian ini adalah untuk mengkaji peningkatan haba bangunan di bawah keadaan
iklim Malaysia dengan memperkenalkan sistem teduhan tetap luaran pada facades
legap. Untuk mencapai matlamat ini , satu kaedah simulasi berkomputer terpilih telah
digunakan dan perisian simulasi ECOTECT telah dipilih sebagai enjin simulasi. Oleh
itu, pada mulanya , sel yang sedia ada di Fakulti Rekabentuk dan Senibina di kem
Universiti Putra Malaysia telah dipilih untuk mengukur suhu , kelembapan dan data ini
kemudiannya dipindahkan kepada Microsoft excel untuk dianalisis .
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Selepas menyediakan model asas, analisis solar telah dijalankan untuk menilai radiasi
solar di sampul bangunan . Analisis terma dijalankan untuk mempertimbangkan
keadaan haba dan penyejukan keperluan dalaman.

Selepas menganalisis model garis asas, kesan teduhan luar pada facades legap dinilai
dengan memperkenalkan peranti louver mendatar tetap teduhan kepada model garis
asas dan menilai semula model dengan sistem teduhan louver. Akhirnya, dapatan
kajian bagi model garis asas tanpa sistem teduhan dan dengan sistem teduhan telah
dibandingkan dan kesan bagi teduhan tetap luaran ke atas facade legap telah
dibincangkan. Berdasarkan kepada hasil analisis solar dan terma, variasi bagi
peningkatan haba menerusi sampul dan OTTV telah dikira untuk memaparkan kesan
teduhan tetap luaran ke atas facade legap.

Dapatan kajian ini menunjukkan yang pengurangan radiasi solar ke atas fagade legap
mengurangkan penyerapan solat dan sebagai hasilnya, ianya kurang peningkatan haba
daripada solar kepada bangunan. Perbezaan suhu setara (TD.,) kepada facade legap
telah memberi kesan oleh radiasi solar dan kurang kesan radiasi solar ke atas sampul
bangunan mengurangkan TD, Oleh itu , pengaliran haba melalui facades legap
menunjukkan penurunan . Ini bermakna kurang sinaran solar di sampul bangunan
mengurangkan OTTV untuk bangunan iklim Malaysia. Selain itu , keputusan untuk
analisis terma menunjukkan bahawa dengan menolak sinaran suria yang berlebihan
dari dinding, teduhan luar ditetapkan pada facades legap menghadkan suhu berseri min
( MRT). Oleh kerana itu , suhu tertutup turun dan PMV variasi adalah rendah. Oleh itu
persembahan terma dalaman bertambah baik, dan keperluan penyejukan kurang
diperlukan untuk menyediakan keselesaan terma.

Keputusan kajian ini menyumbang ke arah mencari cara optimum untuk arkitek untuk
mereka bentuk bangunan dengan pemahaman yang lebih baik daripada pemindahan
haba sampul bangunan dan piawaian cekap tenaga di kawasan-kawasan tropika
khususnya di Malaysia untuk penyelidikan masa depan.
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CHAPTER 1

INTRODUCTION

1.1 Background of the Study

Air conditioners are used in many buildings in a tropical country like Malaysia to
provide a cool and desired thermal comfort condition for occupants. This is as result
of solar radiation, which is absorbed by people and buildings and this accumulation of
hot air in envelopes which is transmitted indoor (Mahlia et al., 2007). However,
cooling is the main reason for energy consumption in buildings and the fact that such
cooling utilizes 30-60% of the building®s energy makes it the highest energy consumer
for cooling and dehumidification (Lam et al., 2003). Studies show air conditioners in
commercial buildings in Malaysia consumed around 42% of energy, while residential
buildings constitute 30% of the total (Saidur et al., 2009). Although an air-conditioning
system is useful for providing a cool indoor, the CO? production by this artificial
system is harmful for the environment (Liu et al., 2014).

Passive strategies can contribute to the reduction of energy consumption (MS1525,
2014). When constructing buildings in a tropical climate with a high rate of radiation,
thermal insulation and cutting down of solar radiation are used as effective ways of
controlling direct gains into buildings and reducing the energy consumption
(Moldovan et al., 2014).

External walls as a major part of the building envelope are exposed to solar radiation
and receive much heat from the sun. So, controlling sunlight on opaque surfaces will
be effective for the purpose of reducing heat gain (Ghaffarianhoseini et al., 2012).
Thus, many strategies for controlling of solar energy such as wall insulation and green
facades shading have been created by designers (Givoni, 1994). Furthermore, there are
numerous studies about the controlling of solar radiation on fenestration by external
shading systems (Guohui et al., 2014).

Studies have shown that shading devices reduce the cooling demand in constructions,
while at the same time they increase the heating loads due to loss of beneficial solar
gains (Dubois, 1997). According to studies by Kumar et al. (2005), shading strategy
for countries with high temperature and high radiation is significant to control the solar
radiation and provide visual and thermal comfort. Hence, Samanta et al. (2014)
indicated appropriate an external shading device could manage the rate of incident
solar radiation a building, which could significantly reduce cooling loads and improve
indoor thermal comfort condition.

In Malaysia, the main reason behind the high energy consumption for the purpose of
cooling is that heat from solar radiation is conducted through windows, walls, and



roofs (Al-Tamimi et al., 2011). On the other hand, there have been different strategies
used in this country to control high solar radiation effects on building surfaces such as,
thermal insulation (MS1525, 2014) and green facades (Sulaiman, 2013). However,
analyzing these techniques shows that they have some limitations in providing the
desirable indoor thermal comfort. For example, studies show increase in insulation
thickness in order to achieve the optimum rate of insulation which may cause the walls
to get thicker, hence it reduces indoor space and results in additional cost for building
construction, which is energy-efficient (Mahlia et al., 2007). Meanwhile, Tang (2013),
in relation to thermal comfort indicates that ““In the Malaysian climate, it is possible to
provide suitable insulation to external walls, windows or roofs to reduce the mean
radiant temperature in a building to match the air temperature of the space. But, it is
not possible to reduce mean radiant temperature below the air temperature using
insulation alone™.

Contrary to this idea, green shading system by intercepting the amount of solar
radiation toward external opaque facades to reduce heat gain will promote a more
comfortable living environment and energy efficiency (Wong & al, 2010). However, it
causes increasing humidity between the plants and walls, which is a detrimental for
building longevity (Jaafar et al., 2013; Pérez et al., 2011). On the other hand, it is
difficult to cover 100% of the wall with greenery facades (Sulaiman, 2013; Wong,
Hien, et al., 2010). Meanwhile, (Ottelé et al., 2011; Suklje et al., 2013) in their research
indicate that ““Despite modern architectural solutions, green facades are difficult to
maintain due to their need for constant irrigation, fertiliser, organisms in the foliage,
and the fabrication of a support construction for the greenery, which represent
additional costs”.

Additionally, there have been a number of researches carried out to show the
impressive impacts of external shading devices on fenestration of buildings (Atzeri et
al., 2014). However, upon examining existing literature, the author could not find any
studies that investigated the effects of external physical shading devices on the opaque
surfaces of buildings.

1.2 Problem Statement

Heat conduction through opaque facades is affected by the radiation heat transfer
coefficient at the exposed facades. Solar incident stored by building envelope and
released to indoor at night time resulted in thermal discomfort and this is the main
reason for requiring cooling system in buildings (Kreider, 2002). In fact cooling
requirements as results of solar gains represent more than half of cooling loads in
residential buildings and almost half in non-residential buildings (Sciuto, 1994). As
solar radiation intensity is not constant and periodical, any changes in solar intensity
cause temperature fluctuations of opaque walls (Onbasioglu et al., 2002). Hence,
passive design strategies are the primary and basic techniques to control the heat gain
of buildings (Lechner, 2009). Therefore different techniques like as thermal insulation
and greenery facades systems to reduce heat gain through building envelope were
reviewed and their limitation form the background of this study. A review of the



external fixed shading devices indicates that external fixed shading on fenestration has
impressive effects on reducing of solar heat gain and improving indoor thermal
condition (Al-Tamimi et al., 2011). However there has been no study done on fixed
shading devices effect on opaque surfaces. The effect of fixed shading devices on
opaque surfaces is crucial so that current research would be able to find the most
optimized passive strategy against heat gain.

In Malaysia high solar radiation on building envelope is the main reason of indoor
thermal discomfort and increasing the cooling requirement, hence, building envelope
has to block out solar radiation (MS1525, 2014) as one of the effective means to
reduce heat gain.

In order to compare the thermal performance of buildings, overall thermal transfer
value (OTTV) as a design criterion of building envelope heat gain was developed in
mid of 1980°S for this country to measure the average heat gain into a building through
building envelope (GBI, 2009). However, solar intensity fluctuations on opaque
facades were not considered in this model. This study will investigate the impact of
external fixed shading device on opaque wall on heat gain. By quantifying the effect
of shading on minimizing solar heat gain through walls, this study might offer new
insight in passive design strategy.

1.3 Research Questions

The aim of this research is to study the impact of physical external shading on opaque
surfaces on heat gain in buildings under Malaysian climate conditions, and so the main
question and sub-questions of this research are as follows:

Main-research question

“What is the effect of physical external shading on opaque surfaces on heat
transfer under Malaysian climatic conditions?”

Sub- research questions

“What is the effect of external shading of opaque wall on Malaysian
air conditioning buildings indoor thermal comfort condition?”

“What is the impact of external shading on opaque surfaces on energy use on
Malaysian buildings?””



1.4 Research Purpose and Objectives

Based on the aim of this research, that is, to study the impact of physical external
shading on opaque surfaces on heat gain in buildings under Malaysian climate
conditions, the objectives of this research are presented as follows:

Objectives

e To assess the effects of shaded walls on thermal comfort in air conditioned
room under Malaysian climate condition.

o To assess the effects of external fixed shading on opaque surfaces on cooling
energy demand in Malaysian buildings

15 Methodology and Data Collection

In order to address the set of objectives of the study, a quantitative research approach
was applied. Since the focus of the present study is to evaluate the effect of external
fixed shading on opaque facades on heat gain under Malaysian climatic conditions, a
computerized simulation method is suggested and explained below:

The specifications of an existing cell at the Faculty of Design and Architecture in
Universiti Putra Malaysia were measured for the purpose of studying and
understanding the solar radiation effects on indoor thermal condition. Then, the
measured data were exported to Microsoft Excel for evaluation. ECOTET simulation
software was used as a simulation engine to develop a base line model based on the
existing cell. After matching the base line model characteristics with those of the
existing cell, in order to ensure the accuracy of the ECOTECT software findings,
indoor temperatures on specific dates were compared between the existing cell and the
base line model. After preparing the base line model, solar analysis and thermal
analysis tools were run on ECOTECT to evaluate the base line model. Solar analysis
tool shows solar radiation, and solar absorbed on building envelope. Indoor thermal
condition for the base line model was developed based on ASHRAE 55 standard and
Malaysian standard (MS1525). The thermal analysis tool revealed the indoor thermal
condition for the base line model, Predicted Mean Vote (PMV) and Mean radiant
temperature (MRT) could be examined with this tool. In the next step, in order to
examine the effects of external fixed shading on opaque facades, an external horizontal
louver system was introduced to the base line model. The base line model with louver
shading system was reassessed as a base line model without a louver system. In the
final step, solar data were used to compute heat gain and OTTV for the cell without
shading and with shading. Findings for the base line model without the louver system
and with the louver system were compared to understand the effect of the external
fixed shading on opaque facades.



1.6 Scope of Study and Limitations

The aim of this research is to assess the impact of fixed shading on opaque walls on
heat gain in Malaysian climatic condition. This section explains the scope of this
research.

Current research is focused on the solar heat gain in the building envelope and it
comprises a detailed analysis regarding heat exchange through opaque facades. Of
particular importance is the study of controlling of radiation and heat balance, since the
total heat gain and thermal transfer will determine the amount of the solar radiation
needed to minimize the energy consumption. Moreover, it will be valuable for
implementing efficient energy savings in the future.

Indoor thermal comfort is affected by heat transfer through wall or roof sections that
are exposed to direct solar radiation (Kreider, 2002). The other importance of current
study is evaluating the indoor thermal comfort condition which is affected under direct
solar radiation. This part of study focused to improve the thermal comfort condition in
air conditioning room and cooling energy requirement with managing the solar
radiation on building envelope and balancing the thermal transaction.

According to Saidur et al. (2009) windows to wall ratio (WWR) of residential
buildings in Malaysia is very low and it is only %6. Hence, equation for overall
thermal transfer value (OTTV) which is a factor for air-conditioning buildings
(MS1525, 2014) is not affected by Windows to wall ratio in aforementioned sector.
Also, simulated by Datta (2001) about effect of external fixed louver shading on
heating and cooling of Italian buildings was done in a south windows of a single test
cell. Therefore, similarly in current study, shading on opaque facades has been
assessed to find out (OTTV) modification for a single test cell that windows to wall
ratio is low and solar radiation on opaque facades is the main reason of thermal
discomfort. Thus, the result of this study can be new insight for considering the
external fixed shading of opaque facades on OTTV for air-conditioning residential
buildings in Malaysia.

Palmero-Marrero et al. (2010) indicates main aspects for louver system are depth,
offset, height and tilt of array. Offset is distance between the louvers and the building
that affects the amount of solar energy that incident on building envelope. Also,
louvers on building envelope without distance conduct the temperature to building
facades. Hence, current research evaluated the external louver shading on building
opaque facades with 0.1m offset. Additionally, some constraints and considerations
were required in various aspects of this work to narrow it down.

In some studies with limited times, researchers carried out experimental measurement
but during the critical times of the year in some sample area besides corresponding
simulation (Rajapaksha et al., 2003). The duration of time allocated for data collection



for this study was from Solstices and Equinox (21 march, June, September,
December). Studies on solar effects on built environment can be successfully have
been done for solstices and Equinox because it is possible to generalize both situation
throughout the year (Lechner, 2009). A similar time was adopted in this study wherein
simulation process was conducted through aforementioned days.

Studies about physical external shading effect on indoor thermal performance by Datta
(2001) has simulated on south windows of a simple room in Italy. Similar case study in
this research has been evaluated. Hence, in assessing the physical external shading of
opaque facades on heat gain, a single test cell in faculty of Design and Architecture at
University Putra Malaysia has been selected as field measurement. Due to dimensions
of test cell facades, in order to optimize the shading on building envelope, current
research is limited to consider the 100% shading on opaque surfaces.

1.7 Contributions and Significance of the study

The knowledge contribution of this study is the introduction of the external fixed
shading devices for Malaysian buildings in a humid tropical climate, which would
provide insights into building design for designers and architects to modify or alter the
heat gain of the building. Through the heat modification process demonstrated in this
study, the thermal transfer rate and cooling requirements of Malaysian buildings is
represented. This can enhance design guidelines so that more buildings with less-
energy consumption can be designed and built for the Malaysian tropical climate.
Furthermore, this study also creates awareness of sustainable buildings and highlights
the fundamentals of controlling solar radiation on opaque facades of buildings.
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1.9 Organization of the Thesis

This thesis consists of five chapters. The organization of the chapters is clarified
below:

Chapter 1 provides an overview of this research such as the, research background,
problem statement, research questions, formulation of the purpose and objectives,
expected outcomes, importance and benefits of the research, determination of the scope
and limitations of research and the research methodology.

Chapter 2 presents the literature review that discusses previous studies in the field of
radiation, shading and heat gain. This chapter investigates previous studies on the
variety of options that affect research results which are utilized to guide the preparation
of the research.

Chapter 3 indicates the method of research for data collection. The simulation
processes, as well as the variables such as indoor conditions, operation times, building
models, and analyzing tools, are also explained in detail in this chapter.

Chapter 4 presents conclusive outcomes arising from the analysis of the methodology
and data for calculating heat gain and OTTV. The analysis of the information from
simulation shows the behavior of buildings affected by shading on external walls.
Tables and diagrams illustrate the information for each model and show their reactions
to architectural strategies.

Chapter 5 summarizes the major outcomes of the study and offers suggestions and
recommendations for future research.
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