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ABSTRACT 

 

 

 The aim of this research is to establish a daylight driven office building design 

that improve the energy efficiency of office building in Malaysia.  To achieve this aim, 

the key principles of daylighting are to be establish.  The daylighting key principles 

are solar heat gain minimization, glare prevention, deep penetration of daylight, 

uniform daylight distribution, electrical light response to harvested daylight, interior 

planning and design consideration. The research methodology chosen are computer 

simulation and comparative analysis of case studies. Computer simulation is carried 

out to determine the optimum building form with minimal solar radiation and the 

effectiveness of light shelf to harvest daylight in relation to its width. While 

comparative analysis of case study is carried out to identify the daylighting strategies 

that implemented and its effectiveness. The results of the research can be categorise as 

three part that is comparative analysis of case studies, solar radiation simulation and 

daylighting simulation. Firstly, the three selected case studies show that consideration 

of all daylighting key principles is crucial to achieve high energy efficiency office 

building in Malaysia. Secondly, result of six cases of solar radiation simulations show 

that building form that has podium and tower with self-shading facades has less solar 

heat gain compared to other building form that do not have those characteristics. Lastly, 

the results of six cases for daylighting simulation shows that implementation of light 

shelf of 1500mm width enable to reduce glare effectively but slightly reduced desirable 

illuminance of 300-400 lux. Therefore, integrated approach that is introduction of 

reflective ceiling is required to increase the floor area with desirable illuminance of 

300- 400 lux for healthy working environment. 
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ABSTRAK 

 

 

 Kajian ini bertujuan untuk mewujudkan reka bentuk bangunan pejabat yang 

didorong oleh prinsip pencahayaan semula jadi untuk meningkatkan kecekapan tenaga 

bangunan pejabat. Prinsip-prinsip utama pencahayaan semula jadi perlu dikenalpasti 

untuk mencapai matlamat ini. Prinsip-prinsip utama pencahayaan semula jadi 

merangkumi pengurangan sinaran suria, pencegahan silau, penembusan cahaya 

semula jadi yang mendalam, pengedaran cahaya dengan seragam, lampu elektrik yang 

bertindak balas dengan pencahayaan semula jadi, perancangan ruang dalaman dan 

pertimbangan reka bentuk. Metodologi kajian yang dipilih adalah simulasi komputer 

dan analisis perbandingan kajian kes. Simulasi komputer digunakan untuk 

menentukan bentuk bangunan yang optimum dengan radiasi solar yang minimum dan 

keberkesanan rak cahaya untuk mendapatkan pencahayaan semula jadi berkaitan 

dengan lebarnya. Analisis perbandingan kajian kes digunakan untuk megenal pasti 

strategi pencahayaan semula jadi yang dilaksanakan dan keberkesanannya. Hasil 

kajian ini boleh dikategorikan kepada tiga bahagian iaitu analisis perbandingan kajian 

kes, simulasi sinaran suria dan simulasi pencahayaan semula jadi. Pertama, tiga kajian 

kes yang dipilih menunjukkan bahawa pertimbangan untuk semua prinsip utama 

pencahayaan semula jadi adalah penting untuk mencapai pejabat bangunan yang 

mempunyai kecekapan tenaga yang tinggi. Kedua, keputusan enam kes untuk simulasi 

radiasi solar menunjunkkan bentuk bangunan yang mempunyai podium dan menara 

dengan fasad yang mampu meneduhkan diri sendiri mempunyai haba solar yang 

kurang berbanding bentuk bangunan lain seperti bentuk bangunan yang tidak 

mempunyai ciri-ciri tersebut.  Ketiga, keputusan enam kes berkaitan dengan simulasi 

pencahayaan semula jadi menunjukkan bahawa pelaksanaan cahaya rak 1500mm lebar 

dapat mengurangkan silau dengan berkesan tetapi mengurangkan keterangan yang 

diperlukan iaitu 300- 400 lux. Oleh itu, integrasi siling yang reflektif diperlukan untuk 

meningkatkan kawasan lantai dengan keterangan 300- 400 lux dan menghasilkan 

persekitaran kerja yang sihat.  
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CHAPTER 1 

 

 

 

 

1. INTRODUCTION 

 

 

 

 

1.1 Introduction 

 

 

 Daylight availability in Malaysia can be considered numerous in amount 

throughout the year, but energy usage for typical office building remain high with 

average Building Energy Index (BEI) of 200 to 250 kwh/m2/year (Chan, 2009) as 

shown in Figure 1.0.  Without taking daylighting as part of the design consideration, 

the building design will lead to a typical deep building plan design that rely heavily on 

artificial light despite of having large window opening.  

 

 

 

Figure 1.0: Average of building energy efficiency in Malaysia (Source: Chan, 2009) 
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 Furthermore, despite of high direct solar heat gain of high rise facades, intends 

usage of expensive glazing caused emerging forest of “glass boxes” office building 

design which further worsen urban heat island effect and lead to high energy 

consumption for cooling.  As energy efficiency is one of the key to sustainable future 

therefore through passive daylighting principles, building performance and working 

environment in office building can be enhanced and hence achieving energy efficient 

in office building.  

 

 

 By prioritizing the key principles of daylighting harvesting which are solar heat 

gain minimisation, glare prevention, deep penetration of daylight, uniform daylight 

distribution, electrical light response to daylight harvested and lastly interior designing 

will aid designer to design building that are more sustainable and efficient in the future. 

 

 

  The average minimum daylight available in Malaysia is above 10,000 lux 

during daytime and with office spaces only required daylighting of 300 lux to 400 lux 

during working hour. Thus, this shows that there is potential in harvesting daylight in 

Malaysia.  Therefore, buildings should be designed to maximise the amount of natural 

light that enters the building, particularly workplaces.  This can lead to significant 

energy savings by reducing the need for artificial lighting and furthermore has been 

shown to improve productivity (Edwards & Torcellini, 2002). 

 

 

 

 

1.2 Background Studies 

 

 

 According to Green Tech Malaysia (2010), office building is the third highest 

energy consumption building typology after the hospital and hotel building in second 

and first respectively as shown in Figure 1.1.  When building consumed high energy, 

it also represents the high carbon emission to the environment.  Green Technology 

Corporation (2011) stated in the Clean Development Mechanism (CDM) Report, every 
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0.747kg of CO2 equals to 1kWh of electricity generated by power plant in Peninsula 

Malaysia.   

 

 

 

Figure 1.1: Energy index from electrical consumption and carbon emission intensity 

of building typologies in Malaysia (Source: Green Tech Malaysia ,2010) 

 

 

 Figure 1.2 shows that Malaysia is the highest CO2 emission per capita 

compared to neighbouring countries such as Singapore and Indonesia (World Bank, 

2016).  World Resources Institute (WRI) suggested that 2 tons of CO2 per capita per 

year must be targeted for a sustainable living on earth while currently Malaysia is on 

7.9 tonnes per capita which exceeded the suggested CO2 emission per capita.   

 

 

 As Malaysia’s voluntarily committed to reduce 40% if its greenhouse gas 

(GHG) emissions from 1990 levels by 2020, announced at the 2009 United Nations 

Climate Change Conference in Copenhagen (COP-15).  Therefore, it is crucial for 

office building in Malaysia to be energy efficiency to significantly reduce energy 

consumption and carbon emission. 
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Figure 1.2: CO2 emission per capita of Malaysia, Singapore and Indonesia from year 

of 1952 to 2010 (Source: World Bank, 2016) 

 

 

 

 

1.3 Problem Statement 

 

 

 Typical office building in Malaysia is ranked as the top three building typology 

of high energy consumption and carbon emission (Green Tech Malaysia, 2010).  As 

shown in Figure 1.3, the energy consumption during the operational stage by artificial 

light is second highest (20%) after the HVAC (58%).  Therefore, by implementing the 

key principles of daylighting during the initial design stage will enhance the building’s 

performances as it reduces the usage of artificial lighting and hence reduce the energy 

consumption of the building.  

 

 

 
Figure 1.3: Typical electricity usage in office buildings in Malaysia (Source: Energy 

Commission, 2016) 
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1.4 Research Aim 

 

 

 The aim of the research is to establish a daylight driven office building design 

that improve the energy efficiency of office building in tropical climate. 

 

 

 

 

1.5 Objectives of the Study 

 

 

 There are three main objectives that are targeted to be achieved in this research 

which stated as below: - 

i. To identify the daylight strategies in achieving optimum daylight penetration 

into the building. 

ii. To determine the building form through daylight principles. 

iii. To develop integrated daylighting strategies for optimum working 

environment and hence enhancing energy efficiency of building.  

 

 

 

 

1.6 Research Questions  

 

 

The research questions are established and is interrelated to the objective of the study 

are stated as below: - 

a) What are the possible daylight strategies that can be implemented to enhance 

daylight penetration into the building in tropical climate? 

b) How daylighting enhances the working environment and enhancing the energy 

efficiency of building? 

c) How daylight principles affect the building forms? 

 



6 
 

1.7 Significance of the Study 

 

 

 This research is crucial in understanding the important role of daylighting and 

integrated the strategies into design consideration especially during the initial stage of 

building design. This can significantly improve the energy performance of the building.  

By taking solar as the design driving force, it will establish a solar and environmentally 

responsive architecture design which will enhance the energy efficiency as well as the 

working environment of the building.  Finally, the findings of this research will be 

implemented and integrated into the design thesis as part of the design strategies. 

 

 

 

 

1.8 Research Methodology 

 

 

 The research methodology employed primary is through computer simulation. 

Software such as Insight 360 Revit solar simulation will be used to analyse the solar 

heat gain of six building forms and Velux simulation software is used to analyse the 

daylight’s quantity and quality the six cases regarding light shelf and reflective ceiling. 

 

 

 Apart from computer simulation, three case studies of energy efficient office 

buildings in Malaysia are selected to compare and analyse the daylighting strategies 

that implemented and their performances.  Further information regarding research 

methodology and the framework of research will be elaborated in Chapter 3. 
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1.9 Structure of Thesis 

 

 

 Referring to Figure 1.4, it shows the structure of the thesis which developed 

from objectives to data collection then followed by data analysis and lastly conclude 

with expected findings.  

 

 

 
Figure 1.4 Structure of Thesis 
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