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ABSTRACT 

Open office plan are common due to their space efficiency. However, daylight, 

a cardinal design element which has a rendering that best matches the human eye with 

its attendant physiological, psychological, task performance improvement and the 

energy conservation merits are not enjoyed in most open office plans. This is due to 

the use of large unilateral side-lighting which results in excessive and low illumination 

at the work plane in area close to window and at the back of the office room 

respectively. This illuminance contrast causes visual discomfort, a situation which 

makes office tenants avoid available daylight with blind and depend on electric 

lighting. Light shelf (LS) is one of the daylighting systems which have been studied in 

the past, however, these research were done mostly in the temperate climate which is 

different from the tropical climate. Besides, there is a scarcity of the research on energy 

saving implication of daylighting with LS in the tropics, and as such, the thrust of this 

research is to study the daylighting performance of LS and its attendant lighting energy 

saving for open office plan in tropical climate.  External LS of 0.6 m and 0.9 m depth 

placed at different angles with the clerestory window were combined with internal LS 

of 0.6 m depth at different tilt angles from the clerestory. Additionally, internal LS of 

0.6 m depth was introduced at a distance of 0.6 m and 1.05 m from the internal LS to 

test the effect of additional shelves. Sixty-seven (67) LS test cases were studied using 

simulation with the application of Integrated Environmental Solution Virtual 

Environment. The result proved that LS cases improved the daylighting quantity by 

reducing excessive illumination at the area near the window opening of a unilateral 

side-lighting office and increasing it at the back where the illuminance level was low. 

LS was able to improve work plane illuminance (WPI) distribution across the whole 

room compared to the base case with the range of 65.22 % to 80.00 %. It also improved 

WPI distribution between the adjacent points in the room with the range of 17.06 % to 

25.00 % and saved energy for electric lighting ranging from 11.70 % to 15.97 %. This 

study therefore, concluded that the depth and angle of the LS affect its efficiency. 

Hence, the finding of this study encourages the use of LS in the open office plan with 

unilateral side-lighting by recommending optimum LS geometries based on different 

orientations. 
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ABSTRAK 

Pejabat pelan terbuka adalah biasa kerana kecekapan ruang tersebut. Walau 

bagaimanapun, pada waktu siang, elemen reka bentuk kardinal yang mempunyai persembahan 

yang paling sesuai dengan mata manusia dengan penambahbaikan prestasi fisiologi, psikologi, 

prestasi tugas dan manfaat penjimatan tenaga tidak dapat dinikmati di pejabat pelan terbuka. 

Ini disebabkan oleh penggunaan pencahayaan unilateral yang besar yang mengakibatkan 

pencahayaan berlebihan dan rendah di satah kerja di kawasan yang berdekatan dengan tingkap 

dan di bahagian belakang bilik pejabat masing-masing. Kontras pencahayaan ini menyebabkan 

ketidakselesaan penglihatan, keadaan yang membuat penyewa pejabat mengelakkan cahaya 

siang yang tersedia dengan tirai tingkap dan bergantung pada pencahayaan elektrik. Para 

cahaya (LS) adalah salah satu sistem pencahayaan siang yang telah dikaji pada masa lalu. 

Walau bagaimanapun, penyelidikan ini dilakukan kebanyakannya pada iklim sederhana yang 

berbeza dengan iklim tropika. Selain itu, terdapat kekurangan penyelidikan tentang implikasi 

penjimatan tenaga cahaya dengan LS di kawasan tropika. Oleh itu, tujuan penyelidikan ini 

adalah untuk mengkaji prestasi cahaya siang LS dan penjimatan tenaga pencahayaan yang ada 

untuk pejabat pelan terbuka dalam iklim tropika. LS luaran dengan kedalaman 0.6 m dan 0.9 

m dipasang pada jarak 0.6 m dan 1.05 m dari LS dalaman untuk menguji kesan para cahaya 

tambahan. Enam puluh tujuh (67) kes ujian LS dikaji menggunakan simulasi melalui aplikasi 

Integrated Environmental Solution Virtual Environment. Hasilnya membuktikan bahawa kes 

LS meningkatkan kuantiti pencahayaan siang dengan mengurangkan pencahayaan berlebihan 

di kawasan berhampiran bukaan tingkap pejabat dengan pencahayaan sisi unilateral dan 

meningkatkannya di bahagian belakang di mana tahap pencahayaan adalah rendah. LS dapat 

meningkatkan taburan iluminasi aras kerja (WPI) di seluruh ruangan berbanding dengan kes 

asas dalam lingkungan 65.22% hingga 80.00%. Ia juga meningkatkan taburan WPI antara titik 

bersebelahan di ruang bilik dengan lingkungan 17.06% hingga 25.00%  dan menjimatkan 

tenaga untuk pencahayaan elektrik antara 11.70% hingga 15.97%. Oleh itu, kajian ini 

menyimpulkan bahawa kedalaman dan sudut pemasangan LS mempengaruhi kecekapannya. 

Oleh itu, penemuan kajian ini mendorong penggunaan LS di pejabat pelan terbuka dengan 

pencahayaan sisi unilateral dengan mencadangkan geometri LS optima berdasarkan orientasi 

yang berbeza. 
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CHAPTER 1  

 

 

INTRODUCTION 

1.1 Background of the Study 

Light is essential for human existence. Man has continuously sought to let in 

daylight into his dwelling using openings and window openings. The use of opening 

for admitting daylight can be traced to the prehistoric age when man was using cave 

as a form of shelter and this opening has undergone series of transformation resulting 

in different types for glazed windows of different sizes, colours and visible 

transmittance for different purposes today. As architecture advances so window design 

also advances. The variation in the intensity and directionality of daylight and its good 

colour rendering make it desirable in building. The aesthetic quality of a building is 

usually manifested through the interplay of light and shadow. Even with the 

advancement in electric light technology today, daylight is still preferable to electric 

light and other forms of artificial light. 

The over-dependence on electric light in offices can be reduced with the 

application of daylight (Babu et al., 2019; Calama-González et al., 2018). This is 

because the office tenants operate between 08:00 to 17:00 when the daylight is 

available (Heng et al., 2020; Lim and Heng, 2016; Mousavi et al., 2018). In the tropics, 

there is adequate daylight (Yen, 2017), it does not have adverse effect on man, 

environment and it is free of charge (Lim et al., 2012). Daylight also has good effect 

psychologically and physiologically on human (Lim and Heng, 2016). Jamrozik et al. 

(2019) and Meresi (2016) posited that the office users carry out their task better under 

daylight than electric light. 

The external illuminance of a place in the tropic like Malaysia can be up to 120 

Klx whereas external illuminance of about 20 Klx is attributable to the temperate areas. 

Nonetheless, Lim (2019) and Mousavi et al. (2018)expressed difficulty in daylight 



 

2 

utilisation in offices in the tropics as a result of its instability. The external illuminance 

varies greatly within a short period due to the formation of cloud. Also, Lim (2011) 

observed that the available daylight was not well utilised in open offices plan in 

Malaysia as high dependence on electric light is an eloquent testimony of this situation.  

Daylight is important for office spaces. However, achieving the desired 

daylight quantity and quality is a challenging task in open office plan where a number 

of office staff having different workstations with varying luminous environment (Abd-

Kadir et al., 2016). This is usually the case with open office plan used for small and 

medium enterprises especially where unilateral daylighting is the only practical option.  

Open office plan are uninterrupted office space with a depth between 6-12 m 

(Hongisto et al., 2016). Heng (2017) used an office depth of 12 m as a deep-plan office 

in the study of light pipe for office building in Malaysia. Hansen (2006) reported that 

an office plan layout free from obstruction up to 17 m and above is referred to as deep-

plan office under the United Kingdom Property Services Agency and Department of 

Environment. There seems not to be a consensus on the depth of open office plan. 

However, most researchers used less than 12 m depth for open office plan. It can, 

therefore, be rationalised that the depth of open -plan office should not exceed 12 m 

whereas office depth of 12 m and above can be considered as a deep-plan office. This 

study uses open office plan with 9 m depth. 

There is a rise in the use of open office plan nowadays by corporations to take 

advantage of large office space (Abdollahzadeh et al., 2020; Chraibi et al., 2016). 

However, the large area in open office plan also makes reliance on daylight difficult, 

a situation that necessitates the use of electric light (Abd-Kadir et al., 2016). The 

energy use by the building sector worldwide is about 40 % of the total energy (Omrany 

et al., 2016; Yang et al., 2014). Out of this, 25 % to 40 % is for electric lighting (Krarti 

et al., 2005). This trend in energy use is similar to that of nations in Asia (Yang et al., 

2014). The buildings used for commercial activities in Asia have about 233 

kWh/m2/year as the building energy index (BEI) (Loewen et al., 1992). Loewen et al. 

(1992) further maintained that an average building in Malaysia consumed 269 

kWh/m2/year and concluded that it was higher than that of other nations considered in 
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the study. Further, in a relatively recent study, Hassan et al. (2014) lamented that 38, 

645 GWh of electricity consumption is attributable to commercial building in 2012. 

Less than 135 kWh/m2/yr is the recommendation for energy use by Malaysian 

standard. Unfortunately, energy use of approximately 100 % beyond the said standard 

as was noted by Loewen et al. (1992) in commercial buildings in Malaysia. In a related 

study, Sadrzadehrafiei et al. (2011) conducted a study, which the result indicated that 

19 %, 20 %, 58 % and 3 % of energy usage in Malaysian offices is for equipment, 

electric lighting, cooling and others correspondingly. 

Also, Saidur (2009) submitted that heating and cooling account for 57 % of 

energy utilisation, light is responsible for 19 %, Pump uses 18 % while other services 

use 6 %. This research work revealed a substantial energy usage for lighting in the 

study area. The use of one-sided large window opening without shading devices in 

open office plan caused the occurrence of non-uniform distribution of illuminance 

between the rear area of the room and the area close to the opening of the window 

(Dogan and Stec, 2018; Indarto et al., 2017). This causes discomfort to the office users 

visually. A situation that resulted in high reliance on electric light in the open office 

plan. 

The employment of light-casting device like light shelf can improve 

daylighting performance and its attendant energy savings in open office plan in the 

tropical climate. Light shelf is simple and can easily be installed; this makes it cost 

effective than most other daylight reflecting and distributing systems. Besides, 

different geometries can be easily configured, and it can help to redirect light to the 

rear area of open office plan space in the building (Bahdad et al., 2020; Mangkuto et 

al., 2018; Moazzeni and Ghiabaklou, 2016; Zazzini et al., 2020). 

Achieving adequate daylight quantity and its distribution at the work plane 

through efficient light shelf geometry as well as the resultant reduction in reliance on 

electric lighting in open office plan in the tropical climate is the focus of this research. 
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1.2 Problem Statement 

As a result of the desire for easy cooperation and collaboration among office 

workers, many organisations have embraced open office plan (Shafaghat et al., 2015).  

These kind of offices are common places in Malaysia. For instance, Lim (2011) arrived 

at an average size of open office plan putting into consideration thirteen of these offices 

in Johor, Malaysia. However, most of these open office plans have unilateral lighting 

Lim et al. (2012). The unilateral lighting in open office plan is associated with 

excessive illumination at the work plane at the area close to the window while it 

diminishes towards the back to the extent that it becomes too low in quantity for any 

task to be performed (Abd-Kadir et al., 2016; Lim et al., 2012; Modaresnezhad and 

Nezamdoost, 2017). 

There is abundant daylight in the tropical region. This is evidenced as the 

external illuminance in this region can be more than 100 klx (Bahdad and Fadzil, 2019; 

Lim et al., 2012). This implied that there is a great potential for daylight utilisation in 

the office which operates within the day time usually from 8 am - 5 pm.  However, the 

penetration of this daylight into the office room is not controlled in most cases with 

shading devices that can improve the daylight quantity and quality (Dogan and Stec, 

2018; Mostofa, 2015). For instance, office with unshaded window can have as much 

as 11, 193 lux as the mean illuminance with very low uniformity less than 0.1 (Lim 

and Heng, 2016). This kind of high illuminance at the work plane without appropriate 

shading element that can also distribute it into the deeper interior part of the room 

brought about visual discomfort for office tenants. 

There is high electric energy consumption for lighting in offices in Malaysia. 

For instance, Sadrzadehrafiei et al. (2012) researched on energy consumption in 

Malaysian offices. The study revealed among other things that 20 % and 58 % of 

energy consumption was for electric lighting and air conditioning respectively. This 

high energy consumption for electrical lighting was due to non-utilisation of daylight 

as a result of its poor quantity and quality across the entire room a situation that makes 

office occupants avoid the available daylight with blind and depend totally on electric 

light with its attendant energy consumption. 
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Therefore, it is necessary to employ innovative daylighting system such as light 

shelves which provides shading at the area of the room close to the window opening 

with excessive WPI, increasing it at the back where the work plane illuminance is low 

as well as improving daylight distribution across the entire room. Besides, electricity 

consumption for lighting can be minimised if improved daylighting is integrated with 

electric light.  

1.3 Aim and Objectives of the Research 

This work aims at proposing light shelf geometry that is efficient for daylight 

and electric light energy saving for small and medium enterprise (SME) open office 

plan in Malaysia. To achieve the research aim, the specific objectives are: 

(i) To investigate the daylight condition of the SME open office plan, 

(ii) To determine light shelf test cases with daylight utilisation potential using 

daylight factor (DF), 

(iii) To evaluate the quantitative and qualitative daylight performance of the 

selected light shelves using DF, estimated indoor illuminance (EII) and work 

plane illuminance (WPI) uniformity,  

(iv) To study the lighting energy saving due to daylight utilisation of the selected 

light shelves, and 

(v) To propose efficient light shelf geometry for daylight and lighting energy 

saving. 

1.4 Research Questions 

The research questions for this study are as follows: 

(i) What is the present condition of daylight in SME open office plan in Malaysia?  
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(ii) What are the performances of light shelf in SME open office plan in Malaysia 

in terms of daylight quantity and quality? 

(iii) What amount of energy for lighting is saved from daylighting performance 

using light shelf integrated with window opening in SME open office plan in 

Malaysia? 

(iv) What is the efficient light shelf geometry for best daylight performance as well 

as electric lighting energy saving? 

1.5 Research Hypothesis  

Efficient light shelf geometry should be able to illuminate open office plan and 

equally maintain illuminance distribution uniformity as illustrated in Figure 1.1. 

Further, it should be able to bring about a reduction in lighting energy consumption 

when daylight and electric light are integrated. 

 

Figure 1.1 Illustration on the function of light shelf 

 

1.6 Research Gap 

Research has been done by several scholars on light shelf. These studies were 

mostly in the temperate climate (Kim et al., 2019; Lee, 2019; Lee et al., 2017a; Meresi, 

2016). Daylighting in the temperate climate is different from the tropical daylight as 

explained in Section 2.5 with a particular reference to Johor Bahru, Malaysia. Also, 

the simulation software sky model uses temperate sky data which is at variance with 

the tropical sky data. Hence, the need for validation of the software under tropical sky 
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condition of Malaysia before its application in this study. Further, Heng et al. (2020), 

Heng (2017) and Toledo et al. (2016) commented that most of the daylighting studies 

were done in shallow plan buildings with unilateral lighting. This was evidenced in 

Lee et al. (2017a) and Sherif et al. (2012)among others. However, the challenge of 

achieving efficient daylighting in shallow office plan is different from open plan 

office. 

Many of the studies on light shelf involved south orientation. Some of these 

include but not limited to Heng (2017) , Berardi and Anaraki (2015) and Meresi 

(2016). Although locations in the tropic of cancer receive daylight for a longer period 

within the daytime, it is sometimes impossible to achieve this orientation due to site 

constrain and other architectural design limitations. Thus making the study of the 

daylighting performance based on the four cardinal orientations necessary. 

The study of light shelf over the years is skewed to its daylight performance. 

However, it has energy saving potential which cannot be ignored (Moazzeni and 

Ghiabaklou, 2016). When daylight and electric light are integrated, the expectation is 

that there should be a reduction in the use of energy for electric light. However, there 

is a scarcity of the study on electric energy saving attributable to daylighting 

performance of light shelf generally, and this is more serious in the tropical climate. 

Berardi and Anaraki (2015) stated that variables such as height, width of light 

shelf and orientation of building, among others affect daylighting performance. 

Previous studies used internal light shelf, external light shelf, internal and external 

light shelf with different tilt angles and depths (Kontadakis et al., 2017a). However, in 

this thesis, addition of middle and bottom light shelves at different tilt angles to the 

clerestory changed the light shelf geometry from most of the previous ones. Also, the 

middle and bottom light shelves were expected to bring about an increase in 

daylighting performance associated with the increase in the height of the light shelf 

from the ceiling. This thesis, therefore, sets out to study the different light shelf 

geometries, their daylight performance and electric energy saving implications in a 

SME open plan office in Malaysia. The summary of the previous studies is shown in 

Table 1.1.  
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Table 1.1 Summary of some previous related studies and the present study (continued)  
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1.7 Scope and Limitations  

The study is delimited to the daylighting performance of SME open office plan 

in Malaysia. Spaces in the office building like washroom, office that are partitioned 

and pantry are not part of this research work. Also, the office occupants and the 

furniture are excluded from this work because of many ways that the latter can be 

arranged in the room. Consequently, the result of this research work is based on an 

empty SME open office plan without the impact of the users and the furniture. 

The daylight quantity and its distribution, as well as the electric lighting energy 

saving through dimming method, form the focus of this research, therefore on and off 

method was not used. Criteria like energy for cooling, cost of electrical lighting 

system, office users’ perception of the daylighting condition of the office was not part 

of this study because of the exigency of time. 

The tropical sky of Malaysia which is mainly intermediate was applied in this 

study. The dates for the solstices and equinox were used. These are the days when the 

angle of the sun path is critical. Hence, 21st March, 22nd June and 22nd December 

were used. 21st March and 23rd September are dates for the equinox but only 21st 

March was used since the sun path on these dates are similar. During equinox, the sun 

path is directly above the equator. 22nd June is the June solstice when the sun is 

furthest from the equator in the northern hemisphere while 22nd December is the date 

for the December solstice when the sun is furthest from the equator in the southern 

hemisphere. 

North-east orientation was used for the validation of the software employed in 

this research. This was because the office used in the Eco-home of the Universiti 

Teknologi Malaysia has its window facing this orientation. There were no trees in this 

orientation to cause any obstruction. This same orientation was also modelled using 

Integrated Environmental Solution Virtual Environment (IES VE) for validation. 

However, the four cardinal orientations: north, south, east and west were used for the 

main simulation. 
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The research work focused on the light shelf geometry. Therefore, other design 

variables such as the surface reflectivity and colour were kept constant. The light shelf 

of 600 mm and 900 mm depth were used for external light shelves while shelf of 600 

mm depth was mostly used for internal light shelves. The different shelves were 

combined at different angles and thus gave different geometries. 

The data for this study was mainly obtained from the result of the simulation. 

Criteria of analysis like daylight factor, daylight ratio, estimated indoor illuminance, 

work plane illuminance ratio, and electric lighting energy as a function of daylight 

availability through dimming control were used for further analysis and discussions. 

1.8 Importance of the Research 

This study helps in improving daylight illumination and its distribution in the 

SME open office plan in Malaysia by exploring the different geometries of the light 

shelf. In this case, there will be more productivity among the office tenants as they 

work under preferred luminous interior office condition. Also, the issue of absenteeism 

will be minimised as unsatisfactory luminous office environment is often associated 

with this undesirable workers’ attitude. Moreover, the improvement in the daylighting 

condition in the office will have positive physiological and psychological effects on 

the workers in the office. 

The improved daylight performance, when harvested, will result in electric 

energy saving. This is very cardinal as the reduction in energy consumption will result 

in more economic gain since less money will be spent on energy. Further, in some 

cases, energy is obtained through the burning of fossil fuel. When this happens, 

greenhouse gases such as carbon dioxide, carbon monoxide, and sulphur dioxide 

among others which deplete the ozone layer are emitted into the atmosphere. 

Therefore, reducing energy consumption in offices implies reducing the rate at which 

the atmosphere gets polluted and improves the challenge of climate change. 

The result of this research will be of benefit to architects, light shelf 

manufacturers, and other professionals in the building industry on efficient light shelf 
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geometry in SME open office plan. Adopting the recommendations of this study will 

facilitate timely project delivery as decision on the choice of light shelf geometry will 

be faster. 

This thesis will also serve as reference material for researchers interested in 

similar or related study thereby extending the frontiers of knowledge. 

1.9 Organisation of the Thesis 

This thesis has five chapters as presented in Figure 1.2. The first chapter which 

is Chapter One gave the background of this research work alongside with the problem 

statement, hypothesis of the research, research gap, aim and objectives, scope and 

limitation, and importance of the research. It equally covers the thesis organisation. 

Chapter Two is the summary of previous studies on daylighting in architecture 

and its impact on man. It also reviews energy consumption in the building. The 

characteristics of daylighting in the tropical climate with a focus on Malaysia are also 

reviewed. Further, the characteristics of the open office plan buildings are reviewed. 

Finally, daylighting systems that comprised light transporting and guiding systems 

were reviewed. 

Chapter Three focuses on the previous daylighting methodology and the one 

used in this thesis. It explains the validity of the method used. It also explains all the 

software simulation settings, criteria of analysis and the performance indicators. 

Chapter Four covers the results, analysis as well as the findings based on the 

study of the daylight performance of light shelf geometries and the electric lighting 

energy saving implication under the four cardinal orientations. The quantitative 

daylighting performance was determined through DF, DR, and EII. The light shelves 

with high potential quantitative performance were selected for qualitative 

performance. The qualitative daylight performance was studied with WPI uniformity. 

This was followed by the study of electric energy saving performance. 



 

13 

Chapter Five is the conclusion of the entire study in this thesis. It summarises 

the aim, objectives and the methodology used in achieving these objectives as well as 

the findings. It also gives a highlight on the daylight and electric light energy saving 

situation in SME open office plan in Malaysia without and with light shelf. This 

chapter ended with the recommendations on light shelf geometries for different 

orientations and suggestion of areas of further research. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.2 Research flow and thesis organisation 

CHAPTER1: 

Introduction 

CHAPTER2: 

Literature 

Review 

Daylight 

Daylighting 

Availability 

Energy Usage in 

Building  

Architecture Open Office Plan  

Light Redirection 

System 

Typical Open Office 

Configuration 

Green 

Building 
Lighting 

Standard 

Light Shelf 

CHAPTER3: 

Methodology 

IESVE 

Simulation 

CHAPTER4: 

Result and 

Analysis 

Best Light 

Shelf cases 

CHAPTER5: 

Conclusion 

Intermediate Sky with Sun 

Base Case Physical 

Model 

(Simulation) Light Shelf Overcast sky 



 

231 

REFERENCES 

Abd-Kadir, A., Ismail, L. H., Kasim, N., and Kaamin, M. (2016). Potential of light 

pipes system in Malaysian climate. Paper presented at the IOP Conference 

Series: Materials Science and Engineering, 012071. 

Abdollahzadeh, N., Tahsildoost, M., and Zomorodian, Z. S. (2020). A method of 

partition design for open-plan offices based on daylight performance 

evaluation. Journal of Building Engineering, 29, 101171. 

Abdulmohsen, A., Boyer, L., and Degelman, L. (1994). Evaluation of lightshelf 

daylighting systems for office buildings in hot climates. 

Acosta, I., Navarro, J., and Sendra, J. J. (2011). Towards an analysis of daylighting 

simulation software. Energies, 4(7), 1010-1024. 

Acosta, I., Navarro, J., and Sendra, J. J. (2013). Daylighting design with lightscoop 

skylights: Towards an optimization of shape under overcast sky conditions. 

Energy and buildings, 60, 232-238. 

Ahmad, A., Kumar, A., Prakash, O., and Aman, A. (2020). Daylight availability 

assessment and the application of energy simulation software–A literature 

review. Materials Science for Energy Technologies, 3, 679-689. 

Ahmad, M. H. (1996). The influence of roof form and interior cross section on 

daylighting in the atrium spaces in Malaysia. University of Manchester, Ph. D. 

Thesis. 

Ahmad, M. H., Ossen, D. R., and Mohamed Khaidzir, K. A. (2008). Methodology in 

architectural research: Penerbit UTM Press. 

Aiziewood, M. (1993). Innovative daylighting systems: An experimental evaluation. 

International Journal of Lighting Research and Technology, 25(4), 141-152. 

Al-Homoud, M. S. (2001). Computer-aided building energy analysis techniques. 

Building and Environment, 36(4), 421-433. 

Al-Horr, Y., Arif, M., Kaushik, A., Mazroei, A., Katafygiotou, M., and Elsarrag, E. 

(2016). Occupant productivity and office indoor environment quality: A 

review of the literature. Building and environment, 105, 369-389. 

Al-janabi, A., Kavgic, M., Mohammadzadeh, A., and Azzouz, A. (2019). Comparison 

of EnergyPlus and IES to model a complex university building using three 



 

232 

scenarios: Free-floating, ideal air load system, and detailed. Journal of 

Building Engineering, 22, 262-280. 

Al-Obaidi, K. M., and Rahman, A. M. A. (2016). Toplighting systems for improving 

indoor environment: a review. In Renewable Energy and Sustainable 

Technologies for Building and Environmental Applications (pp. 117-136): 

Springer. 

Alraddadi, T. A. (2004). The effect of the stepped section atrium on daylighting 

performance. Architectural Science Review, 47(3), 303-310. 

Alrubaih, M., Zain, M., Alghoul, M., Ibrahim, N., Shameri, M., and Elayeb, O. (2013). 

Research and development on aspects of daylighting fundamentals. Renewable 

and Sustainable Energy Reviews, 21, 494-505. 

Alzoubi, H. H., and Al-Zoubi, A. H. (2010). Assessment of building façade 

performance in terms of daylighting and the associated energy consumption in 

architectural spaces: Vertical and horizontal shading devices for southern 

exposure facades. Energy Conversion and Management, 51(8), 1592-1599. 

Ander, G. D. (2003). Daylighting performance and design: John Wiley & Sons. 

Apian-Bennewitz, P., Goller, M., Herkel, S., Kovach-Hebling, A., and Wienold, J. 

(1998). Computer-oriented building design: Advances in daylighting and 

thermal simulation tools. Renewable energy, 14(1-4), 351-356. 

Aries, M. B., and Newsham, G. R. (2008). Effect of daylight saving time on lighting 

energy use: A literature review. Energy policy, 36(6), 1858-1866. 

Arndt, W. (1953). Procedings of C.I.E. Daylight Technical Committee, France o. 

Document Number) 

ASHRAE. (2007). ASHRAE 90.1 energy standard for buildings except low-rise 

residential buildings. Retrieved. from. 

Awang, A. H., and Denan, Z. (2016). Designer’s office in malaysia: Comparative 

analysis on space planning and design issues. International Journal of Social 

Science and Humanity, 6(6), 427-432. 

Awang, A. H., and Denan, Z. (2017). From shop houses to shop offices: evolution of 

modern shop offices design in Malaysia. 

Awang, A. H., and Denan, Z. (2018). Spatial analysis of modern shop office floor plate 

in Malayia. 

Babu, S., Zhou, J., Wan, M. P., Lamano, A. S., Sarvaiya, J. N., Zhang, Z., et al. (2019). 

Investigation of an integrated automated blinds and dimmable lighting system 



 

233 

for tropical climate in a rotatable testbed facility. Energy and Buildings, 183, 

356-376. 

Bahdad, A. A., and Fadzil, S. S. (2019). Light-shelves technique (LST) for daylight 

enhancement using physical scaled-model and simulation approaches. Paper 

presented at the 7th Putrajaya International Built Environment, Technology 

and Engineering Conference (PIBEC7), 14-15 October, Bagi Resort Hotel, 

Bangi, Malaysia. 

Bahdad, A. A. S., Fadzil, S. F. S., and Taib, N. (2020). Optimization of Daylight 

Performance Based on Controllable Light-shelf Parameters using Genetic 

Algorithms in the Tropical Climate of Malaysia. Journal of Daylighting, 7(1), 

122-136. 

Baker, M. S. (1990). Modeling complex daylighting with DOE-2.1-C. The DOE-2 

User News, 11(1), 6-15. 

Baker, N., and Steemers, K. (2014). Daylight design of buildings: a handbook for 

architects and engineers: Routledge. 

Bao, H., Jin, X., and Peng, Q. (1997). A progressive radiosity algorithm based on 

piecewise polynomial intensity distribution. Computers & Graphics, 21(3), 

281-288. 

Basit, A., Tiong, N., and Hassan, Z. (2020). Determinants of Social Media Adoption 

and Its Effects on Social Media Returns among Small Medium Enterprises in 

Malaysia. Solid State Technology, 63(5), 263-277. 

Bean, R. (2014). Lighting: interior and exterior: Routledge. 

Begemann, S., Van den Beld, G., and Tenner, A. (1997). Daylight, artificial light and 

people in an office environment, overview of visual and biological responses. 

International Journal of Industrial Ergonomics, 20(3), 231-239. 

Bekhet, H. A., and Othman, N. (2011). Assessing the Elasticities of Electricity 

Consumption for rural and urban areas in Malaysia: A Non-linear approach. 

International Journal of Economics and Finance, 3(1), 208-217. 

Bell, J. (2004). Indoor environments: design, productivity and health. 

https://digitalcollections. qut. edu. au/1661/. 

Bellia, L., Cesarano, A., Iuliano, G. F., and Spada, G. (2008). Daylight glare: a review 

of discomfort indexes. Visual quality and energy efficiency in indoor lighting: 

today for tomorrow. 

https://digitalcollections/


 

234 

Berardi, U., and Anaraki, H. K. (2015). Analysis of the impacts of light shelves on the 

useful daylight illuminance in office buildings in Toronto. Energy Procedia, 

78, 1793-1798. 

Berrutto, V., Fontoynont, M., and Fourmigué, J.-M. (1997). Effect of Temperature and 

Light Source Type (natural/artificial) on Visual Comfort Appraisal: 

Experimental Design and Setting. Journal of Right Light., 1(4). 

Bian, Y., and Ma, Y. (2017). Analysis of daylight metrics of side-lit room in Canton, 

south China: A comparison between daylight autonomy and daylight factor. 

Energy and Buildings, 138, 347-354. 

Booth, A. (2009). Modelling and simulation of building physics. Fourth-Year 

Undergraduate Project in Group D, Robinson College. 

Boubekri, M. (2014). Daylighting design: planning strategies and best practice 

solutions: Birkhäuser. 

Bouchlaghem, N. (2000). Optimising the design of building envelopes for thermal 

performance. Automation in Construction, 10(1), 101-112. 

Boyce, P. R. (2010). The impact of light in buildings on human health. Indoor and 

Built environment, 19(1), 8-20. 

Bülow-Hübe, H. (2001). Energy Efficient Window Systems. Effects on Energy Use and 

Daylight in Buildings. Lund University. 

Bülow-Hübe, H., and Lundh, U. (2002). Outdoor measurements of gvalues for 

external, interpane and internal sunshades. Proc. of EPIC 2002 AIVC, 795-800. 

Burke, B., and Komonosky, J. (2005). Daylight control, schematic of photosensor 

feedback control, Pacific Energy Center, Spring, Energy Efficiency 

Educational Programs, Pacific and Electronic Company (2005).  

Calama-González, C. M., Suárez, R., and León-Rodríguez, Á. L. (2018). Thermal and 

Lighting Consumption Savings in Classrooms Retrofitted with Shading 

Devices in a Hot Climate. Energies, 11(10), 2790. 

Capozzoli, A., Piscitelli, M. S., Gorrino, A., Ballarini, I., and Corrado, V. (2017). Data 

analytics for occupancy pattern learning to reduce the energy consumption of 

HVAC systems in office buildings. Sustainable cities and society, 35, 191-208. 

Chaiwiwatworakul, P., and Chirarattananon, S. (2013). A double-pane window with 

enclosed horizontal slats for daylighting in buildings in the tropics. Energy and 

Buildings, 62, 27-36. 



 

235 

Chaiwiwatworakul, P., Chirarattananon, S., and Rakkwamsuk, P. (2009). Application 

of automated blind for daylighting in tropical region. Energy Conversion and 

Management, 50(12), 2927-2943. 

Charles, K. E., and Veitch, J. A. (2002). Environmental satisfaction in open-plan 

environments: 2. Effects of workstation size, partition height and windows. 

Institute for Reserch in Construction. National Reserch Council Canadá. 

Internal Report No. IRC-IR-845. Recuperado de https://nparc. nrc-cnrc. gc. 

ca/eng/view/fulltext. 

Chauvel, P., Collins, J., Dogniaux, R., and Longmore, J. (1982). Glare from windows: 

current views of the problem. Lighting Research & Technology, 14(1), 31-46. 

Chen, C.-A., Chen, Y.-Y., and Whang, A. J.-W. (2009). An active lighting module with 

natural light guiding system and solid state source for indoor illumination. 

Paper presented at the Ninth International Conference on Solid State Lighting, 

74220Z. 

Chen, Q., Chen, L., Qi, J., Tong, Y., Lv, Y., Xu, C., et al. (2019). Photocatalytic 

degradation of amoxicillin by carbon quantum dots modified K2Ti6O13 

nanotubes: Effect of light wavelength. Chinese Chemical Letters, 30(6), 1214-

1218. 

Cheung, H., and Chung, T. (2005). Calculation of the vertical daylight factor on 

window facades in a dense urban environment. Architectural science review, 

48(1), 81-91. 

Chinazzo, G., Wienold, J., and Andersen, M. (2019). Daylight affects human thermal 

perception. Scientific reports, 9(1), 1-15. 

Chirarattananon, S., Nooritanon, J., and Balaka, R. (1996). Daylighting for energy 

conservation in the tropics: the lumen method and the OTTV. Energy, 21(6), 

505-510. 

Chirarattananon, S., Rukkwansuk, P., Chaiwiwatworakul, P., and Pakdeepol, P. 

(2007). Evaluation of vertical illuminance and irradiance models against data 

from north Bangkok. Building and Environment, 42(11), 3894-3904. 

Chraibi, S., Lashina, T., Shrubsole, P., Aries, M., Van Loenen, E., and Rosemann, A. 

(2016). Satisfying light conditions: A field study on perception of consensus 

light in Dutch open office environments. Building and Environment, 105, 116-

127. 

https://nparc/


 

236 

Christakou, E., and Silva, N. (2008). A comparison of software for architectural 

simulation of natural light. In Advances in computer and information sciences 

and engineering (pp. 136-141): Springer. 

Chung, L. P., and Ossen, D. R. (2012). Comparison of integrated environmental 

solutions< virtual environment> and autodesk ecotect simulation software 

accuracy with field measurement for temperature. Sustainability In Built 

Environment I, 85. 

CIBSE. (1994). Code for Interior Lighting. London (UK): Chattered Institution of 

Building Services Engineers. 

Claros, S.-T., and Soler, A. (2002). Indoor daylight climate–influence of light shelf 

and model reflectance on light shelf performance in Madrid for hours with unit 

sunshine fraction. Building and Environment, 37(6), 587-598. 

Crawley, D. B., Hand, J. W., Kummert, M., and Griffith, B. T. (2008). Contrasting the 

capabilities of building energy performance simulation programs. Building and 

environment, 43(4), 661-673. 

Darula, S., and Kittler, R. (2002). CIE general sky standard defining luminance 

distributions. Proceedings eSim, 11-13. 

Day, J., Theodorson, J., and Van Den Wymelenberg, K. (2012). Understanding 

controls, behaviors and satisfaction in the daylit perimeter office: a daylight 

design case study. Journal of Interior Design, 37(1), 17-34. 

Department of Energy U.S. (2012). The building energy software tool directory.   

Retrieved 22 May, 2018, from  

http://apps1.eere.energy.gov/buildings/tools_directory/ 

Department of Standards Malaysia. (2019). MS 1525 : 2019. Malaysian Standard: 

Energy efficiency and use of renewable energy for non-residential buildings - 

Code of Practice (Fourth revision). Malaysia. 

Djamila, H., Ming, C. C., and Kumaresan, S. (2011). Estimation of exterior vertical 

daylight for the humid tropic of Kota Kinabalu city in East Malaysia. 

Renewable energy, 36(1), 9-15. 

Dogan, T., and Stec, P. (2018). Prototyping a façade-mounted, dynamic, dual-axis 

daylight redirection system. Lighting Research & Technology, 50(4), 583-595. 

Dresler, A. (1954). The “reflected component” in daylighting design. Transactions of 

the Illuminating Engineering Society, 19(2_IEStrans), 50-60. 

http://apps1.eere.energy.gov/buildings/tools_directory/


 

237 

Du, J., and Sharples, S. (2010). Daylight in atrium buildings: Geometric shape and 

vertical sky components. Lighting Research & Technology, 42(4), 385-397. 

Dubois, M.-C. (2001). Impact of Solar Shading Devices on Daylight Quality. 

Department of Construction and. 

Duffy, F., Jaunzens, D., Laing, A., and Willis, S. (2003). New environments for 

working: Taylor & Francis. 

Eames, P., and Norton, B. (1994). A window blind reflector system for the deeper 

penetration of daylight into rooms without glare. International journal of 

ambient energy, 15(2), 73-77. 

Edmonds, I., Close, J., Lim, W., and Mabb, J. (1998). Daylighting street level offices 

in city buildings with light deflecting panels. Architectural Science Review, 

41(4), 173-184. 

Ellis, P. G., Strand, R. K., and Baumgartner, K. T. (2016). Simulation of tubular 

daylighting devices and daylighting shelves in ENERGYPLUS. Proceedings 

of SimBuild, 1(1). 

Foghani, S., Mahadi, B., and Omar, R. (2017). Promoting clusters and networks for 

small and medium enterprises to economic development in the globalization 

era. Sage Open, 7(1), 2158244017697152. 

Francini, F., Fontani, D., and Sansoni, P. (2015). Transport of light by optical fibers 

and light pipes. In Sustainable Indoor Lighting (pp. 195-210): Springer. 

Frank, T. (1997). The conquest of cool: Business culture, counterculture, and the rise 

of hip consumerism: University of Chicago Press. 

Freewan, A., Shao, L., and Riffat, S. (2008). Optimizing performance of the lightshelf 

by modifying ceiling geometry in highly luminous climates. Solar Energy, 

82(4), 343-353. 

Freewan, A. A. (2015). Developing daylight devices matrix with special integration 

with building design process. Sustainable Cities and Society, 15, 144-152. 

Fritzsche, H., and Philips, M. (2017). Electromagnetic radiatio.   Retrieved 27 August, 

2019, from https://www.britannica.com/science 

Gaisma. (2019). from http://www.gaisma.com/en/sunpath/paris.png>.   Retrieved 26 

August, 2019, from http://www.gaism.com/en/sunpath/hobart.png> and 

<http:www.gaisma.com/ 

Galasiu, A. D., and Atif, M. R. (2002). Applicability of daylighting computer modeling 

in real case studies: comparison between measured and simulated daylight 

https://www.britannica.com/science
http://www.gaisma.com/en/sunpath/paris.png
http://www.gaism.com/en/sunpath/hobart.png
file:///C:/Users/Administrator/Desktop/12B-01-2021%20PAGES%20SHOULD%20BE%20CORRECTED/www.gaisma.com/


 

238 

availability and lighting consumption. Building and Environment, 37(4), 363-

377. 

Galasiu, A. D., and Veitch, J. A. (2006). Occupant preferences and satisfaction with 

the luminous environment and control systems in daylit offices: a literature 

review. Energy and buildings, 38(7), 728-742. 

Gao, Y., Cheng, Y., Zhang, H., and Zou, N. (2019). Dynamic illuminance 

measurement and control used for smart lighting with LED. Measurement, 139, 

380-386. 

Garcia-Hansen, V., Isoardi, G., Hirning, M., and Bell, J. M. (2012). An assessment tool 

for selection of appropriate daylighting solutions for buildings in tropical and 

subtropical regions: validation using radiance simulation. Paper presented at 

the World Renewable Energy Forum (WREF) 2012, 3600-3608. 

García-Sanz-Calcedo, J., and López-Rodríguez, F. (2017). Analysis on the 

performance of a high efficiency administrative building in Spain. 

International Journal of Green Energy, 14(1), 55-62. 

Ghasemi, M. (2015). Daylight performance in the adjoining spaces of vertical top-lit 

atrium in the tropics. Universiti Teknologi Malaysia. 

Gordon, G. (2015). Interior lighting for designers: John Wiley & Sons. 

Grondzik, W. T., and Kwok, A. G. (2014). Mechanical and electrical equipment for 

buildings: John Wiley & Sons. 

Guglielmetti, R., Pless, S., and Torcellini, P. (2010). On the use of integrated 

daylighting and energy simulations to drive the design of a large net-zero 

energy office building: National Renewable Energy Lab.(NREL), Golden, CO 

(United States)o. Document Number) 

Gul, M. S., and Patidar, S. (2015). Understanding the energy consumption and 

occupancy of a multi-purpose academic building. Energy and Buildings, 87, 

155-165. 

Gunay, H. B., O'Brien, W., and Beausoleil-Morrison, I. (2016). Implementation and 

comparison of existing occupant behaviour models in EnergyPlus. Journal of 

Building Performance Simulation, 9(6), 567-588. 

Guo, M., Wang, Z., and Sun, F. (2013). Simulations of reflected sun beam traces over 

a target plane for an azimuth–elevation tracking heliostat with fixed geometric 

error sources. Solar energy, 97, 102-111. 



 

239 

Halvarsson, J. (2012). Occupancy pattern in office buildings: consequences for HVAC 

system design and operation. 

Hameed, W. U., Basheer, M. F., Iqbal, J., Anwar, A., and Ahmad, H. K. (2018). 

Determinants of Firm’s open innovation performance and the role of R & D 

department: an empirical evidence from Malaysian SME’s. Journal of Global 

Entrepreneurship Research, 8(1), 29. 

Hanan, M. K. S., and Ahmed, A. E. F. (2005, 13-16 November). Integration of electric 

lighting system in a daylit-building. Paper presented at the The 22nd 

Conference on Passive and Low Energy Architecture, Beirut, Lebanon, 13-16 

November, 1-6. 

Hansen, V. G. (2006). Innovative daylighting systems for deep-plan commercial 

buildings. PhD Diss., Queensland University of Technology, Brisbane. 

Harrison, A., Loe, E., and Read, J. (2005). Intelligent buildings in south East Asia: 

Taylor & Francis. 

Hassan, J., Zin, R., Abd Majid, M., Balubaid, S., and Hainin, M. (2014). Building 

energy consumption in Malaysia: An overview. Jurnal Teknologi, 70(7). 

Hegazy, T., and Kassab, M. (2003). Resource optimization using combined simulation 

and genetic algorithms. Journal of construction engineering and management, 

129(6), 698-705. 

Heng, C., Lim, Y.-W., and Ossen, D. R. (2020). Horizontal light pipe transporter for 

deep plan high-rise office daylighting in tropical climate. Building and 

Environment, 171, 106645. 

Heng, C. Y. S. (2017). Performance of horizontal light pipe for daylighting in a high-

rise office building ina tropical region. Universiti Teknologi Malaysia. 

Hitchcock, R. J., and Carroll, W. L. (2003). DElight: A daylighting and electric 

lighting simulation engine. International Building Performance Simulation 

Association, IBPSA BS. 

Ho, M.-C., Chiang, C.-M., Chou, P.-C., Chang, K.-F., and Lee, C.-Y. (2008). Optimal 

sun-shading design for enhanced daylight illumination of subtropical 

classrooms. Energy and buildings, 40(10), 1844-1855. 

Hong, T., Sartor, D., Mathew, P., and Yazdanian, M. (2008). Comparisons of HVAC 

simulations between EnergyPlus and DOE-2.2 for data centers: Lawrence 

Berkeley National Lab.(LBNL), Berkeley, CA (United States)o. Document 

Number) 



 

240 

Hopkinson, R., Longmore, J., and Petherbridge, P. (1954). An empirical formula for 

the computation of the indirect component of daylight factor. Transactions of 

the Illuminating Engineering Society, 19(7_IEStrans), 201-219. 

Hopkinson, R. G. (1972). Glare from daylighting in buildings. Applied ergonomics, 

3(4), 206-215. 

Hopkinson, R. G., Petherbridge, P., and Longmore, J. (1966). Daylighting. Design and 

analysis. London (UK): Heinemann. 

Hraska, J. (2015). Chronobiological aspects of green buildings daylighting. Renewable 

Energy, 73, 109-114. 

Hung, W., and Chow, W. (2001). A review on architectural aspects of atrium 

buildings. Architectural Science Review, 44(3), 285-295. 

Hwang, T., and Kim, J. T. (2012). Assessment on the indoor environmental quality in 

office building. . Paper presented at the 7th International Symposium on 

Sustainable Healthy Buildingd.  

IESNA. (1993). Lighting Handbook: Reference and Application (8th ed.): Illuminating 

Engineering Society of North Ameria. 

Indarto, E., Hardiman, G., Budi, W. S., and Riyanto, D. E. (2017). The impacts of 

multiple lightshelves on natural lighting distribution and effective temperature 

at office rooms. Journal of Architecture and Urbanism, 41(4), 260-267. 

Iversen, A., Roy, N., Hvass, M., Jørgensen, M., Christoffersen, J., Osterhaus, W., et 

al. (2013). Daylight calculations in practice: An investigation of the ability of 

nine daylight simulation programs to calculate the daylight factor in five 

typical rooms. 

Jamrozik, A., Clements, N., Hasan, S. S., Zhao, J., Zhang, R., Campanella, C., et al. 

(2019). Access to daylight and view in an office improves cognitive 

performance and satisfaction and reduces eyestrain: A controlled crossover 

study. Building and Environment, 165, 106379. 

Jenkins, D., and Muneer, T. (2003). Modelling light-pipe performances—a natural 

daylighting solution. Building and Environment, 38(7), 965-972. 

Juan, Y.-K., Gao, P., and Wang, J. (2010). A hybrid decision support system for 

sustainable office building renovation and energy performance improvement. 

Energy and buildings, 42(3), 290-297. 



 

241 

Kamaruzzaman, S. N., Edwards, R., Zawawi, E. M. A., and Che-Ani, A. I. (2015). 

Achieving energy and cost savings through simple daylighting control in 

tropical historic buildings. Energy and Buildings, 90, 85-93. 

Kaminska, A., and Ożadowicz, A. (2018). Lighting control including daylight and 

energy efficiency improvements analysis. Energies, 11(8), 2166. 

Kasule, S. (2000). Daylight and sunlight: A solution to energy problems in buildings 

in tropical regions. Paper presented at the World Renewable Energy Congress 

VI, 641-644. 

Kaufmann-Buhler, J. (2016). Progressive partitions: the promises and problems of the 

American open plan office. Design and Culture, 8(2), 205-233. 

Kazanasmaz, T. (2013). Fuzzy logic model to classify effectiveness of daylighting in 

an office with a movable blind system. Building and environment, 69, 22-34. 

Khalique, M., Isa, A. H. B. M., Nassir Shaari, J. A., and Ageel, A. (2011). Challenges 

faced by the small and medium enterprises (SMEs) in Malaysia: An intellectual 

capital perspective. International Journal of current research, 3(6), 398. 

Kim, C.-S., and Chung, S.-J. (2011). Daylighting simulation as an architectural design 

process in museums installed with toplights. Building and Environment, 46(1), 

210-222. 

Kim, J. T., and Kim, G. (2010). Overview and new developments in optical daylighting 

systems for building a healthy indoor environment. Building and Environment, 

45(2), 256-269. 

Kim, K., Lee, H., Jang, H., Park, C., and Choi, C. (2019). Energy-saving performance 

of light shelves under the application of user-awareness technology and light-

dimming control. Sustainable Cities and Society, 44, 582-596. 

Kontadakis, A., Tsangrassoulis, A., Doulos, L., and Topalis, F. (2017a). An active 

sunlight redirection system for daylight enhancement beyond the perimeter 

zone. Building and Environment, 113, 267-279. 

Kontadakis, A., Tsangrassoulis, A., Doulos, L., and Zerefos, S. (2017b). A Review of 

Light Shelf Designs for Daylit Environments. Sustainability, 10(1), 1-24. 

Koppel, T., and Tint, P. (2013). A dynamic lighting system for workplaces deficient 

of daylight. Environmental Health Risk VII, 16, 105. 

Kota, S., and Haberl, J. S. (2009). Historical survey of daylighting calculations 

methods and their use in energy performance simulations. 



 

242 

Kotani, H., Narasaki, M., Sato, R., and Yamanaka, T. (2003). Environmental 

assessment of light well in high-rise apartment building. Building and 

Environment, 38(2), 283-289. 

Krarti, M., Erickson, P. M., and Hillman, T. C. (2005). A simplified method to estimate 

energy savings of artificial lighting use from daylighting. Building and 

environment, 40(6), 747-754. 

Kurtay, C., and Esen, O. (2017). A new method for light shelf design according to 

latitudes: CUN-OKAY light shelf curves. Journal of Building Engineering, 10, 

140-148. 

Kwolek-Folland, A., and Hill, P. E. (1995). Engendering business: Men and women 

in the corporate office, 1870–1930. History: Reviews of New Books, 24(1), 12-

12. 

Laar, M., and Grimme, F. W. (2002). German developments in guidance systems: an 

overview daylight. Building Research & Information, 30(4), 282-301. 

Labayrade, R., Jensen, H. W., and Jensen, C. (2009). Validation of Velux Daylight 

Visualizer 2 against CIE 171: 2006 test cases. Paper presented at the 

Proceedings 11th International IBPSA Conference, International Building 

Performance Simulation Association, 1506-1513. 

Laing, A., Duffy, F., Jaunzens, D., and Wills, S. (1998). New environment for working: 

the re-design of offices and environmental systems for new ways of working. 

Construction research communication: London. 

Lau, A. K. K., Salleh, E., Lim, C. H., and Sulaiman, M. Y. (2016). Potential of shading 

devices and glazing configurations on cooling energy savings for high-rise 

office buildings in hot-humid climates: The case of Malaysia. International 

Journal of Sustainable Built Environment, 5(2), 387-399. 

Lawrence Berkeley National Laboratory (LBNL). (2000). Daylight in building: A 

source on daylighting systems and components. International Energy Agency-

A report of IEA SHC Task 21. University of California Presso. Document 

Number) 

Lee, H. (2019). Performance evaluation of a light shelf with a solar module based on 

the solar module attachment area. Building and Environment, 159, 106161. 

Lee, H., Gim, S.-h., Seo, J., and Kim, Y. (2017a). Study on movable light-shelf system 

with location-awareness technology for lighting energy saving. Indoor and 

Built Environment, 26(6), 796-812. 



 

243 

Lee, H., Jeon, G., Seo, J., and Kim, Y. (2017b). Daylighting performance improvement 

of a light-shelf using diffused reflection. Indoor and Built Environment, 26(5), 

717-726. 

Lee, H., Kim, S., and Seo, J. (2018a). Evaluation of a light shelf based on energy 

consumption for lighting and air conditioning. Indoor and Built Environment, 

27(10), 1405-1414. 

Lee, H., Park, S., and Seo, J. (2018b). Development and performance evaluation of 

light shelves using width-adjustable reflectors. Advances in Civil Engineering, 

2018. 

Lee, H., and Sawyer, S. (2010). Conceptualizing time, space and computing for work 

and organizing. Time & Society, 19(3), 293-317. 

Lee, W., and Yik, F. (2002). Regulatory and voluntary approaches for enhancing 

energy efficiencies of buildings in Hong Kong. Applied Energy, 71(4), 251-

274. 

Leng, P., bin Ahmad, M. H., Ossen, D. R., and Hamid, M. (2012). Investigation of 

integrated environmental solutions-virtual environment software accuracy for 

air temperature and relative humidity of the test room simulations. Paper 

presented at the UMT 11th International Annual Symposium on Sustainability 

Science and Management, 1298-1305. 

Leung, T. C., Rajagopalan, P., and Fuller, R. (2013). Performance of a daylight guiding 

system in an office building. Solar Energy, 94, 253-265. 

Li, D. H., Cheung, A. C., Chow, S. K., and Lee, E. W. (2014). Study of daylight data 

and lighting energy savings for atrium corridors with lighting dimming 

controls. Energy and buildings, 72, 457-464. 

Lim, Y.-W., and Ahmad, M. H. (2015). The effects of direct sunlight on light shelf 

performance under tropical sky. Indoor and Built Environment, 24(6), 788-

802. 

Lim, Y.-W., Ahmad, M. H., and Ossen, D. R. (2010). Empirical validation of daylight 

simulation tool with physical model measurement. American Journal of 

Applied Sciences, 7(10), 1426. 

Lim, Y.-W., Ahmad, M. H., and Ossen, D. R. (2013). Internal shading for efficient 

tropical daylighting in Malaysian contemporary high-rise open plan office. 

Indoor and Built Environment, 22(6), 932-951. 



 

244 

Lim, Y.-W., and Heng, C. (2016). Dynamic internal light shelf for tropical daylighting 

in high-rise office buildings. Building and Environment, 106, 155-166. 

Lim, Y.-W., Kandar, M. Z., Ahmad, M. H., Ossen, D. R., and Abdullah, A. M. (2012). 

Building façade design for daylighting quality in typical government office 

building. Building and Environment, 57, 194-204. 

Lim, Y. W. (2011). Internal shading for efficient tropical daylighting in high-rise open 

plan office. Universiti Teknologi Malaysia. 

Lim, Y. W. (2019). Tropical daylighting for working environment (1st ed.). Penerbit: 

UTM Press: Malaysia. 

Lim, Y. W., Ahmadº, M. H., and Ossen, D. R. (2008). Review on measuring tools for 

energy efficient solar shading strategies in tropical climate. Jurnal Alam Bina, 

Jilid 14: No 5. 

Linhart, F., and Scartezzini, J.-L. (2010). Minimizing lighting power density in office 

rooms equipped with anidolic daylighting systems. Solar Energy, 84(4), 587-

595. 

Littlefair, P. (1996). Designing with innovative daylighting: Building Research 

Establishment Watford. 

Littlefair, P. (2000). Developments in innovative daylighting: Bracknell : HIS BRE 

Press. 

Littlefair, P. J. (1988). Measurements of the luminous efficacy of daylight. Lighting 

Research & Technology, 20(4), 177-188. 

Littlefair, P. J. (2011). Site layout planning for daylight and sunlight: a guide to good 

practice: Ihs Bre Press Bracknell. 

Livingston, J. (2014). Designing with Light: The Art, Science and Practice of 

Architectural Lighting Design: John Wiley & Sons. 

Loewen, J., Levine, M., and Bush, J. (1992). ASEAN-USAID Building Energy 

Conservation Project: Final Report-Audit. Vol.III Berkeley. Lawrence 

Laboratory, University of California. Audit-Report. Retrieved. from. 

Lowcay, D., Gunay, H. B., and O’Brien, W. (2020). Simulating energy savings 

potential with high-resolution daylight and occupancy sensing in open-plan 

offices. Journal of Building Performance Simulation, 13(5), 606-619. 

Mabb, J. A. (2001). Modification of atrium design to improve thermal and daylighting 

performance. Queensland University of Technology. 



 

245 

Malaysia Energy Commission. (2018). Malaysia energy statistics handbook. 

Suruhanjaya Tenaga (Energy Commission): Putrajaya, Malaysia. 

Malaysian Energy Commission. (2012). National Energy Balance 2012, Suruhanjaya 

Tenaga (Energy Commission), 12 Jalan Hussein, Precinct 2, 62100, 

Putrajaya, Malaysia. Retrieved. from. 

Mandala, A., and Santoso, A. R. (2018). Comparative study of daylighting calculation 

methods. Paper presented at the SHS Web of Conferences, 06001. 

Mandalaki, M., Zervas, K., Tsoutsos, T., and Vazakas, A. (2012). Assessment of fixed 

shading devices with integrated PV for efficient energy use. Solar Energy, 

86(9), 2561-2575. 

Mangkuto, R. A., Feradi, F., Putra, R. E., Atmodipoero, R. T., and Favero, F. (2018). 

Optimisation of daylight admission based on modifications of light shelf 

design parameters. Journal of Building Engineering, 18, 195-209. 

Manning, M. A. (2006). An Experimental Evaluation and Comparison of Four 

Daylighting Strategies for Schools in North Carolina. North Carolina State 

University. 

Mardaljevic, J. (1995). Validation of a lighting simulation program under real sky 

conditions. International Journal of Lighting Research and Technology, 27(4), 

181-188. 

Mardaljevic, J. (2000). Simulation of annual daylighting profiles for internal 

illuminance. International Journal of Lighting Research and Technology, 

32(3), 111-118. 

McMullan, R. (2017). Environmental science in building: Palgrave Macmillan 

Education. 

McNeil, A., and Lee, E. S. (2013). A validation of the Radiance three-phase simulation 

method for modelling annual daylight performance of optically complex 

fenestration systems. Journal of Building Performance Simulation, 6(1), 24-

37. 

Meresi, A. (2016). Evaluating daylight performance of light shelves combined with 

external blinds in south-facing classrooms in Athens, Greece. Energy and 

Buildings, 116, 190-205. 

Merghani, A. H., and Bahloul, S. A. (2016). Comparison between Radiance Daylight 

Simulation Software Results andMeasured on-Site Data. Journal of Building 

and Road Research, 20. 



 

246 

Miyazaki, T., Akisawa, A., and Kashiwagi, T. (2005). Energy savings of office 

buildings by the use of semi-transparent solar cells for windows. Renewable 

energy, 30(3), 281-304. 

Moazzeni, M. H., and Ghiabaklou, Z. (2016). Investigating the influence of light shelf 

geometry parameters on daylight performance and visual comfort, a case study 

of educational space in Tehran, Iran. Buildings, 6(3), 26. 

Modaresnezhad, M., and Nezamdoost, A. (2017). Daylight-based partition design in 

side-lit open plan offices. Paper presented at the 2017 IES Annual Conference 

Proceedings. Portland, OR. 

Moeck, M. (1998). On daylight quality and quantity and its application to advanced 

daylight systems. Journal of the Illuminating Engineering Society, 27(1), 3-21. 

Mohamed, M. R., Mohammad, M. F., Mahbub, R., Ramli, M. A., Gunasagaran, S., 

and Halim, S. M. A. (2019). Business Strategy of Small and Medium-Sized 

Enterprise Construction Companies in Adopting Industrialised Building 

System in Malaysia. International  Journal of Academic Research in Business 

and Social Sciences, 9(9). 

Mohammad, A. (2012). Sizing up Malaysia’s manufacturing SMEs-definitional 

implications. Journal of Statistical Modeling and Analytics, 3(1), 37-45. 

Moore, F. (1991). Concepts and practice of architectural daylighting: John Wiley & 

Sons Incorporated. 

Mostofa, S. A. (2015). Smart Light Pipe Strategies in Deep Plan Office Building in 

Dhaka, Bangladesh. Nakhara: Journal of Environmental Design and Planning, 

11, 125-136. 

Mousavi, S. M., Khan, T. H., and Lim, Y.-W. (2016). Empirical validation of 

Radiance-IES daylight simulation for furnished and unfurnished rooms under 

a tropical sky. International Journal of Sustainable Building Technology and 

Urban Development, 7(1), 61-69. 

Mousavi, S. M., Khan, T. H., and Lim, Y.-W. (2018). Impact of furniture layout on 

indoor daylighting performance in existing residential buildings in Malaysia. 

Journal of Daylighting, 5(1), 1-13. 

Mozingo, L. A. (2016). Pastoral capitalism: A history of suburban corporate 

landscapes: MIT Press. 

Mueller, H. (2013). Chapter 9: Daylighting. Sustainability, Energy and Architecture, 

Elsevier, 227-255. 



 

247 

Muneer, T., Gul, M., and Kambezedis, H. (1998). Evaluation of an all-sky 

meteorological radiation model against long-term measured hourly data. 

Energy conversion and management, 39(3-4), 303-317. 

Mursib, G. (1999). Daylighting Considerations in the design of living-dining room 

spaces in single storey Terrace houses in Malaysia. Universiti Teknologi 

Malaysia. 

Nabil, A., and Mardaljevic, J. (2005). Useful daylight illuminance: a new paradigm 

for assessing daylight in buildings. Lighting Research & Technology, 37(1), 

41-57. 

Nabil, A., and Mardaljevic, J. (2006). Useful daylight illuminances: A replacement for 

daylight factors. Energy and buildings, 38(7), 905-913. 

National Association of Rooflight Manufacturers. (2014). An introduction to natural 

daylight design through roof lighting. NARM technical document NTD01.2. 

Milton Kynes. Retrieved. from. 

National SME Development Council. (2013). SME annual report 2012/13, Malaysia. 

Nejat, P., Jomehzadeh, F., Taheri, M. M., Gohari, M., and Majid, M. Z. A. (2015). A 

global review of energy consumption, CO2 emissions and policy in the 

residential sector (with an overview of the top ten CO2 emitting countries). 

Renewable and sustainable energy reviews, 43, 843-862. 

Ngaopitakkul, A., and Sreewirote, B. (2020). Economic analysis on renovating 

lighting system on existing building: A case study in Thailand. International 

Journal of Smart Grid and Clean Energy, 9(1). 

Nguyen, A.-T., Reiter, S., and Rigo, P. (2014). A review on simulation-based 

optimization methods applied to building performance analysis. Applied 

Energy, 113, 1043-1058. 

Nicolow, J. (2004). Getting the green light from the sun-The benefits of daylight 

harvesting. Construction Specifier, 57, 58-65. 

Nielsen, M. V., Svendsen, S., and Jensen, L. B. (2011). Quantifying the potential of 

automated dynamic solar shading in office buildings through integrated 

simulations of energy and daylight. Solar Energy, 85(5), 757-768. 

Nikpour, M. (2014). Heat gain and daylight assessment in self shading office buildings 

in tropical climate. Universiti Teknologi Malaysia. 



 

248 

Nikpour, M., Kandar, M. Z., and Mousavi, E. (2013). Empirical validation of 

simulation software with experimental measurement of self shading room in 

term of heat gain. World Applied Sciences Journal, 21(8), 1200-1206. 

Noudoostbeni, A., Yasin, N. M., and Jenatabadi, H. S. (2009). To investigate the 

success and failure factors of ERP implementation within Malaysian small and 

medium enterprises. Paper presented at the 2009 International Conference on 

Information Management and Engineering, 157-160. 

Oakley, G., Riffat, S., and Shao, L. (2000). Daylight performance of lightpipes. Solar 

energy, 69(2), 89-98. 

Olbina, S., and Beliveau, Y. (2009). Developing a transparent shading device as a 

daylighting system. Building Research & Information, 37(2), 148-163. 

Omrany, H., Ghaffarianhoseini, A., Ghaffarianhoseini, A., Raahemifar, K., and 

Tookey, J. (2016). Application of passive wall systems for improving the 

energy efficiency in buildings: A comprehensive review. Renewable and 

sustainable energy reviews, 62, 1252-1269. 

Ossen, D. R. (2005). Optimum overhang geometry for high rise office building energy 

saving in tropical climates. Universiti Teknologi Malaysia. 

Osterhaus, W. K. (2005). Discomfort glare assessment and prevention for daylight 

applications in office environments. Solar Energy, 79(2), 140-158. 

Pérez-Lombard, L., Ortiz, J., and Pout, C. (2008). A review on buildings energy 

consumption information. Energy and buildings, 40(3), 394-398. 

Perez, R., Ineichen, P., Seals, R., Michalsky, J., and Stewart, R. (1990). Modeling 

daylight availability and irradiance components from direct and global 

irradiance. Solar energy, 44(5), 271-289. 

Phillips, D. (2000). Lighting modern buildings: Routledge. 

Pohl, J. (2020). Building Science: Concepts and Applications: John Wiley & Sons. 

Ponmalar, V., and Ramesh, B. (2014). Energy efficient building design and estimation 

of energy savings from daylighting in Chennai. Energy Engineering, 111(4), 

59-80. 

Pust, P., Schmidt, P. J., and Schnick, W. (2015). A revolution in lighting. Nature 

materials, 14(5), 454-458. 

Rahim, R., and Mulyadi, R. (2004). Preliminary study of horizontal illuminance in 

Indonesia. 



 

249 

Rayaz, S., and Rubab, S. (2013). Review of advanced daylighting systems. Paper 

presented at the Materials Science Forum, 79-84. 

Reinhart, C. F. (2004). Lightswitch-2002: a model for manual and automated control 

of electric lighting and blinds. Solar energy, 77(1), 15-28. 

Reinhart, C. F., and Walkenhorst, O. (2001). Validation of dynamic RADIANCE-

based daylight simulations for a test office with external blinds. Energy and 

buildings, 33(7), 683-697. 

Reisert, J. (2015). Let there be light. Distillation Magazine, 1,22-45. 

Robbins, C. L. (1985). Daylighting. Design and analysis. 

Rosemann, A., and Suvagau, C. (2008). Methodology to calculate the energy 

consumption for lighting in buildings. Paper presented at the 2008 IEEE 

Canada Electric Power Conference, 1-4. 

Roshan, M. (2014). Assessment of daylight performance of anidolic daylighting system 

in tropical climate. Universiti Teknologi Malaysia, Skudai. 

Rusovan, D., and Brotas, L. (2012). Parametric Daylight Envelope: shading for 

maximum performance. Paper presented at the International Radiance 

Workshop. 

Russell, S. (2012). The architecture of light: architectural lighting design concepts 

and techniques: a textbook of procedures and practices for the architect, 

interior designer and lighting designer: Conceptnine. 

Sadrzadehrafiei, S., Mat, K. S. S., and Lim, C. (2011). Energy consumption and energy 

saving in Malaysian office buildings. Models and Methods in Applied Sciences, 

75, 1392-1403. 

Sadrzadehrafiei, S., Sopian, K., Mat, S., Lim, C., Hashim, H., and Zaharim, A. (2012). 

Enhancing energy efficiency in office buildings in a tropical climate, Malaysia. 

International journal of energy and environment, 6, 209. 

Saidur, R. (2009). Energy consumption, energy savings, and emission analysis in 

Malaysian office buildings. Energy policy, 37(10), 4104-4113. 

Samant, S., and Medjdoub, B. (2006). Reflectance distributions and atrium daylight 

levels: a comparison between physical scale model and Radiance simulated 

study. International Journal of Low-Carbon Technologies, 1(2), 177-182. 

Saraiji, R., Al Safadi, M. Y., Al Ghaithi, N., and Mistrick, R. G. (2015). A comparison 

of scale-model photometry and computer simulation in day-lit spaces using a 

normalized daylight performance index. Energy and Buildings, 89, 76-86. 



 

250 

Sarawgi, T. (2004). Determining the suitability of computer-aided daylight simulation 

method in the design process. International Journal of Architectural 

Computing, 2(2), 155-175. 

Saridar, S., and Elkadi, H. (2002). The impact of applying recent façade technology 

on daylighting performance in buildings in eastern Mediterranean. Building 

and Environment, 37(11), 1205-1212. 

Saxena, B., and Narasimhan, V. (2013). Energy Economy in Day Time Lighting 

Design. 

Scartezzini, J.-L., and Courret, G. (2002). Anidolic daylighting systems. Solar energy, 

73(2), 123-135. 

Seddigh, A. (2015). Office type, performance and well-being: A study of how 

personality and work tasks interact with contemporary office environments and 

ways of working. Department of Psychology, Stockholm University. 

Seo, B., Her, J., and Kim, Y. (2016). A Study on the Performance Evaluation of 

External Light-shelf according to the Arrangement Plan of Furniture. 

International Journal of Applied Engineering Research, 11(2), 1020-1024. 

Seyedolhosseini, A., Masoumi, N., Modarressi, M., and Karimian, N. (2020). Daylight 

adaptive smart indoor lighting control method using artificial neural networks. 

Journal of Building Engineering, 29, 101141. 

Shafaghat, A., Keyvanfar, A., Ferwati, M. S., and Alizadeh, T. (2015). Enhancing 

staff's satisfaction with comfort toward productivity by sustainable Open Plan 

Office Design. Sustainable Cities and Society, 19, 151-164. 

Shahriar, A. N. M., and Mohit, M. A. (2007). Estimating depth of daylight zone and 

PSALI for side lit office spaces using the CIE Standard General Sky. Building 

and environment, 42(8), 2850-2859. 

Shahzad, S., Brennan, J., Theodossopoulos, D., Hughes, B., and Calautit, J. K. (2017). 

Energy and comfort in contemporary open plan and traditional personal 

offices. Applied energy, 185, 1542-1555. 

Shao, L., and Callow, J. (2003). Daylighting performance of optical rods. Solar energy, 

75(6), 439-445. 

Sharp, F., Lindsey, D., Dols, J., and Coker, J. (2014). The use and environmental 

impact of daylighting. Journal of cleaner production, 85, 462-471. 

Sharples, S., and Lash, D. (2007). Daylight in atrium buildings: a critical review. 

Architectural Science Review, 50(4), 301-312. 



 

251 

Sherif, A. H., Sabry, H. M., and Gadelhak, M. I. (2012). The impact of changing solar 

screen rotation angle and its opening aspect ratios on Daylight Availability in 

residential desert buildings. Solar Energy, 86(11), 3353-3363. 

Shpuza, E., and Peponis, J. (2008). The effect of floorplate shape upon office layout 

integration. Environment and Planning B: Planning and Design, 35(2), 318-

336. 

SME Corporation Malaysia. (2012). from [Online] Available: 

http://www.smeinfo.com.my/index.php?optio=com_content&view=article=1

415&Itemi  d=1312&lang=eo, Accessed on 25 September 

Smith-Jackson, T. L., and Klein, K. W. (2009). Open-plan offices: Task performance 

and mental workload. Journal of Environmental Psychology, 29(2), 279-289. 

Steffy, G. (2002). Architectural lighting design: John Wiley & Sons. 

Stevanović, S., and Stevanović, D. (2018). Optimisation of curvilinear external 

shading of windows in cellular offices. PloS one, 13(9), e0203575. 

Sun, F., and Junqi, Y. (2020). Indoor intelligent lighting control method based on 

distributed multi-agent framework. Optik, 164816. 

Szokolay, S. V. (2014). Introduction to architectural science: the basis of sustainable 

design: Routledge. 

Tetlow, R. M., van Dronkelaar, C., Beaman, C. P., Elmualim, A. A., and Couling, K. 

(2015). Identifying behavioural predictors of small power electricity 

consumption in office buildings. Building and Environment, 92, 75-85. 

Thanachareonkit, A., and Scartezzini, J.-L. (2010). Modelling complex fenestration 

systems using physical and virtual models. Solar Energy, 84(4), 563-586. 

Tiwari, G., and Tiwari, A. (2017). Handbook of solar energy. Singapore: Sprinter. 

Toledo, G. E., Pelegrini, A. V., and Heemann, A. (2016). Design parameters for solar 

light pipes in the Brazilian context. International Journal of Sustainable 

Engineering, 9(4), 251-258. 

Torres, S., and Verso, V. R. L. (2015). Comparative analysis of simplified daylight 

glare methods and proposal of a new method based on the cylindrical 

illuminance. Energy Procedia, 78, 699-704. 

Tregenza, P., and Wilson, M. (2013). Daylighting: architecture and lighting design: 

Routledge. 

Tsangrassoulis, A. (2016). Shading and daylight systems. In Energy Performance of 

Buildings (pp. 437-466): Springer. 

http://www.smeinfo.com.my/index.php?optio=com_content&view=article=1415&Itemi
http://www.smeinfo.com.my/index.php?optio=com_content&view=article=1415&Itemi


 

252 

Urmee, T., Thoo, S., and Killick, W. (2012). Energy efficiency status of the 

community housing in Australia. Renewable and Sustainable Energy Reviews, 

16(4), 1916-1925. 

Veitch, J. A. (2001). Psychological processes influencing lighting quality. Journal of 

the Illuminating Engineering Society, 30(1), 124-140. 

Vlatseas, S. (1990). A history of Malaysian architecture: Longman. 

Ward, G. (1992). Radiance visual comfort calculation. LESO-EPFL, April, 6, 1992. 

Ward, G. (1996). Reference Manual in Adeline 2.0-Radiance Reference Manual in 

Adeline 2.0 Advanced Daylighting and Electrical Lighting Intefrated  New 

Environment. International Energy Agency: Solar Heating and Cooling - Task 

12: Building Energy Analysis and Design Tools for Solar Applications'.  

Ward, G., and Shakespeare, R. (1998). Rendering with Radiance: the art and science 

of lighting visualization. 

Ward, G. J. (1994). The RADIANCE lighting simulation and rendering system. Paper 

presented at the Proceedings of the 21st annual conference on Computer 

graphics and interactive techniques, 459-472. 

Ward, G. J., and Rubinstein, F. M. (1988). A new technique for computer simulation 

of illuminated spaces. Journal of the Illuminating Engineering Society, 17(1), 

80-91. 

Warrier, G. A., and Raphael, B. (2017). Performance evaluation of light shelves. 

Energy and Buildings, 140, 19-27. 

Weinläder, H., Beck, A., and Fricke, J. (2005). PCM-facade-panel for daylighting and 

room heating. Solar Energy, 78(2), 177-186. 

Whyte, W. H. (2013). The organization man: University of Pennsylvania Press. 

Winkelmann, F. C. (2001). Modeling windows in EnergyPlus. Proceedings IBPSA 

Building Simulation. 

Winkelmann, F. C., and Selkowitz, S. (1985). Daylighting simulation in the DOE-2 

building energy analysis program. Energy and Buildings, 8(4), 271-286. 

Wong, L. (2017). A review of daylighting design and implementation in buildings. 

Renewable and Sustainable Energy Reviews, 74, 959-968. 

Wong, L., and Eames, P. (2015). A method for calculating the solar transmittance, 

absorptance and reflectance of a transparent insulation system. Solar Energy, 

111, 418-425. 



 

253 

Xue, P., Mak, C., and Cheung, H. (2014). New static lightshelf system design of 

clerestory windows for Hong Kong. Building and Environment, 72, 368-376. 

Yang, L., Yan, H., and Lam, J. C. (2014). Thermal comfort and building energy 

consumption implications–a review. Applied energy, 115, 164-173. 

Yoon, Y. B., Manandhar, R., and Lee, K. H. (2014). Comparative study of two 

daylighting analysis methods with regard to window orientation and interior 

wall reflectance. Energies, 7(9), 5825-5846. 

Yumboris, Y., Umbaris, M., Gisip, I. A., and Ambad, N. A. (2020). Strategic 

Orientation and Performance of Small And Medium Enterprises (SMEs) in 

Sabah, Malaysia. Journal of Social Transformation and Regional 

Development, 2(1), 11-20. 

Yun, G. Y., Kim, H., and Kim, J. T. (2012). Effects of occupancy and lighting use 

patterns on lighting energy consumption. Energy and Buildings, 46, 152-158. 

Zain-Ahmed, A., Sayigh, A., Surendran, P., Othman, M., and Sopian, K. (1998). 

Model year climate data for the Klang valley, Malaysia. Paper presented at the 

National Seminar on Malaysia Advances in Energy Research, UKM. 

Zain-Ahmed, A., Sopian, K., Abidin, Z. Z., and Othman, M. (2002). The availability 

of daylight from tropical skies—a case study of Malaysia. Renewable Energy, 

25(1), 21-30. 

Zazzini, P., Romano, A., Di Lorenzo, A., Portaluri, V., and Di Crescenzo, A. (2020). 

Experimental Analysis of the Performance of Light Shelves in Different 

Geometrical Configurations Through the Scale Model Approach. Journal of 

Daylighting, 7(1), 37-56. 

Zerroug, A., and Dzelzitis, E. (2015). Analysis of results of energy consumption 

simulation with eQUEST and energy plus. Paper presented at the International 

Conference Civil Engineering, 102-107. 

Zhang, A., Bokel, R., van den Dobbelsteen, A., Sun, Y., Huang, Q., and Zhang, Q. 

(2017). Optimization of thermal and daylight performance of school buildings 

based on a multi-objective genetic algorithm in the cold climate of China. 

Energy and Buildings, 139, 371-384. 

 

  




