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ABSTRACT 

Lighting design is one the basic and important elements for the building design. An 

effective lighting can give illumination at a proper level and reduce the energy 

consumption and energy cost. This study investigate the comparison study between 

compact fluorescent lamp (CFL) and light emitting diode (LED) that commonly used for 

home general lighting usage in different areas in the house model. The objective of this 

research is to perform energy analy~is of efficient lighting system design for general house. 

The general terrace house at Muar was taken as a case study. The comparison of these two 

luminaires in different areas in the house model was designed and simulated using the 

DIALUX software based on the illuminance value, color rendering index, luminous 

efficacy, lighting power density, energy consumption, energy cost and building energy 

index. Finally, the results showed that LED is the best lighting design system compared to 

CFL as it more efficiency than the CFL. It provides about 16-17% of the reduction in 

power consumption, electric consumption, energy cost and building energy index. 
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CHAPTER 1 

INTRODUCTION 

1.1 Introduction 

Nowadays, the development of the digital era technology provides many good impact in 

the field of engineering design. One of the good impact that utilized in the field of the 

engineering design due to the development of the digital era technology is the simulation 

software's or tools that use to simulate and solve some engineering problems. A 

simulation software or tool can be defined as a platform that provides the service for the 

users to access or conduct an simulation through the internet at any time and any place. 

Example simulation tools that can be used for the lighting design are MATLAB, Energy 

Plus, DIALux and etc. Lighting design in a building as one of the engineering design 

problems are also implemented the application of simulation software to the users or 

engineers for the purpose of design and analyze. According to Baloch et al. (2018), 

lighting design was defined as one of the significant elements of building design and 

considered as an essential aspect when addressing sustainability of buildings. 

Energy consumption that refers to the amount of energy used also consider in the 

lighting systems in buildings as the building energy consumption accounts for around a 

third of the world's primary energy. Based on the data provided by (IEA,2006), offices and 

commercial buildings use the most electricity (43%), follwed by residential buildings 

(31%), manufacturing buildings (18%) and outdoor lighting (8%). Hence, energy efficient 

systems need to be developed in order to increase the energy efficiency which defined as 
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one of the elements in building energy index and then contributes building energy savings. 

Building Energy Index (BEi) is a method that introduced to compare the energy use in 

buildings for one year and it is calculated by dividing the. total floor area of the building in 

square meters by the number of kilowatt hours used. It is very important in the 

development of energy efficient systems as it not only use to improve the energy intensity 

of the buildings but al so improve the energy perfo rmance of a building. Every buildings 

especially the government buildings will having a Building Energy Index label that issued 

by the Suruhanjaya Tenaga (ST). Figure I. I shows the label of Building Energy Index. 

Star range: 
1 Star Highly inefficient 
5 Star. Most efficient 

_Jl__ 

5-Star BEi s 10.Q___ •• 

UNIVE,.... 4- staf CKNI~ 100 < BEi s 130 IA MELAKA 
'3- Star 130 < BEi s 160 
2- Star 
1- Star 

160< BEi s 2SO 
BEi > 2SO 

Figure I . I : Building Energy Index Label 

There are three types of design considerations that need to be consider in the effective 

lighting des ign which are lighting quantity, lighting quality and implementation. Lighting 

quality that considered as one of the key factors in successful lighting design, it should 

always take precedence over cost savings and energy savings. However, how can we 

define the definition of the lighting quality? According to Blaso & Pellegrino (2007), the 

interaction of three fi elds defines the lighting quality as the individual , light integration 

with architecture and ergonomic and environmental implications. Based on the interaction 
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of this three fields, the elements that need to consider in the lighting quality are 

illuminance value, color rendering index, illuminance uniformity index, Unified Glare 

Rating value and effect of surface reflectance. Illuminance value is the amount of luminous 

flux incident on a surface, per unit area. The unit of the illurninance value is lux or 

lumens/m2 and can be calculate by E = : where E is the illuminance, <P is the luminous 

flux and A is the surface area (Febriyursandi et al,2019). Difference areas have their own 

value of illuminance. While the illurninance uniformity index, U0 is define as the ratio of 

the minimum illumination ( Emin) and the average illumination ( Eavg) . High value of 

ill uminance uniformity will results high balanced of light distribution and high comfortable 

level of eyes feel (Wang,2015). 

The Color Rendering Index (CRI) is a metric for determining the ability of a light source 

to expose colors of objects in relation to natural light such as daylight or incandescent light. 

The CRI is represented by the a range number of 0-100 in which high value of CRI will 

results better color rendering capacity but it is independent of color temperature. The chart 

for the Color Rendering Index presents in Figure 1.2. Glare that common take places in 

workplaces and residential area is a sensation of sight that caused by the excessive and 

uncontrolled brightness. Hence, a method called Unified Glare Rating (UGR) is used in 

order to calculate the glare from luminaires, light through windows and bright light sources. 

The UGR are suitable used for an indoor lighting installation only and it can be calculated 

either using a formula or using lighting design programmes. The equation that is used to 

calculate the UGR is UGR = 8 log [0~:5 L (L:~)] where L is the luminance value of 

luminaire, Lb is the background luminance value, W is the solid angle of luminaire and p 

is the Guth Index. Lastly, surface reflectance also effect the lighting quality like energy 

efficiency and visual comfortability where the lower the reflectance of surface, the lower 
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the daylight distribution. According to Reinhart (2002), the relationship between reduced 

partition reflectance and reduced daylight in an open-plan office was determined through 

numerical simulations. Besides that, the European Standard EN 12464 recommended the 

ranges of usefu l reflectance for major interior surfaces such as walls, floors and ceilings in 

indoor buildings based on the occipant li ghting requ irements. The ranges of useful 

reflectance for the interior surfaces are wall (0.5-0.8), floor (0.2-0.4) and ceiling (0.7-0.9). 

Color Rendering Index 
(CRI) 

Lxcullcnt 

Good 

100 

9<; 

90 
85 
80 
/5 
70 

Dnyl19ht 

U Figure 1.2: Color Rendering Jndex (CRl) MELAKA 

1.2 Problem Statement 

Lighting is an essential e lement that use of a long time in any building hence it accounts 

for a significant portion of global energy use. However, the increasing of the energy 

consumption for the lighting system caused a lot of problems due to the increas ing of 

population. The increasing of the lighting usage is affecting the basic living standard as the 

costs of the electricity increased. Besides that, the hi ghl y increase of the electricity 

consumption has caused the occur of pollution due to the harmful gases that released by 
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the air conditioning and other electrical devices. Non-renewable resources such as coal and 

gas also reduced due the high demand of the electricity consumption. 

1.3 Objective 

The objectives of this research are as follows: 

);i- To simulate the lighting level using free DIALux software. 

);i- To propose the current lighting level using other type of light. 

);i- To calculate the cost effect of the current and proposed lighting system. 

~ To analyse the light quality in term of the i) illuminance value, ii) the color rendering 

index, iii) the illuminance uniformity index, iv) the power intensity, and v) the effect 

of surface reflectance. 

1.4 Scope of research 

Simulate the simulation of the lighting design system using DIALux software and the 

model for the lighting design system is using the house at Muar, Johor. 

..... , ... ...... I I I ...... I v-\L. IY J-\L....Mi ~I IYIC:.L.AKA 
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CHAPTER2 

LITERATURE REVIEW 

2.1 Introduction 

Lighting design is known as a method for providing lighting to spaces where it starts 

with a discussion about organizational and consumer specifications with the owner. It can 

be conduct through a design simulation tool or platform by considering all the 

considerations that might affect the efficiency of the lighting systems. Some of the 

previous research that related to this report will be shown in this chapter. 

2.2 Illurninance value 

The output of the illumination level and value could be calculated using the programs 

like DIALux and virtual or real building reference (Ashmore & Richens, 2001). The 

increased of the average illuminance value increased the illuminance uniformity index 

while decreased the value of the unified glare rating (Makaremi et al ., 2017). A research 

work presented by Ahmad et al. (2020) has aimed to conduct and calculate the indoor 

illuminance with and without blinds based on the daylighting analysis in building under 

different sky condition. The proposed method applied glazed window with 0.78 optical 

transmitted, 90cm glazing pane width, 1 Ocm width of window bars to get the indoor 

illuminance. Then, it simulated with measuring period without blinds, DOE-2 with blinds, 

Radlink and Radiance software that considered for with and without blinds. The sky 

condition during the measuring period was overcast while it was CIE standard sky 

condition in other softwares. During analysis and evaluation, the windows were far away 

- 6 -



from all the external obstruction. The proposed method has successfully calculated the 

total illuminance in term of with or without blinds. Thus, it resulted that CRI<0.2, SSP=l.O 

for the clear sky and CR=l.O, SSP=O.O for overcast sky in DOE-2 while also proved that 

shading coefficient was used in Radlink software where the daylight penetration can 

decrease by the shading effect. The results for the measured and simulated indoor 

illumiances without blinds were shown in Figure 2.1. This is similar to what Ashrafian & 

Moazzen (2019) found that the difference in average illurninance in both east face 

classroom and west face classroom was too high no matter the sky condition was clear or 

overcast. Hence, shading device shall used to enhance the indoor daylight efficiency by 

minimized the over-illumination that may caused visual comfort. Another study that 

performed by Omar et al. (2018) found that Model 2 not only offers a more equal 

distribution of light throughout the system but also showed 78.82% ( p = 6.46) of 

transmission efficiency compared to model 1 that have 64.7 (p = 15.60) of transmission 

efficiency. The illurninance map obtained in Model 1 and Model 2 on the working plane 

were shown in Figure 2.2 and 2.3. ~ C .. . \ . ~ ... . 
,4 ~ 4.-.J ~ /'"~J .. .. v·; ... ~-· v I .. 

1000 1:500 2000 2~ 
A vereged meeaun!>d lllumlnence (Lux) 

0 
0 1000 1 :500 2000 2:500 

Averaged meaaur-ed Dlumlnanoe (Lux) 

.. 

1000 1 :500 2000 2:lOO 
Avorogod mo-..rcd IDum lnoncc (Lux) 

(d )1j 2:ioo.-----~-~-~-~ 
~ 

~ 2000 

~ 1000 

~ 1000 
j 
~ 
E 

115 
: 

"°° 1000 1 :lOO 2000 2:lOO 
Averaged measured llumlnance {l.ux) 

Figure 2.1 : Measured and simulated indoor illumiances without blinds (a) Measured 

illuminance (b) Radiance simulation (c) Radlink simulation (d) DOE-2 simulation 
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Figure 2.3: llluminance map in Model 2 on working plane 

In order to design an efficient lighting system, the lighting system design must according 

to the standard. In the study that performed by Wagiman & Abdullah (2018), the lighting 

system designs that used the T5, T8 and LED luminaires were according to the European 
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Standard EN12464-l (500 Ix) and Malaysian Standard MS1525 (maintained illuminance 

level:300-400 Ix) in general office. The finding of this study stated that the illuminance 

values for the MS1525 were smaller compared to the EN12464-l and LED that contributed 

high performance showed the potential to replace fluorescent lamps. Sun et al. (2011) and 

Gosende (2019) proposed a method to provided energy saving illumination of the building 

lighting by simulated and compared between the twist-shape compact fluorescent lamp and 

LED light source with the same required standard illuminance. The result showed that the 

simulated average illuminance of the LED used was in the range of the required standard 

average illuminance and the power consumption of the LEDs was lower than the twist­

shape compact fluorescent lamps. This is very similar to what Kamaruddin et al. (2016), 

Sarsour et al. (2017) and Ridj ian (2016) found that LED reduced more cost and energy 

consumption than CFL for the lighting system design as it's illumination at proper level. 

According to Vishesh et al. (2016), the simulation result showed that the obtained LUX 

for the conventional lighting system not met the Indian standard (minimum=300 lux, 

maximum= 750 lux). Cellular arrangement of lamps in the classroom was the best 

arrangement that met the CIE norm of no less than 500LX average illumination by 

extended the efficient lighting area and enhanced the lighting power quality (Wang, 2015). 

LEDs as the artificial light sources can be used as an illuminative substitute when the 

internal illumination is less than the minimum illumination value (Ji et al., 2016). This also 

proved when the study conducted by Ivana et al. (2018) found that artificial lighting 

replaced with the daylight as daylight cannot provided the required lighting intensity. 

Climate change was exacerbrated by a significant portion of global energy consumption 

and carbon emissions (Vincent et al., 2020). Case studies that performed by Roy et al. 

(2005) has proposed to introduce the project Low Energy Office (LEO) building that 

optimized using Energy-I 0 computer software and aimed to developing the Malaysian 

- 9 -



construction industry's potential in energy efficiency building design . This building design 

has considered the site & climate, comfort & indoor air quality, daylight, building envelope, 

office appliances, cooling, lighting & transport and energy management in order to achieve 

or surpass expectations of the standard of MS 1525: Code of Practice for Energy 

Efficiency and Renewable Energy on non-domestic building. The illumination level for the 

building is 300-400 lux and the installed lighting and small power loads which 15 -

20W/m2 were replaced by 8 W/m2
. Hence, this study concluded that with Malaysia's 

current electricity price of 0.29 RM/kWh, the expected payback period was less than ten 

years as the energy savings for the energy efficient building was about 100 -

150kWh/m2year. 

Apart from the general building, Doekar et al. (2016) conducted a study of efficient 

lighting system design for power plant by comparing the mathematical analysis and 

software analysi s. This study found that the software's outputs were more correct and 

accurate than the mathematical analysis as the illuminance value, minimum and maximum 

illuminance value, ll.niformity ration, 3D rendering and object reflectances could be 

considered by using software analysis like DIALux software. According to the study of 

LED street light optic designs that performed by Prommee & Phuangpitak (2016), the 

small lenses have better light output than big lenses as the beam angle of the small lens 

(150°) was wider than the beam angle of a big lens (120°) which was parallel to the street. 

The light performance results of LED street light with small and big lens were shown in 

Table 2.1 and 2.2. 
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Table 2.1 : Light performance results of LED street light with small lens 

Street T ypc I II Ill v 
LED (wnn) 70 70 70 120 
placement 120 120 120 180 
Ill umuancc. 9.7 8.7 7.7 17 
E.- 2:: 9.7 lux 

12 II 9.96 29 

Lummancc. 2,.8 Q21 11.il 0.94 
L,., 
cdim~ 

2:: 0.75 
0.75 Mi 2.2 1.61 

Umfonruty 0.60 0 .-17 !lll fr..2(l 
U., E_ E.. 
~ 0.40 0 :?t 0.2j 0.:?6 0.48 

Umfonruty 0.40 028 0. 18 0.16 
E_ E_. 

QJl !U1 0.10 0.33 ~ o 11 

Table 2.2: Light performance results of LED street light with big lens 

2.3 Color Rendering Index 

Color rendering Index (CRI) is the most commonly used metric for comparing and 

quantifying light source colour rendering efficiency ( Guo & Houser, 2004). According to 

the Sirim Standard, the minimum color rendering index for the general building areas were 

shown in Table 2.3 which was in the range of 40-80. In the study of Sun et al. (2020), the 

color rendering index was 86 which can defined as an excellent color rendering index that 

provided high quality of vision. Based on the research that conducted by Gosende (2019), 
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