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ABSTRACT

Lighting plays an important role in creating the right ambience. Various researches
have been conducted regarding energy efficiency of lighting system for non-
residential buildings. The adequate illumination when exploited to its maximum
potential can be beneficial for both economic and environment.

The usage of lighting system in non-residential building is the second largest after
air-conditioning system. The research of quantity and quality of the lighting is the en
route toward energy saving. Lighting system is defined as system that gives more
opportunity to do retrofit activities. The retrofitting must be based on the minimum
requirement by llluminating Engineering Society, IES and Malaysian Standard,
MS1525:2001.

This project is on quality, quantity and the better arrangement of bulb according to
the suitability of the illumination level required. The illumination level should be
emphasized since it will affect the workers performance, workers health and may
reduce electric usage. Therefore, the retrofitting activities can reduce cost of electric
consumption and cost of maintenance.
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ABSTRAK

Pencahayaan memainkan peranan yang penting untuk mewujudkan sebuah
persekitaran yang selesa. Banyak kajian telah dibuat berdasarkan penggunaan tenaga
yang efektif untuk bangunan komersil. Menitiberatkan tahap penyinaran boleh
memberikan potensi yang maksimum untuk kebaikan ekonomi dan persekiratan.

Penggunaan tenaga elektrik untuk sistem pencahayaan di bangunan-bangunan
komersil merupakan kedua terbesar selepas sistem penyaman udara. Kajian mengenai
kuantiti dan kualiti lampu akan menjurus kepada penjimatan tenaga elektrik yang
digunakan. Sistem pencahayaan mempunyai banyak ciri-ciri untuk diubahsuai
berdasarkan keperluan minimum yang telah ditetapkan oleh Pertubuhan Kejuruteraan
Pencahayaan (llluminating Engineering Society,IES) dan Piawaian Malaysia
(Malaysian Standard, MS1525:2001).

Projek ini merupakan kajian pengubahsuaian sistem pencahayaan berdasarkan kualiti,
kuantiti dan kedudukan lampu yang sesuai dengan tahap penyinaran yang sesuai.
Sistem pencahayaan harus diberi perhatian yang serius memandangkan ia
mempengaruhi kualiti kerja, kesihatan pekerja dan mampu untuk mengurangkan
penggunaan tenaga elektrik. Dengan kata lain, ia mampu untuk mengurangkan kos
penggunaan elektrik dan penyelenggaraan.
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CHAPTER 1

INTRODUCTION

1.0 General

Moving towards the new era, many people have increased their awareness in
saving the energy. This is due to the expensive utilities bills. It is because the
demand for energy rises linearly due to the rising in standard of living. Therefore, the
energy management and any possible opportunities towards energy saving is
important to be determined. In a building, there is a lot of energy saving
opportunities without sacrificing human comfort. One of it is through lighting
system. According to Kennedy er al (1994), the lighting system provides many
opportunities for cost-effective energy saving. He also wrote that despite from
energy reduction in lighting, the minimum lighting level standards of the
llluminating Engineering Society (IES) should be followed to ensure the safety and

productivity of the workers.



Bleeker, (1993) reported that around 25% of the total electricity used in the
commercial sector is consumed by lighting systems. However, the percentage of
lighting consumption was increase on year 2000. Krarti, (2000) stated that lighting
for office building represent on average of 40% of the total energy use. It mean,
almost half of the energy in office building is used by lighting system. Besides that
she mentioned that in 1970’s the simplest energy saving of lighting is by switching
off the light. The approach is no longer appropriate these days. Hence, retrofit design
of lighting is the best answer toward energy saving and at the same time providing

enough luminous in working spaces.

1.1 Efficacy of Lighting System

Lighting systems are responsible for consuming large amounts of energy in
buildings all around the world. Fortunately, advances have been made in lighting
fitting design that has contributed to reduce this problem. Energy efficiency in a

lighting system can be achieved mainly through the minimization of two variablcs:

e The lighting power density, (W/m?)

e The lighting system use



A reduction of the lighting power density, which is the ratio of total lamp
wattage in a room to its floor area, can be obtained through the use of energy
efficient lamps, luminaires and associated equipment. However, it must also be noted
that energy efficient equipment (which widely available in the market) does not
provide for energy savings by itself. A lighting design needs to be carried out
following all the steps required by this kind of design and the user requirements must
be considered. According to Ghisi and Tinker, (2004) the design of lighting should
be work together with energy efficient equipment. The second variable is the lighting
system use which could be optimized through the use of control systems and also
through the effective integration of daylight. Such an approach could reduce energy

consumption and promote energy efficiency in the building.

Besides that, according to Krarti, (2000) the following technologies should be

considered.

e High efficiency fluorescent lamps
e Compact fluorescent lamps

e FElectronic ballasts

Fluorescent lamps are the most commonly used lighting systems in commercial
buildings. In fact, fluorescent lamps illuminate 71% of the commercial space. Their

popularity can be attributed to their relatively high efficacy, diffuse light distribution



characteristics, and long operating life. Compact fluorescent lamps are miniaturized
fluorescent with small diameter and shorter length. The compact lamps are less
efficient that full size fluorescent lamps with only 35 to 55 lumens/watt. However, it

1s more energy efficient and has a longer life than incandescent.

All discharge lamps (fluorescent and HID) require an auxiliary piece of

equipment called ballast. Ballasts have three main functions, which are:

e Provide its correct starting voltage, because lamps require a higher voltage to
start than to operate.

e Match the line voltage to the operating voltage of the lamp.

e Limit the lamp current to prevent immediate destruction, because once the

arc is struck the lamp impedance decreases.

1.2 Lighting in Office Building

According to Woodroof and Fetters, (2005) the case of lighting retrofit on
1970s, were the worker were left in the dark is due to massive de-lamping initiatives.
It is because the retrofit is reduce lighting quality, the worker productivity may drop
and the energy saving could be overshadowed by reduced profit. This is not the main

point to do the lighting retrofit. The main purpose of lighting retrofit in the oftice



building is to provide a comfortable and an efficient working environment. The
presence of visual and psychological comfort conditions ensures user well-being and
increase motivation, that will lead a higher performance and improved productivity.

Lighting systems must be familiar with fundamental concepts such as:

e Quantity

e Quality

e Lamp technologies
e Ballast technologies
e Luminaries

e Controls

e Maintenance

Figure 1.1 shows the integration between light output, light level and
brightness. Although they are quantitative measures, they directly affect the quality

of the illumination.



LIGHT OUTPUT
{Luminous Flux)
LUMENS

BRIGHTNESS
{Luminance)

LIGHT LEVEL FOOTLAMBERTS

{lHtuminance}
FOOTCANDLES (lms/sf.

Work Plane

Figure 1.1 Quantity of lllumination

(Source: Environmental Protection Agency, EPA Lighting Fundamentals - Lighting

Upgrade Manual, 1997.)

Quality of illumination is consists of three factor, which are glare, uniformity
of illuminance and color of rendition. Glare is defined as the effect of brightness or
differences in brightness within the visual field sufticiently high to cause annoyance,
discomfort or loss of visual performance. The uniformity of illuminance is a quality
issue that addresses how evenly light spreads over a task area. Non uniform of
illuminance can cause inadequate light levels in some arcas and visual discomfort
when tasks require frequent shifting of view from underlit to overlit areas. Color

rendition can be defined as the ability to see colors properly is another aspect of



lighting quality. Light sources vary in their ability to accurately reflect the true colors
of people and objects. The definition is according to Environmental Protection

Agency, EPA Lighting Fundamentals — Lighting Upgrade Manual, 1997.

1.3 Importance of the Study

Why this study is importance in the non-residential building?

e To improve the lighting illumination on the working space

¢ To minimize instead energy and cost

e To create or to make exist a comfortable environment to workers so that
the productivity will increase and the performance of that department also

will be increase.



14 Aims and Objectives of the Project

The ‘Retrofit Design of Lighting System’ study is aim to investigate the

adequate lighting for working space.

To achieve the aim, main objectives of this study are consists of:

1. To conduct an experiment to rctrofit the lighting system.

2. To find retrofit design opportunities of lighting

3. To find lighting power and illuminance level and compare it to
recommended by MS1525:2001 Code of practice of energy efficiency and
[lluminating Engineering Society (IES)

4. To find out the best room arrangement and the best position of the bulb.




1.5 Project Overview

Chapter 1 is the introduction part, which consist of objectives of this research
and also mentions about introduction to the lighting system and important of lighting

system for non-residential building.

Chapter 2 is about literature review, which covers past study about the same

field of retrofit design on lighting.

Chapter 3 is methodology of this research, which explains how the data

collected. This chapter explains the procedures of experiment which will be done on

retrofit design on lighting system.

Chapter 4 describes on the data analysis and discussion part. All the data from
the experiment will be present in this chapter and it will be discuss according to

literature review chapter.

Chapter 5 will be concluded on the research that had been done. And some

relevant recommendation about the research will be given.



