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ABSTRACT 

 

 

 

 

Solar cells are common examples in this category of electricity generation. 

They are also known as photovoltaic cells. A combination of individual PV cells 

forms the Photovoltaic module. A collection of photovoltaic modules, which are tied 

together with a wire and are so designed to install it in a field readily, is known as 

photovoltaic panels or simply solar panels. The installation includes the photovoltaic 

modules, an inverter, a battery all linked to each other with a wire. 

Since this technology is still new in Malaysia especially in UMP. The using 

of solar as electric source is limited. So, in this case, I need to develop a system that 

uses solar panel as a basic supply for the Fluorescent Lamp. This project is mainly 

concerned in design a charger that uses solar as source to charge the battery 12 V. 

This project also designs the inverter from 12VDC to 240VAC. The inverter could 

be supply power to the load that we use in this project. The load is a Fluorescent 

Lamp. This project will be divided into two main parts which are hardware design 

and software development. The hardware includes the charger and the inverter. The 

charger will take the energy from the solar source and store it in battery. After that 

the battery will give supply to the inverter circuit to convert the direct current into 

alternating current.  The most important thing in this project is to convert direct 

current DC into alternating current AC. By using suitable controller, it will change 

from square wave into sine wave. The controller can produce the waveform that we 

need. Lastly when we get the suitable power, voltage and current, we connect it to 

the Fluorescent Lamp as a load in this project.  

 

 

 

 

 



 

 

 

 

ABSTRAK 

 

 

 

 

Sel suria adalah salah satu kategori dalam penghasilan elektrik. Ia juga 

dikenali sebagai sel fotovoltan. Kombinasi satu sel PV akan menghasilkan module 

fotovoltan. Pengumpulan  modul, merangkumi bersama satu rekabentuk yang hendak 

dipasang dikenali sebagai panel fotovoltan atau dengan erti kata lain panel suria. 

Pemasangan akan dilengkapi dengan panel suria, satu penyongsang, satu bateri and 

akan disambung dengan satu wayar. 

Walaubagaimanapun, teknologi ini masih baru di Malaysia terutamanya di 

UMP. Penggunaan suria elektrik agak terhad. Jadi dalam hal ini, saya perlu mencipta 

satu sistem yang menggunakan panel suria sebagai pembekal utama untuk lampu 

Fluorescent. Projek ini akan tertumpu pada mencipta pengecas dari sumber suria 

untuk mengecas bateri 12 V. Projek ini juga mencipta penyongsang dari 12 NDC 

kepada 240 VAC. Penyongsang ini akan membekalkan kuasa kepada beban yang 

digunakan. Bebennya adalah lampu Fluorescent. Projek ini akan terbahagi kepada 

dua bahagian iaitu “hardware design” dan jalan kira untuk penggunaan kuasa. 

“Hardware” akan merangkumi pengecas dan juga penyongsang. Pengecas akan 

mengambil kuasa daripada suria dan menyimpannya kedalam bateri. Selepas itu 

bateri akan membekalkan kuasa untuk litar penyongsang supaya menukar arus terus 

kepada arus ulang alik. Apa yang paling penting dalam projek ini adalah untuk 

menukar arus terus DC kepada arus ulang alik AC. Dengan menggunakan pengawal 

litar yang sesuai, ia akan menukar “square wave” kepada “sine wave”. Akhir sekali, 

bila dapat nilai kuasa, voltan dan arus yang sesuai, sambungkan ia kepada lampu 

Fluorescent sebagai beban dalam projek ini.          
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CHAPTER 1 

 

 

 

 

 

INTRODUCTION 

 

 

 

 

 

1.1 Overview 

 

Solar panel described two types of devices that collect energy from the sun. It 

is solar photovoltaic modules and solar thermal collector. Solar photovoltaic modules 

are use solar cells to convert light from sun into electricity. Solar cells are common 

examples in this category of electricity generation. An electric power can be 

converting from one form to another by using electronic devices. The function of the 

electronic circuit by using semiconductor devices is to switching and modifying or 

controlling a voltage. It will convert electrical energy from one form to another form.  

 

 

 

 

 

 

 

 



 

 

1.2 Background 

 

Normally power electronic systems consist of two parts. It is power processor 

and power controller. Power process that handle power transfer from input to output 

and power controller that tell how the process need to do to get the output compared 

to input. It is shown in Figure 1.1. 

 

 In order to save energy from common use (TNB), we use another source to 

get the electricity. For example, use energy from solar.  By using this energy, we just 

get the direct current DC. Is not suitable to our equipment that using alternating 

current AC. That means we need to converts DC to AC power by switching the DC 

input voltage (or current) in a pre-determined sequence so as to generate AC voltage 

(or current) output. By convert the input direct current DC to alternating current AC, 

it is suitable to our equipments. Figure 1.2 shown the inverter that converting DC 

input to AC output.  

 

 Application of power electronic range from low-power conversion 

equipment, for examples AC devices. Convertion of DC input from the battery to get 

AC output is shown in Figure 1.2. This DC-AC converter is also specifically 

classfied as a inverter. In order to get the power in AC, the power need to follow the 

specification of the equipment that we use. The voltage must be 240V at no load and 

not less than 220V at load. The frequency must be 50-60Hz. Lastly we need to 

consider the output power for the load. Therefore, this project is assigned as to 

design and build a suitable inverter for the load that we used. The load is Fluorescent 

Lamp. The power that load needed is about 5-20W. in order to get the pure sine 

wave, we need to add the filter circuit after we get the full wave of square wave. 

After passing the filter circuit, the output will change in sine wave. The block 

diagram of the filter is shown in Figure 1.3. 

 

 

 

 



 

 
 
 

 
 

 

 

Figure 1.1: Basic Controller 

 
 

 
 

 

 

Figure 1.2 : Basic DC/AC 
 
 

 
 

 
 

Figure 1.3: Filtering Diagram 
 



 

1.3 Objectives 

 

The main point of this project is to store the energy from the sun into the 

battery and to convert the DC voltage to AC voltage by using power electronic 

devices. In order to achieve the single phase AC voltage, it is required to design and 

create the suitable inverter for the load by using the source from the sun energy. 

Besides that, it is the objective of this project also to design and build the solar 

charger that can taking energy from the sun and store it into the battery 12V. To 

achieve all the objectives of this project, a lot of work must be consider before the 

project done. There are as stated below: 

 

 

i. To develop a system that uses solar panel as a basic supply 

ii. To design a suitable inverter to integrate with low power load 

iii. To apply all the theory has been studied practically 

 

 

 

 

1.4 Scopes 

 

In this project, it will be focus on two parts; it is the hardware development 

and calculation of power consumption. The main scope of this project is to generate 

electricity from the sun energy (solar panel) and then store it to battery (12Vdc) by 

control with charger circuit.  

 

 

 

 

 



 

For this project, the power consumption will be calculated manually. The 

battery used only 12V in constant voltage. After that the inverter produced only 

suitable for the load. The load in this project is Florescent Lamp and the inverter 

must be turn on the lamp after the control circuit is on.  

 

In addition to this project, the external switches to control and protect the 

system from damage or short circuit. There are as stated below: 

 

 

i. Generate electricity from the sun energy (solar panel) and then store it 

to battery (12VDC) by control with charger 

ii. Only used 12V battery in constant voltage to supply to the inverter 

iii. The inverter that will be used is 12DC-240AC/5-20W 

iv. Get stabilized voltage for used at lower voltage devices 

v. Additional circuit for control the system work properly. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

1.5 Problem Statement 

 

 Today, the system that using the solar panel as a source for the fluorescent 

lamp is very hard to found, especially at the bus stop. In easy word is no installation 

of solar fluorescent lamp at bus stop in Malaysia. Today, technology is very 

important and very useful to us. So we need to find way to improve ourselves. For 

example, generate the electricity using energy from the sun light. That we call is the 

solar photovoltaic modules. Because of that, we not hope electricity from TNB only 

but we can make it ourselves.  

 

 That’s why this system is designed. The problem here is we cannot produces 

constant supply for the load, so the charger needs to be design to store the energy to 

the battery. The output will stable when supply from battery is constant. Normally, 

the inverter is very hard to design because the input in DC and the output is AC, it is 

easy to burn. So the component must be suitable for higher temperature and higher 

efficiency. Nowadays, a lot of product used for DC load only, but this system is 

designed for load in AC 

 

 

 

 

1.6 Thesis Organization 

 

There are all five chapters being structure in this thesis and every chapter will 

elaborate in details about this project. Chapter 2 is about the literature review. The 

data and the theory will be taking from this part before move to the next chapter. 

Chapter 3 is all about the methodology. This chapter will be discussing about the 

flow or the method that applied into this project. All detail explanation about the 

project in this chapter. Chapter 4 is displaying the result and discussing about the 

project after all the circuit finish. Chapter 5 in overall will discuss about the 

conclusion and summary of the project. This chapter also states the problem and 

recommendation for the project. 

 



 

 

 

 

 

CHAPTER 2 

 

 

 

 

 

LITERATURE REVIEW 

 

 

 

 

 

2.1  Introduction 

 

 In order to perform this project, literature review has been made from various 

sources like journals, books, articles and others. All of this will be references for this 

project and also make idea to produce suitable circuit or inverter for the charger and 

also the inverter. A review of the article was performed to identify studies that 

relevant to the topic. A combination of the following keywords was used to identify 

relevant material. The Solar Fluorescent Lamp concept is integrated the solar 

charger, battery, inverter and the sensor to switch ON the fluorescent lamp.  

 

 

 

 

 

 

 

 

 



 

2.2 Solar Energy 

 

A solar energy and electric lighting system wherein when the solar energy is 

available as in the day-time, it is utilized for lighting through conventional electric 

lamps, but when no solar energy is available the lamp are turned on [2]. Using the 

light sensor to detect weather no solar energy or not. The solar power source is 

suitable for powering outdoor advertising signs. Generally, the solar power source 

has application in any environment where the constant power source was desired [3]. 

It is suitable to apply to bus stop.  

 

 

 

 

2.3 Solar Panel 

 

Solar panel which is also known as photovoltaic is a device that receives the 

energy from the sun and then converts it to electrical energy. Solar panel has several 

types according to their size and output. It will produce DC voltage [4]. Its output 

which is 17Vdc 5A must be store to a battery. The present invention relates to means 

for concentration solar energy on solar cells, optimizing the utilization of solar 

energy [5]. Outdoor solar energy lamp with luminescence efficiency relates to lamp, 

and more particularly to an outdoor solar energy lamp that uses environmental solar 

energy as power source and has luminescence function to prolong lamp lighting [6]. 

By using the environmental source we get to generate the electricity and give the 

supply to the fluorescent lamp.  

 

 

 

 

 

 

 

 

 



 

2.3.1 Solar Panel Specification 

 

Model Sunmodule SW80 mono/RSE 

Rated Max. Power, Pmax(W) 80(±5%) 

Open Circuit Voltage, Voc(V) 21.9 

Rated Voltage, Vrated(V) 17.5 

Short Circuit Current, Isc(A) 5.00 

Rated Current, Irated(A) 4.58 

Maximum System Voltage, (V) 715AC 

 

Table 2.1: Solar Panel Specification 

 

 

 

 

2.4 Battery 

 

Nowadays maintenance-free lead-acid batteries are common in vehicles, 

inverters and UPS systems. If the battery is left in a poor state of charge, its useful 

life is shortened. It also reduces the capacity and recharge ability of the battery [13]. 

We use the lead-acid battery in this system or project because it is suitable to use for 

the inverter system. 

 

 

 

 

 

 

 

 

 

 

 



 

2.4.1 Battery Specification 

 

 
Figure 2.1: Battery 

 

A lead-acid battery is a electrical storage device that uses a reversible 

chemical reaction to store energy. It uses a combination of lead plates or grids and an 

electrolyte consisting of a diluted sulphuric acid to convert electrical energy into 

potential chemical energy and back again. The electrolyte of lead-acid batteries is 

hazardous to your health and may produce burns and other permanent damage if you 

come into contact with it. 

 

Voltage is an electrical measure which describes the potential to do work. 

The higher voltage will risk to you and your health. Systems that use voltages below 

50V are considered low-voltage and are not governed by an as strict (some might say 

arcane) set of rules as high-voltage systems. 

 

Current is a measure of how many electrons are flowing through a conductor. 

Current is usually measured in amperes (A). Current flow over time is defined as 

ampere-hours (a.k.a. amp-hours or Ah), a product of the average current and the 

amount of time it flowed. Lastly, Power is the product of voltage and current and is 

measured in Watts. Power over time is usually defined in Watt-hours (Wh), the 

product of the average number of watts and time. Your energy utility usually bills 

you per kiloWatt-hour (kWh), which is 1,000 watt-hours[17]. 

 

 

 

 

 



 

2.4.2 Acid Lead Specification 

 

Model Lead Acid 12V 7Ah 

Battery Technology Lead Acid 

Energy Storage 7 Ah 

Output Voltage 12 V 

External  Depth/Length/Width 65mm/97.5mm/151mm 

Weight 2,65 kg 

 

Table 2.2: Acid Lead Specification 

 

 

 

 

2.5 Charger  

 

 The function of the charger circuit is to regulate the power flowing from a 

photovoltaic panel into the rechargeable battery. The energy from the sun will be 

taking and store it into the battery 12V. The charger will be charge the battery in 

certain time in order to make the battery full back. After the battery full, battery can 

be use for the inverter circuit.  The goal of the circuit design was to make a charge 

controller with analog simplicity, high efficiency and reliability. A medium power 

solar system can be built with 12V solar panel up to 10 Amp [16]. 

 

 

 

 

 

 

 

 

 

 



 

2.5.1 TLC2272 

 
Figure 2.2: TLC2272 

A TLC2272 is an operational amplifier IC and it can make a comparator 

either the voltage can flow trough it or not. Depend on this type the function in the 

charger circuit is to on and activated the transistor to allow the charge into the 

battery. This IC also makes the comparator based on the trigger oscillator to make 

the solar turn on and off. 

 

 

 

 

2.5.2 IRF9Z34N 

 
Figure 2.3: IRF9Z34N 

 A IRF9Z34N is a power mosfet or rectifier. When the transistor on, this 

mosfet will pass trough the voltage to the battery in high voltage. In other word this 

device can step up the voltage or current. 

 

 

 

 



 

2.5.3 Voltage Regulator 78L05 

 
Figure 2.4: Voltage Regulator 78L05 

 A voltage regulator is an electrical regulator designed to automatically 

maintain the voltage level. This device can step up or step down the voltage to the 

value that we need. 

 

 

 

 

2.6 DC and AC Current 

 

In the world today there are currently two forms of electrical transmission, 

Direct Current (DC) and Alternating Current (AC), each with its own advantages and 

disadvantages. DC power is simply the application of a steady constant voltage 

across a circuit resulting in a constant current. A battery is the most common source 

of DC transmission as current flows from one end of a circuit to the other. Most 

digital circuitry today is run off of DC power as it carries the ability to provide either 

a constant high or constant low voltage, enabling digital logic to process code 

executions [7]. The idea is use the DC supply from the battery and any devices that 

used today is in AC current. In this project, charge the battery by using the solar 

panel. 

 

 

 

 

 

 



 

2.7 Inverter 

 

Lastly this statement are taken from futures planning of a company that 

produce the solar energy product and equipment, collect sunshine by solar panel 

directly to DC power, through the solar charge controller to charge the battery 

adjustably. Via DC to AC inverter, the energy which stored in the battery will be 

used in AC220V/110V loading [14]. This statement gives me more confident to 

make this project. That is Solar Fluorescent Lamp. 

 

 

 

 

2.7.1 Modified Sine Wave 

 

A modified sine wave is similar to a square wave but instead has a “stepping” 

look to it that relates more in shape to a sine wave [8]. The waveform is easy to 

produce because it is just the product of switching between 3 values at set 

frequencies, thereby leaving out the more complicated circuitry needed for a pure 

sine wave. The modified sine wave inverter provides a cheap and easy solution to 

powering devices that need AC power. It does have some drawbacks as not all 

devices work properly on a modified sine wave, products such as computers and 

medical equipment are not resistant to the distortion of the signal and must be run off 

of a pure sine wave power source. 

 

 

 

 

 

 

 

 

 

 

 



 

2.7.2 Pure Sine Wave 

 

 Pure sine wave inverters are able to simulate precisely the AC power that is 

delivered by a wall outlet. Usually sine wave inverters are more expensive then 

modified sine wave generators due to the added circuitry [9]. In order to use the 

equipment today, we need to consider all the specification of the equipment. The 

output from the inverter must be suitable for the load. This can be seen in Figure 2.1, 

which displays how a modified sine wave tries to emulate the sine wave itself. 

 

 

Figure 2.5: Modified Wave 
 
 

 

 

 

 

 

 

 

 

 

 

 



 

2.8 Fluorescent Lamp 

 

 Portable Fluorescent Lamp and inverter there for , and more particularly to a 

fluorescent lamp operated on high-frequency alternating current produced from 

battery direct current by a transistor inverter [10]. Transistor inverter use to convert 

DC to AC in high frequency and supply to the fluorescent lamp. There are many 

applications where it is desirable to have a light source that is capable of operating 

from a convenient dc power source, such as battery. The incandescent lamp is often 

used as a means of converting electrical power from a battery into light power [11].  

 

Fluorescent lamp lighting device more particularly to such a lighting device 

of the type in which a fluorescent lamp is lit with a dc power source [12]. By using 

12V battery we supply to the fluorescent lamp after invert the current from dc to ac 

by inverter. Fluorescent lamp may be controlled in accordance with the amount of 

ambient light incident, or falling upon, at least a part of area in which the fluorescent 

lamp is located [13]. The suitable device to detect light is the light sensing detector 

and applies this to the project to switch ON the fluorescent lamp automatically.  

 

A fluorescent lamp lighting arrangement with an integral motion detector and 

light sensing detector for controlling the light intensity of fluorescent lamp [14]. But 

in this project we use the light sensing detector for switching the fluorescent lamp. 

Light control fluorescent lamp and more particularly to a compact type fluorescent 

lamp which can be automatically turned on and off in accordance with the brightness 

of external environment and a light control circuit integrated therewith [15]. This 

statement will be produce into this project. 

 

 

 

 

 

 

 

 

 



 

2.8.1 Fluorescent Lamp Specification 
 

Type Cool Daylight (Screw-in) 

Power 8/9 Watt 

Voltage 220-240V AC 

Frequency 50Hz 
 

Table 2.3: Fluorescent Lamp Specification 
 
 
 
 
 
2.9 Summary 
 
 In this chapter, a new idea is found for designed the suitable circuit for this 

project. All of the selecting devices were shown in this chapter. Few methods have 

been discovering to relate it to the researcher’s study. In the next chapter will present 

the concept, framework and all about this project completely. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 
 
 

CHAPTER 3 
 
 
 
 
 
 
 

METHODOLOGY 
 
 
 
 
 
 
 

3.1 Introduction 

 

 In this chapter, will discuss about the project flow and also explain everything 

about the circuit that use in this project. Like before, in this project is divided by two 

parts. It is the hardware design and the calculation about the power consumption. 

There are several steps to be applied in designing a charger and the inverter. The 

relevant information is gathered through literature review. First of all, define the 

solar panel that suitable for this project. After get the solar panel, collect the data to 

design the charger hardware. After collect the data, testing the circuit either the 

circuit can transfer the solar energy to the battery. After the circuit complete, the 

circuit of inverter has been design after collect the data and analysis. If necessary, 

test the circuit by using the software OrCad P-Spice and make the comparison about 

the circuit. A lot of circuit has been tried into the software. Lastly, develop the 

hardware according to the design. Figure 3.1 shows the block diagram of the 

methodology that has been applied. Figure 3.2 shows the overall flow chart of this 

project.  

 

 

 

 
 



 

                  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1: Block Diagram of the System 
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Figure 3.2: Flow Chart of the Project 
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3.2 Literature Review and Background Study 

 

 In this project, basic knowledge about the circuit design is obtained from the 

literature review. All the circuit of charger and inverter is obtained trough it. It same 

like the chapter before. From the study, the related information is discussed with the 

project supervisor. It is to make sure that the project can proceed to the next level. 

So, there are two circuit has been design. It is the charger circuit and the inverter 

circuit. 

 

 

 

3.3 Theoretical Design 

 

 This part is very important to make sure that the circuit can be proceeding. 

After that the project is started. In this part, the ideas are combined and then discuss 

implementation details specific to the research. 

 

 

 

3.3.1 Power Supply 

 

 First of all, the charger circuit needs to interface with the basic or common 

power supply. It is the solar panel. The solar panel is collected the sun energy and 

transfer to the charger circuit. The charger is collected the energy and store it into the 

battery until the battery full of charge. The connection between the solar panel and 

the charger will be shown in Figure 3.3. The current will be flow to the charger 

circuit and the charger directly connects to the battery. There take several times to 

make the battery full charge. The solar panel will be a power supply to the charger 

circuit and after this the battery will be a power supply to the inverter. The 

calculation about the sizing solar panel will be show below. 



 

 
Figure 3.3: Connection Solar Panel to Charger 

 

 
Your location:  26300 Gambang, Pahang, Malaysia 

Using data from Kuantan (AFB) weather station 

Min. solar irradiation per day  3.58 kWh / m2 

Average solar irradiation per day  5.19 kWh / m2 

Max. solar irradiation per day  5.97 kWh / m2 

Table 3.1: Solar Irradiation Information 

 

 
Energy usage (per day)  0.075 kWh 

Maximum (Peak) load  15 W 

Power from other sources (wind, hydro, 
etc) 

0 Ah a day at 12 V 

Table 3.2: Energy 

 

 

 

 

 
 



 

System voltage  12 V 

Current required 
(factoring loss) 

7 Ah at 12 V 

Solar Panels 2 × Suntech Solar Panel 20Watt 12Volt Multi-crystalline) 

Solar Charge 
Controller 

1 × Morningstar Sunguard 12Volt 4.5Amp Regulator 

Inverter 1 × Selectronic 200Watt 12volt True Sinewave Inverter 

Days of battery backup  7 days 

Battery depth of 
discharge 

20 % 

Battery bank required 
(factoring loss) 

260 Ah 
2 × Trojan Flooded Lead Acid Battery 6V 260Ah 

Table 3.3: Solar System 

 
 

Calculation: 

Sizing Solar Panel 
 
Let say, 
5 hour peak sunshine for Malaysia  
 
Solar panel input = 90/5 hour peak sunshine 
       = 18 Watt 
 
Select solar panel and regulator 
 
Solar panel in lab = 80Watt* 
Unit of Solar        = 18/80 …… solar panel input divide by solar panel used 
       = 0.225 unit 
       ≈1 unit 
 
Short Circuit Current, Isc = 5.00A* 
Regulator need to handle 5.00A Isc 
 
This calculation will be combining with others to get the sizing of the battery used. 
 

 

 

 

 

 



 

3.3.2 Charger 

 

 In this part, everything about the charger will be discussed completely. How 

it work and also how the charger can charge the battery in several time. Like stated 

before, the charger is taken several time to charge the battery. The charger required a 

DC input to charge the DC battery. In this project the acid lead battery has been used.  

 
Figure 3.4: Basic Connection of Charger 

 

 

 In the charger circuit show in Appendix, the PV Panel directly connects to the 

charger circuit and the current will control by using the 10 Amp fuse. The flow of 

voltage and current in this circuit has been control by using semiconductor devices. 

The output for this circuit will be connecting to the lead acid battery 12V. The 

capabilities of the battery depend on what type used. It will be shown in calculation 

after this part. After that charge, the battery connects parallel with the load. The load 

in this project used for the inverter. Inverter used for convert the DC current to AC 

current. The details explanation about the charger circuit will be shown below. 

 

 

 



 

Refer to the Appendices A, it shows the circuit diagram of the solar charger. 

That circuit acts as a medium power DC between the PV and the battery.  

From that circuit Diode D1 prevents reverse night time current flow from the 

battery back to the PV panel. When the PV voltage is high enough to charge the 

battery, zener diode D2 conducts and turns on transistor Q2. Q2 switches the power 

for the rest of the circuit on. IC2 provides a 5 volt regulated voltage to power the 

comparator circuits. It also provides a reference voltage for comparator IC1a.  

When the battery voltage is below the desired full voltage and needs 

charging, comparator IC1a turns on and activates Q1 and Q3, this allows the solar 

charging current to flow into the battery. Note that Q3 is a P-channel mosfet, this 

allows the circuit to be wired with a common ground for the solar panel and battery. 

The solar current loop is drawn in heavy lines on the schematic.  

When the battery reaches the full charge point, IC1a operates as a comparator 

based schmidt trigger oscillator, it switches the solar current off and on. The 

switching causes the battery voltage to oscillate a few tens of millivolts above and 

below the desired set point. A rail-to-rail op-amp is required for proper operation, 

741 style op-amps will not work in this circuit.  

The red/green charging/full LED is driven between the output of IC1a and 

IC1b. IC1b has an inverted version of the IC1a signal. Pin 5 of IC1b only needs an 

approximate center point to work as an on-off comparator. It is connected to the 

varying IC1a pin 2 so that it does not require another reference divider circuit.  

The resistors and thermistor on the input side of IC1a form a resistive bridge 

circuit that is used to compare the battery voltage to a reference voltage coming from 

IC2/R8/R9. The potentiometer adjusts the voltage point around which the circuit will 

oscillate on full charge. Resistor R7 adds positive feedback to IC1a for a schmidt 

trigger characteristic. The thermistor provides thermal compensation, as the 

temperature goes down, the full voltage goes up.  

 

 

 



 

The equalize switch, S1a, forces the circuit on for intentional overcharging. 

Switch S1b and R1 can be used to select a different float voltage range, typically R1 

should be greater than 1M.  

 

 

Figure 3.5: Charger Circuit 

  

 

 

3.3.3 Battery 

 

 Battery is the power supply in direct current. The type battery used in this 

project is Acid Lead 12V 7Ah. It is depend on the load use. If the load used the large 

current, the battery must be replaced. For example using 12V 40Ah or something 

more than that. The important thing here is the voltage must be 12V only and the 

ampere per hour is depending on the load. The ampere per hour (Ah) means the 

charge in the battery decrease and sold in one hour if used it straightly. For example 

if the battery use is 7Ah, the battery sold if current use 7 Amp straightly in one hour.    

 

 

 



 

Calculation: 

Sizing Battery 
Load = 40Wh per day 
Ampere hour per day = total load per day divide by Rated Voltage* 
   = 40/17.5 
   = 2.29 Ah 
Energy loss = 20% 
Ampere hour per day = 2.29 + 20% 
   = 2.75Ah per day 
Battery required = 2.75/0.2 Energy loss 
      = 13.75Ah x 7 days backup no sun light 
      = 96.25 Ah for a week 
 
Selected of battery = 12V 40Ah Lead Acid Battery 
Unit of battery        = 3 units 
 
 
 
3.3.4 Inverter 

 

 Inverter is the important part in this project. It is convert the direct current DC 

from the battery to the alternating current AC. The DC wave is in straight line and 

need the device that can be convert the wave into the square wave. Firstly, the wave 

will be divided to two waves. It is the half square wave. The second half wave could 

not be same with the first half wave. There need to shift in 180 degree. After both 

wave produced, the waves will be combine to get the full wave square wave. It is 

very difficult to get both of waves because there is more interruption to the wave. 

Because of that, there push to tried more than one circuit of inverter and make the 

comparison of the result. There have 5 inverter circuits has been tried and will be 

shows after this.  

 

 

3.3.4.1     DC/AC Pure Sine Wave Inverter 

 

 This inverter actually uses concepts of Pulse Width Modulation PWM. First 

of all, the input DC will be divided in two parts. First part is to produce the Sine 

Wave reference and the second part is to produce Triangle Wave reference. After that 

the reference sine wave will be trough to the non-inverting amplifier to get the square 

wave. The reference triangle wave will go to the summing to separate the wave into 



 

two parts. It is positive and negative part. After that, the square wave will be 

combining with the low frequency square wave from the input reference in MOSFET 

Driver 1. Then the triangle will be combining with the sine wave reference in 

MOSFET Driver 2. Actually the combination will be produced the Pulse Width 

Modulation and after trough the snubber circuit, there will get the full wave sine. To 

get pure sine wave for this circuit, it added filter circuit to filter the wave if having 

the interruption after through the Power Mosfet. Refer to the result; the pure sine 

wave could not be produced because the Driver is very sensitive with the 

interruption. Because of that this circuit could not be precede in this project. The 

basic connection shows in Figure 3.6 below. 

 

 
Figure 3.6: Basic Connection Pure Sine Wave Inverter 

 

 

 

 

 

 

 

 

 

 

 



 

3.3.4.2      12VDC Fluorescent Lamp 

 

 In this part, the inverter produced the square wave and suitable for low power 

load only. It designs for the fluorescent lamp only. By using the 555 Timer, it can 

produce the square wave by using the suitable or correct device. The special thing 

about this IC is it can vary the frequency. And for this inverter the frequency is 50 

Hz. There have the calculation about the time duration and the frequency. But this 

circuit could not be proceeding because the current produce is very low. The square 

wave is produced but the output from this circuit is very low power. When the load is 

connecting, the load will blinking and the maximum load reach to 3 Watt only. The 

circuit diagram of this part shows below complete with calculation of time duration 

and frequency. 

 

 

Calculation for 555 Timer: 

The frequency of operation of the astable circuit is 

dependent upon the values of R1, R2, and C. The 

frequency can be calculated with the formula: 

 
f = 1/(0.693 x C x (R1 + 2 x R2)) 

f = 1/t or t = 1/f    

               Figure 3.7: Time Duration Wave 

 

The total period (t) is t1 + t2 (See Figure 3.7) 

Duty Cycle,  

  

D = t1/t = (R1 + R2) / (R1 + 2R2) 

 

From that we get t1 and t2, 

 

t1 = 0.693(R1+R2) C 

t2 = 0.693 x R2 x C 

 



 

 

 

Figure 3.8: Circuit Diagram for 12VDC Fluorescent Lamp 

 

 

 

3.3.4.3      DC to AC Inverter 

 

 This inverter is same concept with the previous inverter. It uses the 555 

Timer as a controller. But in this part, the output of 555 Timer will be divided into 

two parts. It for the power mosfet before go to the transformer. But this circuit also 

could not be proceeding because the output from the transformer also low power. 

The load happen same with previous inverter. The calculation of the duty cycle and 

frequency same with the previos inverter and the circuit diagram shows in Figure 3.9 

below. 

 

 
Figure 3.9: Circuit diagram for DC to AC Inverter 



 

3.3.4.4      Mosfet Power Inverter 

 

 This inverter has 2 IC that using comparator concept. LM358 consist of two 

independent, high gains, internally frequency compensated operational amplifier. 

The output from this amplifier will go to the CD4001 to separate into two parts. 

Expected output from this CD4001 is square wave and then go to power mosfet to 

step up the voltage or current. The output from the power mosfet will connect to the 

reverse transformer to step up voltage from 12V to 220/240VAC.  But the result 

from this circuit could not be proceeding because no output detected from LM358. 

But all the circuit will be make comparison after this. The circuit diagram of this part 

shows in Figure 3.10 below. 

 

 

 
 

Figure 3.10: Circuit Diagram for Power Mosfet Inverter 

 

 

 

 

 

 

 



 

3.3.4.5      Power Inverter 

 

 In this inverter consists gatable astable multivibrator. This CD4047 used 

because the output from this IC will be square wave. There is a lot of connection. 

The external at Pin 1, 2, 3 will be the important part because it will be decided either 

this IC will be function or not. But this multivibrator is very sensitive and the output 

will be 50% loss. It depend on type of the CD4047.after get the output from CD4001, 

it will go to the Power Mosfet IRF540 because the output must be step up before 

trough to the reverse transformer. From this circuit, it will give the result but some 

modification was made for the connection and devices. The circuit diagram shows in 

Figure 3.11 below. 

  

 
Figure 3.11: Circuit Diagram for Power Inverter 

 

 

 

 

 

 

 

 



 

Calculation: 

Inverter 
 
Efficiency = 80% 
Load = 48Wh per day 
 
48/0.8 = 60Wh per day 
Inverter Power  = 60/5hours 
                 = 12 Watt 
 
Selected of inverter for 25 Watt 
Reason: To apply with another appliance and to decrease power losses 
 

 
Figure 3.12: Inverter Circuit 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

3.3.5 Load 

  

 The load in this project is Fluorescent Lamp. There is several type of this 

lamp. The power consumption of this lamp also has many. The calculation about this 

load will be shows after this. The table for the type of this lamp will be shows below. 

But for this project, the load will use is Fluorescent Lamp 5-20 Watt only. The most 

important part in this project is the inverter. If the inverter can produce suitable 

power for the output, the load will be no matters. The load specification in this 

project will be show in Table 3.3 below. 

 

Type  Philip Cool Daylight  Lamp  

Power 8/9 Watt 

Voltage 220-240V AC 

Frequency 50Hz 

Current 33.33mA 

 

Table 3.4: Lamp Specification 

 

 
 

Figure 3.13: Actual Load Used 

 

 

 

 

 



 

Calculation: 

Total load per day 
 
Load lamp = 8W  
Unit= 2 
Total power = 2 x 8 x 5 hour per day 
         = 80Wh per day 
 
Energy loss  = 20% 
  = 20/100 x 80 
  = 16 Wh 
 
Total load power = Total power + 20% Energy loss 
       = 96Wh per day 
 

This calculation will be combining to the previous calculation to get the quantity of 

the battery used in this project. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

CHAPTER 4 

 

 

 

 

RESULT AND ANALYSIS 

 

 

 

 

 

4.1 Introduction 

 

 This chapter discuss about all the result obtained and the limitation of the 

project. This includes all the result from hardware and also the calculation about the 

output power. All the related result will be include also in this chapter. 

 

 

 

4.2 Hardware Design 

 

 The hardware in this project is divided by two parts. It is the charger circuit 

and inverter circuit. In Figure 4.1 below shows the complete hardware. It is include 

also the control circuit. The control circuit design to control the overall circuit. 

  

The control circuit will be switching devices to all the function in this project 

hardware. Switch 1 will be control the charging and using of the battery. Switch 2 is 

to control the AC input to the load directly. Switch 3 is to control the DC input to the 

inverter and the load will be function by using the DC current. The relay will be a 

protection control. To make sure that the input for the load in one source only. When 



 

the DC input, the AC input will be cut of and when the AC input, the DC input will 

be cut off automatically. Switch 4 is standby mode for the inverter. When this switch 

on, the output from the inverter will be use for the load. Refer Appendix A and B for 

the circuit diagram of Charger and Inverter. 

  

 
 

Figure 4.1: Complete Hardware 

 

 

 

 

 

 

 

 

 

 

Control Circuit 

Charger and Inverter Circuit 

Battery 

Reverse Transformer 

Switch 
1 

Switch 2 

Switch 3 

Switch 4 

Relay 



 

Label Notification 

Battery 7Ah acid lead battery 

Switch Control the incoming solar through the charger circuit 

Switch 2 Direct AC from TNB ( Socket Outlet )  

Switch 3 Control either use Inverter or direct AC from TNB 

Switch 4 Turn On the output from the Inverter 

Relay Change the output either use Inverter or direct from TNB  

Transformer Reverse Transformer from 12-240 AC 

 

Table 4.1 : Notification Circuit Label 

 

 
 

Figure 4.2: Charger and Inverter Circuits 

 

 

 

 

 

 

 

 

 

Inverter Circuit Charger Circuit 



 

4.3 Result and Discussion 

 

Data result from the Inverter: 

 

Reading Duration (Hours) `Voltage (Volt) 

1 0 12.51 

2 1 11.53 

3 2 11.04 

4 3 8.81 

5 4 3.98 

 

Table 4.2: Voltage Drop for 8 Watt Load 

 

 This result showed the voltage drop of the 7Ah battery. The load used for this 

result is 8 Watt Philips Lamp. When the voltage decrease to 3.98 V, the lamp will be 

turn off. It shown the voltage from the battery could not support anymore. The 

inverters need 12 VDC in order to get the output 240 VAC. Theoretically the voltage 

can stay till 10 hours and 27 minutes, but practically the battery can support below 

than 4 hours. It is because the battery is not in full charge and the power loss in the 

circuit.  

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Reading Duration (Minutes) Voltage (Volt) 

1 0 12.06 

2 15 11.85 

3 30 11.64 

4 45 11.46 

5 60 11.23 

6 75 9.81 

7 90 9.10 

8 105 6.52 

9 118 5.46 

   

Table 4.3: Voltage Drop for 17 Watt Load 

 

 Table 4.3 showed the voltage drop of the 7Ah battery. The load used for this 

result is combination 2 lamps and the combination power is 17 Watt. When the 

voltage decrease to 6.52 V, one of the lamps (9 Watt) will be turn off. It shown the 

voltage from the battery could not support for high load. Another lamp still on 

because the output from the inverter still produces enough voltage only for one load 

(8 Watt). Theoretically the voltage can stay below than 4 hours, but practically the 

battery can support below than 2 hours. It is because the battery is not in full charge 

and the power loss in the circuit. In order to get more hour, increase the capacity of 

the battery. More current can produce from the battery, its more hour lamp will be 

turn on. 

 

 

 

 

 

 

 

 

 

  



 

Data result from the Charger:  

 

Reading Duration (Minutes) Voltage (Volt) 

1 0 3.50 

2 5 8.37 

3 10 10.64 

4 15 11.75 

5 20 11.97 

6 25 12.16 

7 30 12.50 

8 35 12.65 

 

Table 4.4: Charging Battery  

 

 
 

Figure 4.3: Reading During Charging 

 

 

 

 

 

 

 



 

Result from the Inverter: 

 

 
 

Figure 4.4 Output Signal from CD4047 

 

 

 Figure 4.4 showed the difference wave between two Channels of the 

Oscilloscope. Output wave for Channel 1 is upper side and the output for Channel 2 

is lower side. This figure showed the same output produced by IC CD4047. The 

frequency, period, peak to peak voltage, maximum voltage and minimum voltage is 

nearest each other. From theoretically, the frequency can be calculated by using the 

period produced. The maximum voltage must be 120 V but in practically get 122 V. 

But the minimum voltage showed in figure is -2 V, and when 122-2V, we get 120 V. 

It’s same with theoretically calculation. Actually the output frequency of this circuit 

can be control change the value of the Resistor or Capacitor at CD4047 used and the 

calculation will be shown below. 

 

 

 

 

 

 

 

 



 

Calculation: 

Frequency,  f = 1/T 

  T = 4.40 RC 

  C = 0.01 uF 

  R = 350 kΩ – 450kΩ  

If used, R = 350 kΩ 

  T = 4.40 (350k)(0.01u) = 0.0154 s 

  f = 1/0.0154 = 64.93 Hz 

If used, R = 450 kΩ 

  T = 4.40 (450k) (0.01u) = 0.0198 s 

  f = 1/0.0198 = 50.51 Hz 

Note: 4.40 is the constant for Astable Mode Design, and constant for Monostable 

           Mode Design is 2.48. 

  

 Thus, the resistor can use in this circuit CD4047 is 350 kΩ connected series with 

variable resistor 100 kΩ in order to get variable frequency. 

 

      

 

 

 

 

 

 

 

 

 

 



 

 
 

Figure 4.5: Output Voltage from Power Mosfet 

 

 Figure 4.5 showed the reading output voltage from the IRF540 Power Mosfet 

by using Digital Multimeter. Actually the result shown 12 V for AC current 

produced. Output from the CD4047 will be trough the power mosfet to step up the 

current before go trough the Transformer. Transformer used in this project is 240-12 

VAC, but the transformer connects reversely in order to step up the voltage.  

 

 
 

Figure 4.6: Output Signal from Transformer 

 

 

 



 

 Figure 4.6 showed the output voltage produced by inverter. The left hand side 

picture shown the wave at maximum voltage and the right hand side picture shown 

the wave at minimum voltage. Actually the signal in same Channel of Osciloscope 

but the signal could not see when combine both of it. That’s why the result showed in 

two side. It is because the signal produced in high duration time. To get the signal 

with the figure, change the multiple of the probe into 10X not 100X. Adjust the 

duration untill get the wave same like the figure shown. But the wave produced is not 

pure sine wave because the output produced from the CD4047 is square wave only. 

The CD4047 is function to shift the input signal by 180 degree and separate it into 

two output of square wave. Then the signal will be combine by using the power 

mosfet IRF540 to get the full square wave. By using reverse Transformer, the voltage 

will be step up from 12 VAC to 240 VAC. Figure below will show the output from 

the Transformer connected with Socket Outlet and the reading voltage produced by 

the inverter. 

  

 
 

Figure 4.7: Output Voltages Produced 



 

 
 

Figure 4.8: Reading at Low Voltage Transformer 

 

 
 

Figure 4.9: Reading at High Voltage Transformer 

 

 
 

Figure 4.10: Reading for Input DC 

 

 



 

4.4 Calculation 

 

 In this part, calculation about the illumination of the lamp produced. 

Illumination is the light falling of the surface, which also called incident radiation. 

But some of the value must be assuming in order to get that illumination. For 

example the area that we need to installed this lamp. The lumen is the flow of light 

which is radiated from the source. The lumen will be showed at the lamp itself or at 

the lamp specification. The important thing is the percent of the light reach the 

surface or the working plane. This value also we need to assume in order to get the 

illumination. Two lamps are use is 2U Screw-in Fluorescent Lamp 8Wattand the 

Lumen of the lamp is 435 lumen.  

Assume: Length = 5 m, Width = 3 m and 90% output lamp reach to the surface area. 

Total lumen output   = 2 x 435 lumen 

    = 870 lumen 

Light reaching surface  = 90%  x 870 

    = 783 lumen 

Surface area   = 5 m x 3 m 

    = 15 2m  

Thus,   

Illumination, E  = Incident light/Surface area 

    = 783/12 

    = 52.2 = 52 lux 

From that calculation, we know that this project suitable for area that need the 

illumination about 50 Lux only. Refer to Appendix G, the suitable area is living 

room, bedroom and garage.  

 

 

 

 

 

 

 

 

 



 

4.5 Discussion 

 

The whole circuit that had been constructed shows in Figure 4.11. All the 

circuit combines into that figure. The charger reading shows in the Table 4.3 and 

Figure 4.3 showed the reading of the charger during charging condition. All output 

reading shows in figures above. The result here is the square wave, not the pure sine 

wave. The Figure 4.11 below will show the inverter can generate suitable output for 

the load to turn on in stable. Both of the lamps showed in that figure will be on when 

the switch at the socket outlet turn on. 

 

 
Figure 4.11: Complete Hardware Produced 

 

 

 

 

 

 

 



 

 

 

 

CHAPTER 5 

 

 

 

 

 

CONCLUSION AND FUTURE WORK 

 

 

 

 

 

5.1 Summary of the Project 

 

 The charger and the inverter circuit have been discussed in previous chapter. 

The theory about all the circuit has been discussed and the result shows everything 

about this project. The inverter circuit is most important thing in this project. A lot of 

inverter circuit has been show and their relative advantages and disadvantages also 

have been discussed. 

  

 The inverter in this project acts like a heart because the controller CD4047 is 

very sensitive. The result is fully depending on that controller. If the signal not 

produced at pin 10 and 11, the inverter will be not produced for the output. In order 

to get the suitable value at the output, make sure the CD4047 is not burn and the 

important things here is do not connect the battery in wrong polarity.  

 

 

The load used in this project is two pieces screw-in fluorescent lamp cool 

daylight 8 and 9 Watt. It is also call the Energy Saving Lamp. The duration of the 

load will be stay by using 7Ah acid-lead battery same like I said before and it shown 

in the result above. 



 

 Through this project, the ability of the inverter to convert the DC current to 

the AC current has been done. The charger can take the sun energy from the sun and 

store into the battery. The DC current could be converting to the AC current by using 

the inverter. The load used in this project also suitable with the main title of this 

project. For the conclusion, this project is achieving all the objectives. 

 

 

 

 

5.2 Future Recommendation 

 

 The future recommendation for this project is more studies about the related 

information especially to the other candidates. There is maybe some modification for 

the circuit to make this project look more interesting and flexible for the other users. 

The recommendation is suggested is: 

i. Change the controller CD4047 for the inverter into the other type or other 

controller that more efficient and more stable than this controller. 

ii. Design the other inverter that can produce more power than inverter in this 

project and flexible with more than one load.  

iii. Resize the size of the hardware so it is more interesting, reasonable, and 

compact and make it easy for all users.  

iv. Use larger battery if want to use larger load.  

 

 

 

 

 

 

 

 

 

 



 

5.3 Commercialization 

 

 In this part, this project can be commercialized if adding several devices. For 

example change the large capacity of the battery in order to get more hour of lamp to 

on. This project can be installed to our home but the inverter produced low power. 

To solve this problem, do not connect the load more than three load depend on the 

power used. Let say we want to installed it for 36W electronic fluorescent lamp, we 

need larger battery and it necessary only for one load. Refer to result that we get in 

this project, if used 8W load the battery can generate in four hours and if used 17W 

load the battery can generate only two hours. This happen because use 7Ah battery. 

If use 40Ah battery, it can generate power for more load. For the conclusion better 

installed this hardware for lower load only.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

5.4 Component List 

 

The total components and the prices for Cascaded Multilevel Inverter is 

summarized in the Table 5.1.  

Components/devices Specifications Quantity Price (RM) Total (RM) 

MOSFET IRF540 2 3.50 7.00 

IC CD4047 1 3.50 3.50 

IC TLC2272 1 3.00 3.00 

Transistor 2N3904 1 1.50 1.50 

Voltage regulator LM7805 1 2.50 2.50 

Variable Resistor 100k 2 1.50 3.00 

Resistor 2.2k 1 0.0 0.30 

Resistor 10k 1 0.10 0.10 

Resistor 100k 5 0.10 0.50 

Resistor 750 2 0.10 0.20 

Resistor 180k 1 0.10 0.10 

Resistor 200k 2 0.10 0.10 

Resistor 300k 1 0.10 0.10 

Resistor 4.7M 1 0.10 0.10 

Resistor 100 1 0.10 0.10 

Resistor 1k 3 0.10 0.30 

Resistor 22k 1 0.10 0.10 

Resistor 3.3k 1 0.10 0.10 

Resistor 4.7k 1 0.10 0.10 

Capacitor 0.1uF 6 0.15 0.90 

Capacitor 0.01uF 3 0.15 0.45 

Capacitor 47uF 1 0.15 0.15 

Zener diode 12V 1 2.00 2.00 

Schottky diode 90SQ045 1 4.00 4.00 

LED - 4 0.50 2.00 

Fuse 10A 2 1.00 2.00 

Connecter - 8 1.00 8.00 

Heat sink - 2 1.00 2.00 



 

IC base 8 foot 1 0.50 0.50 

IC base 14 foot 1 0.50 0.50 

Vera board - 2 3.50 7.00 

Wire jumper - 0.3m 2.00 1.00 

Wire - 0.2m 0.50 1.00 

Switch - 5 3.00 15.00 

Relay - 2 1.50 3.00 

Socket Outlet 3 Pin 1 1.50 1.50 

Lamp Screw-in 2 7.00 14.00 

Total    87.70 

 

Table 5.1: List of component 
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APPENDIX A 
Circuit Diagram for Charger 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 

 
 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX B 
Circuit Diagram for Inverter 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX C 
Datasheet TLC2272 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 



 

 



 

 



 

 



 

 



 

 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

APPENDIX D 
Datasheet CD4047 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 



 

 



 

 



 

 



 

 



 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX E 
Datasheet IRF540 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 



 

 



 

 



 

 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix F 
Datasheet IRF9Z34 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 



 

 



 

 
 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Appendix G 
Standard Illumination Table 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 



 

 


