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ABSTRACT

Tenaga Nasional Berhad (TNB) generates, transmits, distributes and sells the energy to
consumer throughout Malaysia. With the global environment pollution and energy crisis, a
renewable energy is playing a more and more important role in energy production. Solar
energy is as a type of renewable energy. It is widely applied in manufacturing and living
activities and the battery is the most common of energy storage for the solar system.
Commonly, the system is already provided such Uninterruptible Power Supply (UPS) which
is used as a backup power supplies while the utility system is out of stage. The battery bank
from UPS is charge from the utility power supply and this system will increase the electricity
bill. Nowadays, alternative way for reduce electricity bill is by using Renewable Energy (RE)
such as solar energy. RE can be store into battery as a backup or it is also can used directly to
the appliances. When using a multi power source, which one of the power source to be used
first for optimal savings. Therefore, one system are need to make RE is first priority resource
for the house and TNB are used after the battery is running out. The Green Energy
Management System (GreEMys) is developed to manage the power supplies for house while
the house owner used RE and TNB as a power supply. GreEMys will select either one power
supply depend on the State of Charge (SOC) of battery. Through this system, while battery
stored energy from GE until full, this system will choose RE for supply electricity to house
and used until battery is weak, then the system will change to TNB for feed electricity to the
house while waiting for the battery recharged by GE again until full. Moreover, this
GreEMys can display the mode of power source either RE or TNB and also display the
percentage of SOC. Through this system, GreEMys product increase electricity conservation
by using solar energy at house as a priority used and TNB are used while RE from battery is
exhausted.



ABSTRAK

Tenaga Nasional Berhad (TNB) menjana, menghantar , mengedar dan menjual tenaga kepada
pengguna di seluruh Malaysia. Dengan pencemaran alam sekitar global dan krisis tenaga,
tenaga yang boleh diperbaharui memainkan peranan yang semakin penting dalam
pengeluaran tenaga. Tenaga solar adalah sebagai sejenis tenaga boleh diperbaharui. la
digunakan secara meluas dalam aktiviti perkilangan dan hidup dan bateri adalah yang paling
biasa penyimpanan tenaga untuk sistem solar. Biasanya, sistem sedia ada seperti tidak
terganggu Bekalan Kuasa (UPS) yang digunakan sebagai bekalan kuasa sandaran sementara
bekalan elektrik terputus. Bank bateri dari UPS akan dicaj daripada bekalan kuasa utiliti dan
sistem ini akan meningkatkan bil elektrik. Pada masa kini, cara alternatif untuk
mengurangkan bil elektrik adalah dengan menggunakan Tenaga Boleh Diperbaharui (RE)
seperti tenaga solar. RE boleh menyimpan tenaga dalam bateri sebagai sandaran atau ia juga
boleh digunakan terus kepada peralatan. Apabila menggunakan sumber kuasa yang berbagai,
yang salah satu sumber kuasa yang akan digunakan yang perlu memberi keutamaan bagi
penjimatan optimum. Oleh itu, satu sistem yang perlu membuat adalah menberikeutamaan
kepada RE untuk rumah dan TNB digunakan selepas bateri kehabisan. Sistem Pengurusan
Tenaga Hijau (GreEMys) dibangunkan untuk menguruskan bekalan kuasa untuk rumah
apabila pemilik rumah menggunakan RE dan TNB sebagai bekalan kuasa . GreEMys akan
memilih salah satu bekalan kuasa bergantung State of Charge (SOC) bateri. Melalui sistem
ini , bateri menyimpan tenaga dari GE sehingga penuh , sistem ini akan memilih RE untuk
bekalan elektrik ke rumah dan digunakan sehingga bateri lemah, maka sistem akan berubah
kepada TNB untuk rumah sementara menunggu bateri dicaj semula oleh GE lagi sehingga
penuh. Selain itu, GreEMys ini boleh memaparkan mode sumber kuasa sama ada RE atau
TNB dan juga memaparkan peratusan SOC. Melalui sistem ini, GreEMys peningkatan
produk pemuliharaan elektrik dengan memberi keutaman kepada tenaga solar untuk rumah

dan TNB digunakan ketika kehabisan tenaga dari batteri.
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CHAPTER 1

INTRODUCTION

1.1  Project Background

There are many reasons why people are now using Renewable Energy (RE) due to
inexhaustible and pollution free renewable energy sources. For instance, solar energy
attributes high durability and need no fuel. It is able to operate for lengthened period
without maintenance. Therefore, solar energy is the best RE until now. The development
and the use of RE have drawn extensive attention of the society. Thus, RE will be an
additional source for recover the electricity usage in the home to reduce the electricity bill.
Solar energy has far been considered the most easily and viable option. These make it

economical for all types of applications of remote area.

1.2 Problem Statements

Currently, TNB is the primary resources for utilities. Rising energy prices and
growing environment concerns are making RE system more attractive to society.
Nowadays, the system are provided is as a backup power system for houses and industry
such as Uninterruptible Power Supply (UPS) system. UPS systems might be used to
provide uninterrupted, reliable, and high quality power for these sensitive loads. UPS
provides backup power circuitry to supply vital systems when a power outage occurs.
There is much type of UPS such as standby UPS is known as off-line UPS. It consists of an
AC/DC converter, a battery bank, a DC/AC inverter, and a static switch. A passive low
pass filter may also be used at the output of the UPS or inverter to remove the switching

frequency from the output voltage.



Moreover, Online UPS also contains of converter, battery, inverter and fast static
switch. Power to load is catered through conveter-inveter connection. Hence, converter
should have capability to charging battery and supply load. This type of UPS is connected
in series to load. Thus, this system is not the way for reduce power usage inside building
but it will increase the bill that to be paid. Therefore, this project is developed as a
management the power supply for user to reduce the cost of energy consumption. Through
this system, it will automatic manage the power supply as a green energy is primary
resources and TNB power supply as standby source while the battery is running out for

reduce power consumption and also to optimize the used of battery.

1.3 Objectives
The objectives of this project are:
i. To develop an automatic management power supply from TNB or Renewable
Energy (RE).
ii.  To control the system based on state-of- charge (SOC) of battery (limit to 30%).

14 Scopes
The scopes of the project are:

i.  This project only for single phase power supply.
ii.  Supply voltage is 240 Volt with current rating 30 Ampere.
iii.  This project measure the voltage and state of charge level on a battery that charge
from the photovoltaic system.
iv.  This system utilizes the ARDUINO as a microcontroller as the switching system.



15  Report Outline

This report contains of five (5) chapters start with the introduction chapter that
consists of brief explanation of the research which is Green Energy Management System
(GreEMys) and why it is proposed. The objectives, scope and the significant of the

research also presented in this chapter. Other chapters in this report are arranged as follow:

CHAPTER 2 discuss about the literature review for this research. This chapter is
including an explanation about the utility system, RE, SOC of battery and previous project.
The various types of selector of power supply topologies and measurement of the SOC for
battery also will be described in this chapter.

CHAPTER 3 discuss about the methodology for this project. All the methods used
in accomplishing this research are explained and all the flowchart and milestone are
presented in the earlier section of this chapter. The concept of GreEMys also will be
discussed in details with the help of particular flow chart, figure, and block diagram. The

diagram of circuit and implementation of hardware also will be presented.

CHAPTER 4 gathered all the results get from the testing of the circuit and coding

are taken for analysis. The result gathered is discussed in details in this chapter.

CHAPTER 5 shows the conclusion and recommendation of this project.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

This chapter will be discussed regarding on literature review conducted in order to
gain enough information that can be used to complete the research. All the data are
included in this chapter are taken from journals, thesis, books and any academic articles
that are related to the research topic and will be clearly cited. The National Energy
knowledge, solar system installation and calculation SOC of battery are discussed in
subsequence so that it can be clearly understood. The related previous work such as

Uninterruptible Power Supply (UPS) system also presented.

2.2 National Energy

Tenaga Nasional Bhd (TNB) is a largest supplier electricty in Malaysia. There are
consist of three main core activities for manage the power supply namely generation,
transmission and distribution. TNB also commite with the renewable energy and has been
diversifying generation from mix source energy. The genertaion are mix from the fossil
fuel, hydro and Renewable Rnergy (RE) such as solar energy and also being efforts
producing electricity using biogas and biomass. Figure 2.1 shows the electricity network
illustration tie into house from generation plant to the distribution and load [1].



Transmission High voltage Power
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Figure 2.1: The electricity network illustration tie into house.

2.3  Renewable Energy (RE)

RE is a source comes from naturally such as biomass, biogas, solar, wind and mini-
hydro. Malaysia is well rich natural resources due to an extremely moderate climate around
the years. Most of these energy resources are yet to be exploited. Thus, RE technology
could be the alternative source for the energy production include water (hydroelectric and
marine energy), solar (thermo and photovoltaic), wind (single turbine or wind field),
Geothermic sources and biomass. Geographically, Malaysia is located at the equator and

solar energy resources are abundant and readily available for this project [1].

2.3.1 Photovoltaic (PV) Power System

PV power system consists of Photovoltaic panel, inverter and load as a receiver as
shown in Figure 2.2. Photovoltaic panel are convert energy from sunlight into electricity in
Direct Current (DC) power without any intermediate step. Inverter is required to convert
Direct Current (DC) into Alternating Current (AC) power for house appliances. The power
is provided by the PV panel which is proportional to PV size. This system is not
maintenance free to keep it running optimally but a minimum level of maintenance is
needed. To ensure the system operate efficiently, maintenance is a solution to prevent

problem in future [2].



Photovoltaic Invert
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Figure 2.2: The basic home solar system.

24 Energy Storage

Energy can be store into battery by holding difference electro-chemical active
materials. Therefore, battery can be generated and stored free electrons for a long periods
of time. Existing of the chemical inside the battery allows battery to store energy
chemically as bi-product of a chemical reaction. Since electrical charge has a polarity, a
battery also contains positive terminal (+ve) and negative terminal (-ve). If it polarity is

opposite of its own polarity, the charge at battery will try to travel towards the polarity [4].

2.4.1 Battery for Solar Energy

Lead-Acid Battery is chosen to store energy from PV panel for this project. It calls
Lead-Acid Battery because the electrode and grids are made from lead and the electrolyte
is sulfuric acid. The plate polarity is determined by an active material from some
formulation of lead oxides. It is because an active material is placed in physical contact
with the grid. Basically, the most common purpose of battery is to start an engine. It is use
to energize the starter motor that turns on internal combustion engine. Second, the battery
used as stand-by-mode waiting to provide backup power for substation. Third is a deep-
cycle application such as the battery can deliver the majority of its capacity repeatedly,
possibly on a daily basis. Typically use for Electric Vehicle (EV) application is like a
combination of engine start and deep-cycle. Therefore, deep-cycle is suitable for this solar

system while charge and discharge sequence are do rapidly [8].



2.4.2 Battery Measuring Method

The lead-acid battery is widely used in stand-alone solar power systems. For
reliable operation for this GreEMys system, it is importance to know the amount of battery
remaining in the battery at any point of time. The life of the battery will be reduced due to
the deep cycle. Damaging effect is also happened to battery while the battery frequent
overcharging. Thus, it is necessary to indicate the State of Charge (SOC) of battery to
utilize the battery.

SOC of battery indicates the amount of available energy expressed as the
percentage of the rated energy. The SOC of the battery is between 0% and 100%. The SOC
for fully charged battery is 100% and for an empty battery is 0%. The variation in the
battery voltage is very small [3]. Hence SOC can be expressed by the available capacity

(AHTr) as the percentage of the rated capacity (AHr).

Ah capacity remaining in the battery

S0C = X 100% (2-1)

Rate Ah capacity

VW

Figure 2.3: The illustration for the SOC of battery.

Through this project, specific gravity method, open circuit voltage method and
current integration method have been proposed to determine the SOC of battery. The
battery voltage and current have to be monitor to ensure that battery never operated in an
unsafe region. The accuracy calculation of SOC can be effect to the system because the
SOC value is used to control GreEMys system. These methods are discussed below [3].



A. Specific Gravity Method.

For this method, give the concentration of acid in electrolyte. The concentration of
active material and the active material is consumed when the battery discharged. Available
capacity of the battery by using specific gravity method can be obtained in direct indication.
The measurement of this method is involved by removing the electrode from the battery.
The acid specific gravity and charge level is indicated in the Figure 2.4. According to the
graph, it show that overcharged for specific gravity is above 1.3 per cell and very low

capacity from 1.13 until 1.15 per cell while discharged for specific gravity is below than

1.12 per cell.
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Figure 2.4: Acid Specific Gravity and charge level.

B. Open Circuit Voltage

This method is concentration of acid near electrodes. The SOC of this method is
linear function of the open circuit voltage. The length stabilization method time is same
with specific gravity method. Refer to Figure 2.5, 2.10 volts/cell is considered to be fully
charge and completely discharge when voltage is 1.95 volts/cell. Thus, variation of open
circuit voltage is linear to the SOC of battery [3]. SOC can be calculated by using the

relation below (2-2) where, Voc is the open circuit voltage of the cell.

soc = [% X VOC] — 1300 (2-2)
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Figure 2.5: Open circuit voltage versus remaining capacity and specific gravity method.

C. Current Integration Method

Itis a process of summing the amount of capacity taken from current flowing or out
of a battery. Integration method for this current over time is in order to determine the
battery capacity [3]. The integration of current is referred as Coulomb counting can be

mathematically represented as:

s0C = 1001 —% [5i @) dt) (2-3)

Where, Q is the capacity of the battery and i(t) is the current flowing or out of a battery

over time.
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2.4.3 Efficiency of Battery

Table 2.1 shows the limitation of SOC for charge and discharge battery. It is
importance to care life span and efficiency of battery. For longest life, limitation for battery
discharge should stay in the 40% of SOC and above. Sometime near to 30% or 20% of
SOC are not harmful, but continuously discharge until these levels will be shortening
battery life considerably. If the batteries discharge until 10%, it will harm the battery. The
voltage measurements are only approximate but the best to determine the SOC is by using

specific gravity method [5].

Table 2.1: The approximate of SOC and voltage per cell by using specific gravity method.

SOC (%) Battery level (volt) Volts per Cell
100 12.73 1.277
90 12.62 1.258

30 11.81 1.124

20 11.66 1.098
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2.5 Arduino

Arduino is a microcontroller board that can be programmed to perform a desired
computing function. For example, it can be programmed to process data received from the
input ports before sending it to a connected output device. It is often used in an embedded
system where it acts as a middle-man to receive process and transfer input data from a
source to an output peripheral. Generally, the Arduino board consists of a processor, power
supply, input/output ports, USB port and extension connectors. The microcontroller chip
used on an Arduino board is an Atmel based Microcontroller. A voltage regulator is
available on the Arduino board. The function of this voltage regulator is to convert external
source voltage from the range of 7 V-12 V to a regulated 5 V DC voltage. This 5 V will be
used as the power source of the Arduino circuit board.

The number of 1/O ports available in an Arduino board differs for each model. In
the Arduino board, there is a crystal oscillator that generates a clock pulse for the process
of the microprocessor. The speed of the microcontroller in executing an instruction is
based on the frequency of the clock pulse. The USB port provides a means of
communication between the Arduino board with the computer for programming purposes.
Besides, the USB port offers another way of powering on the Arduino board as the 5V
voltage required to power up the Arduino can be supplied to the Arduino board directly

from the computer [18].
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2.6 Review of Preview Related Works

This section is discussed about the previous related work. There are three (3) products are
related to this project which is Four Start Backup 4400, The Toshiba eneGoon Backup
Power Supply and Victron Energy Solar Switch.

| 52

T EE—

Figure 2.6: Four Start Backup 4400.

This product is presented for an emergency battery backup for home. This compact
product is produced by Four Start Solar. This 240 volt backup power unit incorporated an
inverter that monitors the grid for disruptions. When the grid goes down or is disconnected,
the inverter switches to battery backup in less than a second, keep your critical loads online
until the grid comes back. The battery bank of the Four Star Backup can be charged with
grid electricity, or by generator, or by solar panels. They can also be expanded by adding
additional batteries [20].



13

Figure 2.7: The Toshiba eneGoon Backup Power Supply.

Toshiba’s eneGoon backup power supply is made with Super-Charger lon Battery
(SCib). This product was developed by Toshiba and has capacity of 6.6 kWh, which is a
best-in-class power output of 3.0 kVA. The eneGoon is connected to a power distribution
board. This system can be charged in about five hours in the normal mode and in about two
hours in the rapid charging mode. The high combination with quick time makes it easy to
take advantage of cheaper off-peak electricity rate to keep the unit fully charge. If power
failure, electricity is supplied to selected loads and helps reduce power consumption during
peak hours by using electricity that was stored at night during the daytime when demand is
high [23].
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Figure 2.8: (a) Victron Energy Solar Switch (b) Schematic system for setup (c) Schematic

wiring for Victron Energy Solar Switch.

This Victron Energy Solar Switch system is produced by Victron Energy BLUE
POWER. This system were operated that combine with MultiPlus system or other system.
Victron Energy Solar Switch will connect to input and output terminal such as main system,
solar and MultiPlus. If the grid fails, MultiPlus will function to feed the load. Once the
batteries are fully charged, the excess power from solar can be redirected to a water heater.
Thus, in case insufficient solar power while the batteries in used, some or all loads can be
shut down to prevent batteries from discharge completely [24].



2.7  Summary of Review

Solar energy power system

Solar panel Charge Energy
(PV array) > controller > storage Inverter
(battery)
Switching
____________ .._.-_._._-_._._i controller
Utility power Mitering Isolator ;
supply —>| utility power (utility power |—t (TNB power
supply supply) I system or Solar
. PV power
TNB power system I system)

15

7|

Distribution
Board
(House)

Figure 2.9: The topology of the switching control the solar PV system with tie utility

system.

From the literature review, it can be concluded by using topology base on Figure

2.9 Power supplies are produced by TNB and RE were supply to the load demand. RE is

generating by the solar energy. Solar energy shall convert to AC supply for general used as

TNB supply. When the houses or other building are being fitted with grid connected solar

installations, thus some system is needed to manage the power supply to feed the load

demanding.

To calculate SOC of the battery, combination of specific gravity method and open

circuit voltage are used for compared with the integration method for determine the

accurate measurement. The efficiency of the battery is between 30% for discharge and 100 %

for charge. Thus, the limitation of this auto selector to switching for discharge from RE to

TNB is start from 30% while switching for charge from TNB to RE is start from 100%.
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CHAPTER 3

METHODOLOGY

3.1  Project Methodology

The methodology of this project is shown in Figure 3.1. This project is started with
literature reviews that give idea and better understanding about the Solar Energy system.
The process of literature review is search for journals, articles, internet and book and
analyzed the relation to the system of this project.

Then, setup the solar system with battery. The solar panel is connected with the
charging controller, battery and into the inverter. Thus, the connections are tested for the

functional of the system. If does not, it will setup again.

After succeed setup solar power system, designing the selector controller by using
the Arduino as microcontrollers will be proceeding. The coding must be suitable with the
implementation that will be communicated with the hardware. Thus, the project precedes a
new circuit to measure the desired SOC of the battery. The SOC is the reference to the
switching for select the condition of the switching.

The following task is to ensure that the combination between hardware and coding
will fulfill all the specification and achieve the objective. In addition, the data or result
must relevant with the system. After everything is completed, the testing is carried out to
ensure that the system works perfectly. In conclusion, the analysis and troubleshooting for

this project will carry out through the expected result.



Literature review

\ 4

Setup green energy system

A4

Testing and
troubleshooting

YES

A2
Built selector power supply

\ 4
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Figure 3.1: The methodology of the project.
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3.2  Project System Design

Measuring
PV panel circuit
, TNB
]
I
1
| Sele
! €
1
Battery vl : —0 (07
When battery SOC is 30%, TNB is
If battery is fully charge, .
used as power supply while
then battery were waiting for the battery to recharge
discharges until 30% of SOC. .
Distribution by PV panel.
Board (DB)

Figure 3.2: Block diagram of the project.

The Figure 3.2 shows the block diagram of the project. This system-is developed as
a management system for user to reduce the cost of electricity consumption. Through this
system, the LCD is display the status of SOC for battery and the selector will choose
battery as priority energy to reduce usage of electricity from TNB. If the battery is weak
(about 30%), the system will automatically change to TNB power supply while for the
battery to recharge by green energy. This process will continue and thereby reduces the

cost of electricity.
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3.3  Hardware Development

In this project, there are three (3) types of software been in used which are Proteus,
Arduino software and orCAD. These tools are used to develop software test design before
implementation in actual life is build. This tool can reduce cost of building with no mistake

while the components are used in not match with the design.

3.3.1 Proteus software

Protuse is a toll that can combine electronic component on it library. It simulation
can be run in real word, while the connection are wrong, this toll will display the warning
message. This tool ability to simulate popular microcontroller and it can reduce are

development time compared with a tradisional design process.
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Figure 3.3: Proteus software.

The Figure 3.4 shows the flow chart of the design circuit. Firstly, the planning for
the design must be considered. Input and output of the component should be determined.
Through this project, voltage divider and current sensor are considered as an input and
internal relay as an output. This input and output component are interface with Arduino
microcontroller. When the design is functional well, the Arduino coding in .hex file will be
imported to the Arduino microcontroller. The screen and internal relay were shows the

result of the combination from two software.
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Determine the input and output.

|

Select micro controller and component.

|

Design the connection of the component P

Test functional of the design.

It is function?
No

l Yes

Interface the design with the Arduino software.

Repair coding at
Arduino software

No

Yes

Figure 3.4: The flow chart of the design circuit.
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Figure 3.5 show the simulation for test the circuit. The arduino microcontroller are import
from the Proteus Library and the coding are tested with the circuit was build in this tool.
There are 3 section of the circuit which is measurement part, display part and switching

part.

DUINO2

< N o
: D1 T R
i i T B3 121
‘ Switching | w tEDED AL oy
! || 12v 0 .
. T R3 . B
s ; part E R [ I
D L]
£ | o j |
) a3 com (=2 .
9 | H a4 b0 [>—5—2= 18 1c =18
z g a5 %25 ZC:_]fZ I
: - 132 = - L
R isa 50::ﬁ n =
s [ BAJTERY
ARDUINO UNO R3 I b 752006A 7C — e
LN:
I I
72 e = o . '
. LS A 11
v vour Measurement \ . = g /
*
| > part '_\._._._._._..._._.—'
o
12v
‘uz | scol W 1 BN
2_GND P (22 . . LMoar ™= .
D ViouT B4 I \
rvcc P+ 4—||___ ) i
ACSTEBXCB050 Ly -
1 Display
q I I part
" -
L

Y N

Figure 3.5: Proteus simulation testing.
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Figure 3.6 show the step of Proteus to import the .hex file from the Arduino

microcontroller. The .hex file is browse from the icon provided at the file program. When

the found, and click ok. Then the simulation can run and the result will display on screen.

Edit Component
Component Heference: DUIMOZ] Hidden: [
Component Y alue: |AHDUIND UMD R3 Hidden: |

L BLOG Dtz Autoais) |microcontmlandos.blogsgot.com | Hide Al LI

oK

Hidden Pins

LCancel I

Program File: |..\..'\AppData\LocaI\T emphbui Hide All ;I

BeTOISEL [Disable reset] | Trereganmed ——=T|Hidedl |

WDTON [Enable watchdog) | (1) Urprogrammed | [Hidean  ~]
BOOTRAST [Select Reset Vector] | (1) Unprogrammed x| |Hideal v
CKSEL Fuses: | (0000) Ext. Clack = [Hiean  ~+]
Boot Loader Size: | (001 1024 words. Starts at 0101 v | [Hide sl + |
SUT Fuses: fr1o | [Hidean — +]
Clock Frequence: [16MHz ! Hide &l L!
NAME: [ARDUIND UND REVE [Hidesl |
CLKDIE [Divide clock by 8] | (1) Unprogrammed x| |Hideal <]
CEOUT [Clock output] |[1] Unprogrammed L’ 1Hide Al LI
Advanced Properties:
IDisassembIe Binary Code j |N0 j IHide Al Ll
Other Properties:

Exclude from Simulation Altach hierarchy module

Eclude from PCE Layout [ Hide comfog’pins

[ Edit all properties as text

Figure 3.6: Import .hex file.
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3.3.2 Arduino

Arduino is the software to write the coding of the program. This software is
necessary to flash the coding that have compile into .hex file to Arduino. The popular and
powerful Arduino are it can be stand-alone and the program language are special and easy

to design with related on wiring that connected with Arduino board.

File Edit Sketch Tools Help

sketch_may12a

ARDUINO

AN OPEN PROJECT WRITTEN, DEBUGGED AND SUPPORTED
BY MASSIMO BANZE, DAVID CUARTIELLES, TOM IGOE,
RTINO AND DAVID MELLIS

BASED ON PROCESSING BY CASEY REAS AND BEN

Figure 3.7: The Arduino software.

Figure 3.8 shows the flow chart before made coding in Arduino. They are two
conditions to follow for manage the power supply. The conditions depend on the SOC
from the battery condition. When the battery used until SOC drop to 30%, this system will
be changed the hybrid power supply into the TNB power supply. While the battery charge
by using Renewable Energy (RE) until the SOC increases until 100%, this system is
changed back to the hybrid system to optimize the used of battery. This system is looping
all the time when these systems are used.
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Input
Output

Initialization
: voltage divider and current sensor.

: liquid crystal display (LCD) and external relay.

ﬁd

Calculate SOC from battery.

¥

Display SOC in percentage (%).

Hybrid system ON

v

If the battery is fully charge?
(SOC > 100%)

NO

Display status power system:

Hybrid ON

v

TNB power system OFF

If the battery is lower?
(SOC < 30%)

TNB power system ON

v

Display status power system:

TNB ON

¥

Hybrid system OFF

Figure 3.8: The flow chart of the management power system.
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3.3.3 OrCAD Capture

This layout design by using OrCAD Capture, it is the one of the most widely used
schematic design solutions for the creation and documentation of electrical circuits.
Coupled with the optional OrCAD CIS (component information system) product for
component data management, along with highly integrated flows supporting the
engineering process, OrCAD Capture is one of the most powerful design environments for

taking today’s product creation from concept to production.

File View Tools Help

Figure 3.9: OrCAD software.

This tool is used for design Printed Circuit Board (PCB). The holes for screw, pads
and wire for the circuit are creating to PCB design. Before start, the areas of components
are measured. This component will be rearranged and attach above of the PCB. The circuit

was design from Proteus and PCB design process by using OrCAD layout.



Identify the removal connection

and fixed connection

|

Determine the types of connector

are used.

!

Decide size of the PCB layout.

Measure the area (mm?) of component. (Arduino
controller, 2 pin connector, 3 pin connector,
internal relay and resistance)

!

Transfer schematic diagram into a drawing of to the printed
board.

!

Draw PCB’s artwork. =~

Check if board error?

l Yes

Etching

|

Figure 3.10: Flow Chat of PCB design
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Figure 3.11 show the connection of input and output terminal. The combination of
the circuit is to make the PCB board. These connections are integrated with LCD screen

pin, sensor pin, relay pin and led pin.
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Figure 3.11: Schematic capture through the electronic design.

Figure 3.12 show the designed PCB layout from OrCad tool after arrangement of
the line connection. The layout is used to print and trace on board then dried in to the sun
or light. While the board is already tracing, then the board are aching by using chemical

liquid.
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Figure 3.12: Complete design PCB layout.
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34 Measurement Circuit

The measurement circuit is used to calculate the voltage remaining at the battery
and to calculate the current flowing and out from the battery. Thus, the microcontroller
Arduino will calculate the parameter by using voltage divider for detect voltage level

voltage and current sensor to detect current.

3.4.1 Voltage divider

R1
Vin + =

R2 Vout

[ ——-l———l

Figure 3.13: Voltage divider.

While using voltage divider, two resistors is used to supply voltage difference from
power supply or battery. The output voltage depends on the value of resistor. The theory
can be considered, if large value of R2 compared to R1, it will gives a large value of output
voltage. It is commonly used to create a reference voltage or to get a low voltage signal

proportional to the voltage to be measured.
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3.4.2 Current Sensor

Figure 3.14: The current sensor BB- ACS 756.

There is wide range of electronic system that used current sensing. It is a device
that detects and converts current to an output voltage with range OV until 5V, which is
proportional to the current through the measured part. This current sensor is based on IC
ACS756. The IC has linear voltage output equivalent to current with sensitivity of 40mV/A.
Thus, every rise current of 1A will increase 40mV to VIOUT pin. [22] By taking the ratio

and sensitivity of the sensor, it can be write as

(sensor reading—510) 5V

I (mA) = 0.04V " 1024 bits

.(1000mA) (3-1)
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3.5 Hardware Implementation

GreEMys system

Arduino
microcontroller

Distribution Board (DB)

Figure 3.15: The illustration of interface the GreEMys with power supplies.

Figure 3.15 shows the circuit interface circuit of the system with the power supplies.
Inside the GreEMys consists of the Arduino microcontroller, internal relay, contactor and
LCD screen. This system is used to manage which GE is a priority resources and TNB will
operate will GE energy are reduce until minimum limit and wait until battery fully charge
by green energy. GreEMys system is installed after KWh meter and before distribution
board (DB).

3.6 Milestone

Below is the milestone stone set for this research.

Milestone 1 — Research on solar system and selector switching method
Milestone 2 — Study on the Arduino coding

Milestone 3 — Setup the apparatus for testing from solar panel, inverter, battery and charge

controller.

Milestone 4 — Built coding and circuit for measure voltage and current from lead acid
battery.

Milestone 5 — VValidate the data obtain from hardware.

Milestone 6 — Report writing
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CHAPTER 4

RESULTS

4.1 Introduction

The purpose of this chapter is to presenting the result of the GreEMys system. The
performance of this system will be test and discuss the ability of the system. Additionally,
the full integration of the whole project discussed.

42  GreEMys System

Figure 4.1 shows the display properties on the screen of the GreEmys system. The
screen are display the status of the mode of power supply, battery voltage and the
percentage of the remaining State of Charge (SOC) from battery.

ST |

Figure 4.1: Display properties on screen.
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Figure 4.2 show the screen is display the mode of power supply. When the
GreEmys system chosed TNB power supply then the screen is display MODE : TNB and
whwn the GreEMys system choosed Renewable Energy (RE) power supply then the screen
is display MODE: GE.

™ [:]
MODE : TNB lg.g

BRITERY T®Rr«

Figure 4.2: Display properties of mode power supply.

Figure 4.3 show the display properties of voltage from battery. The screen is
desplay the voltage remaining on the battery. Reading voltage of battery is increase while

on charge and decreases while the battery is discharge.

BBRRek 18 10 22"

Figure 4.3: Display properties of voltage from battery.
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Figure 4.4 show the display properties of SOC from battery. The value of SOC is
display in percentage (%). The value of SOC is depending on the capacity remaining on
the battery.

MARE ¢ TRR 5120 A0

BATTERY #67.10%S0C ']

gnergy Mdnage,

Systeim

Figure 4.4: Display properties of SOC from battery.

4.3  Project Outcome

The project outcome of this project are described the component and connection
inside the GreEmys system. The integrated with the electric component with the electronic

component are descripted.

Figure 4.5 shows the connection and combination of component with the Arduino
microcontroller. The circuit on PCB will be fixed and the circuit design is not mesh. On the
PCB board consist of measurement circuit and internal relay on the second stage. PCB can
be designed into two (2) stages or more depend on the creativity from the designer. The
sensor are connected with the white connector, it is already build.
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Figure 4.5: The PCB and Arduino microcontroller.

Figure 4.6 show the combination of the electrical and electronic component inside
the box. Through this box, it is consist of the contactor, microcontroller Arduino,
measurement circuit and battery for power up Arduino.

Figure 4.6: The electric and electronic component inside the box.
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Figure 4.7 show the location of the contactors. These contactors are separated with
difference sources. One contactor is incoming from TNB power supply and another one is

incoming from inverter. This incoming power supply must be separated for safety purpose.

Figure 4.7: The contactors are inside the box.

Figure 4.8 shows position for the Arduino controller. At the top of Arduino is
internal relay. Arduino is cannot directly contact with the AC voltage (230Vac), Arduino
are only can receive a DC voltage with is in range 0 VDC unlit 5 VDC. Internal relay are

used to select the power supply either incoming from TNB or incoming from inverter.

Figure 4.8: The PCB board with the arduino inside the box.
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4.4  Accuracy of Measurement

The measurement is taken while the system is online. The reading for actual current
is taken by series with the current sensor while the reading for calculate current is by using
Arduino microcontroller. Figure 4.9 shows the method of the measurement are taken to
compare the actual reading with the calculation reading.

Figure 4.9: The situation while the reading taken.
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According to Figure 4.10, the different of the two reading are 0.05A. It is show that
the system has error if current reading almost 6%. Thus, according to Figure 4.10, there are
reading current from the photovoltaic panel. It is show that the current passing through
from the panel to battery is accurate compared to current passing through the load. This
error may occur while using the inverter for convert dc supply to ac supply. For actual
voltage, Multimeter are tapped in parallel to the terminal battery while the reading for
calculate voltage are also by using Arduino microcontroller. Refer to figure 4.10 the actual
voltage and the calculate voltage are same, thus no error are exist for voltage. Thus, in this

project is only use voltage to calculate the SOC of the battery.

Figure 4.10: The actual reading between calculation for current and voltage.
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4.5 The Performances of GreEMys

By using formula (2-2) open circuit voltage to calculate the SOC for compare with
the actual SOC by using the digital battery analyzer. The microcontroller was calculating
the SOC of battery and select the power supply depend on the level of SOC. The table
below shows the performance of the GreEMys system.

Table 4.1: The status mode of power supply depends on SOC condition while battery is

discharge.
No. Voltage Voltage Voltage SOC SOC actual | Status mode
Calculate actual percell calculate (%) (TNB/GE)
(Volt) (Volt) (volt/cell) (%)

1 12.74 12.74 2.1167 111.13 100 GE

2 12.68 12.68 2.1000 100.00 98 GE

3 12.55 12.55 2.0833 88.87 85 GE

4 12.43 12.43 2.0667 77.80 74 GE

5 12.37 12.37 2.0500 66.67 65 GE

6 12.28 12.28 2.0333 55.53 b GE

7 12.14 12.14 2.0167 44.47 46 GE

8 12.06 12.06 2.0000 33.33 34 GE

9 11.93 11.93 1.9833 22.20 20 TNB
10 11.96 11.96 1.9667 22.30 22 TNB

Table 4.1 shows the performance of the GreEMys system while the battery is on
discharged. The result table show Mode: GE, the battery is discharge until near to 30% of
SOC and the battery will charge by Photovoltaic (PV) panel and the mode of system is
change to Mode: TNB to keep the load are running.
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Figure 4.11 show the percentage (%) error of SOC between the actual SOC and

calculation SOC when the SOC in discharge. The percentage error is less than 5% accept

the battery is in full charge is exceed 10%.

12.74 1268 12,55 12.43 1237 1228 1214 1206 11.93 11.84
Voltage (Volt)

Discharge of SOC (%)
120
=-SO0C calculate (%)
100
_ SOC actual (%)
S 80
Q
@)
(D ~ A
o <0 2.1%
g , 2.05%
o ~1.7%
o B ‘\!Ef%
< 20 )
& . 1.04%
0 T T T T T T T T T

Figure 4.11: The percentage error of SOC when Discharge.
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Table 4.2: The status mode of power supply depends on SOC condition while battery is

charge.
No. | Voltage Voltage Voltage SOC SOC actual Status
Calculate actual percell calculate (%) selector
(Volt) (Volt) (volt/cell) (%) (TNB/GE)

1 11.87 11.87 1.9667 11.13 14 TNB
2 11.95 11.95 1.9833 22.2 21 TNB
3 12.07 12.07 2.0000 33.33 35 TNB
4 12.16 12.16 2.0167 44.47 46 TNB
5 12.24 12.24 2.0333 55.53 57 TNB
6 12.35 12.35 2.0500 66.67 63 TNB
7 12.47 12.47 2.0667 77.80 78 TNB
8 12.56 12.56 2.0833 88.87 87 TNB
9 12.62 12.62 2.1000 96.00 94 TNB
10 12.75 12.75 2.1167 111.13 100 GE

Table 4.2 shows the performance of the GreEMys system while the battery is on

charged by the PV panel. The battery is charge by the PV panel until 100% and the system

are changed the mode power supply to Mode: GE. Then, the system is rapidly discharge

and charge the battery depends on the SOC of battery.
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Figure 4.12 show the percentage (%) error of SOC between the actual SOC and
calculation SOC when the SOC in charge. The percentage error is less than 5% when the

system is charge mode.

Charge of SOC (%)
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S SOC actual (%)
§ 80 2.52_‘
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11.95 1207 1216 1224 1235 1247 1256 1262 1275
Voltage (Volt)

Figure 4.12: The percentage error of SOC when Charge.

The calculation of the SOC with the actual SOC reading is not accurate but the
power supply mode is following the target. This system used the GE system as a priority
power supply when the battery is fully charge by GE and changes to TNB mode while the

battery level is decrease to maximum limit and wait until battery fully charge by GE.

Figure 4.13 show the reading of the SOC calculation and voltage calculation are
taken from the Arduino. Figure 4.14 show the reading of the SOC actual and voltage actual
are taken from the digital battery analyzer. The readings are taken simultaneously for

compare the actual reading with calculate reading.
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test_matahari2 | Arduino 1.0.5
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int reading¥ = snalogRead(voltsInPin)
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Table of reading State of Charge Battery Lead Acid

Current (A)

Voltage (V) SOC (&)  FPower (W)  Time (s) Status Relay (ON (0)/OFF (1)

12.12 -0.06 0.00 -0.74 1 0
12.39 -0.11 70.69 -1.38 2 0
12.39 -0.23 79.83 -2.91 0
12.31 0.62 79.83 7.64 4 0
12.30 0.74 77.09 3.14 5 a
12.30 0.62 T6.63 7.64 [ L]
12.30 0.74 T6.63 9.14 7 L]
12.30 0.74 T6.63 9.14 8 L]
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12.30 0.74 76.17 9.14 10 0
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12.27 0.74 75.72 9.12 18 0
12.30 0.62 75.72 7.64 19 0
12.28 0.82 76.63 7.63 20 0
12.28 0.74 76.17 9.13 21 a
12.27 0.74 76.17 9.12 22 a
12.30 0.74 75.72 9.14 23 a
12.28 0.862 T6.63 7.63 24 o
12.26 0.74 76.17 9.11 25 0
12.27 0.50 75.26 £6.13 26 1] =

[No ine ending s00baud -

DIGITAL BATTERY ANAYZER

Figure 4.14: The digital battery analyzer.
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Figure 4.15 show the implementation of the GreEMys system to the load. The load
consist of the socket outlet (SSO) and lamp. The inverter is used to convert DC voltage to
AC voltage from the battery, while the TNB power supply is directly used to the load when

Mode: TNB are on running.

N
PR

Figure 4.15: The implementation of the project.
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Figure 4.16 show the PV panel is used in this system. PV panel is used to charged
battery by using sun light. The GreEMys system is used to control the charge and

discharge the battery depend on the SOC of battery.

Figure 4.16: The implementation of the project.
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CHAPTER 5

CONCLUSION AND RECOMMENDATION

5.1 Conclusion

This project had presented the design of a GreEMys system that can be used in all
green energy user especially solar energy for measured the status SOC of battery. The
main objective of the project has been achieved successfully. This system able to managed
the power supply automatically. The selection of the source power were operate depend on
the status SOC of the battery. This system is able to display mode of power supply, voltage,
and SOC as required in the scope of this project. The last objective is the performance of
the system is ability to perform well in real application with follow the minimum safety
purpose and reliability. As a conclusion, all the objectives of this project are successfully
achieved and the user interface can be expected to be implemented in green energy power

supply to monitor the status battery.

5.2 Achievement

This project has participated in two competitions. This title has been participating
in International Engineering Exhibition Invention & Innovation (i-ENVEX) on April 13",
2014 and has won a gold award. Second is participating at The International Participation
and Design Innovation Expo in conjunction with International Innovation Festival 2014 on

18" May 2014 and also received a gold award.
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5.3 Recommendation

Inverter is used to convert dc supply to ac supply. Thus, the inverter must be
choosing in right way. When the solar system used 1000W of inverter, the load of demand
more than limit of inverter it can support the load. For example, inverter 1000W cannot
support cattle with load 1500W. Through this case, the calculation of load demand should
be considered to select the best inverter. According to this system, it is use open circuit
voltage method to find the SOC. Thus, | would like to recommend to use combination of
open circuit voltage and integration method for determine the SOC. It is because
implementation of the current integration only for long time will lead to error. The sources
of errors in this integration method are the efficiency of the charging process is not 100%
and the capacity is depend on the rate of discharge. This new method is use if the battery is

not used for more than 30 minutes the SOC is updated using open circuit voltage method.



47

REFERENCE

[1] Alam, Syed Shah, Nor Asiah Omar, Mhd. Suhaimi Bin Ahmad, H.r. Siddiquei, and
Sallehuddin  Mohd. Nor. "Renewable Energy in Malaysia: Strategies and

Development.” Environmental Management and Sustainable Development 2.1 (2012): 5.

[2] Mazria, Edward. The passive solar energy book: a complete guide to passive solar

home, greenhouse, and building design. Emmaus, Pa.: Rodale Press, 1979.

[3] D.J. , Deepti, and Ramanarayanan V.. "State of charge of lead acid battery."Power

Electronics, 2006. IICPE 2006. India International Conference on 1.1 (2006): 89-93.

[4] Olmsted, John. Solar energy storage projects: b development of photochemical
reactions for solar energy storage : improved, inexpensive solar energy heating heat
reservoir : stratified ligid thermal storage for solar energy : heat storage system. San

Francisco, Calif.; Pacific Southwest Region, U.S. Dept. of Energy, 1980.

[5] State of charge indicators for a battery. ldaho Falls, Idaho: ldaho National

Engineering and Environmental Laboratory, 1999.

[6] Ghodki, Manish Kumar. "Microcontroller and solar power based electrical energy
management system for renewable energy applications.” International Journal of Electrical

Power & Energy Systems 44.1 (2013): 852-860.

[7] Li, I-Hsum, Wei-Yen Wang, Shun-Feng Su, and Yuang-Shung Lee. "A Merged
Fuzzy Neural Network and Its Applications in Battery State-of-Charge Estimation."IEEE

Transactions on Energy Conversion22.3 (2007): 697-708.


http://www.bibme.org/
http://www.bibme.org/
http://www.bibme.org/
http://www.bibme.org/
http://www.bibme.org/
http://www.bibme.org/
http://www.bibme.org/
http://www.bibme.org/
http://www.bibme.org/
http://www.bibme.org/
http://www.bibme.org/

48

[8] Kutluay, K., Y. Cadirci, Y.s. Ozkazanc, and I. Cadirci. "A New Online State-of-
Charge Estimation and Monitoring System for Sealed Lead-Acid Batteries in

Telecommunication Power Supplies.” IEEE Transactions on Industrial Electronics (2005).

[9] Hasan, Tawheed , Md. Faysal Nayan, Md. Asif Igbal, and Monzurul Islam. "Smart
Solar Home System with Safety Device Low Voltage Alert.” 14th International Conference

on Modelling and Simulation 4 (2012): 201-201. IEEE. Web. 3 Apr. 2014.

[10] Wang, Rongcun, Xiang Tang, and Kaisheng Xu. "The Research and Design of a New

Type Smart Solar Automatic Coantrol System." IEEE 2.2 (2011): 450-455.

[11] S ., Anand, Farswan R.S., Mangu B., and Fernandes B.G.. "Optimal charging of
battery using solar pv in standalone dc system." IEEE Xplore dgital library (2012): 1-6.1EEE.

Web. 27 Jan. 2014.

[12] Patel, M. R. (1999). Wind and Solar Power Systems. Boca Raton: CRC Press.

[13] Sunneel Deambi, From Sunlight to Electricity- A Practical handbook on solar

photovoltaic applications, The Energy and resource Institute (TERI), New Delhi, 2013.

[14] R.C Bansal and T.S Bhatti, Narosa Series in Power and Energy System-Small Signal
Analysis of Isolated-Reactive Power and Frequency Control Analysis, Alpha Science

International Ltd., oxfort, U.K, 2008

[15] D. Linden, Handbook of batteries. New York: McGraw-Hill, 1995.

[16] J. H. Aylor, A. Thieme, and B.W. Johnson, “ A battery states-0f- charge indicator for

electric wheelchairs,” IEEE Trans.Ind. Electron., val.39, no.5, pp. 398-409, Oct. 1992.

[17] Rodrigues S, Munichandraiah N and Shukla A K 1999 A review of states of charge


http://www.bibme.org/
http://www.bibme.org/
http://www.bibme.org/
http://www.bibme.org/
http://www.bibme.org/
http://www.bibme.org/
http://www.bibme.org/
http://www.bibme.org/
http://www.bibme.org/
http://www.bibme.org/
http://www.bibme.org/

49

[18] TropicArduino. (n.d.). TropicArduino. Retrieved November 10, 2013, from

<http://tropicarduino.blogspot.com/>

[19] Battery Monitoring. (n.d.). Battery monitoring. Retrieved November 10, 2013, from

http://robots.freehostia.com/Circuits/BatteryMonitor.html

[20] "MedLibrary.org.” MedLibrary.org. N.p.,, nd. Web. 14 Nov. 2013.

<http://medlibrary.org/medwiki/Tenaga_Nasional

[21] "Battery Monitoring." Battery monitoring. N.p., n.d. Web. 14 Nov. 2013.

<http://homepages.which.net/~paul.hills/Circuits/BatteryMonitor/BatteryMonitor.html

[22] Abu Bakar, Muhammad Faiz. "Current Measurement Using BB-ACS756 and
Arduino.” Article Four. (URRG) USM Robotic Researcher Group , n.d. Web. 25 Apr. 2014.
<http://urrg.eng.usm.my/index.php?option=com_content&view=article&id=352:current-

measurement-using-bb-acs756-and-arduino&catid=31:articles&Iltemid=70>.

[23] "Toshiba eneGoon is Your Green Backup Power Supply Option.” GreenPacksorg. green
pack, 15 Sept. 2012. Web. 26 May 2014. <http://www.greenpacks.org/2012/09/18/toshiba-

enegoon-is-your-green-backup-power-supply-option/>.

[24] Energy, Victron . "Products - Victron Energy." Products - Victron Energy. Victron

Energy B.V., 22 Apr. 2014. Web. 29 Apr. 2014. <http://www.victronenergy.com/products/


http://www.bibme.org/
http://www.bibme.org/
http://www.bibme.org/
http://www.bibme.org/
http://www.bibme.org/
http://www.bibme.org/
http://www.bibme.org/
http://www.bibme.org/
http://www.bibme.org/
http://www.bibme.org/
http://www.bibme.org/
http://www.bibme.org/
http://www.bibme.org/

APPENDIX A

Gantt chat of the project.

Year PSM1 PSM 2
Milestone
Task
1 Research on solar system and selector
switching method
2 Study on the Arduino coding
Setup the apparatus for testing from solar
3 panel, inverter, battery and charge
controller.
4 Built coding and circuit for measure
voltage and current from lead acid battery.
5 Validate the data obtain from hardware
6 Report writing

50



APPENDIX B

Datasheet of battery 12V 7.2Ah

P d b
o BiTTEH‘r'@ GP 1272 » 12V 7.2Ah

GP 1272 isa ganemal purposa battery up to 5 yaars in standby
service or more than 260 cycles at 100% discharge in cycle
sarvice. As with all G5B batteries, all are rechargeabla, highly

efficient, leak proof and mainienance free.
P Specification

Calls Per Unit ]
Voltage Per Unit 12
Capacity 7.24h @ 20hr-rate 1o 1.75V percell @25 TITT)
Waeight Appren. 2.4 ky(5.29 Ibs) M:-‘dﬁ'i'i[hl]
Maximum Dischame Cumraent 10045 304 (Esec) o
Internal Resatance Appres, 23 mil
Operating Temperature Range Discharge: -15'C~50C( §'F~122°F) o e,
Charge: -15 C~40C{ SF~104F) “"goﬁgigu'l;ff’
Storage: -15C-407 (5 F~1047F) Ko OET005117
Nominal Operating Temperature Range 25702370 (77T FEE)
Float Chamging Voltage 13.5 10 138 VDClunit Average at 25CF7T)
Recommended Maximum Charging 2,184 150 148319
Current Limit WELUIR 1= 20248
Equalization and Cycle Sanvice 14,4 10 150 VDC/unit Average at 250 (77°F) CSB-manufachuad
Self Dischame C5E Battenss can ba slared for mane than & months at VRLA bateries are UL-
25'C {777} Please charge battenes before using. For recognized companants
higher & mparature 3 the ime intervalwill be shorter, under UL E24 and UL1289
Temninal F1F2-Faston Tabi 87250
Tontainer Material ABS (L - HEF e E50263)" Flammab ity resistancaaf R i atggpertied by
{LIL 54-' 0/ File E 55337) can bs available upon reguest IS0 2001 and 150 14001
P Dimensions : Overall Height (H) GCortainer haight (h) Length (L) Width (W)
Unit: mm {inch) 100&1 (3.5420.04) Gt l[Er.T.tD.TH] 151*2{5.94&&.0&1 5521 (2.5620.04)
rnafsson B R RO
T )
z THAF
55 = . i W nr-i'
,..'m....."’.“:".;’“. i ;
Ph ik a5 ~
v * ./ [N S
oy Toan ™ vy el
OB B oo QO G
gy Julad 15 3tz

Constant Current Discharge Characteristics UnitA (25°C . 77°F)

F.ViTime SMIN 10MIN | 15MIM | 30MIN 1HR 2HR JHR 4HR 5HR BHR 10HR 20HR

1.60V 35.6 22.0 16.5 9.61 5.51 3.08 214 1.65 1.35 0.925 | 0778 | 045
16TV 33.1 21.0 159 9.5 5.42 3.03 2.09 1.60 132 0906 | 0762 | 0447
1.70V 31.9 2.5 156 5.24 5.37 3.00 2.08 1.58 1.30 0.897 0.756 0.438
1.75V 28.6 19,6 151 5.03 5.30 2.86 202 1.54 1.28 0.883 0.742 0.428
180V 2.2 18.6 14.4 877 523 2.82 1.99 1.50 1.25 0.871 0.732 0.421

1.85V 24,5 17 .4 1.7 545 514 2.87 1.96 148 1.23 0.851 | 0.720 | 0.408

Constant Power Discharge Characteristics Unitw (25°C .77°'F)

F.ViTime SMIN | 10MIN | 15MIN | 30MIN 1HR 2HR JHR 4HR 5HR BHR 10HR | 20HR

1.60V 360 245 183 108 644 a7 X.6 208 17.3 11.8 9.80 5.37
167V 340 235 177 106 636 37T 2.3 20.5 17.0 116 9.69 5.27
1.70V 331 231 174 105 63.1 36.9 26.2 20.4 16.9 11.5 8.54 5.23
1.T6V 313 222 170 103 624 364 25.9 20.2 16.7 11.4 B.48 5.15
1.80V 285 213 165 101 61.7 358 25.6 19.9 16.5 11.3 9.40 5.07
185V 278 202 158 99.0 60.8 354 252 19.6 16.3 11.2 9.29 4.5
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APPENDIX C

Datasheet of battery 12V 100Ah

12V 100.0Ah

GP 121000 GF 121000 is a general purposa battary with 3-5

years In standby sardce or more than 260 cycles
at 100% discharge in cycle service. As with all
C5E batteries, all are rechargeabls, highly effident,
leak proof and maintenance fres.

Specification
Calls Per Unit &
Valtags Par Unit 12
Capacity 100Ah €8 20hr-rale Lo 1.75V per call @25 T (TTF) -
Weight Appm. 35ka(TT.1 b8 ) MH145330N)
Maximurn Disch args Current 500 58E)
intem al R esistance Appmx. Tmil T
Dperating Tempeature Range Discharge: -2077 ~500 (47 ~122°F) TOERT=
Charge: O =032 F ~104°F) e pimat?
Slorage: -20°7 40T (<4 F~104F)
Mo ina Operating Temperaturs Rangs 250430 (TTF26F)
Float Charging Veltage 13.5 ta 13.8 VOO unit Average at 257 (TTF) i A
Resommend ed Maximum Charg ing anA
Cur e it Limit CEB-manufacturad
Eryualization and Cycle Sarvice 14.4 10150 VOC unit Average al 25T(77°7) betimioagre UL
Salf Discharge CSBE Balteries can be slored or more than & monthe at m ULgémﬂm
ET(TTF ). Please charge baleries belore using. For UL1883.
higher lmperaures the ime interval will be shorter. 38 Is also cartified by
e A ey — 1508001 and
Tannina Boll & Nut R Y= T
Contsiner Material -Pelyprepylena (84-HE)
Dimensions
Lt (WA g =1
07
mmﬁﬂ:; = 1 FB_ 2455, 040,08)
n g 1 JiFi16%]
?E LT 1 [H
e — %‘% |' 15 -
%ﬁ'%q ot P | (| L
E'E o T = e # 1
H L 4g0.9(18.7) 1 T |
w2} 44}

Constant Current Discharge Characteristics UnitA (25°C.77°F)
FAUTime | SMIM [ 10MIN | 15MIM | 300N | HE | 2HR | 3HR | 4HR | SHR | BHR | 10HR | 20HR

1600 kL 153 ] (1] T4 420 264 4 143 126 03 b )
167 ] 241 14 114 7.4 41.7 207 3 192 123 0.2 i
1. 700 33 133 186 118 i ] 416 257 3 143 125 0.3 506
1.TEW g 128 B0 115 0o 413 D nl 191 124 00 50
1.BO0Y i U7 73 18 ni 4.5 b1 .l 180 123 &43 4.8
1.88W i e 167 1] ol 413 i ol 138 121 Tl 4.8

Constant Powar Discharge Characteristics UnitW (25°C ,.77'F)
EfMime | SMIM [ 10MN | 15Mi0 | 30MiM | HE | 2HR | 3HR | 4HR | SHR | BHR | 10HR | 20HR

160 A k11 )] D0 14%) &7 I N il Pl 15 134 i
1.6TW 4363 | 2600 2357 141 B b1 A5 il 10 150 123 627
1.70% 4M0 | 3@ 30 1410 &6 445 % il B0 150 122 6L
1.76W LT ] s 1345 a1 4449 % il bl 14 120 G0
1.80Y dEn | dEm X0 1340 i 45 % il 24 14 118 5484
1.B6W | 0d 133 Ml 44 % il pri) 145 116 567

& Al mentiornsd values e o v e,
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APPENDIX D

Datasheet for Current Sensor

ACS?SB Fully Integrated, Hall Effect-Based Linear Current Sensor 1C
with 3 kVRMS Voltage Isolation and a Low-Resistance Current Conductor

X050 PERFORMAMNCE CHARACTERISTICS over Range K1: T..=—40°C 1 1250, Ve = 5V uninss ohorwise spacified

Characteristic Symbaol Test Conditions Miin. Typ. Max. Units
Prirnary Samphed Current kL 50 - 50 A
N Sensy, |Hal scale of L appled for Sma. T, = 25°C - 40 - A
Sanssviy Sensroe |Fal scak O | appied r S s E] - 28 | miA
Nosa? Vo | Ta=25°C. 10 nF on VIOUT pin to GND - 10 - mi
Honinearty Epmgry  |Up to i scala of 1o, | agpbed for S ms, Toe = 25°C 0 125°C =1 - 1 %
ELpury  |Up to full scale of |p, |p apphed for 5 ms, Tee = =40°C 0 26°C =18 - 18 %
Vearay |l = 0A To=25C - 42 - v
Blectrical Ofset Vanage? Vegrmoemr |l ™ 0A Tea® 25°C 10 125°C =30 - a0 Y
Voemoeir |b® 0A, Top® —40°C 10 25°C —60 - 60 mv
Tstal Okt Ermed Erompm | COwer full scabe of I, | applied for § ms, Tpoe = 25°C 10 125°C -5 - 7.5 %
Evoma | Ower full scale of I, | appled for 5 ms, Toe= —40°C 10 25°C 5 - 7.5 %

"Davica may be operded al higher primary currant levals. | and ambeant lemparaiures, Tope, provedad hat e Masmum Juncton Tamparature
Tmax ). 5 not exceadad

Mg nokse volaga

N ogmoe 9% & refamadio keal Vo =25V atl A

APamaniaga of b with | =25A. Cutput flared

X050 PERFORMANCE CHARACTERISTICS over Range 51 Tgae 2070 10 85°C, Voo 5M uniess oferwise soaciad

Characteristic Symibod Tast Conditions Min. Typ. Max. Units
Primary Samplad Currant k 50 - 80 A
Sans, Haf scale of L applied for 5 T, = 25°C A7 - WA
Sanssvity - IP.q:: a1 r5ms, Ty { M
SmSrsp | Ha soaledf | applad for 5 me |3 417 A
Moasa? Vigwae | Te= 253G, 10 nF on VIDUT gin o GhD - v} = my
E ¥ U ba il scabs of |, |pappied for 5 ma, Tee® 25°C 10 85°C =1 = 1 %
Mariinearty LMHT) B o | 5 Tew
ELmimy | Up o tull scale of Ip, |p apphed for 5 ms, Tga = —20°C 0 25°C -1 - 1 %
Vogmay JB=0A T=25C = 12 - my
Bacrical Dfsen Votags? Viemer (b= 0A Top= 25°C 0ESC a0 - 30 my
Voemoeir [b= 0A Top= —20°C 0 25°C B = 30 my
Tatal Oussut Ermoet Ergrpm | Ower full scale of |p, b sppind for Sms, Top = 25°C 10 85°C =5 - 5 %
Evamr | Ower full scale of lp, | applind for 5 ms, Tee = <2000 0 26°C =5 - 5 k]

"Devica may be operaled at igher primary current lavals, |, and amben! temparaiuras, Tee, provided ha e Madmum Juncson Temperaiure
T jimax |, i not exoseded

M noise volage

N agrroe drilt B refamedio ideal Vg =25V ald A

APpamentags of . with |p=25A Outpul SBarad

u Al M iystam s, In 5
- % Morthaast Cup®
A reoms i, M s ch s s (95008 UL S8
. Wit ° B0 S5 BO00 www il b e i i



APPENDIX E

Percentage of Turnitin.

Turnitin Originality Re port

56

Green Energy Management System by
Mabilah Mat Kassim

From psm (psm)

Frocessed on 26-May-2014 1738 MYT

Similarity Index

11%

Similarity by Source

Inferned Sources
Publicafiong
Sludent Papers

5%
8%
4%

ID; 430391672

Word-Coomt 5710

EI 3% match {pLIJImtmns}

Power Electronics, 12/2006

|z| 1% match {hternet from 18- Dec—2013}

|z| 1% mateh (publications)

S8a0 ...|--l g

Qmug_mm_a_Lg_and &muimnon 2012,

El = 1% match (publications)

Renacun Wang="Xiarng Tang, andKaisheng Xu-*THE research dnd desian of a new type

smart solar gutbmatictonptrol€yvsten™, 201 EEE Internatiting \eohfErence”on Combuier

Science and Automation Engineering 2011

< 1% match {puhhcatlons}

= 1% match (Internet from 15-Feb-2011)

hitp: hewew mathworks. es/helpftoolboxphysmod/powersysirefibattery. html

= 1% match (Inmtermet from 03-Dec-2008)

5ch/C 0068 pdf

ittp: wasan 0 G

= 1% match (Internet from 01-Sep-2011)
http:/idanpri comiwiki'Vol ivider
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Participation at INNOFEST (2014)

59





