Dl e el 1 )

UNIVERSITI TEKNIKAL MALAYSIA MELAKA

UNIVERSITI TEKNIKAL MALAYSIA MELAKA

DEVELOPMENT OF AUTOMATED RIVER TRASH
MANAGEMENT SYSTEM

This report submitted in accordance with requirement of the Universiti Teknikal
Malaysia Melaka (UTeM) for the Bachelor Degree In Electrical Engineering
Technology (Industrial Automation And Robotics) (Hons.)

by

JIHAD SALIHIN BIN HASSANUDIN
B071310939

FACULTY OF ENGINEERING TECHNOLOGY
2016



UNIVERSITI TEKNIKAL MALAYSIA MELAKA

UNIVERSITI TEKNIKAL MALAYSLA MELA

BORANG PENGESAHAN STATUS LAPORAN PROJEK SARJANA MUDA

TAJUK: Development of Automated River Trash Management System

e

SESI PENGAJIAN: 2016/17 Semester 1
Saya JIHAD SALIHIN BIN HASSANUDIN

mengaku membenarkan Laporan PSM ini disimpan di Perpustakaan Universiti
Teknikal Malaysia Melaka (UTeM) dengan syarat-syarat kegunaan seperti berikut:

1. Laporan PSM adalah hak milik Universiti Teknikal Malaysia Melaka dan penulis.

2. Perpustakaan Universiti Teknikal Malaysia Melaka dibenarkan membuat salinan
untuk tujuan pengajian sahaja dengan izin penulis.

3. Perpustakaan dibenarkan membuat salinan laporan PSM ini sebagai bahan
pertukaran antara institusi pengajian tinggi.

4. **Sijla tandakan (v)

SULIT (Mengandungi maklumat yang berdarjah keselamatan
atau kepentingan Malaysia sebagaimana yang termaktub
dalam AKTA RAHSIA RASMI 1972)

TERHAD (Mengandungi maklumat TERHAD yang telah ditentukan
oleh organisasi/badan di mana penyelidikan dijalankan)

TIDAK TERHAD

Disahkan oleh:

Alamat Tetap: Cop Rasmi:

Tarikh: 26 November 2016 Tarikh:

** Jika Laporan PSM ini SULIT atau TERHAD, sila lampirkan surat daripada pihak berkuasa/organisasi
berkenaan dengan menyatakan sekali sebab dan tempoh laporan PSM ini perlu dikelaskan sebagai SULIT
atau TERHAD.




DECLARATION

I hereby, declared this report entitled “Development Of Automated River Trash
Management System” is the results of my own research except as cited in

references.

Signature e
Author’s Name : Jihad Salihin bin Hassanudin
Date : 26" November 2016



APPROVAL

This report is submitted to the Faculty of Engineering Technology of UTeM as a
partial fulfillment of the requirements for the degree of Bachelor of Electrical

Engineering Technology (Industrial Automation And Robotics) with Honours.
The member of the supervisory is as follow:

(Project Supervisor)



ABSTRAK

Berdasarkan pemantauan yang dijalankan oleh Jabatan Alam Sekitar Malaysia
(JAS) pada tahun 2013, 341 daripada 473 sungai di Malaysia didapati telah tercemar.
la menyumbang kepada pelbagai jenis penyakit yang boleh menjejaskan kesihatan
manusia serta semua organisma yang hidup. Tambahan pula, ia akan memberi kesan
kepada industri pelancongan di negara ini. Untuk menjadikan Malaysia sebuah negara
berpendapatan tinggi menjelang tahun 2020, sektor pelancongan merupakan
sebahagian daripada Bidang Ekonomi Utama Negara (NKEA) dalam Rancangan
Malaysia Ke-10 (2011-2015). Sistem Pengurusan Sisa Sungai Automatik digunakan
untuk membersihkan sungai daripada sampah sarap. Sistem ini menggunakan tenaga
solar sebagai sumber tenaga. Dengan menggunakan penderia jarak sebagai input dan
Arduino Uno R3 sebagai pengawal mikro, sebuah sistem pengumpulan sisa sungai
automatik telah dapat dibina. Data yang diperolehi adalah hasil daripada beberapa
ujian yang dilakukan di bawah sinaran matahari. Prototaip ini dapat menyumbang idea
tentang bagaimana untuk membina suatu sistem yang boleh mengurangkan
pencemaran sungai. Secara realitinya, projek ini dapat membersihkan sungai dengan

lebih berkesan.



ABSTRACT

Based on monitoring conducted by Department of Environment Malaysia
(DOE) in 2013, 341 out of 473 rivers in Malaysia were found polluted. It contributes
many type of disease which affects human being and living organism on Earth.
Furthermore, it will affects tourism industry in this country. To transforms Malaysia
into a high income nation by 2020, tourism sector is a portion of National Key
Economic Areas (NKEA) in 10th Malaysia Plan (2011-2015). The Automated River
Trash Management System is used to remove trash and debris floats on the river. This
system used solar energy as its power source. By using distance sensor as an input and
Arduino Uno R3 as microcontroller, an automated river trash collecting system was
developed. The result of data is obtained from real test condition under the sun. This
prototype may contributes some idea on how to build a system that will reduces river

pollution. In real situation, this project will be able to clean our river more effectively.
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CHAPTER 1

INTRODUCTION

1.0  Background Of The Study

Nowadays, most of the river is heavily polluted by trash and non-disposible
waste. It contributes many type of disease which affects human being and living
organism on Earth. Furthermore, it will affects tourism industry in this country. To
transforms Malaysia into a high income nation by 2020, tourism sector is a portion of
National Key Economic Areas (NKEA) in 10th Malaysia Plan (2011-2015). Therefore,
an Automated River Trash Management System is used to reduce river pollution. In
Europe, they have developed this system since a long time ago. However, in Malaysia,
it is a new system. Moreover, this prototype may contributes some idea on how to

build a system that will reduces river pollution.

Basically, this system is solar powered. Solar energy produced by the sun will
be absorbed by module and change into DC output. When the system is ON, the water
pump will pumps out water from the river itself with high velocity to rotate the water
mill. After that, the water mill will moves the conveyor to pick up trash and rubbish
floated on river surface. And then, all trash and rubbish will be stored inside an
automated dumpster barge. If distance sensor detects dumpster barge is full, the system
will automatically shuts the water pump and stops the conveyor from operate. In real

situation, this project will be able to clean the river more effectively.



1.1 Problem Statement

In recent times, there are many people who tends to litter into the river. Based
on monitoring conducted by Department of Environment Malaysia (DOE) in 2013,
341 out of 473 rivers were found polluted, although there is a law which protects
cleanliness of the river. Furthermore, the trash that floats on a river is difficult to clean
by human. Some of them spreads throughout the river. It may affects the ecosystem of
nature and living organism in the river. This waste contains various of disease-causing
organisms including E-coli which can leads to many health issue ie. diarrhea and
abdominal pain. Moreover, it may indicates bad image to tourist from oversea that

came to Malaysia.

To prevent this problem, a prototype of Automated River Trash Management
System is build. In Europe, this project have been developed. However, the water
pump is controlled manually by human. Therefore, a new system which control the
water pump automatically is designed. The water pump will stop automatically when

the dumpster barge is full. Arduino Uno R3 is used as microcontroller for the system.

1.2  Objective Of The Study

The objective of this project are:

1) To design and develop a solar powered water pump system.

2) To develop a prototype of river trash collecting system.

3) To develop an automated trash collecting system.



1.3 Work Scope Of The Study

This project will be focused on the way to sets maximum height of trash inside
the dumpster barge and how the system stops water pump automatically when the
dumpster barge is full. Moreover, programming codes for Arduino Uno R3
microcontroller and distance sensor should be considered. However, the cost, mass

production and marketing of this project will be not covered in this task.

To design and develop a solar powered water pump system, determine the
capacity of battery and module sizing of solar system components. And then, design a
prototype of river trash collecting system using SketchUp and development of
prototype using water wheel, conveyor belt and dumpster barge. By using distance
sensor as an input and Arduino Uno R3 as microcontroller, the automated river trash

collecting system can be developed.

1.4 Process Flow of Automated River Trash Management System

Figure 1.1 depicts the process flow of Automated River Trash Management
System. At first, battery is fully charged by PWM charger controller, provided by PV
array. And then, water pump is activated when ON button is pushed. The water jet
produced by water pump will flow through the water wheel, causes it to rotate and runs
the conveyor belt. The water current produced by the water wheel rotation attracts the
trash to conveyor belt. After that, the conveyor belt will carries the trash and collects
it into dumpster barge. When the dumpster barge is fully-loaded, the water will be
deactivated automatically. At this condition, the water wheel and conveyor belt will

stop from operates.



!

Battery is fully charged

\4
Water pump is activated

!

Water flow through water wheel
and run the conveyor belt
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into the dumpster barge

!

The motor pump will
stop when the dumpster
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Figure 1.1: Process Flow of Automated River Trash Management System



1.5 Contribution

As a result, a solar-powered water pump was designed and developed.
Therefore, human don’t have to relies heavily on non- renewable source such as diesel
and petrol. The system usage may conserves this energy source for future generation.

Moreover, a prototype of river trash collecting system was developed.

This prototype will contributes idea to others in developing green technology
product and awareness about the importance of river conservation for our nature.
Furthermore, a fully-automated trash collecting system will be created. The prototype
applicate modern and advanced technology in its system. In this project, most of
theorytical knowledge and engineering technology will be applied. Furthermore, this
machine can do what the human can’t. It will cleans the river better and faster than
human itself. Hopefully, this project will successfully achieved its goals and vision to

makes the river cleaner and better for the sake of the future.



1.6 Thesis Organisation

The thesis of this project consist of five chapter,

Chapter 1: Introduction includes background, problem statement, objective, work

scope, process flow, contribution and thesis organization of the study.

Chapter 2: Literature review includes water pollution, photovoltaic system (PV) and
its operation, type of solar cell, stand-alone photovoltaic system, wiring connection of
PV module, principle of battery, charger controller, DC to AC inverter, AC water
pump, relay, Arduino Uno R3 microcontroller and distance sensor used in this project.

Chapter 3: Methodology includes flow chart, concept design, photovoltaic solar
system flow, block diagram, formula to determination of load, PV module sizing,
battery sizing, equipment and material, specification of solar module, solar charger
controller, rechargeable sealed lead acid battery, water pump, Arduino Uno, relay and
distance sensor, measuring equipment, work implementation and step in making a

prototype model.
Chapter 4: Discussion and result of the project.

Chapter 5: Conclusion and recommendation of the project.



CHAPTER 2

LITERATURE REVIEW

2.0 Introduction

This project is to construct a prototype model of the Automated River Trash
Management System which is a floating mobile plant specializing in the clearing and
disposal of trash and debris on the surface of inland waterways such as canals and

rivers and water catchment areas such as lakes and reservoirs.

This literature review is a combination of information gathered from various
sources to form the basis for the development of Automated River Trash Management
System. The information is collected from journal, website, book and research article
to discuss the theory, basic principle and general character in the development of this
project which uses the Photovoltaic system, Arduino Uno R3 Microcontroller, battery,

distance sensor, DC relay and DC to AC inverter and AC water pump.



2.1 Water Pollution

Water is a vital element for the survival of all living organism on Earth. If water
cleanliness is not sustained, all living things on Earth particularly human being would
be facing a major consumption and health crisis. Today, water pollution is a major
issue on all parts of the world particularly the industrialized nation. Water pollution is
chiefly cause by waste from agriculture, domestic and industrial activities (Ramandeep
Singh Gambhin, et al, 2012).

The increase in the manufacturing sector result in the increase of air, land and
water pollution which is seriously causing health problem to all living things
throughout the world. The increase cases of water pollution chiefly contributed by
industrial waste in our water catchment areas which if not removed, would contribute
substantially to human sickness and death. This industrial waste include packaging
plastic bags and paper material. Wastes polluting our inland waterways include offcut
and rotten timber material which if not removed would obstruct the movement of boats
and rivercrafts (Alexandra E. V. Evans, et al, 2012).



2.1.1 Malacca River Trash Size

A research have been conducted at Malacca River to tabulate the average size
of trash that floating on the river as depicted in Figure 2.1. This research was conducted
for five days. Table 2.1 depicts the average and biggest size of trash according to their
width, in centimeter (cm). Based on this research, the highest average size of trash that
floating on the river is 140 cm. Furthermore, the largest trash have been recorded is
145 cm. Meanwhile, the width of conveyor belt for real Automated River Trash
Management System is 165 cm, which is larger than any trash that have been found.
This research proved that the conveyor belt has sufficient space to pick up and carry

the trash from the river.

Table 2.1: The Average And Biggest Size Of Trash Floating On Malacca River

Day | Average Width Of Trash (in cm) Biggest Trash Width (in cm)
1 100 120
2 60 80
3 120 140
4 80 100
5) 140 145

Figure 2.1: Trash Floating On Malacca River



2.2 Photovoltaic System

The Photovoltaic system (PV) converts solar power into electrical energy.
Photovoltaic energy is a renewable energy source produced by radiation from the sun
and do not involve movable parts to generate this type of power. PV system can be
designed to produce from mill watt range to megawatt range. Unlike the use of petrol
and gas, the use of the solar energy do not produce pollution. The solar energy is a
clean and endless source of power for the PV system to generate current. (Fatimah
Zohra Zerhouni, et al, 2010).

2.2.1 Operation

To convert light energy into electrical energy, solar cell is used in the
Photovoltaic process. Photovoltaic effect will be produced when sunlight falls on a
two-layer semiconductor resulting in some amount of voltage being generated between
the two layers. The output current produced can be used through external electrical

circuit.

<http://micro.magnet.fsu.edu/primer/java/solarcell/>

Figure 2.2 denotes the electron, current flow and operation of solar cell. A
simple three layer solar cell is assembled to comprise of a top junction layer made of
N-type semiconductor, an absorber layer P-N junction and a back junction layer made

of P-type semiconductor.

10


http://micro.magnet.fsu.edu/primer/java/solarcell/

The P-N junction cell has its own built-in electric field to provide voltage to
force electrons through a hole freed by light absorption allowing it to flow in their own
directions. The electron will flow to the N-type side, and through the hole to the P-
type side. The electron flow produces current whilst the cell’s electric field produces
voltage. Electric power is produced through the combination of the current and
voltage.

<http://www.solarbotics.net/starting/200202 solar cells/200202 solar cell physics.

html>

Electron and Current Flow in Solar Cells

Figure 2.2: Electron And Current Flow In Solar Cell

11



Solar energy is converted into direct current (DC) by the solar cell
semiconductor in the solar module by absorbing sunlight through the photovoltaic
process. As shown in Figure 2.3, the solar cells are combined and sealed to increase
its efficiency. The combined and sealed cell are known as module. Several module are
assembled in series or parallel arrangements to achieve the desire output. The

assembled module are known as array.

<http://www.samlexsolar.com/learning-center/solar-cell-module-array.aspx>

Figure 2.3: Cell, Module And Array

12


http://www.samlexsolar.com/learning-center/solar-cell-module-array.aspx

To obtain maximum efficiency output, the PV module surface is installed at a
suitable angle perpendicular facing the sun path as depicted in Figure 2.4. To capture
maximum sunlight, the PV module should be tilted 34 degree from the ground to face
the sun. The green area in Figure 2.3 shows the path of sun. The tilted angle also allow

water to be drain off. Accumulation of water can cause damage to the module.

<http://www.greenergystar.com/shop/content/14-optimizing-pv-array>

Figure 2.4: The Angle And Sun Path Of PV Module

The sun radiation in Malaysia from January to December is denoted in the
graph of Figure 2.5. The average radiation per day is 4kWh and this information is

used to calculate the required quantity of the solar module.

<http://www.pveducation.org/pvcdrom/properties-of-sunlight/average-solar-

radiation#t>

B Singapore, Malaysia

402099, ..
74 39152435
4.293,21 4.344 435, .5 4

kWhr m*2 day-!
BN GEPE~NPD

4 FM A M J J A S © H D
month

Figure 2.5: The Graph of Average Radiation In Malaysia
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2.2.2 Type of Solar Cell

Solar cell made from silicon comprised of three main types ie. mono-crystalline
silicon, thin-film silicon and polycrystalline silicon. The three types differ by their
atomic structure and performance (John Balfour, et al, 2013). Mono-crystalline and
polycrystalline play important role in photovoltaic system. Other cells such as
amorphous which are cheaper are less efficient. (L.A. Dobrzanski, et al, 2012). As
seen in the Table 2.1, the mono-crystalline silicon have the highest efficiency compare
to others (L.A. Dobrzanski, et al, 2012).

Table 2.2 shows the efficiency and types of module that absorbs sun ray.
Mono-crystalline efficiency is 25%, polycrystalline is 20.4%, nano-crystalline is
10.1% and amorphous is 10.1%. By this the mono-crystalline has the highest
efficiency and it will be used in the project (L.A. Dobrzanski, et al, 2012).

e

M) Classification Eiliciency
-1 Mono-crvstalline | 250205
[ 2 Polvervstalline | 203500

L . -

3 Nano-crvstalline 10,1402

4 Amorphous 10.1+0.3

Table 2.2: The Efficiency Of The Module

14



2.2.3 Stand-Alone Photovoltaic System

There are two types of Photovoltaic system ie. on-grid PV system and off-grid
PV system. On-grid system is connected to a grid where the solar power can be sold
to a utility company. Off-grid system is connected to a grid allowing the power to be
used for own system only which is known as stand-alone system (John Balfour, et al,
2013).

This project is using the stand-alone PV system. There is two types of stand-
alone PV system ie. direct coupled system and small stand-alone system. Direct
coupled system PV module is directly connected to the load whereas small stand-alone
system module output will store power in the battery first before usage as depicted in

Figure 2.6.

<http://www.eai.in/ref/ae/sol/cs/tech/saps/stand alone solar pv systems.html>

PY Array

X Load
Charge Center

Control $
.'-l Fuse
Battery

Figure 2.6: Stand-Alone Photovoltaic System

i
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2.2.4 Wiring Connection Of PV Module

There are 2 types of wiring connection for PV module, ie. parallel connection
and series connection. This project uses the parallel connection.

In series connection, wiring from battery is not connected via one common life
wiring. Instead, wiring from battery is directly link to the first module, followed by a
second wiring from the first module to the second module and a third wiring from the
second module to the third module. Disadvantages of series connection is the current
is low, voltage of module varies ie. not stable and should the first module be damaged

all three module cannot function.

<http://solarpanelsvenue.com/mixing-solar-panels/>

In parallel connection, wiring from battery is connected to all three PV module
via one common life wiring as depicted in Figure 2.7. The advantage is, this connection
can obtain a higher output current, a more stable voltage and if one module is damaged,

the other two modules can still produce the output current.

<http://solarpanelsvenue.com/mixing-solar-panels/>

*
*
FA
-
-
+
’
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Figure 2.7: Parallel Connection Of Solar Module
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2.3 Battery

Storage of power in battery banks is vital in the stand alone system as it supplies
higher current when starting the motor if compared to the PV direct coupled system.
The voltage can also be controlled to avoid damage to the load. To achieve maximum
efficiency, the battery bank should be of high quality (Arjyadhara Pradhan, et al,
2012).

A rechargeable sealed lead acid battery depicted in Figure 2.8 is most suitable
for the PV system. It is designed to produce lower current to prevent it from damage.
This battery can store and charge according to its capacity known as amp hour (Ah).
The rechargeable sealed lead acid battery is cheap, maintenance free, and have longer
life span (Arjyadhara Pradhan, et al, 2012).

-
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Maintenance-Free Rechargeabls
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b

150 9081
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Figure 2.8: Rechargeable Sealed Lead Acid Battery
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2.4 Charger Controller

A charger controller is a device that controls the amount of incoming and
outgoing of current to and from the battery. The charger controller is connected
between the battery and the PV array. It regulates the voltage between the battery and
the PV array and control the battery from over-discharging that could reduce the
battery life span (Shrish Sinha, et al, 2013).

Over-discharging would cause a chemical reaction in the battery which would
not allow the battery to be recharged. Charger controller also prevent the battery from
over charging and weakening the bond of electrolyte. Two main types of charger
controller used in solar system is the pulse width modulation (PWM) controller and
the Maximum Power Point Tracking (MPPT) controller (John Balfour, et al, 2013).
PWM charger controller is used in this project. Figure 2.9 depicts the sample of PWM
charger controller used in PV system.

Figure 2.9: Solar Charger Controller
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The charging efficiency of the pulse-width modulation (PWM) is at the range

of 60% to 70% and 75% to 85%. The charging efficiency of the maximum power point
tracking (MPPT) is from 90% to 93% (Geeta Laxmanrao Kale, et al, 2011).

Although the maximum power point tracking (MPPT) have higher efficiency

in charging, it is expensive and is not cost effective (Geeta Laxmanrao Kale, et al,

2011). Other comparison between PWM and MPPT is denoted in Table 2.3.

PWM Charge Controller

MPPT Charge Controller

almost full because it operates

at battery voltage.

Module PV module voltage is equal to | PV module voltage is higher
voltage battery voltage. than battery voltage.

Battery Perform  well in  warm | Provide “boost” in cold
voltage temperature when battery is | temperature and when battery is

low because it operates above

the battery voltage.

Table 2.3: Comparison Between PWM And MPPT

<http://solarcraft.net/articles/comparing-pwm-and-mppt-charge-controllers/>
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2.5  Water Pump

A water pump is an appliance for moving fluid through mechanical pressure.
It varies in size and purpose and is used widely in building, aquarium, pond and
industrial application. Pump can be immerse in or above water level. Types of pump
also varies from electrical pump, diesel pump, steam pump, valve less pump, impulse
pump and flexible pump. An efficient pump should have a high flow rate and selection
should be based on its purpose (Ahmed Mohamedi, et al, 2013).

Figure 2.10 depicts an electrical multifunctional AC water pump that will be
used in this project. The rated voltage is 12V. The input power is 100 Watt with
frequency of 50Hz. The flow rate is 277.78 ml/sec. The pump incorporate an internal
blower and piping covered by an outer plastic casing. The function of the water pump

is to suck in and eject water at the water wheel to allow it to rotate.

Figure 2.10: 12V Multifunctional AC Water Pump
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2.6 Inverter

Inverters are electronic devices which convert solar array generated direct
current (DC) power to alternative current (AC) power. Direct current flows from one
direction only but alternative current can flow from different directions. Photovoltaic
system inverter is installed between batteries and load (Shrish Sinha, et al, 2013) and

converts DC power from batteries or solar array into 50Hz AC power.

Inverter can be a stand-alone unit or be connected to a utility such as socket
outlet or it can also be a combination of both. The inverter output from DC is a pure
AC sine wave. Inverters can also be tied to electric grids (Shrish Sinha, et al, 2013).

Figure 2.11 shows the conversion of DC input to AC output.

DC iput AC output

“\U

Figure 2.11: DC Input to AC Output Conversion
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2.7 DC Relay

Relay is used to switch ON and switch OFF the water pump. If the water pump
is connected directly to the battery, it may damage the water pump. In choosing
suitable relay for the project, the operating voltage must be same with the voltage of
battery. If not, the relay may be damaged internally or failed to function.

Figure 2.12 depicts the type of relay used in this project. DC relay is used in
this project because it generates current by DC supply from the battery. The relay also
incorporate two gates, one is opened and another one is closed. The opened gate will
not supply current until the coil is energized. The closed gate will not supply current

when the coil is energized.

<http://www.circuitstoday.com/working-of-relays>

il

Figure 2.12: 12V DC Relay
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2.8 Distance Sensor

Distance sensor is used in this project to detect height of collected trash inside
dumpster barge. The Sharp distance sensors is a good choice for this project because
it gives accurate height measurement. The detection range of this version is
approximately 10 cm to 80 cm (4" to 32"). The range of the distance sensor installed
in the dumpster barge is approximately 8 cm from the maximum height of the

accumulated waste.

Figure 2.13 show the sensor used for this project. The GP2Y0A21 uses a 3-pin
JST PH connector that works with a 3-pin JST PH cables for Sharp distance sensors.
These cables have 3-pin JST connectors on one end and are available with pre-crimped
male pins, pre-crimped female pins, and with unterminated wires on the other end. It
is also possible to solder three wires to the sensor where the connector pins are
mounted. When looking at the front, the three connections from left to right are output,
ground, and the power signal as depicted in Figure 2.14.

<www.sharp-world.com/products/.../datasheet/gp2y0Qa41sk e.pdf>

10uf Capacitor
/[run Fram power ta ground

near the sensar).

_|

+5Y

guse same regulated
v supply as badd)

Usze:
getACD[pin#]

ground

Figure 2.13: Infrared Distance Sensor Figure 2.14: Three Connection Pin
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2.8.1 Trash Detection Using Distance Sensor

This project uses Infrared (IR) distance sensor for trash detection. IR sensor

radiates invisible light, but it can be detected by electronic devices. IR sensor section

consists of the IR transmitter and IR receiver. IR transmitter consists of LED which
transmit the IR beam (Vikrant Bhor, et al, 2015).

IR (infrared) object detection is to transmit the IR signal (radiation) in the

direction of the object. The signal is received by the IR receiver when the IR radiation

bounces back from a surface of the object. In Figure 2.15, the IR LED transmits the IR

signal on to the object and the signal is reflected back from the surface of the object.

The reflected signals is received by an IR receiver. The IR receiver can be a photodiode

phototransistor or a ready-made module which decodes the signal.

<http://www.coregravity.com/html/detecting obstacle with ir in.html>
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Figure 2.15: Emmited And Reflected Signal
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2.9 Arduino Microcontroller

Arduino is a software company, project, and user community that designs and
manufactures computer open-source hardware, open-source software,
and microcontroller-based Kits for building digital devices and interactive objects that
can sense and control physical devices. . These systems provide sets of digital and
analog 1/0 pins that can interface to various expansion boards and other circuits. The
boards feature serial communication interfaces, including Universal Serial Bus (USB)

on some models, for loading programs from personal computers.

Figure 2.16 depicts the microcontroller used for this project. Arduino Uno R3
is a microcontroller board based on the ATmega328P._It has 14 digital input/output
pins, 6 analog inputs, a 16 MHz quartz crystal, a USB connection, a power jack, an
ICSP header and a reset button. It contains everything needed to support the
microcontroller by simply connect it to a computer with a USB cable or power it with
the AC-to-DC adapter or battery to get started.

<https://www.arduino.cc/en/main/arduinoBoardUno>

Araley Ralepres

Gomegg bor

i e i e

Figure 2.16: Arduino Uno R3 Microcontroller
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2.10 Conclusion

This literature review contains article, figure and tables related to the project
which is useful in choosing of the right material. Data and information gathered from
the research is used to identify the method in completing the project and to proceed
with the methodology. The decision to choose the appropriate materials ie. mono-
cyrstalline solar module, sealed lead acid battery, (PWM) charger controller, AC
multifunctional water pump, DC-AC inverter, Arduino Uno R3 microcontroller,
distance sensor and the stand alone photovoltaic system would contribute to the
excellent development and performance of the project’s Automated River Trash

Management System prototype model.
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CHAPTER 3

METHODOLOGY

3.0 Introduction

The method used in conducting research and assembling process for this
project is described in this chapter. The project is designed from data, formula and
information collected from journals, website, books and research article. All data
collected is utilized to choose the appropriate material used for the assembling process.
Dimension and function of each material is fully understood so as to achieve the
objective of this project. This include data for designing and using the appropriate
material to develop a pollution free and renewable source of electrical energy for the
project’s Automated River Trash Management System prototype model. This efficient
system is known as Photovoltaic solar system and involve used of solar module and

sealed lead acid battery to power the plant.

3.1 Flow Chart

Figure 3.1 denotes the flow chart of methodology for this project. At first, the
literature review need to be prepared in advance. And then, the suitable material used
for the project should be searched. After that, compute the sizing for solar module and
battery by using related formula. Furthermore, some simulations will be made by using
PVGIS application. If the simulation failed, the recalculation of sizing should be made.
However, if the simulation is successful, the system of the project can be designed by
using SketchUp software and then the hardware assemble in line with the sketch. When
the hardware is assembled, testing of the hardware is conducted to ensure that the
hardware operates at its optimum level. If there is any fault, identify the area of
weakness and rectify the same. Finally, when the hardware is operating satisfactorily,

the project is considered complete.
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Figure 3.1: Flow Chart
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3.2 Concept Design of The Project

Figure 3.2 denote the concept design of an automated river trash management
system. Number 1 denotes the solar module area which is installed on the roof top.
Number 2 denotes the roof. Number 3 denotes the debris racking which retain the trash.
Number 4 denotes the hull of the management system which allows the plant to float.
Number 5 denotes the water wheel which moves the conveyor belt. Number 6 denotes
the conveyor belt which collects the trash. Number 7 denotes the dumpster barge which
hold the trash. Number 8 denotes the water pump which ejects water jet to run the

water wheel.

Mo Parts

1 Solar Panel

2 Roof

3 Debris Raking
4 Base

5 Water Wheel

6 Conveyor

7 Dumpster Barge
8 Water Pump

Figure 3.2: Side View Of The Concept Design
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3.2.1 Dimension of Automated River Trash Management System In Real Model

Figure 3.3 depicts the dimension of Automated River Trash Management
System in real model. Based on this figure, the total area of the base is (600 x 450)
cm?. The area of conveyor belt at front part is (150 x 165) cm?. And then, the area of
water wheel on left hand side is (340 x 130) cm?. Furthermore, the area of dumpster
barge is (150 x 200) cm?.

200 m\

150 ch 1150 cm
o —p -
142.5 cm 1425 cm| &
100 cm

: 600 cm

&
Y

450 cm

Figure 3.3: The Dimension of Automated River Trash Management System From

Top View.
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3.2.2 Dimension Of Prototype

Figure 3.4 depicts the dimension of Automated River Trash Management
System prototype model. The size ratio of real model and model prototype for this
project is 10:1. Based on this figure, the total area of the base is (60 x 45) cm?. The
area of conveyor belt at front part is (15 x 16.5) cm?. Furthermore, the area of dumpster
barge is (15 x 20) cm? as depicted in Figure 3.5. And then, the area of water wheel at
the left hand side is (34 x 13) cm?as depicted in Figure 3.6.

20 cm

Figure 1.5: Area of Dumpster

Barge from Top View
34 cm
34 cm

« >

13 em

45 cm Figure 3.6: Area of Water Wheel
Figure 3.4: Dimension of Prototype
From Top View

From Top View
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3.3  Photovoltaic Solar System

Figure 3.7 denotes the operation of the photovoltaic solar system. Mono-
crystalline solar array is tilted 34 degree to face the sun in order to absorb maximum
solar energy so as to produce direct current (DC) from the array to the solar charger
controller unit. The tilted position also prevent accumulation of rain water on the solar
module surface. Stagnant water accumulated water on the solar module surface may
block the sun ray or damage the module. DC power supply is produced by the battery
which is charged by the solar charger controller unit. Battery overcharging or
discharging is also prevented by the charger controller unit. The DC supply is
converted into AC by using DC-AC inverter. The AC water pump is powered by
alternate current (AC) produced by inverter to eject water to the water wheel allowing
it to rotate. Meanwhile, DC current supplies Arduino Uno R3 microcontroller that
control the water pump. Arduino Uno R3 microcontroller provides 5V DC supply to

the infrared distance sensor input.

Solar Module

l

Arduino Uno B3 (= Charger Controller
| |
|
¥ Y ¥
’7 DC Relay Distance Sensor DC Battery
|
AC Water Pump DC-to-AC Inverter

Figure 3.7: Flow Of The System
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3.4  Block Diagram Of The System

Figure 3.8 denotes the electrical circuit in this project for the development of a
prototype automated river trash management system. The solar module used in this
project is mono-crystalline solar module which is installed on the rooftop to absorb
solar energy produced by the sun. This energy will be converted to direct current (DC)
as output current to be sent to PWM solar charger controller. The solar charger
controller charges the battery and store the energy for backup application during
cloudy days and raining days. PWM charger controller supply energy from the battery
to the Arduino Uno R3 microcontroller and DC-AC inverter. The DC-AC inverter will
injects AC supply to the water pump. The Arduino Uno R3 microcontroller supply

energy to infrared distance sensor and DC relay.

Roler hlodols Solar Charper Cordreilor

Nanary
BV T.IAM

Figure 3.8: Block Diagram Of The System

e
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35 Formula to Determination of Load

At first, the total load used in this project have to be tabulated as depicted in Table 3.1.

The total load used is denoted as watt hour per day (Wh/day).

Table 3.1: Total Load in WH/day.

LOAD QUANTITY WATT HOURS/DAY | (WATT.HOURS)
| DAY
Water Pump 1 12 4 48
System 1 3 4 12
TOTAL LOAD 60

3.5.1 The Formula

At first, Formula (2) is derived from Formula (1). In Formula (2), the value of

peak power (Wp) was determined. And then, the value of Wp will be used in Formula

(3) to find number of module unit used in this project. Finally, the capacity of battery

used (1) is determined by dividing Wh with the rated voltage of battery (V), as denoted
in Formula (4). 1t is defined as Amp.Hours (AH).

(Wh =Wp x PSH x Pr)

(Wp =Wh/ (PSH x Pr)

(Unit of module = Wp / Module Power)

(I=Wh/V)

(1)
(2)
3)
(4)
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3.5.2 Module Sizing Calculation

60 Wh/day = Wp x 4 x 0.70 substitute into (1)

Wp =60 Wh/day / (4 x 0.70)

Wp =21.43 Wp

Unit of Module =21.43Wp /10 W substitute into (3)

- Unit of module used = 2.14 (Minimum = 3 units)

3.5.3 Battery Sizing Calculation

I=60Wh /12 V substitute into (4)

I=5AH

- In this project, we used 7.2 AH sealed lead acid battery because it is the nearest to 5
AH.

35



3.6  Equipment and Material

The equipment and material used to develop the prototype of this project
comprised of three solar module, PWM solar charger controller, battery, AC
multifunctional water pump, DC-AC inverter, DC relay, Arduino Uno R3

microcontroller, infrared distance sensor and related testing equipment.

3.6.1 Mono-Crystalline Solar Module

Figure 3.9 denotes the mono-crystalline solar module used in the development
of the prototype automated river trash management system. The solar module power
is 10 Watt. Maximum power point VMP is 12V and IMP is 0.833A. Open circuit
voltage VOC is 14.55V and short circuit current ISC is 0.90A. The solar module will
be tested under a 25° Celcius and 1000W/m? irradiance.

Pmax S| A MELAKA |
Tolerance;
Vmp:

Figure 3.9: Solar Module
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3.6.2 PWM Solar Charger Controller

Figure 3.10 denotes pulse width modulation (PWM) solar charger controller
used to energize the battery and activate the pump. MOSFET electronic switch is used
to automatically recognized the day and night. This solar charger controller nominal
system voltage 12VDC, maximum PV input voltage 35V and nominal charge or
discharge current is 5A. This controller can be worked in -35° Celcius to +55° Celcius

temperature.

Figure 3.10: Solar Charger Controller
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3.6.3 12V Sealed Lead Acid Battery

Figure 3.11 denotes a maintenance-free rechargeable sealed lead acid battery. The
battery is charged by solar charger controller using solar energy. The battery voltage
and current supply is 12V and 7.2 AH respectively used in the prototype to energize
the battery and activate the pump. The calculation of battery sizing should be done to

selects the most suitable battery to be used in this project.
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Figure 3.11: Rechargeable Sealed Lead Acid Battery
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3.6.4 AC Multifunctional Water Pump

Figure 3.12 denotes AC multifunctional water pump used in aquarium and pond to
spray water to the certain area. The pump, connected to the water tank, is powered by
12V DC supplied from the battery which is converts into 240V AC by inverter. When
the water pump is activated, water is suck up by the motor through an entry point and

pump out through a nozzle at an exit point.

o D)

Figure 3.12: 12V Multifunctional Water Pump
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3.6.5 AC to DC Inverter

Figure 3.13 depicts the DC-AC inverter used in this project. It is used to convert
DC supply to AC. It can change the DC 12V into AC 220V. It can be widely used in
all kind of electrical apparatus whose voltage rating are AC 220V and frequency are
equal to 50 Hz. The USB output voltage is DC 5V. The continuous output power is
100W. The over voltage shutdown range is from DC 14V to DC 16V. The low voltage
shutdown range is from DC 9V to DC 11V.

Figure 3.13: 100W DC to AC inverter
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3.6.6 12V DC Relay

The type of relay used in this project is 12V DC relay as depicted in Figure
3.13. This relay is used to switch ON and switch OFF the water pump. The voltage
rating is 12VDC. The maximum current rating is 10A. The power consumption is
about 0.45W. The pull-in voltage rating is 75% from maximum voltage. The drop-out
voltage rating is 10% from minimum voltage. The maximum allowable voltage is

around 110% from voltage rating.

o

Figure 3.14: 12V DC Relay
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3.6.7 IR Distance Sensor

The type of sensor used in this project is GP2Y0A21YK IR distance sensor as
depicted in Figure 3.14. It is used to detect trash inside the dumpster barge at certain
height. The detecting distance is about 10 cm to 80 cm. The judgement distance is 24
cm. The supply voltage is 5V. The output terminal voltage is 0.3V. The operating
temperature range is from -10 ° C to + 60 ° C. The storage temperature range is from
-40°Cto+70°C.

Figure 3.15: GP2Y0A21YK IR Distance Sensor
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3.6.8 Arduino Uno R3 microcontroller

The type of microcontroller used in this project is Arduino Uno R3
microcontroller as depicted in Figure 3.15. It is used to control the operation of water
pump. The board used is ATmega328P. The operating voltage is 5V. The input voltage
range is from 7V to 12V. It have 14 digital I/O pins. The DC current per 1/0 pin is
20mA. The flash memory is 32 kilobyte of which 0.5 kilobyte used by bootloader. The
clock speed is 16 MHz.

® RNOMEMANAS
) 1 A B
DIGITAL (PWM~) E &

Figure 3.16: Arduino Uno R3 microcontroller
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3.6.9 Irradiance Meter

Figure 3.16 denotes a multifunction irradiance meter. The meter displays the
solar module tilt angle, orientation, temperature and irradiance. The irradiance meter
is used to measure the sun radiation absorbed by the solar module at tilt angle. The
meter will be installed on top of the module to get the irradiance value and the tilt angle
of the module. The irradiance meter will indicate the tilted angle and irradiance value
which is recorded as (W/m?).

Figure 3.17: Seaward Solar 200R Irradiance Meter
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3.6.10 Thermometer

Figure 3.17 denotes Fluke 568 IR Thermometer used to record the module
temperature. The thermometer uses infrared laser beams to measure and indicate
accurate temperature reading. To get the temperature reading, the fluke meter shoots
behind the module. Shooting in front of the module may block sun ray and may affects
the output reading.

Figure 3.18: Fluke 568 IR Thermometer
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3.6.11 Clamp Meter

Figure 3.18 denotes the clamp meter which is used to measure electric current
flowing in the conductor without open connection. It is also used to measure voltage
in the solar module output that will show the amount of current flow in Ampere.
Shorting the module wiring will obtain the current range.

Figure 3.19: Clamp Meter
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3.7 Work Implementation

The main parts of the prototype automated river trash management system
comprise of off-grid stand-alone solar system consisting of solar module, charger
controller, battery, DC-AC inverter, AC water pump, DC relay, Arduino Uno R3
microcontroller and distance sensor. The structure of automated river trash

management system also show the full operation of its system.

3.7.1 Step of Making A Prototype

1) The plastic sheet is marked in round shape by using the marker pen as depicted in
Figure 3.19. And then, the marked surface is cropped by using steel cutter. The round

shaped plastic sheet is used to construct a water wheel.

Figure 3.20: Marking and Cutting The Plastic Sheet
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2) The aluminium bar is measured and marked by using mechanical pencil as depicted
in Figure 3.20. After that, cut the aluminium bar by using steel cutter. The aluminium

bar is used for several mechanical parts and as the stand of PV module.

Figure 3.21: Marking and Cutting Aluminium Bar

3) The round shaped plastic sheet is attached together with the corrugated plastic by
using glue gun as depicted in Figure 3.21. The function of corrugated plastic is to allow

water jet to rotate the water wheel.

Figure 3.22: Attach the Plastic Sheet With Corrugated Plastic
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4) The banana cable is fixed with the cable conductor as depicted in Figure 3.22. By
using hot glue, the banana cable is attached to the PV module. The cable conductor is

soldered with banana cable by using solder iron to strengthen the bonding.

Figure 3.23: Soldering And Fixing The Banana Cable

5) The sensor holder is installed to the dumpster barge by using bolt and nut as depicted

in Figure 3.23. The sensor is attached to sensor holder by using cable tie.

Figure 3.24: Fixing Sensor And Sensor Holder
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6) The plywood is measured by using measuring tape. And then, the plywood is
marked and cropped by using steel saw as depicted in Figure 3.24. The plywood

surface is covered by plastic cover.

Figure 3.25: Cutting And Covering The Plywood

7) Figure 3.25 depicts the complete prototype model of Automated River Trash
Management System and its electronic box. The Photovoltaic system is tested under

the sun to collects data and result.

Figure 3.26: The Prototype Model And Electronic Box
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8) The photovoltaic system is tested in real condition as depicted in Figure 3.26. By
implementing this experiment, the data and result such as open circuit voltage, short
circuit voltage, temperature and irradiance can be obtained.

Figure 3.27: Testing Photovoltaic system

9) Reading of irradiation and temperature displayed on testing equipment as depicted

in Figure 3.27 is taken to tabulate data and result.

Figure 3.28 Measurement Reading
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3.8 Conclusion

This report have shown the design and materials used in the development of a
prototype automated river trash management system. The assembling flow chart also
simplifies the development of this project. The completed prototype is energy efficient
and environment friendly. Test equipment used such as irradiance meter can provide
accurate data to be recorded in tables and graphs for future research and development

purposes.
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CHAPTER 4
RESULT AND DISCUSSION

4.0 Introduction

This chapter depicts the result and analysis of data collected from the solar
system prototype which is designed to be off-grid and stand-alone. The solar
module will produce and supply electricity to run the water pump to rotate the
wheel. The result of the experiment to produce power by the solar system is listed

in the following table and figures.

4.1  Load Calculation for Prototype

Table 4.1: Load Sizing For a Prototype

Load Quantity | Wattage (W) | Hours/day Load (WH/day)
Water Pump 1 12 4 48
System 1 3 4 12
Total Load 60

Calculation for quantity of solar module sizing from Formula (3.5.1) :

(Wh =Wp x PSH x Pr) (1)
(Wp =Wh/ (PSH x Pr) (@)
(Unit of module = Wp / Module Power) (3)
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60 Wh/day = Wp x 4 x 0.70 subtitutes into (1)

Wp =60 Wh/day / (4 x 0.70) subtitutes into (2)
Wp =21.43 Wp
Unit Of Module =21.43 Wp /10 W subtitutes into (3)

- Unit Of Module = 2.14 (Minimum = 3 units)

Calculation for battery sizing from Formula (3.5.1) :

I=Wh/V (4)
I=60Wh/12V subtitutes into (4)
I=5AH

- In this project, we used 7.2 AH sealed lead acid battery because it is the nearest to 5
AH.

Load sizing for prototype calculated using power (W) of water pump which its voltage
is 12 VDC and current is 1.0 A. Therefore, the power is 12\W and estimated to run for

2 hours.

4.2 Measurement Result And Discussion

The result of prototype off-grid stand-alone solar system is obtained
from the measurements of the automated river trash management system. The
result is obtained from real test condition under the sun. The data collected
comprise of temperature, irradiance, short circuit current, open circuit voltage,
voltage at maximum power point, current at maximum power point, and battery
charging voltage. Another data from the Faculty of Electrical Engineering
(FKE) Solar Lab is used as comparison to analyze the off-grid stand-alone
measurement data. The measurement were taken on 10" September 2016 from

9.00 am to 5.00 pm using devices shown in methodology.
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4.2.1 Measurement Result of Prototype

Table 4.2 shows the result obtained from the off-grid stand-alone

photovoltaic solar system. The solar module is tilted at 15° degree and result is

recorded every 30 minutes.

Table 4.2: Data Collection for Solar Module

Time Tilt | Irradiance | Temperature | Power Power Power Battery

(am-pm) | Angle | (W/m2) (°C) Voltage, | Current, | Point (W) | Voltage (V)
(n°) Vmp (V) | Imp (A)

9. 00am 15 808 393 12.05 0.08 0.85 1143
9 30am 15 860 454 12.24 0.09 098 1147
10.00am 15 868 48.7 12.33 0.12 1.36 11.49
10.30am 15 905 325 12.29 0.16 1.85 1152
11.00am 15 897 350 12.33 0.17 1.98 11.57
11 30am 15 944 539 12.41 0.13 1.37 11.60
12.00pm 15 913 61.5 1235 0.14 1.63 11.65
12 30pm 15 1023 62 .6 1239 0.20 236 11.70
1.00pm 15 1031 639 1234 021 247 11.77
1.30pm 15 980 607 1235 014 1.62 11.83
2.00pm 15 966 622 12 34 0.16 1.85 11.89
2.30pm 15 948 64.7 12.40 019 225 11.95
3.00pm 15 973 62.7 1238 0.20 2.00 12.10
3.30pm 15 996 63.9 12,22 0.17 1.47 12.19
4.00pm 15 926 639 12.24 013 146 1223
4 30pm 15 941 639 12.26 0.16 1.85 12.26
5.00pm 15 939 639 1225 012 135 1229
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4.2.2 The Relationship Of Voltage With Irradiance And Temperature

Relationship Between Irradiance (W/m2)
And Maximum Power Voltage, Vmp (V)

)
a
= 1200 125 §
E 1000 s 124 5
= e T 123 2
2 800 > N oot 5
= /[ 122 %
g 600  /
9 / 121 2
& 400 12 g
-r'j 200 11.9 E
= 0 118 3
E £E £EEEEEEEEEEEEEEE s
m @ o o @ T O 9 o o o o o o o o o
Qo 2 2 2 2 o Qo Q9 o @ o o o 9o o 9
SmaédmMaeMomMmomomomg Mo
o ¢ © © A A AN N A A o NmMm m s < o
L= S = R

Time (am-pm)

Irradiance (W/m2) Maximum Power Voltage (V)

Figure 4.1: Irradiance Effect On Voltage

Figure 4.1 depicts the irradiance effect on voltage. Irradiance is low in the early
morning and increases as the sun rises. The voltage also increases when the radiation
from the sun increased. At 9.00 am, the irradiance was 808 W/m? and the voltage was
12.05 V. The irradiance value and voltage value recorded is at its lowest at 9.00 am.
The highest recorded irradiance is 1031 W/m? at 1.00 pm, which is the peak time to
obtain high irradiance especially when the sky is cloudless. The voltage is maintained
until evening. The solar energy from the sun is absorbed by the solar module to
produce energy. As the sun sets from 3.00 pm to 5.00 pm, the voltage starts to drop.
Irradiance may also be blocked by cloud and shadow factors. The volt produced by
solar module decreases when the irradiance is blocked. Based on the experiment, the
voltage produced by solar module which is 12V and above, is sufficient to run the

system.
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Relationship Between Temperature (°C) And
Maximum Power Voltage, Vmp (V)
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Figure 4.2: Temperature Effect on Voltage

Temperature plays an important role in producing energy from irradiance.
Figure 4.2 depicts the temperature effect on voltage level. In the morning at 9.00 am,
the temperature is 39.3 °C and the voltage is 12.05 V. At 11.30 am, the voltage is at its
peak at 12.41 V at 53.9 °C in temperature. After 11.30 am, the voltage starts to drop
due to drop in temperature. At 12.00 pm, the temperature is 61.5 °C and the voltage is
12.35 V. At 5.00 pm the temperature is 63.9 °C and voltage is 12.25 V. By this time
the temperature is also increased. The solar cell and panel materials absorb the solar
irradiance and also absorb the heat to maintain a high value of temperature and
voltage. Based on the experiment, the voltage produced by solar module which is 12V
and above, is sufficient to run the system.
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Relationship Between Irradiance (W/m?2)
And Power (W)
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Figure 4.3: Relationship Between Irradiance And Power

Figure 4.3 depicts the relationship between irradiance (W/m2) and power point
(W). The increment and decrement of solar module output power point (W) due to the
temperature and irradiance effects. The power point value was calculated by
multiplying the data of maximum power voltage, Vmp with the maximum power
current, Imp from Table 4.2. The power point (W) produced is sufficient to charge the
battery to run the system. The battery was charged from morning until evening. The
power is low in the morning at 0.85W because of low irradiance. At 1.00 pm, the power
increases to 2.47W because of high level of irradiance of 1031 W/m?. Therefore, the
best time to charge the battery is from 11.00 am to 3.00 pm.
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4.2.3 Analysis of Solar Irradiance and Temperature
Table 4.3 depicts the comparison between the irradiance (W/m?) value and
temperature (°C) value of the prototype data and the data obtained from Faculty of

Electrical Engineering Solar Lab.

Table 4.3: Comparison of Solar Irradiance and Temperature

Faculty of Electrical Engineering Automated River Trash
(FKE) Solar Lab Management System Prototype
Time Irradiance Temperature Irradiance Temperature

(am-pm) (W/m2) (°C) (W/m2) (°C)
9.00am 683 35.3 808 39.3
9.30am 945 37.0 860 45.4
10.00am 637 37.3 868 48.7
10.30am 947 50.7 905 525
11.00am 961 54.0 897 55.0
11.30am 972 57.5 944 53.9
12.00am 1002 54.4 913 61.5
12.30am 1005 58.1 1023 62.6
1.00pm 1038 58.3 1031 63.9
1.30pm 1065 62.5 980 60.7
2.00pm 986 46.1 966 62.2
2.30pm 899 59.9 948 64.7
3.00pm 808 56.0 973 62.7
3.30pm 940 59.4 996 63.9
4.00pm 781 51.2 926 56.9
4.30pm 879 51.9 941 55.4
5.00pm 767 49.4 939 59.6
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Comparison Of Irradiance Value From FKE
Solar Lab And Prototype Model
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Figure 4.4: Measured Irradiance and FKE Solar Lab Irradiance

The bar graph were derived from Table 4.3, which shows the comparison
between two readings. Figure 4.4 which is derived from Table 4.3 shows the
comparison of irradiance between prototype value and FKE solar lab value. In the
morning, the irradiance value is 808 W/m? higher than the solar lab value of 683 W/m?.
At 1.00 pm the solar lab value is 1038 W/m? higher than the prototype value of 1031
W/m?. The bar graph shows that there is not much difference between the prototype
irradiance value and the data obtained from FKE solar lab. The difference is due to the
shadowing factors of clouds.
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Comparison Of Temperature Value From FKE
Solar Lab And Prototype Model
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Figure 4.5: Measured Temperature and FKE Solar Lab Temperature

Temperature and irradiance play an important role to obtain voltage and current
from the solar module. Figure 4.5 also derived from Table 4.3 compares the
temperature value between the prototype value and the value from the FKE solar lab
data. The prototype temperature reading is taken from the rear of the module. In the
morning the prototype temperature is at 39.3 °C higher than the solar lab temperature
reading of 35.3 °C. At 5.00 pm in the evening the prototype temperature is 59.6 °C and
solar lab temperature is 49.4 °C. This slight difference in value reading may be due to

two different equipment used.
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4.2.4 Battery Charging Time

Battery Charging Time
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Figure 4.6: Battery Charging Time

Figure 4.6 depicts the battery charging time. The battery is slowly charged from
morning till evening allowing the voltage to increase steadily until the battery is fully
charged. Based on the experiment, 6 hours-is required to achieve battery rated voltage
which is 12V. The battery used in the prototype is a sealed lead acid battery 12 V and
7.2 Amp Hour, which releases 7.2 Ampere for 1 hour.

The following calculation can determine how long the battery will last to run

the prototype automated river trash management system.

Charge/discharge time (in hour) = Ampere — hour rating

Continuous current / load (in ampere) 1)
Calculation of Battery Charge / Discharge Time
Charge / Discharge time (hour) = 7.2 Ah (battery) / 1.0 Ampere subs into (1)
= 7.2 hours

- From Equation (1), it is shown that the battery can be charged or discharged for 7.2

hours or 432 minutes.
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Calculation of Battery Current

Continuous current / load (in Ampere) = Ampere — Hour rating
Charge/discharge time (in Hour) (2
Continuous current / load (in Ampere) = 7.2 Ah (battery) / 8 Hour subs into (2)
= 0.9 Ampere

- From Equation (2), it is shown that the required amount of current to charge the
battery is 0.9 Ampere. The current produce by the solar module can slowly charge the
battery.

4.3  Water Pump

Figure 4.7: Water Pump Flow Rate Test Setup

Figure 4.7 depicts the test of the water pump used in this prototype for automated river
trash management system to rotate the water wheel. Table 4.4 shows the flow rate
reading of water pump used in this prototype model.

Table 4.4: Flow Rate Reading

Water Level | Reading 1 Reading 2 Reading 3 Total Time
1000 ml 3.70 sec 3.60 sec 3.50 sec 10.80 sec
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The flow rate is calculated as follows ;

Average Time = Total Time / Total Reading (1)
10.80 seconds /3 = 3.60 second subs into (1)
Volume per second = Water Level (in milliliter) 2

Average Time (in second)
1000 ml / 3.60 second = 277.78 ml/sec subs into (2)
Volume per minute = Volume per second x  1Liter x 60 second (3)
1000 milliliter 1 minute
277.78 ml/sec x 1 Liter X  60second = 16.67 Liter/min  subs into (3)
1000 milliliter 1 minute

From the calculation, the water flow rate of water pump is 277.78 ml/s or 16.67

Liter/min. This flow rate allows the water jet to rotate the water wheel.

4.4 Conclusion

This chapter shows the measured results of prototype automated river trash
management system using an off-grid stand-alone photovoltaic solar system with the
solar module tilted at 15° angle. The temperature and irradiance play an important role
on the output of the solar module. The lowest irradiance is 860 W/m2 at 9.30 am and
the highest irradiance is 1031 W/m2 at 1.00 pm. The lowest temperature is 39.3 °C at
9.00 am and the highest temperature is 64.7 °C at 2.30 pm. The highest power voltage,
Vmp value is 12.41V at 11.30 am and the highest power current, Imp value is 0.21 A
at 1.00 pm. The voltage produced by solar module which is 12V and above, is
sufficient to run the system. The battery was charge slowly and steadily from morning

till evening. Based the experiment, 6 hours is required to fully-charged the battery.
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CHAPTER 5
CONCLUSION

5.0 Introduction

This chapter discuss the development and the process of automated river trash
management system and summarize the objective, methodology and result obtained
from data. This would assist in future projects to further improve and develop the

system to be more efficient and productive.

5.1  Summary of Project

The automated river trash management system is develop to collect and dispose
waste floating on surfaces of river, reservoir, lakes or other water sources. This will
significantly reduce water pollution and promote healthier environment for both
human and marine animal which would also enhance tourism. The off-grid stand-alone
photovoltaic system used as power source to run the automated river trash management

unit is pollution-free and in-line with the green project concept.
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5.2 Summary of Research Objective

The objective of this project is to design an off-grid stand-alone photovoltaic
solar system to power the automated river trash unit and allow us to measure the
quantity of energy produced by photovoltaic system and select a suitable water pump
and conveyor to rotate the water wheel and collect the floating water waste.

5.3  Summary of Methodology

The project is built to reduce water pollution and improve the health of both
human and marine animal at the same time to promote tourism result in the
development of automated river trash management system. From the selection of
material equipment, it was decided that the off-grid stand-alone photovoltaic system
is developed to power the system. It incorporates a prototype solar system using 10W
power mono-crystalline solar module which have 12 V DC of voltage and 0.833 A of
current, solar charger controller with high efficient pulse width modulation (PWM)
charger with 12 VV DC system voltage and 5A rated current, and rechargeable sealed
lead acid battery 12VDC and 7.2 Ah. (Alternatively, the prototype model can also be
powered by direct current). The unit was assemble and tested under real condition to
produce data for graph and table. The type of microcontroller used in this project is
Arduino Uno R3 microcontroller. It is able to control the operation of water pump. The
microcontroller process the input from distance sensor to produce output through the
water pump. The suitable coding for microcontroller is compulsory to run the system

correctly.
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54  Summary of Result

Measured results were presented in chapter 4 with table and graph. The result
were taken on 10" September 2016 from 9.00 am to 5.00 pm using multimeter,
irradiance meter and IR thermometer. The mono-crystalline solar module were set at
15° to get more sunlight. The prototype produced recommended voltage due to sunny
day and high irradiance value. The highest irradiance value were at 1.00 pm which
irradiance is 1031 W/m2. The voltage and current produced were used to charge the
battery fully. Although the voltage and current produced is sufficient the voltage starts
to drop when the temperature starts to increase at 11.30 am.

An increase in temperature slightly affects the output value. Irradiance and
temperature play important roles in producing solar power. The high irradiance value
is produced from the high power solar source. If the temperature increases the
performance of solar module will decrease. Solar charger controller with pulse width
modulation charges the battery slowly to maintain the life of battery. The battery
voltage which increases from 11.43 V to 12.23 V provides sufficient voltage to power
up the water pump. The selected 12 VV AC water pump propels water at 4287 ml/min
or 4.3 litre per minute and is sufficient to rotates the water wheel waste collection

conveyor system.

55 Recommendation

The weakness found in the off-grid stand-alone photovoltaic system using the
solar module is the reduction of power during rainy and cloudy days. The sun light is
blocked by rainfall and clouds from reaching the solar module thus reducing power
generation.

To overcome this weakness, in future development, the use of river underwater
current turbine or the use of wind turbine mounted on the river trash unit may be

considered as an alternative power source to the solar module.
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APPENDICES

APPENDIX A

Measurement Result of Prototype
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Measurement Result for Automated River Trash Management System

Prototype
Time Tilt | Irradiance | Temperature | Power Power Power Battery
(am-pm) | Angle | (W/m2) °C) Voltage, | Current, | Pomnt (W) | Voltage (V)
(n°) Vmp (V) | Tmp (A)
9.00am 15 808 393 12.05 0.08 0.85 11.43
9.30am 15 860 454 12.24 0.09 0.98 11.47
10.00am 15 868 48.7 12.33 0.12 1.36 11.49
10.30am 15 905 525 12.29 0.16 1.85 11.52
11.00am 15 897 55.0 1233 0.17 198 11.57
11.30am 15 944 539 12 41 0.13 1.37 11.60
12.00pm 15 913 61.5 12.35 0.14 1.63 11.65
12 30pm 15 1023 62.6 12.39 20 236 11.70
1.00pm 15 1031 63.9 12.34 0.21 247 11.77
1.30pm 15 980 60.7 12 .35 0.14 1.62 11.83
2.00pm 15 966 62.2 1234 0.16 1.85 11.89
2.30pm 15 948 64.7 12 .40 0.19 225 11.95
3.00pm 15 973 62.7 1238 0.20 2.00 12.10
3.30pm 15 996 63.9 12.22 0.17 1.47 12.19
4. 00pm 15 926 639 12.24 0.13 1.46 12.23
4 30pm 15 941 63.9 12.26 0.16 1.85 12.26
5.00pm 15 939 63.9 12.25 0.12 1.35 12.29
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APPENDIX B

Faculty of Electrical Engineering (FKE) Solar Lab Data
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Faculty of Electrical Engineering (FKE) Solar Lab Data

Faculty of Electrical Engineering
(FKE) Solar Lab

Automated River Trash
Management System Prototype

Time Irradiance Temperature Irradiance Temperature
(am-pm) (W/m2) (°C) (W/m2) (°C)
9.00am 683 35.3 808 39.3
9.30am 945 37.0 860 45.4
10.00am 637 37.3 868 48.7
10.30am 947 50.7 905 52.5
11.00am 961 54.0 897 55.0
11.30am 972 57.5 944 53.9
12.00am 1002 54.4 913 61.5
12.30am 1005 58.1 1023 62.6
1.00pm 1038 58.3 1031 63.9
1.30pm 1065 62.5 980 60.7
2.00pm 986 46.1 966 62.2
2.30pm 899 59.9 948 64.7
3.00pm 808 56.0 973 62.7
3.30pm 940 59.4 996 63.9
4.00pm 781 51.2 926 56.9
4.30pm 879 51.9 941 55.4
5.00pm 767 49.4 939 59.6

73



APPENDIX C

PWM Solar Charger Controller
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PWM Solar charge controller
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APPENDIX D

12V Rechargeable Sealed L.ead Acid Battery
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Mono-Crystalline Solar Module
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HIT Electrical and Mechanical Characteristics
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APPENDIX F

16W AC Multifunctional Water Pump
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APPENDIX G

Arduino Uno R3 Microcontroller
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EAGLE flew prying-dusmilencys-ong-desion.gp Schermatic srduire-org-schemabic pdl

Microcommiler ATmegai2s
Operating \oliage =2
Input Vinitage [recommended) 7-12V
Input Volttage (limits) 620V
Digital KO Pins 14 jof which £ providie PAWM output)
Analog Input Pins 6
D Current per 10 Pin 40 mA
DC Current for 3.3V Pin S0 mA
32 K5 of which 0.5 KB used
Fiash Memory bootoader "
SRAM ZFE
EEPROM 1KB

Clock Spes 16 MHZ
the board

nx ARDUIND
{ ' T

F ‘,1|...;-.h‘—|t.lﬁnj;. TRERT

dnalog pins
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IR Distance Sensor
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GP2Y0A21YK
SHARF' Optoelectronic Device

FEATURES

+ Digitnd Cuput I [

= LED Pulse Cyde Duration: 32 me [ .

= Hange: 10 to B0 om o oo

= Typioal responss ime: 35 mes L '\_\.

= Typioal stort up deday: 44 me |—/ Jul |

fivernge Curment Consumption: 30 mé,
De=tection Arsa Diameter @ 80 crc 12 cmi

DESCRIPTION

The GFZYDIMZ21YK is o wide-angls disioncs meo-
SUTING SENSOr.

=E €] F]
[}
]

PTG T
Figurs 1. Pimout
oNE Vo
e .
EIGMAL .
l |1 CIRGLIT REGULATOR I
I OSCILLETOR |
I CIRCIAT i
I
—_
- LED CLITPLT
=3 | | vawe crour CIRCUAT e
LED
CISTANCE MEASURING IC
e el L |

Figure 2. Block Diagram
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SHARP GP2ZYIAYK
ELECTRICAL SPECIFICATIONS
Absolute Maximum Ratings
Ta=25°C, Wpo =5 ¥YDC
PARAMETER SYMEOL RATING LUMIT
Supply Voltage Voo 0310 +7 ¥
Outpent Terminal Volnge Vi 03 1o (Vi =0.3) ¥
Operating Temperofure Topr |-1040+B0 T
Siorage Tempembare Tsig 40 1o 2700 "
Operating Supply Voltage
PARAMETER SYMBOL | RATING | UNIT
Operating Supply Yoliags Voo dimmbEE| W
Electro-optical Characteristics
Ta=25°C, W = 5 VDG
PARAMETER SYMBOL CONDITIONS MIM. | TYP. | MAX. | UNIT | MOTES
Messunng Distance Hangs i 10 a0 oI 1,2
Outpest Tenminal Voltnge Yo L =80 cm 0251 04 | 056 vV 1,2
. Cutper change ot Al Y
Output Yollage Differencs AN |33qu 10 o] B 1.8 | 216 W 1,2
freerage Supply Cument Iz L = Blom a 40 mdi 1,2
ROTES:
1. ..s-rgrn'l-:-rll.'n t- whills PRI (T by Mok O LIl ] gray cands R-27, Whith fans, raSorive ric: 9O
2. L = Diistanos o naiootivg objert
I.I.:.:

(PR SLPLYT

CEETANCE MEASURMENT

|

32 3ms 0 Ems

LI T

P ERATING ! t |
int et nth
NE& S OEEY REASLRENENT WWEAS CERENT
If." .
jOLTRUT | 1 | h '1| 'g':. h |
MZTABLE | i n= e
DUTELT e DUTAUT CUTAIT DUTRUT
£.0 mes: K.

T TS

Figure 2. Timing Ciagram
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100W DC TO AC INVERTER
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Input Voltage Range: DC 10-15V
Output Voltage Range: AC 220V 100V
USB Output: DC 5V
Continuous Output Power:  100W
Over Voltage Shutdown: DC 14-16V
Low Voltage Shutdown: DC 9-11V
Short Circuit protection: Yes
Dimension:  3.0"x 2.5" x 1.6" (L x W x H)
Weight: 10.300z / 292g
Color: Black
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SONGLE RELAY

— s RELAY 1509002 SRD

ST S E RELAY

1. MAIN FEATIMRES

L) BwEching capacity sraliabie by 108 In spie of
smial size design for highdensEy F.C. board
mountdng f=chnlgu=.

L UL, UL TURY recognieed.
L] S=jecton of plasic maberial Tor Righ temperaburs and
bether chemmical sciution peformance.

L] S=aied types
avalabi=.

[0 Bimpde rely magretc circult o meet ow cost o
mass produchion.

2. APPLICATIONS
L] Domesfc appiance, office machime, aud o, eodpmers, afcrobie, ghe.
{ Remolz confrod TV receker, monBor display, audio sguipment high neshimg curent uze apoilcaton.)

4. ORDERING INFORMATION

4. RATING
[ FiLE NUMBER L COSIID0373S | TAZEADNDE
[ FiLE NUMBER: O COZO01D03T31  10AZES0NDE
LA AT FILE MUMBER: E1E7S56 10AM ZENAT 28N DC
T FILE NUMBER: RED0SS114 10AZSDYAT 30D
5. DIMENS 0N e eery DRILLING jyre ) WIRING DIAGRAM

b g

Sl
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6. COIL DATA CHART [AT20° C)

o S Mol | Momina ol Fowar INTETRN [sIT ] | Fem e a
ZenzEvE YWollage | Voltage | Curent |Resistance |Consumpbon] Vollage | VoEsge Wrllags
= [8Fee WD) 1Y [E3] L] [%DeC] WD) WiI)
L e
ez} 1 = ] . abk 03EW [Fre%bax. |10% Min. 12T
High — o= o T T
BersivEy) = ™ =) =
™= = = o
- T= o =y
— ] T T
48 43 75 B0
== n3 n3 = mivt 1 AN o
Standardl | gs a5 g5.3 ss
[ o5 75 B0
] k] E 180
12 12 7.5 320
24 24 18.7 1250
r-1:) 8 ™ ZE00 - MR
7. CONTALCT RATING 3. REFEREMCE DATA
Time SRD Pyl Batiponrihir Filiss
pare L ECERE & -
ortact CapaETy——— A 104 30VDE oo Vi
E M | 3OVDE i 4
-7 s e 104 1250AC TS e T =
Inductive Load 10M =4, 120 A -
ppsdmil 4 LS e T Ml ZEAD =& JEVET r
ZA T20WAC 5
4, IR 1
o T S T ks LB B 0 ol Tl s LA i
N PO E POWET FINCE B A = 7e P 1 Ny, P 18 B T e
Contac Wisdal s Patdl | lr:“ e
“E all wesliesl =
ace | SRO 1=l
R aes Lo o +3Gm-b- .
OpErafon Time iOmsec kMax. ! -
Fosizaze Time SmseC Mak. | L il
e ml®
Bltggs coil G comegst T T Tl e 110 Rl N Wt e = ] 5 s N T N I
Bebeeen contacts 000G SOPEDHEZ (1 milmate) . -
Insulation Resistnoe 100 KL MR (SO0 D) Rpet et
b g o —————
Edmihmn b oally 00 nperstiee e e
Elsciricalt ap operption= i ‘i
Amblent Temperabore -Z5 13 o +70 © 5 s,
Oiperating Humidity 45 by B5% RH : =
L ) =
Enduranice 0 o S5Hz Double AmplBeds 1.Smm i
Emor Cperation 0 fo S5z Double SmpiBuds 1 .Smm l
e e =l Lol CR
Endurasice i00G Min. L= Expecancy
Emor Operation 0= Min. [p—————
| = Eyresrfamey
FA BT b i i srsratione ke fnn ks B
Elecirically 10° operabons. Min. (ol rated coll voltage) b E
Weight abt. 10grs g_ =
1
.3

Current of Liomd (8]
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