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ABSTRACT

The Oscillating Water Column (OWC) is one of the most promising Wave Energy
Converter (WEC) concepts in terms of practicality, survivability, and efficiency.
This study was done to design and investigate the performance of floating OWC for
WEC in low wave height condition. In the past few decades, different ideas, designs
and devices have been put forward to extract energy from high heave wave
condition, therefore this research addresses to extract energy from low heave wave
condition. Pugh Matrix method was used to select the type of WEC to be study. The
Backward Bent Duct Buoy (BBDB) was selected and three different back bottom
corner shapes of BBDB were developed. The experiment was conducted in a 3D
wave basin at National Hydraulic Research Institute of Malaysia (NAHRIM). Wave
heights of 0.05 m to 0.15 m with a wave period of 1 s to 5 s were used in regular
wave condition. Results showed that water column characteristics of the BBDB for
different bottom corners were quite similar in terms of pressure, water elevation and
airflow rate at the nozzle outlet. In addition, it was found that the optimum wave
height and wave period for all BBDB models were 0.15 m and 1.6 s, respectively.
The highest performance of the BBDB was produced by the BBDB with a curve
bottom corner shape with an efficiency of 1.50 followed by BBDB with square
bottom corner shape with an efficiency of 1.20 and BBDB with 45° bottom corner
shape with an efficiency of 0.9. Overall, the obtained results provided important
insights in selecting the BBDB as a best design for WEC. It can be proposed that the
curve bottom corner shape is the most efficient BBDB performance in low wave
height conditions. This is due to the minimising energy losses around corners

compared to the sharp edges. Moreover, it is also found that the resonance



frequency help to increase the performance of the BBDB regardless the back bottom
corner shapes. Thus, the observation was attributed to the suitability of floating

OWC WEC in low wave height condition.



ABSTRAK

Turus Air Berayun (TAB) adalah salah satu konsep Penjana Tenaga Ombak (PTO)
yang paling menjanjikan dari segi kepraktisan, daya tahan, dan kecekapan. Kajian
ini dilakukan untuk mereka bentuk dan menyelidiki prestasi TAB terapung untuk
PTO dalam keadaan ketinggian ombak rendah. Dalam beberapa dekad yang lalu,
idea, reka bentuk dan peranti yang berbeza telah dikemukakan untuk mengekstrak
tenaga dari keadaan ombak tinggi, oleh itu penyelidikan ini adalah untuk
mengekstraksi tenaga dari keadaan ombak rendah. Kaedah Pugh Matrix digunakan
untuk memilih jenis PTO yang akan dikaji. Backward Bent Duct Buoy (BBDB)
dipilih dan tiga bentuk sudut bawah belakang BBDB yang berbeza dibina.
Eksperimen ini dilakukan di lembangan ombak 3D di Institut Penyelidikan
Hidraulik Nasional Malaysia (NAHRIM). Ketinggian ombak dari 0.05 m hingga
0.15 m dengan jangka waktu ombak 1 s hingga 5 s digunakan dalam keadaan ombak
biasa. Hasil kajian menunjukkan bahawa ciri lajur air BBDB untuk sudut bawah
yang berbeza sangat serupa dari segi tekanan, ketinggian air dan laju aliran udara di
saluran keluar muncung. Di samping itu, didapati bahawa ketinggian ombak dan
tempoh ombak optimum untuk semua model BBDB masing-masing 0.15 m dan 1.6
s. Prestasi tertinggi BBDB dihasilkan oleh BBDB dengan bentuk sudut bawah
lengkung dengan kecekapan 1.50 diikuti oleh BBDB dengan bentuk sudut bawah
persegi dengan kecekapan 1.20 dan BBDB dengan bentuk sudut bawah 45° dengan
kecekapan 0.9. Secara keseluruhan, hasil yang diperoleh memberikan pandangan
penting dalam memilih BBDB sebagai reka bentuk terbaik untuk PTO. Dapat
dicadangkan bahawa bentuk sudut bawah lengkung adalah prestasi BBDB yang

paling efisien dalam keadaan ketinggian ombak rendah. Ini disebabkan oleh



mengurangkan tenaga yang hilang di sekitar sudut berbanding dengan tepi yang
tajam. Selain itu, didapati bahawa frekuensi resonans membantu meningkatkan
prestasi BBDB tanpa mengira bentuk sudut bawah belakang. Oleh itu, pemerhatian
tersebut dikaitkan dengan kesesuaian TAB PTO terapung dalam keadaan ketinggian

ombak rendah.
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CHAPTER 1

INTRODUCTION

1.1  Background Research

In the era of industrial revolution in the eighteenth century, humans began to use
fossil fuel as their energy source. The world’s population has annually increased at
an alarming rate, thus increasing the use of natural resources.

Development in science and technology increasing rapidly; hence, the
demand of the society for energy has increased in terms of energy consumption. The
fossil fuel combustion emits large amounts of toxic gases and produces greenhouse
effect. This led to global anomalous climate and extreme weather changes.

The destruction of the global environment had a serious impact on the
humans and living environment. The occurrence of climate change in recent years
had caused increased price of fossil fuel, energy shortages and greenhouse effect,
alarming the countries to begun to look for a full range of alternative energy
solutions. To reduce fossil fuel energy, some countries conducted studies and
developed a variety of alternative energy to reduce carbon and cost. Currently,
renewable energy is the most promising alternative energy; this includes the solar
energy, wind energy, geothermal energy, biomass energy and ocean energy.

Nevertheless, this study focused specifically on the ocean energy and wave energy.



1.1.1 Wave Energy Potential in Malaysia

Malaysia is surrounded by the sea and the coastline of Malaysia has a landform
length of 1,448 km. Malaysia also has strong seasonal monsoon blows causing this
country to always have turbulent waves on its surrounding sea and some areas.
After evaluated by experts and scholars [1], the energy reserves of the wave are rich
and can be developed to the highest level; thus, the wave energy reserve can be said
to be very rich, which is contributed largely by the ocean. If the geographical
advantage of Malaysia surrounded by the sea can be used properly, development
and research with marine protection will contribute greatly and solve the problems
of difficult energy consumption in Malaysia.

To reduce the nation’s dependency on fossil fuel, Malaysia’s government
has implemented several energy policies as well as financial support for research
and development on renewable energy (RE) particularly in the local universities.
Ocean wave energy is known as one of the potential renewable sources in Malaysia
as Malaysia comprises 2068 km of coastline in Peninsular Malaysia and 2607 km in
East Malaysia [2].

Compared to tidal energy generated by the gravitational pull of earth, wave
energy is converted from the wind energy and the potential energy carried by the
waves that have travelled for a long distance in the ocean accompanied with little
energy loss. Waves can be found limitless along the shoreline during the day and
night. The continuous supply of the wave energy has provided Malaysia with a great
opportunity to convert it into electrical energy. Other than that, it can be considered
as the renewable energy source that is low cost, environmentally friendly and able

to reduce the dependency on fossil fuel for electricity generation.



1.2 Problem Statement

Malaysia is a tropical paradise with many natural resources and surrounded
by many islands. According to the Department of Survey and Mapping Malaysia,
the country has 878 islands [3]. Malaysia's largest island consists of the states of
Sabah and Sarawak, located in Borneo, the third largest island in the world shared
with Brunei and Indonesia. However, most of the islands in Malaysia are made up
of small islands (under 200 km?), which are usually powered by standalone diesel
systems due to their remote location from central power generation and distribution
networks [4].

The difficulty of transporting diesel to a remote island and hard supply of
electricity is the fate of people in remote villages [5]. This situation had worsened
during the monsoon season where high tides and rough seas caused not only
increased diesel price due to the risks involved, but also disruption to diesel supply
to the islands.

To solve this, several solutions have been suggested such as creating the
energy without the use of fossil fuels. This study was conducted to generate

electricity from waves surrounding the island to replace fossil fuels.

1.3  Objective

The main aim of this study is to determine the optimum shape for the Floating
Oscillating Water Column to provide the best performance in low heave wave

condition. The specific objectives of this study are:



I To design floating oscillating water column wave energy converter for

low heave wave condition.

ii. To develop back bottom corner of Backward Bent Duct Buoy (BBDB)

in low heave wave.

iii. To evaluate the performance of floating oscillating water column wave

energy converter for low heave wave condition.

1.4 Research Scopes

The scopes of this research include:
(i) Malaysia wave condition
« A floating OWC was tested and adapted based on Malaysia wave condition.

» Wave fluctuation pattern or wave spectrum same with Malaysia condition.

(i) Type of Liquid
« The experimental water type does not behave as the actual ocean water type,
which less dense compare to salty ocean water that may cause the occurrence of

non-optimum power output measurement

(iii) Floating offshore OWC devices
+ A floating OWC centred at a circular floating platform with a finite width was

analytically modelled to investigate the effects of the floating OWC system and



characteristic inside the chamber on hydrodynamic performances and extraction
primary efficiency.

« The geometry similarities of the floating OWC prototype and the 3D model
floating OWC would be slightly varied due to the limitation of workmanship and

fabrication tool.

(iv) Backward Bent Duct Buoy (BBDB)
* A floating OWC model was done following the BBDB concept [6] and scale

dimension [7].

1.5  Significance of Study

The optimum design of floating OWC bottom profile as concluded in this study
may help to improve power efficiency of the future floating OWC structures. This
study will be continued with real scale fabrication and installation that may help to
ease the community of isolated islands in terms of environment sustainability and
economic cost. In addition, this project will be the pioneer in Malaysia to contribute
to home grown technology in Malaysia. Moreover, theories and techniques involved
during this study may contribute as supporting information to the future projects on

the parametric optimisation of floating OWC.



1.6 Thesis Outline

This report is succeeded by Chapter 2 where literature reviews are presented and
commented. Chapter 3 describes the methodology and work plan of this study. After
that, Chapter 4 presents the design selection and experimental results along with
discussions. Lastly, conclusion and recommendations of this study are presented in

Chapter 5.



