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Abstract

Generating electricity from wave is predicted to be a new source of renewable
energy conversion gaining more attention and is considered in various
countries as promising renewable resource. Being surrounded by sea, Malaysia
has the advantage of tapping energy from the nearest sea wave. However,
Malaysia has low wave climate compared to other regions. On top of that, the
technologies available for extracting this energy are still in infancy stage. This
study explored the potential of generating electricity from low height wave
energy. The recorded average electricity can be generated from the lab scale
device which is 0.224 V, 0.175 A and 0.039 W. The data collected from Mu-
kah Beach show that the maximum voltage recorded is 1.021 V, maximum
current of 0.86 A and highest power of 0.878 W. By comparing results from
both locations, the difference is almost 10-fold which validates the wave
maker built in laboratory with 1:10 ratio. The standard deviation of all the
outputs is small which indicates that the output generation from low height
wave would be consistent. Although the output is small, it could be paired
together to make a larger system to generate higher output. This study
concludes that the developed lab scale model is useful for harnessing electrical
energy from sea wave. The future direction of research would be to optimize
the current method to maximize energy capture from sea wave. Another
direction for future study is to make a system comprised of a large number of
such devices to generate higher output.

Keywords

Wave Energy, Point Absorber, Low Wave Height, Renewable Energy

1. Introduction

Wave energy power is abundant, has lower enviromental impacts and is more
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reliable than other renewable resources such as solar and wind energy due to the
power density of 2 - 3 kW/m* (wind 0.4 - 0.6 kW/m? solar 0.1 - 0.2 kW/m?) [1].
Generating electricity from wave is predicted to be a new source of renewable
energy conversion gaining more attention and is considered in various countries
as promising renewable resource [2]. With many wave energy conversion or
extracting devices designed and tested, improvements are still needed in these
technologies [3] [4]. On the other hand, most of the remote areas like islands are
far from main power grid. Therefore, powering such areas is often considered as
costly and devastating to the environment [5]. In this aspect, using wave energy
as renewable energy source in such areas is desirable. Extracting wave energy has
been one of the most challenging part. Technologies for harnessing this energy
are still in infancy stage [6]. The significant challenge is the difficulty in slow
conversion, random and high-force oscillatory motion of sea wave to generate
electricity [7]. Research focus in this area is also diverse. Up to date, most
research focus has been on sea performance, survival, the design and concept of
primary wave interface. More detail evaluation of the complete system is
necessary and efficient system is nowhere to be found [8]. Being surrounded by
sea, Malaysia has the advantage of tapping energy from the nearest sea wave.
Although Malaysia has low wave climate compared to other regions, the study
conducted by [9] shows that Malaysia has average energy density greater than 2
kW/m, and in South East China Sea region nearby Sarawak, Malaysia has the
potential to produce up to 69.41 MWh/m of energy. On this note, this study
intends to design and develop a device to extract the energy from sea wave of

low wave height.

2. Literature Review

Ocean waves are created by endless development of water under the influence of
gravitational powers of sun, moon, and blowing winds. At the point when wind
is sweeping across the surface of ocean, surface applies the weight on the base
layer of the wind [10]. With the gravitational force being disperse at each layer,
the wind strikes at different speed. The layer tumbles, shaping a roundabout
movement. Thus, this makes a decreasing weight at the front and the upward
weight at the back of the surface which is making a wave [11]. Waves are classi-
fied into a few areas. The peak is the most astounding point on a wave, while the
trough or valley between two waves is the trivial point. Wavelength is the level
division, either between the peak and troughs of two consecutive waves. Wave
height, H is the vertical separation between a wave’s peak and the following
trough. Wave period, T measures the length of the wave in time. A wave pe-
riod, T can be evaluated by picking a stationary point and checking the sec-
onds it takes for two consecutive pinnacles or troughs to pass it. The repeat, f is
the number of pinnacles which pass a settled point in one minute. It is

1
generally estimated in numbers every second (Hertz) and is the same as T The

rate of propagation, ¢, is the speed at which the wave profile travels such as the
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speed at which the peak and trough of the wave progresses. It is normally re-

ferred to as wave speed or phase speed. The steepness of a wave is the ratio of the
height to the length%. Figure 1 shows the basic parameters used to describe a

wave.

Kinetic and potential energy of a wave per meter of crest and unit of surface
can be derived by the velocity potential which can be obtained through linear
wave theory. The sum of these two energies can be analysed as shown in Equa-

tion 1 below. Hence, the wave height, H is equal to 2A. The wave period is the

A
measurement of time taken for the wave cycle to complete, 7 =—, where A is

wavelength and f is the frequency.

E= pgd’ (1)
2
where:

p = water density;

g = acceleration due to gravity;

A = wave amplitude.

Many concepts are available to convert wave motion to electrical energy. The
concepts are illustrated in Figure 2. These are: wave activated bodies (1), over-
topping devices (2) and oscillating water columns (3) [13].

Wave activated bodies concept is where the motion of the wave is translated to
the motion a device. A noteworthy sub class of wave activated bodies are point
absorbers. The main characteristic of point absorbers is that they are small in the
horizontal dimensions compared to the length of the waves from which they aim
to capture energy. In other words, they take up a relatively small area of the
ocean surface. This concept is the combination of the idea of Faraday’s law and
Newton’s laws of movement together, and the considerably more settled rule of
Archimedes with relative late progress in materials advancement. The magnet-
ism of this concept is governing by Faraday’s Law; with rotor wavering the con-
nected magnetic flux y with the copper coil will actuate in it, an electro motive
force (emf) given by

e(r)--2¥
generating alternating current and voltage at coil ends, which can be connected
to an electric load [15].
voltage generated = N x Bt—A
where,

N = turns of the copper wire;

B = magnetic field;

A = cross section area;

t = time.
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Figure 1. The parameters used to describe the wave [12].
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Figure 2. General concepts of capturing wave energy [14].

Overtopping devices subsist of a ramp that drives the water of approaching
waves to rise and overflow into a pool. Since the water surface of the pool is
higher as compared to the ocean surface, therefore energy of the waves has been
converted into potential energy. In this aspect, this concept resembles hydro
power plant with the water being lead back into the sea through a turbine to ex-
tract the energy [13]. As for the concept of oscillating water columns (OWCs),
which consist of an oscillating pedestal of water that drives air through a turbine
to generate electricity. The motion of OWC is created by taking a pipe and plac-
ing it partially under the sea. The waves that flow against the pipe will make the
internal water surface oscillate. This motion is normally used to pump air which

runs a turbine [11].

3. Methodology

This study begins with literature review for collecting latest research findings re-
lated to wave energy convertors and their findings. The conceptual model was
built in the second stage of this study. Designing and developing the wave energy
convertor was the third stage of this study. Final stage was conducting experi-
ments to validate the developed lab scale model. To test the conceptual model, a
lab scale model is being built. The developed lab scale model is then tested in la-
boratory. The methodology of this study is shown in Figure 3.
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Literature Review

_______________________________________ . l

PHASE 1 Conceptual Modelling and Prototype Design
PHASE2 Experimental Design and Model Testing
Validate

The layout and machinery setup to test the model is shown in Figure 4. The

Figure 3. Research methodology.

main equipments associated with the experiment are wave maker, water tank,
developed model and digital multi meter to collect data.

Wave maker is used to produce longitudinal wave to simulate low height sea
wave. The wave generated by this wave maker has ratio 1:10 compared to aver-
age wave data of Sarawak, Malaysia as reported by [16]. The peak average wave
height reported were in January which reached 1.56 m and the minimum aver-
age wave height reported were in September only reached 0.59 m. The specifica-
tion of the wave maker is shown in Table 1. The developed lab scale model is
being placed inside the tank with different wave height generated. The voltage
and current generated and recorded. The technical specifications and parameters

of the developed lab scale model are shown in Table 2.

4. Results and Discussions

The wave energy convertor utilized the float to trap the oscillating force of wave
and convert it to alternating current through emf induced by stator and rotor
movements. The float moves in six degrees of freedom when interacting with the
body and sea wave: pitch, roll, yaw, heave, surge and sway. The movement is il-
lustrated in Figure 5.

The generated output from lab scale model has been continuously recorded.
The significant findings are recorded in Table 3. The time window of voltage,
current and power are shown in Figures 6-8 respectively. Results from Table 3
indicate that extraction of energy is possible from wave with height as low as 6.4

cm to generate power of 0.002 W and voltage of 0.036 V. The highest output
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(a) (b)
Figure 4. (a): Wave maker; (b) Developed lab scale model.
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Figure 5. Degree of freedom of float when interacting with body and waves.
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Figure 6. Voltage generated by lab scale model.
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Figure 7. Current induced by lab scale model.
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Figure 8. Power generated by lab scale model.

generated is recorded to be 0.33 W with voltage of 0.412 V. The interesting part
of this finding is that the standard deviation of all the collected data is relatively
small. This signifies that even with small wave height, extracting energy from

wave is possible and the output would be relatively consistent. Power takeoff
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Table 1. Specifications of wave maker.

Value
Parameter
Min Max Average
Amplitude (A) 3.2cm 5.2 cm 3.86 cm
Wave height (2A) 6.4 cm 10.4 cm 7.72 cm
Wavelength () 9 cm 14 cm 11.3cm
Frequency (f) 0.025 Hz 0.026 Hz 0.026 Hz
Table 2. Specifications of lab scale model and parameters.
Parameter Value
Density of seawater, p 1025 kg/m’
Standard acceleration due to gravity, g 9.81 m/s?
Water depth in tank 28 cm
Floating ball
Mass of buoy, Mb 0.1kg
Inner radius of buoy 14.0 cm
Outer radius of buoy 14.5cm
Height of buoy 14.5cm
Generator
Length of copper wire 427.5m
Turn of copper wire 4050 turns
Copper wire thickness 0.5 mm
Roll of layer 15 layer

Table 3. Output generated at Makah Beach by wave energy conversion device.

Value
Outputs Std. deviation
Min Max Average
Voltage (V) 0.036 0.412 0.224 0.092
Current (A) 0.050 0.800 0.175 0.107
Power (W) 0.002 0.330 0.039 0.026

system is needed to improve energy generation performance of such system. The
example system that could be implemented with such system is shown in Figure
9. Since most wave energy study in Malaysia are in conceptual phase, there is no
significant comparison or validation can be made to compare findings from this
study [16] [17] [18]. Other studies focus on extracting energy in high wave
height or built in large scale with expecting large output generated from the de-
vices [3] [19] [20]. The advantage of this type of system is that it can harvest

energy from waves in all directions at one point in the ocean. It can be placed at
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Figure 9. Example of a hydraulic power takeoff system for wave energy convertor.

or near the ocean surface away from the shoreline and may occupy a variety of
ocean depths ranging from shallow to very deep water depending on the design
and the mooring system.

The aim of this study is to produce wave energy convertor to be able to gener-
ate electricity from wave. The models are tested in laboratory and beach in Mu-
kah, Sarawak. The results generated from both locations were consistent. How-
ever, by comparing results from both locations, the difference is more than
10-fold which validated the wave maker built in laboratory with 1:10 ratio. The
advantage of using this type of wave energy convertor is that the area needed is
small and there is no significant negative impact towards marine ecosystem
within the extraction area. However, the limitation of this study is that it did not
pair it with power takeoff system to store the electricity generated. On the other
hand, energy generation from wave is presently too costly to be even considered
as renewable energy. The costings of energy generation from wave are classified
into: production, installation, maintenance, and power takeoff system. Due to
the nature of variation in costings between different modes of extraction, it is
not easy to determine the cost of production for wave energy conversion system.
As an example, the cost of connecting electrical grid from shoreline is definitely
lower compared to offshore convertors because less electrical cable to be in-
stalled and maintained. In addition, installation and maintenance costs are much
higher for offshore conversion systems than shoreline since the offshore ones are
more difficult to access. However, for future study, the focus is likely to reduce
cost to a significant level to make it sustainable. Continuation of current study
will most possibly generate more cheap and efficient devices that will bring
down total production costs. Similarly, current studies in the field of ocean en-
gineering focus on producing devices in limited quantity for research purposes.

If produce large enough, the economy of scale will contribute to lowering the
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overall production cost and making this technology sustainable in the long run.

5. Conclusion

Wave energy is an alternative source of renewable energy that would contribute
to tackling world energy crisis. Wave energy would be useful for countries that
are surrounded by sea, particularly Malaysia. However, extracting wave energy
has been one of the most challenging parts as most technologies for extracting
this energy are still in infancy stage. This study explored the potential of
generating electricity from low height wave energy. The recorded average
electricity can be generated from the lab scale device which is 0.224 V, 0.175 A
and 0.039 W. The data collected from Mukah Beach show that the maximum
voltage recorded is 1.021 V, maximum current of 0.86 A and highest power of
0.878 W. By comparing results from both locations, the difference is almost
10-fold which validates the wave maker built in laboratory with 1:10 ratio. The
standard deviation of all the outputs is small which indicates that the output
generation from low height wave would be consistent. Although the output is
small, it could be paired together to make a larger system to generate higher
output. This study concludes that the developed lab scale model is useful for
harnessing electrical energy from sea wave. The future direction of research
would be to optimize the current method to maximize energy capture from sea
wave. Another direction for future study is to make a system comprised of a

large number of such devices to generate higher output.
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