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This paper presents a research to determine the effects
of the Northeast Monsoon (NEM) and the Southwest Monsoon
(SWM) on wave power along the coastal area of Mandi Darah
Island, Sabah. This study identified the daily data of wave height
and wave period for 6 months from June to December 2018.
The following period was chosen because it consisted of two
monsoon seasons in Sabah. The data obtained from the Acoustic
Doppler Current Profiler (ADCP) were thoroughly analyzed to
estimate the wave height and the wave period to identify the
wave power at Mandi Darah Island. The wave heights ranged
from 0.01 m to 0.47 m while the wave periods ranged from 1.0
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s to 8.6 s. The wave height range during the NEM was higher by
0.12 m than SWM, while the difference of wave period was
significantly higher by 2.17 s during the NEM. The maximum
wave power recorded at Mandi Darah Island was 1.57 kW/m
throughout the period. During NEM, the wave power was
significantly higher than during SWM, by 0.70 kW/m. These
findings led to determining the wave energy type converter that
suits the wave conditions at the Mandi Darah Island coastal area.

1. INTRODUCTION

Since 2000 Malaysia has established the Eighth Malaysia
Plan, which included renewable energy as a core element in the
country's fuel policy, along with hydro, coal, gas and oil (Kardooni
et al,, 2018). Renewable energy has become important (Silva
et al., 2015) and has a huge involvement to reduce the cost of
fossils fuel and to save the environmental problems (Veigas et
al., 2014). Ocean energy includes three essential components, i.e.
wind, waves, and currents, which can create energy conversion.
Wave energy is more predictable, has higher energetic density
(Muzathik et al., 2010b; Neill & Hashemi, 2013) and is widely
known as one of the most efficient alternative energy sources to
replace renewable energy sources (Yaakob et al., 2016).

Seas and oceans are motion energy major sources, which
include waves, tides, currents, thermal and salinity energies.
Wave energy has been established as a renewable energy of
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wave energy converters (WECs) design since 1855 (Zanous et al.,
2019). WECs have the advantage of operating under particular
wave - climate conditions (wave height and wave-period) and
their generation depends not only on the available resources,
which are the coupling factor between the chamber and the air
turbine, butalso on the characteristics of the sea states (tidal level)
(Veigas et al.,, 2014; Lopez, |. & Iglesias, G., 2014). According to the
study, in order to decide the optimum positions for a wave power
plant, changes in WEC power spectrum under wave conditions
should be considered in compliance with the available energy
resource. The majority of wave energy potential calculations are
limited to the estimation of wave energy potential in a given
coastal region and the assessment of those areas with the largest
amount of energy. The calculation is done by using wave power
measurement.

The frequency of wave energy flow per unit of wave-crest
length (wave power) can be calculated at any depth of water
using the formula given (Foteinis et al., 2017; Vogler & Morrison,
2013). New calculation methodologies need to be built on both
of these criteria in order to identify more accurate places and
more wave-energy opportunities.

Many studies of wave power for energy conversion
evaluation at various locations have been investigated over
decades through established methodologies. Study of wave
power potential of Malaysia (Mirzaei et al., 2014; Muzathik et al.,
2010a; Samrat et al., 2014; Tan et al., 2017; Yaakob et al., 2006),
Terengganu (Jaswar et al, 2014; Muzathik et al., 2010b) and
Sabah (Ejria et al., 2010) can be found in the related literatures.
There are different characters and energy densities depending
on locations and weather conditions in different places. The
design of nearshore wave energy converter generally consists
of parameters of wave characteristics. The parameters of wave
characteristics considered in WEC design were wave height and
wave period. Knowledge about the behavior of the ocean waves
is important in designing the suitable wave energy converter
because the wave characteristics in deep water and shallow
water are different (Tan et al., 2017).

Therefore, a significant effort is being made to explore
the wave power potential of the coastal regions of Mandi Darah
Island, Sabah in order to provide insight into the appropriate
location for the selection and installation of WEC systems. The
objective of this study is to determine the effects of NEM and
SWM to the wave power along the coastal area of Mandi Darah
Island. The wave data collected is going to be used for a proposal
of WEC deployment to suit the wave regime in the coastal area of
Mandi Darah Island.
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2. GEOGRAPHICAL LOCATION

Mandi Darah Island is a small island located in Kudat
Division (Monaliza & Samsur, 2011), which is the northern area
of Borneo Island and bounded by latitude 6°55'44.52" N and
longitude 117°20'2.37"E (Figure 1). As shown in Figure 2, synoptic
charts from Malaysian Meteorology Department (MMD) utilizing
National Centers for Environmental Prediction (NCEP) Reanalysis
of Mandi Darah Island that depict Northeast Monsoon (NEM)
and Southwest Monsoon (SWM). Mandi Darah Island location
in synoptic maps also shown in Figure 2. Mandi Darah Island is
subject to direct wind blow, particularly during the Northeast
Monsoon (NEM), with occasional storms. This is because Mandi
Darah Island is surrounded by Sulu Sea (Figure 3). The Sulu Sea
is an enclosed sea, like the Mediterranean Sea, divided by a
chain of islands from the surrounding waters: Borneo Island in
the southwest, Palawan in the west, Busuanga and Mindoro in
the north, Panay, Negros and Mindanao in the east, and the Sulu
Archipelago in the southeast (Ejria et al., 2010).

The permanent residence on Mandi Darah Island is scarce,
with about 35 houses constructed on the beach, where between
40 and 75 people abide. Mandi Darah Island was chosen as study
area because due to the lack of infrastructure, wave energy is
used to supply electricity to the villages as well as to the army
camp situated on Mandi Darah Island.

Figure 1.
Location map of Mandi Darah Island in the northern
part of Sabah.
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Figure 2.
Wind direction from the NCEP Reanalysis: (a) NEM and (b) SWM.
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Figure 3.
Mandi Darah Island located in the Sulu Sea.
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3. WAVE MEASUREMENT

This study was based on the six-hour data collected at wave
measurements stations, covering the period from the Acoustic
Doppler Current Profiler (ADCP). The ADCP is a hydroacoustic
current meter similar to a sonar, which measures water velocity
and direction over a range of depths, simultaneously measuring
bathymetry. Based on Comprehensive Manual for ADCP (2018),
an ADCP instrument transmits a short, constant-frequency
sound pulse (“ping”) into the water, then listens for the echo and
measures the change in the pitch or frequency of the echo. The
frequency difference between transmitted and received pulses is
proportional to water velocity.

The ADCP measures water velocity by emitting a sound
pulse from microscopic suspended particles that float passively
in the water and are supposed to travel at the same speed as
water - the velocity of the particle recorded equals the velocity of
the water surrounding the particle.
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The instrument was deployed at 2 km to the south from the
offshore island (Figure 4), at 13 m water depth. The instrument
operated from 1 June, 2018 to 31 December, 2018. During this
period, it completed the three monsoons season, i.e. Southwest
Monsoon (SWM), Northeast Monsoon (NEM) and intermonsoon.

Wave data are required in order to investigate the
wave energy harvesting in the study area. In this study, wave
characteristics such as significant wave height (HmO), and peak
wave period (Tp) were recorded using the ADCP, as explained in
the section above. After the quantitative analysis of the datasets,
wave characteristics will be discussed in the result sections.

Figure 4.
The ADCP deployment 2 km offshore Mandi Darah
Island.

3.1. Wave Theory

A wave is a dynamic disturbance in the propagation
(change from equilibrium) of one or more quantities, as specified
by the wave equation at times. A real wave is a water motion
in the form of a moving shape distortion of the water surface
with translational, rotational, and oscillatory motions. The water
waves are transverse disturbances because the particle motion
is apparently in one direction, which is up and down movement,
and the direction of propagation of the disturbance is at the right
angle to the direction of motion (Rameswar, 1978). An idealized
approach of water wave is a sinusoidal curve that travels
outwards.

The direction of wave can also be alternating; that is
known as oscillatory motion, which is also called harmonic wave.
Harmonic wave is an oscillating wave, and the term is applied
to certain waves that are twice as high as their fundamental
frequency (Mead, 1973). These waves will reflect off the obstacles,
but they will not dissipate due to diffraction effects. It is generally
applied to repeating signals, such as sinusoidal waves. The
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amplitude of harmonic waves is proportional to the square root
of the wavelength; so, they have a smaller wavelength than other
types of wave. This makes them capable of overcoming obstacles
more efficiently than a sound or electromagnetic wave could
overcome at that same frequency.

The wave power potential can be estimated both in
deep water and shallow water. Deep water was classified as
where the depth of the water is greater than or equal to half
the wavelength (Marine Energy — Wave, Tidal and Other Water
Current Converters, 2019). However, shallow water is defined by
kinematic properties of waves as where the water depth is less
than a twentieth of the wave length (Marine Energy — Wave,
Tidal and Other Water Current Converters, 2019).

The characteristics of the wave are primarily based on the
wind conditions and the shape of the seabed. The frequency of
wave energy flowed per unit of wave-crest length (wave power)
can be calculated at a given depth of water using the given
formula (Foteinis et al., 2017; Vogler & Morrison, 2013):

2
mo

16

P=pg M

where p is the density of sea water, g is the acceleration of gravity,
H _, is the significant wave height and c, is the group velocity
(i.e., the velocity at which wave energy spreads), which can be
calculated using:.

Cg=vgd @

where in equation (2), d is the depth of the area. Cg in equation
(2) will be included in equation (1).

The energy is divided between kinetic energy and wave
potential. To calculate the wave power in a specified region, the
ranges of wave period and the height at which the wave power
is the maximum should be considered. These conditions are
the basis for WEC design (Zanous et al., 2019). All wave energy
converter performance data was given in terms of H__ because it
was easily measured (Muzathik et al., 2010a).

4. RESULTS AND DISCUSSION

The Mandi Darah Island coast of Sabah was selected to
provide insight into the appropriate location for the selection
and installation of WEC systems. The six-hour values of significant
wave height (H_ ), peak wave period (Tp) and wave power (P)
within the period from June to December 2018 were analyzed for
this area. The mean and the maximum wave heights are shown
in Figure 5. It shows that the maximum wave heights in the study
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area were lower from June to October and higher from November
to December. The influence of the northeast and the southwest
monsoons is the explanation for these phenomena. During the
monsoon season, more energy can be supplied to the study area

due to more storms and winds to the coast. The monthly average
wave height obtained varied from 0.07 m to 0.13 m; thus, the
recorded data show most of the wave heights occurring within
0.05mt00.10 m.
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Figure 5.

The maximum wave height (H__) and mean wave height (H

max mean

As shown in Figure 5, the maximum wave height recorded
in Mandi Darah Island was 0.47 m. The data indicated that the
wave height in the coastal area was relatively low compared to
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) recorded at Mandi Darah Island.

the wave height in the offshore area. The mean wave height was
0.10 m and the mean wave period was 1.97 s on Mandi Darah
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Figure 6.
Monthly average wave power (kW/m).

The study revealed that the annual average wave power
was 0.11 kW/m. In the calculation of wave power on the Mandi
Darah Island shore, for the average values of H = 0.10 m and
T,=1.97'5,0ne may consider it based on the available wave power.
A bar graph has been plotted as in Figure 7 to better visualize the

Sep Ot N
monthly variation of wave power potential. The monthly average

o
wave power varied between 0.05 kW/m and 0.16 kW/m. It can
also be noted that, in general, the average monthly wave power
at the beginning of June and July was lower than at the end of
the year.
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Figure 7.

Annual wave characteristics: (a) significant wave height (m), (b) peak period (s) and (c) wave power (kW/m).

The wave energy intensity differed seasonally, with the
maximum energy density occurring during the northeast
monsoon, with more storms and waves, while lower energy
density occurred during the southwest monsoon. The annual
wave characteristics of H_, Tp and wave power, which were
calculated using Equation 1 are presented in Figure 8. It is clearly
stated that Mandi Darah Island wave climates can be divided
into three seasons: the first season covering the period from
November to December; the second season covering the period
from August to October; the third season covering the period
from June to July. The third season presents the calm season in
the study area which was from June to December 2018.

Figure 8 indicates that Mandi Darah Island had the most
maximum values of H_, T, and wave power during the NEM
which was in November until December 2018. This is because
wind from the NEM directly flowed through Mandi Darah Island
from Sulu Sea. The wind speed during NEM was estimated
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achieve maximum value at 6.68 m/s. Wind data were obtained
from MMD of NCEP Reanalysis.

The main directions of the wind during NEM were mostly
coming from east. The wind speed for NEM accounts for more
than 50% throughout the study period (Figure 9). However,
during SWM in June to September period, Mandi Darah Island
faced wind from the South China Sea and had low values of H_,
T'O and wave power. This was related to the wind speed for SWM,
which constitutes 25%. During SWM, the wind directions for
the study period are from the West, followed by those from the
Southwest (Figure 10).

The annual variation of wave characteristics is an essential
parameter in WEC design. According to the wave conditions at
Mandi Darah Island, the possibilities to utilize wave power to
Mandi Darah Island shore was low because the wave height
noted was lower than 0.5 m. It was lower than the requirement
for the device to work (Najmuddin et al., 2021).
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Wind rose during NEM.
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Figure 9.
Wind rose during SWM.
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5. CONCLUSION

In conclusion, the study reviewed the wave characteristics
of Mandi Darah Island. A wide range of parameters have to be
tested and analyzed to determine the effects of the Northeast
Monsoon (NEM) and the Southwest Monsoon (SWM) on the
wave power along the coastal area of Mandi Darah Island. This
study identified the monthly wave height and wave period data
for 6 months, using the Acoustic Doppler Current Profiler (ADCP)
equipment. All the data was thoroughly analyzed to estimate the
highest probability wave height and wave period in the study
area.The range of wave heights in the coastal waters surrounding
Mandi Darah Island was found out to be 0.01 m to 0.47 m, and the
wave periods ranging from 1.0 s to 8.60 s. It was found out that
wave height and wave period during NEM was higher by 0.12 m
and 2.17 s than that during the SWM. The maximum wave energy
flow per unit of wave-crest length (wave power) at Mandi Darah
Island was 1.57 kW/m throughout the period. During NEM, the
wave power was significantly higher by 0.70 kW/m than the SWM.
The wave power available was considered small and WEC cannot
be fully utilized. Although the available energy was considered to
be limited and cannot be completely exploited, special devices
can be built in future using a relatively lower wave-height in
Mandi Darah Island in order to convert the wave energy more
effectively.
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