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Abstract. This paper presents the potential of tidal energy in Malaysia. Malaysia is heavily depending on the
fossil fuel to satisfy the energy demand. However, this reserve energy is reported will be depleted. The
population growth also caused the demand on energy increase over the year. This situation can lead to the
global warming and climate change that be a major concern around the world. As an alternative, renewable
energy become a solution in order to reduce the usage of conventional energy such as fossil fuel, coal and gas.
One of the renewable energy that can be used is from ocean energy. Since the tidal energy is not study
thoroughly in Malaysia and Malaysia has a potential sites that can implement this tidal energy for electricity
generation to meet the local demand. This tidal energy can be hamessed in several approach such as by using
tidal barrage single basin with single mode generation consist ebb-mode and flood-mode of generation and the
other approach of single mode is double-mode of generation. In order to meet the local demand, single-mode
generation and double-mode generation was studied by getting the number of population at that area, the
electricity demand then from that data the basin area is estimated for power generation. The result shows that

double-mode generation is one of the approaches that meet the local demand for electricity.

1 Introduction

Malaysia is heavily depending on the fossil fuel to satisfy
the energy requirements and it is increasingly over the
year. However, it is reported that Malaysia oil reserve
will be depleted by year 2015 and gas by year 2048 [1].
As a developing country, Malaysia’s population increase
over the year with an annual growth rate of 1.8% and it is
expected will reach 33.4 million by the year 2020 and
approximately 37.4 million in 2030 [2]. In 2013, total
electrical generated was 131.6TWh and the demand is
expected to increase by 5.7% per annum to 274TWh by
year 2030 [3]. This is heavily influenced by strong
demand from industrial and residential sector as Malaysia
enter the industrialized nation, whereby per capita
electricity demand is expected to reach 7571kWh/person
during 2030 [4]. It is difficult to ignore the global
warming and the effect of the fossil fuel and nowadays, it
becomes as one of the major concern around the world.
The limitation of fossil fuel, push the government to find
other sources of energy and started to explore the usage
of renewable energy [5, 6].

The oceans have tremendous untapped natural
sources, which are able to make significant contribution
to our future energy demand. Besides, the oceans is
already known as one the potential renewable sources
that can generate electricity by using several technology
such as tidal barrage, tidal current energy, wave energy,
ocean thermal energy and salinity gradient energy [7].
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Researchers faced many obstacles on finding highly
applicable and cost effective technologies to develop this
kind of sources.

The potential of harnessing energy from the ocean
in Malaysia is being investigated since a little effort has
been put to initiate such studies. It is identified there are a
number of sites with great potential for tidal energy
conversion, which could supplement the energy needs of
Malaysia as well reduce the greenhouse gas generation
[8]. As the tidal cycle is highly predictable, it has the
potential to be a very reliable renewable energy source.
The approach that being researched to harness electric
energy from tides are by using tidal barrage single basin
which are consist the ebb-mode, flood-mode and double-
mode of generation [9].

The paper presents the findings on the preliminary
studies undertaken to identify the potential of harnessing
tidal energy in Malaysia for electricity generation. As
well, it is aimed to identify the potential sites around
coastal area of Malaysia that can implement the tidal
power plant in order to meet the local electricity demand.

2 Local population and energy demand

The local demand was based on the mukim that the tidal
station were located [10]. The average electricity
consumption in Malaysia is assumed 3966kWh per
household annually [11]. By using assumed electricity
consumption, then amount of electricity demands by local
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population is calculated and shown in the Table 1. This is
important in order to determine the tidal basin area.

Table 1. Local electricity demand

Location Mukim hol;l:e.el?(fl d ]zg{?ll:)d
P.Langkawi  P.Langkawi 26,000 103.12
P.Pinang Georgetown 64,653 256.41
Lumut Lumut 16,591 65.80
P Kelang Ezllﬁ';‘; 3,447 13.67
Tg. Keling Tg. Keling 2,991 11.86
Kukup Serkat 1,976 7.84
J.Bahru Sg. Tiram 3,703 14.69
Sejingkat Padawan 6,636 26.32
Bintulu Sebauh 35,274 139.90
Miri Sibuti 11,958 47.43
K Kinabalu = Tambunan 81,747 324.21
Kudat Pitas 16,745 66.41
Sandakan Tongod 64,194 254.60
Lahad Datu ~ Kunak 34,179 135.55
Tawau Nabawan 69,656 276.26
Labuan W.P.Labuan 19,719 78.21

3 Tidal barrages

A tidal barrage is one of the technologies that commonly
used worldwide for harnessing the tidal energy for
electricity generation. It is a physically barrier, namely
the barrage is created within the sea with sluice gate to
control the flow of sea water [12, 13].

There are divided into three approaches which are
ebb-mode, flood-mode and double-mode of generation.
For ebb-mode, firstly the sluice gate is opened and let sea
water flow through it and fills the basin behind barrage.
Once the high tide reach the high level and the basin
reach it sufficient head level, the sluice gate will close
and wait for the tides recedes. This situation will create a
difference in water level between the barrage and the sea.
Then the potential energy from the water level difference
can then drive the turbine to generate electricity [14].
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Figure 1. Ebb-mode generation.

For the flood-mode, sluice gate is closed until the
tides reach its high level. After, high level of tides is
reached then sluice is opened and let sea water fill the
basin through the turbine and in the same time turbine
generate the electricity [15]. After the basin is fully filled
with sea water and turbine done generate electricity, the
sluice gate is closed wait for the sea level decrease. After
the sea level is decreased, now the sluice gate is opened
once again to empty the basin and water return to the sea
through the turbine but it did not generate the electricity
because it works only in one direction. This proses repeat
during the flood.



UTP-UMP SES 2015

/ Shaice Gate \

/ Shuice Geie \

Tidal Basin Area

Level of Low Tide

(b)

Shiice Gate

(©)
Figure 2. Flood-mode generation. (c)
While for the double-mode, sluice gate is closed o S G
until near the end of the flood tide then water is allowed Level of Iigh Tige

to flow through the turbine into the basin and creating
electricity. At the point where the hydrostatic head is
insufficient for power generation the sluice gate is opened
and kept opened until high tide when they are closed.
When the tide outside the barrage has dropped o h Tasbind
sufficiently water is allowed to flow out of the basin '

through the turbine again creating electricity [16].
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Figure 3. Double-mode generation.
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4 Tidal range differences

Tidal range can be defined from the tide different during
the phase of flood and ebb tides. This different in height
of tide can be further calculate for the tidal power
generation. Figure 4 shows the average of tidal range
difference of year 2011.

Flood Generation = |high tides — low tides|
Ebb Generation = |low tides — high tides|
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Figure 4. Tidal range differences [17, 18, 19, 20, 21].

5 Location of tides data

The data collected from the Department of Survey and
Mapping Malaysia, shows that the highest tidal range of
almost three meters is located at Sabah and Sarawak.
Malaysia has 21 stations of tide gauge installation
installed near to village or town. The purpose of tide
gauge installation near village or town is to avoid and
give warning if there is a change in increasing water level
as usual that may cause flood to the nearest region. Since
the tide gauge located near and at the coastal area, there
will be advantage to make analysis of tidal range at
nearest location of tide gauge station.
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Figure 5. Tide stations of Malaysia region [17, 18, 19, 20, 21].
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6 Potential Generations

6.1 Gross energy potential

A tidal barrage is capable of generation electricity power
by utilizing potential power of tides. The calculation of
tidal basin single action gross energy potential, £, (J) is
calculated using following equations.

2=R
E: = pg J zA dz
2=U (1)
2=R
Er— A.pg j zd3
s=( 2)
22
Fy=A.pg~ ()

Where 4. is basin area (km?), p is sea water density
(kg/m®), g is gravitational acceleration (m/s’) and R is
range differences (m).

6.2 Gross power potential

Since most of the tidal stations in the coastal area region
of Malaysia are having mixed-tide, the number of tide in
every month fluctuates. Thus, an average time of a tide is
used for future equations. The average time of one tide is
calculated as follow.

time n ong month

Toge ~ ——F “4)

i

Where N is the number of tide in one month and time
in one month was calculated in second. The generation
time of single action power generation is as follow.

T . _ Ttids (5)

[
o

For double action power generation, the generation
time is multiplied by two.

The gross power potential per tide is calculated by
dividing gross energy potential with generation time in
second as shown below.

Priga = r_r (6)

Thus, the gross power potential in month is calculated
by multiplying gross power potential per tide with
number of tide in one month and barrage

efficiency, By arvan

____as in equations below.
T EFe

Pcpm}, = Prids xN x bem-mgg (7

The efficiency of a tidal barrage is commonly in the
range of 20% to 40%. For single action power generation,
the barrage efficiency is assumed to be 40% while for
double action power generation, the efficiency is assumed
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to be 30% due to lower efficiency of bi-directional
turbine. Hence, the monthly power generation is
calculated as follow.

Tygen
JelU

Pﬁlﬂ:ﬂ"iﬁe}' = Ptpm! KN X (8)

7 Results and Discussion

The operation is combinational of the ebb-mode
generation and flood-mode generation, from this the
operations it is almost a continuous proses if compare to
the ebb-mode generation and flood-mode generation that
are only operate at one time of tides process which are
during ebbs and floods.
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Figure 6 shovys the loca}l demand for elef:trlclty and O bemand B Generation
power generation from tidal barrage by using double-

mode of generation. From the figure, it is shown that by
using double-mode generation it can at least satisfy the
electricity demand from the local usage compare to by
using ebb-mode generation and flood-mode generation.
Double-mode generation can produce the higher
output power generation because of the way it operates.
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Figure 6. Demand and Power generation

7.3 Basin area estimation

The tidal basin area was estimated to approximate the
generation of electricity to meet demand of local
community per person. Thus, the tidal basin area was
manipulated at each tidal station location to generate
electricity to satisfy the local community electric demand.
The basin area estimation for each location is shown in
Table 3 below.

Table 3. Basin area estimation.

Location Mukim Basin area, km*
P.Langkawi P.Langkawi 3.7
P.Pinang Georgetown 15.3
Lumut Lumut 2.9
P.Kelang Bandar Kelang 0.2
Tg. Keling Tg. Keling 0.8
Kukup Serkat 0.3
J.Bahru Sg. Tiram 0.5
Sejingkat Padawan 0.3
Bintulu Sebauh 13.8
Miri Sibuti 5.7
K.Kinabalu Tambunan 352
Kudat Pitas 6.3
Sandakan Tongod 253
Lahad Datu Kunak 11.8
Tawau Nabawan 104
Labuan W.P.Labuan 7.7
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Figure 7 also shows the comparison of power
generation between ebb-mode, flood-mode and double-
mode of generation. As shown, the double mode-
generation produced more power than ebb-mode and
flood-mode because the double-mode generation
operation is combination of ebb-mode and flood-mode
generation. It can increase the power generation around
67% from the single-mode generation.

However, power generation is depending on the tides
range difference and tidal basin area. These two
parameters are perpendicular to the power generation.
The biggest tides range difference and tidal basin area is
large, so the output power generation becomes greater
and vice versa.

In Malaysia, the tidal range not so high as the
minimum requirement so it needs the large of tidal basin
area to produce the greatest of output power generation.
From the Figure 6, it shows the relation between tidal
range difference and tidal basin area that how much the
output power can be generated in order to meet the local
demand requirement for electricity.
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Figure 7. Power generation for ebb-mode, flood-mode and
double-mode

The basin area also effected by the value of tidal range
difference, which mean if the tidal range difference is too
low it is require a large tidal basin area and vice versa.

A small tidal barrage is more desirable as it needs less
monetary and more manageable than large tidal barrage.

8 Conclusions

In this paper, it was attempted to study the potential of
harnessing tidal energy for electricity generation in order
to satisfy the local demand. Three modes of generations
which are ebb-mode generation, flood-mode generation
and double-mode generation is studied and the result
showed that double-mode generation can produce the
power generation that can meet the local demand.
However, the tidal range become one the challenges since
tides Malaysia doesn’t meet the minimum tides
requirement for tidal barrage and other solution or
method for increasing the water level need to be studied.
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