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Abstract—Tidal range energy is one of the most predictable
and reliable sources of renewable energy. This study’s main
aim is to determine potential sites for tidal range power in East
Malaysia, by analyzing tidal range distributions and resources
and the feasibility of constructing barrages. Investigation was
conducted in 34 sites, estimating their potential energy outputs
and studying their areas for constructing barrages. Only 18
sites were marked as appropriate for constructing a tidal range
energy extraction barrage. The highest potential power was
found in Tanjung Manis, and its maximum capacity was
calculated as 50.7kW. The second highest potential of tidal
power extraction was found in Kuching Barrage at Pending,
where an energy harvester could produce electric power up to
33.1kW.
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L INTRODUCTION

Oceans possess a huge potential to generate electric
power [1]. Generating electricity from ocean power can offer
many advantages compared to other renewable energy
sources [2]. Ocean power is a vast and comparatively reliable
source. Thermal power can be harvested from oceans by the
temperature difference of warm shallow and deeper cold
waters, and kinetic power can be harvested from tides,
waves, and streams. Salinity gradient power is the energy
extracted by the difference in the salt concentration between
sea and river water. Although Malaysia is located in the
equatorial zone surrounded by sea, this ocean power has not
attracted much attention by the local government [3]. The
country’s total coastline is 4,675km, West and East Malaysia
have 2,068km and 2,607km of coastline respectively [4]. The
long length of Malaysia’s coastline is a huge advantage in
utilizing tidal range energy as a reliable alternative energy
source [5].
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II.  LITERATURE REVIEW

A potential site can be determined by the maximum
available tidal energy. The East Coast of Malaysia, was
studied in [6] where four areas with high exploitable tidal
water energy were determined. Data for potential energy
production at the East Coast of Peninsular Malaysia,
covering Kelantan and Terengganu regions, were obtained
from Malaysia ~Meteorology Department (MMD),
Department of Mapping and Survey, and National
Hydrographic Centre, while potential regions were
determined through GIS. Tidal power derives from the tidal
range, as the water is confined in a basin during a high tide,
and it runs out through a turbine at low tide [7-9]. The energy
extracted from a tidal barrage can be calculated by
considering the tidal range of water, as:

E=hxpxg (1)

where E is the potential energy (J), 4 is the tidal range (m), p
is the water density (1025kg/m’), and g is the gravitational
force (9.81m/s®). Generated power can be calculated,
concerning the space of barrage and tidal ocean as:

2)

where, E is the potential energy (J), 4 is the barrage area
(m?), & is the tidal range (m), and 7 is the duration in one
day (s). The width of the river site was assumed to be about
200m and the area of the tidal barrage was about 200x200m
[6]. The barrage area was considered using data from the
Department of Irrigation and the Department of Drainage in
Malaysia [6]. A graph of the optimum upper limit of power
generated per month, created at Tanjung Berhala,
Terengganu, is shown in Figure 1. Data were analyzed by
month, and the maximum daily power was considered.
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According to Figure 1 the produced power’s upper limit was
between 90kW and 203kW.
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Fig. 1. Optimum upper limit of power generated per month of 2006 — ©
Tanjung Berhala, Terengganu [6]

The method presented in [6] was utilized with minor
differences in this study, in order to calculate the power of
the tidal range sites. Water mass was replaced by water
density in (1), and as this research deals with one-way
instead of two-way generation, 2 is used instead of 4 in (2).
Potential energy based on tidal range can be calculated by
(1), while the power output can be calculated by (2). This
study considered four different areas in East coast of
Malaysia, and the resources of tidal range power at 34 sites
of Sabah and Sarawak coastline were examined, as suggested
in [6, 10]. Those chosen 34 areas were measured using
Google maps, in order to determine the feasibility of a
barrage construction.

III. METHODOLOGY

Figure 2 shows a data flow diagram of this research
method, including determination of sites, data analysis,
power output calculation, and map production using Google
Maps. In [6], power output was calculated for four sites
using data from 2006 and 2007. This study calculated the
power output of 34 sites using data from 2015. Previous
researchers [6, 11] assumed the barrage area of their studied
sites at 200x200m, while this research uses their actual area,
except the already constructed Kuching Barrage at Pending.

| Determination of sites ‘

L

‘ Applying equations ‘

| Power output calculation ﬂ Maps H Google

i production Maps

Fig. 2. Flow chart of the proposed methodology.

A. Available Resources

Tidal range data of 2015 were acquired from Sarawak
Marine Department (SMD). These data included tables,
namely Sarawak hourly high and low tide tables, and
nautical charts. Google maps were used to measure the area
and produce maps to show the position of tidal range sites.
Sigma software was used for data analysis. MATLAB was
used for producing graphs of tidal range potential sites.
Equations (1) and (2) were used for calculating maximum
power. Some preferable sites are in the sea while others are
located inland.

B. Navigational Charts

Navigational charts detail the physical features of the
sites, depth of sea water in meters, and nearby land
information. Coordinates acquired from satellite navigation
systems, such as Global Positioning System (GPS) using
World Geodetic System (WGS) 1984 datum can be plotted
directly on these charts [12].

C. Calculating Available Energy Resources

The determination of possible tidal range sites was
performed after analyzing tidal range energy resources. Low
and high tide data were acquired from [13]. The barrage
areas were assumed measuring area’s width on Google
Maps. Equations (1) and (2) were used to calculate the power
output of each site.

D. Calculation of Power Output for Tidal Range Sites

Calculations were performed after examining each site’s
hourly tide tables. Water’s tidal range influences the
potential power output from the barrage, as noted in (1) and
(2). Figure 3 shows the calculation procedure flow chart.
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Fig. 3. Flow chart of calculated power output for 34 tidal range sites.

Power can be generated through a barrage. A barrage
exists already at Pending, named Kuching Barrage.
Therefore, the actual area was used for calculating the power
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output of Kuching Barrage, and the estimated area using
Google Maps was used for calculating the potential power
output of the other 33 sites. In [6, 14], two-way power
generation was utilized. However, this research deals with
only one-way generation, like the Kuching Barrage, as some
sites are also on a river mouth without any prominent basin.
Table I depicts the 34 tidal range sites with their coordinates.

TABLE L. RESEARCH SITES
No Sites Latitude (N) | Longitude (E)
1 Sematan 0147 109 47
2 PasarLundo 0140 109 51
3 Kuala Santubong 0143 110 19
4 Pending 0133 11023
5 MuaraTebas 0138 110 28
6 PulauLakei 0145 11030
7 Sri Aman 0114 11127
8 Kuala Rajang 02 09 11115
9 Tanjung Manis 02 09 11122
10 | Sarikei 02 08 11137
11 | Bintangor 02 10 112 38
12 | Lebaan (TanjungEnsurai) 0219 11140
13 | Sibu 0217 11149
14 | Kanowit 02 06 11209
15 | Kuala Paloh 0225 11115
16 | Kuala Igan 0248 11143
17 | Kuala Mukah 02 54 112 05
18 | Kuala Balingian 03 00 11235
19 | Kuala Tatau 03 04 112 48
20 | Kuala Kemena 0310 113 02
21 | Bintulu Port 0316 11304
22 | Miri 0224 11359
23 | Kuala Baram 04 35 113 59
24 | Miri Port 04 34 11402
25 | Kuala Limbang 0451 11501
26 | Bandar Limbang 04 44 115 00
27 | Kuala Lawas 04 57 11525
28 | Bandar Lawas 0415 11523
29 | Labuan Faderal Territory 0517 11515
30 | Kota Kinabalu 0559 116 04
31 | Kudat 06 52 116 50
32 | Sandakan 05 48 118 04
33 | LahadDatu 0501 11820
34 | Tawau 04 14 11753

E. Calculation of Areas

The areas of 33 tidal range sites and the river were
measured using Google Maps. The width of barrage gates,
piers and service structure was assumed by taking the fixed
width of each gate of the barrage as 25m, the pier as 4m, and
the barrage length as 37m, similarly to the ones already
constructed on Kuching Barrage. Measurement techniques
are shown in Figure 4 which shows the typical cross-section
of the proposed barrage. Given the preliminary width, the
number of gates was decided. The width of the ship lock was
also defined as 25m. After deciding the effective width,
which is the sum of all gates, piers and ship lock, the
remaining space was used for service structures or
abutments.

F. Potential Sites

The selection of appropriate potential sites should take
into account the maximum available energy and an

Environmental Impact Assessment (EIA) study [15]. A
thorough EIA study is required on these potential sites,
something that is beyond the scope of this study. The
potential sites should be free from security (navigational
police) and should not obstruct the commercial shipping line.

]

Pier

Width measured

Ship Lock by Google maps

Barrage Gate

Assumed Width for
Proposed Barrage
Abutments/ Service Structure

Fig. 4. Measurement techniques calculating proposed barrage’s width.

IV. RESULTS AND DISCUSSION

A. Calculated Areas of Tidal Range Sites

The width of a river or stream varies across different
locations. So after selecting the best possible width of gates
and piers, the remaining width was considered for
constructing abutment and service buildings. It was also
observed that some locations are not appropriate for
constructing a barrage for power generation. The proposed
barrages were based on the constructed Kuching Barrage at
Pending. Table II shows the calculations for the January
power output of the Kuching Barrage. The first three
columns show the data variables of (1), column 4 shows the
potential energy, power output is shown in column 5 by
using (2), and column 6 shows power in kilowatts. Power
output was calculated in a daily basis for all tidal range sites.
In Table II, 4 represents the barrage area, and 4 is the tidal
range calculated from high and low tide data [13].

B. Extractable Energy at Tidal Range Sites

The potential extractable energy of the 34 tidal range
sites in Sabah and Sarawak coastline was calculated. It was
concluded that only 18 of them are appropriate for power
generation. Figure 5 shows the potential power output of the
18 main potential sites. The highest potential power was
noted in Tanjung Manis in the Sarawak region, measured
between 50.7kW and 39.2kW. Results showed that
maximum power was observed in January and October,
while minimum was observed in June. The second highest
power was calculated at Pending, being between 33.1kW and
25.1kW. The maximum power was observed in October,
while the minimum was observed in June. The Kuala
Kemena in Sarawak region was identified as the least
potential site, as its potential power was calculated between
1.9kW to 0.9kW. The maximum potential energy of Kuala
Kemena was calculated during July and December, while the
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minimum was found in January and September. The greater
power values in [6] are explained by the two-way power
generation, the areas defined as 200x200m, and the
variations in yearly tidal ranges.

TABLE II. CALCULATION OF POWER OUTPUT OF PENDING SITE

h P g E P kW
3.6 1025 9.81 36198.9 11161.3275 11.2
3.9 1025 9.81 39215.475 13099.05797 13.1
43 1025 9.81 43237.575 15923.83839 15.9
4.7 1025 9.81 47259.675 19024.20714 19.0
4.9 1025 9.81 49270.725 20677.73714 20.7
4.9 1025 9.81 49270.725 20677.73714 20.7
4.9 1025 9.81 49270.725 20677.73714 20.7
4.7 1025 9.81 47259.675 19024.20714 19.0
4.4 1025 9.81 44243.1 16673.09417 16.7
4.1 1025 9.81 41226.525 14476.99964 14.5
3.6 1025 9.81 36198.9 11161.3275 11.2
3.2 1025 9.81 32176.8 8818.826667 8.8
2.7 1025 9.81 27149.175 6278.246719 6.3
2.6 1025 9.81 26143.65 5821.803542 5.8
2.7 1025 9.81 27149.175 6278.246719 6.3
2.6 1025 9.81 26143.65 5821.803542 5.8
3.2 1025 9.81 32176.8 8818.826667 8.8
3.9 1025 9.81 39215.475 13099.05797 13.1
4.7 1025 9.81 47259.675 19024.20714 19.0
5.3 1025 9.81 53292.825 24191.48839 24.2
5.8 1025 9.81 58320.45 28971.22354 29.0
6.0 1025 9.81 60331.5 31003.6875 31.0
6.0 1025 9.81 60331.5 31003.6875 31.0
5.9 1025 9.81 56309.4 27007.65667 27.0
5.0 1025 9.81 50276.25 21530.33854 21.5
4.2 1025 9.81 42232.05 15191.80688 15.2
3.8 1025 9.81 38209.95 12435.92354 12.4
3.4 1025 9.81 34187.85 9955.628542 10.0
3.0 1025 9.81 30165.75 7750.921875 7.8
3.2 1025 9.81 32176.8 8818.826667 8.8
35 1025 9.81 35193.375 10549.86589 10.5
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Fig. 5. Potential power of 18 main sites of Sarawak coastline Malaysia.

Figure 6 shows the location of 18 tidal range potential
sites in a map generated by Google Maps. The locations of
the maximum potential power sites (i.e. Tanjung Manis site
and Pending site) are shown in Figure 6 as numbers 4 and 7.
Figure 7 shows the maximum and minimum of potential
energy for the 18 sites, while Table III shows their mean tidal
range and maximum and minimum potential power.

Legend
site:

1. Sematan
@ 2- PasarLundo
@ 3 - Kuala Santubong.
4-Pending
5. Sri Aman
6- Kuala Rajang
@ 7 -Tanjung Manis
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9. Bintangor
10- Lebazn
11-Sibu
12 - Kuala Paloh
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Fig. 6. Position of 18 potential sites, © Google Maps, Terrametrics .
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Fig. 7. Max/min potential power in convenient tidal range sites.
TABLE III. TIDAL RAN GE MEAN AND MAX/MIN POWER PER SITE
. Tidal range Pmax Pmin
No | Sites mean (m% aw) | &kw)
1 Sematan 3.0 12.5 9.8
2 PasarLundo 2.9 10.3 8.4
3 Kuala Santubong 3.3 21.5 15.9
4 Pending 4.2 33.1 25.1
5 Sri Aman 2.9 15.9 10.0
6 Kuala Rajang 3.8 27.5 20.7
7 Tanjung Manis 4.0 50.7 39.2
8 Sarikei 3.9 19.5 15.5
9 Bintangor 3.8 17.4 14.5
10 | Lebaan (TanjungEnsurai) 3.0 27.9 6.6
11 | Sibu 2.0 5.4 4.2
12 | Kuala Paloh 3.0 21.8 3.9
13 | KualaIgan 1.6 6.8 4.2
14 | Kuala Mukah 1.4 2.8 1.7
15 | Kuala Kemena 1.0 1.9 0.9
16 | Kuala Limbang 1.4 2.3 1.1
17 | Bandar Limbang 1.3 1.9 0.8
18 | Kuala Lawas 1.3 1.9 1.0

C. Selection of Suitable Site

A total of 18 tidal range sites seem to be suitable for
power generation. As ranges differ in all these tidal range
sites, sites with larger tides generate more power compared
to sites with lower. These sites were assumed preliminary,
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the final sites should be selected after a thorough feasibility
study. However, as Kuching Barrage constructed at Pending
has a strong potential for power generation, an energy
harvester could be installed for extracting energy [16].

V. CONCLUSION

This research studied the potential energy generation in
34 sites in East Malaysia, pinpointing 18 locations as suitable
for the construction of a energy generation barrage.
However, these sites were assumed as preliminary, as the
final sites should be selected after a thorough feasibility
study. Two sites were considered as having the highest
potential. The maximum calculated power sites are the
Tanjung Manis and the Pending site. The highest energy
potential was calculated to come from Tanjung Manis and
was measured between 50.7kW and 39.2kW, while the
second highest power was calculated for Pending, between
33.1kW and 25.1kW. However, there is already an existing
barrage at Pending site, and this is the only site where power
could be generated by just installing turbines.

REFERENCES

[1] A.S. Bahaj, “Generating electricity from the oceans,” Renewable and
Sustainable Energy Reviews, vol. 15, no. 7, pp. 3399-3416, Sep.
2011, doi: 10.1016/j.rser.2011.04.032.

[2] L. Myers and A. S. Bahaj, “Simulated electrical power potential
harnessed by marine current turbine arrays in the Alderney Race,”
Renewable Energy, vol. 30, no. 11, pp. 1713—1731, Sep. 2005, doi:
10.1016/j.renene.2005.02.008.

[3] O. B. Yaakob, Y. M. Ahmed, M. N. Bin Mazlan, K.E. Jaafar, R. M.
Raja Muda, “Model Testing of an Ocean Wave Energy System for
Malaysian Sea,” World Applied Sciences Journal, vol. 22, no. 5, pp.
667-671, 2013, doi: 10.5829/idosi.wasj.2013.22.05.2848.

[4] “East Asia/Southeast Asia: Malaysia — The World Factbook”, Central
Intelligence Agency,
https://www.cia.gov/library/publications/resources/the-world-
factbook/geos/my.html (accessed Jul. 1, 2020).

[5] S. M. Shafie, T. M. 1. Mahlia, H. H. Masjuki, and A. Andriyana,
“Current energy usage and sustainable energy in Malaysia: A
review,” Renewable and Sustainable Energy Reviews, vol. 15, no. 9,
pp. 4370-4377, Dec. 2011, doi: 10.1016/j.rser.2011.07.113.

[6] K. N. A. Maulud, O. A. Karim, K. Sopian, S. N. F. A. Aziz,
“Determination of Tidal Energy Resource Location in East Coast of
Peninsular Malaysia Using Geographical Information System,” in
Proceedings of the 3rd WSEAS International Conference on Energy
Planning, Energy Saving, Environmental Education (EPESE '09),
Jul. 2009, pp. 25-31.

[71 G.N. Tiwari and M. K. Ghosal, Renewable Energy Resources: Basic
Principles and Applications. Harrow, UK: Alpha Science
International, 2005.

[8] W. K. Lee, “Reliability of combined regional tidal power generation
in Malaysia,” International Sustainability and Civil Engineering
Journal, vol. 1, no. 2, pp. 48-58, 2012.

[91 M. Alvarez, V. Ramos, R. Carballo, N. Arean, M. Torres, and G.
Iglesias, “The influence of dredging for locating a tidal stream energy
farm,” Renewable Energy, vol. 146, pp. 242-253, Feb. 2020, doi:
10.1016/j.renene.2019.06.125.

[10] M. Mestres, M. Grino, J. P. Sierra, and C. Mdsso, “Analysis of the
optimal deployment location for tidal energy converters in the
mesotidal Ria de Vigo (NW Spain),” Energy, vol. 115, pp. 1179—
1187, Nov. 2016, doi: 10.1016/j.energy.2016.06.055.

[11] M. Wosnik, I. Gagnon, K. Baldwin, E. Bell, “The ‘living bridge’
project: Tidal energy conversion at an estuarine bridge powering

sustainable smart infrastructure,” presented at the 5th Marine Energy
Technology Symposium (METS), Washington, DC, USA, May 2017.

[12] M. R. Hassan, Royal Malaysia Navy, 2nd ed. 2009.

[13] Sarawak Hourly and High & Low Tide Tables: Including Standard
Ports of Sabah. Director of Marine Sarawak, Malaysia, 2012.

[14] 1. Penesis et al., “Tidal energy in Australia — assessing resource and
feasibility to Australia’s future energy mix,” presented at the 4th
Asian Wave and Tidal Energy Conference (AWTEC 2018), Taipei,
Taiwan, Sep. 2018.

[15] A. A. Mahessar, A. N. Laghari, S. Qureshi, I. A. Siming, A. L.
Qureshi, and F. A. Shaikh, “Environmental Impact Assessment of the
Tidal Link Failure and Sea Intrusion on Ramsar Site No. 1069,”
Engineering, Technology & Applied Science Research, vol. 9, no. 3,
pp. 4148-4153, Jun. 2019.

[16] M. L. Tuballa and M. L. S. Abundo, “Operational Impact of RES
Penetration on a Remote Diesel-Powered System in West Papua,

Indonesia,” Engineering, Technology & Applied Science Research,
vol. 8, no. 3, pp. 2963-2968, Jun. 2018.

www.etasr.com

Samo et al.: Determination of Potential Tidal Power Sites at East Malaysia



