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Abstract—The aim of the study is to investigate the wave 

power potential around the south-western coast of Sri Lanka 

and its spatio-temporal and directional distributions based on 5 

years (1999 to 2003) of simulated wave data. The analysis results 

show that the annual mean wave power in the region is 

exceeding 10 kW/m while the available monthly mean wave 

power values are higher than 5 kW/m throughout the year. 

Eight study points were selected along the nearshore coastline 

for a detailed assessment. The calculated annual and monthly 

mean wave power values at the selected points showed that the 

south-west coast has a higher potential than the west coast 

except near Matara. The temporal and directional variations 

were also assessed in selected points using statistical indices and 

wave power roses, and those revealed that the region has 

moderately stable wave power with narrow directionality. 

Moreover, the possible annual electric power outputs from three 

wave energy converter devices (WECs) were estimated at all the 

study points using wave scatter diagrams and publicly available 

power matrices, and the results reveal that the nearshore area 

from Galle to Weligama is most suitable for wave energy 

harvesting. 
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I. INTRODUCTION 

The depletion of fossil fuels and the environmental crisis 
such as global warming, climate change and air quality 
deterioration, have increased the adaptation of clean energy 
sources [1],[2].  Wave energy is a non-polluting, reliable and 
predictable marine energy form with high power density 
compared to many other renewable energy sources [2],[3].  
With an estimated global wave power potential of around 
2TW [4],[5], this abundant resource could play an important 
role not only in driving low carbon growth but can be a 
solution for the ever-increasing electricity demand. 

The Assessment of wave power potential and its 
variability is a fundamental step that needs to be carried out 
for the site selection and the planning and tuning of the Wave 
Energy Converters (WECs) in wave energy extraction 
projects [6]. Over the past years, several studies have been 
carried out to investigate the wave climate and the wave power 
potential in Sri Lankan coasts with the intent of finding the 
most suitable sites for wave energy harnessing. 

Vithana et al. [7] investigated the long-term wave climate 
and developed a wave power map, showing the average wave 
power, calculated using yearly averaged significant wave 
height, at 23 locations located around Sri Lanka at 50 m water 
depth. The wave height data was derived from 
Topex/Poseidon satellite altimeter data and verified using 

measured wave data at a point near Galle. The highest average 
wave power was observed at Potuvil located on south-east 
coast and the values obtained at the west and south coast were 
ranging between 9 and 13 kW/m. 

Lokuliyana et al. [8] analysed the wave energy potential 
around Sri Lanka according to the International Electro-
technical Committee Technical Specification (IEC TS 62600-
101:2015) class 1 standards. A wave model was constructed 
using SWAN (Simulating WAves Nearshore) and the model 
physical parameters were set to default SWAN model values 
after a model tuning process where they found that the 
sensitivity of the model depends on the accuracy of the wind 
and bathymetry datasets and physical parameter values have 
minimal effect. The study concluded that the south coast has 
the highest wave energy resource in Sri Lanka followed by the 
south-west and south-east coasts. 

Karunarathna et al. [9] carried out a comprehensive wave 
power assessment around Sri Lanka using 25 years (1979-
2003) of numerically simulated data. A Sri Lankan regional 
wave model (KU_SLK) which is the last leg of a cascade of 
wave models, was developed using SWAN and validated 
against the wave data measured at Galle and against ERA-
Interim Global Atmospheric Reanalysis wave data at three 
locations around the west and south coasts. Their analysis 
revealed that the south-west and south coasts of Sri Lanka 
have a substantial wave power ranging between 10 and 20 
kW/m throughout the year. The study has proven that the 
wave resource available in the south-west to south-east coast 
region is predominantly stable at inter-annual to decadal 
timescales. They concluded that the south and west coast of 
Sri Lanka is most suitable for wave energy harvesting. The 
objective of our study is, therefore, to assess the wave resource 
potential in the west and south-west coast areas using a high-
resolution wave model and to find the wave energy hotspots 
for future wave farm projects. 

II.  MATERIALS AND METHODS 

A. Study area 

The study area is located on the south-western coast of Sri 
Lanka, bounded by the 79.60-80.60 East longitudes and 5.600-
7.000 North latitudes. The region is stretching alongshore over 
160 km from Colombo to Matara and the cross-shore distance 
is 26 km, measured towards the sea. The water depth in the 
study area is less than 400 m except near Matara where the 
water depth goes up to around 2000 m beyond the edge of the 
shelf. 



 

Fig. 1.  Map of Sri Lanka, Study area and selected eight (PN1 to  PN8) 

locations. 

The wave climate off the west coast is governed by local 
wind-generated sea waves and swell waves that are generated 
in the southern Indian Ocean, travelled over long-distance and 
approach the coast predominantly from the south direction. 
The west and south-west coast of Sri Lanka is mainly affected 
by the south-west monsoon which occurs from May to 
September and during this period, wave conditions are found 
to be more energetic than in the non-monsoon [10]. 

B. Wave model 

The state-of-the-art third-generation spectral wave model 
SWAN was used to simulate the prevailing wave climate off 
the western coast of Sri Lanka [11] and Delft 3D, an open-
source software developed by Deltares research institute, was 
utilized for the modelling purpose of this study 
(https://oss.deltares.nl/web/delft3d). 

A structured curvilinear computational grid was created 
for the study area with 500 m×500 m spatial resolution using 
the DELFT 3D-RGFGRID module. The GEBCO (General 
Bathymetric Chart of the Oceans) 15-arc second spatial 
resolution gridded bathymetry data was interpolated at each 
grid point using the Delft 3D-QUICKIN module.  

The wave model was set up using Delft 3D-Wave and the 
wind and wave boundary conditions; significant wave height 
(Hs), mean wave period (Tm01) and mean wave direction for 
the model were derived from the Sri Lanka regional wave 
model (KU_SLK) [9] output, data available from 1979 to 
2003 at 6h intervals. The wind input for the wave models is 
taken from the super high-resolution Atmospheric Global 
Climate Model (AGCM) of the Japan Meteorological Agency, 
MRI-AGCM3.2S [12]. The spatial and temporal resolution of 
wind input is 20 km and 1 h respectively.  

Dissipation due to depth-induced wave breaking, bottom 
friction, white-capping and non-linear triad interactions were 
considered in the simulations. SWAN default formulations 
and parameters were used for all the physical processes. 
Default accuracy criteria settings were used to terminate the 

iterative computations. The directional spreading was set to 
the default value of 4 in cosine mode, this corresponds to 
25.45 in degrees. The JONSWAP (Joint North Sea Wave 
Atmosphere Program) model was used to represent the wave 
energy spectrum along the boundary, the SWAN default value 
of 3.3 was used as the peak enhancement factor. The model 
was simulated for 5 years period from 1999 to 2003 in the non-
stationary mode and output were obtained at 6h intervals from 
Delft 3D-Quickplot. 

C. Wave power calculation 

The wave power per unit width of the waves (P) can be 
calculated using (1) [9]. 

𝑃 = 0.49𝐻𝑠
2𝑇𝑚−10   (1) 

 

 The significant wave height (Hs) is defined as: 

𝐻𝑠 = 4√𝑚0   (2) 

 and the mean energy period (Tm-10) is defined as: 

𝑇𝑚−10 =
𝑚−1

𝑚0

   (3) 

Where m-1 and m0 is the first negative and zeroth moment 
of the wave frequency spectrum respectively. 

 

III. RESULTS AND DISCUSSION  

A. Spatial distributions of wave power 

Eight locations were selected along the west (PN1-PN4) 
and south-west coast (PN5-PN8) of Sri Lanka (Fig. 1) at water 
depths between 20 m and 30 m and at a distance less than 
2.5km from the shoreline, to assess the prevailing wave 
climate in the nearshore area. To visualize the distribution of 
wave power, spatial maps of annual and monthly mean wave 
power were developed for the region, considering the time 
series of 5 years modelled data at all the computational nodes. 
part of the continental shelf which has the least wave power in 
the south-west coast.  

1) Annual mean wave power 
The developed annual mean wave power spatial map (Fig. 

2) shows that the region has a wave power potential ranging 
between 10-15 kW/m. It can also be seen that the wave power 
in the nearshore areas, within 30m depth contour, is less than 
offshore, understandably due to the dissipation in energy 
when waves reaching the shallow water depth. 

The magnitude of the annual mean wave power of the 
study points was extracted to assess the wave power potential 
along the coast (Table Ⅰ). Values indicate that the points from 
PN1 to PN4, located in the nearshore area of the west coast 
has annual mean wave power between 9 and 10.25 kW/m and 
the points from PN5 to PN7, located in the south-west coast 
have values around 11.5 kW/m. Points in the South-west coast 
has relatively higher mean wave power values than those in 
the west coast, except the point PN8 located on the narrowest 
part of the continental shelf which has the least wave power in 
the south-west coast.  



 

Fig. 2. Spatial map of annual mean wave power (averaged over the study 

period between 1999 and 2003) for the western coast of Sri Lanka and 30 m 

seabed depth contour. 

2) Monthly mean wave power 
The calculated monthly mean wave powers at the points 

were extracted to assess the intra-annual fluctuations and the 
seasonal stability of wave power in the region. As depicted in 
Table Ⅰ, a significant increase can be observed in the monthly 
mean wave power levels during the monsoonal months (May-
September) compared to the non-monsoonal months 
(October-April). The highest magnitude of wave power 
distributed over the June and July months. During the 
monsoon period, monthly mean wave power ranges between 
15 and 25kW/m, while the rest of the year it remains between  
5 and15kW/m.  

The south-west monsoonal months June and July have the 
highest monthly mean wave power, values range between 17 
and 18.5 kW/m in the west coast (PN1-PN4) and between 20 
and 22 kW/m in the south-west coast (PN 5-PN 7). The lowest 
monthly mean wave power was observed between the 
November and March months where the values remain 
between 3 and 5 kW/m in the west coast and between 4 and 

7.5 kW/m in the south-west coast. The mean wave power 
available during the south-west monsoon period is nearly 2 to 
3 times larger than that during the non-monsoon period. As 
previously observed, the wave power potential in the south-
west coast is higher than the west coast and the point PN8 has 
the least monthly mean wave power values in the south-west  

B. Temporal variations in wave power 

Temporal variations in wave power need to be studied to 
determine the most promising locations for the wave energy 
extraction project. Studies have indicated that the sites with 
consistent wave power are more reliable than those with 
higher wave power, but also unsteady [13]. The stability of the 
wave power in the region was investigated using the Monthly 
Variability Index (MVI) and the Coefficient of Variation 
(COV), defined as in (4) and (5) by Cornet [13]. 

 

𝑀𝑉𝐼 =
�̅�𝑀,𝑚𝑎𝑥 − �̅�𝑀,𝑚𝑖𝑛

�̅�𝑌𝑒𝑎𝑟

 (4) 

𝐶𝑂𝑉(𝑃) =
𝜎(𝑃(𝑡))

𝜇(𝑃(𝑡))
 (5) 

 

MVI was calculated by dividing the difference between 
the maximum and minimum monthly mean wave powers by 
the annual mean wave power and COV was calculated by 
dividing the standard deviation (σ) of the time series of wave 
power by the mean (μ) wave power. Lower MVI and COV 
values are an indication of less variability in wave power. 
Table Ⅱ depicts the distribution of COV and MVI in the west 
and south-west coast shows that the region has COV values 
between 0.6-0.7 and MVI values between 1.2-1.6, implying 
that the wave conditions are moderately stable in the region. 
These value ranges are in line with those obtained by Cornet 
[13] near the west and south coast of Sri Lanka through his 
global-scale wave energy resource assessment. 

 

TABLE I.  MONTHLY AND ANNUAL MEAN WAVE POWER VALUES (IN KW/M) AT THE SELECTED LOCATIONS (PN1-PN8) 

 

 

 

 

 

Points 

Mean wave power (kW/m) 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual mean 

PN1 3.5 3.7 3.3 5.2 11.9 17.5 17.9 15.6 12.5 8.0 4.3 4.2 9.0 

PN2 4.3 4.3 4.0 5.9 12.2 17.8 18.2 15.5 12.7 8.8 5.0 5.1 9.5 

PN3 5.0 4.6 3.9 5.8 12.2 17.8 18.0 15.7 12.9 8.8 4.9 5.5 9.6 

PN4 5.5 4.5 4.5 6.9 13.1 18.3 18.4 16.0 13.6 10.0 5.7 6.0 10.2 

PN5 5.4 4.1 4.9 7.4 14.1 21.4 21.9 18.0 15.2 10.9 6.2 6.1 11.3 

PN6 5.7 5.0 6.3 8.8 15.0 20.0 19.8 17.0 15.4 12.3 7.5 6.8 11.7 

PN7 4.7 4.2 6.3 9.1 15.4 20.6 20.2 17.3 15.9 12.7 7.5 6.0 11.7 

PN8 4.3 4.0 5.8 8.0 12.9 15.9 15.4 13.7 12.9 10.7 6.6 5.3 9.7 



TABLE II.  COV AND MVI VALUES AT THE SELECTED LOCATIONS 

(PN1- PN8)  

Points COV MVI 

PN1 0.73 1.63 

PN2 0.69 1.50 

PN3 0.67 1.48 

PN4 0.64 1.36 

PN5 0.69 1.48 

PN6 0.63 1.29 

PN7 0.67 1.41 

PN8 0.61 1.23 

 

There is no clear distinction between the COV and MVI 
values obtained for points in the west and the south-west coast. 
The lowest temporal coefficient values exist in the point PN8, 
however previous analysis has indicated that the wave power 
potential in the point is relatively low. 

C. Directional distributions of wave power 

Directionally dependent WECs can only generate 
electricity from the wave directions distributed within a 
narrow band. The energy extraction from these devices can be 
optimized by aligning the main axis parallel or perpendicular 
to the dominant wave direction, depends on the device type 
[14]. To investigate the directional distribution of the wave 
power in the region, wave power roses were created for all the 
study points with directional bins of 300 and power 
bandwidths of 5 kW/m. Wave power roses for the points PN2, 
PN5 and PN 7 are presented in Fig. 3. 

Similar distributions in wave power were observed among 
the points located in the west coast (PN1 -PN4) and the south-
west coast (PN5-PN8). In the west coast (PN1-PN4) nearly 
90% of the wave power originating from south-west to west 
direction between 195 and 2550 while in the south-west coast 
(PN7 and PN8) it is from the south to south-west direction 
between 165 and 2250, indicating that along the coast from 
west to south-west, the dominant direction is moving towards 
the south. Compared to the other points a larger scattering in 
wave power distribution was observed in 

 

Fig. 3. Annual Mean Wave power roses at the locations PN2, PN5 and PN7. 

the points PN5 and PN6 where 90% of the wave power is 
distributed between 165 and 2550.  

The percentage of time wave power ranging between 5 and 
30 kw/m, which are the wave power levels wave farms are 
typically tuned to [15], in a year is between 60 and 70% in the 
west coast while it is between 70 and 80% in the south-west 
coast. This is significantly higher than the values obtained by 
Kumar et al. [16] along the eastern and western Indian shelf 
seas. The wave power exceeding the 30 kW/m levels is very 
much low in the region, it is approximately 1-3% of the time 
in a year. 

D. Electric power generation and performance of WECs  

The previous analysis and discussions are mainly focused 
on the available theoretical wave power, but the actual electric 
power yield is governed by the characteristics of the WECs 
[17]. In this study, three shallow-water WEC technologies; (i) 
Oyster [18], (ii) Wave Star [19] and (iii) Wave Dragon [20] 
were selected and the possible electric power output (Pe) (in 
kW) from each of the study points was calculated using (6) 
[17]. 

𝑃𝑒 =
1

100
. ∑ ∑ 𝑃𝑖𝑗 × 𝑓𝑖𝑗

𝑛𝐻

𝑗=1

𝑛𝑇

𝑖=1

 (6) 

where nT is the number of period bins, nH is the number 
of significant wave height, fij is the frequency of occurrence 
corresponding to the bin defined by the row i and the column 
j in the scatter diagram, Pij is the electric power corresponding 
to the same bin in the power matrix of the WEC considered.  

The amount of power output that can be generated by a 
WEC in different sea states is characterized by a power matrix, 
consists of bins of significant wave height and wave period, 
where each bin indicates the power output to that specific sea 
state. The resolution of the bins (∆Hs×∆T) and the type of 
wave period (Te (Energy period) or Tp (Peak period) or Tz 

(Zero crossing period)) can vary for different WECs 
depending on the developer. The power matrices of the 
considered devices were obtained from previous studies 
[17],[21]. 

To express the frequency of occurrence of different sea 
states, scatter diagrams of the significant wave height (Hs)-
wave period (T) joint distributions were created for all the 
points, separately for each WECs with the same bin resolution 
and the wave period type, as in the power matrices using the 
six-hour consecutive time series of model output. The scatter 
diagrams created to estimate the power output from Oyster at 
points PN2, PN5 and PN7 are presented in Fig. 4.  Each bin of 
the scatter diagram informs the probabilities of occurrences 
for the specific sea state as a percentage of the total number of 
occurrences. 

Following (6), the expected average electric power output 
was calculated for all the study points for each of the three 
WEC technologies, only one unit of the devices are considered 
as installed. The results shown in Table Ⅲ indicate that the 
expected annual electric power in the south-west coast is 
higher than that in the west coast. The highest annual electric 
power can be generated at the points PN6 and PN7, located 
along the coast from Galle to Weligama. Although the Wave 
Dragon device has the highest electric outputs, its rated power 
also high with the value of 7000 kW while Oyster and Wave 
Star has values of 290 kW and 600 kW respectively.    



 

 

 

Fig. 4. Scatter diagrams of the sea states in terms of Hs and Te for the 

locations PN2, PN5 and PN7. 

TABLE III.  ANNUAL ELECTRIC POWER (KW) PRODUCED BY A SINGLE 

UNIT OF WEC DEVICES (OYSTER, WAVE STAR AND WAVE DRAGON) AT 

THE SELECTED POINTS (PN1 TO PN8). 

Points 
Power (kW) 

Oyster Wave Star Wave Dragon 

PN1 92.0 200.2 654.9 

PN2 95.9 205.3 684.4 

PN3 97.4 209.6 690.5 

PN4 103.3 222.8 710.5 

PN5 107.6 229.8 776.5 

PN6 114.1 245.1 796.5 

PN7 113.0 243.4 798.3 

PN8 99.7 217.9 685.9 

The performance of the WECs was evaluated based on the 
capacity factor (Cf), defined as the ratio between the averaged 
electrical power produced by a device and its rated power, as 
seen in (7) [22]. 

𝐶𝑓 =
𝑃𝑒  (𝑘𝑊)

𝑅𝑎𝑡𝑒𝑑 𝑝𝑜𝑤𝑒𝑟 (𝑘𝑊)
  (7) 

The calculated capacity factors given in Table Ⅳ indicates 
that the Oyster and Wave Star devices have the highest 
performance in the entire region with a range of capacity 
factors between 30 and 40%, more than three times that of the 
Wave Dragon for which the range is only 9-11%. The capacity 
factor of the Wave Star is slightly higher than that of the 
Oyster at all the points. The highest capacity factors were 
obtained at the points PN6 and PN7 for all the considered 
devices with values around 40% for Wave Star and Oyster, 
while it is 11.4% for Wave Dragon. The reason for such a high 
difference is that the wave scatter diagrams, and power 
matrices are closely correlated in the case of Wave Star and 
Oyster than the Wave Star and Oyster than the Wave Dragon. 

 

 

TABLE IV.  CAPACITY FACTOR OF THE SELECTED THREE WEC 

DEVICES (OYSTER, WAVE STAR AND WAVE DRAGON) AT THE SELECTED 

POINTS (PN1 TO PN8). 

Points 
Capacity factor ‘Cf’ (in %) 

Oyster Wave Star Wave Dragon 

PN1 31.7 33.4 9.4 

PN2 33.1 34.2 9.8 

PN3 33.6 34.9 9.9 

PN4 35.6 37.1 10.1 

PN5 37.1 38.3 11.1 

PN6 39.3 40.9 11.4 

PN7 39.0 40.6 11.4 

PN8 34.4 36.3 9.8 

 

IV. CONCLUSIONS 

In this study, wave power potential around the south-west 
coast of Sri Lanka and its variability was assessed based on 
the medium-term numerical simulation wave data (between 
1999 and 2003) obtained using a high-resolution SWAN 
spectral wave model. The results reveal that the study points             
PN6 and PN7 located along the nearshore coast from Galle to 
Weligama has the greatest wave power potential in the south-
western coast of Sri Lanka with an annual mean wave power 
of 11.7 kW/m. The monthly mean powers indicated that a 
strong intra-annual variation, influence by the tropical south-
west monsoon season, exists in the area increases the monthly 
wave power to 20 kW/m during the June and July months. 
However, the temporal variability indices have proven that the 
wave power levels are moderately stable in the area, indicating 
a low level of uncertainty in the electric power generation. The 
wave propagation direction is found to be stable in the area, 
thus providing favourable conditions for directional 
dependent WECs technologies.  

The estimated annual electric outputs from three shallow-
water WECs technologies (Oyster, Wave Star and Wave 
Dragon) reveal that the highest electric power also can be 
generated along the coast from Galle to Weligama, thus 
making the area most suitable for wave farm development 
projects. In addition, the calculated capacity factors of the 
devices indicate that Oyster and Wave Star are most suited to 
the prevailing wave conditions in the area. 
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