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Abstract: Electrifying off-grid and isolated islands in the Philippines remains one of the challenges 

that hinders community development and one of the solutions seen to ensure energy security, en-

ergy access and promote low carbon future is the use of renewable energy sources. This study de-

termines the nearshore wave energy resource during monsoon seasons in Cuyo Island using a 40-

year wave hindcast and 9-year on-site wind speed data to develop high resolution wave energy 

model using SWAN wave model, and assessed its annual energy production through matching with 

wave energy devices. Results shows that average significant wave height (Hs), peak period (Tp) and 

wave power density (Pd) during northeast monsoon are Hs = 1.35 m, Tp = 4.79 s and Pd = 4.05 kW/m 

respectively, while southwest monsoon which is sheltered by the mainland resulted to a lesser out-

come, Hs = 0.52 m, Tp = 3.37 s and Pd = 0.34 kW/m. While the simulated model was observed to 

overestimate the wave energy resource (Bias = 0.398, RMSE = 0.54 and SI = 1.34), it has a strong 

relationship with the observed values (average r = 0.9). Its annual energy production is highest at 

Station 5, with AEPWaveBouy = 43.761 MWh, AEPPelamis = 216.786 MWh and AEPWave Dragon = 2462.66 

MWh.  

Keywords: SWAN wave model; Nearshore wave energy resource assessment; Ocean renewable en-

ergy; Wave energy model simulation; Off-grid island electrification; Cuyo Island; Palawan  

 

1. Introduction 

Resource assessment is an important tool for verifying and quantifying energy re-

sources, it serves as an initial step in the development of power supply operation. It is also 

essential in the characterization of the energy resource to support its development. In the 

Philippines, most off – grid island communities relies heavily on imported oils for its 

power generation needs [1], off-grids are normally the isolated island communities where 

it is impossible to be connected to the main grid. In 2018, 55.16% of installed capacity are 

coal and oil based, where coal alone shares 37.14% of this energy needs [2]. Although 

Philippines is an archipelagic country, it is up for the task of 100% electrification by 2040 

for off-grid areas [3] most of this are isolated small island communities.  

 

 Wave energy development can be considered as one of the options in electrifying 

unviable island communities which cannot easily be reached by government programs 

because of its geographical constraints [4 - 7]. Quantifying wave energy resources in these 

areas will be the basis of further developing and promote renewable energy use and will 

also answer to the first three strategic directions of the energy sector in the country which 

are to ensure energy security, expand energy access and promote a low carbon future [3].  

 

 Several studies had already been done in assessing the Philippines wave energy re-

source. The recent study was conducted by Aminudin, Teh and Pacaldo (2021) [8] in 
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Dumaran Island, Palawan, which assessed the offshore wave energy resource of the island 

using 40–year hindcast data from MetOceanView. Quitoras, Abundo and Danao (2018) 

[9], assessed the energy flux of forty seven (47) coastal areas in the country and the result 

shows an energy flux of approximately 10–20 kW/m, this result is within the estimated 

global wave energy resource assessment as reported in [10 - 12]. Although the study cov-

ered a very large area, it does not include Palawan or any part of it or in particular, the 

Island of Cuyo. Another study conducted by the Mindanao State University showed that 

ocean energy in the country can provide an estimated 17,000 megawatts of electricity, and 

if we can tapped this energy, it would be of great help to mitigate the country’s depend-

ency in coal and imported oils as source of energy [13]. Also, a research group from Ma-

rine Science Institute and the College of Engineering of University of the Philippines 

started working together for the uptake of ocean renewable energy in the country by iden-

tifying potential sites for wave energy resource (Figure 1). Several spots had been identi-

fied in the part of Northern Palawan, those are, Calamian Group of Islands, Dumaran 

Group of Islands, Cuyo Group of Islands, Balabac and some parts of the Municipality of 

El Nido as a possible wave energy resource [14].  

 

 However, there are significant knowledge gap pertaining to quantification of near-

shore wave energy climate and high resolution wave energy resource model on small is-

lands in a semi-enclosed areas that can be used to develop wave energy project. Having 

sufficient information regarding wave energy resource potential for this specific type of 

islands in the Philippines will paved way for an in-depth development or device solution 

for small scale wave energy production to support the island’s power requirements.  

 

 Here, a high resolution nearshore wave model was developed through (Simulating 

Wave Nearshore) SWAN wave model, a third generation numerical wave model, by using 

a 40-year wave hindcast from MetOceanView (1978 – 2018) [15] and 9 – year (2010 – 2018) 

on-site measurement of wind speed and wind direction at Philippine Atmospheric, Geo-

physical, and Astronomical Services Administration (PAGASA) Cuyo Station [16]. The 

SWAN wave model was used to analyse the seasonal and spatial variability of the island’s 

wave climate. To determine the annual energy production, a calculation was made by 

matching a suitable type of wave energy device that optimizes the wave energy resource 

on selected stations. 

 



 

 

Figure 1. Probable Sites for wave energy in the Philippines identified by University of the Philip-

pines Marine Science Institute. 

2. Materials and Methods 

2.1 Study Area 

Cuyo Island is the largest island among the 45 islands under Cuyo Archipelago, 

about 278.37 km north-east of Puerto Princesa City, Palawan and has a land area of 57 km2 

(22 mi.2) (Figure 2). It has an estimated population of 34,556 (2015 CENSUS) which is about 

4.04% of the total population of Palawan Province [17, 18]. The island was identified to 

have a good to excellent wind resource and the average wind speed measured for 30 years 

was 5 m/s at 4 meters elevation [19], given this, a potential wave energy resource as sug-

gested in [14] is highly probable. There are three cases in which wave is propagated, one 

(1) a large storm generates deep water waves that propagate across shallower water while 

the waves continue to grow due to wind, two (2) a large storm generates winds in an area 

remote from the site of interest and as waves cross shallower water with negligible wind, 

they propagate to the site as swell, and lastly, three (3) Wind blows over an area of shallow 

water generating waves that grow so large as to interact with the bottom [20], this indi-

cates that the island characteristic satisfies case number three (3), a good wind resource 

plays a significant role in wave transformation. 

 

Figure 2. Map showing Cuyo Island at the Northeastern part of Palawan (10.51 N Lat., 121.04 E 

Long.) 

2.2 40 – year wave hindcast dataset (1978 – 2018) 

To describe the wave climate in Cuyo Island, a wave model was developed using 

SWAN wave model and will be using MetOceanView’s 40-year, 3-hourly interval wave 

hindcast dataset (1978 – 2018) as initial condition and to describe the wave climate sur-

rounding the island, this is a high resolution web-based weather forecasting developed 

by MetOcean Solutions in New Zealand using Ltd WW3 Tolman Chalicov (MSL WW3 

TC) wave model [9]. Several studies using MetOcean Solutions had been published in 

different fields of study, such as, techno-economic assessment of wave energy [9], wave 



 

 

energy resource assessment [20], optimizing hybrid diesel – wave electrical system for an 

off-grid island [21], weather forecasting for marine operations [22] and marine weather 

monitoring [23].  For this study, nine (9) stations surrounding Cuyo Island are selected 

(Figure 3) for descriptive statistical analysis and among these stations, four (4) are selected 

(stations 4, 8, 12, and 14) that will serve as initial condition to simulate numerical wave 

model during Northeast and Southwest Monsoon and further determine the wave energy 

resource nearer to the island (Figure 4). 

 

Figure 3. Cuyo Island showing the 9 stations of MetOceanView’s 40-year hindcast wave data (Sta-

tion - 4, 10.5 N Lat., 120.5 E Long, Station - 5, 11.0 N Lat., 120.5 E Long., Station 7 – 10.5 N Lat., 121.0 

E Long., Station – 8, 10.5 N Lat., 121.5 E Long., Station – 9, 11.0 N Lat., 121.5 E Long., Station – 10, 

11.0 N Lat., 121.0 E Long., Station 12 – 11.5 N Lat., 121.5 E Long., Station – 13, 11.5 N Lat., 121.0 E 

Long., Station – 14, 11.5 N Lat., 120.5 E Long.)3. Results 



 

 

 

Figure 4. Sites generated through SWAN wave model (Station – 1, 11.0 N Lat., 121.0 E Long., Station 

– 2, 10.85 N Lat., 120.8 E Long., Station – 3, 10.70 N Lat., 120.70 E Long., Station – 4, 10.5 N Lat., 121.0 

E Long., Station – 5, 10.8 N Lat., 121.30 E Long., Station – 6, 11.0 N Lat., 121.30 E Long.) 

2.3 Directional wave height scenario 

This study focused on the nearshore wave energy resource of the island and the near-

est data set that best describe the directional wave behaviour nearshore is the 9-year (2010 

– 2018) PAGASA - Cuyo Station wind speed and wind direction data set and Station 10 

which is 15 km away from the island and has an annual significant wave height of 1.2 m 

and annual wave power density of 3.13 kW/m [21]. The directional wave height is pre-

sented using wind rose and wave rose diagram, a rose diagram represents two dimen-

sional orientation of the wind and wave climate that represents the relative frequencies of 

different wind and wave directions and so as the wind and wave heights over a period of 

time. It displays the distribution of data in a way that can be easily understood and eval-

uated [24]. Figure 5 shows the wave rose diagram of the 40-year hindcast at station 10, 

wave data are taken every five (5) years starting from 1978 to 2018 at Station 10. Dominant 

wave directions are consistent and are coming from the north-eastern and south-western 

side of the island. This is mainly due to northeast monsoon which is typically from the 

months of December – February and southwest monsoon from the months of June – Au-

gust. The directional wave height scenario is consistent with the nine (9) – year on-site 

wind measurement from 2010 – 2018 by the PAGASA – Cuyo Station as shown in Figure 

6. Table 1 shows a high correlation (r = 0.75) between the hindcast wave data and the on-

site wind measurement. 



 

 

 

Figure 5. Wave rose diagram at station 10 (11.0 N Lat., 121.0 E Long.) having a 5-year interval (Data 

source - MetOceanView) 



 

 

 

Figure 6. . Wind Rose diagram of PAGASA Cuyo Station (10.85 N Lat., 121.04 E Long.) from 2010 – 

2017. 

 



 

 

Table 1. Correlation between MetOceanView wave height data to PAGASA measured wind speed 

 

 

 

 

 

 

 

 

 

 

 

2.4 Validation 

To validate the accuracy of the resulting wave model, statistical analysis between the 

model result and the observe values will be calculated using the following statistical met-

rics or error statistics: 

Mean of measured (  ) parameters; 𝑋̅ =
1

𝑛
 ∑ 𝑥𝑖 ,                  (1) 

 

Mean of hindcast (  ) parameters; 𝑌̅ =  
1

𝑛
 ∑ 𝑦𝑖 ,                   (2) 

 

 Bias; =  
1

𝑛
 ∑(𝑦𝑖– 𝑥𝑖) ,                             (3) 

 

 Root Mean Square Error; 𝑆𝐸 =  √
1

𝑛
∑(𝑥𝑖 − 𝑦𝑖)2 ,              (4) 

 

 Scatter Index; SI = 
𝑅𝑀𝑆𝐸

𝑋̅
 ,                             (5) 

 

 Pearson’s Correlation Coefficient; 𝑟 =  
∑(𝑥𝑖−𝑋̅)(𝑦𝑖−𝑌̅)

√∑(𝑥𝑖−𝑋̅)2 ∑(𝑦𝑖−𝑌̅)2
  ,          (6) 

 

 Here, 𝑥𝑖  is the significant wave height of the observed values,  𝑦𝑖  is the significant 

wave height hindcast from the wave model and 𝑛 is total values for both parameters. 

 

 The observed parameters are from the 2018 wind data from PAGASA - Cuyo Station 

processed into its equivalent significant wave heights through SWAN wave model, the 

processed data were taken in a 1-hour interval. The hindcast parameters are the simulated 

significant wave heights in stations 1 -6 with the same interval. The Bias represents the 

model’s mean long-term error, where a positive value means an average overestimation 

or underestimation if the value is negative as compared to the measurements. Root Mean 

Square Error or RMSE is the residuals standard deviation or the estimated error between 
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Station 

Distance 

from 

Cuyo 

Island 

(km) 
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vs Wind Speed 
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Station) 

Annual 

Significant 

Wave 

Height, Hs 

(m) 

Annual 

Wave 

Power 

Density 

(kW/m) 

4 68 0.71 0.73 1.34 4.28 

5 60 0.76 0.77 1.44 5.00 

7 40 0.60 0.60 1.11 2.66 

8 66 0.51 0.57 1.17 3.06 

9 56 0.66 0.62 1.16 3.05 

10 15 0.75 0.75 1.20 3.13 

12 92 0.75 0.74 1.38 4.25 

13 72 0.73 0.76 1.44 4.88 

14 92 0.62 0.69 1.40 4.88 

𝑋 ̅ 

𝑌̅ 



 

 

the model predictions and measured observations, where larger numbers means a greater 

variance. Scatter Index (SI) presents the percentage of RMSE difference with respect to 

mean observation or is a normalized measure of error where lower values indicates a bet-

ter model performance. The Pearson correlation coefficient r, is a measure of the degree 

of linear dependence or relationship between the model and the observations [25]. 

 

2.5 SWAN wave model 

This study was undertaken to understand the wave characteristics in Cuyo using 

MetOceanView's wave hindcast data, PAGASA wind data, and Simulating Waves Near-

shore (SWAN) wave model. The MetOceanView data were used in hindcasting deep-wa-

ter offshore wave conditions and describing the wave climate in the area in terms of peak 

wave direction and period, and significant wave heights. SWAN wave models were sim-

ulated to describe wave characteristics as it approaches the coastal areas of Cuyo during 

the Northeast and Southwest Monsoon. 

 

 SWAN wave model is a third generation full spectral wave model based on the ac-

tion balance equation (Equation 1) that simulates realistic estimates of wave parameters 

such as, short-crested waves in coastal areas, lakes and estuaries from a given wind, bot-

tom, and current conditions [25, 26]. SWAN wave model is based on Eulerian formulation 

discrete spectral balance of action density that accounts for refractive propagation over 

arbitrary bathymetry and current fields [26]. SWAN model describes the wave climate by 

means of action density N (σ, θ) instead of energy density E (σ, θ). 

 
𝜕𝑁

𝜕𝑡
+

𝜕𝑐𝑥𝑁

𝜕𝑥
+

𝜕𝑐𝑦𝑁

𝜕𝑦
+

𝜕𝑐𝜎𝑁

𝜕𝜎
+

𝜕𝑐𝜃𝑁

𝜕𝜃
=

𝑆𝑡𝑜𝑡

𝜎
       (7) 

 

 The first term on the left-hand side of the equation stands for the change of action 

density in time, the second and third term represents the propagation velocities in x and 

y axis. The fourth and fifth term represents shifting of relative frequency with respect to 

the variations in depths and currents and refraction induced by depth and currents re-

spectively. The right-hand side of the action balance equation represents the source term 

in terms of energy density, representing the effects of generation, dissipation and nonlin-

ear wave-wave interactions [26]. 

 

 SWAN wave model was used in different wave resource assessment projects, it was 

coupled with WAVEWATCH III to determine the wave energy resource along the North-

ern Spanish coast, the model was validated with buoy data to evaluate the its accuracy 

and presented statistical analysis of wave parameters and wave power results [27], the 

same method was used to determine the nearshore wave energy resource in Canary is-

lands [6] and in Sicily, Italy [28], in China, SWAN wave model coupled with Finite-Vol-

ume Community Ocean Model (FVCOM) was employed to simulate waves and currents 

during Typhoon Fung-wong (2014) and Typhoon Chan-hom (2015) around the Zhoushan 

Islands [29], in Puerto Rico and the United States of Virgin Islands, SWAN wave model 

was used to simulate the nearshore wave energy resource for a possible wave power gen-

eration in the US Caribbean [30].Through the years, analysing wave behaviour and wave 

resource assessment, SWAN wave model was utilized either coupled with another wave 

model tool or utilized alone, to answer and analysed wave parameters on nearshore areas, 

some of which are Madiera Islands in Portugal [31], Long Island in New York [32], Ha-

waiian Islands [33], Azores Islands [34], Cape Verde Islands [35], Persian Gulf [36], South 

China Sea [37], Sardinia Island [38], Gulf of Thailand [39], Cornish (UK) [40], Atlantic coast 

of France [41], Scotland [42, 43], Chile [44], Australia [45], and Tenerife Island in Spain [4].  

 In this study, a nested model was used to provide the necessary boundary conditions 

for the Cuyo wave model. The coarse grid is a rectangular 110 x 120 grid with ~1.5km 



 

 

resolution, rotated 45° to align the grid with the dominant wind and wave directions due 

to the northeast (NE, Amihan) and southwest (SW, Habagat) monsoons (Figure 7, white 

grid). On the other hand, the nested, high-resolution grid is a 123 x 93 rectangular grid 

with ~500m resolution and focused on the east side of the Cuyo Archipelago (Figure 7, 

blue grid). Subsequently, downloaded bathymetric data from GEBCO2021 [46] with 450m 

resolution were also interpolated onto the model grid (Figure 8). 

 

Figure 7. Nested grids (white for coarse grid, blue for fine grid) used for the SWAN wave mod-

els. 

 

 

 



 

 
 

 

Figure 8. Downloaded GEBCO bathymetric data (adjusted to positive values in meters for Delft3d compatibility) interpolated onto the coarse (left panel) and fine (right 

panel) grid of the SWAN model.  Red is deepest and blue is shallowest. Contour intervals for coarse grid (left panel) is every 100m depth while it’s every 10m depth 

for fine grid (right panel). 

 



 

 
 

 

Four simulations were performed to represent the NE and SW monsoon wave conditions. 

The boundary and wave conditions (significant wave height, and peak wave direction 

and period were assumed uniform along the specific boundary orientation) inputted into 

the model runs were based on the computed mean of 3-hourly MetOceanView 2008-2018 

data (Table 2) taken from the following stations (Figure 9): 

 

• Station 4 (southwest boundary orientation) at 10.5°N and 120.5°E, 

• Station 8 (southeast boundary orientation) at 10.5°N and 121.5°E, 

• Station 12 (northeast boundary orientation) at 11.5°N and 121.5°E, and 

• Station 14 (northwest boundary orientation) at 11.5°N and 120.5°E. 

Table 2. Mean significant wave height (Hs), peak period (Tp) and direction (Dp) from 

MetOceanView 2008-2018 data for the northeast (Decembe-January-February (DJF)/Amihan) and 

southwest (June-July-August (JJA)/Habagat) monsoon. 

 

 

 

 

 

 

Figure 9. Map of MetOceanView stations (red squares) where 3-hourly data on wind velocity, 

significant wave height, and peak wave direction and period were extracted. On the other hand, 

the yellow circle is the PAGASA Cuyo Station where daily wind data was recorded. 

 

Additionally, the following parameter settings were applied in the wave model: 

Station 
DJF mean (Amihan) JJA mean (Habagat) 

Hs Tp Dp Hs Tp Dp 

4 1.1131 5.2592 46.6263 0.5066 4.1881 -167.453 

8 0.8601 4.8991 28.2988 0.5044 4.2172 -150.142 

12 1.106 4.8461 38.0907 0.4972 4.3267 -153.027 

14 1.1139 5.3135 62.773 0.4829 4.4801 -164.637 



 

 

• Wave spectrum 

o At the wave model boundary, a JONSWAP spectrum with a peak enhancement 

factor of 3.3 was assumed. 

o Similarly, a directional spreading of approximately 25ºdeg (power function, 

with power = 4) was assumed. 

• Physical parameters 

o Third-generation mode for wind growth, quadruplet interactions and white-

capping1 [47] were considered. 

o Constant depth induced breaking (Alpha = 12, Gamma= 0.733) 

o Constant JONSWAP bottom friction (friction coefficient = 0.067 m2/s3)4 [48] 

o Non-linear wave-wave interactions due to the triads were not considered. 

o No diffraction 

• Numerical parameters 

o The amount of diffusion of the implicit scheme in the directional space 

(through Directional Discretization parameter) and frequency space (through the 

Frequency Discretization) were set to the default value 0.5.  

o Accuracy: 

▪ Relative change Hs-Tm01: 0.02  

▪ Relative change with respect to the mean value: 0.02 for both Hs 

and Tm01 

▪ Convergence percentage of wet grid points: 98%  

▪ Maximum number of iterations: 15  

 

2.6 Annual energy generation 

Annual energy generated was computed using the stations wave scatter diagram 

and wave energy devices power matrix using the formula given in equation 8 [9]. Wave 

scatter diagram is the condition of sea state at a particular location in a year which is gen-

erated from the historical data (Table 3 – 8), while the wave energy converters (WEC) 

power matrix is the actual amount of available energy the device can capture (Table 9 – 

11). This study adopted the wave energy devices use in [9] for Philippines settings, the 

wave dragon (4000 kW), Pelamis (750 kW) and WaveBouy (250 kW) to determine the pos-

sible annual energy that can be utilized per stations [9, 49, 50]. 

Annual Energy Production in MWh (AEP) = Wave Scatter Diagram (in hours)*Power 

matrix(MW)                                                              (8) 

Table 3. Wave Scatter Diagram, in hours at Station 1 

 
1 Based on (Komen, Hasselmann, & Hasselmann, 1984) [47] 

2 The coefficient for determining the rate of dissipation. 

3 The value of the breaker parameter defined as Hm0/d. 

4 The bottom friction is computed based on the empirical model of JONSWAP (Hasselmann, et al., 1973) [48]. The 

coefficient of the JONSWAP formulation is set at 0.067 m2/s3, which is a typical default value for wind sea conditions. 



 

 

 

Table 4. Wave Scatter Diagram, in hours at Station 2 

 

Table 5. Wave Scatter Diagram, in hours a Station 3 

 

Table 6. Wave Scatter Diagram, in hours at Station 4 

 

 

 

Table 7. Wave Scatter Diagram, in hours at Station 5 

0 1 2 3 4 5 6 7 8 9 10 11
1 2 3 4 5 6 7 8 9 10 11 12

0 1 150 1155 2178 2682 30 3 ▪ 3 ▪ 3 3 ▪

1 2 ▪ ▪ ▪ 174 1587 384 ▪ ▪ ▪ ▪ ▪ ▪

2 3 ▪ ▪ ▪ ▪ ▪ 207 114 ▪ ▪ ▪ ▪ ▪

3 4 ▪ ▪ ▪ ▪ ▪ ▪ 51 306 ▪ ▪ ▪ ▪

4 5 ▪ ▪ ▪ ▪ ▪ ▪ ▪ 2 ▪ ▪ ▪ ▪W
av

e 
h
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s

Station 1

Wave Scatter Diagram

Period (Tp), seconds

0 1 2 3 4 5 6 7 8 9 10 11

1 2 3 4 5 6 7 8 9 10 11 12

0 1 147 1149 2139 2730 78 9 ▪ 3 ▪ ▪ 3 3

1 2 ▪ ▪ ▪ 234 1587 315 ▪ ▪ ▪ ▪ ▪ ▪

2 3 ▪ ▪ ▪ ▪ ▪ 255 54 ▪ ▪ ▪ ▪ ▪

3 4 ▪ ▪ ▪ ▪ ▪ ▪ 27 ▪ ▪ ▪ ▪ ▪

4 5 ▪ ▪ ▪ ▪ ▪ ▪ ▪ ▪ ▪ ▪ ▪ ▪

Wave Scatter Diagram

Station 2

Period (Tp), seconds

W
av
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h

ei
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(H
s)

, m
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s

0 1 2 3 4 5 6 7 8 9 10 11

1 2 3 4 5 6 7 8 9 10 11 12

0 1 147 1194 2178 2790 75 9 3 ▪ 3 ▪ 3 3

1 2 ▪ ▪ ▪ 231 1569 276 ▪ ▪ ▪ ▪ ▪ ▪

2 3 ▪ ▪ ▪ ▪ ▪ 210 48 ▪ ▪ ▪ ▪ ▪

3 4 ▪ ▪ ▪ ▪ ▪ ▪ 21 ▪ ▪ ▪ ▪ ▪

4 5 ▪ ▪ ▪ ▪ ▪ ▪ ▪ ▪ ▪ ▪ ▪ ▪

Wave Scatter Diagram

Station 3

Period (Tp), seconds
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0 1 2 3 4 5 6 7 8 9 10 11

1 2 3 4 5 6 7 8 9 10 11 12

0 1 147 1050 2106 2628 108 9 3 3 ▪ ▪ 3 3

1 2 ▪ ▪ ▪ 105 1704 465 ▪ ▪ ▪ ▪ ▪ ▪

2 3 ▪ ▪ ▪ ▪ ▪ 237 132 ▪ ▪ ▪ ▪ ▪

3 4 ▪ ▪ ▪ ▪ ▪ ▪ 36 21 ▪ ▪ ▪ ▪

4 5 ▪ ▪ ▪ ▪ ▪ ▪ ▪ ▪ ▪ ▪ ▪ ▪

Wave Scatter Diagram

Station 4

Period (Tp), seconds
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Table 8. Wave Scatter Diagram, in hours at Station 6 

 

Table 9. Power matrix, in kW of AquaBouy 

 

 

 

 

 

 

 

 

Table 10. Power Matrix, in kW of Pelamis 

0 1 2 3 4 5 6 7 8 9 10 11

1 2 3 4 5 6 7 8 9 10 11 12

0 1 147 1017 1944 2643 99 9 3 3 ▪ 3 ▪ 3

1 2 ▪ ▪ ▪ 69 1776 531 ▪ ▪ ▪ ▪ ▪ ▪

2 3 ▪ ▪ ▪ ▪ ▪ 258 165 ▪ ▪ ▪ ▪ ▪

3 4 ▪ ▪ ▪ ▪ ▪ ▪ 51 24 ▪ ▪ ▪ ▪

4 5 ▪ ▪ ▪ ▪ ▪ ▪ ▪ 15 ▪ ▪ ▪ ▪

Wave Scatter Diagram

Station 5

Period (Tp), seconds

W
av

e 
h
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t 

(H
s)

, m
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0 1 2 3 4 5 6 7 8 9 10 11

1 2 3 4 5 6 7 8 9 10 11 12

0 1 150 1020 1920 2697 132 6 3 3 ▪ 3 ▪ 3

1 2 ▪ ▪ ▪ 51 1710 567 ▪ ▪ ▪ ▪ ▪ ▪

2 3 ▪ ▪ ▪ ▪ ▪ 252 147 ▪ ▪ ▪ ▪ ▪

3 4 ▪ ▪ ▪ ▪ ▪ ▪ 60 21 ▪ ▪ ▪ ▪

4 5 ▪ ▪ ▪ ▪ ▪ ▪ ▪ 15 ▪ ▪ ▪ ▪

Wave Scatter Diagram

Station 6

Period (Tp), seconds
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, m
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5 6 7 8 9 10 11 12 13 14 15 16

6 7 8 9 10 11 12 13 14 15 16 17

0 1 ▪ 8 11 12 11 10 8 7 ▪ ▪ ▪ ▪

1 1.5 13 17 25 27 26 23 19 15 12 12 12 7

1.5 2 24 30 44 49 47 41 34 28 23 23 23 12

2 2.5 37 47 69 77 73 64 54 43 36 36 36 19

2.5 3 54 68 99 111 106 92 77 63 51 51 51 27

3 3.5 ▪ 93 135 152 144 126 105 86 70 70 70 38

3.5 4 ▪ ▪ 122 176 198 188 164 137 112 112 112 49

4 4.5 ▪ ▪ 223 250 239 208 173 142 115 115 115 62

4.5 5 ▪ ▪ 250 250 250 250 214 175 142 142 142 77

5 5.5 ▪ ▪ 250 250 250 250 250 211 172 172 172 92

Period, in seconds
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H
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t,
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s

Power Matrix,  

AquaBouy



 

 

 

Table 11. Power Matrix, in kW of Wave Dragon 

 

 

3. Results 

3.1 Wind and Wave climatology from MetOceanView and PAGASA Cuyo – Station 

data 

 

Using the MetOceanView Station 10 data for 2008-2018, the monthly wave climatol-

ogy in Cuyo was generated (Figure 10). The monthly variability of the significant wave 

heights (median) ranges from 0.1 – 1.1 m with extreme significant wave heights reaching 

almost 2.7m (January) and outliers reaching as high as 4.1m. The outliers are usually 

found all throughout the year with the highest outliers in November and December. The 

seasonal signal of the significant wave heights related to the monsoons are also observed, 

wherein higher wave heights are recorded during the monsoon peaks and lower wave 

heights during monsoon transition period. The months with highest extreme significant 

wave heights and outliers coincide with the northeast monsoon months (December, Jan-

4.5 5 5.5 6 6.5 7 7.5 8 8.5 9 9.5 10 10.5 11 11.5 12 12.5

5 5.5 6 6.5 7 7.5 8 8.5 9 9.5 10 10.5 11 11.5 12 12.5 13

0 0.5 ▪ ▪ ▪ ▪ ▪ ▪ ▪ ▪ ▪ ▪ ▪ ▪ ▪ ▪ ▪ ▪ ▪

0.5 1 ▪ 22 29 34 37 38 38 37 35 32 29 26 23 21 ▪ ▪ ▪

1 1.5 32 50 65 76 83 86 86 83 78 72 65 59 53 47 42 37 33

1.5 2 57 88 115 136 148 153 152 147 138 127 116 104 93 83 74 66 59

2 2.5 89 138 180 212 231 238 238 230 216 199 181 163 146 130 116 103 92

2.5 3 129 198 260 305 332 340 332 315 292 266 240 219 210 188 167 149 132

3 3.5 ▪ 270 354 415 438 440 424 404 377 362 326 292 260 230 215 202 180

3.5 4 ▪ ▪ 462 502 540 546 530 499 475 429 384 366 339 301 267 237 213

4 4.5 ▪ ▪ 544 635 642 648 628 590 562 528 473 432 382 356 338 300 266

4.5 5 ▪ ▪ ▪ 739 726 731 707 687 670 607 557 521 472 417 369 348 328

5 5.5 ▪ ▪ ▪ 750 750 750 750 750 737 667 658 586 530 496 446 395 355

5.5 6 ▪ ▪ ▪ ▪ 750 750 750 750 750 750 711 633 619 558 512 470 415

6 6.5 ▪ ▪ ▪ ▪ 750 750 750 750 750 750 750 743 658 621 579 512 481

6.5 7 ▪ ▪ ▪ ▪ ▪ 750 750 750 750 750 750 750 750 676 613 584 525

7 7.5 ▪ ▪ ▪ ▪ ▪ ▪ 750 750 750 750 750 750 750 750 686 622 593

7.5 8 ▪ ▪ ▪ ▪ ▪ ▪ ▪ 750 750 750 750 750 750 750 750 690 625

Power Matrix,  

Pelamis
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Period, in seconds

4 5 6 7 8 9 10 11 12 13 14 15 16

5 6 7 8 9 10 11 12 13 14 15 16 17

0 1 160 250 360 360 360 360 360 360 320 280 250 220 180

1 2 640 700 840 900 1,190 1,190 1,190 1,190 1,070 950 830 710 590

2 3 ▪ 1,450 1,610 1,750 2,000 2,000 2,620 2,620 2,360 2,100 1,840 1,570 1,310

3 4 ▪ ▪ 2,840 3,220 3,710 4,200 5,320 5,320 4,430 3,930 3,440 2,950 2,460

4 5 ▪ ▪ ▪ 4,610 5,320 6,020 7,000 7,000 6,790 6,090 5,250 3,950 3,300

5 6 ▪ ▪ ▪ ▪ 6,720 7,000 7,000 7,000 7,000 7,000 6,860 5,110 4,200

6 7 ▪ ▪ ▪ ▪ ▪ 7,000 7,000 7,000 7,000 7,000 7,000 6,650 5,740

Power Matrix,  

Wave Dragon

Period, in seconds
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uary, and February).This section may be divided by subheadings. It should provide a con-

cise and precise description of the experimental results, their interpretation, as well as the 

experimental conclusions that can be drawn. 

 

 
Figure 10. Box whisker plot (upper panel) and time-series plot (lower panel) of significant wave 

heights from MetOceanView. Red line inside the box of the box whisker plot shows the 

monthly median, box edges represent the 25th and 75th percentiles, the whiskers extend to the 

most extreme data points not considered outliers, while the red ‘+’ marker symbol represents 

the outliers. 

 

 Likewise, the compass roses of significant wave height (Figure 11) and wave period 

(Figure 12) with propagation direction show the strong monsoonal influence with most 

waves clustered along the N-NNE and WSW-SW-SSW directions. It is also notable in 

Figure 11 that significant wave heights are higher during NE Monsoon (~25% Hs is 

≥1.5m) compared to SW Monsoon (~5% Hs is ≥1.5m). This observation is also consistent 

with peak wave period (Figure 12), wherein ~80% (majority of the waves) is ≥4s during 

the NE Monsoon, while only ~40% is ≥4s during the SW monsoon. 

 



 

 

 
 

Figure 11. Compass rose of significant wave height and peak wave direction during the north-

east and southwest monsoon. 

 

 
 

Figure 12. Compass rose of peak wave period and direction during the northeast and southwest 

monsoon. 

 

In terms of wind velocities, the 2010-2018 data from MetOceanView Station 10 

(3hourly data) and PAGASA wind station at Cuyo (daily data) were used to determine 

the wind conditions in the area. It is to be noted that the MetOceanView Station is further 

offshore and located ~16km north of the PAGASA Cuyo Station (more sheltered since 

located in land and only at 4m elevation), thus showing some differences in wind veloc-

ities (Figure 13). Noticeably, wind speeds from PAGASA station (majority below 8m/s) 

are weaker compared to MetOceanView data (~30% winds are ≥8m/s) (Figure 13). In 

terms of direction, the northeasterly wind produces stronger winds (~25% winds are 

≥8m/s) compared to the southwesterly wind (~5% winds are ≥8m/s) (Figure 13). Moreo-

ver, the prominent wind direction, especially from the PAGASA Station (SSW and NE 

wind), agrees with the wave direction. 

 



 

 

 
 

Figure 13. Wind rose of wind velocities using MetOceanView data (upper right panel) and PA-

GASA data (lower right panel) with the location map of both stations. 

 

3.2 Monsoon wave model for Cuyo Island 

 

MetOceanView’s wave data and PAGASA’s wind data both agrees that significant 

wave heights observe are related to the monsoons, wherein higher wave height are rec-

orded and lower wave heights are during monsoon transition periods.  The Wave model 

developed describes the wave climate surrounding the island and specifically deter-

mines the wave parameters in the six (6) points of interest which are closer to the island 

(Figure 14). The 6 points of interest has an average distance of 24.3 km from the island, 

the closest is 12.35 km (Station 1) and the farthest is 35.35 km (Station 3). During northeast 

monsoon season, significant wave height and peak period are highest at Station 6 (1.49 

m and 4.87 s respectively), followed by Station 1 and 5, (1.43 m and 4.7 s respectively), 

other stations are much lower due to sheltering effects of nearby islets and the main is-

land (Table 12) (Figure 17). Results of this points are expected to be a little lower than the 

MetOcean stations (Table 13) because this points are shallower [51] and more sheltered 

from the northeast monsoon and southwest monsoon winds [52]. 

 



 

 

 
 

Figure 14. Location of the six (6) points of interest within the model domain 

 

Figure 15(a) - !5(b), 16(a) - 16(b), and 17(a) – 17(b) shows the wave model result for 

significant wave height, peak period and energy transfer respectively during the north-

east monsoon, it can be observed that in the north-eastern and south-eastern side of the 

island specifically on stations 1, 5 and 6 that the results are the highest having an average 

significant wave height (Hs), average peak period (Tp), and average wave power density 

(Pd) of 1.35 m, 4.79 s and 4.05 kW/m respectively, the highest at point 6 with Pd = 4.25 

kW/m and Tp = 4.87 s. This results can be confirmed in Figure 17, which shows that the 

peak wind directions converged on these areas due to less obstructions from other islets 

resulting to a minimal sheltering effect and its exposure to the much stronger northeast 

monsoon winds, also, the water depth at those stations are much deeper compared to 

other stations as seen in the bathymetry data, giving a more active wave behaviour. 

 
Table 12. Summary results of wave parameters for NE and SW Monsoon at the six (6) points of 

interest near the island 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Table 13. Summary results of wave parameters for NE and SW Monsoon at the nine (9) 

MetOcean stations 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                      (a)                                                      (b) 

Figure 15. (a) Significant wave height (m) model during northeast monsoon season, (b) Significant 

wave height model indicating the average significant wave height at stations 1 – 6. 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

                    (a)                                                        (b) 

Figure 16. (a) Peak period (s) model during northeast monsoon season, (b) Peak period model 

indicating the average period at stations 1 – 6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                        

       (a)                                                  (b)                                

Figure 17. (a) Wave energy propagation (J/m2) model during northeast monsoon season, (b) Wave 

energy propagation model, indicating the total wave energy propagated, indicating the average 

period at stations 1 – 6. 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 18. Significant wave height (m) and peak wind directions during northest monsoon season 

 

Figure 19(a) – 19(b), 20(a) – 20(b), and 21(a) – 21(b) shows the wave model results for 

significant wave height, peak wave period and wave energy transfer model for southwest 

monsoon season respectively, the points 1 to 6 has an average Hs = 0.52 m, Tp = 3.37 s and 

Pd = 0.34 kW/m. Model results on southwest monsoon has lower values compared to the 

northeast monsoon model due to the sheltering effect of the main land Palawan which 

makes the wind passing from southwest decrease its magnitude before reaching Cuyo Is-

land. 

 

 

 

       (a)                                                     (b) 



 

 

Figure 19. (a) Significant wave height (m) model during southwest monsoon season, (b) 

Significant wave height model indicating the average significant wave height at stations 1 – 6. 

   

 

                          (a)                                                 (b)          

Figure 20. (a) Peak period (s) model during southwest monsoon season, (b) Peak period model 

indicating the average peak period at stations 1 – 6. 

 

 

 

Figure 21. (a) Wave energy (J/m2) model during southwest monsoon season, (b) Wave energy 

model indicating the total wave energy at stations 1 – 6 duting the season. 



 

 

3.3 Model validation 

The resulting wave model were validated by comparing the 2018 wave hindcast 

produced by SWAN wave model to 2018 PAGASA - Cuyo Station’s measured equivalent 

significant wave height. Table 14 shows the statistical metrics between the simulated and 

the measured parameters in all six stations, and it is shown that the simulated parameters 

was overestimated by the wave model compared to the measured data having an average 

Bias of 0.398 m, where the lowest is at station 6 at 0.38 m and the highest at station 5 at 

0.42 m. A good model has an RMSE value close to zero, the closer it is the better ability of 

the model to accurately predict the data, here, the RMSE has an average value of 0.54, the 

lowest at 0.51 (Station 6) and the highest at 0.56 (Station 5), which in this case an acceptable 

value considering the complex topography on land where the measured wind data was 

taken.  In general, overestimation and the degree of variance on all stations maybe 

explained by the following factors, the distance, location and topographical differences of 

the two parameters, PAGASA Cuyo Station is located on land and has an average distance 

from stations 1 to 6 of about 24.3 km, the nearest is 12.35 km (Station 1) and the farthest 

35.35 km (Station 3). Also, the locations of Stations 1, 2 and 3 are in between small islands 

which may affect or distort the wind flow on the area, whereas, stations 4, 5, and 6 are 

more exposed with less sheltering from nearby islands (see Figure 14). Furthermore, the 

hub height of the equipment used to measure wind speed and wind direction in PAGASA 

Cuyo Station is only at 4 m where it is more prone to disturbances cause by nearby 

buildings and trees. 

 

 

 

 

Table 14. Summary of statistical metrics between simulated and measured parameters 

Station x̄ ȳ Bias RSME SI R 

1 0.40 0.80 0.40 0.55 1.38 0.92 

2 0.37 0.79 0.41 0.54 1.45 0.88 

3 0.35 0.77 0.37 0.54 1.58 0.85 

4 0.41 0.82 0.41 0.54 1.32 0.90 

5 0.45 0.86 0.42 0.56 1.24 0.91 

6 0.47 0.86 0.38 0.51 1.08 0.94 

Scatter Index (SI) values also tells us a constant overestimation of the model, with all 

the results being higher than 1, the lowest at Station 6 at 1.08 and the highest at 1.58 

(Station 3). These values may also be due to the three factors mentioned which tend to 

overestimate the simulated wave height. Figure 22 shows the scatter plot graph of the 

simulated and measured data respectively. In general, the data are clustered linearly and 

tend to increase exponentially at higher values starting between 0.8 to 1.0 m of the observe 

values. Few outliers can be observed on all stations but may not affect the overall result 

of the wave parameters. Finally, the data shows strong positive relationship with an 

average correlation coefficient (r) of 0.90, the highest is at station 6 (r = 0.94) followed by 

station 1 (r = 0.92) and the lowest at station 3 (r = 0.85) (Figure 23). 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
 

 

Figure 22. Scatter Plot Graph of Stations 1 – 6 



 

 

 

Figure 24. 2018 Time Series Correlation between the simulated and measured data at Stations 1 - 6



 

 
 

3.4 Annual Energy production (AEP) 

 Table 15 shows the annual energy production of the three wave energy converters 

computed using Equation 8. Station 5 and 6 draws the highest energy production on all 

WEC’s tested, AEPWaveBouy = 43.761 MWh and 43.617 MWh, AEPPelamis = 216.786 MWh and 

213.816 MWh and AEPWave Dragon = 2462.66 MWh and 2427 MWh respectively. Capacity 

factors for three WEC’s are <8%, this is because most of the data are at lower values and 

are not within the devices energy production capability. A sample computation is 

presented in Table 16 – 18, and the rest of the computations can be seen in Appendix A. 

Table 15. Annual energy production of the three wave energy converters, in MWh 

Wave Energy 

Converter 

Annual Energy Production (AEP), in MWh 

Station 1 Station 2 Station 3 Station 4 Station 5 Station 6 

WaveBouy 33.681 23.526 19.826 33.954 43.761 43.617 

Pelamis 173.421 127.314 109.149 176.746 216.786 213.816 

Wave Dragon 2046.15 1805.07 1657.62 2174.61 2462.04 2427.66 

Table 16. Sample computation of the AEP for AquaBouy at Station 4 

 

 

 

 

 

 

 

 

 

Table 17. Sample computation of AEP for Pelamis at Station 1 

5 6 7 8 9 10

6 7 8 9 10 11

0 0.5 ▪ 0.024 0.036 0.03 ▪ 0.024

0.5 1 ▪ ▪ ▪ ▪ ▪ ▪

1 1.5 0.078 ▪ ▪ ▪ ▪ ▪

1.5 2 11.016 ▪ ▪ ▪ ▪ ▪

2 2.5 8.769 1.41 ▪ ▪ ▪ ▪

2.5 3 ▪ 6.936 ▪ ▪ ▪ ▪

3 3.5 ▪ 3.069 ▪ ▪ ▪ ▪

3.5 4 ▪ ▪ 2.562 ▪ ▪ ▪

Station 4

Period (Tp), in seconds
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Annual Energy Production = 33.954 MWh

AquaBouy Annual Energy Production



 

 

 

Table 18. Sample computation of AEP for Wave Dragon at Station 6 

 

 

4.0 Conclusions 

Wave energy resource assessment in the Philippines ranges from 10 – 20 kW/m as 

reported in Quitoras et. al [9], in the 47 sites under the coastal regions of Catanduanes, 

Samar, Siargao Island, Surigao del Sur and Western Luzon. In Wan et. al, [53] along Luzon 

strait, exploitable wave energy resource is at 10 – 15 kW/m, to which, agrees with the 

findings in [9]. In Dumaran study [8], the wave energy resource surrounding the island 

within 100 km radius is less than 4.5 kW/m, this is in agreement with Mirzae et. al [54] 

where semi-enclosed sea or sheltered areas has a lower probability of harnessing wave 

energy resource that will exceed 5 kW/m at any season. With the same topographical 

characteristic as Dumaran Island, resulting nearshore Pd in Cuyo Island during monsoon 

seasons is also less than 5 kW/m, the highest at 4.25 kW/m (Station 6) and lowest at 2.36 

kW/m (Station 3) during northeast monsoon (Amihan Season) and during southeast 

monsoon the highest and lowest Pd is at 0.42 kW/m and 0.19 kW/m respectively. Although 

the simulated results tends to overestimate the significant wave height as compared with 

the equivalent significant wave height of the measured wind speed on site with average 

4.5 5 5.5 6 6.5 7 7.5

5 5.5 6 6.5 7 7.5 8

0 0.5 ▪ ▪ ▪ ▪ ▪ ▪ ▪

0.5 1 ▪ ▪ ▪ ▪ ▪ ▪ ▪

1 1.5 14.496 ▪ ▪ ▪ ▪ ▪ ▪

1.5 2 12.141 30.888 3.795 ▪ ▪ ▪ ▪

2 2.5 ▪ 0.414 36.72 5.724 ▪ ▪ ▪

2.5 3 ▪ ▪ ▪ 24.705 1.992 ▪ ▪

3 3.5 ▪ ▪ ▪ ▪ 22.338 ▪ ▪

3.5 4 ▪ ▪ ▪ ▪ ▪ 16.38 ▪

4 4.5 ▪ ▪ ▪ ▪ ▪ 1.944 1.884

Annual Energy Production = 173.421 MWh
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Station 1

Pelamis Annual Energy Production

4 5 6 7 8 9 10

5 6 7 8 9 10 11

0 1 21.12 1.68 1.08 1.08 ▪ 1.08 1.08

1 2 1094.4 396.9 ▪ ▪ ▪ ▪ ▪

2 3 ▪ 365.4 236.67 ▪ ▪ ▪ ▪

3 4 ▪ ▪ 170.4 67.62 ▪ ▪ ▪

4 5 ▪ ▪ ▪ 69.15 ▪ ▪ ▪

Annual Energy Production = 2427.66 MWh
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Wave Dragon Annual Energy Production

Station 6

Period (Tp), in seconds



 

 

Bias, RSME and SI values of 0.398, 0.54, and 1.34 respectively, the simulated and measured 

data has a strong positive relationship with an average correlation coefficient (r) of 0.90, 

the highest at 0.94 (Station 6) and the lowest at 0.85 (Station 3). This signifies that as a 

whole, the measured wind data is in agreement with the simulated wave data, and 

therefore, can be used as reference in analysing the nearshore wave energy resource 

surrounding the island of Cuyo either for exploitation or testing of nearshore wave energy 

converter [55, 56]. The AEP is highest at Station 5 for all WEC’s tested with Wave Dragon 

having AEPWave Dragon = 2,462.04 MWh with a capacity factor of 7%, this happens because 

the majority of the data falls on lower values of Hs and Tp where the wave energy device 

is not capable of producing energy. At the moment, the minimum wave energy resource 

for wave farm development is 5 kW/m globally, but with the speeding development of 

wave energy converters, and the need for electrifying isolated small island community in 

a semi-enclosed sea, development may soon be shifted for milder wave energy resource 

lower than 5 kW/m.  

 To predict more accurately and enhanced the high resolution wave model of the 

wave energy resource in an isolated island of the same characteristics, it is recommended 

to have an on-site measurement of the wave parameters for a minimum of 1 year or maybe 

longer. 
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Appendix A 

Computations of the Annual Energy Production (AEP) on stations 1 – 6 for the three 

wave energy devices. 

 

1. WaveBouy 

 
Table A1. AEP at Station 1 

 

 
 
Table A2. AEP at Station 2 

 

 
 

Table A3. AEP at Station 3 

 

 
Table A4. AEP at Station 4 

5 6 7 8 9 10

6 7 8 9 10 11

0 0.5 ▪ ▪ 0.033 0.033 0.03 0.024

0.5 1 ▪ ▪ ▪ ▪ ▪ ▪

1 1.5 ▪ ▪ ▪ ▪ ▪ ▪

1.5 2 9.216 ▪ ▪ ▪ ▪ ▪

2 2.5 7.659 1.269 ▪ ▪ ▪ ▪

2.5 3 ▪ 5.916 ▪ ▪ ▪ ▪

3 3.5 ▪ 4.743 ▪ ▪ ▪ ▪

3.5 4 ▪ ▪ 4.05 ▪ ▪ ▪

4 4.5 ▪ ▪ 0.732 ▪ ▪ ▪
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Annual Energy Production = 33.681 MWh
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0 0.5 ▪ ▪ 0.033 0.033 0.024 0.024

0.5 1 ▪ ▪ ▪ ▪ ▪ ▪

1 1.5 ▪ ▪ ▪ ▪ ▪ ▪

1.5 2 7.56 ▪ ▪ ▪ ▪ ▪

2 2.5 8.325 0.564 ▪ ▪ ▪ ▪

2.5 3 1.62 2.856 ▪ ▪ ▪ ▪

3 3.5 ▪ 2.511 ▪ ▪ ▪ ▪

3.5 4 ▪ ▪ 2.562 ▪ ▪ ▪
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Annual Energy Production = 23.526 MWh

AquaBouy Annual Energy Production

Station 2

Period (Tp), in seconds

5 6 7 8 9 10

6 7 8 9 10 11

0 0.5 ▪ 0.024 0.036 0.03 0.024 ▪

0.5 1 ▪ ▪ ▪ ▪ ▪ ▪

1 1.5 ▪ ▪ ▪ ▪ ▪ ▪

1.5 2 6.624 ▪ ▪ ▪ ▪ ▪

2 2.5 6.882 0.705 ▪ ▪ ▪ ▪

2.5 3 1.296 2.244 ▪ ▪ ▪ ▪

3 3.5 ▪ 1.953 ▪ ▪ ▪ ▪

Annual Energy Production = 19.818 MWh

AquaBouy Annual Energy Production
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Table A5. AEP at Station 5 

 

 
 

Table A6. AEP at Station 6 

 

 
2. Pelamis 

5 6 7 8 9 10

6 7 8 9 10 11

0 0.5 ▪ 0.024 0.036 0.03 ▪ 0.024

0.5 1 ▪ ▪ ▪ ▪ ▪ ▪

1 1.5 0.078 ▪ ▪ ▪ ▪ ▪

1.5 2 11.016 ▪ ▪ ▪ ▪ ▪

2 2.5 8.769 1.41 ▪ ▪ ▪ ▪

2.5 3 ▪ 6.936 ▪ ▪ ▪ ▪

3 3.5 ▪ 3.069 ▪ ▪ ▪ ▪

3.5 4 ▪ ▪ 2.562 ▪ ▪ ▪
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Annual Energy Production = 33.954 MWh

5 6 7 8 9 10

6 7 8 9 10 11

0 0.5 ▪ 0.024 0.036 ▪ 0.024 0.024

0.5 1 ▪ ▪ ▪ ▪ ▪ ▪

1 1.5 ▪ ▪ ▪ ▪ ▪ ▪

1.5 2 12.744 ▪ ▪ ▪ ▪ ▪

2 2.5 9.546 1.974 ▪ ▪ ▪ ▪

2.5 3 ▪ 8.364 ▪ ▪ ▪ ▪

3 3.5 ▪ 4.743 ▪ ▪ ▪ ▪

3.5 4 ▪ ▪ 2.928 ▪ ▪ ▪

4 4.5 ▪ ▪ 3.345 ▪ ▪ ▪

AquaBouy Annual Energy Production
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Annual Energy Production = 43.761 MWh

5 6 7 8 9 10

6 7 8 9 10 11

0 0.5 ▪ 0.024 0.036 ▪ 0.024 0.024

0.5 1 ▪ ▪ ▪ ▪ ▪ ▪

1 1.5 0.039 ▪ ▪ ▪ ▪ ▪

1.5 2 13.536 ▪ ▪ ▪ ▪ ▪

2 2.5 9.324 1.974 ▪ ▪ ▪ ▪

2.5 3 ▪ 7.14 ▪ ▪ ▪ ▪

3 3.5 ▪ 5.58 ▪ ▪ ▪ ▪

3.5 4 ▪ ▪ 2.562 ▪ ▪ ▪

4 4.5 ▪ ▪ 3.345 ▪ ▪ ▪
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Annual Energy Production = 43.617 MWh



 

 

 
Table A7. AEP at Station 1 

 

 
 
Table A8. AEP at Station 2 

 

 
 

Table A9. AEP at Station 3 

 

 
Table A10. AEP at Station 4 

 

4.5 5 5.5 6 6.5 7 7.5

5 5.5 6 6.5 7 7.5 8

0 0.5 ▪ ▪ ▪ ▪ ▪ ▪ ▪

0.5 1 ▪ ▪ ▪ ▪ ▪ ▪ ▪

1 1.5 14.496 ▪ ▪ ▪ ▪ ▪ ▪

1.5 2 12.141 30.888 3.795 ▪ ▪ ▪ ▪

2 2.5 ▪ 0.414 36.72 5.724 ▪ ▪ ▪

2.5 3 ▪ ▪ ▪ 24.705 1.992 ▪ ▪

3 3.5 ▪ ▪ ▪ ▪ 22.338 ▪ ▪

3.5 4 ▪ ▪ ▪ ▪ ▪ 16.38 ▪

4 4.5 ▪ ▪ ▪ ▪ ▪ 1.944 1.884

Pelamis Annual Energy Production

Station 1

Period (Tp), in seconds
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H
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(H

s)
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s

Annual Energy Production = 173.431 MWh

4.5 5 5.5 6 6.5 7 7.5

5 5.5 6 6.5 7 7.5 8

0 0.5 ▪ ▪ ▪ ▪ ▪ ▪ ▪

0.5 1 ▪ ▪ ▪ ▪ ▪ ▪ ▪

1 1.5 12 ▪ ▪ ▪ ▪ ▪ ▪

1.5 2 15.561 27.192 0.69 ▪ ▪ ▪ ▪

2 2.5 ▪ 11.178 25.92 2.544 ▪ ▪ ▪

2.5 3 ▪ ▪ 7.8 12.81 ▪ ▪ ▪

3 3.5 ▪ ▪ ▪ 3.735 7.884 ▪ ▪

3.5 4 ▪ ▪ ▪ ▪ ▪ ▪ ▪

4 4.5 ▪ ▪ ▪ ▪ ▪ ▪ ▪

Station 2

Period (Tp), in seconds

W
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e 
H
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t 
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s)
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n
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s

Annual Energy Production = 127.314 MWh

Pelamis Annual Energy Production

4.5 5 5.5 6 6.5 7 7.5

5 5.5 6 6.5 7 7.5 8

0 0.5 ▪ ▪ ▪ ▪ ▪ ▪ ▪

0.5 1 ▪ ▪ ▪ ▪ ▪ ▪ ▪

1 1.5 9.12 ▪ ▪ ▪ ▪ ▪ ▪

1.5 2 16.416 22.968 1.725 ▪ ▪ ▪ ▪

2 2.5 ▪ 9.522 21.06 3.18 ▪ ▪ ▪

2.5 3 ▪ ▪ 6.24 10.065 ▪ ▪ ▪

3 3.5 ▪ ▪ ▪ 6.225 2.628 ▪ ▪

3.5 4 ▪ ▪ ▪ ▪ ▪ ▪ ▪

4 4.5 ▪ ▪ ▪ ▪ ▪ ▪ ▪W
av

e 
H
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s)
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Annual Energy Production = 109.149 MWh

Pelamis Annual Energy Production

Station 3

Period (Tp), in seconds



 

 

 
 

Table A11. AEP at Station 5 

 

 
 
Table A12. AEP at Station 6 

 

 
 

 

3. Wave Dragon 

 
Table A13. AEP at Station 1 

4.5 5 5.5 6 6.5 7 7.5

5 5.5 6 6.5 7 7.5 8

0 0.5 ▪ ▪ ▪ ▪ ▪ ▪ ▪

0.5 1 ▪ ▪ ▪ ▪ ▪ ▪ ▪

1 1.5 17.088 0.3 ▪ ▪ ▪ ▪ ▪

1.5 2 10.944 38.016 3.105 ▪ ▪ ▪ ▪

2 2.5 ▪ 2.07 39.96 6.36 ▪ ▪ ▪

2.5 3 ▪ ▪ ▪ 27.45 3.984 ▪ ▪

3 3.5 ▪ ▪ ▪ 1.245 13.14 ▪ ▪

3.5 4 ▪ ▪ ▪ ▪ 1.62 11.47 ▪

4 4.5 ▪ ▪ ▪ ▪ ▪ ▪ ▪

Annual Energy Production = 176.748 MWh

Pelamis Annual Energy Production

Station 4

Period (Tp), in seconds
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4.5 5 5.5 6 6.5 7 7.5

5 5.5 6 6.5 7 7.5 8

0 0.5 ▪ ▪ ▪ ▪ ▪ ▪ ▪

0.5 1 ▪ ▪ ▪ ▪ ▪ ▪ ▪

1 1.5 18.432 ▪ ▪ ▪ ▪ ▪ ▪

1.5 2 12.312 43.032 4.83 ▪ ▪ ▪ ▪

2 2.5 ▪ 0.414 45.9 8.904 ▪ ▪ ▪

2.5 3 ▪ ▪ ▪ 32.94 4.98 ▪ ▪

3 3.5 ▪ ▪ ▪ ▪ 22.338 ▪ ▪

3.5 4 ▪ ▪ ▪ ▪ ▪ 13.1 ▪

4 4.5 ▪ ▪ ▪ ▪ ▪ 5.832 3.768

Pelamis Annual Energy Production

Station 5

Period (Tp), in seconds
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Annual Energy Production = 216.786 MWh

4.5 5 5.5 6 6.5 7 7.5

5 5.5 6 6.5 7 7.5 8

0 0.5 ▪ ▪ ▪ ▪ ▪ ▪ ▪

0.5 1 ▪ ▪ ▪ ▪ ▪ ▪ ▪

1 1.5 19.296 0.15 ▪ ▪ ▪ ▪ ▪

1.5 2 9.405 45.672 5.175 ▪ ▪ ▪ ▪

2 2.5 ▪ ▪ 45.36 8.904 ▪ ▪ ▪

2.5 3 ▪ ▪ ▪ 26.535 5.976 ▪ ▪

3 3.5 ▪ ▪ ▪ ▪ 26.28 ▪ ▪

3.5 4 ▪ ▪ ▪ ▪ ▪ 11.47 ▪

4 4.5 ▪ ▪ ▪ ▪ ▪ 5.832 3.768

Pelamis Annual Energy Production

Station 6

Period (Tp), in seconds
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Annual Energy Production = 213.819MWh



 

 

 

 
 
  Table A14. AEP at Station 2 

 

 
 

  Table A15. AEP at Station 3 

 

 
 

  Table A16. AEP at Station 4 

 

 
 

  Table A17. AEP at Station 5 

 

4 5 6 7 8 9 10 11

5 6 7 8 9 10 11 12

0 1 4.8 0.84 ▪ 1.08 ▪ 1.08 1.08 ▪

1 2 1015.7 268.8 ▪ ▪ ▪ ▪ ▪ ▪

2 3 ▪ 300.15 183.54 ▪ ▪ ▪ ▪ ▪

3 4 ▪ ▪ 144.84 96.6 ▪ ▪ ▪ ▪

4 5 ▪ ▪ ▪ 27.66 ▪ ▪ ▪ ▪

Annual Energy Production = 2046.15 MWh

Wave Dragon Annual Energy Production

Station 1

Period (Tp), in seconds
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4 5 6 7 8 9 10 11

5 6 7 8 9 10 11 12

0 1 12.48 2.52 ▪ 1.08 ▪ ▪ 1.08 1.08

1 2 1033 220.5 ▪ ▪ ▪ ▪ ▪ ▪

2 3 ▪ 369.75 86.94 ▪ ▪ ▪ ▪ ▪

3 4 ▪ ▪ 76.68 ▪ ▪ ▪ ▪ ▪

4 5 ▪ ▪ ▪ 69.15 ▪ ▪ ▪ ▪

Station 2

W
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(H
s)

, i
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s

Wave Dragon Annual Energy Production

Period (Tp), in seconds

Annual Energy Production = 1805.07 MWh

4 5 6 7 8 9 10 11

5 6 7 8 9 10 11 12

0 1 12 2.52 1.08 1.08 ▪ 1.08 1.08 ▪

1 2 1004.2 193.2 ▪ ▪ ▪ ▪ ▪ ▪

2 3 ▪ 304.5 77.28 ▪ ▪ ▪ ▪ ▪

3 4 ▪ ▪ 59.64 ▪ ▪ ▪ ▪ ▪

4 5 ▪ ▪ ▪ ▪ ▪ ▪ ▪ ▪

Wave Dragon Annual Energy Production

Station 3

Period (Tp), in seconds
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Annual Energy Production = 1657.62 MWh

4 5 6 7 8 9 10 11

5 6 7 8 9 10 11 12

0 1 17.28 2.52 1.08 1.08 ▪ 1.08 1.08 ▪

1 2 1090.6 333.9 ▪ ▪ ▪ ▪ ▪ ▪

2 3 ▪ 343.65 212.52 ▪ ▪ ▪ ▪ ▪

3 4 ▪ ▪ 102.24 67.62 ▪ ▪ ▪ ▪

4 5 ▪ ▪ ▪ ▪ ▪ ▪ ▪ ▪

Station 4

Period (Tp), in seconds
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Annual Energy Production = 2174.61 MWh

Wave Dragon Annual Energy Production



 

 

 
 

  Table A18. AEP at Station 6 
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