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Abstract – In the Philippines’ pursuit to shift to renewable energy, locations such as off the coast of Miliga-biga 

beach in Bulusan, Sorsogon, offer great potential for wave energy generation due to perceived high waves at the 

site. This study aims to assess the wave energy resource potential in the study area considering three different 

oscillating body wave energy converters (WEC). A Delft3D-WAVE model was setup off the coast of Sorsogon and 

ran under prevailing wind and wave conditions from January 1, 2018 to December 31, 2018. Validation with 

WaveWatch III model wave heights and periods at an offshore point within the numerical grid resulted to a root-

mean-square-error of 0.205 m and 2.117 s, respectively, suggesting acceptable model accuracy. The prevailing 

wave direction in the study area is north-north-east with wave heights between 1 to 2 m and corresponding period 

between 5 to 7 s. This can reach up to 4 m and period of 10 s during peak northeast monsoon season. The annual 

average wave power density at the observation point, approximately 1 km off the study coast and around 80 m 

deep, was found to be 11.15 kW/m, which is sufficient for wave energy generation based on minimum threshold 

value from literature. The total annual harvestable energy was computed based on the wave resource matrix of 

the site and the specific power matrix of each WEC. It was found that one unit of a Floating 2-Body Heaving 

Buoy (F2-HB) can supply 960.706 MWh per year. The methodology conducted in this research can be applied 

for preliminary wave energy resource assessment at any potential site in the country. 
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I. INTRODUCTION 

 

The Philippines' geographic location grants it a diverse and exceptional potential for 

renewable energy, including geothermal, hydro, solar, wind, and ocean resources, contributing 

approximately 22% to the country's total power generation mix as of 2022 [1]. This is 

composed of geothermal (10%), hydropower (9%), solar (2%), wind (1%) and biomass (1%). 

Ambitious government targets, notably from the National Renewable Energy Program 

(NREP), updated the goal to increase the installed renewable capacity to 35% of the power 

mix by 2030 and to 50% by 2040 [2]. Among the sources of renewable energy in the mix, the 

country’s ocean energy resource has not been fully utilized. Energy from the ocean can be 

harnessed either from tide elevation difference, tidal currents, thermal gradient, and waves [3]. 

Local studies on ocean energy are mostly exploratory and scattered on various potential sites 

around the country. Palconit et al. (2021) assessed the potential tidal stream power in Pakiputan 
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Strait, Davao Gulf and estimated an annual energy production of 1350 kWh/year [4]. In 

Dinagat Islands, Caquilala et al. (2023) conducted a techno-economic assessment of various 

tidal current devices and found Evopod E1000 as the best device with indicative potential 

capacity of 140,000 kW with 0.16$/kWh cost of energy [5]. Villalba et al. (2021) simulated 

the tidal currents between various islands in the Visayas and Mindanao region and identified 

Banug strait as the area with the most energy density of 253.2 kWh/m2 [6]. On the other hand, 

15 sites all over the country were identified as potential for ocean thermal energy resource 

based on extensive temperature measurements [7]. The country is also not lacking in terms of 

wave energy resource. The eastern coast, facing the Pacific Ocean, is exposed to prevailing 

waves that are high and long enough for energy harnessing as detailed from the studies of 

Galano and De Leon (2024) [8], Wang et al. (2023) [9], and Decapia et al (2025) [10] who did 

a preliminary wave energy resource assessment of the entire Philippines using various 

methods.  

 

Wave energy resource assessment is usually done in two stages: wave climate 

characterization and wave power calculation. The wave climate in a particular area can be 

characterized though global hindcast models such as WaveWatch III or satellite altimetry data 

[3, 8, 9, 10]. However, these datasets are often coarse in terms of spatial and temporal 

resolution limiting their applicability to regional analysis only. An alternative is to perform 

numerical simulation using a wave model such as Simulating Waves Nearshore (SWAN) or 

MIKE 21 Spectral Wave (SW). These models account for various nearshore wave processes 

and ideal to use in describing the wave conditions of a particular area [11]. Once the wave 

climate is characterized, the wave height and period are then processed to estimate the wave 

energy density and/or wave power density using an established formula from literature. If a 

specific wave energy converter (WEC) is considered, the wave resource matrix is multiplied 

to the power matrix of the WEC to obtain the wave energy matrix, which when summed, will 

yield the total harvestable wave energy [3, 8]. As most local studies are still in the exploratory 

stage of wave energy resource assessment, the use of numerical modelling is not yet fully 

utilized for a particular site. The study of Decapia et al. (2025), used SWAN and satellite 

altimetry for validation to characterize the wave climate at Baler, Aurora and estimate its wave 

energy resource potential but a specific WEC was not investigated in the study [10]. On the 

other hand, Paculdo et al. (2022), used SWAN to assess the wave energy resource on Cuyo 

Island, Palawan as an alternative source of electricity at the off-grid island. Three WECs, 

namely Wave Dragon, Archimedes WaveSwing (AWS), and Sea Slot-cone Generator (SSG), 

were considered in the assessment and resulted to a low-capacity factor of 3.4% due to 

relatively calm wave climate surrounding the island [12]. This is also the case in the study of 

Aminudin et al. (2021) where they used Mike 21 SW to simulate nearshore wave conditions at 

the coast of Dumaran, Palawan [13]. Despite the use of numerical modelling in these studies, 

the potential wave energy resource that is applicable for industry-scale implementation did not 

manifest because of unfavorable wave conditions.  

 

Despite the country’s recognized ocean energy potential, wave energy development in the 

country remains constrained by the limited number of site-specific studies and the largely 

exploratory nature of existing assessments. The research gap lies in the limited application of 

validated numerical wave models for preliminary wave energy resource assessment in the 

Philippines, particularly for linking site-specific wave conditions with the performance of 



 

36 

 DM Bautista, CM Gapas Jr & MT David Phil. Eng’g J. 2026; 47(1): 34-56 

specific WECs. This study addresses that gap by applying a validated Delft3D-WAVE model 

to a Pacific-facing site in Bulusan, Sorsogon. This would link the resulting wave resource 

characterization at the study site with the performance matrices of selected point absorber 

WECs to evaluate their respective energy harvesting potential. This study is significant as the 

methodology conducted in this research can be adopted for preliminary assessment of wave 

energy resource at any location in the Philippines. 

 

 

II. METHODOLOGY 

 

2.1 Study Site 

The study site for this research is the area off the coast of Miliga-biga beach, Bulusan, 

Sorsogon shown in Figure 1. It is located at Barangay Mabuhay, Bulusan, Sorsogon, a coastal 

barangay southeast of Bulusan facing the Pacific Ocean. The 500-meter beach is located at 

12o43’56” N latitude and 124 o 07’55” E longitude. This site was selected because it is widely 

recognized within the municipality of Bulusan as one of the most energetic wave environments 

along the local coastline due to its direct exposure to the Pacific Ocean [3].  The site was 

previously used for surfing, indicating the presence of consistently strong waves, but it has 

also been regarded by local residents as hazardous for swimming and recreation due to 

incidents of drowning associated with its rough sea conditions.  In addition, local fishers 

generally avoid operating in the area because of the turbulent wave climate, further suggesting 

that the site experiences persistently energetic nearshore conditions. Its orientation toward the 

open Pacific, combined with the influence of seasonal monsoons, makes the beach highly 

exposed to both locally generated wind waves and incoming ocean swell, making it a strong 

candidate for wave energy resource assessment. During the northeast monsoon (Amihan) from 

November to March, prevailing winds generate tall, steady waves from the northeast direction. 

In contrast, the southwest monsoon (Habagat) from June to October brings relatively calmer 

waves but still creates a dynamic sea state. The coastline is also exposed to long-period swells 

generated by distant weather systems in the Pacific Ocean, which can arrive regardless of the 

local monsoon season. 
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Figure 1. Study site location (Source: Google Earth) 

 

 

2.2 Data Collection 

This research only utilized secondary data from various global datasets. Details of each data 

collected are discussed in the succeeding subsections and are summarized in Table 1. 

 

2.2.1 Bathymetry 

The bathymetry of the study area was downloaded from the General Bathymetric Chart of 

the Oceans (GEBCO) global dataset. GEBCO is a foundational international program 

dedicated to mapping the entire ocean floor operated under the joint efforts of the International 

Hydrographic Organization (IHO) and the Intergovernmental Oceanographic Commission 

(IOC) of UNESCO, guiding its global mission. It provides a continuous, global digital 

bathymetric model at a 15-arc second resolution, or roughly translates to 450 meters, depicting 

the shape and depth of the seabed worldwide [14]. This data was used as model input to the 

numerical model.  

 

2.2.2 Wind 

Wind data was downloaded from the European Centre for Medium-Range Weather 

Forecasts Earth Reanalysis 5th generation (ECMWF ERA5) global data set. ERA5 is the fifth 

generation of atmospheric reanalysis data from the ECMWF, providing a comprehensive, 

global record of the climate from 1940 to the present. It combines vast amounts of historical 

observations with advanced modeling to produce highly detailed estimates of atmospheric, 
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land, and oceanic climate variables [15]. ERA5 provides hourly values of wind data on a global 

grid with a spatial resolution of 0.25° x 0.25°. As the wave processes simulated are offshore, 

local wind data from PAGASA, which comes from an inland weather station, was not utilized 

in this study. 

 

2.2.3 Wave 

Two wave datasets were downloaded for this study. The first one, from ERA5 dataset, was 

downloaded at the point 13.5o N latitude and 125.5o E longitude and was used as the time-

varying boundary conditions for the computational domain. The second data set was from 

WaveWatch III developed by National Oceanic and Atmospheric Administration (NOAA). It 

is a third-generation spectral wave model that simulates the generation, propagation, and 

interaction of wind-generated ocean waves on a global or regional scale [16]. The spatial 

resolution of WaveWatch III data is 0.5o x 0.5o so the closest point to the study area is located 

at 13o N latitude and 125o E longitude. Unlike ERA5 wave data that has an hourly temporal 

resolution, WaveWatch III data are published every 3 hours. These data were used to validate 

the results of the numerical model simulation. Although using wave data from an offshore 

buoy is ideal for validation, there is no available data near the study site from any local 

institution, including NAMRIA and PAGASA. 

 

 

Table 1. Summary of data collected 

Data Source Spatial Resolution Temporal Resolution 

Bathymetry GEBCO (2019) 15-arc second None 

Wind ECMWF ERA5 0.25o by 0.25o Hourly 

Wave (Boundary) ECMWF ERA5 0.5o by 0.5o Hourly 

Wave (Validation) NOAA WaveWatch III 0.5o by 0.5o 3-hourly 

 

 

2.3 Numerical Model 

This study used the Delft3D modelling suite, an integrated system consists of a number of 

modules, developed by Deltares in close cooperation with Delft University of Technology. In 

this study, only the wave model, Delft3D-WAVE was utilized. The module is based on the 

program, Simulating Waves Nearshore (SWAN), and is a third-generation spectral wave model 

used in simulating random, short-crested wind-generated waves in estuaries, tidal inlets, lakes, 

among others. SWAN is based on the discrete spectral action balance equation action balance 

equation that describes the rate of change of the wave action density at a single point in space 

and relating it to the physical processes which generate, dissipate, or redistribute wave energy, 

given by sources and sinks. SWAN solves the discrete spectral action balance equation using 

an implicit upwind finite difference scheme in five dimensions (time, physical space, and 

spectral space) on a structured grid [11]. 

 

2.4 Model Set-up 

2.4.1 Computational Domain 

The computational domain used in this study is a tilted rectangular grid that extends up to 

the deeper portions of the Pacific Ocean. It is composed of 91 by 109 nodes and has a resolution 

of 1 km by 1 km. The bathymetry from GEBCO was incorporated into the numerical grid but 
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elements that have a negative depth were removed as they represent land. Two observation 

points were defined at the study area. The first one is located 1 km offshore from the beach at 

80 m depth and the other at 13o N latitude and 125o E longitude which serves as validation 

point for the model. Time-series wave data from the numerical simulation were stored at these 

observation points and shall be used for analysis and validation. Figure 2 shows the 

computational domain used in this study. 

 

 

 
Figure 2. Model computational domain 

 

 

The spectral resolution of the numerical grid was set to all spectral directions covering a 

full circle while the range of frequencies to be included in the model simulation is from 0.05 

to 1 Hz. Both settings were the default options in Delft3D-WAVE. 

 

2.4.2 Time Frame and Boundary Conditions 

The time frame used in the simulation lasted for a full year from January 1, 2018 00:00:00 

UTC to December 31, 2018 23:00:00 UTC to account for seasonal variations within a year, 

i.e. northeast and southwest monsoons. Longer simulation period that can account for 

interannual variability was not performed in the study due to limitation in computational 

capacity. The simulation time step is hourly, following the temporal resolution of the wave 

data at the model boundaries. The model was run in non-stationary mode as the time for the 

waves to propagate from the boundaries to the study site is significantly larger than the set time 

step of 60 minutes [17].  
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The incident wave conditions along the open boundaries of the computational grid were 

defined at the north and east orientation of the model domain. Values for wave parameters 

along the boundary conditions were specified from the downloaded ERA5 data. In the absence 

of higher resolution wave data, the time-varying significant wave height, peak period, and 

mean direction were applied uniformly across the boundaries where the depth is at least 5 m. 

These parameters, along with a constant directional spreading of 5 (power of cosine), 

indicating broad spread of wind waves, were used to generate a theoretical JONSWAP 

spectrum, with a default peak enhancement factor of 3.3, that will propagate into the model 

domain. 

 

Hydrodynamic conditions such as water level and current velocity directly influence wave 

height, direction, and energy through processes like wave–current interaction and tidal 

modulation [18]. However, due to absence of available water level and velocity data, 

hydrodynamic conditions were set to zero throughout the entire simulation. While not ideal, 

this simplification is generally accepted for preliminary wave resource assessments to reduce 

the computational demand of the long-term simulation [19]. 

 

2.4.3 Physical Parameters and Processes 

The default values for the hydrodynamic constants were applied in this research: 9.81 m/s2 

for gravitational acceleration and 1025 kg/m3 for water density. Wind was applied into the 

model as a spatially-constant, time-varying parameter. Wind data from ERA5 at the point, 

13oN latitude and 125o E longitude were processed and the wind rose diagram is shown in 

Figure 3. In addition, the monthly time-series fluctuation of wind speed is shown in Figure 4. 

To account for wind growth, the wind drag parametrization of Wu (1982) was utilized since 

its linear formulation is highly accurate for moderate wind speeds which constitutes the 

prevailing wind conditions in the study site [20]. It is important to note that the study does not 

take into account specific extreme weather conditions since the objective of the study is to 

assess the wave energy resource. For such a study, prevailing wind conditions are more 

appropriate to check its reliability as it happens around 95% of the time [19]. The extreme 

weather condition scenario can be applied at the more detailed assessment when the structural 

stability of the WECs is the main concern. 
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Figure 3. Wind rose diagram applied to model simulation 

 

 

 
Figure 4. Time-series wind speed applied to model simulation 
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Besides wind growth, other processes activated in the model simulation are whitecapping, 

depth-induced breaking, non-linear triad interaction, bottom friction, and diffraction. 

Whitecapping controls deep-water energy dissipation, where a reduction in this value prevents 

the premature dampening of long-period swells essential for accurate resource mapping. In 

contrast, bottom friction and depth-induced breaking parameters primarily alters the nearshore 

significant wave height, as these settings determine how much energy is lost to the seabed or 

through surf-zone turbulence. Non-linear triad interactions and diffraction shift the spectral 

peak and redistribute energy around complex coastal features like headlands. For deep water, 

open sea Delft3D-WAVE applications like this study, whitecapping is the process that has the 

most effect on the simulated wave properties [21]. For this study, the formulation of Komen et 

al. (1994) was selected due to its proven stability in modeling fully developed wind-seas and 

its conservative dissipation of long-period Pacific swells, making it ideal for characterizing the 

prevailing monsoon-driven wave climate of the Philippine eastern seaboard [22]. 

 

2.5 Validation 

The level of agreement between observed and modelled time-series data were assessed by 

calculating the root-mean-square error (RMSE), bias, and scatter index (SI). The period 

considered for validation is from January 1, 2018 to May 1, 2018 when the waves are more 

active because of the northeast monsoon. The formulas for RMSE, bias, and SI are shown in 

Equations 1, 2, and 3, respectively. 

 

 

𝑅𝑀𝑆𝐸 =  √
1

𝑁
∑

𝑁

𝑖=1

(𝑆𝑖 − 𝑂𝑖)2 (1) 

𝑏𝑖𝑎𝑠 =  ∑

𝑁

𝑖=1

1

𝑁
(𝑆𝑖 − 𝑂𝑖)

2 
(2) 

𝑆𝐼 =
√1

𝑁
∑𝑁

𝑖=1 (𝑆𝑖 − 𝑂𝑖)2

1
𝑁

∑𝑁
𝑖=1 𝑂𝑖

× 100 (3) 

 

where N is the total number of data points, Si is the simulated data, and Oi is the observed data 

which corresponds to the WaveWatch III data.  

 

Williams and Estevez (2017) recommended statistical guidelines to establish calibration 

standards for a minimum level of performance for coastal and estuarine models [23]. Results 

of the model validation are summarized in Table 2 and visualized in Figures 5 to 7. Based on 
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the statistical parameters calculated, the wave model can be considered to simulate the wave 

processes in the domain excellently. 

 

 

Table 2. Results of model validation 

Statistical 

Parameter 

Quality 

Index 

Hs (m) Tp (s) 

Threshold [19] Modelled Threshold [19] Modelled 

RMSE Accuracy 0.215 0.171 1.931 0.449 

Bias Bias 0.15 0.03 0.20 0.20 

SI Agreement 10 8.0 20 4.7 

 

 

 
Figure 5. Comparison of simulated (black) and downloaded (red) significant wave height at 

validation point 

 

 
Figure 6. Comparison of simulated (black) and downloaded (red) peak wave period at 

validation point 
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Figure 7. Scatter diagram showing the relationship between modelled and WW3 (a) 

significant wave height and (b) peak period at validation point 

 

 

2.6 Wave Energy Resource Assessment 

An initial assessment of the feasibility of WEC installation in a particular area can be based 

on the wave power density given by Equation 4. If the mean annual wave power density at a 

particular site is more than the standard benchmark of 5 kW/m, it can be considered as wave 

energy resource [24].  

 

𝑃𝑤 =
𝜌𝑔2𝐻𝑠

2𝑇𝑝

64𝜋
 (4) 

 

where 𝑃𝑤 is the wave power density in W/m, 𝜌 is the density of seawater in kg/m3, 𝑔 is the 

acceleration due to gravity in m/s2, 𝐻𝑠 is the significant wave height in m, and 𝑇𝑝 is the peak 

wave period in s.  

 

In addition, the seasonal variability (SV) index, given by Equation 5, is a parameter used to 

assess the temporal reliability of waves on a proposed wave energy resource site. In general, a 

site with a moderate but steady resource can be more attractive than a site with a high average 

power that is or only available during certain seasons. Ideally, a viable site has an SV value of 

less than 1.0 [25].  

 

𝑆𝑉 =
𝑃𝑆1 − 𝑃𝑆4

𝑃𝑦𝑒𝑎𝑟
 

(5) 

 

where 𝑆𝑉 is the seasonal variability index, 𝑃𝑆1 is the mean wave power during the most 

energetic season in kW, 𝑃𝑆4 is the mean wave power during the least energetic season in kW, 

and 𝑃𝑦𝑒𝑎𝑟 is the mean wave power during the entire year in kW. 
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2.7 Wave Energy Converters 

Wave energy converters (WEC) are devices that convert the kinetic energy from waves into 

electrical energy. There are different types of WEC based on its principle of conversion 

including oscillating water column, oscillating body devices, overtopping, and attenuators, 

among others. This study will focus on oscillating body devices particularly the following 

buoy-type WEC discussed in Carballo et al. (2019): AquaBuoy, Bottom-Referenced Heaving 

Buoy (BREF-HB), and Floating Two-body Heaving Buoy (F2-HB). These were selected 

because they are point absorber WECs, a class of devices recognized for their compact size, 

relatively simple design, and ability to absorb energy from waves approaching from different 

directions. These characteristics make point absorbers suitable for preliminary site-level 

assessment. In addition, the power matrices of these devices are available in the literature [26], 

enabling direct estimation of harvestable energy from the simulated wave resource matrix at 

the study site. AquaBuoy works through vertical mechanical movement due to waves. This 

vertical movement consequently drives movement of a buoyant disk contained within a vertical 

tube or cylinder which in turn creates piston motion. The created water piston then pressurizes 

the water contained within a hose due to repeated elongation and relaxation, thus acting as a 

generator [26]. BREF-HB also works through the vertical motion of waves but also generates 

energy through horizontal translation due to wave propagation. It consists of a floating 

axisymmetric buoy with ellipsoidal cross section which is connected by a wire to a machinery 

unit situated at the bottom of the sea. The machinery unit is composed of a linear generator 

placed inside a steel hull mounted on a concrete ballast. The wave action generates a pull to 

the wire then drives the linear generator [27]. F2-HB works through vertical motion of waves 

as well as through horizontal translation due to wave propagation. The device consists of two 

main components, a floating buoy, and a sliding torus. Wave energy is generated by relative 

motion of these two components through hydraulic power take-off system [27]. Figure 8 shows 

the schematic diagram of the three wave energy converters considered in this study. 

 

 

 
Figure 8. Schematic diagram of (a) AquaBuoy, (b) BREF-HB, and (c) F2-HB WEC 

 

 

In estimating the wave energy that can be harvested by a specific WEC, the main reference 

considered is its power matrix. A power matrix is a standardized table used to characterize the 

performance of a WEC by mapping the expected electrical power output of a specific device 
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across a range of different ocean conditions. Figures 9, 10, and 11 show the power matrices of 

AquaBuoy, BREF-HB, and F2-HB, respectively [26]. A wave resource matrix, on the other 

hand, shows the number of times a particular wave of height, Hs, with corresponding period, 

Tp, propagate at a certain point. By combining a WEC’s power matrix with the wave resource 

matrix, the total annual harvestable energy can be estimated using Equation 6. 

 

𝑇𝑜𝑡𝑎𝑙 𝑎𝑛𝑛𝑢𝑎𝑙 ℎ𝑎𝑟𝑣𝑒𝑠𝑡𝑎𝑏𝑙𝑒 𝑒𝑛𝑒𝑟𝑔𝑦 𝑖𝑛 𝑘𝑊ℎ = ∑

𝑛

𝑖=1

𝑃𝑖𝐹𝑖∆𝑡 
(6) 

 

where 𝑃𝑖 is the power output of the WEC from its power matrix in kW, 𝐹𝑖 is the frequency of 

occurrence of a particular wave property from the wave resource matrix, ∆𝑡 is the time interval 

between wave data in hrs, and n is the number of data points analyzed. 

 

 

 
Figure 9. AquaBuoy Power Matrix [26] 

 

 

 
Figure 10. BREF-HB Power Matrix [26] 
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Figure 11. F2-HB Power Matrix [26] 

 

 

III. RESULTS AND DISCUSSION 

 

3.1 Wave Climate 

The wave climate in the study area is governed primarily by wind with heights varying 

between 1 m to 3 m and periods of 4 s to 8 s, as shown in Figures 12 and 13. This reaches up 

to 4 m and 10 s during peak northeast monsoon or Amihan season. As seen in the wave rose 

diagrams of Figures 14 and 15, the prevailing wave direction all throughout the year is from 

north-north-east. Waves during southwest monsoon or Habagat season are generally calmer as 

the open sea is to the east of the study area. Land masses block the path of the wind and its 

opposite direction with respect to the wave propagation causes decay in the properties of the 

waves. During northeast monsoon season and easterlies, the prevailing wind promotes wave 

growth as it blows along the direction of the wave propagation. Figures 16 and 17 show the 

monthly average significant wave height and peak wave period at the study site, exhibiting 

further the effect of the monsoon season to the wave climate. 

 

 

 
Figure 12. Simulated hourly significant wave height at the study area 
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Figure 13. Simulated hourly peak wave period at the study area 

 

 

 
Figure 14. Wave rose diagrams at study area from during Amihan months 
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Figure 15. Wave rose diagrams at study area from during Habagat months 

 

 

 
Figure 16. Simulated monthly average significant wave height at study area 
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Figure 17. Simulated monthly average peak wave period at study area 

 

 

The simulated hourly significant wave height and peak wave period were processed to 

derive the wave resource matrix at the study site. For each time step, the wave height and 

period were categorized and tallied to its corresponding cell in the matrix shown in Figure 17. 

Most of the waves that propagate at the study area have a significant wave height of 1 to 2 m 

with corresponding period of 5 to 7 s. This signifies that the waves are mostly wind-generated 

having a frequency between 0.1 to 0.5 Hz.  

 

 

 
Figure 18. Wave resource matrix at the study area 
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3.2  Wave Energy Resource Viability 

The hourly wave power density at the study area was calculated using Equation 4 and is 

shown in Figure 19. The red line indicates the 5 kW/m threshold by Mørk et al. (2020) where 

wave energy harvesting is deemed feasible. Based on simulation results, the annual mean 

power density was calculated at 11.15 kW/m, signifying the feasibility of installation of WEC 

at the study area.  

 

The reliability of the available wave energy was assessed by calculating the SV index shown 

in Equation 5. According to Figure 19, the most energetic months are observed from December 

to February with a mean power density of 20.65 kW/m while the least energetic months are 

from June to August with a mean power density of 3.45 kW/m. This translates to an SV index 

value of 1.54, representing moderate viability of the wave energy resource [28]. The rate of 

exceedance for each month with respect to the minimum threshold value of 5 kW/m was also 

determined to further assess reliability. This parameter is expressed as a percentage of the time 

the minimum threshold value was equaled or exceeded. As shown in Figure 20, the period 

from November to April almost always exceeds the threshold of 5 kW/m. This is the ideal 

period suggested for an installed WEC to be fully operational. On the other hand, the months 

of May to August did not reach 50% reliability, meaning the wave power density at the study 

area during these months are less than 5 kW/m, less than 50% of the time.  

 

Despite the unideal reliability of the wave energy resource, the study site can still be 

considered for wave energy harnessing due to the annual mean power density of 11.15 kW/m 

exceeding the 5 kW/m benchmark [24]. This value may still be high enough to justify the 

investment despite low production during the least energetic season. Other options can also be 

explored to address this issue. Seasonal deployment can be used as an alternative to target the 

high energy seasons [29]. Furthermore, hybridization, or making the study site to be a hybrid 

wind-wave energy farm, can be explored to maximize the deployment of such technology [30]. 

 

 

 
Figure 19. Simulated hourly wave power density at the study area 

(red line shows the 5 kW/m threshold Mørk et al. (2020)) 
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Figure 20. Monthly percent exceedance of the 5 kW/m threshold value of wave power 

density at the study area 

 

 

3.3 Wave Energy Converter Assessment 

The total annual harvestable wave energy for each WEC was computed by applying 

Equation 6. By multiplying the wave resource matrix in Figure 18 to each power matrix in 

Figures 9, 10, and 11, the matrix of harvestable wave energy for each WEC considered were 

obtained and are shown in Figures 21, 22, and 23. The total annual harvestable wave energy 

for each WEC, shown in Table 3, was obtained by summing all entries on each WEC’s matrix. 

Based on obtained results, F2-HB yielded the most amount of harvestable wave energy among 

the 3 WECs considered due to the larger values in the power matrix of F2-HB that are within 

the most frequent wave conditions in the study area. This is sufficient to power around 1,500 

households, or 24% of the municipal population, that are consuming 50 kW-hr monthly in the 

rural coastal areas where electricity is scarce [31]. 

 

 

 
Figure 21. AquaBuoy harvestable wave energy matrix 
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Figure 22. BREF-HB harvestable wave energy matrix 

 

 

 
Figure 23. F2-HB harvestable wave energy matrix 

 

 

Table 3. Total annual harvestable wave energy for each WEC considered 

Wave Energy Converter Total Annual Harvestable Wave Energy (MWh) 

AquaBuoy 287.057 

BREF-HB 26.695 

F2-HB 960.706 

 

 

IV. CONCLUSION AND RECOMMENDATIONS 

 

This study created a validated Delft3D-WAVE model that simulated the wave conditions 

on the sea to the east of Bulusan, Sorsogon for the year 2018. The waves in the study area were 

found to be wind-generated and comes from the north-north-east direction. During northeast 

monsoon or Amihan season, waves tend to have an average wave height of around 2 m and 

period of around 7 s that can grow up to a height of 4 m and period of 10 s. On the other hand, 

during southwest monsoon season, waves are generally calmer with average height of around 

1.25 m and period of 5.5 s. Based on the wave resource matrix, the most frequent wave 

throughout the entire simulation period has a height of 1.5 to 2 m and corresponding period of 

6 to 7 s. The study area is deemed viable as a wave energy resource site as it exceeds the 5 

kW/m annual mean power density threshold for feasible WEC installation despite having a 

moderate-sea state with seasonal variability index of 1.54 and 4 months of low-energy wave 

conditions. Seasonal deployment and hybridization can be explored to account for this issue 
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and must be addressed during detailed assessment. Among the 3 WECs considered in this 

study, F2-HB yielded the highest annual harvestable wave energy at 960.706 MWh, which can 

supply energy to roughly 1,500 households, or 24% of the residential households in the 

municipality of Bulusan. 

 

Although it is tempting to conclude that F2-HB is most suitable WEC for the study area, it 

is important to note that the comparison of the performance of each WEC represents only a 

preliminary estimate of potential energy yield rather than a definitive device selection. A more 

compelling conclusion can be achieved regarding the most appropriate WEC if a cost-benefit 

analysis is conducted, which takes into account operations and maintenance, the capacity factor 

of each WEC, and performance during extreme conditions. In addition, other types of WEC 

can be considered for assessment provided they have a published power matrix. Multi-year 

simulation is also recommended to further assess the interannual variability, e.g. El Niño–

Southern Oscillation (ENSO), at the study site. Overall, the methodology conducted in this 

research provides a template for future researchers or industries that are interested in wave 

energy harnessing. It can be replicated using secondary data at any location within the country 

with resolution that is sufficient for preliminary assessment and WEC suitability analysis. 

 

 
NOMENCLATURE 

 

AWS Archimedes WaveSwing 

BREF-HB Bottom-Referenced Heaving Buoy 

ECMWF European Centre for Medium-Range Weather Forecasts 

ENSO El Niño–Southern Oscillation 

ERA5 Earth Reanalysis 5th generation 

F2-HB Floating 2-Body Heaving Buoy 

GEBCO General Bathymetric Chart of the Oceans 

IHO International Hydrographic Organization 

IOC Intergovernmental Oceanographic Commission 

JONSWAP Joint North Sea Wave Project 

MIKE 21 SW MIKE 21 Spectral Wave model 

NAMRIA National Mapping and Resource Information Authority 

NOAA National Oceanic and Atmospheric Administration 

NREP National Renewable Energy Program 

PAGASA 
Philippine Atmospheric, Geophysical and Astronomical Services 

Administration 

RMSE Root-mean-square error 

SI Scatter Index 

SSG Sea Slot-cone Generator 

SV Seasonal Variability 

SWAN Simulating Waves Nearhore 

UNESCO United Nations Educational, Scientific and Cultural Organization 

UTC Coordinated Universal Time 

WEC Wave Energy Converter 

WW3 WaveWatch III 
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