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A lack of field data, visible dominant wave activity in the northern division of Fiji

Islands particularly off the southern coast of Taveuni, and increasing cost of

nonrenewable energy sources coupled with associated harmful effects to the

environment have led to initial wave energy resource assessment. The present work

involved twelve months of on-site wave measurements commencing July 2012.

The measured data were compared with a 30 yr hindcast WW3 model data from a

joint project between the Bureau of Metrology, Australia (BoM) and The Pacific

Australia Climate Change Science and Adaption Planning. The model was used to

relate to the site characteristic in terms of significant wave-height and period in

representation of Fiji’s overall wave climate and at the same time validating the

model with site measurements. The swell and wind wave components together

with its prevailing direction was studied in detail. The calculated average power

output was 12 kW/m for an average wave-height of 1 m while a peak wave-height

of 3.75 m yielded power output of 24 kW/m. Comparison of the wave climate was

also made with in situ wave assessment that was performed off the southern coast

of Kadavu in 1994. In addition, two offshore wave energy converters’ performance

data (power matrix) were used to estimate the expected power generation based on

the average sea states to briefly examine the site’s potential with current

technology. The summer and winter variation in wave power was calculated and

wave power statistics such as percentile occurrence were also discussed. The

results of the present study provide sufficient evidence of the potential of wave

energy on site for future feasibility studies and subsequent power extraction.
VC 2014 AIP Publishing LLC. [http://dx.doi.org/10.1063/1.4884636]

INTRODUCTION

The Pacific region is undergoing rapid and vast development changes due to modernization

in all facets and this is also bringing about challenges and issues that need to be overcome.

One such major issue that is being faced by all the Pacific Island Countries (PICs) is addressing

its energy needs. This has been brought about due to population growth, infrastructure expan-

sion to cater for needs and wants, and industrialization just to name a few. The region is heav-

ily reliant on fossil fuel imports to meet the ever increasing energy demand which is having a

significant negative impact on its already limited finances. This is also compounded by the fact

that the finite fossil fuels are having adverse effect on the environment and climate.

Due to the increased consumption and cost associated with using fossil fuels, and related

harmful effect on the environment, there is now a concerted approach to consider renewable

resources as an alternate measure in combating the energy needs in a way that is economical

and sustainable for the Pacific region. With almost all Pacific Island countries being surrounded

by the Pacific Ocean, this provides us with the opportunity to explore the ocean as a reliable

and sustainable renewable energy resource other than being a major food and income source

and means of transportation. The Pacific being located away from major economies, there is
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scarce activity in regard to ocean assessment for energy purposes due to the lack of technical

and research expertise.

The University of the South Pacific (U.S.P.) in partnership with the Korean Government

under its Korea International Cooperation Agency (KOICA) programme is playing a lead role

in assessing ocean energy resources in PICs. The aim of these assessments is to form a platform

for institutions and policy makers to consider investing in ocean energy in the near future. The

present study investigates the measured power potential for wave energy off the southern coast

of Taveuni island in Fiji. A Datawell DWR-MkIII buoy was deployed on site for measurement

of wave characteristics for a year. A comparison was made with WW3 hindcast model data for

validation purposes. The average wave power per month, seasonal comparison and statistics for

wave power assessments were made.

LITERATURE SURVEY

Wave energy is a promising renewable energy resource because of its advantage of being

predictable, having high power density, low environmental visual impact, high utilization factor,

and broad localities in coastal areas. Waves could be seen as a form of energy that will con-

tinue to exist forever and remain pollution free.1 Wave energy is best suited for countries with

high wave activities along vast coast lines. Wave energy is studied both at deep water levels

and near shore because most Wave Energy Convertors (WECs) are deployed in sites with a

water depth of less than 100 m.2 For any WEC to be economical and sustainable in the harsh

condition at sea as well as being reliable and efficient in providing energy, it is essential that

initial ocean energy assessment be done thoroughly and comprehensively. The main concept of

these assessments is gathering information on how much power is there in waves at specific

locations. A study carried out on China’s wave energy resource reveals that even though wave

energy resources are distributed unevenly throughout regions in China, the wave energy market

is huge.1 Once again the weather and climate pattern greatly affects China’s wave potential in

regions as stated by the study undertaken by Zhang et al.,1 “Due to the complex topography

and monsoon climate, the wave power varies remarkably from region to region.” With previous

research carried out on China’s potential for ocean energy resources, many WECs such as

Oscillating Water Column (OWC), wave power plants, floating OWC buoys and pendulous

wave power plants1 have been designed and used for energy extraction. Findings on wave

energy resource assessment for Australia, the power and energy on waves differ in locations.

According to Hughes and Heap,3 “Wave power is greatest on the 3000 km-long southern

Australian shelf (Tasmania/Victoria, southern Western Australia and South Australia),where it

widely attains a time-average value of 25–35 kW m_1 (90th percentile of 60–78 kW

m_1),delivering800–1100 GJ m_1 of energy in an average year. New South Wales and southern

Queensland shelves, with moderate levels of wave power (time-average: 10–20 kW m_1; 90th

percentile: 20–30 kW m_1), are also potential sites for electricity generation due to them hav-

ing a similar reliability in resource delivery to the southern margin.” These potential energy

localities are affected by the changing weather pattern across the year. The data provided in the

assessment will act as an important tool for identifying sites which are economical and viable

for setting up structures for this energy extraction.

The importance of initial wave energy assessment before any actual energy extraction

works are initiated is reiterated by Kim et al.,4 “An assessment of the wave energy resources is

not only a basic prerequisite for the planning of its utilization and the selection of available

sites but also an important requirement for choosing the most appropriate wave energy con-

verter for the area and designing the converter’s capacity.” In a study carried out by Kim

et al.,4 on the wave assessment around the Korean Peninsula, it is seen that wave power is

obtained from wave height, wave period, and wave direction. Moreover, the climatic condition

affected the power available as the south western side of the peninsula experienced the highest

monthly averaged wave power in winter. Similarly, the modeled wave data has to be validated

with the actual measurements out at sea to reflect actual conditions. Hindcast wave data for a

period of twenty four years were utilized to draw results for wave energy resource in Korean
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peninsula. Furthermore, areas or coasts that are exposed to varying wind condition have been

found to be a variable in determine wave power and thus affecting sites for future WEC proj-

ects. The reasons provided were that west of the Korean peninsula is exposed to the swells of

the winter monsoon while the south and east of the peninsula are sheltered by the mainland. In

summer, the wave power is less than 10 kW/m, however the averaged power in winter reaches

25 kW/m in winter months.

In the study undertaken by Lenee-Bluhm et al.,5 data collected from wave buoys were ana-

lyzed and assessed to determine ocean wave characteristics. Furthermore, buoys offer measure-

ment at different locations such as wave height, wave period, and wave direction with the main

objective of characterizing wave resource with its power output. The energy in waves and its

associated sea states that occur at each buoy location is best comprehended by calculating the

time-mean characteristics over periods for which the records were analyzed.5 These average

values reveal much about the suitability of a location, or region, for wave energy conversion,

though by themselves they necessarily obscure the variability inherent in the sea.5 Results in

this study indicate that in winter months, the wave power and wave heights were much greater

when compared to summer months. Moreover, the average wave power in winter is 7 folds that

of the average in summer for some locations.5 In Hawaii, the research done on wave energy

shows that the power output achievable through swell activity can be as much as 60 kW/m and

consistent energy of 15–25 kW/m for wind waves year around. For this research a model of

Hawaii was created using a computational grid along the major Hawaiian Islands. For the col-

lected data to be used successfully, it has to be validated thus the modeled data is compared

with wave buoy measurements. “Buoys provide direct and continuous measurements of the

wave conditions for comparison with the model output at discrete locations.”6 The results out-

line that the three different climate patterns have a significant effect on the ocean wave energy

throughout the year. The report outlines wind waves are reliable and most regular year around

and together with the closeness to the coast, assists in identifying location for deployment of

WECs.6 The wave characteristics differ with location and this should greatly influence the

design and siting of offshore wave energy converters (OWECs).7–12 The sea states or wave

characteristics determine the type and efficiency of a WEC as explained by Iglesias and

Carballo13 “Given that the wave farm should be located in the high-energy area, the selection

of WECs should aim for maximum efficiency in the ranges 10.0 s–13.5 s (energy period) and

1.5 m–3.0 m (significant wave height).” The decision in choosing a site for deployment of WEC

is not only prioritized by the wave energy potential as stated by Iglesias et al.,14 “The proxim-

ity to a port with facilities for servicing and repairing the wave energy converters, the non-

interference with major shipping routes or navigation channels into ports, and the minimization

of the impact to the marine environment and, in particular, fishing and aquaculture areas are

also major considerations.”

Twenty years ago, Barstow and Haug15 prepared a report based on their study for the then

South Pacific Applied Geoscience Commission (SOPAC), titled “The wave climate of the

Southwest Pacific” which focused on the wave energy resources of Vanuatu, Tuvalu, Fiji,

Western Samoa, Western Kiribati, Tonga, and the Cook Islands. Data were sourced from wav-

erider and directional waverider buoys, numerical models from the U.K. metrological office and

literature. The main findings in the report were that the studied areas have a rich offshore wave

energy climate which has advantages of wave power generation with small seasonal variation.15

Data for Fiji were sourced from a waverider buoy deployed off the southern coast of Kadavu

from June 1991 to October 1993. The mean significant wave height reported was 2.1 m. The

site was exposed to long period swells with peak periods in the range of 11–13 s. A detailed

report titled “The Wave Climate of Fiji” compiled by the same authors, Barstow and Haug16

also discuss the findings of the buoy measured off the southern coast of Kadavu, Fiji. The high-

est monthly mean wave heights were in the month of March and April which the authors claim

as unexpected probably because of the El Nino effect. The expected highest waves at the mea-

surement area are during mid winter as wind speeds are highest and more south easterly.16 The

buoy measurements showed that wave periods were higher in winter, from May to June averag-

ing around 9.5 s and reducing to 8.5 s. The report shows that the monthly average wave power
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varied from 15 kW/m to 35 kW/m, 25 kW/m in winter months and 17.5 kW/m in summer.

However, the wave direction was not covered in the report. Similarly a wave study was carried

out on behalf of SOPAC by Olsen and Selanger17 from June 1991 to December 1993 with data

from a waverider buoy deployed off the south of Kadavu with coordinates 19�18.40S,

177�57.40E. The highest measured wave was in December 1992 with a significant wave height

of 7.2 m having a period of 11.4 s that corresponds to wave energy of 214 kW/m. For average

conditions, the significant wave-height (Hm0) was 2.1 m with energy period of 9 s and average

wave power of 20.8 kW/m wave crest.17 These twenty years old data are the most current stud-

ies on the wave climate that have been carried out for the Fiji group, which provided the moti-

vation for the present work.

Some physical traits that are used to describe waves are as follows:

• Wave crest—the highest point of a wave
• Wave trough—lowest point of a wave
• Wave height (h)—the vertical distance between the crest and trough
• Wave amplitude (a)—water displacement from undisturbed state (half the wavelength)
• Wavelength (L)—distance from crest to crest
• Wave period (T)—the time taken for successive crests or successive troughs to pass a fixed

point.
• Wave steepness (s)—ratio of wave height to wavelength (s¼ h/L)
• Wave celerity (c)—speed of individual waves as is moves through water, also known as phase

velocity

c ffi

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
gL

2p
tanh

2pd

L

� �s
; (1)

where d¼ depth of water.

The mathematical traits explain the theories related to wave mechanism in deep and shallow

waters.

Deep water is defined as the depth of water being greater than half the wavelength. In deep

water the hyperbolic tangent of 2pd/L approaches 1, hence Eq. (1) reduces to

c ffi
ffiffiffiffiffiffi
gL

2p

r
¼ L

T
: (2)

In deep water, the wave speed is a function of the wavelength. The longer the wavelength, the

faster the wave travels and the shorter the wavelength, the slower the wave travels.

Shallow water is characterized as the depth being less than 1/20 the wavelength. In shallow

water the hyperbolic tangent of 2pd/L approaches 2pd/L. Hence Eq. (1) becomes

c ffi
ffiffiffiffiffi
gd

p
: (3)

In shallow water, the waves are steeper and the wavelength becomes shorter which occurs

because the wave speed is continually decreasing as the depth decreases.

The period of waves remains constant from the generation to dissipation. As waves

approach shallow water, the wavelength decreases and bottom of waves slow down upon inter-

action with ocean floor due to friction. However, surface waves move at original speed since it

does not encounter friction and is pushed higher thus increasing the wave height.

To estimate the time it takes for waves/swell to arrive at a location from afar, wave group

velocity must be used. The group velocity (cg) is defined as the rate of advance of wave energy.

For deep water waves, the group velocity is equal to half the individual wave speed, i.e.,

cg ¼ 0:5c: (4)
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The group velocity for shallow water waves is equal to the individual wave speed

cg ¼ c: (5)

Once wave characteristics have been explained, it becomes easier to understand the concept

behind the energy carried by waves. The energy possessed by waves is composed of equal pro-

portions of potential and kinetic energies. The potential energy is derived from the wave height

characteristic8,10 and this moves forward with the wave profile. The kinetic energy form, which

gets left behind, is stored in the motion of water molecules,8–10 hence the wave energy advan-

ces at only half the wave phase speed.

Mathematically,

Ep ¼ Ek ¼
qgH2L

16
; (6)

where subscripts p and k denote potential and kinetic terms, respectively. Thus the total energy

in one wavelength per unit crest width which is the summation of the potential and kinetic

energy equates to7

E ¼ Ep þ Ek ¼
qgH2L

8
: (7)

The energy density or specific energy ð �EÞ which is termed as the total average wave energy per

unit surface area is given by7,10,11

�E ¼ qgH2

8
: (8)

The wave power ð �PÞ for deep water waves is given as

�P ¼ qg2H2T

32p
; (9)

and for shallow water waves, the equation is

�P ¼ qgH2L

8T
: (10)

MOTIVATION

The Fiji Islands are centrally located to other PICs and referred to as the hub of the South

Pacific. Fiji lies E178.40� longitude, S17� latitude comprising of more than 330 islands of

which two thirds are uninhabited with Viti Levu and Vanua Levu being the main two islands.

The terrain is mostly mountainous with lush vegetation having a total land area of 18 247 km2.

Similar to other neighboring countries, Fiji enjoys a tropical climate year around with minor

seasonal temperature variation. Dry seasons mostly affect the western division while the eastern

end enjoys much of the rainfall.

Taveuni the third largest island in the Fiji group is located in the northern division as shown

in Figure 1. It has a total land area of 435 km2 and is 200 km North-East of the capital city, Suva.

The island of Taveuni falls under the Cakaudrove province, which according to the 2007

census had a population of 42 310.19 The population census of Taveuni as 14 216.18,19 The pop-

ulation concentration is mostly near the coastlines and villages are scattered along the island

stretch. The main trading centre of Somosomo, Naqara, and Waiyevo are supplied with electric-

ity from diesel generators run by private firms.

In Naqara, electricity prices are as high as $2.35 per unit (kWh) in comparison to $0.33

per unit in Central Viti Levu. The isolated villages of Taveuni are supplied with electricity
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through diesel generators provided to them by the government. The reason being that Fiji’s

only utility company the Fiji Electricity Authority (F.E.A.) does not supply power to the island.

Due to its location from the mainland, the cartage of fuel to the island is irregular coupled with

high costs that subsequently result in the high price of electricity. Small villages close to the

shore receive electricity for basic use through standalone diesel generator units that are either

donated to them by the government or aid agencies. However, maintenance and repairs are

infrequent and diesel supply intermittent which compounds the problem of having a regular

source of supply. One such village facing a similar problem is the village of Vuna. The village

is located close to shore and is exposed to high wave activity from the South and if the power

potential of waves can be realized, Vuna and its neighboring villages may have access to a

cleaner, safer, and more regular source of renewable energy. Unfortunately, no official statistics

are available on electricity usage and related fuel consumption for these villages. If a wave

energy extraction device was to be setup, Taveuni would be more suited for this compared to

other outer islands. First, Taveuni is more developed and resourced in its infrastructure such as

ports, harbours, and access roads to the intended recipients of wave generated electricity.

Second, the measurement site is conveniently located such that swells from the south can pene-

trate undisturbed between the islands of Gau and Moala, whereas majority of the islands apart

from those further south of Fiji are sheltered from swell activity. In addition to being the third

largest, Taveuni has a greater population density near the coast in comparison to the other scat-

tered islands that make up the Fiji group. Hence, the site was chosen keeping in mind the

intended target of providing economically wave harnessed energy to a much larger community.

Measurement site

Figure 2 shows the location with global positioning system (GPS) coordinates for the buoy

deployment site. The depth at the site was approximately 80 m which was classified as deep

water based on the wavelength at the locality. Moreover the site was fairly close to land,

approximately 3 km from Vuna village. The southern coast of Taveuni has its advantage of hav-

ing an exposed region to the southern swells and winds from South East trade winds system.

These ensure that waves are always present in that area. The southern coast has no major land

mass directly beneath it; hence, the southern swells that generated near the south pole are able

to penetrate towards Taveuni unaffected. The small scattered islands do not provide significant

shadow on the southern coast from approaching swells and wind seas.

Deployment and data collection

Site prospecting was carried out in March 2012 with the help of the local villagers from

Vuna village and the Fiji Department of Energy (FDoE). The area was visually surveyed and a

FIG. 1. Fiji group of islands.
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tentative site for deployment was chosen. The coast of Vuna is protected by reef system hence

a location outside the reef was designated where a depth of 80 m was found as shown in

Figure 2. A mooring system was designed that had enough resilience to allow the buoy to effi-

ciently follow the wave motion as well as be strong enough to survive the extreme conditions

at sea and to prevent the buoy from drifting. The DWR Mk-III buoy has a diameter of 70 cm

and weighs 100 kg and based on this it is required that an anchor weight of 300 kg preferably

scrap chain be used.

By default, the buoy is programmed for data acquisition at half hour intervals of displace-

ment data which is recorded into the internal logger. Hence no pre programming was needed

for the buoy. Prior to deployment, a depth survey was carried out to locate a fairly flat bathym-

etry at working depth of 80 m. To account for current drag on the mooring line a large area

was surveyed so that even when the mooring line is in tension the buoy operates under desired

depth. Once the location of GPS fix was neared, the buoy was dropped off followed by the

mooring line while the barge was maneuvered against the current so that the buoy would drift

away from it. Upon reaching the exact GPS coordinates marked for the deployment, the anchor

weight was dropped off. The buoy is equipped with high frequency (HF) communication which

requires a receiving station to be set up on land for data transmission from the buoy. This was

not possible due to no electricity availability in the area. Hence, the data were physically

retrieved from the buoy’s internal memory logger. This process was carried out in November

2012 and the subsequent one was carried out in August 2013. The data were read and processed

on the W@ves21 software.

The W@ves21 software, a product of the buoy manufacturers Datawell, was used to dis-

play, process, and analyze data files. W@ves21 provides 2 dimensional, 3 dimensional, and

contour plots of real time wave data. Figure 3 below shows the W@ves21 window displaying a

2D spectrum plot of spectral density versus frequency for the 4th day of September 2012 for

data acquired at 5:06 a.m.

Wave data from the DWR-MkIII are of displacement signals (heave, north and west). For

spectrum analysis, the power spectrum density is computed using Fourier methods.12 The wave

direction as a function of wave frequency is computed from the co-spectral and quadrature

spectral densities of the three displacement signals. Using a Maximum Entropy Method

(MEM), the 3D spectrum, i.e., the power spectral density as a function of both wave frequency

and wave direction, is computed.12

All wave events are compiled for a month and stored in spectrum files. The files contain

data on significant wave heights, periods, direction, spread, sea surface temperature, and battery

levels. These data are presented in a matrix form in W@ves21 and is then exported to.txt for-

mat for post processing in Microsoft Excel and MatLab.

FIG. 2. Measurement site.
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Pacific Australia Climate Change Science and Adaption Planning (PACCSAP) 30 yr WW3

hindcast model

The PACCSAP, Bureau of Metrology (BoM) Australia in collaboration with SOPAC have

worked together to publish a 30 yr WW3 hindcast model for the Pacific region. The hindcast

spans the start of 1979 through the end of 2009, it utilizes the recent CFSR reanalysis data set

from NCEP. Recently, the hindcast has been extended to include data till mid 2013. This pro-

vides surface winds hourly at 0.3� resolution, allowing the wave hindcast to be performed at

much higher resolutions that has previously been impossible.

The wave hindcast has been run using the WAVEWATCH III on a global grid at 0.4� and

a series of nested grids of 10 arc min down to 4 arc min (�7 km) around the Australian coast

and in the Western Tropical Pacific, as shown in the “footprint” Figure 4. Six hourly sea ice

concentration fields from the CFSR reanalysis have also been used in the global grid. The high

resolution inner grids are two way nested, so that information from the inner grid is fed back

out to the courser parent grid, with all grids being run concurrently. Gridded data of large num-

ber of integrated parameters (significant wave height, directions, periods, partitioned data, etc.)

are available for each grid hourly. About 3600 spectral points have also been output at buoy

locations, various points of interest, and at regular spacing of 0.5� within the 4 arc min grids,

and 10� in the global grid. This data provides the full directional wave spectrum, hourly, at

each location. Data is available in compressed netcdf4 format, and is currently being served

through the bureau’s opendap server.

http://opendap.bom.gov.au:8080/thredds/catalogs/paccsap-catalog.html

The names of the grids are as follows:

glob_24m – 24 arcminute (0.4�) global grid

aus_10m – 10 arcminute around the Australian coastline

FIG. 3. W@ves21 software window.

FIG. 4. PACCSAP WW3 model coverage zones.
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aus_4m – 4 arcminute around the Australian coastline

pac_10m – 10 arcminute in the Pacific

pac_4m – 4 arcminute in the Pacific

Gridded data are separated into monthly files for each grid. All spectral points are saved in

a single file per month.

RESULTS AND DISCUSSION

Data comparison and wave characteristics

The buoy was deployed in July 2012 and twelve months of data was acquired. Model data

was made available from July 2012 to February 2013. The model data was compared with

measured data. Comparisons were carried out for significant wave-height, peak period, and

direction. Figure 5 shows model and buoy comparisons of wave height. A correlation factor of

0.65, termed as high correlation was obtained for the comparison.

The PACCSAP 30 yr hindcast model as illustrated in Figure 6 provides a brief description

on the wave climate of the Pacific in terms of mean wave height. The Pacific region is exposed

to many complex wave systems. These are due to storms generated in the northern storm belt

as well as storms generated in the southern storm belts that bring in high swells to the region.

In addition, the pronounced southeast trade winds act as a source for wind generated waves.

Within the Fiji group, the model shows mean wave heights in the range of 0.5–1.8 m. Further

south, towards Kadavu the mean wave heights increase to above 2 m. This a result of swells

FIG. 5. Model and Buoy comparison of significant wave-height.

FIG. 6. Mean wave height distribution for the Pacific derived from model.
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generated in the southern storm belt, which are able to reach the southern coast of Kadavu as it

being clearly exposed to the south with no major landform shadowing it.

As can be seen in Figure 7 for the measured site, the significant wave heights have a

monthly average of greater than 1 m. This concurs well with the model result that shows mean

wave heights in the range of 0.5–1.8 m. A pronounced peak in March was due to cyclone

Daphne that resulted in that month having the greatest recorded wave height of 3.75 m. From

the comparison of the two graphs from July 2012 to February 2013, the buoy and the model

were in agreement of the wave events at the site.

Peak period comparison was also made as shown in Figure 8. The dominant period for both

the model and measured data was observed to be approximately 12 s. This was the average

monthly period for the months of comparison. As convention, waves with period of less than 12

s are classed as wind waves whilst waves greater than 12 s are classified as swells. Based on the

measured results, 49.44% of the measured waves were swells while the rest were wind seas.

Thus the results indicated that the site receives almost equal proportions of wind waves and

swells from the south. The dominant wave direction is from South-South East to South. The

combination of swell and wind waves which are a result of southern storms and trade winds,

respectively, dominate the measured site. The dominant waves ranged from 0.5 m to 1.5 m in

wave height. The wave rose plot (Figure 9(b)) gives a much clearer indication of this.

The red marker in Figure 9(a) indicates the site of measurement. As illustrated, there is no

significant land mass directly south of the site which allows swells to penetrate from the south

as indicated in Figure 9(b) as the dominant direction. The swells are a result of storms

FIG. 7. Measured wave-height for a one year period.

FIG. 8. Histogram plot of peak period comparison for model and measured data.
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generated in the southern storm belts which are more consistent than their northern counter-

parts. Moreover the South East trade winds provide a fair share of wind waves to the site.

Measured wave power

Wave power comparison was also carried out for the model and measured data, as shown

in Fig. 10. For the months of comparison, calculated model power was greater than the meas-

ured value since wave power is a product of the cube of significant wave height. Hence a small

difference in wave height resulted in greater variations in wave power. However, comparisons

made were quite similar. The average monthly wave power recorded was 12 kW/m and the

wave power is expected to be greater than 7 kW/m for any given month based on the measured

results. Two OWECs’ performance data were considered to compare the power output from the

device at the average sea state condition present at the buoy site. An article published by Silva

et al.,20 provides the performance power matrix of the Aqua Buoy (250 kW rating), a WEC off-

shore device. For an average significant wave-height of 1 m and period of 12 s, the Aqua

Buoy’s expected power output would be 8 kW. For a second offshore WEC, the Energetech

OWC,21 the expected power is 140 kW for the same sea state. For the SOPAC study carried

out with the Kadavu buoy data,17 the Aqua Buoy’s power output is expected to be 49 kW for

an average significant wave-height of 2 m and period of 9 s and 237 kW for the Energetech

OWC device. The large difference in power output at both locations for the two offshore devi-

ces considered implies that the present site would be technically feasible if a WEC is optimized

for the measured sea states. For peak conditions, the peak wave height on site was 3.75 m. As

mentioned earlier, this peak was a result of cyclone Daphne that affected the Fiji Group in

March. However considering this, the calculated wave power based on peak Hs and Tp was

23.973 kW/m. Comparing it to the Kadavu report, the expected wave power is 214 kW/m for a

significant Hs of 7.2 m. The peak condition at the present site is almost three times to that of

the average condition.

FIG. 9. The location of buoy and the wave rose plot (a) Buoy location and (b) Wave Rose Plot.

FIG. 10. Model and measured wave power comparison.
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As expected, the measured wave power was greater in winter months (May-October) in

comparison to summer months. The seasonal variation indicated a 14% higher wave activity in

winter months as shown in Figure 11. Though this may not be termed as a significant variation

in the wave climate that in turn would affect power generation.

1st percentile and 10th percentile values for each month were also plotted for wave power

assessment, presented in Figures 12 and 13, respectively. 1 percentile in a month equates to 0.3

days or 7 h hence for any given month the occurrence of minimum wave height for 7 h could

be determined. The 10th percentile figures provide the minimum wave heights that are expected

to occur 3 days in a month and higher waves are expected for the remainder days. The month

of March is used as an example for explaining the 1 percentile and 10th percentile values. For

1 percentile, waves of up to 0.6 m can be expected 7 h in a month while the rest of the time,

waves would be greater than 0.6 m. Similarly, the 10th percentile values for March indicate that

FIG. 11. Seasonal comparison of measured wave power.

FIG. 12. One percentile ranks for each month.

FIG. 13. 10th Percentile ranks for each month.
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for 3 days in March the expected wave height would be 0.75 m and greater for the remaining

28 days of the month.

CONCLUSION

The wave power potential near Taveuni Island was measured and compared with hindcast

WW3 model data. A good correlation was observed between the two and at the same time vali-

dating the hindcast data for the measured location. Recorded significant wave-heights range

from 0.5 m to 1.8 m providing average monthly power output of 12 kW/m. Considering two off-

shore wave energy converters the Aqua buoy and the Energetech OWC, the power is 8 kW and

140 kW, respectively. The peak wave power resulting from a wave height of 3.75 m was close

to 24 kW/m. The recorded dominant waves that have a South-South East to South direction are

made up of swells and wind waves of almost equal proportions. The site is able to receive

swells that are brought upon by storms generated by the southern storm belts occurring near the

south pole and wind waves are brought about by the trade wind system that is a feature of the

Southern Pacific ocean. The absence of significant land mass to the south of the site provides

continuous availability of wave power. The present study promotes the exploitation of wave

energy in the area of measurement; however, a feasibility study would be necessary if a WEC

is to be optimized for the measured sea states as part of future work.
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