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a b s t r a c t

Wind energy assessment of two sites in the Fiji Islands is presented. The wind resource of the remote
island of Kadavu is analysed along with the urban Suva Peninsula. The former has average (mean) wind
speeds of 3.59 ms�1and 3.88 ms-1 at 20 m and 34 m above ground level (AGL). The latter has average
wind speeds of 5.65 ms-1 and 6.38 ms-1, respectively. The prevailing wind direction for both the sites
corresponds to the South-East winds. A wind shear analysis shows the variations in wind speeds during
different periods of the day for the Suva site. A high resolution wind resource map of both the sites is
simulated using the WAsP software for a radius of 5 km. The WasP analysis indicates good wind power
development potential for Kadavu is for the windward side of the Kadavu ridge in the eastern region. The
Suva Peninsula site showed good wind power development potential for the Laucala Bay area. A power
analysis using the Vestas V27 225 kW turbine is carried out for the specific sites.

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction

1.1. Current developments in the Pacific

With a huge reliance on fossil fuels, developing Pacific Island
countries (PICs) are themajor victims of petroleum price rise. In the
Pacific, petroleum is used abundantly for transport and power
production. While diesel and renewable energy power systems
have been developed to cater for centralized populations on the
main land, remote islands remain without electrification. In order
to secure their energy needs, the Pacific must exploit the available
renewable energy resources.

In a wind energy review by Kaldellis and Zafirakis [1], it is
mentioned that research and development targets can be met by
more sophisticated wind measurement techniques, creating data-
bases for wind data and predicting short-term wind speeds using
neural networks. The review mentions the gradual adoption of
wind energy by developing nations and its ability to replace fossil
fuel power generation in the future.

Fiji's renewable energy technologies have advanced over the
years and have a wind farm set up in Butoni, Sigatoka. The farm has
37 � 275 kVA Vergnet wind turbines connected to the grid system.
Fiji Electricity Authority (FEA) installed these turbines along the
Butoni ridge line near Sigatoka town to implement a 10 MW wind
farm [2].

A number of resource assessment projects have been carried out
around Fiji to assess wind energy potential in the limited land area.
Kumar and Prasad [3] reported on their coarse resolution resource
assessments at specific sites around the Fiji Islands. Their findings
revealed that the average annual wind speed for Fiji is between 5
and 6 ms�1 with an average power density of 160 W m-2. This
corresponds to wind speeds of a low speed regime. Understanding
of the local wind resource is crucial for developers to reduce un-
wanted risks and a good indicator of the total investment in the
project.

Fig. 1 displays a summary of the energy consumption for some
PICs. Fiji is among the highest power producers in the Pacific region.
Importantly, the energy produced by PICs mentioned is not com-
parable to the developed countries in the region like New Zealand.
The power produced in New Zealand is close to 14 times that is
generated by all PICs mentioned. This is a testament to its devel-
opment and urbanization when compared to the PICs.

1.2. South Pacific wind climate

The uneven distribution of solar radiation causes the Earth's
atmospheric circulation around the Earth. The average solar radi-
ation close to the equator is much greater compared to that over the
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Fig. 1. Summary of energy production for some PICs [4].
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poles. Seasonal variation in pressure distribution is greater in the
North than the South Pacific. The pressure pattern over the South
Pacific retains a more zonal structure throughout the year with the
climate zones shifting northward and southward with the seasons
[5]. Tarakia [6] in his research thesis reported that countries very
close to the equator like Kiribati experience only the summer
season during an entire year with very little variation in tempera-
ture and atmospheric pressure.

The Fiji Islands (18.1667� S, 178.4500� E), a group of volcanic
islands in the South Pacific falls in this region and has a warm-
tropical climate. The Hadley cell, Walker circulation and South-
East Trade winds are atmospheric phenomena present in the Pa-
cific region. The Hadley cell is the atmospheric circulation between
the equator and the 30⁰ North and South latitudes. The Walker
circulation is an atmospheric phenomena of low-level winds
blowing from East to West across the central Pacific, giving rise to
motion over the warm water of the Western Pacific, the returning
flow from West to East in the upper troposphere, and sinking
motion over the cold water of the Eastern Pacific [5]. The South-East
Trade winds are warm, steady breezes that blow almost continu-
ously. The Coriolis Effect shifts the Trade winds to the West, whilst
travelling towards the equator. These three atmospheric circula-
tions contribute to the overall wind climate in the South Pacific.
1.3. Resource assessments using WAsP

WAsP is a PC program developed by the DTU Wind Energy/
Department of Wind Energy, for horizontal and vertical extrapo-
lation of wind data. The program generalizes a long-termwind data
series at a reference site and estimates wind conditions for another
within the realms of its prediction accuracy [7]. It permits accurate
prediction provided the reference and predicted sites are subject to
the same weather regime and the prevailing weather conditions
are quite stable.

A number of wind resource estimation projects have been car-
ried out around the world based on the WAsP software [8e10].
Khadem and Hussain [8] used the WAsP software to develop
monthly and annual wind atlas and also a wind resource map at
50 m height for Kutubdia Island in Bangladesh. They reported that
at this height the annual wind speed over Kutubdia coast varies in
the range of 5.1e5.8 ms�1. A power density of 200 W m-2 is avail-
able which is ideal for small wind turbines. The obstacles,
roughness and terrain effects were accounted for in their
assessment.

Migoya et al. [9] conducted a wind energy assessment in the
region of Madrid, Spain. The authors proposed hypothetical wind
farms with a nominal power output over 90 MW. In their work the
authors suggested the available land area for wind farm develop-
ment taking into consideration the wind energy potential and the
environmentally protected zones. Shata and Hanitsch [10] used the
WAsP program for a technical assessment for two commercial
turbines of 300-kW and 1-MW capacity. The turbine of 1 MW ca-
pacity was estimated to have a power output of 2718 MWh annu-
ally at El Dabaa, Egypt. The production costs at this site were
significantly low at 2 V centkWh�1. They concluded that there is a
great potential in Egypt for wind energy as it is an economical
venture in terms of their costs analysis for the sites analysed.

This paper presents a resource assessment for the island of
Kadavu and the Suva Peninsula in Fiji. The seasonal, diurnal varia-
tions of wind are analysed. The energy distribution in terms of wind
direction is also investigated for both sites. The WAsP simulation
results are presented estimating the average wind speeds and po-
wer densities for specific sites especially along the Kadavu ridge
and the Suva Eastern foreshore region. The power analysis for the
sites is carried out using the Vestas 225-kW wind turbine.
2. Methodology

Site specific wind data collection was carried out for approxi-
mately 18months for the Kadavu Island and 12months for the Suva
Peninsula. The vegetation and topography maps were obtained
from the Fiji Cartography Department. The tower location on those
maps was marked and digital maps were generated utilizing the
WAsP Map Editor Utility (Figs. 2 and 3). The map is digitized
depicting its orography/roughness for a radius of 5 km. Both sites
were analysed for its wind energy potential using resource grids
available in WAsP 10.2.

Kadavu is a volcanic island with an area of 411 km2. The island is
approximately 80 km South of Viti Levu, across the Kadavu Passage.
Vunisea is the main town on Kadavu on the Western coast. The
island is bisected by a central mountain ridge with fertile slopes; it
rises to 838 m at Mount Washington. The island's vegetation con-
sists of pine and banana plantations and palm trees. The pine trees
from the forested Central and Eastern areas are milled at



Fig. 2. Overview of Kadavu Island along with NRG tower location.

Fig. 3. Overview of Suva Peninsula along with NRG tower location.
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Naikorokoro. The island is home to many diverse flora and fauna
such as lizards, birds, and flowers [11]. In contrast, the Suva
Peninsula has a relatively urban setting with tall buildings and
many urban settlements. The mountains North and West catch the
South-East trade winds, producing moist conditions year round.
The Peninsula coast is lined by mangroves. The urban-centre is not
as mountainous with heights of less than 100 m ASL (above sea
level). The population is approximately 10,000 people entirely
Melanesian for the island of Kadavu. There is an inclination towards
subsistence farming among the majority of the population. There is
a number of small settlements on the island such as Nacovono,
Nanuanaira, Nukutubu, Wainikaculoa,Wakanivutu, Drudru and
Matavuralevu. The population of Suva is approximately 90,000 and
multi-cultural. The 2007 census revealed that Suva along with the



Table 1
Measuring sensor properties.

Parameter Sensor type Range Accuracy

Wind speed
Wind direction
Pressure
Temperature

NRG#40 maximum anemometer
NRG 200P direction vane
NRG BP-20 barometric pressure sensor
NRG 110S

1.0e96.0 ms�1

0e360�

15.0e115 kPa
�40 �Ce65 �C

0.1 ms�1

N/A
±1.5 kPa max.
±1.11 �C
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bordering cities of Lami, Nausori and Nasinu has a total population
of around 330,000 people which accounts for one third of the na-
tion's population.

The installed tower is at a height of approximately 60 m ASL for
the Kadavu site and 0.8mASL for the Suva site. As indicated in Fig. 3
the tower site is close to the shoreline of the Laucala Bay area.
Table 1 indicates the sensors used for datameasurement alongwith
its range and accuracy.

The NRG data logger collects all the data from the respective
sites and transfers via a GSM modem, SIM card and 156-MB
memory card to the USP-KOICA data-server based at the ICT centre
based in Laucala, Fiji. The memory card ensures that there is no risk
of data loss. Wind speed and other parameter values are monitored
for consistency on a weekly basis. The NRG sensors were used for
data collection. The backup lithium battery provides accurate and
reliable time stamping. A PV panel provides additional power for
high consumption sensors for the internal battery [12]. As outlined
in the NREL manual [13] the mean wind speed, standard deviation,
maximum and minimum values are averaged for 10 min intervals.
The temperature (K), wind directions (degrees) are also some of the
Fig. 4. Digital map of Kadav
parameters that were recorded by the data loggers. Data were
checked for consistency with other pairs of anemometers and
recalibrated on site for possible malfunctions.

The orography and roughness map of Kadavu and the Suva
Peninsula was prepared using the WAsP Map Editor tool. The Map
Editor helps convert images using scale calibration into WAsP vir-
tual maps depicting the orography and roughness. Fig. 4 depicts the
Kadavu digital map with a mountain ridge present across the island
from South West- North East. The ridge axis is almost perpendic-
ular to the prevailing wind directionwhichmakes it an ideal site for
wind farm projects [14]. The multiple arrows indicate the direction
of the South-East trade winds. The digital map has incorporated
948 elevation contour lines and 1788 roughness change lines. The
roughness changes consider the various vegetation e.g. pine forests,
coconut plantations and mangroves on the island. The elevations
range between 0 and 460 m ASL. The resource map area is
80.63 km2. The coordinates of the meteorological station with
respect to the virtual map are (800, 1200) m. The grid resolution is
75 m with approximately 12,000 nodes.

Fig. 5 displays the Suva Peninsula map. The South eEast trade
u depicting orography.



Fig. 5. Digital map of the Suva Peninsula depicting orography.

K. Sharma, M.R. Ahmed / Renewable Energy 89 (2016) 168e180172
winds are indicated and its relative direction to the Eastern Suva
foreshore is observed. The map area encompasses a radius of 5 km
with contour elevations reaching a maximum of 100 m ASL. The
grid resolution is 50 m and represented by approximately 14,000
nodes.

3. Results and discussion

The results are presented and discussed in this section. The data
are analysed for wind potential of the respective sites. The WAsP
results are also discussed. The mean wind speed over the data
collection period was calculated from:

U ¼ 1
N

XN
i¼1

ðUiÞ

where Ui is the wind speed which is averaged over a time interval
Dt, N is the number of recorded observations [15].

3.1. Kadavu wind data analysis

3.1.1. Daily wind speed analysis
Fig. 6 displays the bar graph of the daily wind speed recorded for

the site at 34 m AGL. The variation in wind speed is quite apparent.
The peaks are associated with rough weather conditions during the
period of data recording. The average wind speed is 3.83 ms-1 for
this period.

Fig. 7 shows the seasonal variation inwind speeds for the station
in Kadavu. The mean wind speed for the site is calculated to be
3.59 ms-1 at a height of 20 m. At 34 m height AGL, two sensors are
placed and the mean wind speed is measured to be 3.76 ms-1 and
3.83 ms-1 by the two sensors. Higher wind speeds during the
month of December are attributed to Cyclone Evanwhich raised the
overall average of the month. Taking into account the seasonal
variation, the mean wind speeds during the summer period
(NovembereApril) is very similar when compared to the winter
period (MayeOctober).
3.1.2. Wind TI characteristics
Turbulence is defined as the dissipation of the wind's kinetic

energy into thermal energy by the creation and destruction of
progressively smaller eddies [15]. The basic measure of turbulence
is the turbulence intensity (TI) which is defined by:

TI ¼ urms/U

where urms is the rms of the sample data and U is the mean wind
speed. Figs. 8 and 9 display the hourly variation of TI averaged for
the sample data of the Laucala Bay and Kadavu wind tower sites.
The results indicate higher TI variation at 20 m AGL than at 34 m
AGL. The highest TI value (24%) is recorded at 0000 h. The lowest
(10.72%) is recorded at 1500 h. With reference to the International
Electro technical Commission (IEC 61400-1) for design standards of
turbines, the allowable TI is 18% for 15 m/s winds. The sample data
analysed clearly indicate that the average TI levels are within the
allowable limits for both the sites.



Fig. 6. Bar-graph of daily wind speeds (Kadavu site).
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3.1.3. Wind direction analysis
The wind direction analysis is an important part of resource

assessment as it indicates the prevailing wind direction fromwhich
the energy can be harnessed. A dominant sector is preferred over a
dispersed energy distribution. Fig. 10 displays the sector distribu-
tion in 12 parts with discrete 30� intervals.

Thewind direction radar chart indicates that the dominant wind
direction analysed over the year is dominantly between 75 and
105�. The range contributes to approximately 50% of the total wind
flow to the tower. The slight diversion from this dominant direction
may be attributed to local geographical boundaries and mountains
since the prevailing wind direction in the region of South Pacific is
South-East. Through the direction analysis it is noted that generally
fixed yaw turbines must be positioned in the ENE- ESE direction for
optimum extraction. Wind farm projects are recommended to be
implemented on the wind ward side of Kadavu along the ridge
therefore utilizing the undisturbed wind flow and the perpendic-
ular ridge orientation with respect to the Trade Winds.
3.2. Suva wind data analysis

Wind speed varies continuously over time at any point in space.
Fig. 7. Average wind speeds at 20 m
For wind energy generation, one is less interested in instantaneous
wind speeds than average conditions. The 10 min-interval wind
speed observations of the 34 m NRG tower was used as a basis for
daily average calculations. Fig. 11 displays the bar graph of the daily
averagewind speed recorded for the site at 34m AGL. The variation
in wind speed is quite apparent. Likewise, the peaks are associated
with rough weather conditions during the period of the data
recorded. The overall average daily wind speed is 6.35 ms-1. The
maximum average wind is 15.03 ms-1 which was recorded during
the Tropical Cyclone Evan. During December 16e17, 2012, the
average wind speeds were 15.033 ms-1 and 14.2 ms-1, respectively.
This was recorded as the Cyclone Evan approached and passed over
the Fijian archipelago.
3.2.1. Wind speed frequency distributions
The sample data set is plotted on a frequency distribution graph

at 20 m AGL as shown in Figs. 12 and 13. The Weibull distribution
curve is superimposed on both the figures. Fig. 12 shows the wind
speed frequency distribution for the Laucala Bay site. The wind
speeds between 3 and 6 m/s was available 56.5% of the time. Fig. 13
shows the frequency distribution for the Kadavu site which in-
dicates that the wind speeds are 2e5 m/s, 59.5% of the time.
and 34 m AGL (Kadavu site).



Fig. 8. Turbulence intensity (%) variation during 24 h (Laucala Bay) e upper one is for 20 m and lower one is for 34 m.

Fig. 9. Turbulence intensity (%) variation during 24 h (Kadavu Site) e upper one is for 20 m and lower one is for 34 m.
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3.2.2. Wind shear analysis
The diurnal mean wind speeds at 34 m and 20 m AGL are

6.35 ms-1 and 5.2 ms-1 respectively, as shown in Fig. 14. During the
morning period (1:00:00 ame6:00:00am) greater wind speed
variation is observed due to the temperature inversion effect. Be-
tween the time period of 8:00:00ame4:00:00pm the vertical wind
speed difference is significantly lower. This diurnal variation in
wind speeds at different heights is caused by temperature inver-
sion. The temperature inversion is a condition when a stable layer
of cold, dense air is trapped close to the surface of the ground by
warm air masses moving above it. The destruction of the inversion
takes place a few hours after sunrise due to the build-up of
convective boundary layer [16]. The temperature inversion effect
occurs in flat open terrains and valleys and at night due to the
prevalence of significant temperature differences [6]. The net effect
is a significantly lower wind speed at 20 m AGL during the morning
period (1:00:00 ame6:00:00am). Fig. 14 displays the variation in
wind shear coefficient (WSC) between heights of 20 m AGL and
34m AGL for 370 days. It is apparent that theWSC is highly variable
as it is influenced by a number of factors such as atmospheric
stability and surface roughness. The average WSC for the examined
data period is 0.13 which is practically close to the 1/7 power law
exponent. The rotor blade fatigue life is significantly influenced by
the complex cyclic loads resulting from a rotation through a wind
field that varies in the vertical direction [15].
A site-specific turbine rotor which accounts for vertical wind

shear is imperative to account for the cyclic variation in flap-wise
bending moment on the turbine blades. To avoid uncertainties
concerning wind shear, wind measuring towers are built to the
height of the rotor hub height [17]. The results clearly indicate low
WSC for both the diurnal and daily analysis. Thus, designing a rotor
with shorter blades lowers the bending stresses subjected to the
blades. High and constantWSC are prevalent during the early hours
of the day 1:00:00 am - 6:00:00 am. The period between
8:00:00am- 5:30:00pm shows lowwind shear coefficient values of
around 0.055. After dusk (7:30:00pm-11:30:00pm), the WSC
steadily increases and becomes constant. This diurnal variation is
directly linked to temperature inversion. This condition hinders the
transfer of turbulent energy from high above to ground level. The
Laucala data analysis indicates neutral stratification during the
daytime which is indicative of strong wind speeds and stable
stratification during the night-time.

3.2.3. Wind direction analysis

The wind direction radar chart shown in Fig. 15 displays the
percentage of time in which the wind was measured in a particular
direction for the Suva site. The 10 min-interval wind direction



Fig. 10. Wind direction radar chart of Rayleigh wind speed frequency distribution at
the Kadavu site.
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observations of the 34 m NRG tower were used as a basis for the
direction analysis. The direction analysis indicates that the domi-
nant wind direction analysed over the year is pre-dominantly in the
range 61�e90� from N. A significant contribution of 62% is coming
from the wind direction range 31�e120� from N. It is important to
note that there is no significant variation in wind direction during
the different seasons (Summer & Winter). This dominant sector
range can be related to the prevailing wind direction in the region
of South Pacific [5] as the 34 m NRG tower is not subjected to any
artificial or natural obstacles. This prevailing wind is the South-East
Trade winds which are significant in open areas close to the Pacific
Ocean.
3.3. WAsP analysis: Kadavu Island and Suva Peninsula

The followingWAsP analysis is for the remote Kadavu Island and
the highly populated Suva Peninsula. The two sites were analysed
Fig. 11. Bar-graph of daily
due to the availability of a long period (>1 year) of wind data,
population density and the potential for future wind farm invest-
ment. In its second phase, a power analysis is carried out for
selected sites chosen on the basis of wind power density, avail-
ability of roads, ease of electrical transmission, and population
density.

The resource map of Kadavu Island shown in Fig. 16 displays the
extrapolative average wind speeds available for a portion of the
island. Wind speeds are highly variable in direction with respect to
different locales; hence the area encompassed by the resource grid
(5 km radius) is within WAsP's limits of predictability. Within the
resource map plot, nine sites are marked for power analysis uti-
lizing the Vestas V27 wind turbine with a rating of 225 kW. The
nine marked sites were selected on the basis of their wind power
density, availability of roads, ease of electrical transmission, and
population density.

The 34 m NRG tower (1) is mounted 60 m ASL in a relatively
exposed area. Sites along the ridge (3, 4, & 6) and mountain peaks
(5, 9) are subject to good wind speeds and are marked for further
analysis. The Eastern coast (7, 8) of Kadavu shows good potential for
wind farm implementation with average wind speeds of
6e8 ms�1 at 34 m AGL. This region shows good potential due to its
proximity to the shore and its alignment with the undisturbed
prevailing South-East Trade winds. It would be highly convenient
for a wind array facing the prevailing South-East winds. The coastal
regions in the northern (2) and western parts of the island indicate
a very poor potential for wind farm development. This is mainly
due to the dense forests in these areas, which are represented on
the digital map by a higher (0.8) roughness value.

The map indicates good potential for the mountain peaks in
Kadavu and the windward side of the ridge. Overall, with respect to
the Kadavu ridge, the leeward side of Kadavu shows very little
potential for wind-farm development as it has averagewind speeds
around 3e4 ms-1. The windward side is subjected to unobstructed
South-East winds and has good potential (6e8 ms-1) for wind-farm
development. Due to the steepness of the ridge, the wind ward side
of the island must be further investigated for prospective wind-
farm development.

The resource grid is placed at an elevation of 34 m AGL which is
at the same altitude as the 34 m NRG tower. The Suva Peninsula is
predominantly of a suburban type. The area is quite flat
average wind speeds.



Fig. 12. Wind frequency distribution and Weibull distribution curves (Laucala Bay).

Fig. 13. Wind frequency distribution and Weibull distribution curves (Laucala Bay).

Fig. 14. Mean WSC diurnal variation at Suva site.
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Fig. 15. Wind direction radar chart of Rayleigh wind speed frequency distribution at
Laucala Bay.
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comparatively due to land excavation for many buildings. The
resource map of the Suva Peninsula is displayed in Fig. 17. It pre-
sents the extrapolative average wind speeds for the Peninsula.
Wind speeds are highly variable in direction with respect to the
other locations; therefore the radius of the digital map is kept
within 5 km.

A power analysis on the ten marked sites was carried out via the
Vestas V27wind turbinewith a rating of 225 kW. The ten sites were
selected strategically on the basis of their wind-power density,
availability of roads, ease of electrical transmission, and population
density. The tower is located along the Eastern foreshore (1) which
is subjected to very good wind speeds. From the resource map, it is
Fig. 16. High resolution wind
apparent that the wind speeds are higher (6e7.5 ms-1) along the
Eastern foreshore (1, 4, 9) of the Peninsula. There is a bias towards
these sites with respect to the overall resource map due to its
proximity to the NRG tower. Further investigation of offshore wind
speeds around the Laucala Bay area would reveal good prospects of
offshore wind farm potential.

The regions (5, 8 &10) with relatively higher elevations (>50 m)
are expected to have good wind speeds between 5 and 7 ms�1.
Regions on the leeward side of the Peninsula (3) indicate poor
potential for wind farm development. The Suva city area which has
a lot of artificial obstacles such as tall buildings may affect the wind
flow making it highly turbulent. The flow around downstream
buildings (with respect to prevailing wind direction) may be hin-
dered by thewake of the upstream buildings. This scenario is highly
prevalent in areas with a lot of artificial obstacles. The average
power that can be generated by a wind turbine is expressed as:

Pw ¼ 1
N

XN
i¼1

PwðUiÞ

where Pw(Ui) is the power output defined by the turbine power
curve.

Hence, the energy yield, from a wind turbine can be expressed
as:

E ¼
XN
i¼1

PwðUiÞðDtÞ

The Vestas V27 wind turbine with a rating of 225 kW is chosen
for power analysis for the respective sites. Specifications of the
turbine are provided in Table 2. The hub height clearance require-
ment would be met as all the analysis is in terms of the height of
34 m AGL. The cut-in and cut-out speeds of the rotor are 3.5 ms-1

and 25.0 ms-1 respectively.
map of Kadavu Island.



Fig. 17. High resolution wind map of Suva Peninsula.
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A site's wind characteristics and the Vestas V27 turbine's power
curve are utilized in combination to determine the prospective
energy generation by the turbine over a period of time [18].

Fig. 18 displays the net Annual Energy Production (AEP) for the
respective sites. The corresponding values generated by WAsP are
relatively high as the software does not consider periods for
maintenance and repair. There may be a slight over-estimation by
WAsP due to the high elevations (>250 m ASL) of the sites. When
compared to the sites of the Suva Peninsula the Kadavu turbine
sites are at greater heights ASL due to the presence of orography.
However, with an average net AEP around 650 MWh for the sites,
investment in these areas would prove fruitful.

Kadavu having a population of around 10,000 only requires
annual energy production (AEP) of approximately 5e8 GWh. The
AEP is a crude approximation as Fiji produces electricity of
approximately 800 GWh annually. Therefore, this amount would be
sufficient to meet the energy requirements of the people on a daily
basis and promote infrastructure development and maintenance.
An array of 10 well monitored and maintained 225 kW wind tur-
bines in conjunction with other renewables (solar) and diesel
generators can be used to produce electricity for the whole island.
The small nature of the island would allow transmission of elec-
tricity to the whole island easily.
Table 2
Vestas V27 turbine specifications.

Rotor Diameter Hub height Cut-in speed Cut-out spe

27.0 m 32.5 m 3.5 ms�1 25.0 ms�1
Fig. 19 displays the net AEP for the respective sites in the Suva
Peninsula. The average net AEP is around 400e500 MWh for some
sites. The potentials for these mentioned sites are much better than
other locations. Sites located along the Laucala Bay foreshore (1, 4, 9
&10) display a higher potential for prospective wind energy
development.

As mentioned previously, the Suva Peninsula is densely popu-
lated and is on the main island of Fiji. Hence, it is linked via the
national grid to the major hydro-stations that are currently oper-
ational. A few arrays of turbine installation may not be enough to
ease reliance off diesel power generation but provide sufficient
relief to the local power stations situated within the Peninsula. Due
to the existing grid systems available within the Peninsula, power
transmission and distribution may not be a significant problem
when compared to the remote islands.
3.4. Economic analysis

The economic analysis of the utilization of the Vestas V27 tur-
bine may be carried out with the following assumptions [10]:

� The lifetime (t) of the turbine is assumed to be 20 years.
ed Rotation rate Rated power Rated wind speed

32.5 rpm 225 kW 13.5 ms�1



Fig. 18. Net AEP for the respective zones (Kadavu Island).

Fig. 19. Net AEP for the respective zones (Suva Peninsula).
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� The interest rate (r) and inflation rate (i) are considered to be
15% and 11%, respectively.

� Operational maintenance/repair cost (Comr) is considered to be
25% of the annual cost of the turbine (machine price/lifetime).

� Scrap value (S) is taken as 10% of the turbine price and civil
work.

� Investment (I) includes the turbine price plus its 25% for the civil
work and grid integration costs.

The present value of costs (PVC) is given by the following
equation:

PVC ¼ Iþ Comr

�
1þ i
r� i

�
x

"
1�

�
1þ i
1þ r

�t
#
� S

�
1þ i
1þ r

�t
The cost of one turbine of this model may be approximated to be
V400,000 and the cost of civil work (V80,000 ¼ 20% of turbine
price). The total investment I is equal to V480,000. The operational
maintenance and repair cost (Comr) is approximated at
V5000 ¼ V400,000/20 � 0.25, whilst S V48,000 ¼ V480,000 � 0.1,
r ¼ 0.15 and i ¼ 0.11. Using the equation specified above, the
PVC ¼ V526,755.10. The current (23/12/13) exchange rate is 1
EURO ¼ FJD 2.57. This sets the PVC ¼ FJD 1,353,760.60.

In a rudimentary approximation, a single Vestas V27 turbine
may have a prospective net AEP of 450 MWh. This corresponds to a
capacity factor (CF) of 22.77%. The CF is slightly higher than ex-
pected; however, periods for maintenance and idle periods during
the seasonal cyclone periods have not been taken into consider-
ation. The current electricity charge/unit by the Fiji Electricity Au-
thority (FEA) is FJD 0.33/kWh. A single turbine would save the
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government approximately FJD 148,500 per annum. A payback
period of 9.12 years can be forecast. The specific cost per kWh is FJD
0.1504 ¼ 1,353,760.60/(20 � 450,000 kWh).

In 2011, the cost per unit of electricity produced using diesel was
greater than FJD 0.40/kWh. In comparison, a well installed and
maintained wind turbine of similar characteristics would certainly
benefit any PIC government due to the extra costs of diesel power
generation incurred due to shipping charges.

According to Li et al. [19] small wind turbines may not be
economically viable if installed in areas of wind speeds lower than
5 ms-1. Importantly it can be noted that the study was conducted in
Ireland where wind speeds are generally higher than the Pacific
region. The authors emphasize that government grants play amajor
part in reducing the pay-back period for small wind turbines.
Likewise, they mention greater acceptance of the system if expor-
ted electricity price is increased. Pay-back periods could signifi-
cantly be reduced if the government sets up policies which
encourage purchasing wind turbine systems and producing
electricity.

Since the population of PICs compared to developed nations is
much smaller, the turbine size to cater for the energy needs can be
in the small-medium sized range. The cost of petroleum is likely to
rise over the next few years which would contribute significantly to
higher tariff rates all over the globe. Hence, well-installed and
monitored wind turbines in combination with other renewables
like solar can be used to cater for the energy needs of the dispersed
populations in islands. These robust systems would relieve exces-
sive energy demand load on the main island.

4. Conclusions

The wind resource assessments of two sites in Fiji Islands are
presented. The data analysis indicates that the overall wind speed
in the region is around 3.5e6.35 ms-1. This range pre-dominantly
falls in the low-medium wind speed regime. The dominant wind
direction in the region is South-East, corresponding to the trade
winds. Due to the small land area and flat lands, south-east is the
common wind direction in the South Pacific. The WAsP analysis
presents the wind resource maps of Kadavu and the Suva Peninsula
with earmarked sites for future wind farm implementation.
Offshore wind farm development must be investigated for the
Laucala bay area.

The research promotes the idea that the Pacific can utilize the
wind resource to ease its dependence on diesel-based power gen-
eration. Kadavu and other dispersed remote islands can become
fully sustainable islands only partially dependent on imported fuels
from the main land by using renewables in combination with one
another. An economic analysis reveals that a payback period of 9.12
years can be forecast by installing a Vestas V27 225 kW turbine
model with a CF of 22.77%. The specific cost per kWh is calculated
as FJD 0.1504 which is far less than the current charged rate of FJD
0.33.
Since the population of PICs compared to developed nations is

much smaller, the turbine size to cater for the energy needs can be
of small-medium sized range. The cost of diesel is likely to rise over
the next few years which would contribute significantly to higher
tariff rates all over the globe. Hence, well installed and monitored
wind turbines in combinationwith other RETs like solar can be used
to cater for the energy needs of the dispersed populations in islands
as well as relieve excessive energy demand load on the main island.
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