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Abstract— Wind energy potential, resource assessment and 

economics of wind power at Qamu, Navua (18° 13' S, 178° 10' E) 

were analyzed using wind speed data collected by Fiji Department 

of Energy in 1980.  Annual and seasonal variation in wind speed, 

direction and power density were analyzed using Wind Atlas 

Analysis and Application Program (WAsP). Weibull statistics for 

the shape factor and scale parameter at 10 m are 1.65 and 5.2 m/s 

respectively. The cost of generating electricity from Vergnet 275 

kW wind turbines is FJD 0.08/ kWh and a payback period of ~10 

y. 

Index Terms— Vergnet; WAsP;Mean wind speed; Power 

density;AEP.  

 

I. Introduction 
  The rapid depletion rate of conventional energy resources and 

the increasingly high demand for energy has given rise to an 

increased emphasis on renewable energy sources such as wind, 

mini/micro-hydro, solar, biomass, and other renewable energy 

sources. In the past electrical energy was generated mainly from 

thermal, nuclear, and hydro plants. They have continuously 

degraded the environment. The emphasis on renewable energy 

resources escalated particularly after the increase in fossil fuel 

prices during the oil crises of early 1970s.  Wind power that 

re-emerged in the late 1960s received the added impetus; the 

reasons for the emergence being that; there was need because of 

the finiteness of earth’s fossil fuel reserves as well as the 

adverse effects of burning those fuels for energy, there was 

potential since wind exits everywhere and the vision and 

political will [1]. 

 

Through research again [1] states that over the last 25 years the 

size of wind turbines has increased from approximately 50 KW 

to 2 MW, possibilities of a 5MW turbine under construction, 

and since the design capabilities today a much greater than 

those in the 1970s and 1900s the reliability and performance 

has also increased and thus bringing the cost down.  

Global wind power statistics show that the capacity has 

increased by a little over 15,000 MW in 2008, a 29% increase 

higher than compared to 2005, taking the installed capacity to 

about 79,341 W compared to the 59,091 MW in 2007 [2]. 

However, Global Status Report [3] reported that this increased 

to just over 158 GW by end of 2009. 

 

Since the realization of growing concerns for fast running out 

fossil reserves (reserve to production ratio of 42 years) that 

have extensively used for power generation and transportation, 

increased attention has been observed as to what will be a 

possible replacement.  Renewable energy is the solution to the 

threatening oil scenario.   

 

The extraction of power from the wind turbines and energy 

conversion system is an established industry.  A wind turbine is 

a machine for converting the kinetic energy in the wind into 

mechanical energy.  Machines are manufactured with a capacity 

from tens of watts to several megawatts, and diameters of about 

1m to more than 100 m.  Wind turbine generators’ have become 

accepted as ‘mainstream generation’ for utility grid networks in 

many countries with wind power potential, e.g. in Europe, USA 

and parts of India and China; other countries are steadily 

increasing their wind power capacity.  However, for small scale 

rural electrification smaller wind turbine generators are 

common for isolated and autonomous power production. 

 

 Wind turbines can be separated into two types based on the 

axis about which the turbine rotates. Turbines that rotate around 

a horizontal axis (HAWT) are most common. Vertical axis 

turbines (VAWT) work irrespective of the wind direction but 

require a lot more ground space to support their guy wires than 

horizontal axis wind turbines hence are less frequently used. 

 

Wind turbines can also be classified by the location in which 

they are to be used; onshore, offshore, or even aerial wind 

turbines and can also used in combination with a solar collector 

to extract the energy due to air heated by the sun and rising 

through a large vertical solar updraft tower. 

 

Wind power is proportional to the cube of the wind’s speed, so 

relatively minor increases in speed result in large changes in 

potential output.  Individual turbines vary in size and power 

output from a few hundred Watts to two or three Megawatts.  

Wind speed increases with height so it’s best to have the turbine 

high on a mast or tower. The ideal siting is a smooth-top hill 

with a flat, clear exposure, free from excessive turbulence and 

obstructions such as large trees, houses or other buildings. 

 

Wind power is a promising resource of clean and free means of 

powering needs.  It also provides a means of energy security for 

the developing island states.  Through research and 

development, wind turbines are becoming more and more cost 
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effective, providing a cleaner means for producing energy more 

effectively. While it is a well-known fact that wind 

characteristics such as wind speeds and direction tend to be 

unpredictable and vary with time of the day, with seasons, and 

most importantly with the location.  It is important to have 

information on availability of wind resources in order to realize 

the full potential of power generation from wind.  

Wind Atlas Analysis and Application Program (WAsP) is a PC 

program for predicting wind climates, wind resources and 

power productions from wind turbines and wind farms [4].The 

predictions are based on wind data measured at stations in the 

same region. The program includes a complex terrain flow 

model, a roughness change model and a model for sheltering 

obstacles. WAsP is based on the physical principles of flow in 

the atmosphere boundary layer and takes into account the 

different surface roughness conditions, sheltering effects due to 

buildings and other obstacles, and the modifications of the wind 

imposed by the specific terrain height variations around the 

meteorological station.  Latitude, longitude and anemometer 

height are the pre-requirements to input the data for any 

location.  Considering the effects of the obstacles, roughness 

and terrain, WAsP develops a wind atlas for a region. 

 

II. Methodology 

 
Fiji is located between latitudes 15-24

o
 S and longitudes 174

o
 

W and 179
o
 E. Although Fiji comprises approximately 300 

islands with a land area of approximately 18400 km
2
 the two 

largest islands Vanua Levu and Viti Levu, account for about 

88% of the total land area. Fiji has a complex geological 

history. Its land mass is volcanic in origin, with some 

reef-formed limestone and coastal sedimentary formations. The 

largest islands are generally mountainous and rugged in the 

interiors. Fiji has a tropical climate with a wet and dry season. 

The dry season extends from May to October. The spatial 

distribution of rainfall is highly variable. The average rainfall 

increases steadily inland Fiji Islands, from the coastal areas. 

The windward east side of Viti Levu on average receives 3000 

mm of rain annually, whereas its leeward side has an annual 

average precipitation of 1800 mm.  

 

The study area (Fig.1) is situated in the Namosi district, in 

Southwest Viti Levu (N29/31, Fiji Map Series). This area is 

part of the sloping hilly land occupying the lower part of the 

Galoa Forest Plantation. The study area (18.15°S 178.15°E) is 

located 5 kilometers inland from Taunovo PWD Depot in 

Waniyabia. 

 

Fig.1. Map of Fiji Showing The Study Area (Source: Map 

N29/31, Fiji Map Series). 

The wind speed and direction were measured at 10 m above 

ground level. Measurements were recorded on hourly basis 

from May, 1980 until November, 1980. However, there was 

one month’s (September, 1980) data missing. Effectively, six 

months data were analyzed. These data were provided by the 

Fiji Department of Energy. 

 

The data from Qamu were analyzed using software based 

program WAsP.  Google earth was used to obtain an accurate 

description of any obstacles close to the site and a roughness 

description. The wind regime of Qamu was evaluated and the 

regional wind regime at 30 m (approximate hub height of 

turbines) was predicted. The scanned map of Navua (Fig. 2) 

was used to digitize an area of about 5 km x 5 km for the region 

under investigation.  

 

The OWC Wizard is a utility program which produces OWC 

files from raw wind speed and direction measurements. The 

time-series of wind speed and direction data were transformed 

into a table which described a time-independent summary of the 

conditions found at the measuring site.  After supplying all the 

relevant information WAsP generated an OWC report in 

HTLM format. This report provides the overall summary of the 

information supplied and any calculations it carried out. The 

Map of Qamu, Navua was digitized using WAsP map editor 

and elevation and roughness values were supplied. WAsP uses 

vector maps, in which terrain surface elevation is represented 

by height contours and roughness lengths by roughness change 

[4].The porosity of the obstacles was selected based on the 

types of obstacles. The turbine generator and the digitized map 

were common for the entire project and were added as the child 

of the project with the wind atlas). The Annual Energy 

Production (AEP) of Vergnet 275 kW turbine was determined 

using WAsP, however it could be determined using the swept 

area of the rotor method, the power curve method or using 

manufactures’ estimates (Prasad and Anand, 2005).The 

economic analysis of the system was carried out to find the cost 

of energy and how long would it take to cover the initial 

investment.  The cost of energy was firstly calculated by finding 
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the operating costs of the system. The time it would take to 

recoup the initial investment was determined i.e. how long 

would it take to pay back its worth.   

 

 

Fig. 2. Map of Navua Showing The Location of Qamu. (Source: 

Map N29/31, Fiji Map Series). 

III. Results  

Using WAsP modeling analysis was carried for the Qamu. An 

observed wind climate (OWC) (Fig.3) showing the Weibull 

parameters and the wind rose was calculated by WAsP. The 

resource grid for the greater Navua area was also established.  

 

 
 

Fig.3. The Wind Rose and Weibull Parameters At 10 M A.G.L. 

 

The regional wind climate of Qamu, OWC (Table 1) shows the 

scale factor Weibull-A, and the shape parameter Weibull-k, 

mean wind speed are displayed at surface roughness of 10 cm at 

both anemometer height of 10 m and near the hub height of the 

turbine.  

 

Table 1   Regional Wind Climate for Qamu 

 

Height (m) Parameter Z0 = 0.10 

(m) 

 

 

10.0 

Weibull A [m/s] 4.20 

Weibull k 1.73 

Mean speed U [m/s] 3.74 

Power density E [W/m
2
] 7.2 

 

30.0 

Weibull A [m/s] 5.19 

Weibull k 1.81 

Mean speed U [m/s] 4.61 

Power density E [W/m
2
] 128 

 

The digitized map (Fig.3) is based on the background map 

(N29/31 of Fiji Map Series). The roughness parameter and 

other pertinent features provided to WAsP are embedded in the 

background map. 

Fig. 3. Digitized Map of Qamu 

To establish the turbine power curve, WAsP turbine editor was 

used. The power curve (Fig.4) was executed from the WAsP 

library. The thrust coefficient of the Vergnet 275 kW an 

important parameter for the AEP calculation is shown. It is 

evident from the figure that at a wind speed of 7.0 m/s the power 

output from the turbine is 64 kW. However, at a wind speed of 

10 m/s the output increases to 194 kW. 

 

 

Fig. 4. Power Curve and Thrust Curve For Vergnet 275 kW 

Turbine. 
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Wind data (met. station) were added to the hierarchy followed 

by the OWC for the site. WAsP generated a report (Table 2) 

showing the annual energy production (AEP) and the power 

density for the candidate site.  The AEP for the site was 677 

MWh, and with a power density of 300 W/m
2
. 

Table 2   Project report generated by WAsP. 

 

Site Qamu, Navua 

Location (m) (1928601.0,3852750.0) 

Turbine Vergnet-275 kW 

Elevation (m) a.s.l 30 

Height (m) a.g.l  55 

Net AEP (MWh)  677 

Wake Loss(%) 0.0 

Site Wind Climate  

Site Qamu, Navua 

Location (m) (1928601.0,3852750.0) 

Height (m) a.g.l  55 

A(ms-1) 9.1 

K 1.96 

U (ms-1) 6.31 

E (Wm2) 300 

 

The resource grid at 55 m a.g.l (Fig.5) for Qamu was generated 

using vector map, turbine generator, and obstacle groups. The 

workspace below shows all the features including resource grid. 

The resource grid shows the mean wind speed, power density, 

AEP, and elevation .The outputs on the resource grid were 

easily differentiated by the relative colour strength.  

 

 

 

 
 

                            
 

Fig. 5. Resource Grids Analysis for Qamu. 

 

Lifetime of the wind turbine system is assumed to be 20 years, 

however manufacturers estimate a life time of between 20 and 

25 years. Danish Wind Industry Association’s [6] suggests a 20 

year design lifetime as a useful economic compromise adopted 

by many as a guide for developers of components for wind 

turbines. The determination of the capital (or total investment) 

costs generally involves the cost of the wind turbine(s), and the 

cost of the remaining installation. Wind turbine costs can vary 

significantly. This may be due to differing tower height and/or 

rotor diameter. Generally, wind turbine installed costs are 

normalized to cost per unit of rotor area or cost per rated kW or 

per kWh of energy generated. The economic analysis of a 275 

kW turbine is based on the assumption that the total capital cost 

is $810 000 and price of the turbine is approximately 

F$2000/kW which is 68% of the total investment, Civil works, 

electrical infrastructure and power conditioning making up 

23% of the total initial investment, legal fee including insurance 

and bank fees are approximated as 5 %, and annual operation 

and maintenance (O&M) and land rent is 4% of the capital cost. 

Also it is assumed that the capacity factor at the site is 0.28 and 

the life of the project is 20 years. The inflation rate is assumed 

12.5%. Presently FEA buys energy from IPP’s at $0.27 per 

kWh and the electricity price is $0.35 per kWh. 

 

Hence, the cost of one kWh of electricity is  
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The local utility company FEA buys the generated electricity at 

a rate of $0.23/kWh. The breakeven capacity factor CF (i.e. 

generating costs are equal to selling cost) is 0.10 based on the 

expression below. 
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However, with the sites capacity factor of 0.28, the annual 

electricity production (AEP) expected from the project is AEP 

= 8760x 0.28 x 275 = 674 520 kWh. At the rate of $0.27/kWh, 

the annual return (RA) from electricity sales is RA = 674520 x 

0.27 = $182120. Thus the net present value (NPV) of the 

benefits  
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Since the annual operations and maintenance (O&M) cost is 

estimated at 4% of the capital cost it adds to $32400. The net 

present value of operations and maintenance cost  
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Hence the net present value of the project is NPV = 1929386 – 

(234620 + 810 000) = $1086986. The benefit cost ratio (BCR) 

is 1.85.  The payback period (n) of the Investment is 
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The internal rate of return (IRR) of the project is estimated 

using 
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Solving this using mathematica, IRR is found to be 17.78 %. 

The economic analysis above did not take into account the 

rising fuel prices (any fuel surcharges) or the amount of money 

that actually be saved from fuel. 

 

IV. Discussions 

The OWC predicts an average wind speed of 4.60 m/s and a 

power density of 139 W/m
2
. Though the average wind speed is 

low, however the power density indicates that the power density 

indicates that it is a fair site to consider for wind power 

generation. Sahin [7] states that for a potential site the mean 

wind speed of 7.5 m/s is recommended to give a power density 

greater than 300 W/m
2
).  Prasad and Anand [5] stated that wind 

power density in Fiji was between 42 W/m
2
 and 140 W/m

2 
with 

average wind speed 4 and 6 m/s in the windiest area. However, 

the mast height is not mentioned. 

Even though, for any wind appraisal there is a minimum 

requirement for at least a year’s complete data the available 

information is sufficient to indicate whether the site shall be 

considered for any further measurement. Most of the large 

turbines have hub heights much greater than 10 m, therefore 

this data should be considered with caution. WAsP has the 

ability to predict the wind shear at the hub height but the 

accuracy of the information supplied (roughness, obstacles, and 

relative relief) and other parameters are a considerable 

challenge for a genuine estimate. It is clear that after 

considering surface roughness of 10 cm the power density is 

reduced to 72 W/m
2
 at the turbine site. However, an AEP of 677 

MWh is a satisfactory yield at a hub height of 55 m. This gives 

a capacity factor of approximately 18%.  The study considers a 

single turbine only hence the wake loss is meaningless. The 

resource grid shows that neither the anemometer nor the turbine 

was placed at the windiest site.  Since the location of the 

anemometer was predetermined but the site of the turbine was 

considered for the best fetch with minimum obstacles upwind.  

It is evident from the resource grid that the power density and 

AEP are maximum elsewhere on the grid. 

The purpose of an economic analysis is to evaluate the 

profitability of a wind energy project and to compare it with 

alternative investments. The alternative investments might 

include other renewable electricity producing power systems 

(photovoltaic power, for example) or conventional fossil fueled 

systems.  A private investor’s is primary concern is the payback 

period. The payback period of 10 y is adequate for the investor 

to recoup his investment and enjoy at least a year’s operation. 

The benefit to cost ratio of 1.85 suggests that the project is 

viable. IRR calculation indicates the average annual return 

from the investment over 20 years is 17.78%.The economics 

calculation is based on the assumption that the turbine is 

available 100% of the time. [1] stated that availability as high as 

98 % has been achieved in recent times.  

It is very difficult to sum up the environmental benefits of such 

a system since wind energy production has both positive and 

negative effects on the environment.  Thus, it is vital to keep in 

mind that the positive factors outweigh the negative aspects.  

Some positive effects to keep in mind are that wind energy 

provides a clean source of energy, there is no greenhouse gas 

emissions and is a renewable resource.  It also provides energy 

security for smaller island nations, saves depletion of fossil 

fuels, saves money from buying fossil fuels, and is cost 

effective over a long term.  However, other disadvantages such 

as visual impacts, transportation access and proximity to 

electrical tie in points, ecological impacts, electromagnetic 

waves, noise, and health and safety issues may be assessed.  

V. Conclusions 

The economic assessment of the proposed wind turbine shows 

that it would pay back before the lifetime of the project. 

However, it should be borne in mind that the assessment was 

carried out using only six months of wind measurement. The 

data used is approximately 30 years old the environmental 

conditions have since changed. Also, the capital investment for 
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the project was estimated. Therefore the above assessment 

should be viewed with caution. Even though, the wind data used 

is not sufficient to make an informed decision it however gives 

a picture of the magnitude of resource available at the site. It is 

mandatory that a comprehensive study of at least one year’s 

uninterrupted wind regime measurement is carried out before 

any project is considered at Qamu, Navua. 
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