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This is a report summarized a feasibility evaluation for introduction of wind power by 
organizing  and analyzing based on existing data of wind condition and determining the energy 
characteristics in mind the wind turbine scale that can be introduced in the Kingdom of Tonga. 

 

1. Preconditions 

1.1. Existing wind condition data 
The specification of the existing wind condition data is shown in Table 1-1. 
 

Table 1-1 Specification of the existing wind condition data and the observation site 

Observation site of the existing 
data 

Lapaha site (near Ha'malo Beach on the eastern coast of 
Tnogatapu Island) 
Latitude of 21o11' 22" degrees south, Longitude of 175o 05' 35" 
degrees east, Altitude of 28 m 

Observation period of wind 
condition data from July 2010 to October 2011 

Applicable period for analysis 
of wind condition data form 1st August 2010 to 31st July 2011 

Implementation agency MLECCNR 

Specification of measuring 
instruments 

6 anemometers  
30 m above the ground, installed sensors at 22.5 and 202.5 

degrees to magnetic north. 
40 m above the ground, installed sensors at 22.5 and 202.5 

degrees to magnetic north. 
50 m above the ground, installed sensors at 22.5 and 202.5 

degrees to magnetic north. 
2 wind vanes  
 37 m above the ground, installed sensor at 22.5 degrees to 
magnetic north 
 48 m above the ground, installed sensor  at 22.5 degrees to 
magnetic north 

 

1.2. Observation site of the existing data and candidate site for wind turbine 
As noted above, the existing wind condition data has been observed by MLECCNR, the other 
place determined as candidate site for wind turbine is going to be developed. 
Candidate site for wind turbine is approximately 6.5 km away from the observation site of the 
existing data in the straight-line distance. (Figure 1-1) 
 However, on the grounds that both sites are about the same with respect to topography and 
altitude conditions, this evaluation can be assumed to adapt to the candidate site for wind 
turbine. 
The information of candidate site for wind turbine is shown in Table 1-2.  
Also, the wind condition data is expected to be observed in the candidate site for wind turbine. 
 

Table 1-2 The candidate site for wind turbine 

Candidate site for wind 
turbine 

Niutoua site (near Finehika Beach on the north eastern coast 
of Tongatapu Island) 
Latitude of 21o 09' 23" degrees south, Longitude 175o 02' 24" 
degrees east, Altitude of 26 m 

Planning agency TPL 
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Figure 1-1 The observation site and the candidate site 

 

1.3. A wind turbine model 
Considering the current situation of Tonga as an isolated island, the introduction of a medium-
sized wind turbine is realistic in terms of construction. 
A typical specification and a figure for 300 kW class wind turbine are shown in Table 1-3 and 
Figure 1-2. 
Since a hub height is approximately 40 m in general, the wind condition data with a height of 40 
m are used for analysis. 
 

Table 1-3 Typical specification of 300 kW class wind turbine 
Rating capacity 300 kW 
Type Horizontal axis  
System Upwind turbine 
Rotor diameter 33 m 
Hub height 41.5 m (approx. 40 m) 
Rated wind speed 11.5 m/s 
Rated rotating speed 40.5 rpm 
Cut-in wind speed 3.0 m/s 
Cut-out wind speed 25 m/s (average per 10 minutes) 
Optimum tip speed ratio 7.5 
Survival wind speed 70 m/s 
Design life 20 years 

Observation site of 
the existing data  
named “Lapaha site” 

Candidate site for wind 
turbine  
named “Niutoua site” 
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Figure 1-2 Typical figure of 300 kW wind turbine 
 
 
Target of installed capacity for wind turbine is 500 kW in Tonga. 
Therefore, it is assumed that two units of wind turbine the rated power of which is 250 kW are 
introduced (total installed capacity is 500 kW). 
Here, it is assumed that 300 kW class wind turbine is adopted as rated power of 250 kW. 
The assumed component of wind turbine is shown in Table 1-4. 
 

Table 1-4 Assumed components of wind turbine 
Installed capacity Components 

500 kW 250 kW (rated power) x 2 units 
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1.4. The objective of the evaluation in the report 
Environmental impact assessment in accordance with the development of wind power has not 
been carried out, this project is not in the situation which immediately steps to the 
implementation phase. 
Therefore, potential evaluation including expected energy production is carried out only in this 
report. 
The items analyzed in this report are shown in Table 1-5. 
 

Table 1-5 Analysis items 
Attribution Analysis items Object 

Wind 
conditions 
characteristics 

Mean wind speed 

To determine whether the 
development of wind 
power should be carried 
out. 

Frequency distribution of wind direction To determine annual 
prevailing wind direction 

Hourly frequency distribution of wind direction 
To determine hourly 
fluctuation characteristics 
of wind direction  

Frequency distribution of wind direction for 
each wind force scale, and correlation between 
wind speed and wind direction 

To determine correlation 
between the wind speed 
and the wind direction 

Wind profile 
To determine the wind 
shear for each wind 
direction 

Turbulence intensity 
To determine the 
magnitude of the 
turbulence 

Maximum instantaneous wind speed 
To determine the 
maximum instantaneous 
wind speed 

Wind speed distribution To determine the wind 
speed distribution 

Energy 
characteristics 

Density of wind energy 

To determine whether the 
development of wind 
power should be carried 
out. 

Availability 

Annual energy production, Capacity factor 
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2. Mean wind speed 

2.1. Monthly average wind speed 
Monthly average wind speed with a height of 40 m is shown in Table 2-1 and Figure 2-1. 
The datas in March to April and July are 5.1 ~ 5.5 m/s, other months are more than 6.0 m/s in 
general. In particular the dates in September to December are greater than or equal to 7.0 m/s. 
The annual average wind speed is 6.2 m/s. 

 
 
Table 2-1 Monthly average wind speed and annual average by ground height 

 
 
 

 
 

Figure 2-1 Monthly average wind speed by ground height 
 
 
 
 
 
 
 
 
 
 

(unit: m/s)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Ave.
30 m 5.0 4.9 4.4 4.4 5.2 5.3 4.8 5.5 6.1 6.3 6.4 6.1 5.4
40 m 5.8 5.7 5.1 5.2 6.0 6.2 5.5 6.2 6.9 7.1 7.2 7.0 6.2
50 m 6.2 6.1 5.4 5.5 6.4 6.6 5.9 6.6 7.3 7.4 7.6 7.4 6.5
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2.2. Hourly average wind speed 
Diurnal variation of hourly average wind speed with a height of 40 m per year is small (5.8 to 
6.4 m/s), tended to be somewhat weaker at midnight to morning than during the day as shown in 
Table 2-2 and Figure 2-2. 
With respect to the hourly variation of each month, the data in January indicates a similar 
tendency as the data in a year. In contrast, wind speed in August tends to be slightly stronger in 
early morning. 
 

Table 2-2 Hourly average wind speed and standard deviation [ground height: 40 m] 

 
 

 
Figure 2-2 Hourly average wind speed 

(unit: m/s)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
WS 5.7 5.5 5.5 5.4 5.6 5.6 5.7 5.4 5.4 5.5 5.9 6.1 6.3 6.3 6.2 6.1 5.9 5.9 5.7 5.7 6.0 6.3 6.4 6.0 5.8
SD 0.9 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.9 0.9 1.0 1.1 1.0 1.0 1.1 1.1 1.0 1.0 0.9 0.8 0.8 0.9 0.9 0.9 0.9
WS 5.6 5.4 5.1 5.0 5.1 5.2 5.3 5.4 5.6 5.7 6.0 6.1 6.1 6.0 5.8 5.8 6.0 5.9 5.9 5.8 5.8 5.7 5.7 5.5 5.7
SD 0.7 0.7 0.7 0.6 0.6 0.6 0.7 0.7 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.9 0.8 0.8 0.7 0.7 0.7 0.7 0.8
WS 4.9 4.9 4.8 4.7 4.8 4.8 4.7 5.0 5.1 5.4 5.5 5.6 5.8 5.6 5.5 5.3 5.0 5.0 5.0 5.0 5.2 5.0 5.1 5.0 5.1
SD 0.7 0.7 0.7 0.6 0.7 0.7 0.7 0.7 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.9 0.8 0.8 0.7 0.7 0.7 0.7 0.7 0.8
WS 4.8 4.9 4.8 4.7 4.8 4.8 5.0 5.2 5.2 5.5 5.6 6.0 6.0 5.8 5.5 5.5 5.6 5.1 5.0 4.9 5.0 4.9 4.8 4.7 5.2
SD 0.6 0.7 0.6 0.6 0.6 0.6 0.6 0.7 0.8 0.9 0.9 1.0 1.0 1.0 1.0 0.9 0.9 0.8 0.7 0.7 0.6 0.6 0.6 0.6 0.8
WS 6.2 6.0 5.9 6.0 6.0 6.1 6.2 6.0 5.9 5.9 6.0 6.0 6.1 5.8 5.9 5.7 5.7 5.8 6.0 6.1 6.3 6.3 6.1 5.8 6.0
SD 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.8 0.8 0.8 0.7 0.8 0.8 0.8 0.8 0.8
WS 6.4 6.2 5.8 5.6 5.8 5.9 5.9 5.9 5.9 6.1 6.2 6.2 6.2 6.0 6.1 6.3 6.5 6.5 6.4 6.5 6.4 6.4 6.6 6.8 6.2
SD 0.9 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.8 0.8 0.8 0.8 0.8 0.8 0.9 0.8
WS 5.0 5.2 5.2 5.3 5.3 5.5 5.4 5.3 5.4 5.4 5.7 5.6 5.5 5.7 5.8 6.1 5.8 5.8 5.7 5.7 5.6 5.6 5.4 5.2 5.5
SD 0.7 0.7 0.6 0.7 0.7 0.7 0.7 0.7 0.8 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.8 0.7 0.7 0.7 0.7 0.7 0.7 0.8
WS 6.6 6.5 6.3 6.3 6.4 6.3 6.1 5.8 5.8 5.7 5.7 6.0 6.3 6.0 6.4 6.4 6.6 6.4 6.5 6.5 6.4 6.1 6.2 6.2 6.2
SD 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.8 0.8 0.8 0.8 0.9 0.9 0.9 0.9 0.9 0.8 0.8 0.8 0.7 0.7 0.7 0.7 0.8
WS 6.6 6.7 6.5 6.4 6.5 6.2 6.4 6.6 6.7 6.7 6.9 7.1 7.1 7.1 7.0 6.9 7.1 7.0 7.2 7.3 7.4 7.4 7.3 7.1 6.9
SD 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.8 0.8 0.8 0.8 0.8 0.9 0.9 0.8
WS 7.1 6.9 6.7 7.1 7.1 7.0 7.1 7.2 7.2 7.1 7.2 7.2 7.1 7.2 7.1 6.9 7.0 6.9 7.1 7.1 7.1 7.2 7.2 7.0 7.1
SD 0.8 0.7 0.8 0.8 0.8 0.7 0.8 0.8 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.8 0.8 0.8 0.8 0.8 0.8 0.8
WS 7.0 6.7 6.7 6.8 6.9 7.1 6.9 7.3 7.4 7.5 7.4 7.5 7.5 7.5 7.5 7.4 7.5 7.2 7.1 7.2 7.1 7.1 7.0 7.1 7.2
SD 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.9 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.9 0.9 0.9 0.8 0.8 0.8 0.8 0.9
WS 6.9 6.8 6.6 6.6 6.4 6.8 6.7 6.7 6.9 7.3 7.3 7.1 7.1 7.1 7.0 7.0 7.0 7.0 7.1 7.3 7.4 7.3 7.2 7.0 7.0
SD 0.8 0.8 0.8 0.8 0.7 0.7 0.8 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.8 0.8 0.8 0.8 0.8
WS 6.1 6.0 5.8 5.8 5.9 5.9 5.9 6.0 6.0 6.2 6.3 6.4 6.4 6.4 6.3 6.3 6.3 6.2 6.2 6.3 6.3 6.3 6.3 6.1 6.2
SD 0.8 0.8 0.7 0.7 0.7 0.7 0.7 0.8 0.9 0.9 0.9 1.0 1.0 1.0 0.9 0.9 0.9 0.9 0.8 0.8 0.8 0.8 0.8 0.8 0.8

WP: Wind speed, SD: Standard deviation

year/month item
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Jan. 2011

Feb. 2011

Mar. 2011

Apr. 2011

May. 2011

Jun. 2011

Jul. 2011
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3. Frequency distribution of wind direction 

3.1. Annual and monthly frequency distribution of wind direction 
Frequency distribution of wind direction with a height of 40 m is shown in Table 3-1, Figure 3-
1a and 3-1b. 
The observation point is located in the trade wind belt, a prevailing wind (approximately 53% 
per year) blow from east (east to southeast) throughout the year. As regarding other wind 
directions, the north-northeast to northeast wind (approximately 10-14%) is superior to annual 
average in winter and spring season (January to May), and the east-southeast to southeast east 
wind (approximately 15-28%) is superior to annual average in summer and autumn season (June 
to November). 
Angular difference between the magnetic north and the arm mounted wind vane was 22.5 (east 
side) degrees. Assumed that the raw data of wind direction have not been corrected for angular 
difference, the raw data of all was added 22.5 degrees before evaluations. 
The magnetic declination in Tonga is 13.0 (east side) degrees. Assumed that the raw data of 
wind direction have already been corrected for the magnetic declination, the raw data of all have 
not made the correction before evaluation. 

Table 3-1 Monthly and annual frequency distribution of wind direction 
[ground height: 40 m] 

 
 

 
Figure 3-1a Annual wind rose 

-------------------------------------------------------------------------------------------------------------------- 
Note) The trade winds (also called trades) are the prevailing pattern of easterly surface winds 

(unit: %)
month/year Calm N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Quantity of data

Jan. 2011 0.0 10.9 13.8 12.0 14.4 18.1 19.1 5.1 0.4 1.2 0.3 0.1 0.0 0.4 0.1 0.5 3.5 744
Feb. 2011 0.0 6.5 3.1 11.0 10.9 11.0 20.4 8.0 3.9 1.9 0.0 0.6 1.5 4.2 5.8 5.7 5.5 672
Mar. 2011 0.0 5.1 14.4 10.3 8.5 11.7 18.0 11.7 4.3 1.9 1.1 0.9 0.3 0.0 1.1 3.9 6.9 744
Apr. 2011 0.0 5.3 4.9 14.0 8.8 9.4 11.3 15.8 4.9 2.1 1.8 0.8 1.8 1.4 2.1 7.5 8.2 720

May. 2011 0.0 1.3 2.0 11.7 12.4 21.2 14.5 21.2 3.6 1.5 1.5 0.4 0.8 0.8 3.2 1.9 1.9 744
Jun. 2011 0.0 1.9 4.2 6.0 13.1 17.9 21.1 14.9 11.4 5.7 3.1 0.6 0.1 0.0 0.0 0.0 0.1 720
Jul. 2011 0.0 3.2 2.7 7.0 4.6 5.8 15.5 16.3 9.8 4.8 4.2 2.6 4.2 5.4 5.1 5.6 3.4 744

Aug. 2010 0.0 0.9 2.0 7.1 9.8 19.1 21.0 20.3 10.8 2.6 1.3 0.7 0.7 0.8 1.1 0.9 0.9 744
Sep. 2010 0.0 0.6 1.1 1.0 9.2 17.6 34.4 17.9 8.9 4.2 3.1 0.8 0.1 0.4 0.3 0.4 0.0 720
Oct. 2010 0.0 1.6 2.7 1.3 3.9 9.3 21.4 28.1 15.2 9.0 0.9 0.5 0.7 0.9 1.5 1.7 1.2 744
Nov. 2010 0.0 5.1 3.9 2.9 3.8 5.6 15.3 35.0 12.8 9.3 0.6 0.3 0.4 0.3 1.3 0.4 3.2 720
Dec. 2010 0.0 3.9 1.2 1.5 3.4 26.9 44.1 11.3 1.1 0.9 0.0 0.8 0.4 0.8 0.5 1.3 1.9 744

Ave. 0.0 3.9 4.7 7.1 8.5 14.5 21.3 17.2 7.2 3.8 1.5 0.8 0.9 1.3 1.8 2.5 3.0 8760
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found in the tropics, within the lower portion of the Earth's atmosphere, in the lower section of 
the troposphere near the Earth's equator. 

 
Figure 3-1b Monthly wind rose 
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3.2. Hourly frequency distribution of wind direction 
On hourly frequency distribution of wind direction per year with a height of 40 m, the wind 
directions of east to southeast prevail throughout the day. In particular, the wind directions of 
east-northeast and northeast appear continually from afternoon to evening (at 12:00 am to 19:00 
pm). In addition, the wind direction of southeast is reduced and east-southeast and east are 
increased from morning to night (at 10:00 am to18:00 pm). 
  

Table3-2 Hourly frequency distribution of wind direction in year [ground height: 40 m] 

 
 

 
Figure 3-2 Hourly frequency direction of wind direction in year [ground height: 40 m] 

(unit: %)
Hour N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW CALM sum

1 0.2 0.2 0.3 0.4 0.6 0.9 0.7 0.3 0.1 0.1 0.0 0.0 0.1 0.1 0.0 0.1 0.0 4.2
2 0.2 0.2 0.4 0.4 0.6 0.8 0.8 0.3 0.1 0.1 0.0 0.0 0.1 0.1 0.1 0.1 0.0 4.2
3 0.2 0.2 0.5 0.3 0.6 0.7 0.8 0.3 0.1 0.1 0.0 0.0 0.0 0.1 0.1 0.1 0.0 4.2
4 0.2 0.2 0.4 0.3 0.5 0.7 0.8 0.3 0.1 0.1 0.1 0.0 0.1 0.1 0.1 0.1 0.0 4.2
5 0.2 0.2 0.4 0.4 0.5 0.8 0.8 0.3 0.1 0.1 0.0 0.1 0.0 0.1 0.1 0.1 0.0 4.2
6 0.2 0.2 0.4 0.4 0.4 0.8 0.8 0.3 0.1 0.1 0.0 0.1 0.1 0.1 0.1 0.1 0.0 4.2
7 0.2 0.2 0.4 0.4 0.5 0.7 0.9 0.3 0.2 0.0 0.0 0.1 0.0 0.1 0.1 0.1 0.0 4.2
8 0.2 0.3 0.3 0.4 0.6 0.8 0.7 0.3 0.1 0.0 0.1 0.0 0.1 0.1 0.1 0.1 0.0 4.2
9 0.2 0.2 0.2 0.5 0.5 0.8 0.7 0.3 0.1 0.0 0.1 0.0 0.0 0.1 0.1 0.1 0.0 4.2

10 0.2 0.2 0.2 0.5 0.6 0.8 0.7 0.4 0.2 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.0 4.2
11 0.1 0.2 0.2 0.4 0.8 0.9 0.6 0.4 0.1 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.0 4.2
12 0.1 0.3 0.2 0.4 0.7 1.0 0.7 0.3 0.1 0.0 0.0 0.0 0.1 0.0 0.2 0.1 0.0 4.2
13 0.1 0.3 0.1 0.4 0.7 1.1 0.5 0.4 0.1 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.0 4.2
14 0.1 0.2 0.2 0.3 0.7 1.1 0.6 0.4 0.2 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.0 4.2
15 0.1 0.2 0.2 0.3 0.7 1.0 0.6 0.3 0.2 0.0 0.0 0.0 0.1 0.1 0.2 0.1 0.0 4.2
16 0.2 0.2 0.2 0.3 0.6 1.1 0.6 0.3 0.3 0.0 0.1 0.0 0.0 0.0 0.1 0.1 0.0 4.2
17 0.1 0.2 0.2 0.3 0.6 1.1 0.6 0.3 0.3 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.0 4.2
18 0.1 0.1 0.2 0.4 0.5 1.1 0.6 0.3 0.2 0.1 0.0 0.0 0.1 0.1 0.1 0.1 0.0 4.2
19 0.2 0.1 0.3 0.3 0.6 1.0 0.7 0.3 0.2 0.1 0.0 0.1 0.1 0.1 0.1 0.1 0.0 4.2
20 0.1 0.2 0.4 0.2 0.7 0.9 0.7 0.3 0.2 0.1 0.0 0.0 0.1 0.1 0.1 0.1 0.0 4.2
21 0.1 0.1 0.4 0.3 0.7 0.8 0.8 0.3 0.1 0.1 0.1 0.0 0.1 0.1 0.1 0.1 0.0 4.2
22 0.2 0.2 0.3 0.3 0.7 0.8 0.8 0.3 0.1 0.1 0.1 0.0 0.0 0.1 0.1 0.1 0.0 4.2
23 0.1 0.2 0.3 0.4 0.6 0.8 0.9 0.2 0.1 0.1 0.1 0.0 0.0 0.1 0.1 0.1 0.0 4.2
24 0.2 0.2 0.4 0.3 0.7 0.9 0.7 0.2 0.1 0.1 0.0 0.0 0.0 0.1 0.1 0.1 0.0 4.2

Ave. 3.9 4.7 7.1 8.5 14.5 21.3 17.2 7.2 3.8 1.5 0.8 0.9 1.3 1.8 2.5 3.0 0.0 100.0
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4. Frequency distribution of wind direction for each wind force scale, and 
correlation between mean wind speed and frequency distribution of wind 
direction 

The wind direction of east-southeast is dominant with appearance ratio of 21.3%, the 
appearance of wind direction of east to southeast centered on the east-southeast is occupied 53% 
of the total. It should be noted that the frequency distribution of wind direction correlate 
significantly with mean wind speed. 
 

Table 4-1 Frequency distribution of wind direction for each wind force scale, and correlation 
between mean wind speed and appearance ratio [ground height: 40 m] 

 
 

 
Figure 4-1 Correlation between mean wind speed and frequency distribution of wind direction 

 
 

(unit: %)
Wind speed N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW

 0＜V＜ 1 0.1 0.1 0.1 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
 1≦V＜ 2 0.3 0.2 0.2 0.2 0.1 0.1 0.3 0.3 0.3 0.2 0.2 0.2 0.3 0.2 0.2 0.2
 2≦V＜ 3 0.5 0.5 0.7 0.6 0.4 0.5 0.6 0.5 0.4 0.3 0.1 0.1 0.2 0.4 0.3 0.3
 3≦V＜ 4 1.0 1.1 2.8 1.5 1.4 1.0 1.0 0.7 0.3 0.4 0.3 0.3 0.3 0.6 0.5 0.6
 4≦V＜ 5 0.7 1.1 1.7 1.3 2.2 1.8 1.7 0.9 0.5 0.3 0.1 0.2 0.2 0.4 0.5 0.8
 5≦V＜ 6 0.5 0.6 0.5 1.5 2.5 2.2 1.8 1.3 0.6 0.1 0.1 0.1 0.1 0.5 0.5
 6≦V＜ 7 0.4 0.3 0.5 1.3 2.1 2.1 2.2 1.1 0.6 0.1 0.0 0.1 0.2 0.3
 7≦V＜ 8 0.3 0.3 0.4 0.9 1.9 2.6 2.0 0.9 0.3 0.0 0.0 0.1 0.0 0.0 0.2
 8≦V＜ 9 0.2 0.1 0.2 0.5 1.3 3.1 2.0 0.5 0.2 0.0 0.0 0.0 0.0 0.1
 9≦V＜10 0.0 0.3 0.0 0.3 0.8 2.6 1.6 0.4 0.1 0.0 0.0 0.0
10≦V＜11 0.1 0.2 0.7 2.2 1.5 0.4 0.0
11≦V＜12 0.0 0.1 0.5 1.8 1.4 0.2 0.0
12≦V＜13 0.0 0.0 0.1 0.8 0.6 0.0 0.0
13≦V＜14 0.0 0.2 0.2 0.3 0.0 0.0
14≦V＜15 0.0 0.1 0.1 0.1 0.0 0.1

Mean wind speed (m/s) 4.4 4.7 4.3 5.6 6.5 7.9 7.4 6.1 5.4 3.6 2.8 3.2 3.2 3.4 4.1 4.5
Appearance ratio (%) 3.9 4.7 7.1 8.5 14.5 21.3 17.2 7.2 3.8 1.5 0.8 0.9 1.3 1.8 2.5 3.0
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5. Wind profile 
In general, the wind speed increases with increasing altitude. It is said that the power low is 
applicable to the wind speed from near the ground up to height of 300 m.  Therefore to clarify 
the wind profile, the power index is calculated. 
Power law is defined by the following equation. 
 
 
 
 
 
 
 
 
 
 
 
 
Power index, which varies depending on the atmospheric stability and roughness condition of 
the ground surface, the power index is shown in the table below in the case of the neutral 
atmospheric stability. 
  

The value of the power index n of the power law 
Ground condition “n” value 

Flat ground (grassland, coast) 
Rural area 
Urban area 

7~10 
4~6 
2~4 

 
Calculation result of power index (“n” value) is shown in Table 5-1 using the data for height of 
40 m and 50m.   
The “n” value is 3.5 in all directional average, indicates as same as the grand condition of urban 
area. 
By direction, “n” value in east-southeast is 5.2, equivalent to the ground condition of rural area. 
Other direction’s “n” values are 4.0 or less, it is assumed that wind profile is reflected by around 
timber (palm tree). 
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Table 5-1 Power index of wind direction 

 
Note) “-“ means a negative value or a value greater than or equal to 10. 

 
 

 
Figure 5-1 Correlation between frequency distribution of wind direction and power index 

 

Appearance frequency

40 m 50 m 40 m
N 4.4 4.8 2.3 332

NNE 4.7 4.7 － 360
NE  4.4 4.6 2.9 485
ENE 5.1 5.6 2.4 743
E   6.4 6.9 3.2 1461

ESE 7.8 8.2 5.2 1899
SE  7.4 7.8 3.9 1505
SSE 6.1 6.5 3.5 635
S   5.4 5.9 2.9 330

SSW 3.6 3.6 － 130
SW  2.8 2.9 5.0 67

WSW 3.2 3.4 2.7 82
W   3.3 3.6 2.4 104

WNW 3.2 3.5 1.9 160
NW  4.1 4.5 2.0 210
NNW 4.6 5.1 2.1 257

All directions 6.2 6.5 3.5 8760
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6. Turbulence intensity 
Turbulence intensity with a height of 40 m is 0.15 in all directional average, which is equivalent 
to the type of the plain field with reference to the following table named "Correlation between 
terrain types and disturbance intensity". In addition, the turbulence intensity at around wind 
speed of 15 m/s is 0.11, which fully satisfy the evaluation criteria of 0.18 or less. 
 
 

Correlation between terrain types and turbulence intensity 
Terrain types Turbulence intensity 

Sea, lake 
Plain field 

Hilly terrain 
Low mountain terrain 
High mountain terrain 

0.10 
0.15 
0.20 
0.25 
0.30 

 
Table 6-1 Turbulence intensity of wind direction for each wind force scale (ground height: 40m) 

 
 

 
Figure 6-1 Correlation between turbulence intensity and 10 minutes average wind speed [in all 

wind directions, ground height: 40 m] 

wind speed
（m/s） N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Sum

 0＜V＜ 1 0.47 0.49 0.44 0.48 0.45 0.46 0.47 0.42 0.50 0.45 0.47 0.53 0.42 0.41 0.43 0.41 0.45
 1≦V＜ 2 0.29 0.29 0.27 0.30 0.27 0.28 0.31 0.28 0.28 0.24 0.32 0.25 0.25 0.23 0.25 0.26 0.27
 2≦V＜ 3 0.19 0.19 0.18 0.19 0.18 0.19 0.19 0.20 0.19 0.15 0.18 0.19 0.19 0.18 0.18 0.18 0.19
 3≦V＜ 4 0.15 0.16 0.14 0.16 0.17 0.15 0.15 0.15 0.17 0.15 0.18 0.18 0.17 0.13 0.16 0.15 0.16
 4≦V＜ 5 0.18 0.18 0.16 0.17 0.16 0.14 0.13 0.14 0.18 0.17 0.16 0.17 0.18 0.14 0.18 0.16 0.16
 5≦V＜ 6 0.21 0.20 0.19 0.17 0.15 0.12 0.12 0.13 0.17 0.18 0.22 0.21 0.20 0.18 0.19 0.20 0.15
 6≦V＜ 7 0.20 0.20 0.19 0.16 0.14 0.11 0.12 0.12 0.15 0.19 0.21 0.21 0.22 0.17 0.19 0.20 0.14
 7≦V＜ 8 0.20 0.20 0.19 0.15 0.14 0.11 0.11 0.12 0.15 0.19 0.23 0.32 0.19 0.19 0.19 0.20 0.13
 8≦V＜ 9 0.21 0.20 0.18 0.16 0.13 0.10 0.11 0.11 0.15 0.19 0.17 0.23 0.19 0.19 0.19 0.20 0.12
 9≦V＜10 0.21 0.20 0.19 0.15 0.13 0.10 0.10 0.11 0.14 0.20     0.21 0.22 0.15 0.18 0.19 0.12
10≦V＜11 0.18 0.19 0.20 0.15 0.13 0.10 0.10 0.11 0.14 0.19 0.21     0.28     0.20 0.20 0.11
11≦V＜12     0.19 0.18 0.15 0.13 0.10 0.10 0.10 0.14 0.51                 0.17     0.11
12≦V＜13         0.19 0.14 0.13 0.09 0.10 0.11 0.15                     0.18     0.10
13≦V＜14         0.19 0.14 0.13 0.09 0.09 0.09 0.15 0.15                         0.10
14≦V＜15 0.21     0.19 0.14 0.12 0.10 0.09 0.11 0.14                             0.11
15≦V＜16         0.17 0.14 0.12 0.11 0.09 0.10 0.13                             0.12
16≦V＜17         0.18 0.14 0.08 0.09 0.11 0.08 0.10                             0.11
17≦V＜18         0.17 0.15 0.12                                             0.15
18≦V＜19             0.16     0.11 0.09                                     0.12
19≦V＜20             0.15     0.08                                         0.13
20≦V＜21             0.15 0.13 0.10 0.12                                     0.13
21≦V＜22             0.15 0.13 0.08                                         0.13
22≦V＜23             0.14 0.13 0.11                                         0.12
23≦V＜24                 0.12 0.12                                         0.12
24≦V＜25                                                                     

Sum 0.20 0.19 0.17 0.17 0.15 0.12 0.12 0.14 0.18 0.18 0.22 0.21 0.20 0.17 0.19 0.18 0.15
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Figure 6-2 Correlation between turbulence intensity and 10 minutes average wind speed [each 

wind directions, ground height: 40 m] 
 
 
 
 
 
 
 
 
 

N NNE NE

E ESE SE

ENE

SSE

WSW

NNW

S SSW SW

W WNW NW

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 5 10 15

T
ur

bu
le

nc
e i

nt
es

ity

Wind speed (m/s)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0 5 10 15

T
ur

bu
le

nc
e i

nt
en

sit
y

Wind speed (m/s)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

0 5 10 15 20

T
ur

bu
la

en
ce

 in
te

ns
ity

Wind speed (m/s)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0 5 10 15 20 25

T
ur

bu
le

nc
e i

nt
en

sit
y

WInd speed (m/s)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0 5 10 15 20 25

T
ur

bu
le

nc
e i

nt
en

sit
y

Wind speed (m/s)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

0 5 10 15 20 25 30

T
ur

bu
le

nc
e i

nt
en

sit
y

Wind speed (m/s)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 5 10 15 20 25

T
ur

bu
le

nc
e i

nt
en

sit
y

Wind speed (m/s)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 5 10 15 20

T
ur

bu
le

nc
e i

nt
en

sit
y

Wind speed (m/s)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 5 10 15 20

T
ur

bu
le

nc
e i

nt
en

sit
y

Wind speed (m/s)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0 5 10 15

T
ur

bu
le

nc
e i

nt
en

sit
y

Wind speed (m/s)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

0 2 4 6 8 10 12

T
ur

bu
le

nc
e i

nt
en

sit
y

Wind speed (m/s)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0 2 4 6 8 10

T
ur

bu
le

nc
e i

nt
en

sit
y

Wind speed (m/s)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

0 2 4 6 8 10 12

T
ur

bu
le

nc
e i

nt
en

sit
y

Wind speed (m/s)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0 2 4 6 8 10 12

T
ur

bu
le

nc
e i

nt
en

sit
y

Wind speed (m/s)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

0 5 10 15

T
ur

bu
le

nc
e i

nt
en

sit
y

Wind speed (m/s)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 2 4 6 8 10 12

T
ur

bu
le

nc
e i

nt
en

sit
y

Wind speed (m/s)



A-9 

A-9-17 
 

7. Maximum instantaneous wind speed 
Maximum instantaneous wind speed during the observation period is 32.9 m/s (1:00 am, 
January 25th, 2011). 
In general, Survival wind speed for wind turbine of class 300kW is designed to 70 m/s, 
instantaneous wind speed exceeds survival wind speed is not observed in same period. 
 
 

Table 7-1 Maximum wind speed and maximum instantaneous wind speed  
[ground height : 40 m] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(unit: m/s)

Jan. Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Max. wind speed 23.9 13.2 14.1 11.3 17.1 21.9 15.5 14.6 15.6 15.1 13.4 13.9 23.9

Max. instantaneous wind speed 32.9 18.9 22.3 15.5 21.2 28.7 20.8 22.7 19.3 18.9 18.1 21.2 32.9
Maximum instantaneous wind speed: AM1:00 25th January

Monty
2011 2010

Muximum value
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8. Wind speed distribution 
On distribution ratio for each wind force, the distribution ratio of class not less than 4 m/s but 
less than 5 m/s is most commonly (14.2%), the distribution ratio of more than 6 m/s is occupied 
approximately 48% of the total. 
Incidentally, the distribution ratio of more than 12 m/s and less than 25 m/s which is generated 
rated output of 250 kW is 3 % of the total. 
It is noted that wind speed distribution can be approximated by the Weibull distribution. Also in 
this evaluation, the Weibull parameters which are scale parameter represented by “c” and shape 
parameter represented by “k” are calculated by the method of least squares.  
The Weibull function is defined as following equation. 
Consequently, wind speed distribution is shown in Table 8-1, the scale parameter of the Weibull 
function is c = 7.18, the shape parameter of the Weiblull function is k = 2.21. 
 
 

 
 
Where 
     f (V) : appearance ratio of wind speed of “V”(%) 

         c : the scale parameter of the Weibull function 
         k : the shape parameter of the Weibull function 
 

Table 8-1 Monthly and annual wind speed distribution [ground height: 40 m] 

 

(unit: %)
Wind speed

(m/s) Jan. Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
 0＜V＜ 1 0.7 0.6 3.6 2.1 1.5 0.4 4.8 0.7 0.7 1.5 0.3 0.9 1.5
 1≦V＜ 2 3.8 1.6 3.2 2.4 6.0 1.7 7.9 1.5 1.7 2.7 2.5 4.2 3.3
 2≦V＜ 3 8.7 4.0 7.3 4.7 8.9 7.4 10.5 5.9 4.6 5.9 3.5 6.6 6.5
 3≦V＜ 4 17.9 15.3 17.6 21.8 14.5 14.0 12.9 20.8 8.9 7.7 6.1 6.2 13.6
 4≦V＜ 5 12.1 18.8 24.2 18.1 11.0 18.2 13.4 15.5 11.5 15.2 6.4 7.1 14.3
 5≦V＜ 6 11.4 19.0 14.2 15.0 10.1 17.2 9.9 10.9 17.2 13.0 10.4 7.8 13.0
 6≦V＜ 7 10.9 13.8 9.0 16.4 9.8 12.9 8.1 8.2 12.1 9.5 15.3 9.7 11.3
 7≦V＜ 8 12.6 11.9 7.9 9.9 9.0 7.2 7.3 7.7 12.5 5.6 13.3 16.5 10.1
 8≦V＜ 9 10.8 7.7 4.2 6.7 10.8 4.7 9.0 6.2 6.0 4.7 15.1 14.1 8.3
 9≦V＜10 5.1 4.0 4.7 2.9 6.7 3.6 6.2 5.9 3.9 6.5 13.1 10.8 6.1
10≦V＜11 1.9 1.6 2.4 0.1 6.3 1.8 5.1 6.2 7.9 8.7 8.8 9.8 5.1
11≦V＜12 1.5 1.3 1.5 4.2 3.1 3.0 6.9 7.4 9.7 4.0 5.5 4.0
12≦V＜13 0.4 0.1 0.1 0.8 1.5 0.8 3.2 4.4 5.4 1.3 0.8 1.6
13≦V＜14 1.1 0.3 2.1 0.8 0.4 1.0 3.6 0.8
14≦V＜15 0.4 2.8 0.3 0.1 0.3 0.3 0.3
15≦V＜16 0.3 0.1 1.0 0.1
16≦V＜17 0.1
17≦V＜18
18≦V＜19 0.1
19≦V＜20 0.1 0.1
20≦V＜21 0.1
21≦V＜22
22≦V＜23 0.3
23≦V＜24
24≦V＜25

Sum 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

2011 2010 In a year

f(V)＝ － － 

＝－ － 

k 

k 
c 

V 
c 

k－1 

･exp － － 
V 
c 
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Table 8-2 Monthly and annual Weibull parameter 

 
 
 

 
Figure 8-1 Annual wind speed distribution  

 

 
Figure 8-2 Annual cumulative wind speed distribution 

(unit: %)

Jan. Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
k 2.01 3.14 2.46 3.05 2.34 2.32 1.89 2.77 2.85 2.30 2.81 2.65 2.21
c 7.10 6.57 5.92 5.83 6.49 7.65 6.13 7.08 7.56 7.95 8.01 7.27 7.17

Parameter 2011 2010 In a year
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9. Density of wind energy 
Density of wind energy is calculated Annual average spot the of (air field) and by using 
standard atmospheric conditions (temperature: 15oC, atmospheric pressure: 1013 hPa, vapor 
pressure: 17.05 hPa) and annual average of local atmospheric conditions (temperature: 24.2oC, 
atmospheric pressure: 1012.7 hPa, vapor pressure: 29.8 hPa) in order to evaluate the amount of 
potential for wind development. 
The density of wind energy is calculated by the following equation. 
 
 
 
 
 
 
 
 
 
The energy density with height of 40 m is 244 W/m² at the standard atmospheric conditions and 
236 W/m² at local atmospheric conditions which is approximately 3% less than the value at 
standard atmospheric conditions. 
By direction, the energy density of east-northeast is the largest (390 W/m²: standard 
atmospheric conditions, 405 W/m²: local atmospheric conditions), and east is second largest 
(360 W m²: standard atmospheric conditions, 347 W/m²: local atmospheric conditions). 
As well as the energy density, the energy acquisition ratio of east-southeast is the largest 
(35.4%), and southeast is second largest (25.3%).   
In addition, energy acquisition ratio in just three directions (northeast to east) is occupied 
approximately 76% of the total. (with regard to energy acquisition ratio, there is no significant 
distinction between the ratio under standard atmospheric conditions and local atmospheric 
conditions) 
  

Table 9-1 Density of wind energy and energy acquisition ratio 

 
  

SAC LAC SAC LAC
N 83 80 1.3 1.3

NNE 110 106 2.1 2.1
NE 75 73 2.2 2.2

ENE 177 171 6.2 6.2
E 259 250 15.4 15.4

ESE 405 390 35.4 35.4
SE 360 347 25.3 25.3

SSE 216 208 6.4 6.4
S 190 183 2.9 2.9

SSW 49 48 0.3 0.3
SW 25 24 0.1 0.1

WSW 37 35 0.1 0.1
W 40 39 0.2 0.2

WNW 38 37 0.3 0.3
NW 67 65 0.7 0.7

NNW 84 81 1.0 1.0
All directions 244 235 100.0 100.0

SAC: Standard atmospheric conditions
LAC: Local atmospheric conditions

Wind
direction

Density of wind energy (W/m2) Energy acquisition ratio (%)

  

ｎ 
V 

: air density (kg/m3) 
: annual density of wind energy (w/m2)  

ｎ ・ 5 0 
0 
0 

 

 
P 

V P ３ 
・ .   

: hourly average wind speed (m/s) 
: number of hours in the applicable period 
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Figure 9-1 Density of wind energy and energy acquisition ratio  

(standard atmospheric conditions) 
  

  
Figure 9-2 Density of wind energy and energy acquisition ratio  

(local atmospheric conditions) 
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10. Availability (generation available time ratio) 
The availability of the wind turbine is calculated by using the data of wind condition with height 
of 40 m.  As a result of the calculation is shown in Table 10-1 and Figure 10-1. 
The availability of the wind turbine is 88.7% in the year. 
Looking at monthly availability, the highest is 93.8% in February, meanwhile the lowest is 
76.7% in July. 
 
The term “Availability” here, means the ratio of the amount of time that the operable wind 
speed is obtained to all calendar time during the same period. 
 
 

Table 10-1 Generation available time ratio 

 
  
  

 
Figure 10-1 Generation available time ratio 

  
  

(unit: %)

Jan. 2011 86.8
Feb. 2011 93.8

Mar. 2011 85.9
Apr. 2011 90.8

May. 2011 83.6
Jun. 2011 90.6
Jul. 2011 76.7

Aug. 2010 91.9
Sep. 2010 93.1
Oct. 2010 89.9

Nov. 2010 93.8
Dec. 2010 88.3

In a year 88.7

year/month Wind turbine
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11. Wind energy production and capacity factor 

11.1. Wind energy production 
The wind energy production is calculated by accumulating the hourly value corresponding to 
the performance curve a wind turbine of 250 kW based on hourly average wind speed with 
height of 40 m. 
 
The performance curve of 300 kW class wind turbine to calculate wind energy production is 
used to limit to 250 kW rated output. 
 
As a result, the wind energy production per year is estimated to 565 MWh. The largest monthly 
wind energy production is approximately 69 MWh in October, and the lowest is approximately 
24 MWh in April. 
 
In addition, since wind energy density at local atmospheric conditions is approximately 3% less 
than the wind energy density at standard atmospheric conditions, the wind energy production is 
assumed to decline by approximately 3% compared with the results calculated by the standard 
atmospheric conditions. 
 
 

Table 11-1 Monthly production of wind energy 

 
 
 

 
Figure 11-1 Monthly production of wind energy 

 
 
 
 
 

Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul

Energy production (kWh) 51,165 59,148 68,864 65,160 66,916 40,248 29,648 27,435 24,022 47,995 42,576 41,658 564,835

Mean wind speed (m/s) 6.2 6.9 7.1 7.2 7.0 5.8 5.7 5.1 5.2 6.0 6.2 5.5 6.2

Genenration available time ratio（%） 91.9 93.1 89.9 93.8 88.3 86.8 93.8 85.9 90.8 83.6 90.6 76.7 88.7

Capacity factor （%） 27.5 32.9 37.0 36.2 36.0 21.6 17.6 14.8 13.3 25.8 23.7 22.4 25.8

Sum
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Table 11-2 Wind energy production by wind direction 

 
 

 
Figure 11-2 Wind energy production by wind direction 

 

      
 

Figure 11-3 Performance curve of a 250 kW wind turbine 
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11.2. Capacity factor 
The capacity factor is calculated based on the wind energy production at standard atmospheric 
conditions is shown in Table 11-3 and Figure 11-4. The annual capacity factor is 25.8%, the 
highest monthly capacity factor is 37.0% in October and the lowest is 13.3% in April.  
 
In addition, when local atmospheric conditions is considered, the capacity factor is assumed to 
decline by about 3% compared with  the results calculated by the standard atmospheric 
conditions. 
  

Table 11-3 Monthly utilization of wind turbine equipment 

 
  
  

 
Figure 11-4 Monthly capacity factor  

 

(unit: %)
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Apr. 2011 13.3
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12. Conclusion 

12.1. Wind conditions 
          Annual average wind speed (40m height above ground) is calculated to be 
6.2m/s. 
Monthly average wind speed has tendency to be the highest (7.2 m/s) in October 
to November and to be somewhat lower (5.1 to 5.5 m/s) in March to April and 
July. 

   
          With regard to wind distribution, three wind directions which are east 
(14.5%), east-southeast (21.3%) and southeast (17.2%) are dominant. 
Therefore, the wind axis is considered to be a line from east-southeast to west-
northwest (58.6%). 
 
          The power index ("n" value) in all directions is n=3.5 equivalent of urban 
area. 
And the power index in prevailing wind direction (east-southeast) is n=45 to 5.0 
equivalent of rural area. 
  
         Turbulence intensity is 0.15 in omni-directional average, which is 
equivalent to the type of the plain field. In addition, the turbulence intensity at 
around wind speed of 15 m/s is 0.11, which fully satisfy the evaluation criteria of 
0.18 or less. 

  
           Maximum instantaneous wind speed during the observation period is 
32.9 m/s (1:00 am January 25th, 2011). 
In general, Survival wind speed for wind turbine of class 300kW is designed to 70 
m/s, there is little possibility of appearance over survival wind speed in the region. 
  

  
         With regard to distribution ratio for each wind force, the distribution ratio 
of class more than 4 m/s and less than 5 m/s is most commonly (14.2%). 
Incidentally, the distribution ratio of more than 12 m/s and less than 25 m/s which 
can be generated rated output of 250 kW is 3 % of the total. 

  
          The scale parameter of the Weibull function is c = 7.18, and the shape 
parameter of the Weiblull function is k = 2.21. 
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12.2. Wind energy 
The energy density with height of 40 m is 244 W/m² at the standard atmospheric conditions and 
235 W/m² at local atmospheric conditions which is approximately 3% less than the value at 
standard atmospheric conditions. 
Energy density required for the development of wind power is equal to or greater than 240 W/ 
m² (30 m height above ground), the above results slightly below the criteria. 
However, in these days the criterion of mean wind speed for wind power in Japan is more than 6 
m/s at hub height of wind turbine. 
Because the annual average wind speed is 6.2 m/s at 40m height above ground, the value can be 
expected towards the development of wind power. 

  

12.3. Capacity factor and generation available time ratio 
The capacity factor of the wind turbine is 25.7% and the availability is 88.7%. 
Those values are fully satisfied the criteria (capacity factor should be 20% or more, availability 
should be 45% or more). 

12.4. Comprehensive evaluation 
According to the analysis of wind conditions, wind speed condition such as mean wind speed 
and density of wind energy generally meet the criteria. Furthermore, capacity factor of the wind 
turbine and availability are also fully satisfied the criteria, it is deemed to be feasible to develop 
wind power generation at the site. 
The results of the analysis of the wind profile, since the “n” value indicate urban area, 
examination of wind turbine layout should be consider the effects of ground roughness (such as 
felling of trees around) 
In the case of the arrangement of the wind turbine plurality, it is necessary to be separated by 
3D (D: rotor diameter) or more in the direction perpendicular to the wind axis (east-northeast) 
The results of the analysis of wind conditions are shown in Table 12-1. 
 
The amount of wind energy production by the assumed components of wind turbine is estimated 
as follows. 
 

Components Amount of wind energy production Conditions 
 

Installed capacity:500kW  
（250kW x 2 units） 

1,130 MWh/year Standard atmospheric 
conditions 

1,096 MWh/year  
(approx. 1.1 GWh/year) 

Local atmospheric 
conditions 

 
The wind energy production noted above is gross output. 
To assume net output, it is necessary to consider the loss as shown below. The total loss is 
roughly estimated to be about 20% of the gross output. 
Therefore, net output is able to be estimated at 80% of gross output.  
 

Type of loss Contents 
Outage Scheduled maintenance 

Mechanical loss Loss on speed-up gear, loss on lag of wind direction following, etc. 
Electrical loss Transformer loss, Transmission loss to the point of interconnection, etc. 
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Table 12-1 Analysis result for wind condition 
Analysis item Result of analysis Judgment Remarks 

Mean wind 
speed 

Annual 
average 6.2 m/s Good 

 (Criteria #1）   

Maximum 7.2 m/s   November 

Minimum 5.1 m/s   March 

Wind 
direction 

Prevailing 
wind direction 

ESE 
21.3%     

Wind axis 

ESE - WNW 
(E-W) 

(SE-NW) 
58.6% 

Basically good  
(Criteria #2） 

 Wind axis means 6 wind 
directions (the prevailing wind 
direction and the both sides, and 
their opposing wind directions 

Correlation between wind 
direction and wind speed Roughly fit     

Maximum instantaneous 
wind speed 32.9 m/s Good 

 (Criteria #3） 25th January 2011 AM 1:00 

Turbulence 
intensity 

360-degree 0.15 Good  
（Criteria #4） 

  

In wind speed 
of  15m/s 0.11   

Wind profile  
（power index: n) 3.5 Poor 

 （Criteria #5） 
5.2 (at prevailing wind 
direction): Basically good 

Weibull 
function 

Shape 
parameter (k) 7.17     

Scale 
parameter (C) 2.21     

Density of wind energy  
(in all directions) 244 W/m2 (235 W/m2) Basically good 

 (Criteria #6） 

The value as calculated under 
local atmospheric conditions is 
shown in parentheses 

Availability (Generation 
available time ratio) 88.7% Good  

(Criteria #7）   

Annual energy production 565 MWh   In case of  250 kW wind turbine 

Capacity factor 25.8% Good  
(Criteria #8)   

Criteria #1: Annual average should be 6m/s or more 
Criteria #2: Annual frequency distribution of wind direction on wind axis should be 60% or more 
Criteria #3: Maximum instantaneous wind speed should be 70 m/s (typical survival wind speed) or less 
Criteria #4: Turbulence intensity should be 1.8 (in around wind speed of 15 m/s) or less 
Criteria #5: high power index of wind profile, and low wind shear 
Criteria #6: Density of wind energy should be 240 W/m2 or more 
Criteria #7: Annual availability (generation available time ratio) should be 45% or more 
Criteria #8: Capacity factor should be 20% or more 

 
Note) The above criteria are given by the following manuals and guidelines  which has been 
established by NEDO (New Energy and Industrial Technology Development Organization, an 
independent government agency in Japan). 

- Evaluation manual for wind conditions (Dec. 1997, digest version) 
- Evaluation manual for high-altitude wind conditions (Feb. 2006) 
- Introduction guidebook for wind power generation (Feb. 2008 the revised ninth version) 
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Drawing List 

図面リスト 

 

 

 

Dwg. No. Title 

E-01 Power System in Tongatapu Island 

 トンガタプ島の電力系統 

  

E-02 Control System of Generation Facilities 

 発電設備システムの制御システム 

  

E-03 Single Line Diagram of the Equipment at Vaini Project Site 

 バイニ計画地側の対象設備の単線結線図 

  

E-04 Single Line Diagram of  the Equipment at Popua Power Station 

 ポプア発電所側の対象設備の単線結線図 

  

E-05 Layout of the Equipment at Vaini Project Site 

 バイニ計画地側の対象設備の機材配置 

  

E-06 Layout of the Equipment at Popua Power Station 

 ポプア発電所側の対象設備の機材配置 

  

E-07 Layout of PV Arrays at Vaini Project Site 

 バイニ計画地における PV アレイ配置 

  

E-08 Control System of Number of CAT Diesel Engine Generators in Operation

 CAT 製ディーゼル発電機の運転台数制御システム 
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