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 Wind data from measurements at five locations in Cambodia namely, Siemreap 

(13.23N, 103.50E), Kompong Thom (12.41N, 104.54E), Kampot (10.36N, 104.11E), 

Sihanouke Ville (10.38N, 103.30E) and Phnom Penh (11.34N, 104.51E) were collected over 

a period of one year (September, 2007 to August, 2008). Diurnal and seasonal variations and 

vertical wind profile were analyzed. A statistical Weibull distribution was used to fit the wind 

speed distribution. The Weibull shape parameter (k) and  scale parameter (c) were calculate 

using the Maximum likelihood method. These Weibull parameters were employed to 

calculate the mean wind speed (Vm), the most frequent wind velocity (VFmax), the velocity 

contributing maximum energy to the regime (VEmax) and the power density (EV). The mean 

wind speed at the Kampot station is the highest of all five stations. Therefore the area in 

Kampot was selected for a detailed wind energy potential analysis. A micro-scale wind map 

of Kampot was constructed using k and c and topographic data of Kampot. This wind map 

together with land use data, electricity grid data and road network data were used to search for 

the most appropriate location for the installation of wind turbines using the geographic 

information system (GIS) approach. Annual electricity production potential and electricity 

production cost were estimated. The results from this analysis show that Kampot has 

relatively high wind energy potential for producing electricity by using wind turbine. 
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 2.29 Izmir, 

 2.30  1500 kW

(GIS)
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Salzburg . . 2002 – 2004

 4 

GIS ArcGIS

2.31    2.2

 2.32 

  2.31 GIS
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 2.2

Wind resource  5 m/s 

Land use

Settlement (Buffer zone) 

Protected areas 
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Slope

Electric grid 

  2.32 GIS Aineck
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. . 2550 

  3

 10  1 

WAsP   14

.  1.0 MW 5

  2.33  (AEP map) 
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 5 

3.1

3.1.1

 5 

4 (anemometer) (wind vane)

  20 40  50  30 

 3.1 

 3.1 

 3.1 
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 3.1 

( ) ( )

13 23´N,103 50´E 19.4 20,40,50

12 41´N,104 54´E 11.3 20,40,50

10 36´N,104 11´E 13.5 20,40,50

10 38´N,103 30´E 34.7 20,40,50

11 34´N,104 51´E 14.8 30

 50 

 15 

 5  3.2 

– 3.6
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 3.6 

3.1.2

 1)

NRG SYSTEMS  40C 

 3 (cup anemometer) 

 4 

  1 - 96 m/s 

 -55  60 °C (  3.7) 
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 3.7 NRG SYSTEMS 40C

2)

NRG SYSTEMS  200P 

 potentiometer (  3.8)

 3.8 NRG SYSTEMS 200P

3)

(data logger) Second Wind 

Inc. Nomad 2  (  3.9)
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 3.9 Second Wind Inc. Nomad 2 

3.2

 1 

 10 

 1 

 10  memory card  1 

 memory card

 1 

 .ndf  text file 

 Nomad desktop ( )  Microsoft Excel 

 3.2

 3.2

1 . . 51 - 31 . . 52 

1 . . 51 - 31 . . 52 

1 . . 51 - 31 . . 52 

1 . . 51 - 31 . . 52 

1 . . 51 - 31 . . 52 

1 . . 52 - 31 . . 52 

,



45

3.3

 3.3.1  (diurnal variation) 

 5 

 0 – 1:00 ., 1:00 

– 2:00 ., 2:00 – 3:00 ., 3:00 – 4:00 ., 4:00 – 5:00 .,...  23:00 – 24:00 .

1

( )  mV

1/3
n

3

m

i 1

1
V V

n
i      (3.1)

 =mV

 =iV i

  n = 

(standard deviation) 

n
2

i m

i 1
v

(V V )

n
    (3.2)

 = v

 =  iV i

             =mV

     n  = 

 5  3.10 – 3.14
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 3.3 (k, c) ( ) ( ) ( )

( )

mV F,MaxV vE

E,maxV

20m ABL Sep-07 Oct-07 Nov-07 Dec-07 Jan-08 Feb-08 Mar-08 Apr-08 May-08 Jun-08 Jul-08 Aug-08 Annual

k(-) 1.47 1.67 1.97 1.59 1.71 1.87 1.70 1.74 1.52 1.49 1.51 1.55 1.65

c(m/s) 1.75 2.04 2.11 1.78 1.98 2.20 2.05 1.91 1.93 2.02 2.25 2.24 2.02

Vm(m/s) 1.58 1.82 1.87 1.60 1.77 1.95 1.83 1.70 1.74 1.83 2.03 2.01 1.81

VF max(m/s) 0.81 1.18 1.47 0.95 1.18 1.46 1.22 1.17 0.95 0.96 1.10 1.15 1.13

VE max(m/s) 3.14 3.27 3.01 2.97 3.11 3.25 3.24 2.96 3.35 3.58 3.93 3.82 3.30

EV(W/m2) 6.68 8.51 7.61 6.11 7.52 9.16 8.41 6.58 8.42 10.01 13.50 12.72 8.77

40m ABL Sep-07 Oct-07 Nov-07 Dec-07 Jan-08 Feb-08 Mar-08 Apr-08 May-08 Jun-08 Jul-08 Aug-08 Annual

k(-) 1.57 1.81 2.50 2.10 2.21 2.38 1.89 1.97 1.67 1.53 1.67 1.61 1.91

c(m/s) 2.47 2.81 3.07 2.71 2.99 3.22 2.87 2.71 2.70 2.71 3.12 3.01 2.87

Vm(m/s) 2.22 2.50 2.72 2.40 2.65 2.85 2.55 2.40 2.41 2.44 2.79 2.70 2.55

VF max(m/s) 1.30 1.80 2.50 1.99 2.28 2.56 1.93 1.89 1.56 1.36 1.81 1.65 1.89

VE max(m/s) 4.17 4.24 3.88 3.73 4.00 4.16 4.20 3.87 4.33 4.68 5.00 4.97 4.27

EV(W/m2) 16.68 19.89 19.13 15.12 19.39 22.83 20.09 16.13 19.74 23.04 30.46 29.00 20.96

50m ABL Sep-07 Oct-07 Nov-07 Dec-07 Jan-08 Feb-08 Mar-08 Apr-08 May-08 Jun-08 Jul-08 Aug-08 Annual

k(-) 1.72 2.03 2.61 2.00 2.07 2.70 2.05 1.94 1.80 1.61 1.72 1.72 2.00

c(m/s) 2.83 3.22 3.48 2.88 3.21 3.75 3.28 2.94 3.06 3.12 3.41 3.35 3.21

Vm(m/s) 2.52 2.85 3.09 2.55 2.84 3.33 2.91 2.61 2.72 2.80 3.04 2.99 2.85

VF max(m/s) 1.71 2.31 2.89 2.04 2.33 3.16 2.37 2.02 1.95 1.71 2.06 2.02 2.21

VE max(m/s) 4.40 4.51 4.33 4.07 4.45 4.60 4.57 4.24 4.63 5.15 5.34 5.25 4.63

EV(W/m2) 21.77 26.22 27.12 19.05 25.47 33.29 27.44 20.95 25.87 32.25 38.08 36.11 27.80
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 3.4 (k, c) ( ) ( ) ( )

( )

mV F,MaxV vE

E,maxV

20m ABL Sep-07 Oct-07 Nov-07 Dec-07 Jan-08 Feb-08 Mar-08 Apr-08 May-08 Jun-08 Jul-08 Aug-08 Annual

k(-) 1.56 1.90 2.66 2.52 2.39 2.31 2.49 2.00 1.56 1.56 1.45 1.45 1.99

c(m/s) 2.82 2.80 3.10 3.16 3.07 3.32 3.87 3.39 2.69 2.63 3.13 2.59 3.05

Vm(m/s) 2.53 2.48 2.76 2.80 2.72 2.94 3.43 3.00 2.42 2.36 2.84 2.35 2.72

VF max(m/s) 1.46 1.89 2.60 2.59 2.45 2.60 3.15 2.40 1.39 1.36 1.40 1.16 2.04

VE max(m/s) 4.78 4.09 3.83 3.98 3.96 4.35 4.90 4.79 4.57 4.46 5.69 4.71 4.51

EV(W/m2) 25.10 18.54 18.96 20.75 19.73 25.60 38.42 31.07 21.78 20.36 39.25 22.24 25.15

40m ABL Sep-07 Oct-07 Nov-07 Dec-07 Jan-08 Feb-08 Mar-08 Apr-08 May-08 Jun-08 Jul-08 Aug-08 Annual

k(-) 1.57 2.07 3.04 3.05 2.69 2.35 2.69 2.15 1.58 1.58 1.56 1.52 2.15

c(m/s) 3.15 3.38 3.90 4.25 3.97 4.20 4.60 3.97 3.06 3.00 3.59 3.01 3.67

Vm(m/s) 2.83 2.99 3.48 3.80 3.53 3.72 4.09 3.52 2.75 2.69 3.23 2.71 3.28

VF max(m/s) 1.65 2.46 3.42 3.73 3.34 3.32 3.87 2.97 1.62 1.59 1.86 1.49 2.61

VE max(m/s) 5.32 4.69 4.61 5.01 4.88 5.46 5.66 5.39 5.14 5.03 6.09 5.23 5.21

EV(W/m2) 34.60 29.74 35.40 45.75 39.58 51.15 61.57 46.49 31.38 29.57 51.78 31.94 40.75

50m ABL Sep-07 Oct-07 Nov-07 Dec-07 Jan-08 Feb-08 Mar-08 Apr-08 May-08 Jun-08 Jul-08 Aug-08 Annual

k(-) 1.62 2.27 3.17 3.17 2.68 2.36 2.71 2.14 1.63 1.76 1.72 1.55 2.23

c(m/s) 3.33 3.68 4.23 4.63 4.25 4.51 4.83 4.11 3.24 3.31 3.91 3.17 3.93

Vm(m/s) 2.98 3.26 3.79 4.15 3.78 4.00 4.30 3.64 2.90 2.95 3.49 2.85 3.51

VF max(m/s) 1.84 2.85 3.75 4.11 3.57 3.57 4.08 3.06 1.81 2.05 2.36 1.62 2.89

VE max(m/s) 5.47 4.86 4.94 5.40 5.23 5.85 5.92 5.59 5.30 5.09 6.12 5.41 5.43

EV(W/m2) 38.82 35.35 44.44 58.27 48.66 63.13 70.99 51.81 35.41 33.73 57.41 36.05 47.84

1
0
3



 3.5 (k, c) ( ) ( ) ( )

( )

mV F,MaxV vE

E,maxV

20m ABL Sep-07 Oct-07 Nov-07 Dec-07 Jan-08 Feb-08 Mar-08 Apr-08 May-08 Jun-08 Jul-08 Aug-08 Annual

k(-) 1.28 1.85 2.37 2.30 1.63 1.72 1.76 1.83 1.50 1.63 1.69 1.63 1.77

c(m/s) 2.85 3.42 3.47 3.51 3.37 2.76 2.74 2.67 3.57 3.73 3.80 3.34 3.27

Vm(m/s) 2.64 3.04 3.08 3.11 3.02 2.46 2.44 2.37 3.22 3.34 3.39 2.99 2.93

VF max(m/s) 0.87 2.25 2.75 2.74 1.88 1.66 1.70 1.73 1.72 2.08 2.24 1.86 1.96

VE max(m/s) 5.94 5.08 4.49 4.61 5.51 4.32 4.22 4.00 6.28 6.10 6.03 5.46 5.17

EV(W/m2) 39.01 34.88 28.66 30.35 39.85 20.19 19.13 16.82 54.60 54.03 54.06 38.79 35.86

40m ABL Sep-07 Oct-07 Nov-07 Dec-07 Jan-08 Feb-08 Mar-08 Apr-08 May-08 Jun-08 Jul-08 Aug-08 Annual

k(-) 1.35 1.97 2.71 2.63 1.91 1.94 1.96 2.07 1.66 1.78 1.81 1.77 1.96

c(m/s) 3.68 4.53 4.78 4.84 4.63 3.62 3.50 3.52 4.70 4.85 4.90 4.37 4.33

Vm(m/s) 3.37 4.02 4.25 4.30 4.11 3.21 3.10 3.12 4.20 4.32 4.36 3.89 3.85

VF max(m/s) 1.35 3.16 4.03 4.04 3.14 2.49 2.43 2.56 2.70 3.05 3.14 2.73 2.90

VE max(m/s) 7.21 6.47 5.86 6.00 6.74 5.22 5.01 4.88 7.57 7.40 7.39 6.70 6.37

EV(W/m2) 74.11 75.36 68.81 72.65 83.30 39.11 34.95 33.59 105.07 104.52 105.45 77.03 72.83

50m ABL Sep-07 Oct-07 Nov-07 Dec-07 Jan-08 Feb-08 Mar-08 Apr-08 May-08 Jun-08 Jul-08 Aug-08 Annual

k(-) 1.40 2.02 2.83 2.78 1.94 1.96 2.11 2.03 1.71 1.85 1.87 1.85 2.03

c(m/s) 3.99 4.95 5.36 5.44 5.06 3.95 3.88 3.74 5.03 5.20 5.25 4.72 4.71

Vm(m/s) 3.64 4.39 4.77 4.84 4.49 3.50 3.44 3.31 4.49 4.62 4.66 4.19 4.20

VF max(m/s) 1.63 3.53 4.59 4.63 3.48 2.74 2.86 2.68 3.01 3.42 3.43 3.10 3.26

VE max(m/s) 7.52 6.96 6.47 6.61 7.29 5.66 5.32 5.24 7.91 7.73 7.83 7.01 6.80

EV(W/m2) 87.31 95.74 94.88 100.08 106.82 50.24 44.16 41.09 123.25 122.56 127.02 91.69 90.40
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 3.6 (k, c) ( ) ( ) ( )

( )

mV F,MaxV vE

E,maxV

20m ABL Sep-07 Oct-07 Nov-07 Dec-07 Jan-08 Feb-08 Mar-08 Apr-08 May-08 Jun-08 Jul-08 Aug-08 Annual

k(-) 1.66 1.86 2.07 1.98 1.95 1.91 1.63 1.65 1.56 1.38 1.61 1.58 1.74

c(m/s) 3.23 2.99 2.73 2.76 3.11 3.17 2.73 2.50 2.97 2.89 3.20 2.54 2.90

Vm(m/s) 2.89 2.66 2.42 2.45 2.76 2.81 2.44 2.24 2.67 2.64 2.87 2.28 2.59

VF max(m/s) 1.85 1.97 1.98 1.93 2.15 2.15 1.52 1.42 1.54 1.14 1.75 1.35 1.73

VE max(m/s) 5.20 4.43 3.78 3.93 4.47 4.61 4.46 4.04 5.04 5.53 5.28 4.26 4.59

EV(W/m2) 34.10 23.15 15.67 16.95 24.66 26.73 21.18 15.96 29.32 34.21 34.79 17.95 24.56

40m ABL Sep-07 Oct-07 Nov-07 Dec-07 Jan-08 Feb-08 Mar-08 Apr-08 May-08 Jun-08 Jul-08 Aug-08 Annual

k(-) 1.85 1.99 2.58 2.40 2.26 2.46 2.17 2.02 1.93 1.62 1.88 1.87 2.09

c(m/s) 4.46 4.03 3.64 3.62 3.95 4.06 3.55 3.34 4.25 4.09 4.44 3.63 3.92

Vm(m/s) 3.96 3.57 3.23 3.21 3.50 3.60 3.14 2.96 3.77 3.66 3.94 3.22 3.48

VF max(m/s) 2.93 2.84 3.01 2.89 3.05 3.28 2.67 2.38 2.91 2.26 2.96 2.41 2.80

VE max(m/s) 6.63 5.72 4.55 4.66 5.23 5.17 4.80 4.70 6.14 6.72 6.53 5.36 5.52

EV(W/m2) 77.35 52.48 31.26 32.25 43.87 44.72 32.97 29.41 63.66 71.93 74.84 41.16 49.66

50m ABL Sep-07 Oct-07 Nov-07 Dec-07 Jan-08 Feb-08 Mar-08 Apr-08 May-08 Jun-08 Jul-08 Aug-08 Annual

k(-) 1.84 1.90 2.65 2.56 2.42 2.49 2.21 2.06 1.86 1.57 1.84 1.77 2.10

c(m/s) 4.82 4.46 4.13 4.15 4.52 4.54 4.01 3.73 4.73 4.57 4.96 3.97 4.38

Vm(m/s) 4.28 3.96 3.67 3.68 4.01 4.03 3.55 3.30 4.20 4.10 4.41 3.53 3.89

VF max(m/s) 3.15 3.01 3.45 3.42 3.63 3.69 3.05 2.70 3.12 2.40 3.24 2.48 3.11

VE max(m/s) 7.19 6.51 5.11 5.20 5.80 5.75 5.37 5.18 7.00 7.71 7.40 6.09 6.19

EV(W/m2) 98.30 74.91 44.94 46.54 62.41 62.02 46.76 40.16 91.66 105.65 107.11 57.76 69.85
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 3.7 (k, c) ( ) ( ) ( )

( )  30 

mV F,MaxV vE

E,maxV

30m ABL Sep-07 Oct-07 Nov-07 Dec-07 Jan-08 Feb-08 Mar-08 Apr-08 May-08 Jun-08 Jul-08 Aug-08 Annual

k(-) 1.67 1.92 2.52 2.41 2.14 2.40 2.86 1.82 1.77 2.17

c(m/s) 2.78 3.53 4.45 3.58 3.71 3.39 3.57 3.53 2.98 3.50

Vm(m/s) 2.48 3.13 3.95 3.17 3.29 3.01 3.18 3.14 2.65 3.11

VF max(m/s) 1.61 2.41 3.64 2.87 2.76 2.71 3.07 2.28 1.86 2.58

VE max(m/s) 4.45 5.12 5.61 4.60 5.05 4.36 4.30 5.31 4.57 4.82

E (W/m2)V 21.55 36.70 57.96 31.10 38.11 26.48 27.89

No Data 

39.15 24.43 33.71 

1
0
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4.1

WAsP 9.0 

1) (wind data) 

 50 

 12  (  80% )

WAsP 

 12  4.1

 4.1 WAsP
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2) (orography data) 

  90 x 90

NASA SRTM (NASA Shuttle Radar 

Topographic Mission)  4.2

 4.2

.hgt

WAsP 

.dxf WAsP Map Editor (

WAsP) .map  WAsP 

 15 

UTM ( )  4.3
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 4.3

)                              ( 

3) (surface roughness map)  

(roughness)

digitize  1:50,000 -

WAsP Map Editor   4.4 

Roughness Length, Z Z0 0 WAsP 

   4.1
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 4.4 digitize

 4.1 Z0



111

4) (obstacle data) 

WAsP 

(porosity)

 4.2  4.5 

 4.2 

 4.5
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 4 WAsP 

 50 

 4.6

(Annual Energy Production, AEP) WAsP AEP

Bonus Energy A/S  1 MW power

curve Bonus 1 MW  4.3  4.7 AEP

Bonus 1 MW  4.8

 4.6  50 
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 4.3 Bonus 1 MW 

 4.7 power curve Bonus 1 MW 
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 4.8 Bonus 1 MW 

4.2

(Geographic Information System, GIS) ArcGIS 9.3 

 4.2.1

(layer)

  2 digitize  (

)

 .grd WAsP .shp

ArcGIS
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1) digitize

(spatial map)  1: 50,000 

ArcMap ( ArcGIS)

 4 

digitize ArcMap

 ( )  ( ,

) ( )

digitize    4.9 – 4.10

 4.9 digitize
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 4.10 digitize

(Bogor National park) 

(dense forest)  4.10

2)

.grd

WAsP .grd

(grid file) ArcGIS .shp(shape file)

 .csv (comma delimited) 

Mapwindow GIS ( GIS Open source) .shp (shape 

file) 

.hgt Global Mapper 7 .grd

 2  4.11  4.12
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 4.11 Bonus 1MW

shape file 

 4.12

shape file 
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4.2.2

1)  5 

2)  100 

3)

4)  1.0 GWh 

5)  5 

 4.13

 1.0 GWh  5 

 4.13 

 4.13 
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4.3

WAsP 

Bonus 1 MW  7  (  4.15) 

 4 rotor (4D)

 hub

hub rotor (swept area)

 (H-0.5D) swept area 

(H+0.5D)  4.14  3

4.15  4.4

 4.14 swept area 
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 4.15  7 MW (  1 – 7 wind

rose AEP )

 4.4 Bonus 1 MW  7 

MW (loss %AEP )

Turbine
Site

Location (UTM) 
[m]

AEP
[GWh]

Loss
[%]

c
[m/s]

k
[-]

Vm

[m/s] 
EV

[W/m2]

1 408197.8E, 1166991.0N 1.18 0.14 5.37 1.77 4.80 152.00

2 408410.1E, 1166876.0N 1.19 0.27 5.40 1.76 4.82 154.33

3 408652.8E, 1166729.0N 1.23 0.19 5.47 1.77 4.87 159.00

4 409029.8E, 1166347.0N 1.24 0.37 5.53 1.80 4.92 159.33

5 409268.0E, 1166213.0N 1.23 0.33 5.53 1.81 4.90 158.33

6 409892.5E, 1165692.0N 1.24 0.31 5.47 1.75 4.88 161.67

7 410073.9E, 1165579.0N 1.25 0.22 5.50 1.75 4.91 164.00

Bonus 600

kW Bonus 300 kW hub

  50 

 600  300 kW  4.16 

– 4.17   4.5 – 4.6
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 4.16  4.2 MW (  1 – 7 wind

rose AEP )

 4.5  600 kW   4.2

MW  

Turbine
Site

Location (UTM) 
[m]

AEP
[MWh]

Loss
[%]

c
[m/s]

k
[-]

Vm

[m/s] 
EV

[W/m2]

1 407668.3E, 1167129.0N 758.61 0.09 5.50 1.79 4.89 155.33

2 407991.6E, 1166997.0N 760.77 0.18 5.47 1.79 4.89 156.33

3 408401.2E, 1166824.0N 770.19 0.18 5.53 1.78 4.91 159.00

4 408569.8E, 1166703.0N 784.93 0.23 5.57 1.79 4.95 162.00

5 409191.4E, 1166408.0N 802.45 0.07 5.63 1.83 5.01 164.00

6 409922.6E, 1165711.0N 794.77 0.19 5.57 1.77 4.97 166.00

7 410169.2E, 1165585.0N 801.84 0.10 5.60 1.78 4.99 167.33
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 4.17  3 MW (  1 – 10 wind

rose AEP )

 4.6  300 kW   3

MW  

Turbine
Site

Location (UTM) 
[m]

AEP
[MWh]

Loss
[%]

c
[m/s]

k
[-]

Vm

[m/s] 
EV

[W/m2]

1 407540.0E, 1167252.0N 465.63 0.13 5.53 1.80 4.90 154.67

2 407709.3E, 1167142.0N 468.52 0.23 5.53 1.80 4.92 156.00

3 407911.3E, 1167028.0N 471.39 0.22 5.50 1.81 4.93 157.33

4 408107.9E, 1166929.0N 471.33 0.21 5.53 1.80 4.93 157.00

5 408331.8E, 1166815.0N 474.46 0.18 5.53 1.80 4.93 159.00

6 408555.6E, 1166711.0N 485.55 0.12 5.60 1.80 4.98 162.67

7 409033.9E, 1166351.0N 492.19 0.16 5.67 1.84 5.03 163.67

8 409191.6E, 1166260.0N 490.02 0.19 5.63 1.84 5.02 162.67

9 409870.9E, 1165690.0N 489.64 0.11 5.60 1.78 5.00 167.00

10 410125.7E, 1165568.0N 494.53 0.07 5.63 1.79 5.02 168.67

  7 MW Bonus  1 MW (7 )

 8.6 GWh

(loss)  0.26 % capacity factor  14.0 %

  4.2 MW Bonus 600 kW (7 )
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 5.5 GWh loss  0.15 % capacity factor  14.9 %

  3.0 MW Bonus 300 kW (10 )

 4.8 GWh loss  0.16 % capacity

factor  18.3 %

4.4

 1) (Net Present Value, NPV) 

1 1 1 1
1

(1 ) (1 )

n n

A In n

I I
NPV B C m S

I I I I
 (4.1)

=AB

   =IC

m   = 

n   = 

I    = 

 ( 0.1 )/ (1 )nIC IS   = 

 (i) (r)

 4.2 ( , 2541)  16.9%

 5.9% ( , 2550)  10.4%

1
1

1

i
I

r
    (4.2)

2) (Benefit – Cost Ratio, B/C)

1 1

(1 )

1 1
1

(1 )

n

A n

n

I n

I
B

I I
BCR

I
C m

I I
S

    (4.3)
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3) (Internal Rate of Return, IRR) 

1 1 1 1
1

(1 ) (1 )

n n

A In n

IRR IRR
B C m

IRR IRR IRR IRR
S (4.4)

 4) (Pay back period) 

( )
ln 1

ln(1 )

I

A I

I C S

B mC
n

I
    (4.5)

 4 

 3.0, 4.2  7.0 MW  300, 600  1000 kW 

4.4.1

1)

(buffer zone)

 1.5  (1.5(H+0.5D)) 

Bonus  300, 600  1000 kW  66.7, 72.0 

77.1 ArcGIS  3.0, 

4.2  7.0 MW  334,360,  286,114  286,475 m2
 4.18 – 4.20 
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 4.18  7.0 MW 

Bonus 1 MW  7 ( buffer zone 

)

 4.19  4.2 MW 

Bonus 600 kW 7
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 4.20  3.0 MW 

Bonus 300 kW 10

  2 USD/m2/year (

, 2550)  3.0, 4.2 

7.0 MW  668,720,  572,289  572,949 USD

2)

1,000 USD  1 kW  300, 600  1,000 kW

1,500, 1400  1,300 USD/kW 

 4.7 (

, 2550)  300  600 kW 

hub  30  40  50 

 15,000 USD 10
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  4.7 (USD)

3.0 MW 4.2 MW 7.0 MW 

1. 4,600,000 5,964,000 9,205,000

2.  (2.5%

)

hub  50 

145,000 164,100 230,125

250,000 175,000 175,000

587,500 411,250 411,250

3.

    - 

    - 

    - 262,500 183,750 183,750

4. (  5 km) 1,222,500 855,750 855,750

5. 668,720 572,289 572,949

7,736,220 8,326,139 11,633,824

 3)  

(operation cost) 

(maintenance cost) 

 1.5 – 2.0 

 2.0 

 2 

( )

 (

)  300, 600

1000 kW  10.6, 8.9  6.9 

 20 
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investment cost  4.21 – 4.23 

Cabling

16%

Land

9%

Turbine and 

Shipping

59%

Installation

2%

Support 

System

14%

 4.21 investment cost  3.0 MW 

Support 

System

9%

Installation

2%

Turbine and 

Shipping

72%

Land

7%Cabling

10%

 4.22 investment cost  4.2 MW 
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Support 

System

7%

Installation

2%

Turbine and 

Shipping

79%

Land

5%
Cabling

7%

 4.23 investment cost  7.0 MW 

4.4.2

 3.0, 4.2 

7.0 MW (NPV) (B/C)

(IRR) (PB)

 0.298 USD/kW  4.8

 4.8 

3.0 MW 4.2 MW 7.0 MW 

1. (NPV), USD -2,587,288 -810,510 3,027,284

2. (B/C) 0.82 0.94 1.17

3. (IRR), % 4.9 8.9 14.2

4. (PB),  20  20 12

 3.0 MW(

 300 kW  10 )  4.2 MW(  600 kW  7 )

 7.0 MW(  1 
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MW  7 ) NPV

B/C  1  (10.4 %)

3.8 %  12  10.4 %  7.0 

MW   0.11 USD/kWh  

(present value cost) (present value benefit)

 4.24 – 4.25 

0

5,000,000

10,000,000

15,000,000

20,000,000

25,000,000

3.0 4.2 7.0

Installed capacity (MW)

C
o

s
t 

(U
S

D
)

Present Value Cost

Present Value Benefit

 4.24

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

3.0 4.2 7.0

Installed capacity (MW)

E
le

c
tr

ic
it

y
 p

ro
d

u
c

ti
o

n
 c

o
s

t

(U
S

D
/k

W
h

)

 4.25 



 5

 5 

 10 . . 2550 

. . 2551  20, 40 

50  30 

 50 

 ( ) -

 5 – 6 m/s  3 – 5 m/s

 ( )

 4 – 6 m/s  3 – 5 m/s (

)  3 – 5 m/s 

 (10%)  

 (10%) 

 (22%)  (18%) -

 (12%) 

 (17%)

Maximum 

likelihood  (k c) ,

 , 

= 4.2 m/s   = 90.4 W/m

mV

F,MaxV vE E,maxV

Vm vE 2
 50 

WAsP 

(AEP) Bonus

1 MW AEP

(Geographic Information System, GIS) ArcGIS

131



132

 300, 600  1000 kW WAsP 

  7 MW Bonus  1 MW  7 

AEP  8.6 GWh capacity factor  14.0 %

  4.2 MW Bonus 600kW 7 AEP  5.5 GWh 

capacity factor  14.9 %   3 MW 

Bonus 300 kW  10 AEP  4.8 GWh capacity factor  18.3 %

300, 600  1000 kW  1 MW 

  0.11 USD/kWh   

 1 

 2 – 4 
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data logger text Nomad Desktop  
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(data logger) Nomad 2 

.ndf .txt Nomad 

desktop

A1.1  Nomad desktop 

1)  A1.1 tab (tool) site & configuration 

2)  ( )

3) import data into database .ndf

 2 folder .ndf

Add Import Nomad desktop 

4) muti-track export 

OK

4

2

3

1
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5)  A1.2 Averaging Interval  10 export

select tracks to export ( ctrl )

Export

A1.2  Multi-Track Export  Nomad desktop 
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source code IDL
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Source code IDL  10 

  16 

pro separate16sectors_V1 

 mem1=fltarr(1,60000)  ; sector  1 

 mem2=fltarr(1,60000)  ; sector  2

 mem3=fltarr(1,60000)  ; sector  3

 mem4=fltarr(1,60000) 
 mem5=fltarr(1,60000) 
 mem6=fltarr(1,60000) 
 mem7=fltarr(1,60000) 
 mem8=fltarr(1,60000) 
 mem9=fltarr(1,60000) 
 mem10=fltarr(1,60000) 
 mem11=fltarr(1,60000) 
 mem12=fltarr(1,60000) 
 mem13=fltarr(1,60000) 
 mem14=fltarr(1,60000) 
 mem15=fltarr(1,60000) 

 mem16=fltarr(1,60000) ; sector  16

 a=fltarr(10) ;  sector  1 

 b=fltarr(10) ;  sector  2

 c=fltarr(10) ;  sector  3

 d=fltarr(10) 
 e=fltarr(10) 
 f=fltarr(10) 
 g=fltarr(10) 
 h=fltarr(10) 
 i=fltarr(10) 
 j=fltarr(10)  
 k=fltarr(10) 
 l=fltarr(10) 
 m=fltarr(10) 
 n=fltarr(10) 
 o=fltarr(10) 

 p=fltarr(10) ;  sector  16

openr,1,'D:\WIND_PROJECT \12aug50m.txt' ; directory input 
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openw,lun,'D:\WIND_PROJECT\ \16sectors_12aug50m.txt',/get_lun ; directory 
output

  while not eof(1) do begin 
   readf,1,x1,x2,format='(f5.2,f6.2)' 

 if((x2 ge 0.0)and(x2 lt 11.25))or((x2 ge 348.75)and(x2 le 360.0)) then begin 
     mem1(0,a(0))=x1 
     a(0)=a(0)+1.0 
    endif 

      if(x2 ge 11.25)and(x2 lt 33.75) then begin  
     mem2(0,b(0))=x1 
     b(0)=b(0)+1.0 
    endif 

      if(x2 ge 33.75)and(x2 lt 56.25) then begin   
     mem3(0,c(0))=x1 
     c(0)=c(0)+1.0 
    endif 

      if(x2 ge 56.25)and(x2 lt 78.75) then begin  
     mem4(0,d(0))=x1 
     d(0)=d(0)+1.0 
    endif 

      if(x2 ge 78.75)and(x2 lt 101.25) then begin  
     mem5(0,e(0))=x1 
     e(0)=e(0)+1.0 
    endif 

      if(x2 ge 101.25)and(x2 lt 123.75) then begin  
     mem6(0,f(0))=x1 
     f(0)=f(0)+1.0 
    endif 

      if(x2 ge 123.75)and(x2 lt 146.25) then begin  
     mem7(0,g(0))=x1 
     g(0)=g(0)+1.0 
    endif 

      if(x2 ge 146.25)and(x2 lt 168.75) then begin  
     mem8(0,h(0))=x1 
     h(0)=h(0)+1.0 
    endif 

      if(x2 ge 168.75)and(x2 lt 191.25) then begin  



142

     mem9(0,i(0))=x1 
     i(0)=i(0)+1.0 
    endif 

     if(x2 ge 191.25)and(x2 lt 213.75) then begin  
     mem10(0,j(0))=x1 
     j(0)=j(0)+1.0 
    endif 

      if(x2 ge 213.75)and(x2 lt 236.25) then begin  
     mem11(0,k(0))=x1 
     k(0)=k(0)+1.0 
    endif 

      if(x2 ge 236.25)and(x2 lt 258.75) then begin  
     mem12(0,l(0))=x1 
     l(0)=l(0)+1.0 
    endif 

     if(x2 ge 258.75)and(x2 lt 281.25) then begin  
     mem13(0,m(0))=x1 
     m(0)=m(0)+1.0 
    endif 

     if(x2 ge 281.25)and(x2 lt 303.75) then begin  
     mem14(0,n(0))=x1 
     n(0)=n(0)+1.0 
    endif 

      if(x2 ge 303.75)and(x2 lt 326.25) then begin  
     mem15(0,o(0))=x1 
     o(0)=o(0)+1.0 
    endif 

      if(x2 ge 326.25)and(x2 lt 348.75) then begin  
     mem16(0,p(0))=x1 
     p(0)=p(0)+1.0 
    endif 
  endwhile 
 close,1 
  for q=1,16 do begin 
        

if(q eq 1)  then begin 
   for r=0,a(0)-1 do begin 
printf,lun,'Sector 1 = ',mem1(0,r),format='(a13,1x,f6.2)' 
   endfor 



143

printf,lun,'Total','Sector 1 = ',a(0),'99',format='(a5,1x,a12,1x,f6.0,3x,2a)' 
  endif 

  if(q eq 2)  then begin 
   for r=0,b(0)-1 do begin 
printf,lun,'Sector 2 = ',mem2(0,r),format='(a13,1x,f6.2)' 
   endfor 

printf,lun,'Total','Sector 2 = ',b(0),'99',format='(a5,1x,a12,1x,f6.0,3x,2a)' 
  endif 

  if(q eq 3)  then begin 
for r=0,c(0)-1 do begin 

printf,lun,'Sector 3 = ',mem3(0,r),format='(a13,1x,f6.2)' 
   endfor 

printf,lun,'Total','Sector 3 = ',c(0),'99',format='(a5,1x,a12,1x,f6.0,3x,2a)' 
endif

  if(q eq 4)  then begin 

   for r=0,d(0)-1 do begin 
printf,lun,'Sector 4 = ',mem4(0,r),format='(a13,1x,f6.2)' 
   endfor 
printf,lun,'Total','Sector 4 = ',d(0),'99',format='(a5,1x,a12,1x,f6.0,3x,2a)' 
  endif 

  if(q eq 5)  then begin 

   for r=0,e(0)-1 do begin 
printf,lun,'Sector 5 = ',mem5(0,r),format='(a13,1x,f6.2)' 
   endfor 

printf,lun,'Total','Sector 5 = ',e(0),'99',format='(a5,1x,a12,1x,f6.0,3x,2a)' 
endif

   if(q eq 6)  then begin 

   for r=0,f(0)-1 do begin 
printf,lun,'Sector 6 = ',mem6(0,r),format='(a13,1x,f6.2)' 
   endfor 

printf,lun,'Total','Sector 6 = ',f(0),'99',format='(a5,1x,a12,1x,f6.0,3x,2a)' 
  endif 

  if(q eq 7)  then begin 
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   for r=0,g(0)-1 do begin 
printf,lun,'Sector 7 = ',mem7(0,r),format='(a13,1x,f6.2)' 
   endfor 

printf,lun,'Total','Sector 7 = ',g(0),'99',format='(a5,1x,a12,1x,f6.0,3x,2a)' 
   endif 

   if(q eq 8)  then begin 

   for r=0,h(0)-1 do begin 
printf,lun,'Sector 8 = ',mem8(0,r),format='(a13,1x,f6.2)' 
   endfor 

printf,lun,'Total','Sector 8 = ',h(0),'99',format='(a5,1x,a12,1x,f6.0,3x,2a)' 
   endif 

   if(q eq 9)  then begin 

   for r=0,i(0)-1 do begin 
printf,lun,'Sector 9 = ',mem9(0,r),format='(a13,1x,f6.2)' 
   endfor 

printf,lun,'Total','Sector 9 = ',i(0),'99',format='(a5,1x,a12,1x,f6.0,3x,2a)' 
endif

  if(q eq 10)  then begin 

   for r=0,j(0)-1 do begin 
printf,lun,'Secttor 10 = ',mem10(0,r),format='(1x,a13,1x,f6.2)' 
   endfor 

printf,lun,'Total','Sector 10 = ',j(0),'99',format='(a5,1x,a13,1x,f6.0,3x,2a)' 
  endif 

   if(q eq 11)  then begin 

   for r=0,k(0)-1 do begin 
printf,lun,'Sector 11 = ',mem11(0,r),format='(1x,a13,1x,f6.2)' 
   endfor 

printf,lun,'Total','Sector 11 = ',k(0),'99',format='(a5,1x,a13,1x,f6.0,3x,2a)' 
  endif 

   if(q eq 12)  then begin 

   for r=0,l(0)-1 do begin 
printf,lun,'Sector 12 = ',mem12(0,r),format='(1x,a13,1x,f6.2)' 
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   endfor 

printf,lun,'Total','Sector 12 = ',l(0),'99',format='(a5,1x,a13,1x,f6.0,3x,2a)' 
   endif 

    if(q eq 13)  then begin 

   for r=0,m(0)-1 do begin 
printf,lun,'Sector 13 = ',mem13(0,r),format='(a13,1x,f6.2)' 
     endfor 

printf,lun,'Total','Sector 13 = ',m(0),'99',format='(a5,1x,a12,1x,f6.0,3x,2a)' 
   endif 

   if(q eq 14)  then begin 

   for r=0,n(0)-1 do begin 
printf,lun,'Secttor 14 = ',mem14(0,r),format='(1x,a13,1x,f6.2)' 
   endfor 

printf,lun,'Total','Sector 14 = ',n(0),'99',format='(a5,1x,a13,1x,f6.0,3x,2a)' 
   endif 

   if(q eq 15)  then begin 

   for r=0,o(0)-1 do begin 
printf,lun,'Sector 15 = ',mem15(0,r),format='(1x,a13,1x,f6.2)' 
   endfor 

printf,lun,'Total','Sector 15 = ',o(0),'99',format='(a5,1x,a13,1x,f6.0,3x,2a)' 
        endif 

   if(q eq 16)  then begin 

   for r=0,p(0)-1 do begin 
print,'Sector 16 = ',mem16(0,r),format='(1x,a13,1x,f6.2)' 
   endfor 

,lun,'Total','Sector 16 = ',p(0),'99',format='(a5,1x,a13,1x,f6.0,3x,2a)' 
  endif 
 endfor 

 free_lun,lun 

end
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Source code IDL (Wind Rose) 

;********************************************
;
; plot windrose by Itsara Masiri 
;
; March 2009 
;
;********************************************
;MAIN ++ 
pro plot_windrose_v3_S15 
 device,decomposed=0 
 loadct,0 

 wind_prof=fltarr(2,16)
 read_dat,wind_prof,file 

 if (file ne '') then begin 
  draw_bg 
  draw_rose,file,wind_prof 
 endif 
end
;------------------------------
; Subroutines 
;------------------------------
;ANSI Accepted only... 
pro read_dat,wind_prof,file 

file=dialog_pickfile(/read,path='D:\WindRose\Monthly\Siemreap\20m',filter='*.txt') 
    dat=fltarr(2) 
    dat(*)=0.0 
 n=0 
 head='' 

 if (file ne '') then begin 

  openr,1,file 
  readf,1,head,format='(a10,/)' 

  for i=1,16  do begin 

   line='' 
   ws=0.0 
   fr=0.0 
   readf,1,line 
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   get_dat,line,id,ws,fr 
   wind_prof[0,id-1]=ws 
   wind_prof[1,id-1]=fr 
 ;  print,i,id,ws,fr 
  endfor 
  close,1 
 endif else file='' 
end

pro draw_rose,file,wind_prof 
 loadct,13 

 bx=fltarr(26) 
 by=fltarr(26) 
 wprof=fltarr(129,3) ; blade: freq,speed,dir 
 maxscale=15.0 ; of 100% 
 iblade=0 
 hmax=10.0 ; pixel (relative to the plot scale.) 
 ;---------------- 
 ; now drawing... 
 ;---------------- 
 for i=1,16  do begin 

  h=wind_prof(1,i-1)*hmax/maxscale 
  ws=wind_prof(0,i-1) 
  idir=i-1 
  get_icor,ws,ic 
  draw_blade,idir,h,ws,bx,by 
  polyfill,bx,by,color=ic 
  oplot,bx,by,color=0,thick=1 
 endfor 
;************* colour scale
 ih=50 
 ws=1.0 
 for i=1,11  do begin 
  get_icor,ws,ic 
  polyfill,[760,800,800,760],[ih,ih,ih+20,ih+20],color=ic,/device 
  if (i le 10) then begin 
   xyouts,813,ih+6,string(ws,format='(f4.1)'),color=0,/device 
  endif else xyouts,805,ih+6,'>11.0',color=0,/device 
  ws=ws+1.0 
  ih=ih+22 
 endfor 
 xyouts,810,ih+6,'m/s',color=0,/device 

end
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pro draw_bg 

 window,1,xsize=850,ysize=850,xpos=300,ypos=10 

 r=!pi/180.0 
 rad=10.0 

 x1=fltarr(360) 
 y1=fltarr(360) 
 x2=fltarr(360) 
 y2=fltarr(360) 
 x3=fltarr(360) 
 y3=fltarr(360) 
 x4=fltarr(360) 
 y4=fltarr(360) 
 x5=fltarr(360) 
 y5=fltarr(360) 

 for i=0,359  do begin 
  x1(i)=10.0*cos(i*r) 
  y1(i)=10.0*sin(i*r) 
  x2(i)=8.0*cos(i*r) 
  y2(i)=8.0*sin(i*r) 
  x3(i)=6.0*cos(i*r) 
  y3(i)=6.0*sin(i*r) 
  x4(i)=4.0*cos(i*r) 
  y4(i)=4.0*sin(i*r) 
  x5(i)=2.0*cos(i*r) 
  y5(i)=2.0*sin(i*r) 
 endfor 

 plot,[0,0],[0,0],color=255,background=255,position=[0.05,0.05,0.96,0.95],xra
nge=[-11,11],yrange=[-11,11],xstyle=1,ystyle=1
 oplot,x1,y1,color=0 
 oplot,x2,y2,color=100,linestyle=1 
 oplot,x3,y3,color=100,linestyle=1 
 oplot,x4,y4,color=100,linestyle=1 
 oplot,x5,y5,color=100,linestyle=1 

 oplot,[-10.2,10.2],[0,0],color=0 ; NS 
 oplot,[0,0],[-10.2,10.2],color=0 ; EW 
 oplot,[rad*cos(45.0*r),rad*cos((180.0+45.0)*r)],[rad*sin(45.0*r),rad*sin((180
.0+45.0)*r)],color=0 ; NWESC--> and so on.. 
 oplot,[rad*cos(22.5*r),rad*cos((180.0+22.5)*r)],[rad*sin(22.5*r),rad*sin((180
.0+22.5)*r)],color=0 
 oplot,[rad*cos(67.5*r),rad*cos((180.0+67.5)*r)],[rad*sin(67.5*r),rad*sin((180
.0+67.5)*r)],color=0 



149

 oplot,[rad*cos(112.5*r),rad*cos((180.0+112.5)*r)],[rad*sin(112.5*r),rad*sin((
180.0+112.5)*r)],color=0
 oplot,[rad*cos(135.0*r),rad*cos((180.0+135.0)*r)],[rad*sin(135.0*r),rad*sin((
180.0+135.0)*r)],color=0
 oplot,[rad*cos(157.5*r),rad*cos((180.0+157.5)*r)],[rad*sin(157.5*r),rad*sin((
180.0+157.5)*r)],color=0

 xyouts,-0.2,10.8,'N',charsize=2,color=0 
 xyouts,-0.2,-11.2,'S',charsize=2,color=0 
 xyouts,-11.2,-0.2,'W',charsize=2,color=0 
 xyouts,11.0,-0.2,'E',charsize=2,color=0 

xyouts,rad*cos(45.0*r)+0.2,rad*sin(45.0*r)+0.2,'NE',charsize=2,color=0 
xyouts,rad*cos(45.0*r)+0.1,rad*sin((180.0+45.0)*r)-0.8,'SE',charsize=2,color=0 
xyouts,rad*cos((180.0+45.0)*r)-1.2,rad*sin(45.0*r)+0.2,'NW',charsize=2,color=0 
xyouts,rad*cos((180.0+45.0)*r)-1.2,rad*sin((180.0+45.0)*r)-
0.8,'SW',charsize=2,color=0 
xyouts,rad*cos(22.5*r)+0.2,rad*sin(22.5*r)+0.1,'ENE',charsize=2,color=0 
xyouts,rad*cos(22.5*r)+0.2,rad*sin((180.0+22.5)*r)-0.4,'ESE',charsize=2,color=0 
xyouts,rad*cos((180.0+22.5)*r)-2.0,rad*sin(22.5*r)+0.1,'WNW',charsize=2,color=0 
xyouts,rad*cos((180.0+22.5)*r)-2.0,rad*sin((180.0+22.5)*r)-
0.4,'WSW',charsize=2,color=0 
xyouts,rad*cos(67.5*r)-0.4,rad*sin(67.5*r)+0.4,'NNE',charsize=2,color=0 
xyouts,rad*cos(67.5*r)-0.4,rad*sin((180.0+67.5)*r)-1.0,'SSE',charsize=2,color=0 
xyouts,rad*cos((180.0+67.5)*r)-1.4,rad*sin((180.0+67.5)*r)-
1.0,'SSW',charsize=2,color=0 
xyouts,rad*cos((180.0+67.5)*r)-1.4,rad*sin(67.5*r)+0.4,'NNW',charsize=2,color=0 
xyouts,[-0.9,-0.9,-0.6,-0.6,-0.6,-0.6,-0.6,-0.6,-0.9,-0.9],$
[-9.8,-7.8,-5.8,-3.8,-1.8,2.2,4.2,6.2,8.2,10.2],$
['15','12','9','6','3','3','6','9','12','15'],charsize=2,color=0 ;vertical 
xyouts,[-9.9,-7.8,-5.8,-3.8,-1.8,2.2,4.2,6.2,8.2,10.1],$
[-0.7,-0.7,-0.7,-0.7,-0.7,-0.7,-0.7,-0.7,-0.7,-0.7],$
['15','12','9','6','3','3','6','9','12','15'],charsize=2,color=0 ; horizontal 

end

pro draw_blade,idir,h,ws,bx,by 

 r=!pi/180.0 
 bx(*)=0.0 
 by(*)=0.0 
 deg=[0.0,22.5,45.0,67.5,90.0,112.5,135.0,157.5,180.0,202.5,225.0,247.5,270.0
,292.5,315.0,337.5]
 ;         N    NNE   NE  E   ESE .. and so on 

 d=deg[idir]-11.25 
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 for i=1,24  do begin 
  bx(i)=h*sin(d*r) 
  by(i)=h*cos(d*r) 
  d=d+1.0 
 endfor 

end

pro get_dat,line,id,ws,fr 

 id=0 
 f=0 
 fr=0.0 
 ws=0.0 

 get_str=str_sep(line,' ') 
 openw,8,'c:\scommon' 
 printf,8,get_str[0] 
 printf,8,get_str[2] 
 printf,8,get_str[3] 
 close,8 

 openr,8,'c:\scommon' 
 readf,8,id 
 readf,8,f & fr=f*1.0 
 readf,8,ws 
 close,8 
end

;-------------------
; color table 
;-------------------
pro get_icor,ws,ic 
 if (ws gt 0.0) and (ws le 1.0) then ic=5 ; 1 
 if (ws gt 1.0) and (ws le 2.0) then ic=20 
 if (ws gt 2.0) and (ws le 3.0) then ic=50 
 if (ws gt 3.0) and (ws le 4.0) then ic=90 
 if (ws gt 4.0) and (ws le 5.0) then ic=110 
 if (ws gt 5.0) and (ws le 6.0) then ic=190 
 if (ws gt 6.0) and (ws le 7.0) then ic=205 
 if (ws gt 7.0) and (ws le 8.0) then ic=220 
 if (ws gt 8.0) and (ws le 9.0) then ic=230 
 if (ws gt 9.0) and (ws le 10.0) then ic=245 
 if (ws gt 10.0) then ic=255 ; 11 
end



151

Source code IDL

Vm (m/s)  VFmax (m/s)  VEmax (m/s)   EV (W/m2) Weibull 

parameters (k c)

pro cal_weibull_v2

k=2.17      ;Weibull shape factor (INPUT) 

c=3.50      ;Weibull scale factor (INPUT) 

v_mean=0.00

den=1.2     ;Air density 

x=1.0+1.0/k

x3=1.0+3.0/k

gamma1=gamma(x)

gamma3=gamma(x3)

v_mean=c*gamma1      ;predicted mean wind speed. 

v_most=c*((k-1.0)/k)^(1.0/k)   ;the most of wind speed. 

v_e_max=c*((k+2.0)/k)^(1.0/k)   ;wind speed of maximum energy. 

power_den=0.5*den*(c^3.0)*gamma3 ;mean power density of This condition. 

print,'shape factor = ',k,'(-)' 
print,'scale factor = ',c,' (m/s)' 
print,'predicted wind speed =',v_mean,' m/s' 
print,'most of wind speed =',v_most,' m/s' 
print,'wind speed of Maximum Energy =',v_e_max,' m/s' 

print,'mean power density =',power_den,' W/m^2'

end
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Universal Transverse Mercator(UTM) 
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UTM (Universal Transverse Mercator) 

 UTM  (

A3.1)  (central meridian) 

 116.7 
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 UTM  60 (zone)  6 

 3 -  84 N  80 S

 UTM  A3.2  48P
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 A3.2  UTM 
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(wind turbine) 
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axial wind turbine, HAWT)  (Vertical axial wind 

turbine, VAWT)  2 
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(yaw)
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2)  (VAWT) 

 A4.2 

(Darrieus VAWT) (Savonius

VAWT) (Musgrove VAWT) 
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 A4.3 HAWT VAWT 
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power curve 

power curve 
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(Geographic Information System, GIS)
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(Geographic Information System, GIS)
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(geocode)

 5 

(hardware) (software) (methodology) 

(data)  (people) 

 1)  

(digitizer) (global

positioning system, GPS) 

2)

MS-WINDOWS, MS-OFFICE 

ArcInfo, MapInfo, MapwindowGis 

 3)  
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 5)  (people)  4 

 5 

 1)  (input)
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(digital format) 
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2) (manipulation) 

(scale)
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3) (Management)

GIS DBMS (Database Management System) 

DBMS Relational

 A5.2

  A5.2

4) (query and analysis) 

GIS

 5 m/s
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GIS (proximity buffer)

(overlay analysis)

5) (Visualization)

(Chart)  2  3 
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:  1MW  1 

 1,687,124 USD  8.3 %

 1 MW

 1,297,142 kWh  0.298 USD/kWh 

. . 2007  16.9  5.9 %

20  10%

(NPV) (B/C) (IRR)

B  = (AEP)A

 BA = 1,297,142 0.298

            = 386,549 USD/year

 CI  = 1,687,124 USD

1 0.169
1 0.104

1 0.059
I

  m  = 0.083

  n   = 20

  S  =  (0.1 1,687,124)/(1+0.104)
20

= 23,322 USD

(NPV)  (B/C)

20 20

20 20

1 0.104 1 1 0.104 1
386549 1687124 1 0.083 23322 378893

0.104(1 0.104) 0.104(1 0.104)
NPV USD

20

20

20

20

1 0.104 1
386549

0.104(1 0.104)
1.134

1 0.104 1
1687124 1 0.083 23322

0.104(1 0.104)

BCR

0.104 (1687124 23322)
ln 1

386549 (0.083 1687124)
12.23

ln(1 0.104)
n year
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(IRR) Newton – Raphson 

IRR  0.134 0.00001   

(Cost/kWh)  10.4 %

20

20

1 0.104 1
1687124 1 0.083 23322

0.104(1 0.104)
/ 0

1297142 20
Cost kWh USD kWh.1089 /
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