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Wind energy assessment at complex terrain

using mixture probability distribution
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Abstract

This paper presents a method for assessing the wind energy potential at complex terrain using probability
distribution. And the proper probability models of the parameters estimating the wind energy are presented. Finally
a mixture-Weibull determined by numerical methods procedure are proposed to assess the probability distribution
of the energy potential at a site. The developed method is applied to the Kwanjungchun Bridge and compared with
wind records which the neighboring weather station.

Keywords : Wind energy (&3 o4 %]), Wind resource assessments(&2 oA 7}) Probability density function
(FEH =), Mixture-Weibull distribution(&g-elo] &%), Estimations of parameters(vj7H¥4 F4)

Il =M d m;” : The set of statistical moments
with respect to the origin of the

A Rotor swept area [m’] sample
C  : Scale parameter [m/s] N : Number of data
E  : Energy production [Wh] P Wind power
f . Probability density function P, : Power performance of wind turbine
k  : Shape parameter [W]
my” © Simple mean s* : Variance
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Jaramillo and Borja(2004)[4], Carta and
Ramirez(2007)[3] 52 F 741 +4 24
7} &3%El Weibull # ¥(two-components
Mixture-Weibull distribution)& A}F-&3}¢
T59 FEURTTE AT
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1) ZWEW (Method of moments)
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2 <= (Newton-Raphson rnethod),
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Fig. 1 Installed wind turbine, Skystream 3.7

Table. 1 Specification of installed wind turbine

Product name

Skystream 3.7

Maker Southwest (USA)
Type Horizontal axis
Rated power 2.4 (kW)
Cut-in wind speed 3.5 (m/s)
Rated wind speed 13 (m/s)
Diameter of blade 3.72 (m)
Weight (except tower) 77 (kg)
Installed date at site 2011.11.15
S AT FHUIHE 71HAA
AlFaheE 20119 19 1¥95-5 20119 129 31
A7kA] wf10EgtA o= 574 9 7] 5% o]
HeE olgagien, volt 482 2] A
A 5T 99%0] o] th
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Fig. 2. Geographical position and topographic condition

Table. 2 Information of sites

Site name Period of Height of
(Abbreviation) measurement | sensors (m)
FHHn (KJC) 2012.01.20~05.30 43
FFAWS (YY) 2011.01.01~12.31 10

35718854 (GR) | 2011.01.01~12.31 17.9
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Fig. 3 10 minute average wind speed according
to the wind direction of each site

Table. 3 Wind direction frequency and mean wind speed
of each site according to the azimuth

Azimuth Frequency (%) Mean Wind Speed (m/s)
(deg) | KJC YY GR KJC YY GR
0 4 3.5 5.7 259 | 2.71 2.04

22.5 4.6 3.9 43 3.02 | 244 | 192
45 5.6 3 3.8 3.85 | 2.03 | 1.65
67.5 4.6 3.6 3.5 4.03 | 230 | 158
90 1.4 6.1 4 147 | 255 | 1.73
112.5 0.8 4.8 4.6 1.26 | 2.11 | 2.05
135 0.7 3 3.2 119 | 153 | 1.89
157.5 1.1 2.3 1.9 1.23 | 1.20 | 1.46
180 7.6 3.5 1.7 1.90 | 1.53 | 1.26
2025 | 316 7.1 2.4 430 | 212 | 141
225 229 | 179 5.3 451 | 332 | 187
47.5 5 135 | 223 | 258 | 3.75 | 3.15
270 2.7 5.7 226 | 2.11 | 1.85 | 3.20
92.5 24 10.5

5.1 221 | 1.74 | 237
315 2.6 1.1 3.9 287 | 2.02 | L.75
337.5 2.3 3.9 5.0 2.67 2.0 1.88
Total | 100 100 100 | 3.61 | 2.49 | 2.45
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Fig. 4 Wind direction frequency and mean wind speed
of each site according to the azimuth
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