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Analysis of wind speed probability distribution and wind turbine generator capacity factor

MU Yu-giang, WANG Xiu-li, BIE Zhao-hong,XU Lin, ZHU Wei-ping
(School of Electrical Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: Three functions are used for fitting the 10 mins mean wind speed probability distribution. Weibull distribution gives a
better result. The scale and shape parameters of Weibull distribution are estimated using three methods. The suitability of the
estimated methods is judged from the ability to describe the experimental wind power density distribution. Also the paper proposes a
method to calculate the wind power density distribution. The Gumbel distribution is adopted in this study to fit the extreme wind
speed data. It is found from the result that the Gumbel distribution is suitable. The wind speed data in the chronological (time-series)
format and probabilistic (Weibull) format are used to estimate the monthly capacity factor of Growian-3MW turbine. It is shown that
the strong wind period leads to significantly higher capacity factors than the weak wind period. Capacity factor of fifteen turbines at
one site is done using the Weibull approach. The result will enable the wind power developer to make a judicious choice from kinds
of wind turbine generators.
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Tab.1 Specification of wind turbine generators

o , P, H 1A v, Voo
e Bs AW | im | Koss) | Ky | Kss)
1 GROWIAN 3000 | 100 | 63 118 24
2 GAMMA-60 | 1500 | 66 5 13.3 27
3 | JACOBS48/750 | 750 | 75 | 32 15 25
4 NM 600743 600 | 56 4 15 25
5 CONE-450 450 | 50 3 12 25
6 MS-2-1 250 | 25 5 13.5 25
7 MEDIT 225 | 26 | 48 | 16 | 23
8 FD-24-200 200 | 30 | 45 14 28
9 M30 200 | 30 5 11 20
10 | WIND-MASTER | 100 | 23 | 45 | 108 22
2 BHIRSHH
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Tab.2 Values of the estimated parameters and R-Square of the
Gumbel distribution

d b R-Square
Stal-MAX 4.442 8.375 0.995
Sta2-MAX 4.006 8.004 0.993 5
Sta3-MAX 4.203 7.335 0.9958

| BRI SR
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20 25
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B 1 ZSHRRREER Gumbe | HHRUSTE
Fig. 1 Gumbel distribution of the extreme wind speed in station
three
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mean wind speed in station two
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Tab.3 Comparison of different cumulated distributions of the mean wind speed in three stations

SALR Weibull 4} 7 Rayleigh 737f LogNormal 434

BH k c R-Square a R-Square U (o} R-Square
Stal-EVA 2.177 10.25 0.997 4 7.24 0.996 2 2.126 0.4913 0.9877
StaZ-EVA 2.389 9.129 0.994 4 6.433 0.989 8 2.028 0.45 09811
Sta3-EVA 2.063 8.341 0.998 4 5.895 0.998 2 1.907 0.519 0.988 6

F 4 =Mt AR
Tab.4 Shape and scale parameters for the three stations using three methods

(R EcdE]E] AT Bph T

BHK k c £ k ¢ £ k c E
Stal-EVA 1.787 9.3259 0.130 2.0892 10.1523 0.047 1 2177 10.25 0.0333
Sta2-EVA 1.838 8.0174 0.179 22501 8.948 5 0.070 9 2.389 9.129 0.0459
Sta3-EVA 1.8 7.567 0.108 20372 8.2651 0.037 1 2.063 8.341 0.0312
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Tab.5 Turbine specifications and their capacity factors

2= CF H P, |Vi/Hpac Ve Vr Vil Vy
/m | kW -Vincaal

1 0.5087 | 100 | 3000 | 1.628615 | 2.0339 0.5339
2 04786 | 66 | 1500 | 3.282295 | 2.03008 | 0.37594
3 04975 | 75 750 | 4455735 | 166667 | 0.21333
4 0.4481 | 56 600 | 4.875964 | 1.66667 | 0.266 67
5 0.5820 | 50 450 | 2.569872 | 2.08333 0.25

6 0.3955 | 25 250 | 4771706 | 1.85185 | 0.37037
7 04747 | 26 225 3.020749 | 1.98276 | 041379
8 04148 | 30 200 | 4.948217 2 0.32143
9 04931 | 30 200 | 2318756 | 1.81818 | 0.45455
10 05099 | 23 100 | 2450142 | 2.03704 | 041667
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Fig.3 Comparison of the monthly capacity factors using the
chronological approach, the Weibull approach in 2006
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