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Estimation of the optimal probability distribution for daily electricity generation
by wind power in rural green-village planning
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Abstract

This study aims to estimate the optimal probability distribution of daily electricity generation by wind power,
in order to contribute in rural green-village planning. Wind power generation is now being recognized as one of
the most popular sources for renewable resources over the country. Although it is also being adapted to rural
area for may reasons, it is important to estimate the magnitudes of power outputs with reliable statistical
methodologies while applying historical daily wind data, for correct feasibility analysis. In this study, one of the
well-known statistical methodology is employed to define the appropriate statistical distributions for monthly
power outputs for specific rural areas. The results imply that the assumption of normal distributions for many
cases may lead to incorrect decision-making and therefore lead to the unreliable feasibility analysis. Subjective
methodology for testing goodness of fit for normal distributions on all the cases in this study, provides
possibilities to consider the other various types of statistical distributions for more precise feasibility analysis.
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specfceton 50 50 kW WAFS T o|RHH YUR AYABREGE
Cut=in wind speed 2m/s 3m/s E&39ch
Rated wind speed 10 m/s 12 m/s
Cut-out wind speed 25 /s 25 m/s 0 =X Zn}
Rated power 5 KW 750 kW e =
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Table 2 Working day and its corresponding probability for electronic generation

(1977-2006)

in each village

Village Spec. Items Month Average
kW) L | 2|3 | 4| 5|6 | 7|89 |10]1|12
_ WDEG" 242 | 271 | 332 | 342 | 244 | 134 | 150 | 99 71 96 165 | 183 166.79
Viakhytn v PWDEG? | 0.26 | 029 | 0.36 | 0.37 | 0.26 | 0.14 | 0.16 | 0.11 | 0.08 | 0.10 | 0.18 | 0.20 0.35
_ WDEG 131 | 155 | 180 | 185 | 104 | 50 66 38 27 32 87 98 146
70 PWDEG 0.14 | 0.17 | 0.19 | 0.20 | 0.11 | 0.05 | 0.07 | 0.04 | 0.03 | 0.03 | 0.09 | 0.11 0.10
_ WDEG 496 | 483 | 637 | 664 | 640 | 489 | 551 | 443 | 350 | 332 | 443 | 447 460
Boojang v PWDEG 0.53 | 0.52 | 0.68 | 0.71 | 0.69 | 0.53 | 0.59 | 0.48 | 0.38 | 0.36 | 0.48 | 0.48 0.54
750 WDEG 341 | 352 | 466 | 497 | 462 | 305 | 425 | 316 | 221 | 227 | 304 | 317 383
PWDEG 0.37 1 0.38 | 0.50 | 0.53 | 0.50 | 0.33 | 0.46 | 0.34 | 0.24 | 0.24 | 0.33 | 0.34 0.38
_ WDEG 302 | 355 | 488 | 531 | 448 | 308 | 365 | 341 | 226 | 254 | 292 | 290 323
Soso v PWDEG 0.32 ] 0.38 | 052 | 0.57 | 048 | 0.33 | 0.39 | 0.37 | 0.24 | 0.27 | 0.31 | 0.31 0.37
_ WDEG 181 | 215 | 295 | 314 | 233 | 126 | 170 | 130 | 101 | 110 | 168 | 163 227
70 PWDEG 01910231032 034|025 |014|018 | 0.14 | 0.11 | 0.12 | 0.18 | 0.18 0.20
note)  WDEG: working day for electronic generation, 2 PWDEG: probability of WDEG
Table 3 Optimal probability distribution of wind power generation for each month at village of Makhyun
(5kW)
Items Month
1 2 3 4 5 6 7 8 9 10 11 12
D' LL” LN” pV” PV EP” EP EP EP EP IG” 1G PV
mean 18.35 15.04 14.59 14.40 10.72 10.36 9.91 10.50 10.29 9.92 12.17 13.93
., ¥=5.23
e e e e e R O e T L e bt P
e 24.83 | 3562 | 36.16 35.37 2170 | 20.87 | 47.89 20.32 13.90 | 25.03 15.87 | 28.42
“Efﬁ“ 1377 | 1429 | 1356 | 1329 | 1075 | 1040 | 994 | 1055 | 1036 | 992 | 1217 | 12.84
D' Va{;”;e 991 | 988 | 99 | 1000 | 588 | 579 | 473 | 649 | 530 | 547 | 717 | 810
skewness | 2.88 2.09 3.03 3.40 2.33 2.23 1.92 2.34 1.83 2.45 2.18 1.85
XQ 4.91E+05] 9432.00 |7.71E+08(1.93E+09| 101.40 | 146.70 |8,816.00| 134.50 | 186.80 |1,957.00 [2.47E+04| 175.80
| a=0025 | 2749 | 2885 | 3153 | 3153 | 2749 | 2334 | 2334 | 2048 | 1902 | 2048 | 2474 | 2612
v a=0.01 3058 | 32.00 | 34.81 34.81 3058 | 26.22 | 26.22 23.21 21.67 | 23.21 27.69 29.14

Note: ~ TD: Type of distribution, OD: Optimal distribution, ND: Normal distribution, TV: Threshold value,

PV: Pearson V, EP: exponential, IG: Inverse Gaussian
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Table 4 Optimal probability distribution of wind power generation for each month at village of Makhyun

(750kW)
Month
Items —
1 2 3 4 5 6 7 8 9 10 11 12
o IN” GB” LN LN 1G” GB GB G GB GB GB GB
mean | 1,311.56|1,242.18 | 1,305.84 |1,623.87| 800.80 | 841.75 | 628.87 | 891.87 | 799.77 | 809.22 | 900.79 |1,072.31
oD’ 1=1,039 | @, =0.54 |1=1,029.81| u=1,329 |u=555.32| &4 =0.48 | o =0.28 |};=635.88| @, =0.51 | c; =0.46 |y, =0.36 | =0.40
Parameters|

0=2,119 | 0,=6.38 |0=1,347.46| 0=5,801 [A=291.19| 0, =4.07 | 0, =2.37 [A=336.81| 1, =2.60 | 0,=3.30 |, =3.36| 0, =1.68
¥ | 2043 | 4017 | 1344 | 2480 | 786 | 7.04 | 1959 | 555 | 054 | 434 | 2495 | 1592

r?ii“ 1,204.03 [ 1,241.17| 1,174.02 |1,141.31 | 800.80 | 843.55 | 632.98 | 891.86 | 799.46 | 803.06 | 907.02 |1,050.79

variance

ND* (%) 1,235.18| 1,153.74| 1,261.76 |1,309.88 | 668.05 | 645.58 | 461.93 | 768.59 | 550.49 | 651.17 | 786.23 | 905.12
g

skewness | 3.02 2.08 3.18 3.58 2.51 2.40 2.67 2.06 1.79 2.10 2.58 1.72
i 5,434.00 | 1,860.00 | 9.66E+06 |1.12E+07| 66.69 | 166.60 | 1426.00 | 55.14 | 12.73 | 37.85 |[4,738.00| 105.20
a=0.025 | 23.34 | 24.74 26.12 2612 | 2192 | 1601 | 19.02 | 1601 | 11.14 | 12.83 | 2048 | 20.48

a=0.01 | 26.22 | 27.69 20.14 29.14 | 2473 | 1848 | 21.67 | 1848 | 13.28 | 15.09 | 23.21 | 2321

Note: ~ TD: Type of distribution, OD: Optimal distribution, ND: Normal distribution, TV: Threshold value, ™ LN: log normal, GB: generalized
beta, 1G: Inverse Gaussian

nu

Table 5 Optimal probability distribution of wind power generation for each month at village of Boojang

(5kW)
Month
Items —

1 2 3 4 5 6 7 8 9 0 | 1 12
™ | e | v |60 [ [ v [ 6 [ R | v [ eV [ [N BV
mean | 1796 | 1966 | 1873 | 2902 | 1811 | 1496 | 2022 | 1920 | 1761 | 1675 | 1662 | 17.77

oD | o] 0220 | @=221 | p=14386 gi;ig 0=22L [u=1051| o oo | 0=191 | a=L63 éfégg n=1190 | 0=2.33
B=19.16 | B=21.84| A=1160 | © 7 | B=19.29| A=6.78 |© 7| p=1483| =872 | * =7 | 0=16.17 | B=2L15
a=1.41 a=1.71
X | 5603 | 2864 | 4833 | 66.80 | 4542 | 3L96 | 4445 | 2200 | 1156 | 2012 | 2245 | 3187
mean

W 16.68 | 1835 | 1873 | 2022 | 17.01 | 1496 | 2024 | 1761 | 1542 | 1464 | 16.12 16.74

variance

ND* (%) 1249 | 1465 | 1528 | 1839 | 1313 | 11.38 | 1575 | 1555 | 14.34 | 1115 | 1242 12.36
o

skewness | 2.34 2.54 243 2.72 2.50 2.27 2.00 2.94 3.31 3.22 2.96 2.24
P 2.66E+07|7.90E+ 06(2.37E+ 05[3.09E+ 05(4.78E+ 08]3.31E+ 06/8.67E+ 03|1. 10E+ 07| 1.28E+ 05[1.58E+ 08|8.73E+ 10| 1.22E+ 05

a=0.025 | 3548 | 3548 | 3808 | 39.36 | 38.08 | 3548 | 36.78 | 3417 | 31.53 | 3153 | 3417 | 34.17

a=0.01 | 3893 | 3893 | 41.64 | 4298 | 4164 | 3893 | 4029 | 3757 | 3481 | 3481 | 3757 | 37.57

Note: * TD: Type of distribution, OD: Optimal distribution, ND: Normal distribution, TV: Threshold value, " PV: Pearson V, IG: Inverse
Gaussian, LL: log logistic, EP: exponential, LN: log normal
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Table 6 Optimal probability distribution of wind power generation for each month at village of Boojang
(750kW)

Month
1 2 3 4 5 6 7 8 9 10 11 12
D LN LN 1IG” LN 1G GB” G LN 1G LN LN LN
mean | 1,527.80 | 1,728.85 | 1,654.25|2,198.57 | 1,400.33 | 1,265.67 | 1,769.49 | 1,764.61 | 1,371.77 | 1,242.67 | 1,482.59 | 1,483.63

oD Parametersu:1,340.25u:1,531.2u=1,519.311=1,982.8 1=1,258 | ;=040 |4=1,659.5u=1,542. 1ju=1,184.1ju=1,015.3u=1,271.1|{p=1,283.12
0=2,281.84/0=2,864.0|A=649.44|0=5,333.3 A=587.8 | cr,=4.45 | A=795.2 |0=4,209.5 A=283.7 |0=2,736.30=2,788.40=2,347.20

i 18.42 15.09 | 3538 | 37.25 | 25.02 | 3393 | 4491 | 1604 | 1696 | 1093 | 27.30 37.66

Items

mean

(W)

D Va(”az“;e 1,490.23 | 1,841.12 | 1,922.35 | 2,583.58 | 1,592.67 | 1,352.93 | 1,909.85 | 2,078.43| 1,932.78 | 1,365.61 | 1,584.55 | 1425.27
a

1,429.85 | 1,609.03 | 1,654.20 | 1,894.64 | 1,400.36 | 1,272.63 | 1,769.45 | 1,543.78 | 1,371.77 | 1,093.62 | 1,325.60 | 1,371.43

skewness | 2.71 3.21 2.95 3.54 3.04 2.32 2.17 3.61 3.30 3.63 4.38 2.58
e 2.24F+08 |9.33E+09(9.20E+ 08| 1.06E+ 07|1.46E+ 11|1.46E+ 06(1. 16E+ 11/6.60E+ 10| 1. 14E+05|1.13E+ 08| N/A | 1.77E+05

a=0.025 | 3153 3153 | 3417 | 3548 | 3417 | 3019 | 3417 | 3019 | 2749 | 2749 | 30.19 30.19

a=0.01 | 34.81 3481 | 3757 | 3893 | 3757 | 3341 | 37.57 | 3341 | 3058 | 3058 | 3341 3341

Note: ~ TD: Type of distribution, OD: Optimal distribution, ND: Normal distribution, TV: Threshold value, ~ LN: log normal, IG: Inverse
Gaussian, GB: generalized beta

v

Table 7 Optimal probability distribution of wind power generation for each month at village of Soso

(5kW)

Month
1 2 3 4 5 6 7 8 9 10 11 12
D IG™ PV* PV LN™ LN 1G PV 1G L LL 1G 1G
mean 16.29 21.50 16.18 14.85 11.79 10.87 11.33 10.38 12.00 15.12 13.22 | 14.01
¥=5.07 | ¥=5.29
[3=3.84 | B=3.47
a=1.78 | a=1.41
X 37.72 4152 31.97 54.58 24.29 60.70 40.14 61.27 20.16 28.53 37.12 | 42.56

Items

oD’ p=11.95 | a=1.49 | a=2.70 | p=9.97 | p=7.24 | p=6.15 | a=2.87 | p=5.54

1=8.90
Parameters '\ o o1 | 5889 | B=26.13 | 0=1525 | =751 | A=412 | B=15.25 | A=3.75

i
A=T.14 | A=

mean
(W

N Va(”az“;e 1373 | 1429 | 1311 | 1091 | 591 | 687 | 600 | 601 | 536 | 655 | 889 | 1010
a

16.29 16.74 15.97 1419 | 1156 | 1087 | 11.08 | 1038 | 10.61 | 1098 | 13.22 | 14.01

skewness | 2.63 2.31 2.51 3.65 1.95 3.61 2.99 3.14 2.64 312 241 2.21
I 1.74E+06| 7346.00 |1.81E+05| N/A  |2.50E+05|1.46E+13|9.85E+05|6.37E+07|2.11E+ 06|4.75E+07|1.02E+ 05| 3676.00

a=0.025 | 3019 | 31.53 | 3548 | 3678 | 34.17 | 30.19 | 3153 | 31.53 | 2749 | 2885 | 30.19 | 30.19

a=0.01 | 3341 34.81 3893 | 4029 | 37.57 | 3341 | 3481 | 3481 | 3058 | 32.00 | 3341 | 3341

Note: * TD: Type of distribution, OD: Optimal distribution, ND: Normal distribution, TV: Threshold value, " 1G: Inverse Gaussian, PV: Pearson
V, LN: log normal, LL: log logistic
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Table 8 Optimal probability distribution of wind power generation for each month at village of Soso

(750kW)
Month
Items
1 2 3 4 5 6 7 8 9 10 11 12
0l GB™ | GB IG* G G G GB G 1G G GB GB
mean | 1,583.12|1,655.19] 1,498.90 |1,199.07 | 788.73 | 873.62 | 784.11 | 822.08 | 712.68 | 829.44 | 1048.54 |1,235.05
oD’ ;=043 |0, =0.40|11=1,286.59| 1=955.89 | 1=540.66 |1=607.85| &4 =0.37 | 1=564.15|p1=443.47|n=561.25| &4 =0.39 |, =0.45
Parameters|

,=8.42 | ,=3.56| A=497.82 |\=338.11{\=296.15

A=184.79| a,=5.71 [A=276.09|]A=178.28|]A=179.74| 0,=5.20 | o, =4.12

i 2321 | 31.34 29.52 2450 | 53.01

2171 | 2687 | 3354 | 11.26 | 2047 | 24.09 | 23.26

mean

W 1,584.9311,653.64| 1,498.89 |1,199.07 | 788.73

873.62 | 784.30 | 822.08 | 712.69 | 829.44 |1,048.60|1,232.91

variance

ND* (%) 1,763.82(1,797.23| 1,651.81 |1,436.31| 593.59

906.55 | 695.44 | 781.45 | 606.34 | 823.36 |1,047.16|1,197.51

skewness | 2.87 2.20 2.44 4.55 2.10

3.89 2.78 3.13 3.14 3.19 2.50 2.14

¥ |489E+05/1,572.00] 2.65E+04 | N/A  |1,003.00

3.06E+08|2.36E+ 04(1.33E+ 04 4. 15E+ 04(7.65E+ 04|1.04E+ 04| 544.00

v a=0.025 | 26.12 | 27.49 30.19 3019 | 2749

23.34 | 2474 | 2334 | 2048 | 21.92 | 2474 | 2474

a=0.01 | 29.14 | 30.58 3341 3341 | 30.58

2622 | 2769 | 2622 | 2321 | 2473 | 27.69 | 27.69

Note: * TD: Type of distribution, OD: Optimal distribution, ND: Normal distribution, TV: Threshold value, ™ GB: generalized beta, 1G: Inverse

Gaussian
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